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Abstract: A fault tolerant control based on robust H-infinity control with uncertain parameters is proposed for an on-
orbiting flexible spacecraft in the presence of partial loss of actuator effectiveness, external disturbance and input delays.
Firstly, the fault tolerant control with loss of actuator effectiveness is transformed into robust control with uncertain parame-
ters. Secondly, a new multi-bound-dependent robust state feedback H-infinity control algorithm is designed. This algorithm
is not only dependent on the decomposition coefficient of the time delay integral inequality and time delay bounds, but also
depends on the partial failure factor. Therefore, the controller designed in this paper can be sensitive to the input delays, be
tolerant to actuator partial failure and be rejective to external disturbance. Finally, the effectiveness of the proposed design
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method is demonstrated in a spacecraft attitude control system subject to loss of actuator effectiveness.
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Wi w/(rad - s~ 3.17 7.38
FHJBELE; 0.0001  0.00015

e RAE; 1.27814 0.91756

4.1 RRKRHTF G R G (Effects of dif-
ferent failure factor G on the system)
HGHY I 0.1,0.4,0.7, 1. eI B KFER I H]
™ = 0.8s, 79 = 0.001s, I HI3#HZHa 0.1, 5
= fo=PB3=P1=0.1, v= 5, e= 10, Hih ¥ inE
2ffR. HER2P X, U AR X T AR G
i 2 18 e L . 123520 B RS S A (0) ML S A1
JE£(O) Fme 7 Hh 28 MO BCPRITT DA Y, 4R AH T G
{EHBUN, RIPATHUR SRR 7 OR, L3854 LSl
JE B KR 2R KA B (R T I TRl
%2 RAGHTHEX,U"
Table 2 X, U" under the different G

G X Ut
o [0.0019 —0.0003]  [-0.0001]
-0.0003 0.0001 | |-0.0004]
o [ 0.0088 —0.0018]  [-0.0003]
-0.0018 0.0007 | |-0.0012]
o [0.0085 —0.0017]  [-0.0003]
-0.0017 0.0006 | |-0.0017
. [ 0.0093 —0.0019] [—0‘0003}
-0.0019 0.0007 | |-0.0021

6/

t/s
2 REG LA
Fig. 2 Attitude angle under different G
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Fig. 3 Attitude angular velocity under different G
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4.2 AEEAES v X RGUIFEM (Effects of dif-
ferent time delay bound 7 on the system)

MR G = 0.7, FERRERE N 0.1,y = 5,
B1= 2= pB3=p8,=0.1, e =10, 1o = 0.001s. £
XA 7 B 55 K 2 I i, SRAG AR X, U™
F3FR, FIHK = U(X ")~V a] 825 3K A R
PRI ARG 2 K. 457208 L 25 £ (0) P28 38 A1
JE£ () o 7 th 28 M7 S IR ET LA B, 4 SE SR IR
HEINI, FE R ), LA A AR
BUE R AR, P A% ) g0t i i B A
AR

%3 REIATARMX, U
Table 3 X, U" under the different ™

™/s X Ut
o [0.1153 —0.0060] {0.0008 }
-0.0060 0.0006 |  |-0.0028
o [0.1175 —0.0068] {0.0012}
-0.0068 0.0007 | |-0.0027
08 [ 0.0085 —0.0017] {—0.0003}
-0.0017 0.0006 | |-0.0017

6/()

0 10 20 30 40 50 60 70 80
t/s

4 ANy FEIZES
Fig. 4 Attitude angle under different 71
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Fig. 5 Attitude angular velocity under different 7\

0.5
0

4.3 A3 ES B axt RGHRIFWE (Effects of dif-
ferent decomposition parameters a on the sys-
tem)

LG = 0.7, &I B, = Bo= Bs= B4= 0.1,
y=>5, € =10, 79 = 0.001s, 7y = 0.5, £ AR
fESE AT T LS, R R4 K 6T, H
RARE WA o, REH X, U, K =U -
(XY~ VATHE— R AOMI R 2 A 25 K. TRI6-742
X IS 14 25 A0 (0) RIS 25 £ 38 B () i 7 b 2. M7
FLAF RN, a8 A [RIME I 75 H 07 RO B
ANJe A a Rk, TR Elalk ], ROLE. 4%
SR e RGP EAERRIER.

%4 RRGETHFENX,U"
Table 4 X, U™ under the different a

a X Ut
o1 [0.1175 —0.0068]  [-0.0012
' —0.0068 0.0007 —-0.0027
0.2

[0.1103 —0.0058] 0.0012
~0.0058 0.0006

03 [0.1138 —0.0061]
' —-0.0061 0.0006 —-0.0027

0/((%)-s™

K6 AlFla NI
Fig. 6 Attitude angle under different a
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Fig. 7 Attitude angular velocity under different a
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4.4 SIAEFHFHEHB (Compared with existing me- £ 3@k (References):
thOdS) [11 WU Yunli, LI Jiajia, ZENG Haibo, et al. Robust H-infinity control

O [F R S EOFEAR R PR, EI8-92
ARSCHT BT IR I35 SOk [16] BT s h I il 45 DL &
Tolk b F I PID il 28 (1 be 1 B 43RS Ha it
FAERO0.1, BT SCHR (16146 25 FEHAT WL J 31 7]
A G = 1, EI8-97) TN IS AIE A (0) RS2 Ay
JE£(6) fg 7 2.

K189 a) TR R [16]FI HLAE R b) FRom 3L
Wik [21] FH DA il i 7 25 R 1, Hor PD 2245093 5l
P =4.3515, D = 17.2488; ¢) &R T AL
(RBCR B AT LR ] DU Y, A SR isE v 1)
P45 5 SCHR [16]FH EL, Toil 2 PEHR R B8 2 1E T
T Ta) L5 B AR, SR B TR B AR e AR
A, BRI FE AR 8 IS A B/NR . 5 SR [21109
PDHE I IR LG, A SCEEHR S W LRI i) 2%
R EFEBRIRS.
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Fig. 8 Comparison chart of attitude angle
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Fig. 9 Comparison chart of attitude angular velocity

5 45 (Conclusions)
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