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Manned lunar mission planning based on once low earth orbit and
twice low lunar orbit rendezvous and dockings

HE Boyong' , SHEN Hongxin', PENG (Qibo®
(1. State Key Laboratory of Astronautic Dynamics, Xi'an Satellite Control Center, Xi’an 710043, China;
2. Manned Space System Research Center, Beijing 100094, China)

Abstract : Aiming at the complex problem of matching flight windows and orbits connection due to the multiple flight stages, long duration and
complicated constraints of the manned lunar mission based on once LEO (low earth orbit) and twice LLO (low lunar orbit) RVDs (rendezvous and
dockings) , a design strategy of connecting the full-mission nominal flight windows and orbits with the combining layered decomposition and the
forward and reverse design approach were proposed. The characteristics and application prospect of the manned lunar mission based on once LEO
and twice LLO RVDs were introduced, and the basic mission requirements and engineering constraints were supposed. The effectiveness of the
proposed method was verified by simulation. The nominal flight orbital elements and windows of the manned lunar mission based on once LEO and
twice LLO RVDs can be responded rapidly.
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Fig. 1 Process of the manned lunar mission flight mode based on once LEO and twice LLO RVDs'
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Tab.1 Key parameters in the full mission flight phase profile
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Tab.2  Orbital parameters of lunar destination orbit at

the moment of lunar descend

Ky emp b Oy, Wy Sun

1838.20 km 0.00  148.50° 63.752° 112.28° 0.00°
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Tab.3  Orbital parameters of trans-earth injection in

moon-centered J2000 coordination

Kup emp tup Oy WOy Sun

1838.20 km 1.438 152.96° 181.20° 302.57° 0.00°
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Tab.4  Orbital parameters of trans-earth orbit at
the moment of vacuum perigee in

earth-centered J2000 coordination

Kgp €rpn lep £y Wip S

6423.14 km 0.9758 33.29° 12.52° 41.51° 0.00°
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Tab.5 Orbital parameters of circumlunar free-return
orbit at the moment of trans-lunar injection in

earth-centered J2000 coordination

Kgp Cep Lgp Oy Wgp Sen

6648.84 km 0.971 2 20.24° 314.09° 140.98° 0.00°
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Tab.6 Orbital parameters of circumlunar free-return
orbit at the moment of perilune in moon-centered

J2000 coordination

Kup Cmp L Oy Wy f,vuz

1858.20 km 1.464 5 152.91° 183.19° 140.98° 0.00°
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Tab.7  Orbital parameters of lunar lander trans-lunar
orbit at the moment of trans-lunar injection in

earth-centered J2000 coordination

Kgp CEp Lgp Ly Wgp Sen

6778.14 km 0.965 7 26.64° 19.85° 268.40° 0.00°




55 6 1] BUEE A T — R H PIK

.

SEE BN AL 55 LR

<20 .

5 HitERE

WA T I — 3P A IRAS 2 B
FE 55 AT RS ORI RT3, B AR SR BN
B AL HATIR, b T EEA RN T T
UTHL—UER A IR 2 1 BN H AT 55 LR 4
BRI AR I T R B E B A Tk

1) $& AT 55 ML e o J2 15 A0St fa
AT 55 LR TR RATH L A3 i o B

2)) T — TR A AR b 3R A T A 2 2 2k TN FR
FRUNTE 3 2 42 B S T — A H P
B AT 748, 44T 55 LRI IR #R o] 2 7%
TSI M Tl AL S it

3) EEMBUPUE KT DTSR R A R
BB sh S A R el LR T AR T
FESEPRR PR AT St , TR A (E

VB S RE ) 4T 55 LI SRS 2 T 3 A%
[ RIS IR SN IER ORI TT 48, IR RERE A
TARRERIAT A S EAR T A 2 MURAT 55 MLk
), a] BN A EBE MR DR TR A, 0 REHS BE 200
PEAEHRIAANCAL IR, 3157 Pareto B, #o 2 G
NN RIS S L BN RE 4 €/ S

2 % 3R ( References)

[1]  Lyndon B. Apollo program summary report: JSC —09423[ R ].
USA:; Johnson Space Center, 1975. 1 -3.

[2]  Lyndon B. Benefits from Apollo; giant leaps in technology:
FS— 07 — 002[R]. USA: Johnson Space Center, 2004; 1 —4.

