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R LA AR LR B AT AN I FE B Y. B, TCRATR R E) M, AL
TAU2000 ¢ 2 5 [ AR 78 g Bt Ay 38 418 R 2R B D48 3 o A it
TAU2000 X B %E MAEARIFH X ICRF (International Celestial Reference Frame) R4t %
H, FAAL T KEBD, EATH A X BBE-T-RIERH, AT B A KEAYFFE
(B ETFHL) HXEBENT-IRER IS A (LB 1), HALE d1 K B BERF-IRE S J2000.0
HERCFRER T R ERIHE, A Q WTKEREMARITERE B Wik W, itHAK
mF:
W =176.630° + 350.89198226°d , (1)
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Riau(t) = R.(W). (2)
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Fig.1 IAU Mars orientation model
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dp = 52.88650°
E TAU2000 & FARELT, BEE K2 T IR IEAE AR R B Bt K R EAREAIRR. T
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PRIETH S BER ARE T 2 7. BN AR ZMEI S 22, 2R U5 R WA 2.
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Fig.2 Movement of Mars mean equator based on IAU2000 Mars orientation model
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H—FriE. b, K (6) XRBW S ZHEUE R THIEA:
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X MO RS AR SCEAS K B HUE AR RN sh AT g K9 KR ARRE S
P T gy (1> 2) WMEIES 5 K B BETER, Nk Lk Z 0, A
Z=z—[(Apsin0)z+ (A)y], (12)

Hp

Apsing = 0.0640°T, A8 = 0.0609°T, (13)
EaSe 25 (10)~(13), e F s 32 IH R 1l T 428 30 T 5 | Ak g K B BRIE 51 7 B o 62 g 2
ARAEA
4 KEIFBRF 5| F A= R IR IR Bh A

TEXS KB RERAEAR R M INE BB oRAF A, N T (8 T8 98 BRI 25 4 A X R/
MR, XEFEMAXRBHYUTRAIE AL H, X ER 5 R 5 15— AL
REERAL [L] . ik BAL (M) FEE AL [T] 2353

(L] =ac (ac RKESHWERIEHAREF1E)
[M] =M (M REKEFE, HEEH GM EHAH) (14)
1] = (a2/GM)*



4 34 X MRS BTGB BSR4 R RN 3 S AR B AR AT 2R Y 2 417
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AV, = AV (o) — AV} (22)

MR EABRINEESIAL AV F AV, "5, KB Jo TR AR N5 sl x 25 K T2 3)
PuE AR, MRS, A, XERREAHH AV, T2 Ay 284k, ERE
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as (t) = 26> AV, (23)

KR — 2T Ar AREL

a,i,,§ =ecosw,n =esinw, A\ =w+ M. (24)

MACFIARBOEAE B, BEEHESIRE, BB Jo AAR RNk shry < A 542
T Ao(t) = ou(t) — au(to), ou(t) BFIRMIEA LE R, HP

a () =0, (25)
() =1, (26)
O (t) = (—2cot2i) H, (27)
61(0) =~ (F220) 6T+ o) o = (61 = i) fea]. (28)
()= 3 (22 (et — ) fa + 681 + ) ] (29)
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Horr
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H = [(Apsind) cosQ + (Af)sin Q] , (32)
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041:1—0}1/91, a2:1+w1/Ql. (33)

XEHEAY wi A QB o TR HERE w M1 Q RIZCH —M 2R, HAEKE
W)

3J5 5 2 3y
217211(2 5 sin z), = —22ncosz

n=a3?, p:a(l—e).

AE XA B PERE o, i, Q, & 0, e = & +n?, BATHERE AL T2
*ﬁ?ﬁt o(t) = ou(t) — os(t), IR G, BR LB EARMTSN, AU TFHRECEEA
B TR BN, ETRBUE QM PRECLE, DARBITIRE AL, B

w1 = (34)

AQ, () = —%Hsinz’ K%jn (t— t0)> QO (t— to)} : (35)

AN () = %H (5 131 62) sini cos Kg—]‘j;n(t - to)) O (t — to)] : (36)

6 HIERIEFILEIL

KTHEE N 300 km B K BARPLTE, XTHYUEHTIMETT, RAGEHEENE
B (1 RKF U308 MEop R inE. PLEsMERE DY 14 #iBkH (1 400 min, 2974
B 13 A JEI), G PLERBOR N T P4

to S UTC BfE] 2012 4£ 9 A 9 H 0 B 0 4 0 £,

a = 3685.8362 km, e = 0.00468819, 4 = 92.580981°,
Q = 44.995808°, w = 269.779851°, M = 0.321671°,

() ©= 36858362 km, ¢ =0.00468819, § = 42.580981

Q = 44.995808°, w = 269.779851°, M = 0.321671°.
SMERT IR BE 1 400 min(FE4EJET ) MIPEFHALE BT A, —J2 0 T ARBUAE R IE5 S AR i AR
A, ARAFEPUEBAXT LSRR ISR . PASMELSE R HIS TR 1 MR 2.

