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Optimal orbit design of the moon-to-earth unmanned supply vehicle
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Figurel.  Supply ship model
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Table 1 List of conditions
Low earth orbit (LEO) [km] 6678
Geosynchronous equatorial orbit (GEO) [km] 42157
Month Distance(Perihelion) from the Earth [km] 363304
Initial mass [kg] 16500
Specific thrust of electric propulsion [s] 3080
Specific thrust of chemical propulsion [s] 400
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Table 2 Boundary condition and inequality constraint condition

Initial radial velocity [km/s] 0

Terminal radial velocity [km/s] 0

Thrust of electric propulsion [N] 0~ 0.01
Thrust of chemical propulsion [N] 0 ~ 490
Path angle [deg] 0~ 5
Circumferential velocity [km/s] (LEO) 7.726
Circumferential velocity [km/s] (GEO) 3.075
Circumferential velocity [km/s] (Moon) 1.0475
Initial attitude angle [deg] 0

Terminal attitude angle [deg] 0

Output [N] -500 ~ 500
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Figure.3 GEO to Moon orbit
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Table3 Total time and propellant mass

Chemical | Electric
LEO to GEO total time [s] 18283 21134
GEO to Moon total time [s] 437300 1420100
LEO to GEO propellant mass [kg] 16.42 0.007
GEO to Moon orbit propellant mass [kg] | 6.798 3.165
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Table4 Perigee speed and apogee speed
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Perigee speed apogee speed
LEO to GEO 10.15 [km/s] 1.61 [km/s]
GEO to Moon orbit 4.12 [km/s] 0.478 [km/s]
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Figure4. Circumferential velocity(LEO to GEO)
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Figure5. Circumferential velocity(GEO to Moon Orbit)
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