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Preliminary Aerocapture Trajectories Design for Manned
Mars Mission

LI Zhen, LI Hat yang, CHENG Werrke
(College of Aerospace and Material Engineering, National Univ. of Defense Technology, Changsha 410073, China)

Abstract: In view of human exploration of Mars, the three-degree-offreedom dynamic model of aerocapture trajectory was
established. The constraints which satisfy the mission requirements were listed, and the entry comidor was ohtained. The influence of
some parameters on the trajectory shape was analyzed. A pipelining optimization approach of Genetic Algorithm( GA) and Sequential
Quadratic Programming (SQP) were introduced to analyze the attainable region of flight through bank angle contwol. The results indicate
that, compared with direct deceleration by retre-ocket, aemwcapture mode is highly advantageous in energy requirement, and has good
maneuver abiliy. It is a feasible appwach for manned spacecraft to insert into Mars orbit.
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Fig. 1 Sketch map of aewbraking Fig.2 Sketch map of aerocapture
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Tab.1 Basic parameters of the spacecraft
(1) (m) (m) (kg m*)
20 10 10 0.5 1. 68 152
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Fig.3  Aerocapture corridor
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Fig. 4 Aerocapture trajectories of different initial states
2
Tab. 2 Initial parameters
Yo () Vo/ (knf s) L/ D [}
(1) -9.0-95-100-10.5 60 03 150
(2) - 100 6G6.3605 7 03 150
(3) - 10.5 60 030405 150
(4) - 10.0 60 0.3 100/ 150/ 200
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2033 _ Tab.3 Boundary states
s 4 ¥{ (%) Vo (kny's) Y/ (%) Vi/ (knf s)
) -9.5 5. 969 502 35%01
500km, 200km
2 3 2
Y,
; W
( ) ( ):
J= X6 o J= ¢ (7)
[TO’ -g‘] ’ 0( T)7 (1)
B ] 2 ’F
N , A= (01,0, .., G, ..., Ovi1) o( T
( Genetic 4
Algorithm, GA ) Tab.4 Simulation resuls of terminal digances
( Sequential Quadratic Programming, SQP)
/km 1245 1151 1230
/km 0 0 37

V/ (kni s) 3.41 3.53 3.45

’ ’ v/ (%) 46 62 50

) W/ (%) 0 0 3.9

, AV/ (nf s) 197 99 164

AV (nys) 2380
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Fig.5 Trajectory of the max transverse distance
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