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Fig. 1  Structure of the composite controller
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Table 3 Controller gain K and observer gain

N under different time delay bounds
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Table 4  Controller gain K and observer gain N under

different decomposition coefficients

IHESEL Pl ERH 5 K WL A3 45 N
a=0.1 (-4.767 1,-25.461 4) (0,86.177 0)
a=0.5 (-4.489 3,-23.213 5) (0,88.537 0)
a=0.9 (-4.675 6,-24.5370) (0,88.381 8)

M 4 1 6 R 7 v LI HHBEE 70 2280 o i
WURATR] 2385 A FRE S A R A & P AR R 5%
W) , Bt 53 A 2R B0 o (B AR AR, 22 550 1) M o7 358 13 R
MU AESCHRL 1S ] Th T R e, 759 ms
B RGO ARG AR E SR T AEA SCH R T A3 T 4%
it s e R AN A5 A i R BT o, AT AR 7<10. 4
ms I Y RERIE R G ARG, LU 20 i RAE R o =
0. 9, PRI AR SCH B A B 3 AR 20 A8 46 20 ik 2R 8K



71 R 24 2 2E 40 HRBIEMT2016,8(6) :505-512

Journal of Nanjing University of Information Science and Technology : Natural Science Edition,2016,8(6) :505-512 511
5r u=0.1 ZHANG Aihua,ZHANG Zhigiang, HUO Xing. Finite-time
4 —a=05 spacecraft attitude stabilization control subject to
o a=0.9 parameter uncertainties [ J ]. Information and Control,

RS (deg)
)

10 20 30 40 50 60 70 80
HS 1) /s
Bl 6 ARG RO W3 Ff e oy i 26

Fig. 6 Attitude angle under different decomposition coefficients

0.1
| 0.1
g a=\u.
j:p_o'l a=0.5
=-02r J | A AJUYY — a=0.9
=,
= 0.
& -04
k2 ~05
S

‘8'3 ’ 16 18 20

o 10 30 50 60 70 80

40
Hs ) /s

K7 AL il 2 A9 25 o R i 7 it 2
Fig. 7 Attitude angular velocity under different

decomposition coefficients

AERRAR S, A PRI
4 #ig

ARSI T 5 A AR B A I B AR AR AR
A R A DOBC 5 B O LIRS 5t H, FHES A1
D5 ST AL T 5 2 R RS T ) R 4
G N 020 7 N S W 0 o Y T
TR PRSEPE D B 25 SR 3% B AT DL A - b 4R 20 3
PEATAR TR, T ELAG S 4R v 1 R RS
FaZ B, RIBHL AT DU H B 280 ¢ I B4 R
S0 ik 22 B FUIEL Y 1R P ) P A R 5 1) S T 4K
A .

S 3Lk

References

[ 1] RIRERL. BEPEAUR A% B A5 HLEN 5 B EA P HI BT FE[ D]
W IRV < I R Tl K2R 2 Bt , 2014

LIU Wangkui. Research on attitude maneuver and
tracking for flexible spacecraft[ D ].Harbin:School of As-
tronautics , Harbin Institute of Technology,2014

skzete kR R R HAT SRR EVE R R 4
AT PRI TR E P2 [T ] A B 5 10, 2015, 44(3)
303-308

[5]

(8]

2015,44(3) :303-308

WAHA 5. — By KB P B T A2 B0 AR B 5 A 42 1
Jiik 3] 23 PR 5 N, 2015,41(3) :28-32
HU Meng, TANG Liang. Low-order robust control for sat-
ellite with large flexible appenddages| J ] .Aerospace Con-
trol and Application,2015,41(3) :28-32

X B, W) DMK &% LMI BT F s ) B i as
PRBAMHI[T] . AL ] 24,2014, 18(3) . 79-84
LIU Jinkun, WANG Mingzhao. Anti-windup control based
on LMI and vibration suppression for flexible spacecraft
[ J].Electric Machines and Control ,2014,18(3) ;79-84
TR, EOR IR R SR UK d 3 ) 2f S R B
RS REEL )] 1% BEE ,2012,42(4) :367-370
HUANG Wenhu, CAO Dengging, HAN Zengyao.
Advances and trends in dynamics and control of space-
crafts[ J ].Advances in Mechanics,2012,42(4) :367-370
XU AT 222 R, S5 B AN R A% 1R 2 A 3 N 28 35
HLBh B 5 3 Ik gl a2 il [ 0], 2 18] 4 i 50K 5 0,
2015,41(1) :9-14

