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Fig. 1 MAV-MEYV configuration for Mars surface operations'”
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Baseline design
Boeing

* 2 stage vehicle uses off-the-shelf,
bipropellant engines
¢ GD engines: R-40B, R-42, MR-120
* All engines have flight experience
+ Circularization burn with ACS axial thrusters
¢ Vehicle GLOW =400 kg
* Dry mass = 115 kg with payload
+» Consumables = 286 kg
« Flight support equipment = 164 kg
* Dimensions: 3.1 m x 0.68 m
¢ Lgloo integrated horizontally, erects to
launch attitude
¢ Sabot thermal & shock insulation remains
in launch tube
« Built to survive 20 g lateral load
« Deployable exhaust vent and blast shield to
protect lander
¢ Outer dimensions: 3.2 m x 0.84 m x 0.84 m
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Fig.2 Boeing concept of MAV™
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Fig. 3 ESA concept of Mars ascent vehicle"
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Fig. 5 MAV configuration based on two-stage solid rocket motor'"”
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Analysis of Key Technologies and Solutions for Liquid Propulsion

System of Mars Ascent Vehicle

HAN Quandong”“*, SUN Zezhou', CAO Wei"*’, LI Hejun""’,
XIONG Sen"*", ZHOU Yibin"*"
(1. Shanghai Institute of Space Propulsion, Shanghai 201112, China;
2. State Key Laboratory of Advanced Space Propulsion, Beijing 101416, China;
3. Shanghai Engineering Research Center of Space Engine, Shanghai 201112, China;
4. Institute of Spacecraft System Engineering, Beijing 100094, China)

Abstract: The liquid propulsion system of Mars Ascent Vehicle (MAV) provides orbital control thrust, as well as attitude
control forces and torque, which is crucial for ensuring the MAV’s payload capacity, precise orbital insertion, and reduced energy
requirements. The system needs to undergoe complex mission profiles, including Earth-to-Mars transfer, Mars orbital insertions,
Mars EDL (Entry, Descent, and Landing) flight, and storage on the Martian surface before being operational. In this paper, the strict
constraints on structural mass, envelope size, and available energy faced by the MAV’s liquid propulsion system were addressed.
Key technologies required for lightweight, miniaturization, and high-precision orbit insertion, such as thrust, specific impulse,
environmental adaptability and reliability, were systematically reviewed. A design solution incorporating low-freezing-point
propellants, medium-chamber-pressure engines, surface tension common-bottom tanks, and a highly reliable, highly integrated
system was proposed. The results provide an important reference for the formulation of Mars ascent vehicle’s design scheme.

Keywords: Mars ascent vehicle; liquid propulsion system; low-freezing-point propellants

Highlights:

e The liquid propulsion system of the Mars ascent vehicle.

e The key technologies associated with the liquid propulsion system and potential solutions.

e Low freezing point liquid propulsion system and engine.

e Preparation and analysis of low freezing point propellants.

[T1EHEE: R

M
ek
bl
=
=
)
b
ﬁfs


mailto:hqd0801@163.com

	引　言
	1 国内外火星上升器推进系统论证情况
	2 中外低冰点推进剂推进技术研究情况
	2.1 国外研究情况
	2.2 国内研究情况

	3 火星上升器液体推进系统技术难点分析
	3.1 强约束下推进系统方案设计
	3.2 低冰点氧化剂制备和分析
	3.3 低冰点推进剂发动机技术
	3.4 贮箱轻小型化及验证
	3.5 地面试验验证

	4 火星上升器液体推进系统关键技术及解决途径分析
	4.1 轻小型高集成度高性能低冰点推进系统方案优化
	4.2 低冰点氧化剂制备及分析技术
	4.3 低冰点发动机稳定流动及高效雾化和燃烧特性研究
	4.4 轻小型贮箱技术研究

	5 结束语
	参考文献

