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Fig. 1 Schematic of cislunar round-trip transportation orbit with

on-orbit refueling
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Table 2 Mission profile and velocity increment requirements for Solution 1
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Fig. 3 Lunar descent and landing trajectory
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Table 6 Orbital insertion parameters for manned spacecraft
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Table 7 Maneuver epoch and velocity increment

WAL AFEUIEES K /s PRI/ (mes ™)
ERNN 5699.44 6.11
E92/e 3896.31 -316.82
i3Ik 18 576.35 199.51
4 2567.61 194.58
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Table 8 Post-docking orbital elements of spacecraft

HUEER A
FAE R ARE(°) 292.41
BB/ 4137
U H RS /C°) 107.50
2P Al /km 6755.08
(CRRE 0
TR 280.56
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Table 9 Phase-specific parameters during lunar landing sequence

7% A Btz shi B 15 /km eI RAVN W BEFERT/s HEHEFR I HE/kg P4 /g
B LB 200x 15 (1 B8 )
VN 15.000~3.000 45 000 342.0 3469.4 71724
P e B 3.000~2.400 32 800 19.3 143.5 7028.9
HEl T B 2.400~0.050 72762 57.1 149.6 6 879.2
e TR 0.050~0.002 28 156 10.0 253 6853.9
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Phased orbit design for manned lunar landing mission with on-orbit refueling
LI Qiling', SHI Peng"", CHEN Yong’

(1. School of Astronautics, Beihang University, Beijing 102206, China;
2. Chengdu Fluid Dynamics Innovation Center, Chengdu 610031, China)

Abstract: To address the conflict between the limited payload capacity of a single launch vehicle and the
substantial deployment demands of large-scale target payloads, this paper employs a two-phase manned lunar landing
mission architecture, where on-orbit refueling connects Earth ascent and space transfer. Mission scale analysis and
calculations were performed for manned lunar landing utilizing on-orbit refueling. Dynamic models for the four main
phases—launch, rendezvous, Earth-Moon transfer, and lunar landing—were established, and overall mission design
simulation analysis was completed. A mass estimation method was employed to compare the total mission mass and
the scale of each stage between the traditional mode and the on-orbit refueling mode. In order to define phase-specific
limitations and develop a mass model that takes into account in-orbit evaporation losses of cryogenic propellant, a
mission model covering the four phases of launch, rendezvous and docking, Earth-Moon transfer, and lunar landing
was built. Subsequently, mission windows were calculated, and full-process orbital simulations were conducted to
analyze trajectory parameters and propellant consumption for each phase. Genetic algorithms were used to optimize
parameters for the lunar landing phase. Mass estimation results show that, compared to the thousands of tonnes launch
mass required by the traditional mode, the total launch mass for the on-orbit refueling scheme is below 500 tonnes,
and the space transfer stage mass is on the order of tens of tonnes. The full-process simulation findings provide crucial
references for engineering design, further elucidating the propellant consumption for each stage of the on-orbit
refueling strategy.
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