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Fig.1  The model of liquid-filled spacecraft with flexible appendage

1.2 RFEHHFHRE
Hi Lagrange J7 72 AT 4kt F NI 28T 72

S
hl =F§2(D] _Dz)h2h3 _(h§ _h§>(B_
3

C)sin2a + [2Jo,(B - C)sin2a -=2D, Jo, ] h, +
[2D,Jo, —=2Jo,(B - C)sin2a] | (1)

hihy —Aahy = Johy 1
27 I, +A _D3{ZDlh3h'

C)hyhsin2a + [2D,Jo, =2Jo5 (B -
C)sin2a ] | (2)

hihy =Aah, - Joh, 1
;= Y +D3 {2D,h,h,

C)hyh,sin2a + [ 2o, (B -

C)sin2a —2D,Jo, 1h, | (3)
Hr Dy, D, F1 Dy 4y 5 e L F

D, =B +C+2I +2md” + (B-C)cos2a  (4)

D,=B+C+2I, +2md’ - (B-C)cos2ac  (5)

-2(B -

-2(B -

D,=[(B-C)(sin2a)]*-DD, (6)
LM sl 12T RN

d oL oL _

& e da (7)
I RE(15) 153

A(éa +@,) - B(w;cosa — w,sina) (w,cosa +
w;sina) + C(w;cosa — w,sina) (w,cosa +
w;sina) +Ka =0 (8)

Hi A Bl R B3l e T R

(A+1)Ka h,-Jo E(A+I,)(B-C)
Al I, Al D;

(9)

E €T

=[ (4B +41, +4md” ) hycosa — (4B +41, +

4md’ ) hysina + (4B +41, +4md”) Jo,sina -

(4B +41, +4md’) Joscosa] - [ (4C +41, +

4md® ) hycosa + (4C +41, +4md” ) hysina —

(4C +41, +4md’) Jo,cosa — (4C +41, +

4md*) Jo,cosa ] (10)
1 A i RS I TSR R Bl e O R

o, :l%% [2D,hy0, =2(B - C) hy0,sin2a —
3

2D, Joyo, +2Jos (B = C)sin2a] — [2D,h,05 -
2(B - C)hyosin2a =2D, Jo,o, +2Jo (B -

hl —Aa-Jo, o,

C)sin2a ]l - I +4 5 (11)
o, = _DL[zzyl;L30l “2(B - C)hyor,sin2a —
3
2D, Jo,o, +2Jo,0, (B -C)sin2a] +
h, -Aa-Jo,  S,D,-S,D, o,
L+A 77 T p Ty (12)
oy = —DL[ZDzhza', -2(B-C)hyo,sin2c —
3
2D,Jo,o, +2Jo,0, (B - C)sin2a ] +
h, —Aa - Jo, SzDs _52D3 Moy (13)
L+A 27 p Ty
Hop e 2Rt FZ BB ROV, S, FS, 3]
ST
S, =2D,h, =2(B - C) hysin2a = 2D, Jo, +2Jo,
(B-C)sin2a (14)
S, =2D,hy; —=2(B - C) hysin2a = 2D, Jo, +2]o,
(B-C)sin2a (15)
TiRE(1-3), (9) M(11-13) 45 REEHY =8 5 )
FIT .

1.3 RERUHNFETE

FERE AT BT/ Y R AL TG S 0
md’ b . _hio L
é‘élz y T 12, h’_h’ hiéhzhi



EC I 2010 4E%5 8 &5

76 SV
b A
o, A o 20—, rA—, JA ,
e SR SR —wz
- B - C
¢ émdz’ Gzémd”K A;ﬁ ’d (h dt

Hep ()" =d()/dr X TC = A0t ] A2 &5 7 17
BoBEL <L <L, MHFO<r, <1 <r. %L T
HHERARG T FIFR KT o HATHITHE
JEFF RIS B RGN T NG R
hy =01 =r)/r, Jhyhy +e{[ (5 =1) (G, +G,
+2)/20 Thyhy /12 = hyJas/r, + Jhyoy| +0(&%)
(16)
hy=[(r, =r,))/riry Jhihs +e{ [ ((G, +G, +
2)(r+2r13) =210G,ry) 2rie Vh by /1 = Gy By
+ Jhyoy/r = Jahy/ry} +0(&”) (17)
hy=[(r,=1)/riry Jhhy +&{[ (2rG,r; = (G,
+G, +2) (2 +2r,3)) /20 T hhy/ + Gryh,a /1,

