HRABREMAZE,FuH F4H(003F4H) NARFERNERERS
Applied Mathematics and Mechanics HE K W M # & &K

3c 388 : 1000-0887 (2003 )04-0385-06

MENEMRFNRERSEI
A A

(1. L K¥ H¥ A, 11§ 200436; 2. L ¥T M FIMEM ¥ BF 5B, £ % 200072
3. LEREKRE TRI¥E, L 200030)

(Mg REHF)

RE: BIREARFASHGAEEPORENGRXBERNE LWREERSEH. FAH
BEFERI TRANN NFHEE, NA Melnikov 7 EIEH TEER %3 HH Contor &. FHIK
P4 @) 2 . T %3 Poincaré B 51 M Liapunov 3§ ¥ R h G AT THMETR. BEHE
R BB S ERNE, RO R I m A BT L B

¥* @ W MEBEEHA%E; RME; Mehikov HEk; HEMNE
@SS 0322;V412 IRARIAEL: A

51 F

MXBESHN¥EAAEER MR EFREARY. HERMFROEANZ, M
RBEMESEHNFROARAZIAAMNER. ERANIERBERMATHHNIER
BRSO R THORA. HARHE, I LERAXBERNAR NG PENEL
BERDE RMBEIE ARDESHFERMESEHY. BILPHEHRAHERTS
FGP M RERES. HAEE THIMEE. Beletsky, Pivovarov il Starostin HBEFEHRT
R 51 S R e B S R R A R B0, PR AR T B R fit &
RS SRR AR RS OENESES, AN TERRTRRELSRAEFERAE

BEEH. AXPFERANZS HGMESERNTIEEREARMXBHFERF3. K
AN R B RREGE LE3). BTHHHFEER, HTT Melnikov 21T MBUEBI K.

1 FhhEEE
£ R EHERE| N SRR P AR EE o, BT ORISR . Dbl
0. J IR AR TR AR TR (0,-Xo Yo Zo)  FoP Zo WIS HUBRLH, X, MM A XA, ER BN

igjoko. UMIRBEL 0BRSS ERMBIHR(O-xp) , KEREN V' J K. EEER
BLRSEE ERIEEAR N A BRI C, Rk, B B > A. BEIBELHER(0-XYZ), K

« WABN: 2000-10-18; HITEHE: 2002-11-29
E2WE: EXBAK/REESL BT E (10082003)
EERS. B B1963—), B, LW A, 88, W1, 1N 3 3E & 4 3h 0 5 R BT 5T (E-mail:
lqchen @ online .sh.cn).

385



386 E O ox B XN E H

PXEEO B OMNRE, ZHEPETFHRR, REREN ij. k. BREFEAMNXFEH
AN o, MM R BHEZNS NG HEN
M, = - 302(B - A)singcosgk. (1)
BHRBHOH R SHRRBES. BEENR ¢« KMWRBHERE H, ELRER
(0.-X,YoZo) 41, BB

3 3pg ,
H, = (— %sinisiﬂwctp) ig + (— 4—#5'sin2i(1 — cos2w,t,) )10 +
r r

Ko r APUEER, p, WHBRBEGHBE R, i hHEREA . B ij kL0 Bijo ko
GE
iy = cosw, t,i ~ sinw,t,jf,
Jo = cosisinw,t,i + cosicosw,t,j - sinik, (3)
ko = sinisinw t,i + sinicosw,t,j + cosik.
WAL SRR B TR X i, B
I = I’ = I(cosgi + singj), (4)
HWIRB G MK S L LEB KT HEERTM AN NED
M, = H, xI. (5)
W A K 28 AR XS H O S BIE N

L=c(w+j—fp)k. (6)

HBRQ) ~O)RAFREEH

dL
dtp = 1”8 + Mm , (7)

HEGEREH z BE 153

C (;—1? =-30*(B - A)singcosp —

;msinilr'3(25inqpsinwctp + cospcosw,t,) . (8)
HAXBPARE ¢ = w2, HIE K = 3(B - 4)/(2C) M a = sinily,/( Cw?r®) ,TTLABBFTR
Mk 77 7

¢ + Ksin2g + a(2singsint + cosgcost) = 0, (9)
KA RERXTERERNTE ¢ .