x 1 BEXESHTE WITFHREE) SRR (1)
Table 1 Comparison of numerical method and analytical method (quasi average

element method) (1)

Method a (km) e 1(°) Q(°) w(°) A(°)
A 3696.505 0.008006 92.57730 45.50652  273.17394  139.59795
B 3696.505 0.008010 92.57731 45.50651  273.18310  139.59700
C 3696.505  0.008006  92.57721  45.50658  273.17591  139.59790
D 3696.505 0.008010 92.57721  45.50656  273.18311  139.59700
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x2 BEZESHTE WIFHIREE) SRR (2)
Table 2 Comparison of numerical method and analytical method (quasi average

element method) (2)

Method a (km) e 1(°) Q(°) w(°) A(°)
A 3694.144 0.004596 42.65111 36.60267  259.08655  173.74786
B 3694.144  0.004597  42.65115 36.60278  259.17323  173.74756
C 3694.144  0.004596  42.65275  36.60277  259.08538  173.74738
D 3694.145  0.004597  42.65279  36.60291  259.17402  173.74712
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T
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BRI A Bria s, JEE AT i A AR R IS sl g 2 (RE L) & i,
TR g A= (27)~(30) . WAHIZEALE R/ MIOB T HLEREL Q #3efl, T
AL O (B (34) 2P Q1) BR/NRBOE T HOEBUAARDL, @ = 42.0° XFRZHT Q W
BAT i = 92.0° X Q, R HT T X HUERIE K EBOR FH PR, 7T LU R
Hu PR B AL R 2R Y D2 3l 5 e 6 40 7
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2 £ XM

1] Kozai Y. AJ, 1960, 65: 621

2] Lambeck K. CeMec, 1973, 7: 139

3] Kozai Y, Kinoshita H. CeMec, 1973, 7: 356

4] xRk NEHER BEBE Y. 8. SEEE R, 1992
5] XAk, IR ZEEIBLEZR, 2008, 28: 164

6]  WEEUE, XMk, RICEAR, 2010, 51: 75



4 34 X RS BR K TR IZ BB AT 2R B D353 S AH B AR AR AR A 2B 421

7 H—TK, SRRE. RICH#ER, 2002, 20: 350

[

[8] Yoder CF, Standish E M. JGR, 1997, 102: 4065

[9] Folkner W M, Yoder C F, Yuan D N, et al. Sci, 1997, 278: 1749
[10] Murray C D, Dermott S F. Solar System Dynamics. New York: Cambridge University Press, 1999
[11]  Seidelmann P K, Archinal B A, A’Hearn M F, et al. CeMDA, 2007, 98: 155

The Coordinate Additional Perturbations to Mars
Orbiters and the Choice of Corresponding Coordinate
System

LIU Lin%23 ZHAO Yu-huil:? ZHANG Weil-2 WANG Yan-rong®

WANG Jia-song?

(1 Astronomy Department, Nanjing University, Nangjing 210093)
(2 Institute of Space Environment and Astrodynamics, Nanjing University, Nanjing 210093)
(3 State Key Laboratory of Astronautic Dynamics, Xi’an 710043)

AAaBsTRACT Similar to the study of the related problems of Earth satellites, in the re-
search of the motion of Mars orbiter especially for low orbit satellites, it is more appropriate
to choose an epoch Mars-centered and Mars-equator reference system, which indeed is called
the Mars-centered celestial coordinate system. In this system, the xy plane and the direction
of the = axis correspond to the mean equator and mean equinox. Similar to the precession
and nutation on the Earth, the wiggling of instantaneous Mars equator causes the coordi-
nate additional perturbations in this Mars coordinate system. The paper quotes a method
which is similar to the one used in dealing with the coordinate additional perturbations
of Earth. According to this method, based on the TAU2000 Mars orientation model and
under the precondition of a certain accuracy, we are able to figure out the precession part of
the change of Mars gravitation. This lays the foundation for further study of its influence
on the Mars orbiter’s orbit of precession and the solution of the corresponding coordinate
additional perturbations. The obtained analytical solution is easy to use. Compared with
the numerical solution with higher accuracy, the result shows that the accuracy of this ana-
lytical solution could satisfy general requirements in use. Therefore, our result verifies that
a unified coordinate system, the Mars-centered celestial system in which J2000.0 is chosen
as its current initial epoch, could be applied to deal with the relative problems of Mars
orbiters, especially for low orbit satellites. It is different from the method we previously
used in dealing with the corresponding problems of Earth satellites, where we adopted the
instantaneous equator and epoch (J1950.0) mean equinox as zy plane and the direction of z
axis. In contrast, the coordinate transformation brings heavy workload and certain incon-
venience in relative former works in which the prior system is used. If adopting the unified
coordinate system, the transformation could be simply avoided and the computation load
could be decreased significantly.

Key words celestial mechanics, reference systems, methods: analytical, methods: numer-
ical



