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Fig.1 An illustration picture of the barycentric synodic frame (for the Earth-Moon system)
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Fig.2 A free return trajectory departs from the Earth in a prograde orbit and reaches the far side of the

Moon.



4 1 R =% ARENFH ISR E HE 311

0.50 T T T T T T 0.50
0251 PP RSN g 025}
e s > N
s N
7’ A Y [
= 4 N s e
w - 0.00f w000} K_///‘ 1
~ >
025} 1 025}
0.50 . . . . . . 0,50 L— . . . . .
02 00 02 04 06 08 1.0 0.0 0.2 0.4 0.6 0.8 1.0
XIEM XIEM

B3 —&AMEEANRILSN SR EPE, HBRFTEAT H &
Fig.3 A free return trajectory departs from the Earth in a retrograde orbit and reaches the far side of the

Moon.
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Fig.4 A free return trajectory departs from the Earth in a prograde orbit and reaches the near side of the

Moon.
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Fig.5 A free return trajectory departs from the Earth in a retrograde orbit and reaches the near side of

the Moon.
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Fig.6 A free return trajectory with hg = 3.6 x 104 km, hp = 200 km, and hy; = 100 km
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Fig.7 A three-dimensional free return trajectory. At the perilune, zo = 1.1 x 1073, 29 = 0.
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Fig.8 A three-dimensional free return trajectory. At the perilune, zg = 0, 29 = 0.45.
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Fig. 11 A free return trajectory in the real force model of the Earth-Moon system (drawn in the

Earth-centered instantaneous synodic frame)
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Free Return Trajectories in Lunar Missions
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ABsTrRACT Four types of symmetric free return trajectories in the planar circular re-
stricted three-body problem are computed and compared with each other. One of these
four types is most applicable in practice. Concentrating ourselves on this special type of
free return trajectory, the corresponding planar asymmetric cases are studied. Then the
studies are generalized to the three-dimensional case. The restrictions on the inclination
angles of the probe at the perilune are discussed. It is found that the maximum inclination
at the perilune between the probe’s orbit plane and the Moon’s orbit plane is restricted
by the heights of the perigee and the perilune of the free return trajectory. However, the
inclination at the perigee is nearly not affected by them. At last, a strategy to design free
return trajectories in the real Earth-Moon system is proposed. Some numerical simulations
are done to show the feasibility of this orbit design strategy. The discussions from the planar
case to the spatial case and then to the real force model can also be applied to the other
three types of planar free return trajectories.

Key words celestial mechanics: three-body problem, restricted problem, methods: nu-
merical