[3] Obama B. National space policy of the United States of
American[ R]. USA: White House, 2010 1 —18.

[4]  Sridharan R, Ahmed S M, Das T P, et al. Direct evidence
for water( H,0) in the sunlit lunar ambience from CHACE on
MIP of Chandrayaan [ [J].
2010, 58(6) : 947 —950.

[5] Zuber M T, Smith D E, Lehman D H, et al. Gravity recovery

and interior laboratory ( GRAIL) : mapping the lunar interior

Planetary and Space Science,

from crust to core [ J]. Space Science Reviews, 2013,
178(1) : 3 -24.

(6]  BUNAI, TAW, BR—. %t3&EELERAS A oo
Brlcl/7 S m sk AL R AR RS CE (L), BIR
i, 2016, 8 56 —59.
LIAO Xiaogang, WANG Yansong, CHEN Jingyi. A preliminary
analysis of American commercial manned lunar mission[ C]//
Proceedings of the 4th National Manned Space Congress
(volume one) , Harbin, 2016, 8: 56 —59. (in Chinese)

(7] Brde EEBENAAASKIFREREIERCL/7 50w
IREFARRZWIIE( L), BR/RIE, 2016, 8: 71 -75.
CHEN Guang.

commercial lunar development[ C]// Proceedings of the 4th

Progress and inspiration of the American

National Manned Space Congress ( volume one ), Harbin,
2016, 8: 71 =75. (in Chinese)

(8] o, #EiE. “EAR &R B EFEHES - b
75 (A4 2% 2016 AR ARFESTERAIFLT]. KEHRER,
2016 (11): 14 -15.

YANG Jian, XUE Tao. “China aerospace summit forum” and

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

China aerospace society China space law society 2016 annual
meeting held in Beijing[ J]. Space Exploration, 2016 (11) ;
14 —15. (in Chinese)

Rffite, B K MAMKERRESHIFIN]. SEHH
1R, 2016 -8 —15(6).

ZHU Weihua, ZHAO Pengfei. National manned space congress
was held [ N]. Guangming Daily, 2016 -8 — 15(6). (in
Chinese)

Vanian J. Vice president Mike Pence wants to send astronauts
back to the moon[ EB/OL]. (2017 =10 =07) [2019 - 05 -
11]. https://finance. yahoo. com/news/ vice-president-mike-
pence-wants-212523987. html.

Logsdon ] M, Launius R D. Human spaceflight; projects
Mercury, Gemini, and Apollo [ M]. USA. NASA History
Division Office of External Relations, 2008.

SR, R RS 1) SRR I BB H 7 BT (
o B RHE R, 2007 : 64 - 66.

PENG Qibo. Study on the scheme of manned lunar-landing

D]. K

mission supported by space station[ D]. Changsha: National
University of Defense Technology, 2007. 64 - 66. ( in
Chinese)

e, SRR, REE, F AR TR
FELI]. TR, 2009, 30(1): 1 -7.

SHENG Yinghua, ZHANG Xiaodong, LIANG Jianguo, et al.

A study of the human lunar exploration mission modes[ J].

Journal of Astronautics, 2009, 30(1): 1 —7. (in Chinese)

Bh, R, B, S RS I
K] BB RO R, 2009, 31(1) : 16 -20.

LI Zhen, ZHOU Jianping, CHENG Wenke, et al. Investigation
on lunar mission based on lunar orbit rendezvous[ J]. Journal of
National University of Defense Technology, 2009, 31 (1):
16 =20. (in Chinese)

WHEE, BN, R BMABA IT TRV b
WK, 2012, 29(5) : 14 -19, 72.

PENG Qibo, LI Zhen, LI Haiyang. Analysis on manned lunar
mission flight mode[ J]. Aerospace Shanghai, 2012, 29(5) .
14 -19, 72. (in Chinese)

BT, WIS, b, &5 FHPUERSEAEA
EEPUBESE ORI LT]. B MR, 2017, 4(5) .
471 - 476.

