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ABSTRACT

Lunar Navigation Satellite System refers to a constellation of satellite providing PNT services on the moon. LNSS consists of

main satellite and navigation satellites. Navigation satellites orbiting around the moon and a main satellite moves the area

between the moon and the L2 point. The navigation satellite performs the same role as the Earth’s GNSS satellite, and the main

satellite communicates with the Earth for time synchronization. Due to the effect of the non-uniform shape of the moon, it is

necessary to focus on the influence of the lunar gravitational field when designing the orbit simulation for navigation satellite.

Since the main satellite is farther away from the moon than the navigation satellite, both the earth’s gravity and the moon’s

gravity must be considered simultaneously when designing the orbit simulation for main satellite. Therefore, the main satellite

orbit simulation must be designed through the three-body problem between the Earth, the moon, and the main satellite.

In this paper, the orbit simulation tool for main satellite and navigation satellite required for LNSS was designed. The orbit

simulation considers the environment characteristics of the moon. As a result of comparing long-term data (180 days) with the

commercial program GMAT, it was confirmed that there was an error of about 1 m.
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Fig. 1. Schematic picture of lunar navigation satellite system.
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Fig. 2. Lunar orbit plane relative to ecliptic plane.

2. LUNAR COORDINATE SYSTEM

2.1 Earth-Moon Geometry
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Fig. 3. Selenographic coordinate system.

Table 1. Transition angle between two MCMF frame (ME and PA).
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2.4 MCMF Coordinate Frame
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Fig. 4. Position of the Earth and the Moon on the barycentric coordinate
system.
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3. ORBIT DYNAMICS

3.1 Main Satellite Orbit
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Fig. 5. Definition of the CR3BP vector in the barycentric rotating reference
frame.
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Table 2. Spherical harmonics coefficients of lunar gravity potential model.
GRGM 900C

J n=2 -9.0886616361343905e-05
n=2,m=1 -1.9495932361259600e-10
C,, n=2,m=2 3.4673334085426700e-05
n=2,m=1 1.0733325387331199e-09
N

wm n=2,m=2 1.0908462869835500e-10
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4. SIMULATION
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Table 3. Initial position and velocity of near rectilinear halo orbit.

x,(km)  y,(m) z,(km) x,(m/s) y,(km/s) gz, (km/s)
391808.96404 0 -69242.90379 0 -0.0948647458 0
395083.47890 0 -71423.21828 0 -0.1127233517 0
398340.34903 0 -73205.80678 0 -0.1290985769 0
401532.01031 0 -74663.49348 0 -0.1438665551 0
404650.40995 0 -75837.44224 0 -0.1571073553 0
407705.32132 0 -76744.69466 0 -0.1689557414 0
410964.34563 0 -77423.57581 0 -0.1803686386 0
413951.41424 0 -77747.17027 0 -0.1896956286 0
416948.17243 0 -77737.02288 0 -0.1979245392 0
419991.86431 0 -77324.63779 0 -0.2050691756 0
423131.57970 0 -76403.71956 0 -0.2110842836 0
426434.09349 0 -74810.22741 0 -0.2158359883 0
430302.36335 0 -72024.51252 0 -0.2192204355 0
434269.91566 0 -68031.50947 0 -0.2200845466 0
438741.26953 0 -62003.58623 0 -0.2175763789 0
443687.90017 0 -53037.39549 0 -0.2095975208 0
448581.84841 0 -40355.61358 0 -0.1936924761 0
452299.85900 0 -23889.07424 0 -0.1706478547 0
453933.39986 0 -1258.38952 0 -0.1521837491 0

Fig. 6. NRHO group shown on the barycentric rotating reference frame.
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Fig. 7. NRHO group viewed from the y direction on a barycentric rotating
reference frame.
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Fig. 8. NRHO group viewed form the x direction on a barycentric rotating
reference frame.

Table4. Initial Keplerian orbit elements of elliptical frozen orbit.
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Fig.9. ELFO trajectory in MCMF coordinate system.
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Fig. 10. Position error in MCMF coordinate system.

Fig. 11. Keplerian elements of navigation satellite orbit simulation and
GMAT.
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Table5. Initial Keplerian orbit elements for long term data comparison.

a(km) e i) 90) o) Mm()
8000 06 634 00 900 00

L104  semi-major axis L10% eccentricity

5 inclination
15 15 052

a [km]
X & o
o 4 & o &

e
& o

L5 o & =

i [deg]
G o2 . B
f a L & o

b o 5 5 o 5
time [r] time [hr] time [nr]

°

fight ascension of

107 ascending node L 10® argument of perilune L10°  true anomaly
6 o 15

08

1.2

14

A6

°

0 [deg]
“ v o e
u‘ Z
 [deg]
: s b &
A 2 28
w j
v [deg]
5 o
B o & -

0 5
fime [hr] time [hr] time [hr]

Fig. 12. Difference in Keplerian elements of navigation satellite orbit
simulation and GMAT.
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Fig. 14. Difference in Keplerian elements of navigation satellite orbit
simulation and GMAT for long term data (90 days).
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