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Fig.1 Sketch of the finite volume element method
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Fig.2  Sketch of the triangulation of a triaxial ellipsoid
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Table 1 The spherical harmonic coefficients of a triaxial ellipsoid

Parameter Exact Value Polyhedral Model®  Finite Volume Element Method

Cao -0.043324 -0.43284(1%) -0.043324(0)
Cas 0.058095 0.058047 0.005978
Cio -0.008712 0.008685 0.008711
Cia -0.011604 -0.011579 -0.011589
Cua 0.011885 0.011864 0.012056

€ 0.003 0.029

3.2 /MTE(433) ErosEHI
(433) Erosse G RKPHISAT 14— /M7 22, T18984E8 H 13 H il [F R 3L 2% 5Kl
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M #5 (Shoemaker spacecraft) 19985 ;K 22200142 H X H /N TEAR.  Hddy A1 12 45 it
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Table 2 The spherical harmonic coefficients of (433) Eros
Parameter  Orbit data  Polyhedral Model®  Finite Volume Element Method

Cao -0.052478 -0.052357(0.2%) -0.05078(2%)
Co 0 -0.000036 -0.000064
Sa1 0 -0.000069 -0.000116
Ca2 0.08253 0.083125 -0.082373
Sao -0.027745 -0.02608 -0.029222
Cio -0.0014 -0.001215 -0.00164
C31 0.004055 0.00404 0.0020509
S31 0.003379 0.002353 0.0035717
Cs2 0.001792 0.001485 0.0021506
S32 -0.000686 0.000593 -0.000904
C33 -0.010337 -0.009789 -0.007712
S33 -0.012134 -0.012287 -0.011939

Cao 0.0129 0.012542 0.0118409




150 KR X ¥ #H 56 &

R2 &
Table 2 Continued

Parameter Orbit data Polyhedral Model®! Finite Volume Element Method

Cy1 -0.000106 -0.000099 -0.00024
Sa1 0.000136 0.000158 0.0001831
Clys -0.017495 -0.01808 -0.015853
Sa2 0.004542 0.004119 0.004786
Clys -0.000319 -0.000339 -0.000243
Sas -0.000141 -0.000588 -0.000194
Clya 0.017587 0.018054 0.015707
Sy -0.008939 -0.008725 -0.009856
€ 3.2 1.3

3.3 (1996) FG3/MTEENIFITEER

(1996) FG3/& —BICAIT L AU/MT B2, HAEEMR AU, t2dkEA kA
FAMT EBRIAT 55 B8 0 H br 2 —. FIDGAR 2 Bda 4 th (1996) FG3/MTEKITE
ROT B 348 A AR 85 8505 72501 57.(1996) FG3/MTE IS 1. B 1Z/IMT % R
AR /NT R, B B AR TE B SR B FR AL b TR A NMT R UL IR BOR, 5103
LEPSESEER

1000

-1000 -1000
3 (1996) FG3KIH 5] Sy En = K

Fig.3 Sketch of the absolute value of surface gravitational potential energy of (1996) FG3
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Fig.4 Distribution of the absolute values of surface gravitational potential energy of (4179) Toutatis.
Panel (a) shows the results from 4 different view directions (as shown in the square brackets) in the body

fixed frame, and (b) presents the result from Chang’e-2’s view, respectively.
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Using Finite Volume Element Definitions to Compute
the Gravitation of Irregular Small Bodies
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AsstracT In the orbit design procedure of the small bodies exploration missions,
it’s important to take the effect of the gravitation of the small bodies into account.
However, a majority of the small bodies in the solar system are irregularly shaped
with non-uniform density distribution which makes it difficult to precisely calculate the
gravitation of these bodies. This paper proposes a method to model the gravitational
field of an irregularly shaped small body and calculate the corresponding spherical
harmonic coefficients. This method is based on the shape of the small bodies resulted
from the light curve data via observation, and uses finite volume element to approximate
the body shape. The spherical harmonic parameters could be derived numerically by
computing the integrals according to their definition. Comparison with the polyhedral
method is shown in our works. We take the asteroid (433) Eros as an example. Spherical
harmonic coefficients resulted from this method are compared with the results derived
from the track data obtained by NEAR (Near-Earth Asteroid Rendezvous) detector.
The comparison shows that the error of Cyg is less than 2%. The spherical harmonic
coefficients of (1996) FG3 which is a selected target in our future exploration mission
are computed. Taking (4179) Toutatis, the target body in Chang’e 2’s flyby mission,
for example, the gravitational field is calculated combined with the shape model from
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radar data, which provides theoretical basis for analyzing the soil distribution and flow
from the optical image obtained in the mission. This method is applied to uneven
density distribution objects, and could be used to provide reliable gravity field data of
small bodies for orbit design and landing in the future exploration missions.

Key words planet and satellites: detection, gravitation, methods: numerical