2 Melnikov 43 ¥
RESH o« A/PNBEHSa = ea)(0< ¢ < < 1) ,MR(9)HZFHH N Hamilton T K5

¢ + Ksin2p = — ea,(2singsint + cosgcost). (10)
e = 0B, MR AR SY P Hamilton R4 (10)F #1845}
%¢2 = Ksin’p = H. (11)

Y H = KoL ATERE(L) A2 MBS (+ 02,0), BERERENABERILAREERT .
BHETFO, + vV2K) RBHE ' X



B R AR K AR B R B 55 B 387

(02 ()92 ) = (4 aresin(th(v2Ry)), + v 2TKsech(v2Ky)) - (12)
% e x 08 ,ZF Melnikov PR ¥{

M, (t) = j'i:[ - a;(2sing, (t)sin(t + ) + cosp, (2)ecos(t + 7))] @, (2)d: (13)

AEEE A, MK (10)BY Poincars MBI HF AR BHLTHRBHD). K(12)RARG3) T
BVAHATRBHNE I M I R Melnikov 25

M, (z) =- alrc(2LK + 'N/—12—‘E)csch(2—«/§'-2—7<)sint , (14)
B —Ta % 0,M, () I M_(z) EREFTH. RHE(9)H Poincaré BLH FEERB RN,
XEWE Smale BRI ME JIEUEH Cantor K.

3 BEMNGE
AABEFERSRNOIUMRESE « MMABLESEFHNEW. RO)XKEHN
571 = Xy,
£, = — Ksin2x; - a(2sinx,sinx; + cosx,cosx3), (15)
i3 =1,
0.04. 10-7
0.02+ \‘ ‘: ‘H U 1 “, ‘\ 10""
b 3l ) ahi )il i .
® 0.0 I 3 10- -
—0.024 IR T TG TR ® g
-0.044 10-11 \‘
1250 1300 1400 1500 0.0 0.2 06 10 14
¢ w
(a) BHE T2 (b) ThE &
0.03 7x10-5J
0.02
5x 10-31
_ 0.01 .
o ~
& 0.001 3x10°%
e -]
-0.01-
~0.024 1x10-3
. 0x10-%
S0 T T T e 00 ~1x10° 1x10 3x10° 5x10° 7x10°
? t
(c) Poincaré MR 5 (d) &K Liapunov 8§ ¥

M1 BRRPED (« = 0.01)
R 4 ¥ Runge-Kutta S FEFHE 4. B AR 1R i 72 .20 %% | Poincaré B 54 A Liapunov 184X
WP 24T H. Liapunov B Wolf B E IR, KR(15)MWARERLE M Jacobi B



388 BE AT <3 byl 13 ¥
1.0 10-4 ~T T T T T T
0.64
1 1074
0.2] 3
S ; 5
=0.24 . 10-*
-0.6] 1 ]
] 10-%] I\ ‘L
1.04— . : : . Ll , :
1250 1300 1 400 1 500 0.0 0.2 0.6 1.0 1.4
t w
(a) BY R T2 (b) h&i#
0.3 P 0.012
0-11 ™, 0. 008
. 4 2]
T _o.H
< ] 0.004
-0.3 @~ 1
-0.4 0.000w
-0.8 -0.6 -0.4 -0.2 0.00.1 -1000 1000 3000 5000 7000
b4 t
(¢) Poincaré B 5t (d) &K Liapunov 3§ ¥
B2 FEAMHER (a =0.12)
-4 1 T T Lot
1.0J 10 i g
0.6; 1 :
] - 10-6é 4
0.2/ 3 'e
L. e i
-0.2 10-'*] 4
1 ]
-0.6 i
o] 1073 L i
1250 1300 1400 1500 0.0 0.2 06 1.0 1.4
t [
(a) B EI G 1B (b) ThEH
0.3 o~ 0.06
™y
| - \
0y 0.04-
- { 7/ \ ]
-4 N
} -0.1 <\ ! 0.02
1 N / ) -
-0.37 \ e
-0.4] 0. 00+
~-0.8 -0.6 -0.4 -0.2 0.00.1 -1000 1000 3000 5000 7000

(c) Poincaré B 5T

t

(d) B K Liapunov ¥

B3 FEHER (a = 0.12175)



B P 1 A K30 B0 TR MR I 25 5E 3 389

R s —
2-
~ 10-6
3
¢ 0 -
S
10-¢
-9
41 — - - . 10°% .
1250 1 300 1 400 1 500 0.0 0.2 ' 06 = 1.0 1.4
t w
(a) AR (b) ThEi#
0.14
2 ., ]
T byl
-‘-.- .-:.‘_.‘ 0. 101
3 ..":l::'; 7
] sl ! 0.06]
3 04 ;;“,';:42,_.: ~ 0.06
- ‘_:{;ﬁ.’:-_ T
L 02
. ."':} ]
-2 T -0.02 . v r ; ————
-4 2 4 -1000 1 000 3 000 5 000 7 000
t
(¢) Poincaré BR 5 (d) B X Liapunov 83
M4 RAED (« = 0.121 76)
0 1 0
- Kcos2x; — a(2cosx;sinx; — sinx;cosx3) 0 — a(2sinx,cosx; — cosx;sinx;) (16)
0 0 0

SE. BESANBEK =0.75, UBHSR «IRRENFHINFITHRE. TEBRIWWH
ER(2y,22,%3)" = (0,0,0) .

