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Table 1 Parameters before and after orbit control (Mars inertial coordinate)

Mot a/km e i/ (°) Q) o/ (°) VS

ALY —695 6.475 27 1.545 61 10.999 9 176.981 115.368 137 0.00
UTC2021,2,10,12,0,0

B E 961 71.055 7 0.960 53 10.999 9 176.981 115.368 137 0.00

B2 TR %, W EIERSE L LR 5%
S8, WER2.

EARAR, BRERRPIESE. B2 IR ETEI2000
R N[0.365 417 -0.917 02 -0.159 828], W.#%3.
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Table 2 2 Iteration parameters

YRR kg HEJ)/N /s MIGRIL A A/ () WIGRHE TR M/ (°)

44614 3000 312 —48 3
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Table 3 3 Optimal orbit control strategy
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Table 4 4 Star sensor optical parameter
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Table 6 6 Star sensor working hours
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i s SEBR i 2 s SEBR i 2
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EHB 2.125 2.349 0.224 2.303 2.382 0.079
EHcC 1.510 1.452 -0.058 2.117 2.102 -0.015
D 0.226 02156 —0.0104 2.117 2.102 —0.015
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Optimal Firing Attitude Design for Mars Probe “Tianwen-1” Braking and Capture

XIN Sibo', XU Liang', ZHAO Xunyou', ZHENG Yiyu', MA Rui’

(1. Shanghai Institute of Satellite Engineering, Shanghai 201109, China;
2. Shanghai Institute of Spaceflight Control Technology, Shanghai 201109, China)

Abstract: To optimize ignition attitude design during Mars capture and braking of China’s first autonomous Mars exploration
mission “Tianwen-1", an analysis idea and a solution under the constraint of the whole vehicle were proposed. Firstly, the trajectory
dynamics model in the capture phase was established. According to the pre-capture trajectory and the post-capture target trajectory,
optimal thrust direction and ignition time in the orbit plane were solved by Newton iteration method with minimum fuel consumption
as optimization objective, and thrust vector was obtained. Combined with illumination and measurement and control constraints of
the detector, deflection range around thrust direction was determined. Finally, referring to the layout of star sensors, occlusion of star
sensors by celestial bodies at different deflection angles during the whole process was analyzed, and the number of available star
sensors and the available duration were calculated. The optimal ignition attitude was determined according to the principle of optimal
available duration. The actual on-track braking capture results show that the semi-major axis deviation after track control is less than
947.122 km (semi-major axis variation of 102346.152 km), and the eccentricity deviation is less than 0.0021. At the same time, the
whole process can meet the requirements of the whole device for measurement and control and illumination. During the whole
acquisition process, at least two star sensors are available at any time, and compared with the telemetry results, the simulation error of
the available duration of star sensors is less than 0.225 h.

Keywords: Mars probe; braking and capture; firing attitude

Highlights:

e Determine the thrust direction with optimal fuel.

e Maximum arc length constraint for multiple star sensors.

® Analysis of braking acquisition attitude under multiple constraints.
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