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Orbit Dynamics in the Vicinity of Asteroids with Solar Perturbation
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Abstract ; Orbital dynamics with solar gravity perturbation in the vicinity of the irregular asteroids is studied in this
paper. The motions in the gravity fields of 216 Kleopatra and 433 Eros, and the periodic orbits around the asteroids with
perturbation of solar gravitation are analyzed to find a new family of periodic orbits of 216 Kleopatra. It is also found that
there are 12 families of periodic orbits as well as a bounded non-periodic orbit around 433 Eros, and their topology and
stability are studied in some details. The results show that solar gravitation has little effects on the positions of asteroids
equilibria in the body-fixed frame while has greater effects on the motions of a spacecraft on the equilibria. The solar
gravitation is not strong enough to increase or decrease the families of periodic orbits, nor is it able to change the stabilities
of periodic orbits. It is easier for orbits with larger Jacobi constant to keep their periodic characteristics under the solar
perturbation that gave a new thread to explain why asteroids can have some satellites in far distance for a long time.
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Table 1 Orbital elements of 216 Kleopatra and 433 Eros'''"’

IMTE 216 Kleopatra 433 Eros
A 76° 11°
8 16° 17°
e 0.2487290446506532 0.2226677322030184
a 2.7953188019767 AU 1.4578372759477 AU
® 180.2426702696721° 178.7912204366847°

215.4849606287757° 304.3380307222211°

i 13.09997821573449° 10. 82872662501955°

%2 Kleopatra 3 5 J7 N 5

Table 2  Gravity accelerations in the vicinity of Kleopatra

IA=v4 MTEF T
x (217,94 ,81) km /(kg - km - s72)

PNEEIPIE 2]

/(kg - km +s72) —HZIE

(0.5,0.0,0.0) 2.844640167 x 10 ~°
(0.0,0.5,0.0) 1.748072355 x 10 ~°
(0.0,0.0,0.5) 2.781151520 x 10 =3
(1.5,0.0,0.0) 3.239934323 x 10 =6
(0.0,1.5,0.0) 8.217591819 x 10 ~°
(0.0,0.0,1.5) 8.258227016 x 10 ~¢
(3.0,0.0,0.0) 6.797266393 x 10 =3
(0.0,3.0,0.0) 2.762843948 x 10 ~3

6

(0.0,0.0,3.0)

2.621639388 x 10~

5.001020414 x 10~
3.067006737 x 10~
2.826870254 x 10~
1.500306072 x 10 ~
9.201022235 x 10~
8.480608809 x 10~
3.000611991 x 10~
1. 840205050 x 10 ~
1.696121170 x 10~

5.688119 x 10’
5. 699604 x 10’
9.838271 x 10’
2.159516 x 10°
8.931173 x 10°
9.737776 x 10°
2.265293 x 10’
1.501378 x 107
1.545668 x 10°
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3  Eros fHEE IR E

Table 3  Gravity accelerations in the vicinity of Eros

PNGEIPL T

/(kg + km + s72)

ZHEZH

A4 MTEEI
x (34.4,11.2,11.2)km /(kg + km + s72)
(0.5,0.0,0.0) 1.219725704 x 10 ~¢
(0.0,0.5,0.0) 4.597793341 x 10 ~°
(0.0,0.0,0.5) 5.263255041 x 10 ~°
(1.5,0.0,0.0) 5.478717833 x 10 ~°
(0.0,1.5,0.0) 5.315562637 x 10 ™7
(0.0,0.0,1.5) 1.236357017 x 10 ~¢
(3.0,0.0,0.0) 1.127613178 x 10 ~°
(0.0,3.0,0.0) 3.310273548 x 10 ~¢
(0.0,0.0,3.0) 3.698280236 x 10 7

4.980236578 x 10~
3.184548291 x10~
1.715398716 x 10 ~
1.494070972 x 10~
9.553643950 x 10~
5.146196107 x 10~
2.988141945 x 10~

1.910728514 x10~
-12

1.029239225 x 10

2.449132 x 10°
1.443782 x 107
3.068240 x 107
3.666973 x 10°
5.563911 x 10°
2.402468 x 10°
3.773627 x 10°
1.732467 x 10°
3.593217 x 10°
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Table 4 Equilibria of 216 Kelopatra

