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A Study on the Method of Calculating the Launch Period of the
Asteroid Exploration Mission
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Abstract

Abasic study was conducted on how to determine the launch timing of a space probe targeting an Earth—
approaching asteroid. In the future, when a probe mission targeting an asteroid approaching Earth's orbit is
conducted in Korea, in order to determine the launch time, an appropriate solution should be obtained by
applying the Global Optimization technique. For this, accurate current orbit information of each asteroid
must be obtained first, and prior scenarios such as Earth's orbit information, main engine performance
information of the probe and launch vehicle, the number of gravity-assisted maneuvers, and maximum
flight time limit should be discussed. Also, the criteria for optimization should be determined first. In this
paper, based on these prerequisites and information, a method for finding the launch time of an asteroid
probe was studied using the open source software such as PyKEP and Evolutionary Mission Trajectory

Generator (EMTG) which are the programs for interplanetary trajectory generation purpose.

BAJo] 1 PA7F QAL A, AR5} PyKEP, EMTG(Evolutionary Mission Trajectory
Generator)
Keywords : interplanetary space exploration, asteroid, global optimization, PyKEP,
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Fig. 3. The minimum delta-velocity required to escape the sphere of earth’s gravity influence

and reach to the Mars orbit.
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Table 1. KSLV-II's estimated launch capability

BHAMM B SHE HM ARy 3H ATEA ATFHE R
(kg) &Y (g) e AlZt (sec)  REEY & EHE &L
(m/sec? (km/sec) (km/sec)
1,500 4,591.6 14.9 502 7.50 =27t
500 3,091.6 19.1 502 9.59 =27t
200 3,291.6 20.8 502 10.46 =7t
100 3,191.6 215 502 10.79 1.95
0 3,181.6 21.6 502 10.82 2.13
50 3,141.6 21.8 502 10.96 2.74
40 3,131.6 21.9 502 11.00 2.88
30 3,121.6 22.0 502 11.03 3.01
20 31116 22.0 502 11.07 3.14
10 3,101.6 22.1 502 11.10 3.26
Reference: Oct. 2020 data.
KSLV, Korea Space Launch Vehicle-lI.
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Fig. 4. The Lambert’s theorem.
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Fig. 7. The Pork—chop plots which shows the required departure energy from the earth to
mars. The left plots are from NASA’s reference [15], the right plots are the results of author’s

program.
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Figure 1. Schematic representation of an interplanetary leg with a DSM
Ref: F. Sena, etc. “Study on Interplanetary Trajectories towards Uranus and Neptune (AAS 21-372)"

Fig. 9. The schematic of the interplanetary legs and DSM (Deep Space Maneuver) [24,28].
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Fig. 10. The interplanetary trajectory generation programs of NASA and ESA [25,26,30].
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Fig. 12. The asteroid Apophis. https://id.wikipedia.org/wiki/99942_Apophis

Table 3. The Apophis Asteroid characteristics

Mission target 99942 apophis
AT, LAX 20044 6 &, Tucker RA, Tholen DJ, Bernardi F
e H=sE 30.78 km/sec(X|7 29.78 km/sec)
=37 370 meters
ST 0.89 year
E0|ALE 2029 4 € 13¢, XF12X 36,000 km &2 014

https://www kasi.re.kr/kor/publication/post/newsMaterial /28706
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