HE Boyong, CAO Pengfei, LUO Yazhong, et al. Study on
mission planning and window design for manned lunar for-side
exploration[ J ]. Journal of Deep Space Exploration, 2017,
4(5): 471 —476. (in Chinese)

BOEE. NS YU RS T R] Ik BB A R AT
KID]. Kib: HFFRHCRS:, 2017: 3 -7,

HE Boyong. Analysis approaches for precision reachable sets
of manned lunar orbits numerical  continuation
theory[ D].  Changsha. University of Defense
Technology, 2017: 3 =7. (in Chinese)

WG R BT L2 A )Y BN T BR AR B TE wF
FID]. Kb PR, 2017: 2 -6.

CAO Pengfei. Study on orbits of manned lunar mission supported

using

National

by space station on 12 point[ D]. Changsha: National University
of Defense Technology, 2017: 2 —6. (in Chinese)

S, M. AR ()2 )l i 28 AT R )
HrlJ]. FHicFEIR, 2018, 39(5) ; 471 —481.

PENG Kun, YANG Lei. Analysis on human lunar exploration
flight modes via cislunar space station [ J ]. Journal of
Astronautics, 2018, 39(5) ;: 471 —481. (in Chinese)
Demeyer J, Gurfil P. Transfer to distant retrograde orbits
using manifold theory[ J]. Journal of Guidance, Control, and
Dynamics, 2007, 30(5) : 1261 —1267.

Santovincenzo A. Architecture study for sustainable lunar



<30 -

e AN o 4

542

[24]

(28]

[29]

[31]

exploration[ R]. ESA CDF Study Report — 33 (A), 2004 .
55 -59.

Yazdi K, Messerschmid E. A lunar exploration architecture
using lunar libration point one [ J]. Aerospace Science and
Technology, 2008, 12(3) : 231 —240.

A, SREAL, HRE. T LI SR AR H T
TN AR, 2014, 20(6) : 562 - 568.

GAO Qibin, ZHANG Hongli, HAN Chao. Flight scheme of
manned lunar landing mission based on the first earth lunar
lagrangian point L1[ J]. Manned Spaceflight, 2014, 20(6) :
562 —568. (in Chinese)

Hopkins J B, Prartt W, Buxton C, et al. Proposed orbits and
trajectories for human missions to the Earth-Moon 1.2
64th
Astronautical Congress, Beijing, 2013 1 -2.

region[ C]// Proceedings of the International
Aldrin B. Cycler trajectory concepts [ C]// Proceedings of
SAIC Presentation to the Interplanetary Rapid Transit Study
Meeting, USA, 1985.

Wiy, mIJHE, ERME, & T RN EDIP0E S
SN A BRI O R [T]. AR, 2013,
19(5): 47 -51.

YANG Lei, XIANG Kaiheng, TONG Kewei, et al. A manned
lunar exploration system architecture based on Earth-Moon
cycler orbit space station [ J]. Manned Spaceflight, 2013,
19(5): 47 -51. (in Chinese)

B, B, 2K, F RS RITEDIPUE RS
HMEBLIT]. BASR, 2016, 22(4) : 411 -416.

HE Boyong, LI Haiyang, LI Fei, et al. A strategy for manned
lunar high precision cycler orbit stability control[ J]. Manned
Spaceflight, 2016, 22(4) : 411 —416. (in Chinese)
RERE, o, TRM, & S TR A BR
PRy RART [ CL/7 55 D0 e BT R EAR RS0 &
( k), "4/REE, 2016, 8. 76 —81.

ZHAO Zhiping, YANG Jianfeng, WANG Changhuan, et al.
Discussion on manned lunar exploration architecture based on
crew and cargo separately descend and landing [ C ]//
Proceedings of the 4th National Manned Space Congress
(Volume One) , Harbin, 2016, 8. 76 —81. (in Chinese)
G, ok, R, MUK TSR ANG A KGR
Mmoo L] BAHK, 2014, 20 (4):
301 -306.

LI Haiyang, ZHANG Bo, HUANG Haibing.
concept study on integrated lunar exploration of astronaut and
humanoid robot [ J]. Manned Spaceflight, 2014, 20 (4 ).
301 —=306. (in Chinese)

FRUERT, EDUE, W, . AREAS ] MHEELT]
Epr k=, 2018, 6 17 -22.

