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Free return Trajectory and Hybrid Trajectory Design for
Manned Lunar Landing Missions

BAI Yu-zhu, CHEN Xiao- gian, LI Jing- hao
(College of A ervspace and Material Fngineering, National Univ. of Defense Technology, Changsha 410073, China)

Abstract: The method to design lunar free-return trajectory and hybrid tmjectory was studied. The sectional pertuibatonal high
precision dynamical model was established, then the search variables, target parameters and differential correction algorithm were
designed, and a nominal free-return trajectory was searched out, which was validated and three-dimensionally simulated by STK. In
addiion, the error transfer was analyzed. The paper described a typical design procedure of hybrid trajectory which combines free- retum
trajectory and non-free-retum trajectory, and simply analyzed the advantages and disadvantages of i. The method and conclusions in the
paper can be applied to conceptual design of manned lunar landing mission and trajectory design of the later stage of China Lunar
Exploration Program, as well as trajectory design of micro lunar probe launched together with other spacecrafts.
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Fig. 1 Free retum lunar trajectory Fig.2 Hybrid lunar trajectory
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Fig. 3 Flight procedure of hybrid tmjectory
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F .M ,
OAL|  At(to+ &o, Qo, ti, Av) = At(to, D, ti, Av) 7
Oto |1~ &o k
&o (Perturbation) , ,
2 2
[8]
R Q o, 5 s 1
1 J2000. 0 ,
1
Tab. 1 Eadier determined obial elements of the parking obi
(km) ) ¢) ()
6578. 00 0 28.50 0 0
4 , 2
, he 100km , )
I;I, 180) ° D)
, he 100km At 140h ,
) 70h
2
Tab.2 Values of the target parameters
hy (km) i () hi (km) At(h)
100£20 180 £15 100£20 140£10
3,
4
3
Tab. 3 Initial values and nominal searching results of the free-return trajectory
to (UTCG) (%) t; (UTCG) Av (kny s)
1 Jul 2020 11: 43 52.85  37.61 1 Jul 2020 12 00: 02 67 3. 1594
1 Jul 2020 11: 44 12.85  37.35 1 Jul 2020 12 00: 23. 05 3. 1618
4
Tab.4 Mission timeline of the nominal trajectory
TLI
(UTCG) 1 Jul 2020 11: 44 1285 1 Jul 2020 1Z 00 23.05 1 Jul 2020 12 00: 23. 05 4 Jul 2020 04 25 48 12
1 3 STK ,
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Tab. 5 Target parameters of the nommal trajectory (calculated by STK)
hy(km) i (%) hg (km) At (h)
100. 01 169. 45 105. 50 133. 63
SIK , VO
4
. Earth
Il///’ :
g B Starcraft |
2 ,/’Il’ [
T l
Moon -
4 SIK
Fig.4 Nominal free-retum trajectory simulated by SI'K
, ) |4 G
G= Gn", G
0
0G= f,a % (8)
0G/OV 4x4  Jacobian s s
2 M,
14 . (8 Jacobian M,
G y 6 y to
, Q, 0.7
300km, , he 3400km
) g)O t; Av ) )
6
Tab. 6 Ewor transfer calculation based on the nominal trajectory
Ah; (km) Ai, (%) Ah (' km) AAt( h)
t,(UTCG) 1s - 055 0. 003 7.39 0. 005
Q o0r 301. 45 0. 86 -3393.77 280
t;(UTCG) 1s 229. 72 -0.88 - 1433. 72 255
Av 0. 1ny/ s 52.63 0. 30 - 978 66 0. 39
5 Hybrid
Hybrid JTLI ,
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TLI 24h ,
100km : : Hybrid
3
, 1500km, 1 2 ,
Hybrid , , 7
7 Hybrid
Tab.7 Orbital elements of free-return section of the hybrid trajectory
(UTCG) (km) ) ) ) )
1 Jul 2020 12 00 23. 00 261695. 80 0. 97489 28. 47 39. 07 66 01 0
TLI 24h , hy, = 100km, i
= 150 VNC(Velocity, Normal, Co-normal) s ,
XY R ,
: V= (Aue, Avy)', G= (h,ir)' 8 , Hyhrid
9
8 Hybrid

Tab.8 Searching resuls of midcourse transfer parameters of the hybrid trajectory

Av, (m/s) Av, (ny s) hy.(‘km) in(%)
- 0.01226 - 0. 00503 100. 00 150. 00
9 Hybrid

Tab.9 Mission timeline of the hybrid trajectory

T

(UTCG) 1 Jul 2020 1T 44: 12. 00 1 Jul 2020 12 00 23.00 2 Jul 2020 12 00 23 00 4 Jul 2020 08 43 14. 95

7 8 4 5 , Hybrid
7 13ny's
s TLI 8ny's, Sny's
5 STK Hybrid Hybrid
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Fig.5 Hybrid trajectory simulated by STK
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