A R % /km ¥ /km z/km
El 142. 844307701 7 2.4414118130 1. 1817590553
E2 - 144. 6761564246 5.1888810588 -0.2726029742
E3 2.2303937113 -102.0918608267 0.2719228695
E4 -1.1636541714 100. 7297439954 -0.5460205394
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Fig. 1 Trajectory of family 28(1), ¢ = 150000 s (situation 1)
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Fig.3 Trajectory of family 25, large Jacobi constant,

t = 150000 s ( situation 3)
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Table 5 Characteristics of new orbit family

Jacobi # %/ (10 3km? « 572) JEA#/h HFPETY et
-2.6174< C < -2.4074 7.2508 < T <8.9358 e
-2.4074< C < -1.9294 8.9358 < T <13.7552 c U
6 433 Eros H)F145 5
Table 6 Equilibria of 433 Eros

A 5 x /km y /km z/km
El 19.212783019 —-2.648086825 0.141176914
E2 -19.786145312 —3.382154739 0.127675738
E3 0. 484681656 14.770992030 —-0.062412898

E4 —0.458878445

-14.013775471 -0.073706831
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Fig.7 Periodic orbits of 12 families in the vicinity of Eros. Each graph illustrates the cognate orbits varying

as the Jacobi constant of the corresponding range
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Table 7 Characteristics of the orbits presented in Fig.7

L7RIY A Jacobi F ¥/ (10 km® + s7%) JH#/h EiE st R
1 2.5794 < C <3.67% 3.2510 < T <4.0466 e S
2 -9.1500 < C < —-4.6500 5.4358 < T <8.8597 e S
3 -4.6500 < C < -4.1500 8.8597 < T <9.3210 c U
4 -5.0700< C < -4.6700 7.0887 < T <8.7305 e S

-4.5700 < C < -3.8900 9.4054 < T <13.3274 b U

5 -3.5180< C < -3.4180 10.2991 < T <10.2998 b U
-3.3180< C < -3.1180 10.2899 < T <10.2988 a U

6 -3.0595 < C < -2.4595 10.0111 < T <10.3123 c U
7 -2.4773 < C <1.5226 10.4130 < T <10.7742 c U
1.5226 < C <2.3226 10.7742 < T <10.8364 e S

3 -1.0009 < € <1.3991 10.5280 < T <10.7468 b U
1.3991 < € <1.5791 10.7468 < T <10.7707 c U

9 -2.6991 < € <0.6001 10.3964 < T <10.6701 b U
10 -2.7373 < C <2.1827 10.3839 < T <10. 8264 c U
11 -1.2930< C < -1.1130 15.7788 < T <15.7885 b U
12 -4.4510< C < -3.8510 10.1524 < T <10.2371 c U

0

-0 x /km

K8 433 Eros B—&A HAE A HBUE
Fig.8 A bounded non-periodic orbit of Eros

1B AR EA R R EH T 2RER, £
Bre R B AR BB RA —E KI5, BMa 4=
U BE 45 R0 B8 W (E K 32 Bh I A 245
o TERRMLTAEH, 7T LIS RGEHIE R LB
16, ESEBTE XS TR R B BR SE R I I A BEK 9 5L
Mr{E.

4 & it

A3 FBUE T EWESE T 216 Kleopatra 1 433
Eros -4 s FHIT B B8 38 3, SR g T 2% S8 K PH B 30
THOL T WIB/IMT 2 MHE R I . £ B R
BT, EHIE R T 216 Kleopatra ff)JH B &
4, HFB T — R AN TAEP I A E, 8
2| T 433 Eros [l 12 ABBE , 450 T ENTH

IR ARG RN 2B T 3158 433 Eros — KA
FAAMPUE . PFEMAHTEREMN, KT 7R
/MTEBBERIR/NNMTE BB G NIENA 6 &
%, IR BT S0 F /M7 B - s o B R AR
/N (B i B K A8 S BOR R, kS P
B R BB TR KSR A 2R
B a0 A R PLIE B 2SR, N R AR A B
ERERENE. X T Floquet F35E IR BB , 5 8K
FREE G BLEARIRFSAE ; X T Floquet ANAZRE H4 J& 3
Bl , AR AR PE T LR MT B MHE KR
Rk, WANACK BA B J1 2 1 0E t A & id Rk
RIEBE R, B R—BRARE R PLES, K
Jacobi HHUIFLLE AT A K MG Sy na iR+ A
HBUE AR . AR R T /MT R T ETE
BamHE b RIAE R AT e

2 £ X W

[1] Zhuravlev S G. Stability of the libration points of a rotating triaxial
ellipsoid[ J]. Celestial Mechanics, 1972, 6(3) ; 255 —267.

