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Fig.3 Design flow for multiple gravity-assist transfers
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Table S Gravity-assist sequence ranking for preliminary design
of solar system boundary tail

e CRLEL ﬂgﬁﬂi %ﬁﬁi/
1 [3, 2, 3, 3, 5, 8, tail] 2039/07/29 0.000 0
2 [3, 3, 5, tail] 2031/03/10 29233
3 [3, 2, 2, 5, tail] 2032/12/18 3.108 9
4 [3, 3, 5, 8, tail] 2036/03/17 37117
5 [3, 3, 4, 5, 8, tail] 2039/06/08 4.460 1
6 [3, 2, 3, 3, 8, tail] 2037/10/24 45705
7 [3, 4, 3, 5, tail] 2031/06/28 4.6203
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Table 6 E-V-E-E-J-S-N-tail transfer detailed parameters
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Fig. 8 E-V-E-E-J-N-tile transfer orbits
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Target Selection of Multiple Gravity-Assist Trajectories
for Solar Boundary Exploration

CAO Zhiyuan, LI Xiangyu, QIAO Dong

(School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Solar system boundary exploration will enhance our understanding of the formation and evolution of the Solar
system, which is an important issue of future deep space exploration. As the boundary is far from Earth, the energy needed in the
exploration is huge. Thus, gravity-assist technique is essential to carry out Solar system boundary exploration mission. This paper
aims at multiple gravity-assist transfer design in Solar system boundary exploration missions. First, processing method of goals and
constraints in Solar system boundary exploration are studied. And a progressive nested-loop optimization method combining two
different kinds of multiple gravity-assist dynamics is provide, as well as the detailed steps. At last, taking the nose and the tail of
Solar system boundary for example, the optimal fly-by sequences are provided, proofing the validity of the method. The
simulations demonstrates that the optimal multiple gravity —assists trajectories is Earth-Venus-Earth-Earth-Jupiter-Saturn- nose of
Solar system, and the optimal multiple gravity —assists trajectories is Earth-Venus-Earth-Earth-Neptune-tail of Solar system. The
research will provide the reference for the target selection and mission planning for future Solar system exploration in China.

Keywords: Solar system boundary exploration; multiple gravity-assist; trajectory optimization; fly-by sequence

Highlights:

e The application scopes of two models of multiple gravity-assists are given.

e A progressive nested-loop optimization method combining two kinds of multiple gravity-assists model is proposed.

e The optimal multiple gravity-assist trajectories to the nose and the tail of solar system boundary are obtained.
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