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ABSTRACT

Upper stage of launch vehicle mainly injects a lunar explorer from low earth orbit to the moon
at a distance of 380,000 km. In foreign lunar explorer, the upper stage is separated from the explorer
after the explorer is injected into the earth-moon transfer trajectory, and the lunar explorer then uses
on-board propellant to carry out mid-course correction maneuvers and lunar orbit insertion
maneuvers. This study describes a newly presented small liquid upper stage. Using a small liquid
upper stage with a wet mass of 2.9 tonnes, the lunar explorer not only can be injected earth-moon
transfer trajectory but also can be performed lunar orbit insertion. This study provides acceptable mass
range of the lunar explorer and the scope of acceptable mission range also describes based on the

launch from Naro Space Center.
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Table 1. Launch Vehicle/Upper Stage of Foreign Lunar
Orbiter[6, 71.

LP SELENE| LRO LADEE
Launch | gq 07 ‘09 13
Year
Wet
Mass(kg) 296.4 3,000 1,920 383
Launch o il HAA | Atlas V' [Minotaur V
Vehicle i _
Trs.msfer Direct Phasing Direct Phasing
Trajectory Loop Loop
SR-118 S1
Launch Castor 120| LE-7A | RD-180 SR-118 S2
. Castor 120| LE-5B RL-10
Vehicle SR-119 S4
Orbus 21D|  (Re- (Re-
Stage Star 37FM | ignition) | ignition) Star 48BV
Star 37FM

Table 2. Major Parameters of Upper Stage.

Contents Value
Total Mass(kg) 2,900
Structure Mass(kg) 400
Fuel Mass(kg) 2,500
Specific Impulse(sec) 360
Thrust(N) 29,400
Explorer Mass(kg) 500~900
Delta-V(m/s) 4,700~3,800
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Fig. 1 AV based on the Mass of Lunar Explorer.
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Fig. 2 Launch Trajectory from NARO Space Center.

Table 3. Mission Design Parameters of Lunar Explorer.

Contents Major Parameters
Naro Space Center
(34.43°N, 127.54°E)

Direct Transfer

Launch Site

Transfer Trajectory

Low Earth Orbit 300 km
Transfer Duration 5 Days (432,000 sec)
Moon Inclination 90°

Moon Altitude 100 km
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Fig. 3 Direct Lunar Transfer Trajectory(Earth Inertial Frame).
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Fig. 4 Trans-Lunar Injection AV for a Month.
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Table 4. Target Parameters of LOI.

Contents Target Param. | Target Value
LOI-1 Orbital Period 12 hours
LOI-2 Orbital Period 3.5 hours
LOI-3 Eccentricity < 0.003
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Fig. 5 Total Lunar Orbit Insertion AV for a Month.
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Fig. 6 Lunar Orbit Insertion—1 AV for a Month.
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Fig. 8 TLI + Total LOl AV for a Month.

Flight Profile 01 Chang'e-2 Satellite

Fig. 9 Mission Trajectory of Chang'e—2[10].

43 LOI-1 71 3 ¥ &34 A 5 3
Fig. 9% 7oA EAE Chang'-29] #w
Jd YF AFE RAET10]. Chang'e2& I
100 km¢l 29 dFA=AA FAE FHG
T Ao 29 T8 FFHL2)A HEDIE &
P4 FAE Fdste vAdoR FAgH 3
8o A o9k LA YFE FHE
RNS=A 2= LOI1 o] ol |AM A 43 A4
o] EYHY, dAdEe ATt F9| Lagrange
Point(L1 ¥+ L2)o] FUstd A= A4 @4
g ARE FIAY, dAGEE 29 Lagrange
Points A 4&YH ZAHE HYPOIH 25
T3L 234 FAe] AF HF = FYske

Q%2 2elP & 9ok

o

o]

o
=

0m/s

+Earth-Moon
Trans-Lunar
Injection

3100 m/s

*Lunar Orbit
Insertion-1
3500 m/s \
«Earth Return E / ——
L1, L2 Inject Lunar Orbit
+Asteroid Insertion-2, 3
(100x100 km)

N

Fig. 10 Acceptable Mission Range based on A V.

