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Figure 1 Bounded orbits.

i 06 e 46 dt 1
AH = 2frmm ;dl" = 2frmin Ead}" = 2frmin r—2;d7‘, (10)

@) AKX 10), H

i 1
AO=2h|  —————dr. (11)
J‘rmm 721’2(8 _chf)
& S n) S A R
27
T,=—T, 12
VN (12)

WA R 2800 £y 20/T, . 4 2/ A0 b T FAL
i, B, 4 R LR T - BR R,
23 A i Y o 3B 2 W24 45—

TR A I
R, 2 rin=rma I, _EIRPTSRAG I04E 7] 53]
L5 8 1) AR IR, BUOE AR D — ™ i P A I

2 FETHEARER ), RENE

AR U AR D Z2 I, 32 I504 bR K o
PRIBAL S BRORE PR 0 RT i S BRORE PR 4500 A G BB oK
WFFEIRIE 10 N 1 J2 RAFHE. 475 18 1, Tk 7
I, RISV RS T2 2 51 50

o(r) =—%{1+%(%j } (13)

Forf R, AMERIRE AR, wh g hHEEL hiX(©®), 2
F=0, WLMGR—AKT r (o= e

2 2
Pt B AR (14)

& 2¢ 2¢

DU ERIE I A AR R T 1 — e = U7 REAR AR 531 3K

2 3
PO A IO ) R P
6 27 2 39

/\¢I
2 J,R
O'1=—£>0 o,=——>0 3__;12 >0
& 2¢
3 MR RAARIE AN
xlz%+3A+3/§,
2=3l+4+J§ﬂZ+4fJ5¥E, (16)
30 2 2
R e ¥ R 117
3 2 2
A,

B W S Pl e W B
6 27 2 6 2 2

I £ A e N SE A T R I S, HR
PHE Ty R IR T 4% 1 LA R4 TR .

HH LT B 5 AR % R e o 0 SRR R T A, B
T A R o — A S T, B BA AT DA T 1T A
ARFRRREIR. EFECL T I4A 4 1

Xp, ¥ =0, X, =0, y,,

H AR UHIRAR L y=0 FEUT » >0 K95 ) i g s%
(o, ), DT LA B — 2 P S . BEAS A (x, X) %
NTF y=0 A1y >0.

Kl 2 5% T MshE b =1.1205235 I 108N 364
T, ALy fa) B PR ¢ =20000. A7 EVSE, A
BRI R =R, =1/ B A,

h’:h/\/Re_y, £’=g/\/m S OREHE ML EAE
L, [ AR (X, v, %0, o) I R
IE, fEARARER R PO RE 3, B0E s BRI E AR )
N A A it 2 Hohoii e, RoaRHIE 1, s,

Kl 345 H TR REIT . SEER R ZR o B AREK AR
A S RE R AR AR AL, ) R T 2 TR [ e
M R Gy R RE b x =0 R TR
2.1 A 2.2 e HARS T IR T, ATEIIE (1) T R
SATFNEE E P

311



FAAE: SRIE- I T, RAPUERTTT

dx/dt
o

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7

2 [EhNSEEE

Figure 2 Poincaré section.
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Figure 4 Annular J, orbits in polar coordinate system.
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Anatomy of J, bounded orbits in equatorial plane

WANG Wei'?", YUAN JianPing'?, LUO JianJun'? & CAO Jing'*?

! College of Astronautics, Northwestern Polytechnical University, Xi’an 710072, China;
2 Science and Technology on Aerospace Flight Dynamics Laboratory, Xi’an 710072, China

The function of J, perturbative potential working significantly on spacecraft is axially symmetric. While the orbital
inclination equals to zero, the J, potential reduces to spherically symmetric potential. The characteristic of J, bounded
orbits of low altitude is anatomized from the energy point of view. The existence of two types of bounded orbits with
J, effect named annular orbits and circular orbits in equatorial plane is demonstrated by means of the concept of a
“Potential Energy Well”. Under what condition will the J, bounded orbits be generated is studied by discussing the
relationship between the total energy and effective potential. Then the condition is transformed to a discriminant A of
a cubic function. For orbits with fixed angular momentum, if A < 0, viz, the curve of effective energy varying with
time has three intersections with the total energy, two of which are great than the radius of the Earth, the spacecraft
will be trapped in the well and orbits are quasi-periodic, namely annular orbits. If A = 0, only one intersection exists
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and the motion is uniform circular. For annular orbits, the radial period, azimuthal period and radius are expressed in
terms of elliptic integrals applying periodic theory of spherically symmetric potential. For circular orbits, the
expression of its period and angular velocity is derived. Then the stability is analyzed via the small disturbance
linearization method, and evolution of radius with perturbation is derived thereafter. In the end, a method for
generating natural bounded relative orbits over infinite time is illustrated, by means of locating two spacecrafts, the
chief and the deputy, on J, bounded orbits respectively. According to the stability analysis in sect. 2.2, the geometry
of relative orbits is stable.

spherically symmetric potential, equatorial plane, J, perturbation, bounded orbits, periodic orbits, elliptic
integrals
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