JIAO Weixin, HOU Guiting, LAI Yong, et al. New concepts
of future human lunar landing [ J].
2018, 6: 17 =22. (in Chinese)
AR, MAEA LG ESE D REEIRID]. Kb H
BiRHE KA, 2012 11 - 12,

ZHANG Zuhe. Study on integrated window for manned lunar

Preliminary

Space International ,

mission [ D ].
Technology, 2012 11 —=12. (in Chinese)

TRELHT. B T A B R 48 19 T b 2R ] B0 1] 1k
¥:[D]. EERHE A, 2014: 7 -8,

SHEN Hongxin. Optimization method for the moon-earth abort

Changsha: National University of Defense

return trajectories based on analytic homotopic technique[ D ].
Changsha: National University of Defense Technology, 2014 ;
7 —-8. (in Chinese)

BT, AT, TRl BE AR BIBUE RS E AT
SBOHI]. KT EsNESER, 2010, 29(3) : 310 -319.

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

HUANG Wende, XI Xiaoning, WANG Wei. Launch window
analysis and design for manned landing mission return from
the moon[ J]. Journal of Spacecraft TT&C Technology, 2010,
29(3): 310 -319. (in Chinese)

Berry R L. Launch window and trans-lunar, lunar orbit, and
transearth trajectory planning and control for the Apollo 11
lunar landing mission [ C ]//Proceedings of AIAA 8th
Aerospace Science Meeting, 1970 1 - 18.

AEAENS, BERH, XU, TR g K P A A A S
e LT]. i K 4% 3 5% TR, 2008, 25 (5):
423 -427.

REN Depeng, JIA Yang, LIU Qiang. Numerical simulation
for thermo-electrical coupling on solar panels of a lunar
rover[ J]. Spacecraft Environment 2008,
25(5) : 423 —=427. (in Chinese)

K, Tz, hE. BEFARSH A BRGE P Bt
WF5E[T]. fR#s L, 2010, 19(5) : 50 -55.

ZHANG Lei, YU Dengyun, ZHANG He.
return trajectory with direct atmospheric reentry[ J]. Spacecraft
Engineering, 2010, 19(5) : 50 -=55. (in Chinese)

BT, B, EE, 5 RS RE R M].
Jest: Bk kL, 2001.

XI Xiaoning, ZENG Guogiang, REN Xuan, et al. Orbit
design of lunar probe [ M ].

Engineering,

Design of moon

Beijing: National Defense
Industry Press. (in Chinese)

Stanley D, Cook S, Connolly J, et al. NASA's exploration
system architecture study; TM —2005 — 214062 R]. NASA
Report, 2005.

Shen H X, Casalino L.
dimensional multiple-impulse moon-to-earth transfers[ J]. The
Journal of Astronautical Sciences, 2014, 61(5) : 255 —274.
OB, 2RI, TRLLE, A BB H BERE 15
WA GE R S st [T [ B A8 R EAE R, 2017,
39(1): 11 -16.

HE Boyong, LI Haiyang, SHEN Hongxin, et al. Coupled

design of landing window and point return orbit for manned

Indirect optimization of three-

lunar landing mission [ J]. Journal of National University of
Defense Technology, 2017, 39(1) : 11 —16. (in Chinese)
Condon G L. Lunar orbit insertion targeting and associated
outbound mission design for lunar sortie missions [ C]//
Proceedings of AIAA Guidance,
Conference & Exhibit, 2013.
BUBE, 2R, AT BRMAEALH AdRBIHEY
wWH R R B [T]. FAAE MR, 2016, 37(5):
512 -518.

HE Boyong, LI Haiyang, ZHOU Jianping. Rapid design of

circumlunar free-return high accuracy trajectory and trans-

Navigation & Control

lunar window for manned lunar landing mission[ J]. Journal
of Astronautics, 2016, 37(5) : 512 =518. (in Chinese)
HME G, B, AU, S BRABEA LA A HR R
BRG - 2B [)]. FAeR, 2017, 38(4) .
268 -274.

CAO Pengfei, HE Boyong, PENG Qibo, et al. Hybrid and
two-level optimization design of circumlunar free-return
trajectory for manned lunar landing mission [ J]. Journal of
Astronautics, 2017, 38(4) : 268 —274. (iin Chinese)
WY, FilEH RAGAEMSHEAE O RRIT
L], Wiss2E4, 2017, 38(4) . 268 —276.

HE Boyong, LI Haiyang. Lunar module trans-lunar window
searching approach for manned lunar mission [ J ]. Acta
Aeronautica et Astronautica Sinica, 2017, 38 (4) . 268 -
276. (in Chinese)