4000 m/s

44 AVE 71F0 2 3 AF AY
Fig. 102 4734 71" JFES AV
oz A AFJE HAFD It ATE
ool o ol EARde o
=

F ATE ABHAY, AT FIH Y
H,

=% & Ak
Aol AFE e FHY YVE 1P

&3 AT M A5E Az

57 Bag ZoE ogstn], PHT W3} A%

At 42 AANAGS v FHo] ol g
Aol ¥ £ Qe AVF IA F71EES &
o =29 AVe e o83 s u=



H24A HN15 2020. 2.

28 dFYEE 0|8

B R EARM Y ofHIAI 23

o 2 AR =gse B gAY dF A
& Y3 TLIS A9 9F 3,110 m/s9] AV
900 m/s &= AV

7} avEe BT & ek
UAQl e T gAde) TLIRE 5P
FE2 Bgalt W, 2% GAATS TURD
ol Lol AR EE ARE S5 = 5
e GqFol Yool ue kT ojwE YTE
FYT & AEAS G J1Esta
£ AP F77h 2B D A

F(LOLNol &EH&3tAY, F7HAd & A=
28T F UAvd, 2 gL AT d4A

2t Fol A =Fe] 2
, 28 dAdde] Lo o) F ATE
stAY, A9} 29| Lagrange PointE AU
HALE 97 AA AT 28 + 3
& YA A G AT A
A7) w e H-g-

T

O oo

1:
=
Zl
KR
=
7

e 2P 8 e 2
merﬁ%rﬂ
oL

= T & LOIE

A FGoz thAstHH £F QAT
#/dol Eotok star, HolAlx oA s
¢ A= 24 82 I AR 4 VTS 2
Ieee AT AMEAATE AT Aok
ol 7] Wzl olHd red EAE
FHSHA HESoF et

oft O,
l-«lj
=

> b

[e)

-

tlo ok rlo
rlr
X

References

1. Lozier, D., Galal, K., Folta, D. and Beckman,

M., “Lunar Prospector Mission Design and
AAS/AIAA  Saceflight
CA, 9-11

Trajectory Support,”

Mechanics  Meeting, Monterey,

February, 1998.

. Beckman, M., “Mission Design for the Lunar

Reconnaissance Orbiter,” 29th Annual AAS
Guidance and Control Conference, Breckenri-
dge, CL, 4 - 8 February 2006.

. Choi, SJ., Song, Y.J., Bae, J.H, Kim, EK,

GH.

Korean Lunar Orbiter Mission using Direct

and Ju, “Design and Analysis of
Transfer Trajectory,” Journal of The Korean
Society for Aeronautical and Space Sciences,
Vol. 42, No. 12, pp. 921-930, 2013.

. Loucks, M., Plice, L., Cheke, D., Maunder,

C. and Reich, B., “Trade Studies in LADEE
Trajectory Design,” 25th AAS/AIAA  Space
Flight Mechanics Meeting, Williamsburg, VA,
11-15 January 2015.

. Matsumoto, S.,, Ogawa, M., Kawakatsu, Y.,

Konishi, H., Ikeda, H., Terada, H., Tanaka,
K., Kato, T., Otani, K, Kamikawa, E. and
Ikegami, S., “Flight Results of Selenological
and Engineering Explorer “KAGUYA” on
Lunar Orbit,” 21st International Symposium
on Space Flight Dynamics, Toulouse, France,
28 September - 2 October 2009.

. Francisco, A., “Lunar Prospector Mission

Handbook,” April 10, 1998, Lockheed Martin
Missiles & Space CO.

7. http:/ /spaceflight101.com

. https:/ /en.wikipedia.org/wiki/ Tsiolkovsky_

rocket_equation

. https:/ /en.wikipedia.org/wiki/Moon
10.

https:/ /directory.eoportal.org/web/eoportal

/satellite-missions/c-missions/chang-e-2



	소형 액체상단을 이용한 달 탐사선 임무 예비설계
	ABSTRACT
	초록
	1. 서론
	2. 상단 개요
	3. 소형 액체상단을 이용한 임무설계
	4. 소형 액체상단을 이용한 추가임무
	5. 결론 및 향후 계획
	References


