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Abstract
nonlinearity and electromagnetic disturbance in the single gimbaled control moment gyroscopes (SGCMGs), inertia per-

A finite-time adaptive robust attitude controller is proposed for the flexible spacecraft, in which the friction

turbation and external disturbance exist. Adaptive laws are designed to cope with the unknown parameters and the
controller can be designed, regardless of the information of the parameters. The adverse effect of external disturbance on
the system is reduced. By means of Lyapunov stability theory, it has been proved that the error of the attitude angle and
attitude angular velocity can converge to a small neighborhood containing origin. The simulation results show that, with
the presented controller, the fast attitude maneuver with high precision can be achieved.
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< — [ ———,
V< )\<< ) (2
0

Y 030] + Yo lo 0(27

PP 0,09,\
— A ( 5 T 1 ; J) +n=
— AV 4+

HISCHR [25] SI3A] R, BRMEMTR A5 LS M

il 22 58 52 b BRI R RS E, 28 58 008 RE 5 70 A KRN
EITNEIBN
N n
Ve Si(l—x))\’ 0<x<x1

7 REASAEAT BR8] A SO PR A THT PSS E) <3, R

g@ﬂwe@mws(uj%@)%zr>

o, W BOntTR) Ty AR ARE

1< o V=)™

P (-3))

(I +1)(V]imo)' 1
ll)\X ’

3) MEWIRSEAS A B2 q. ML L2

RES LA I T KBS (g = O, w,
= 0) WA, Hi (1) A4 158 (L4a)
i}

Ti:wei+k1qei+k2’qei|l=8m |si| < I’
el k ) el (k - 7) ei| — 0

i=1,2,3
(34)

0<x<xl1
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Bk > 8/(2qe) H ko > s:/(2]qel') B, &
(34) 55X (13) AMHRIEN, dEaP ], 1) 11,
RO AR ZE ] DAEA PRI I IS R (g | <
max(s;/(2k1), (si/(2k))Y!) = Diy @ = 1,2,3. H
X (34) W15, BB IRZE ] DATEA FR A [E] Pk
S| ‘wei| < kil + kZFTZm: +1'= Fji'

2 25X (14b) W, A

Ti = Wei + k1Gei + k2C1qei +

k2<2’qei|2sgn(qei) =8 1=1,2,3, |Sz’ <I
gu < i = iy i = 1,2,3. th 150, AU
AR PRI TR USSR |wei| < kDl + kol + 1T =
Fki'

gi BTAR, AR ZE A BRI A R AT
[ T = To + Ty PPGESE 5 5 R TE N A &R ek
W, B

] < i <
th_>H,} HQev(t)H = Faa th—>H71“ ”we(t)H = Fb
Horpr, T R Wesiint ],
I, = mae (VT + T + T VT + T +17)

I, = max (\/ T+ T+ T\ JTA + Th + T3
O

A 3. B AREE Rk, v (0= 1,2),
Vis Vor Vker Ha F po, KB/DNR GRS RS, AT
B/ NR G R ZE FI RS R IR 22

E 4. ACEGI R G SGCMGs R ML
WY, At R g ke ), FESE KR
7 ] SR S R O 3 g A 1)

6 =—-WBY'BWB" + V] 'u

Hp, B, W, a [A3 (26), € = ¢ sin(wpt), €, wg >
0. 4 SGCMGs #ifr a5, Al 1A T MR 20l
RGO PRI H L B A IR 24 SGCMGs & 4¢
TE B AT S B, R AT SO IR P B, M
TR B A L0 S SR ) . R LG T Y T ek
hERE

E 5. AR LR PR R G2 S bR A R
N T)RR R 1Y, BB A R ZE A A B IR [R] Py ] i 8 22 48
NS, TR SRR A% LS Bl R R ROk
ARAFRE I TH]. AHBET A RN (B FE € o e, A
SCAE R LA N BA S = 1 2 2% (A

3 hEZER5SH

AATERTE (1) ~ (6) FiiARy T SGCMGs
PR 28 LS W RE AT B, et Reas i Fs
s J. Bt S AR AR C iR
YIRS B SCHER [27]. AN ST
WLFEAETI, BXHh
T,=10""*x

—3 4+ 4 ¢cos(0.0628t) — cos(0.1256t) + 2wn sin(0.11¢)
4 4 3sin(0.0628t) — 2 cos(0.1256t) + wa cos(0.11t) |N-m
~3 4+ 45in(0.0628t) — 3sin(0.1256t) — 2ws cos(0.11¢)

PIMESASH J [60° 450 20°]T, WA R [0° 0°
0°]", Witk IR LS AHEEY hE. SGCMGs &
Giiatah 8 = 53.13°. FIHAHESRLA A 6o =1[0 0 0
0]" rad. HIHEHEL fA3EES 8 = [0 0 0 0]7 rad/s.
LuGre FE4EAAZ B0 H SCHR (8], #REER )T X
S, LuGre BEBBIAI SR, 56l &
B ESEER 1 k.

SR A AT WU S5 1 28 Sk ath— 24 il
BN B R BRI R AR BN, SR8 AT
Bk SGCMGs FAAE BEHE AR Stk S PG Il Ty, i
KAV AN 1 B AN PR I DLk A T 05 L,
P EZERWE 3~ 8 fis.

#1 LuGre BEHRRSH 26 H RN RS

Table 1

Parameters of LuGre friction model, control law and steering law

LuGre FEEBSHOL B MY 3

01 =0.3Nm, 02 = 0.5Nm, o3 = 0.06 Nm - s/rad,

F.=0.1Nm, F; =0.12Nm, V. = 0.001rad/s, Kg = 0.2

RS

k1 =25,k =0.1, ks =500, ky =0.1, g=11,h = 13,91 = 7,h1 =9, po = pp = 0.001,

YJ = 00017'YKG = Yo = Y1 =7Y2 = 2, [F] Fg FKG Fl FQ]T = [1 01 001 1 OOOHT

BARSH

Wi =i(i=1,2,3,4), wo =1, o = 1074, ko = 10, o = 10~5, h, = 100
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RIS AL 522 ] A HBAE 508 245 43331
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