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Abstract: Most of the research is based on the two-dimensional model instead of considering the actual
situation of orbiting space vehicle. In this paper, the kinetic equations and the sliding mode control are
studied to establish the mathematical model of the three-axis liquid-filled spacecraft in the three-dimen-
sional surface and guarantee the attitude stability, which makes the modeling and the attitude control
strategy more practical. First of all, the coordinate systems of actual flight environment are established,
and the single pendulum model is equivalent to the sloshing of liquid fuel. Using angular momentum
theorem, the inertia moment of spacecraft system with respect to the center of mass can be calculated.
Based on the theorem and the Lagrange equations, the whole dynamic equations are derived and the
model is established. Thereafter, it is concluded that the under-actuated system has unstable zero dy-
namics. Finally, considering the parameter errors of rotational inertia and the disturbance moment, a
sliding mode attitude control method is designed, which can ensure the on-orbit stability of the three-ax-
is liquid-filled spacecraft.

Key words: spacecraft; liquid fuel; three-dimensional modeling; sliding mode control

BEE LR ol AR AR R L R W B T s BaE DO RO IR R o IR JRORE A R I IR BE R S
T3 GEARTER A LA R AR s LS . O AT R 4 RERE IR B TR ERR L B 4 L REOE K i A R L A

ESWH HEKAARP IS 61374116 BT H s 7LIRA “ /N K AA B &R IR AA S48 (HKHT-010) % I3 H .
Wi BEE:2015-12-17;1&1T H#3:2016-05-12
BEEE - K., 84%. . ML A5, E-mail: ruiyun. qi@nuaa. edu. cn,

SIS RE S A . S RO R A A R S AR e W ). MmO R R 4R, 2017, 49 (1) : 132-139.
SHI Xingyu, QI Ruiyun. Modeling and attitude control for three-axis liquid-filled spacecraft[J]. Journal of Nanjing U-
niversity of Aeronautics & Astronautics,2017,49(1):132-139.



1M

SR A SR TE RN R R R e SRR 133

T T )R i OB 0 T BB L 5l vl A% 60 00 1Y
L 36 TR S C AT A A

DR R R A JEE PR KA 55 UK A A T e
e 3t 495 15 R ) R PO 9 25 % R 2 A AR
BRI B o 0w PR AT S8 2l e % AR B4
YR 4532 3l X WAL IS A 7 A 2 3 i T
SRR ey T B R s R AR R
RES| R ALK, 2010 4F 2 AL E TS A
KA LR S8 9 K BH 3l g 2 e A P R T L LR
W LA RS m T RS IR A T BB R a
ol I 85 5GP 32 A B BLOF i A 22 X

FIRIT  W0R SE S A9 BIF 52 05 15 284 T iR
O BUE R Ty v S 98 0 0 A . E TR
S oy M e th 1 Bl S A T A O 52 % L AN M) T s
HE I HOdE S O BR A 8 22 I AE T AR
3 P S5 R0 2 R T B4 | R o o D Y 4 8
BRARE 2% B MR a2 2l LA A T A 2 L AR AR 5 3
VR S g h BEAT TR R AR AU F R Y
FEWAL R A 3l 1 2 S T 3k 2 B WA SCRRE9 |
XRGHAT T 3% 150 K MR BR 502 Bl i 7 A= 1)
YRR T3 0 5 A0 K i AT e 7 AR O AE T o0
HAARGS & NS T R GRS 2207 15 XX
BRL10 M SERAL K A7 S BE 7 R A T il i SR i La-
grange-Euler 77 F2 FLHE T T R G M3 12275
F o HRT . E A S SRR 5 L A4 7 86 R 2
FAE L L o o B A b SCHR (11 ~ 12 78 Sk
(O T AL Bt 1 o P40 a5 PC B A6 O 42 ) 5 g 52 B
TSR BEUE OB B s SCRR 13 14 ~ 22 78 SCHk
10Tt kb - o 531l 5% I 2 J2 9 A58 4 41 5 3 I
Lyapunov 3 & P BB 1 A 4k B o 42 1l 45

FIT FEIBATR A7 9 LB R T R L T
T DAY TRT A FE RO R AR AL L i S B A s 4T
4 IO S A P A 30 85 Oy = 4 =5 (). H ETET X 5
TRV K A T Ak ) = 4 5 18] 14 3l g 2 SRR A
SCHRE23~ 24 VB X = 4 =3 [8] )N — 28 T o0 T A 2R
S5 R S Bl ) ST AT K A« 8 3 A - L vk
SET S I35 5 B AEL 0 TR R B D B SR AR
AR R AN AR B AR TR — RE AN
S AR S o S5 A5k R4 R 1Y) TS TR K A b AT
S NN DI S

T ESLAT A S PR DAY 8N R AT L AR
SO BT AT Bl Ry — 2 A O T Al PO X AR Y
R AR AT TR R HE S A T S
12805 R R R AR LA T B i A R TR
LB S A — PR

1 ZHRERMRBHNFER

1.1 ZEHH&IRER

ARG A 2 = B T8 WO K A A S T {68 R ) A
2% R LAUR AL UNE 1 Ps . Hoh 300
SR TR AR s PR S 2l 45 200U S Y — [ L4
BT B AR A Bl XK B 0 1 Bl AR
RIS AR

X, XX, Y,

L SO R i T A R S8 3k 25 4 P I 275 A A
Fig. 1 Equivalent structure diagram and reference frame

of spacecraft with liquid filled in tank
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