[2] Zhuravlev S G. About the stability of the libration points of a
rotating triaxial ellipsoid in a degenerate case [ J]. Celestial
Mechanics, 1973, 8(1) ; 75 - 84.

[ 3] Scheeres D J. Dynamics about uniformly rotating triaxial ellipsoids:



74

F1E

[4]

[5]

(6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

applications to asteroids[ J]. Icarus, 1994, 110(2): 225 -238.
Macmillan W D. Dynamics of rigid bodies[ M]. New York:
McGraw-Hill, 1936.

Kaula W M. Theory of satellite geodesy[ M]. Waltham: Blaisdell,
1966.

Heiskanen W A, Moritz H. Physical geodesy [ J]. Bulletin
Géodésique (1946 —1975), 1967, 86(1) : 491 —492.

Werner R A, Scheeres D J. Exterior gravitation of a polyhedron
derived and compared with harmonic and mascon gravitation
Tepresentations of asteroid 4769 Castalia[ J]. Celestial Mechanics
and Dynamical Astronomy, 1996, 65(3) : 313 -344.

Wemer R A. The gravitational potential of a homogeneous
polyhedron or don’ t cut comers[ J]. Celestial Mechanics and
Dynamical Astronomy, 1994, 59(3) ; 253 -278.

Yu Y, Baoyin H X. Generating families of 3D periodic orbits
about asteroids[ J]. Monthly Notices of the Royal Astronomical
Society, 2012, 427(1) . 872 -881.

Jiang Y, Baoyin H X, Li J, et al. Orbits and manifolds near the
equilibrium points around a rotating asteroid [ J]. Astrophysics
and Space Science, 2014, 349(1) . 83 —106.

Yu Y, Baoyin H X. Orbital dynamics in the vicinity of asteroid
216 Kleopatra[ J]. The Astronomical Journal, 2012, 143(3):
62 -71.

Hartman P. Ordinary differential equations [ M]. New York:
Wiley, 1964.

Hamilton D P, Burns J A. Orbital stability zones about asteroids:
II. The destabilizing effects of eccentric orbits and of solar

radiation[ J]. Icarus, 1992, 96(1) ; 43 —64.

[15]

[16]

[17]

[18]

[19]

[20]

Ostro S J, Scott R, Nolan M C, et al. Radar observations of
asteroid 216 Kleopatra[ J]. Science, 2000, 288 (5467 ) ; 836 —
839.

Descamps P, Marchis F, Berthier J, et al. Triplicity and physical
characteristics of asteroid (216) Kleopatra[J]. Icarus, 2011, 211
(2): 1022 -1033.

Gaskell R W. Gaskell Eros shape model V1.0. NEAR-A-MSI-5-
EROSSHAPE-V1.0. NASA Planetary Data System, 2008 EB/OL].
[2008-02-23] http://sbn. psi. edu/pds/ resource/ erosshape. html.
Yeomans D K, Antreasian P G, Barriot J P, et al. Radio science
results during the NEAR-Shoemaker spacecraft rendezvous with
Eros[J]. Science, 2000, 289 (5487) : 2085 —2088.

Li J, Zhang X. Classical mechanics (2nd edition) [ M ].
Beijing: Tsinghua University Press, 2010.

Zhang 7., Cui H, Cui P, et al. Modeling and analysis of gravity
field of 433 Eros using polyhedron model method [ C]. 2nd
International Conference on Information Engineering and
Computer Science, Wuhan, China, Dec. 25 -26, 2010 ; IEEE.
Scheeres D J, Williams B G, Miller J K. Evaluation of the
dynamic environment of an asteroid: applications to 433 Eros
[J]. Joumal of Guidance, Control, and Dynamics, 2000, 23
(3): 466 —475.

YEH RS

RE®(1990 - ) , 55, [ LW , EEH I R HuES %,
TAFHUHE « AR AR A2 2 6% (100084 )

HL3% : (010)62773402

E-mail ; niyanshuo007@ 163. com

(S =)



