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Abstract; A joint design based on improved predictor-corrector guidance and robust fault-tolerant attitude control
was proposed to realize the re-entry accurate guidance and robust fault-tolerant control for reusable launch vehicles
(RLVs). First, an improved predictive guidance law with modified magnitude model of bank angle and corridor
function of track angle was designed. Combined with the nominal profile of the angle of attack, the input command
of the attitude system was calculated online. Then, a modified tracking differential disturbance observer was
presented to estimate the system uncertainty/disturbance and the actuator faults. The estimation accuracy of
compound disturbance was further improved by adding feed-forward term to the observer. Finally, an auxiliary anti-
saturation system was designed to tackle the problem of the saturation of control surfaces, and a sigmoid saturation
function was utilized to enhance the control performance of the backstepping method in the angular rate loop.
Simulation test on 6 degree-of-freedom ( DOF') guidance control system shows that the RLV was capable of tracking
attitude angle commands precisely in the presence of the compound disturbance of attitude system, the actuator
faults and saturation, and the RLV trajectory reached the re-entry terminal area with satisfying constraints. Thus,
the proposed method can realize the re-entry guidance accurately and solve the problems of attitude system
uncertainty, actuator faults and saturation, indicating its satisfactory robustness and fault-tolerant capability.
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Fig.1 Diagram of integrated guidance and control system
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Fig.2  Flow chart of improved predictor-corrector guidance
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K
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K
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Tab. 1 Initial state and terminal state
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AT, e B M 0.05.

B A X R R SL R T ITDDO X F&E &
THe 2= 2T 88 J1, D5 EBF[R] 24 100 s, SRAFE JE 4 4
20 ms. JitifiIn &2 A TR AT -

D, =0.005sin(t +1)cos(2t), t>5;
{D52 =0.003cos(t —1)sin(2t+2), t>5; (55)
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Fig.3  Error evaluation of the attitude controller
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