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Table 1 EDL process comparison
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Figure 1 (Color online) System composition. (a) Composition of the
probe; (b) composition of the lander and the rover.
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Figure 2 Key system composite and information interface.
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Figure 3 (Color online) Entry configuration and flight attitude. (a)
Configuration before trim-tab deployment; (b) configuration after trim-
tab deployment; (c) backshell thrusters’ configuration.
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Figure 4 (Color online) Parachute descent configuration. (a) Para-
chute deployment; (b) heatshield separation; (c) leg deployments.
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Figure 5 (Color online) Powered descent and landing buffering
configuration.
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---- Parachute deploy constraint
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Figure 6 (Color online) Mach number-aerodynamic pressure distribu-
tions [26].
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Figure 7 (Color online) Opening force arising from area oscillations.
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Figure 9 (Color online) Backshell avoidance area.
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Design and implementation of the Mars entry, descent, and landing
system for the Tianwen-1 mission

RAO Wei', SUN ZeZhou', DONG Jie', WANG Chuang', CHEN Gang” & LIU GuoQiang'

" Institute of Spacecraft System Engineering, Beijing 100094, China;
* Lunar Exploration and Aerospace Engineering Center, Beijing 100190, China

First, the technical characteristics and difficulties in system design and ground verification are analyzed, considering the particularity
of the mission type and the working environment in the process of Mars entry, descent, and landing (EDL). The system composition
and main configuration involved in the Tianwen-1 probe’s EDL are then introduced. The EDL stage’s design schemes (including
flight before atmosphere entry, aerodynamic deceleration, parachute deceleration, power deceleration, and landing buffer) and the
selection process of the landing sites, ground simulations, and test verification conditions are discussed. Finally, the actual in-flight
results are presented, and the effectiveness of the system design is verified.

Tianwen-1, Mars, entry, descent and landing

doi: 10.1360/SST-2021-0548

1174


https://doi.org/10.1007/s42064-021-0118-9
https://doi.org/10.1007/s11214-016-0321-9
https://doi.org/10.1007/s11214-012-9916-y
https://doi.org/10.1134/S0038094615070205
https://doi.org/10.1007/s42064-021-0116-y
https://doi.org/10.1360/SST-2021-0493
https://doi.org/10.1360/SST-2021-0548

	天问一号火星进入 、下降与着陆系统设计与实现
	1�� 引言
	2�� EDL任务特点与难点
	2.1�� 环境条件及对设计的影响
	2.2�� 地面验证的复杂性

	3�� 系统组成与构型
	4�� 关键环节设计方案
	4.1�� 大气进入前
	4.1.1�� 主要飞行过程
	4.1.2�� 地火转移段热控设计
	4.1.3�� EDL前关键决策和处置

	4.2�� 气动减速
	4.2.1�� 进入方式
	4.2.2�� 气动外形设计
	4.2.3�� 防热设计
	4.2.4�� 关键气动力热问题及影响
	4.2.5�� 气动减速制导控制
	4.2.6�� 开伞条件及触发方法

	4.3�� 降落伞减速
	4.3.1�� 降落伞系统设计
	4.3.2�� 降落伞动态特性
	4.3.3�� 大底分离

	4.4�� 动力下降
	4.4.1�� 背罩分离与背罩规避

	4.5�� 着陆缓冲
	4.6�� 大动态条件下的安全性设计
	4.7�� 着陆区选择

	5�� 地面验证
	5.1�� 不同阶段的专项验证
	5.2�� 全系统验证

	6�� 主要在轨飞行结果
	6.1�� 大气进入前
	6.2�� 着陆巡视器进入下降与着陆
	6.2.1�� 气动减速段
	6.2.2�� 降落伞减速段
	6.2.3�� 动力减速和着陆缓冲段


	7�� 结论


