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Vibration Suppression of

Time-Fuel Optimal Attitude Maneuver Control for Flexible Spacecraft
GENG Yunhai, YANGDi and CUI Huwao
{ School of Astonactics, Harbin Instinte of Technology + Harbin, 150001 ,P. R , China)

Abstract: Atinde control system is studied using jet as actuator for flexible spacecraft. The time-fuel optimal designing
method, which named conunand preshaping, is investigated for the attinde maneuver conirol of flexible spacecraft. In the pro-
cessing of maneuver, flexible vibration greatly influences the maneuver time, fuel and mancuver sccuracy. The mems of sup-
pressing flexible vibration is provided so that the vibration is suppressed efficiency. Because the vibration frequency and damping
is difficult to be parameterized accurately, the robust design problem of vibration Frequency and damping is considered. Finally,

the simulation result convinoes the feasibility and validity of the method.
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Fig. 1 Flexible spacecraft diagram

B v 2N B, B ESh T Sy
fi R 3 R0 FI S ST BR AW ER 2, M R E XN BENE
e, ¥ EL B R RRIE ShER o R SO R BRiE 3
Haeofw, UL A— S g B ¢ XFR, 5
q JNRet, 3 h AT AR PG, R PRI RoR O

J+2m{R+ LY 2m{R + L)L] [9] -
2m{R + L)L 2ml? q

[ ok 2 (1

s XEWMH B LI MU LN E (50.1.6-A966000 - 57) B By H .

MK H 51 :1999 — 03 — 29; WCRERIN H 82000 - 10 - 16.


http://www.cqvip.com

254 EHBAR SN H IEE

Heb: T RORAEDER, R AFER, LN
B HERE, T AEHNE K hEER
¥, DA R, O A ATRIOBE, ¢ HHHI5R
R

BE (), BB 25 IR 3h 0 — B, Hig 3 A9 @
SE- B B AR

wi = K/m.Lz, (2)
Higsham-ABsERN.
wh = K(J +2m(R + L))/ Jml?. (3)

% R Y LAR ] o SCBMN, AL ¢ = 0

B2 1
0(0) =0, 0(1) = b1, q(0) =0,
8(0) = 0, 8(z) = 0, ¢(0) = 0,

BEE AL, R H4E T(¢) € { T D,
o Toul, BB HHLSIER 2 B TR AR, LA B
T wp AR
3 mEAHIEIF & (Time optimal design

method)

o T AR AT 28, B3 B0 s B T e AR AR
B E), AT H bang bang B, Rk —1B
¥,1% 8, > 0, MBSEHLHE A Y .

tisangong = v 40T + 2m(R + L)) 0/ T, (5)
o]

0: E < 1y

4 0t < totangbag’2s
T(t} = { - Towo !iheng bang’ 2 % ¢ < ibenghongr
0, HE.

(6)

L5 B P4 B 8 PR 3 B, bang-bang #2754 BB

F R0 5 3h 0 R 0 8 1 L B0 BE L BT LA R A

KPR E TR, 853 % bang-bang B UEHE i

G4, BB Fe i AT R OB A B AL EE A, B A
B — R PV KK,

T e 7o > Al - 1), 7)

i=0

Heb, u(r - 1) ABERE,

1! Pz b
E(I—t") =
0, 0.._<__ t < .

*t T EME LB, A EEHRER 1, -2,
+2, -2, 42,0, =2,1, 8B — A7 ERF LK,
55

T(t) =0, t> i (8)
Ak —¥, &g = 0,70 1, = 1,2, ,n IFR
HHFFXET 2 .

WA
q +2§;w;q + w%q = bT,
(9)
b= Dwy/2K, b =-(R+ L)/LJ.

g T,-(t) = TmAgu(t - ti) Hif

gi(2) = { (BTa/wd) A u(t - 1) - (L5007 1 = B)sin{wsn/ 1 - £3(t - 1,)) - (10}

e';ﬁi{"‘t)cm(w{m(‘: - t.‘) )},

BTY : > o0,
T(2) = 207i(1) = Ton 20Am(s - ;) = 0,
AmE '
g(t) Lipy, = 20ai2) =

(BT’ 0d) 2 A (= eS8 £\ 1202

sineags/ 1-83(2-12;)) +
e e eos(wid/ 1- 82 (2-15:))), (11)
ATHEBRRES, S > ;61,4 ¢(2) =0, %%

EAie;i”f‘isin(cufv 1-t4) =0,

1=

> Aetetcos{ i/ 1 - £F 1) = 0.
i=0

BT WBH RN o REBELE, H11) Dbl
w0 REWESHNE, BB R B,

(12)

t =i

ZH)A,-z,-e;i“'f‘isin(wn/ 1-81¢)=0,
1=0 (13)

ZAJ.'G;'”I‘I'OOS(W[V 1- §i2_ t.‘) =0,

1=0

BEFER(OAL).(12), % = ¢ 8,H:
o - [;‘j;r(r)drd:/(J +2m(R + L), (14)

BIEARFRE).(1D). (3B R EH4(14),
RE 2y, 00,0001, TEEERRIRIR £, (B ) SRBUIHEA.

BEULESIR D, AX A ER 5B
B E R, b E BRI EN , B R ER
HE#E, YERESEYRIEER AN, R
WHODRT M G ETREHSHE AT, BINY
WABRRANER - ATEAMAEERAI—F
I IE 10 B% ph 2 B, B4R B BB A O B R 3l , 1B i)
SRS B, M LB B ] AR S R AR A
FIRE .


http://www.cqvip.com

2 4 B RATEE AAN RS S R R 255
4 B ASEEME L9t B E ( Time-fuel optimal ~ WRBREHER .
design method)

2R AR AR AL B, B A, BB T A
BB BEREHENIR, XESTRNRAERN
FEH B E AT, AR T B SRR TR IS, BT LA
Akt Qiberd AR = Yoy I Y
L5 3B R, RS BT [E)- 48 a0 R 1L , Bl
i EMR AL 3T R Y 4, B3N

4, =11, -1,1,-, -1, -1,1, =1,-,1}, (15)
HERFR L, DS RuIsh s RiRshpHr
HF, B8 B R — B Y, AR R e -
b8, R RSE R R R S B RS B EH.

5 i@t W (Designed exmple)

RAZSHWT:
J = 2000kgn’, L = 10m, R = 2m, m = 10kg,
K = 10Nm, Tpp = SNm, D = 0.5Nms.
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Fig. 2 Time optimal control torque design curve
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Fig 4 Attitude simulation curve ( X=10, D=0.5)
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Fig.3 Time-fuel optimal contro] torque design curve
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Fig. 5 Vibration mode simulation curve ( k=10, D=0.5)
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