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Active vibration suppression in flexible spacecraft with mismatched

uncertainty via variable structure control
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Abstract: This investigation is to apply the variable structure output feedback control (VSOFC) and distributed piezo-
electric sensor/actuator technology to a large-angle rotational maneuver and vibration control of a flexible spacecraft. Two
separate control loops are adopted to satisfy the pointing requirements and simultaneously suppress vibrations. We use the
piezoceramics as sensors and actuators to actively suppress certain flexible modes in designing a positive position feedback
(PPF) compensator that adds damping to the flexible structures in certain critical modes of the inner feedback loop. Then, a
second feedback loop is designed using the variable structure techniques, using only output information, to slew the space-
craft. Compared with conventional methods, the proposed scheme guarantees closed-loop system stability, and yields good
performance and robustness in the presence of parametric uncertainties and external disturbance. Simulation results for the
spacecraft model show precise trajectory control and vibration suppression.

Key words: vibration suppression; variable structure output feedback control (VSOFC); flexible spacecraft; attitude

maneuver; mismatched uncertainty; positive position feedback (PPF)

1 5|E (Introduction)

TIAR I RIT R 25 208 3 Y A T R 2R K B L A i S
BRI R B A, EIX MR AR 1 AT I R
W, e R R AT 5%, S ESR TR A A T U K
ARSI, I HESEHEA R SR
JE. AEUERERE R, A O R R B 1 2 1) 47
EEMPIINIRR A, & FEG IR SR E). B
(1) 1) 338 1 5 W) T K s TR0 32 B R4 1. 1 A% 48 1) B
B B4 M LA KR, R, Sk —Fh 30 PR3
FOR 5 30 2% [a) e itk 45wt AT PR 3l = g4 il A5

AR, 18 A RE 1 AN v B, K H 2 R

eAe H H: 2005—10—29; W& ook H 3#: 2006—02—23.

R R BE 45 R BEAT 4k 3h T2 B4R ) BE 5T 0E i
WUl RS TR R R R T R TR
188 85 SO S A I | B S R A a2 LR GE A
BRI, Frh PPReS ) SEm 2 A — P b
PEBI T A i), AR 2 N ] 20 BEH4
R sl 6, g 7, HO6 AN E IR
A&, T RUK R B2 o f m B I BELE, A 5 DS R 48
(RT3 7 ] A, RS R ) AR A B R A
TRUF IR EHEE. SR, A% G IEAT B S A
14 S P (1 v v g 1 5 ik, XA ARK
FIHHNE, A RGN B AR RIS H AL, ik
TAE DA 45 R 2 S L.

FEG TR H ;SR 2 R L IR E 4 % B35 H (20050213010); 5 a3 ARG K e TRI(863 )i 7 BT H (2004AA735080).



330 oW s N M

04 %

Ty J7 T, 2 R BB NUR S A S AFAEE SN
8RR S5 AT o T DN 3R 52 B K Bl AN B I AR
WL A R G LA s vt AR g5 ksl i
T AT B e 1 R Kb 3 = APk i) R £ — e 3]
P, WY RSk N SRS 5 BN S5 R
AN S AN B R, EUR AR A R AR T
IV R G T SR8~ 1314 Y T b e v
L 53k, ORI B A5 R R sk A o e ok v
T B 1H, TE T AR, (EAE XSSk, K
ZHIGHANHIE T RE M ITECAH e T AR g,
Pt 25 A 5 AN BE v e 2 46 AR DT B AN ff o2 1,
A 7% S VT FC AN a2 P 14 7% 4 R 4 1 (0 e v R AN
(1), BEAE S W B 1) R, K i B 4 2
ANCFCAN & RGBT, 5 T 2 8K
A RIS TH RIS T — LG 2 45 e,

BEXE 10 1) L, ASSCHE T AR g R e s
-5 56 T e A e o R R sh s R AR 45 & 1 3
SR s T vk, R B E TR, 2oy ] R
FH S Ho 58 B8 TOA 1 A 8 s FIABURR RS, 5 2B 4%
A BETE IEAL B R BAME 2R, B nBe A i1 BH
Je, [ IREh e ok ks st T s AL,
B BAME RS T vk, R TR S AT
MR 1) ki ” RERE, KKukD 780 R4t
(0 H M. i A4 i o] s ) s 1 e v, 5
FEPRME S MRS AN T | R AU A7 AE AN DT AN o 1
CABAMEHE AR L, AR A B, it AR g
Py e s a4 BT A P A R G A RIFIMEE
R I RIS e ) R P, BB A 25kt v A 5 A A DT A
AT T DR B RN A ST R s . S, R TR N
FH T B8 1 T R 28 1 K A P rest-to-rest(#f 11 21
IR ZAS LB HIREAT T 07 SLE R, &5 SRR, A3
BT H B 5 2 AT I A .

0,9, vk | 0 [akemi] « [k
Mk Rigmse ki
06
Vo Bk iEd | g
[_&ﬁ%%$+]
—— PR
e RSN
T4k 46

BT BErERTR asdesldi il BEAE ]
Fig. 1 Block diagram of control system for flexible
spacecraft vibration reduction
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bonded piezoelectric material
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