TSP o REHAREFYPIES . o« = 0.01 BF R A &) 57 8 .Zh Z i | Poincars BT H
B K Liapunov 8 3N 1 Bf7~. Liapunov 3§ %% 0.00,0.00 #1 0.00.

St FHMBERN o BEARAEHERE . o = 0.12F « = 0.121 75 B KA E TR &k
Poincaré Bt 1 #1 8 K Liapunov 18 & INME 2 M 3 ff7/~. Liapunov 8 ¥ 4314 0.00,0.00,0.00 F0
0.01,0.00, -0.01.

FEAPKY o, ERAPFEZLBERN. BEEFHA. « = 0.121 76 B EFHR T
il | Poincaré B2 5 MM A Liapunov 3§ ¥XINE 4 FF/~. Liapunov %1% 0.12,0.00 1 - 0.12.

4 & B

FEHBSTEMBE A EER T R B HE R X288 89 i K30 v B 7 & (9) #A.
N FH Melnikov 77 Y5 iE Bl T 727 Smale BF & X 0B M. R A ST 8] f#2 .3 i . Poincaré B
81 Liapunov $5 ¥R BAREE B E RN IR, RA B ERABE AT RN RMEZESD.



390

BR x 0B b I S, =

(1]
[2]
3]
[4]
[5]
[6]

7]

(8]

f9]
10]

(& % X &I

Rimrott F J P. Introductory Attitude Dynamics M]. Berlin: Springer,1989,1-—310.
XERE LR BEERS %M AU EH Tk B RHE, 1995,1—347.
LIU Yan-zhu, CHEN Li-qun. Nonliear problems in spacecraft attitude dynamics[A].In: CHIEN Wei-
zang Ed. Proc 3rd Int Conf Nonlinear Mech[C] . Shanghai Univ Press, 1998,80—86.
XVEH, ML, R, B AMRBEED N FTHREE . FEZMBMEI]. I ¥EH#RE,2000,30(3)
351—357.
Beletsky V V. Regular und Chaotisch Bewegung Sturrer Korper [ M]. Stuttgart: Teubner-Verlag,
1527 31—65.
Beletsky V V, Pivoarov M L, Starostin E L. Regular and chaotic motions in applied dynamics of a rigid
body[J]. Chaos ,1996,6(2) : 155—166..
CHEN Li-qun, LIU Yan-zhu, CHENG Gong. Chaotic attitude motion of a magnetic rigid spacecraft in
a circular orbit near the equatorial plane{J]. Journal of the Franklin Institute : Engineering and
Applied Mathematics ,2002,339(1):121—128.
CHEN Li-qun, LIU Yan-zhu. Chaotic aftitude motion of a magnetic rigid spacecraft and its control
[J]. International Journal of Non-Linear Mechanics ,2002,37(3) :493—504 .
REH, BB R HEIM]. LE: BB ¥ B R,2002,217—225.
Wolf A,Swift J B, Swinney H L, et al . Determining Liapunov exponents from a time series[ J] . Physt-
ca D,1985,16(3):285—317.

Chaotic Attitude Motion of a Magnetic
Rigid Spacecraft

CHEN Li-qun’'2, LIU Yan-zhu
(1. Department of Mechanics , Shanghai University , Shanghai 200436, P. R. China;
2. Shanghai Institute of Applied Mathematics and Mechanics , Shanghai 200072, P. R. China;
3. Department of Engineering Mechanics , Shanghai Jiaotong University ,
Shanghai 200030, P. R. China)

Abstract: Chaotic attitude motion of a magnetic rigid spacecraft in a circular orbit of the earth is
treated . The dynamical model of the problem was derived from the law of moment of momentum. The
Melnikov analysis was carried out to prove the existence of a complicated nonwandering Cantor set.
The dynamical behaviors were numerically investigated by means of time history , Poincaré map , power
spectrum and Liapunov exponents. Numerical simulations indicate that the onset of chaos is character-
ized by break of torus as the increase of the torque of the magnetic forces.

Key words: chaos; Melnikov’s method; numerical simulation; spacecraft attitude dynamics



