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Optimization of Low-Thrust Transfers Using Homotopic Method in the Restricted
Three-Body Problem

PAN Xun, PAN Binfeng

(School of Astronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: A method for optimization of low-thrust transfers in the restricted three-body problem is proposed. First, the
optimal control laws of different performance index in trajectory optimization are deduced based on the optimal control theory.
Then, anew parameter is used to construct a modified performance index. The genetic algorithm and single shooting method are
used to obtain the solution of energy optimal transfer, and arc-length method is adopted to track the homotopic pathtill the fuel
optimal transfer is obtained. Finally, the numerical example about transfers from GEO to Lyapunov orbit of L1 point in the Earth-
Moon system is studied. Simulation results show that the initial guess can be obtained by genetic algorithm, and single shooting
method can be used to obtain the fuel-optimal transfer trajectory.

Key words: homotopy; arc-length method; low-thrust; trajectory optimization; restricted three-body problem
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Design of Earth-Moon L2 Halo Orbit Transfer Trajectory for Relay Satellite Using
Lunar Flybys

SUN Chao"’, TANG Yuhua', LI Xiangyu"’, QIAO Dong"’

(1. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China ; 2.Key Laboratory of Autonomous Navigation and
Control for Deep Space Exploration, Ministry of Industry and Information Technology, Beijing 100081, China)

Abstract: The satellite on Earth-Moon L2 periodic orbit will provide communication relay for CE-4, China’s first Lunar
landing exploration mission on the moon’s far side. The transfer orbit design plays an important role in the implementation of the
relay mission. Considering the constrains on transfer time, flyby altitude and amplitude of the halo orbits, this paper systematically
studies the Earth-Moon L2 transfer trajectory using Lunar flybys. First, based on the restricted three-body problem (RTBP) , the
visibility of the landing point with different families of halo orbits is analyzed. Then, the transfer orbit is divided into Earth-Moon
direct transfer segment and quasi manifolds associated with halo orbits. The differential correction algorithm with state constraints is
employed to match the two segments. Finally, aiming at southern family of halo orbits, the influence of orbit amplitude and Lunar
flyby altitude on the cost of transfer as well as orbit insertion phase are discussed respectively. The simulation shows the feasibility
and engineering advantages of lunar flyby transfer.

Key words: Earth-Moon L2 point; relay satellite; Lunar flyby; transfer orbit
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