LIU Min, YANG Jun, LI Xuelin, et al.Backstepping adap-
tive attitude maneuver and active vibration control of flex-
ible spacecraft[ J ]. Aerospace Control and Application,
2015,41(1) :9-14

BTG B35 DS e VA A 2 A5 L ) A8 1 3
FURGERDNT PID #20 [ 1] [ 2 MR # 4R, 2014,
34(6) :1-7

WEI Fengmei, ZHAO Yushan, SHI Peng. Variable
universe self-tuning fuzzy PID controller of attitude ma-
neuver for flexible spacecraft[ J].Chinese Space Science
and Technology,2014,34(6) ;1-7

Charbonnel C. H_, and LMI attitude control design:
Towards performances and robustness enhancement[ ] ].
Acta Astronautica,2004,54(5) :307-314

Wei X J,Zhang H F, Guo L.Saturating composite disturb-
ance-observer-based control and H_ control for discrete
time-delay systems with nonlinearity [ J ]. International
Journal of Control, Automation and Systems,2009,7(5) :
691-701

Ishikawa J, Tomizuka M.Pivot friction compensation using
an accelerometer and a disturbance observer for hard disk
drives [ J ]. IEEE/ASME Transactions on Mechatronics,
1998,3(3) :194-201

Guo L,Feng C B,Chen W H.A survey of disturbance ob-
server based control for dynamic nonlinear system[ J ].
Dynamics of Continuous Discrete and Impulsive Systems-
Series B-Applications & Algorithms,2006,13E;79-84
Chen W H.Nonlinear disturbance observer-enhanced dy-
namic inversion control of missiles [ J ]. Journal of
Guidance Control and Dynamics,2003,26( 1) :161-166
Liu H, Guo L, Zhang Y. Composite attitude control for
flexible spacecrafts with simultaneous disturbance attenu-
ation and rejection performance [ J ]. Journal of Systems
and Control Engineering,2012,226(2) :154-161

Dong C Y, Xu L J, Chen Y, et al. Networked flexible
spacecraft attitude maneuver based on adaptive fuzzy



512

[15]

[16]

sliding mode control [ J ]. Acta Astronautica, 2009, 65
(11/12) :1561-1570

ZENR B, TR R AR R 3 R G
DOBC 5 H, BA¥EHIrE[C) /%5 31 i h 4 2
1,2012,2824-2829

LI Xiaofeng, GUO Lei,ZHANG Yumin.A composite dis-
turbance observer and H_ control scheme for flexible
spacecraft with time-varying input delay[ C] // The 31st
Chinese Control Conference,2012 :2824-2829

Song W L, Hu Q L, Liu Y Q. Spacecraft maneuvering

DRI , 25 5 A A B BRAPE T AR A S A .

XU Xiaofeng, et al. Composite control for flexible spacecraft with time-varying input delay.

using integral variable structure control and input shaping
technique[ C ] Vi Proceedings of 6th World Congress on
Intelligent Control and Automation,2006,1:1924-1928
Feng Z G, Lam J. Stability and dissipativity analysis of
distributed delay cellular neural networks [ J ]. IEEE
Transactions on Neural Networks,2011,22(6) :976-981
Liu H,Guo L,Zhang Y M.An anti-disturbance PD control
scheme for attitude control and stabilization of flexible
spacecrafts [ J ]. Nonlinear Dynamics, 2012, 67 (3):
2081-20838

Composite control for flexible spacecraft with time-varying input delay

Abstract
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ZHENG Bochao'

1 School of Information and Control, Nanjing University of Information Science & Technology, Nanjing 210044
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This paper focuses on the attitude control of flexible spacecraft with time-varying input delay. A

composite hierarchical control structure, which combines delay-dependent H_ control with disturbance-observer-

based control (DOBC) ,is designed to achieve stable control of both attitude angle and attitude angular velocity. Ad-

vantages of the proposed method include: 1) the disturbance caused by vibration is compensated accurately to re-

duce the influence of disturbance on control effects;2) a delay-dependent state controller is designed to reduce the

effects of delay on attitude ;3) the decomposition coefficient of delay integral inequality is introduced in the process

of function solving,which may reduce design conservatism.Finally , numerical simulations are used to verify the ef-

fectiveness of the proposed method and to show the effects on close loop system performance by time delay bound

and decomposition coefficient.
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