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Table 1 Some of the harmonic coefficients in Mars gravity model GMM-2B

l m 6l,m gl,m

2 0 -8.745054708 x 104 0

3 0 -1.188691065x10~5 0

4 0 5.125798718x 106 0

2 1 1.3938449166x 1010 1.704428064x 1010
2 2 -8.417751981x10~5 4.960534884x 1075
3 1 3.905344232x 106 2.513932404x10~5
3 2 -1.586341103x10~5 8.485798716x 106
3 3 3.533854114x10~° 2.511398426x 105
4 1 4.227157505x10~6 3.741321503x10~6
4 2 -1.025388411x10~6 -8.962295163x 1076
4 3 6.446128873x10~6 -2.729779031x 107
4 4 9.638433482x108 -1.286136169x 102
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WIERTZ]: 20104E 6 H 1 H 0 B (UTC)

WITEHEARE: o =3797km, e=0.01, i=80°, Q=40°, w=40°, M = 280°,
SMHERTTE] S — A KB H, B At = 1477.3777 min, HXFEERS] T3 2 A& 1.

x® 2 RETEHSEIFFFTEHKE R TFREIME—DKEBIRERR

Table 2 Prediction errors of analytical solutions considered the coupled terms or not

at about one Mars day

Prediction time Method a(km) e(1072) i(°) Q(°) (Q4+w+ M)(°)

A 3793.132 1.231 80.001  38.196 164.205

At B 3793.125 1.231 80.001  38.196 164.112

C 3793.125 1.231 80.001  38.196 164.114

A 3797.422 1.211 80.034 38.178 254.225

At + %T B 3797.552 1.211 80.034 38.178 254.130
C 3797.551 1.210 80.034  38.177 254.132

F 2 1 T=118.3924 min, /& 400 km BEW TEHEEL. A. B. C@&Xm
T A RRFRBESHEINHE B AZBEEER T A CHRH BRI G B3 T 4
Hrig;  C AEUER.

& 1 1 Method A . Method B #1 Method C B3 2 Fiy 7 A . B 1 C.

WG] 1T RAE Y, A SO Y B G B5 3h 0 R 22 1 5 W] AR ) 1073 (i
%% (B3R 2 F19 0.09° = 1.6 x 1072 rad, Wik A MZ5R. BEZIR TG RITEN
SPTRE B BARS, WTE B SR, KT 107 fRaAsc B, T
BEHH 2.

4.2 Hafl 2

WIERTZ]: 20104E 6 H 1 H 0 B (UTC)

VIWEHEARE: o =3797 km, e=0.01, i =80°, Q=090°, w=60° M =90° X
HLERFTERS, Hb At T, C. BESXARH 1, EMEXHRBET oo X
BEA RS AR, BB T ol (t, Jo - Joo) Al al? (b, Joo - Jo2), WA 25 1 HoAth FIE 501
B ).
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Fig.1 Prediction errors of analytical solutions along track considered the coupled terms or not in about

one Mars day

MEEE] 2 ATRAE B ST A SRS Xl 7 i B M F] LAGAE] 3 < 107 (BP
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1074, 3% 3 Jrik B BIGER.

xR 3 ZEEBREEKSEIFTEZESHE SR TFEREIME—NKE BIIRERR
Table 3 Prediction errors of analytical solutions considered the coupled terms of

high-order tesseral harmonics or not at about one Mars day

Prediction time Method a(km) e(1072) i(°) Q(°) (Q4+w+ M)(°)

E 3794.160 0.915 79.988 88.184 48.910

At B 3794.168 0.915 79.988  88.184 48.893

C 3794.168 0.915 79.989  88.183 48.894

E 3790.415 0.802 79.994 88.171 138.997

At + %T B 3790.431 0.802 79.994 88.171 138.980
C 3790.431 0.803 79.994 88.171 138.980

5 ZEWE

M LA BT AR ORI A, T KRG AR R R, 3R K TLE SRS A i AN e
SR EER TR T, KERIEBTESI IR S S8 TIX 3 A LR E K
R AR B, TEME IR K LR PUE T LA, Ar 2. [F] 7 2
BRI, EEEEZERT, NFE Jo MCHERG FBITUE AR, TELRR Y e
TR B R 8 A R B 3 3.
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Analytical Solutions of Coupled Perturbation of
Tesseral Harmonic Terms of Mars Orbiters under
Nonspherical Gravitational Potential

ZHOU Chui-hong!? YU Sheng-xian'?  LIU Lin%?3
(1 School of Astronomy and Space Science, Nanging University, Nangjing 210093)
(2 Institute of Space Environment and Astrodynamics, Nanjing University, Nanjing 210093)
(3 State Key Laboratory of Astronautic Dynamics, Xi’an 710043)

ABsTrRACT The nonspherical gravitational potential of the Mars is significantly different
from that of the Earth. The absolute value of the Mars’s most tesseral harmonic coeffi-
cients are nearly ten times larger than the corresponding terms of the latter. Especially,
the absolute value of the Mars’s second degree and order tesseral harmonic coefficient J3 o
is nearly 40 times as large as that of the Earth, and approaches one-tenth of its second
zonal harmonic coefficient J>. Because of these differences, the coupled terms of Jo and
the tesseral harmonics, and even those of the tesseral harmonics themselves all neglected
for Earth satellites should be considered in the analytical perturbation solutions, which are
used to predict the Mars’s low-orbit orbiters and the prediction errors must be limited within
500 meters in a time span of one Mars day. In this paper, the analytical solutions of the
coupled terms are presented. With the numerical method, it is proved that the coupled
terms are effective to influence the analytical solutions up to more than 500 meters along
track, which is emphasized by the analysis. The conclusion is that the solutions of Earth
satellites cannot be simply used without modification when dealing with the analytical so-
lutions of Mars’ orbiters, and the coupled terms discussed in this paper should be considered.

Key words celestial mechanics, perturbation theory, methods: analytical, methods: nu-
merical



