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Multi-mode optimal control allocation and fault-tolerant control
of compound tilt-rotor UAV
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(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China; 2.
College of Control Science and Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: To address control allocation and actuator fault reconfiguration problems under over actuated conditions in
compound tilt-rotor UAV (unmanned aerial vehicles), a multi-mode optimization control allocation and fault-tolerant control
strategy was proposed to address these challenges. Based on the dynamic characteristics of tilt-rotor aircraft, kinematic and
dynamic models were established. Angular acceleration feedback was utilized to compensate for unmodeled dynamic parts, and a
compound incremental nonlinear dynamic inversion control law was designed. The distribution method of virtual control quantities
and actual control inputs was studied. A multi-objective comprehensive optimization function was designed based on requirements
such as stability and actuation cost and was solved using a small-dimensional strictly convex quadratic programming method.
Based on the control allocation objective function, a fault-tolerant control strategy under multimodal conditions was developed.
To address the issue where the control moments provided by the faulty control surfaces are difficult to meet the expected values,
tilt vector thrust was introduced as a supplementary actuator to ensure the safe and stable operation of the aircraft. Numerical
simulations demonstrate the effectiveness of the designed control allocation and fault-tolerant control strategies.
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Tab.1 Compound tilt-rotor aircraft design parameters
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Fig. 4 Control allocation and fault-tolerant control reconstruction architecture for all flight modes
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Tab.2 Classification of compound tiltrotor aircraft fault types
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Fig. 5 Fault-tolerant control reconstruction flow chart
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Tab.3 PID control parameter setting

S WEE S WEE
Pme [1.21.20.8] P, [10 10 5]

I me [0ooq] I, [0.10.10.1]
Dy me [000] D, [0.01 0.01 0.01]
P.w  [0.250.250.15] P [111.5]

L [000] lo [0.20.20.3]
D, fu [000] D, [0.01 0.01 0.01]
< 4 FINDIZHIBHLE
Tab.4 FINDI control parameter setting

ZH FINDI {=§ 8 #
Ko diag{10,10,5}
K, diag{l,1,1.5}
K, diag{0.5,0.5,0.2}

BT RBET Hbr RATEARER MR IR R £
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AL ¢ 1 90° AN 0% ARG RATERTEM B C
HENKE RATH B s BB D Ko g il U8
(H2V), 5FrB: B M)z, 182 ¢ A 0° 34m
F 90°, R, EMELE R[EIEERE. EBD
RATHIIE R, AR N, RN R R
WATESYINE.

vy, =0,t<15
Vg, =2(t-15),15<t<30 Vg, =0,t>0
Vg, =30,30 <t <50 Vs, =t,0<t<5

Vg, =30-1.67(t-50),50 <t <65
vy, =5-05(t-65),65<t<75
Ve, =0,75<1<85

vy, =10-t,5<t<10
v,,=010<1t<85

(38)

N T VS FTIT R B FINDI 2 1) 28 iS4 1,
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IMU) A& 38 UL R 22 5

2) MEAYULEC IR 2 - FEFE BRI 10%01)
AR SR 5

3) M oEE AR Bh . B A W B0 R
M, =[0.1sin(0.3t),0.03sin(0.5t),0.05sin(0.2t)]" -
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Fig. 6 Velocity and velocity error comparison diagram
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Fig. 7 Attitude comparison diagram
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Fig. 8 Attitude angle error box plot
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Fig.9 Comparison of actuators and power consumption
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Fig. 10 Comparison of each phase of the flight profile and
total energy consumption
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Fig. 11  Simulation under single propeller failure
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Fig. 12 Simulation under double propeller failure
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Fig. 13 Simulation under aileron failure
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Fig. 14 Simulation under elevator failure
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Fig. 15 Simulation under rudder failure
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