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Mission Design and Analysis based on SEM Angle by Using

Variable Coast During 3.5 Earth-Moon Phasing Loop Transfer
Su-Jin Choi", Donghun Lee™, Seong-Bin Lim™ and Suk-Won Choi™
Korea Aerospace Research Institute” ™

ABSTRACT

In order to analyze the overall characteristics of the lunar orbiter, the Variable Coast
method, which can be launched everyday, is applied to the 3.5 phasing loop transfer
trajectory. The mission scenario for the entire process from launching to entering the lunar
orbit is set up and performed simulation by selecting the launch pad and launch vehicle. In
particular, the SEM(Satellite-Earth-Moon) angle defined in Earth-Moon rotating frame is an
important constraint to comprehensively evaluate the 3.5 phasing loop transfer trajectory.
The simulation using SEM angle is analyzed from various viewpoints such as launch
epoch, coast duration, perigee altitude and AV not only trans-lunar trajectory but lunar
orbit insertions and the optimum SEM angle is suggested in this study. It is expected that
this results will be helpful to evaluate the characteristics of the 3.5 phasing loop transfer
trajectory according to the launch vehicle selection by comparison with Fixed Coast
analysis results in the future.
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Table 1. Specifications of Antares 200 series[10]

List Contents Remark
Name Antares 232
Launch Mass 298 ton
- Mass to LEO 7 ton(230)
Cléatgrk])cun - Mass to GTO 2.7 ton(232)
ALY~ Mass to SSO 3 ton(231)
, *VAFB,
Launch Site | "WaloPS P10 coasF, kic
y is available
Option is one
3 stage of Star-48BV
Launch Stage (Liquio—Solid and
-Option) Bi~Propellant
stage(for GEO)
1% stage Burn 215 sec RD-181
2" stage Burn 156 sec Castor 30 XL
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Table 2. Lunar Orbit Insertion Burn Configuration
Lists Contents
Burn Type | — Finite Burn, Center Burn
Attitude - Inertially Fixed
Thrust - 30N x 4(120N)
Isp - 225 s
Propellant | — Hydrazine(Mono-type)

Table 3. Trans-lunar Maneuver Plan

Maneuver
Name Purpose
- To increase next perigee
altitude upto 500 km
AM1 (If next perigee altitude is
higher than 500 km, AM1 will
be cancelled)
- To increase next apogee
PM1 altitude
- To increase next apogee
PM3 altitude
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Table 4. Control Variables and Constraints in
Trans—lunar Trajectory

Control Variables Constraints
Launch Epoch 1% Apogee Altitude
(YYYY MM DD) (300,000 km)
Coast Duration SEM

(sec) (10° ~ 70°)
TLI AV Lunar Altitude
(m/s) (100 km)
PM1 AV Lunar Inclination

(m/s) (90°)
PM3 AV TOF
(m/s) (5 days)




46 & H 1 9%, 2018, 1. Variable Coast® ©]&3l= 35 A 7-9 $1dd o] A4 oA 73
46 AlE280lM 24 X ZHE
35 YAl AIAS A 98 AGIiL]
STK/Astrogator 11.1.1 WA S A3t Th A+
9 Axe & Y A= @ Axd A% 4
AEAGE 93 58 B2 ofg 9
o A+ & A=

B 2AbA] F<¢] A% 300 x 300,000 km

B IARA £ AR 1 90°

B AT do] 7lE o FHA 239 24
d 71 2 A 159 9AAH 71F

o ; ;EL;] %ji Ars= 2 500 km Fig. 6. Lunar Orbit Insertion Trajectory

B FE 2 A A% 100 x 100 km Table 5. Control Variables and Constraints in

B2 A Y JE o F 48 Lunar Orbit Insertion Trajectory

B A= Y B - 900 Control Variables Constraints

B2 AERA 7le 230100430 km LOI1 Burn Duration Orbital Period

o o Axd A (sec) (12 hour)

B 5 5% 550 kg LOI2 Burn Duration Orbital Period

B = d5E 230 ke (sec) (3.5 hour)

o I=dus 9je FHs Ty LOI3 Burn Duration Perilune Altitude

m AT AECEAA R o] TR A (sec) (100 km)
HA A H71A]) - WGS84_EGMI6(21 LOI4 Burn Duration Eccentricity
x 21), Third Body(Sun, Moon), SRP (sec) (< 0.003)

- ;?ﬁlgri‘? %gziialjg(cg]laﬂj%bem) Table 6. Mission Control Sequences
TAFRE 3% 347 km7kA) ¢ Sequence Cogiegésrt(r?emiﬂ o%%dy)
WGS84(8 x 8), Third Body(Sun, : :
Moon) Launch - Launch from launch site(E)

B OO P S(T% U kmiE 9 AE PropToApo1 | = Propagation to Apogee—-1(E)
28] 2 QEAE)  LPIS0QMS x 48), AM1__ | - Apogee Maneuver-1(E)
Third Body(Sun, Earth), SRP(On) PropToPer1 | - Propagation to Perigee-1(E)

PM1 - Perigee Maneuver-1(E)
47 E Hx M 7l ME PropToApo2 | - Propagation to Apogee—2(E)
do] Hsk AEAE o XTI 7] &4 PropToPer2 | - Propagation to Perigee-2(E)
+ 2 A% Y 7% Lunar Orbit Insertion PropToApo3 | - Propagation to Apogee-3(E)
Maneuver)< 3o st} Table 5= & A% PropToPer3 | - Propagation to Perigee-3(E)
AE JFAZY FYstr] gk Aojwig 2 F PM3 - Perigee Maneuver-3(E)
£x2718 BHAZ ¥ H1Y JE FI¥s 9% PropToMoon | - Propagation to Moon(E/M)
<94 aEs dFaEe edd 100 km= A Lo - LOI Finite Maneuver(M)
stk 2 ool & AWrles A% 249d PropToPeri | - Propagation to Perilune(M)
st §if alme] Aok HEFE e LOI2 |- LOI Finite Maneuver(M)
AV7E ez wikelth. Fig. 62 Table 5 PropToPeri | - Propagation to Perilune(M)
wer A E A A9 AHE Bel LOI3 | - LOI Finite Maneuver(M)
48 AdF ALzl AX PropToPeri | - Propagation to Perilune(M)
Table 6 BELA]_Oﬂ/Hl?_Ei = %]“_TL _—H]EOﬂ ;ﬂoﬂl’c‘ﬂ' LOI4 - LOI Finite Maneuver(M)
NAA ] QEAGE S AHE HAZRT 2T PropToPeri | - Propagation to Perilune(M)
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