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Review of the Mars Sample Return Mission

SUN Zezhou', ZHOU Zuoxin’, DONG Jie'

(1. Beijing Institute of Spacecraft System Engineering, Beijing 100094, China;
2. China Academy of Space Technology, Beijing 100094, China)

Abstract: Based on the developmental histroy and current advancements of international Mars sample return missions, an
analysis of flight mission was carried out, and the necessity of Mars orbital rendezvous and the Earth-Mars transfer flight plan were
discussed. On this basis, the key phases of the spacecraft for Mars sample return mission (Mars entry/descent/landing, sampling/
encapsulation/transfer, Mars surface take-off and ascent, Mars orbital rendezvous, etc.) and technical difficulties were

summarized. Based on typical design schemes home and abroad, the main technical solutions of the key phases were studied.

Keywords: Mars; sample return; entry, descent and landing; ascent vehicle; Mars orbit rendezvous

Highlights:

e The design of Mars entry/descent/landing for high ballistic coefficient vehicle is carried out.

e The martian surface sampling methods, container sealing techniques and sample transfer solutions are analyzed.

e The ascent vehicle’s first-stage solid propulsion and second-stage liquid propulsion scheme is discussed.

e The autonomous rapid Mars rendezvous is suggested based on long-range microwave radar cooperative navigation with the ascent
vehicle and short-range optical tracking of the container.

e The passive integrated mechanisms for sample container capture, attitude adjustment, transfer and encapsulation are analyzed.

e The Mars aerobraking method is chosen and thermal protection is employed for the two leeward sides of solar arrays which are the

aerodynamic deceleration surface.

[TAE%REE: S, RILFR: RADE]



	引　言
	1 火星取样返回飞行任务分析
	1.1 技术路线分析
	1.2 地火转移飞行方案分析

	2 关键环节技术难点分析
	3 关键环节技术解决途径分析
	3.1 火星进入/下降/着陆
	3.1.1 气动减速
	3.1.2 伞系减速
	3.1.3 动力减速

	3.2 火星表面取样/封装/转移
	3.2.1 采样方式选择
	3.2.2 采样及密封方案设计
	3.2.3 样品转移

	3.3 火星表面起飞上升
	3.3.1 上升器系统设计
	3.3.2 火面发射
	3.3.3 火星上升器推进系统

	3.4 环火轨道交会及样品交接
	3.4.1 交会自主控制段
	3.4.2 样品捕获及转移段

	3.5 大气辅助减速
	3.6 地球再入返回
	3.7 行星保护

	4 结束语
	参考文献

