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Characteristic Analysis and Design of Hybrid Trajectory for Manned
Lunar Landing Mission Based on Double Twe- body Model
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(1. College of Mechatronics Engineering and Automation, National Univ. of Defense Technology, Changsha 410073, China;

2. College of Aerospace and M aterial Engineering, National Univ. of Defense Technology, Changsha 410073, Chinma)

Abstract: Hybrid trajectory is one of the most important trajectory types for manned lunar landing mission. Using the componential

characteristic of hybrid trajectory, a hybrid trajectory calculation method based on free return trajectory was proposed under double twe-

body model. Then, the major characteristics of hybrid trajectory were analyzed, such as eneigy requirement and time of flight. A little

modification was made when calculating the ephemeris of the Moon, in which the Moon motion around Earth was considered as

noncircular arbit instead of circular otbit. Finally, a design example was presented while the results of the sinulation validate the method

proposed.
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Fig. 1 Sketch of hybrid trajectory
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Fig.2 The relationship between energy
requirement and inclination change
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Fig.4 The relationship between energy requirement

and the time of hybrid maneuver
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Fig.3 The relationship between energy
requirement and perilune change
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Fig.5 The relationship between energy requirement
and the total time of flight
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I 1843. 17km, 174.5°
1
Tab.1 The orbital elements of initial free return trajectory
a(km) e i(%) Q) ©() J)
1 298 472.314 703 0. 977 960 6 28. 487 010 2 357. 828 609 356. 547 696 0.0
2 - 4307. 303 292 1. 428 150 174. 517 515 207. 464 078 22087 756 7 0
:(1) 1 , 12025 9 17 19:48: 28. 965(UTC) ;
(2) 2 , 12025 920 17:21: 52 117(UTC), 1843. 17km
’ N o= 18381([11, io= 1500
. (11) . K.=1,K,= 0.1,K;= 0.1, T,= 10h
J =175 : r= 1838. 14km, i= 149. ,
AV 2 2, Av, Ny, A,
, Avg, Moy, A, J2000. 0
2 AV
Tab.2 The delta V requirement for hybrid maneuver
po, (i 5) Av, (nf ) po, (1 9 A, (1 9 Av, (19 Ao, (nf )
0.0 - 4.399 663 11. 927 489 1. 957 371 - 2.340 749 12 341 459
0. 000 13 - 4.399 627 11. 927 493 1. 957 213 - 2.340 708 12 341 483
2 s R Avr ; ( 6km), Aw
( 250) N Avn N
0. Imny' s , 3
3
Tab. 3 The orbital elements of non— free return trajectory
a(km) e i(%) Q) @) )
1 297 334322934 0.978 193 8 27 474 6234 3589857344 355 335556 155. 949 809 7
2 - 4308702 025 1.4266117 149. 907 623 310. 459 453 123. 614 703 0

, SIK, STK

s 12025 9 18 05:48: 28. 965(UTC) ;
2 s :2025 9 20 17: 16: 39. 167(UTC),

1838. 14km
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Fig.6 The spatial 3D trajectory of the hybrid trajectory in SI'K
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