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Fig.1  Sketch of the low-energy lunar trajectory with lunar flyby
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Fig.3 The curve of relation between the initial z coordinate component and €
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Fig.4 Stable and unstable invariant manifolds of the BCP system
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Fig. 13 The low-energy lunar trajectories of family 2 with lunar flybys
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Table 1 Trajectory parameters of different families

Family Interval of transfer Interval of Av = Interval of Ave  Width of launch

duration/d Avi + Avg/(km-s™!)  /(km-s™) window/d
1 110.50-116.70 3.142-3.261 0.0021-0.0735 6.17
2 168.03-173.10 3.009-3.171 0.0002-0.1247 5.05
3 185.66-189.36 3.060-3.133 0.0560-0.1482 3.70
4 182.79-189.71 3.166-3.177 0.1264-0.2137 6.92
5 126.39-134.57 3.228-3.387 0.1400-0.2323 8.18
6 102.78-106.11 3.384-3.431 0.2451-0.2984 3.32
7 152.41-158.69 3.322-3.341 0.2044-0.2776 6.27
8 100.19-105.94 3.556-3.772 0.4200-0.5796 5.77
9 100.32-106.21 3.325-3.719 0.1949-0.5146 5.92
10 133.20-138.22 3.275-3.353 0.1957-0.2495 5.02
11 221.58-230.20 3.043-3.080 0.1573-0.1971 8.61
12 198.99-203.92 3.055-3.192 0.1241-0.1973 4.94
13 141.22-146.90 3.137-3.294 0.0185-0.2013 5.63
14 138.60-147.34 3.092-3.243 0.0021-0.1781 8.69
15 115.06-119.01 3.141-3.190 0.0001-0.0800 3.96
16 88.91-92.55 3.173-3.215 0.0002—-0.0599 3.65

7 iR

ASCEETHY e A BRSO ) B (BCP) B, Gt i geid H Bko%in
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Low-energy Lunar Trajectories with Lunar Flybys

WEI Bing-wei LI Yin-shan

(Department of Mechanics, School of Mechanical Engineering, Hebei University of Technology,
Tiangin 300130)

AsstracTt The low-energy lunar trajectories with lunar flybys are investigated in
the Sun-Earth-Moon bicircular problem (BCP). Accordingly, the characteristics of the
distribution of trajectories in the phase space are summarized. To begin with, by using
invariant manifolds of the BCP system, the low-energy lunar trajectories with lunar
flybys are sought based on the BCP model. Secondly, through the treating time as
an augmented dimension in the phase space of nonautonomous system, the state space
map that reveals the distribution of these lunar trajectories in the phase space is given.
As a result, it is become clear that low-energy lunar trajectories exist in families, and
every moment of a Sun-Earth-Moon synodic period can be the departure date. Finally,
the changing rule of departure impulse, midcourse impulse at Poincaré section, trans-
fer duration, and system energy of different families are analyzed. Consequently, the
impulse optimal family and transfer duration optimal family are obtained respectively.

Key words celestial mechanics, space vehicles, planets and satellites: general, meth-
ods: numerical
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