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Fig. 1 Optional scheme of single-stage manned lunar landing & lifting craft
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Table 2 Comparison of multiple system schemes of single-stage spacecraft
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Reusable Single-Stage Lunar Landing and Ascent Spacecraft
Scheme Design and Guidance

LI Yang, ZHANG Feng, WANG Xiaowei, LIU Bingli, HAO Yuxing
(R&D Department, China Academy of Launch Vehicle Technology, Beijing 100076, China)

Abstract: Through a comparative analysis of multiple schemes, a reusable LO/LH propulsion-based single-stage lunar landing
and ascent spacecraft scheme with vertical landing in horizontal attitude was proposed. For the problems of large fuel consumption
and low control accuracy in braking phase, a convex-optimization-based guidance method was proposed. The convex optimization
was then modeled and simulated, and the influence factors were analyzed. The results show that the scheme is easy to implement and
reliable, capable of matching new-generation human launch vehicles, and the method possesses good mission applicability, enabling
fuel cost optimization with various constraints including landing attitude and position accuracy. The proposed reusable single-stage
lunar landing and ascent spacecraft scheme can be applied to lunar and cis-lunar reusable transportation missions, and provides a
possible integrated transportation vehicle for both Earth orbit and lunar surface, holding a high cost-effectiveness ratio. The proposed

scheme also provides a good solution for future transportation system for large-scale cis-lunar exploration and exploitation.

Keywords: reusable; single-stage; lunar landing and ascent spacecraft; horizontal attitude; convex optimization

Highlights:

e A reusable LO/LH propulsion-based single-stage human lunar landing and ascent spacecraft scheme with vertical landing in

horizontal attitude was proposed.

e The scheme is capable of matching new-generation human launch vehicles, and enabling reusability via lunar in-situ resource

utilization.

e A convex-optimization-based guidance method was proposed for horizontal attitude vertical landing braking phase in view of

great fuel consumption and low control accuracy. The method possesses good mission applicability, enabling fuel cost optimization

with various constraints including landing attitude and position accuracy.

e The proposed spacecraft scheme can be applied to lunar and cis-lunar reusable transportation missions, and provides a possible

integrated transportation vehicle for both Earth orbit and lunar surface, holding a high cost-effectiveness ratio.

[ERE: RE, ELFR: RAE]
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