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Abstract

Various Earth-Moon transfer trajectories are designed and analyzed to prepare the
future Korea’s Lunar missions. Minimum fuel trajectory solutions are obtained for the
departure year of 2017, 2020, 2022, and every required mission phases are analyzed
from Earth departure to the final lunar mission orbit. N-body equations of motion

are formulated which include the gravitational effect of the Sun, Earth and Moon. In
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addition, accelerations due to geopotential harmonics, Lunar J2 and solar radiation
pressures are considered. Impulsive high thrust is assumed as the main thrusting
method of spacecraft with launcher capability of KSLV-2 which is planned to be
developed. For the method of injecting a spacecraft into a trans Lunar trajectory, both
direct shooting from circular parking orbit and shooting from the multiple elliptical
intermediate orbits are adapted, and their design results are compared and analyzed.
In addition, spacecraft’s visibility from Deajeon ground station are constrained to see
how they affect the magnitude of TLI (Trans Lunar Injection) maneuver. The results
presented in this paper includes launch opportunities, required optimal maneuver
characteristics for each mission phase as well as the trajectory characteristics and
numerous related parameters. It is confirmed that the final mass of Korean lunar
explorer strongly depends onto the initial parking orbit’s altitude and launcher’s

capability, rather than mission start time.

Keywords: Earth-Moon transfer trajectory, mission design, optimal trajectory, impulsive thrust,
KSLV-2
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True anomaly
of orbit at Del-V (deg)
0.00
0.14
0.40
0.49

Del-V time (TBD)

(dd:mm:yyyy hh:mm:ss)
03-Apr-2022 20:35:08
04-Apr-2022 12:12:48
05-Apr-2022 11:53:28
07-Apr-2022 11:12:16

(km/s)
2.475
0.152
0.173
0.194
2.993
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E 3. 2 39 A (2017, 2020, 2022)8 AAR z2+E 47 AA dedvee e 43
Parameters Values
Assumed KSLV-2 2.6 ton at LEO 850 kg S/C at GTO 1.5 ton at LEO 1.5 ton at LEO

capability

including

upper stage

including

upper stage

including

upper stage

LTT (Lunar Transfer

Trajectory) type

single shot

multiple shot

single shot

multiple shot

TLIE®(Trans Lunar Injection) 2017-2-15 2020-11-2 2022-4-7 2022-4-7
maneuver date (TDB) 11:05:41 08:52:03 13:41:47 11:12:186
1st LOI (Lunar Orbit Insertion) 2017-2-20 2020-11-7 2022-4-12 2022-4-12
maneuver date (TDB) 03:35:03 05:59:29 16:06:50 14:01:58
Visibilities from Visibilities yes ves no no
Deajeon station S/C longitude (deg) 127.01 136.74 x x
at TLI S/C latitude (deg) 24.72 14.37 x x
S/C elevation angle (deg) 800 0.88 x x
Earth Departure Orbit type Circular GTO Circular Circular
initial orbit perigee x apogee (km) 300 x 300 200 x 35,786 800 x 800 800 x 800
characteristics inclination (deg) 80 80 97 97
Earth Departure initial orbit type LEO GTO LEO LEO
intermediate Ist loop (perigee x x = 200 x = 800
orbit apogee, km) x 270,000 x 50,000
characteristics 2nd loop (perigee x x x x =~ 800
apogee, km) % 70,000
3rd loop (perigee x x x x =~ 800
apogee, km) x 120,000
final LTT LTT LTT LTT
Lunar Capture Type Lunar prospector chandrayaan-1 Lunar prospector Lunar prospector
intermediate 1st loop (perilune x =~ 100 ~ 100 =~ 100 = 100
orbit apolune, km} x 8,710 % 7,500 x 8,710 x 8,710
characteristics 2st loop (perilune x 2= 100 =~ 100 = 100 = 100
apolune, km) x 1,830 x 250 x 1,830 x 1,830
final LLO LLO LLO LLO
Final Mission orbit Orbit type circular circular circular circular
characteristics peri. x apo. (km} 100 x 100 100 = 100 100 x 100 100 x 100
inclination (deg) 90 90 90 90
S/C approach at pel:ilune (km/s) 2.486 2.494 2.498 2.499
velocity
Delta-V for departing x 0.641 X 2.800
characteristics loops {(km/s)
for TLI (km/s) 3.155 0.041 2.994 0.194
overall for 3.155 0.682 2.994 2.994
departure (km/s)
overall for 0.853 0.860 0.864 0.865
capture (km/s)
overall for 4.008 1.542 3.858 3.859
mission (km/s)
upper stage assumed Isp (sec) 287 850 kg S/C at 290 200
characteristics Fuel mass (kg) 1,752.1 GTO 976.3 976.2
Dry mass (kg) 315.3 by using 172.3 172.3
Overall mass (kg) 2,067.4 upper stage 1,148.6 1,148.5
s/C assumed S/C 300 360 220 220
characteristics on board Isp (sec)
Fuel mass (kg) 134.0 346.8 115.9 116.1
Dry mass (kg) 398.6 503.2 235.4 235.4
Overall mass (kg) 532.6 850.0 351.3 351.5
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