—Jhias + Jo hy/ry} +0( ) (18)
a' = = [K/(Gry) Ja+ [ (r, =1)/(rr,) Thyh,
+o(&) (19)
(Je—e J/r)) o = —hy/ry —po, /] +/ehyo,/
r,+el Girya /1y —=Gyrshy /1, ] +0(&) (20)

(Je —e J/r) oy = = hy —poy/J + el -
hyo /1, +hios/r ] + e[ (G, + Gy, +2)h2] = Ve
(rGo +Ja,)a/r, +0( &) (21)

(Ve -g J/r)ay = —hy/r, —pos/J = Vel hyo,
+hioy/ry ] e[ (G + 6y +2) hy/2P ] +1e (1,6 o
+Jo)a,/r, +o(&) (22)

H e =0 455 B IA R (16 -22) MY
TR RGHPRE TR IS RE PN RS
(16 = 18) FI(19 -22) fi# 5, 138 57 # (16 - 18)

XT R Y JCHE R 4
ol =r
hy = r rlh2h3 (23)
1
LTy =Ty
hz = h’lh3 (24)
rr
I A
h3 = ’ hh, (25)
2

Ferp o MR AR f g B o3 by Ry FRs, KRR
2 [A] AR R 2R %ébﬁf/\/ﬂ?@m [(£1,0,0),

(0,+1,0), (0,0, x1)};(+1,0,0) #1(0,0,
DR S IPSRO RNz & HE B SN b DR SVAek il
ST (0, £ 1,00 JAoxh i i e 15 i A A AN AR E
XU # . P 2-4 RO R IG A 45 T B 2647 119

P2 Bt A by 22 op ff Sl R e
MGEIE [ F5e /Ny AL B ok 67 1) By ik

Fig.2 The path of the angular momentum vector in body axis

coordinates starts with a positive minor axis spin and

finishes with negative major axis spin
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Fig.3 The path of the angular momentum vector in body axis

coordinates starts with a positive minor axis spin and

finishes with positive major axis spin
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Fig.4 The path of the angular momentum vector in body axis

coordinates starts with a positive minor axis spin

and finishes with chaotic spin
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Fig.5 Uncontrolled time response of major angular momentum
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Fig.6  Controlled time response of major angular momentum
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Fig. 7 Polhode path simulation with spin polarity control
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Fig.8 Polhode path simulation with spin polarity control.
The polhode plot is projected on a plane showing both

the positive and negative final polarity regions
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NONLINEAR ATTITUDE DYNAMICS AND REORIENTATIOH
MANEUVER FOR COMPLETELY
LIQUID-FILLED FLEXIBLE SPACECRAFT"

Yue Baozeng

( Department of Mechanics, School of Astronautical Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract This paper investigated the problem of chaotic attitude and reorientation maneuver for completely vis-
cous liquid-filled spacecraft with flexible appendage. All the equations of motion were derived by using Lagrang-
ian mechanics and transformed into the form consisting of an unperturbed part plus perturbed term in order to ex-
ploit the system’ nonlinear characteristics in phase space. We emphases on the chaotic attitude dynamics pro-
duced from certain sets of the physical parameter values of the spacecraft when energy dissipation acts to derive
the body from minor to major axis spin. The orientation of the spacecraft relative to the inertially fixed angular
momentum vector is unpredictable because of the occurrence of chaotic dynamics during spin-axis transition. This
paper demonstrated that the desired reorientation maneuver was guaranteed by using a pair of thruster impulses.
The control strategy for reorientation maneuver was designed, and the numerical simulation results were presented

for both the uncontrolled and controlled spins transition.

Key words nonlinear attitude dynamics, attitude reorientation maneuver, control strategy,  liquid-filled

spacecraft
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