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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, AY2Z5} PyKEP, EMTG(Evolutionary Mission Trajectory
Generator)
Keywords : interplanetary space exploration, asteroid, global optimization, PyKEP,
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Fig. 2. The variations of interplanetary transfer orbits between the earth and the mars.
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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

BAM B SHE HM ARy 3H ATEA ATHE AT s

(kg) &% (g) e AlZt(sec)  RIEEY &= EHE &L

(m/sec?) (km/sec) (km/sec)
1,500 4,591.6 14.9 502 7.50 =2
500 3,691.6 19.1 502 9.59 =7t
200 3,291.6 20.8 502 10.46 =7t
100 3,191.6 215 502 10.79 1.95
90 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 3,111.6 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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306 | https://doi.org/10.52912/jsta.2021.1.3.302



J. Space Technol. Appl. 1(3), 302-318 (2021)

JHo= YERH Fig. 49F At o7|olA SR B3 =24 4 be] A= =
B89 A= ¥ Afolofl= vt 22 WAVE A ™RITh

C=+r2+r2 — 2rr,cosb 1)

o2
X,
rM

g 7+9] Hl=o] Aol TRHE(Hohmann orbitks TWHEWH X4 ofvA|7F &8t
£ dEe & gEA UtH171. oA oA, 34 7He] e AlEAo] AR AQ5E= oY
A= SRHEAAY oUA|Eet JFEA] k= oulojt}, 1A P4 7t HolAEE 2h&
o= A4S Yoks LY 220 sigsls SHAZMEIEZ = 18025 WA gt
oy, A=AEEE 28 SR7HEA R 7hs 3 ARE A 2o B gaEsY
718 o}, ojuf, u]gY F=o] njgizto] 180% u|vto|H A I F(Type 1), 180% °J4o]
A AT ¥(Type M= 242} E72_IKFig. 5)[18,19].

THZE ZAY shE obr| gt darelEo R & tolil= vie-E1HBattin-Vaughan's)
9] Elegant Lambert ¥118]5-E A-85190) A7 Aol £ oyA 4= dagjgs
qofsto] SEEE YEPNH Fig. 63 Ztt. o]=jgt gajEo] Sfsto] /it T2 o s
202620459 717t B3t AE-5Hg47t HolH= T oy |FE UEE Pork-chop =

Q.

ot

Fig. 4. The Lambert’s theorem.

o
Rendezvous Point 3 -

Mars Orbit

Earth Orbit

Rendezvious Point +9*s
s
g

Hohmann
Transfer

Non-Hohmann
Transfer
Rendezyets Point

Fig. 5. Hohmann and Non-Hohmann Orbit Transfer.

https://lwww.jstna.org | 307



Adhd HARIO| LAAZ| ME Lt 2

)

ol

e

DE431 Ephemeris 213

ZA J17F (Departure Period, Arrive Period ), X| 712 SH K| &4 9|

4.

nl—

N7-25K 848 7 (@70, BEA NP9 -
2E90 A2, U2

0%t

2277t (flight time) 71|”

4.

= Y=HOIEERE
Loop 2|

e
V=)
13

)

—oé
bt =

ku H1
ro 0

Ju e

o)
=
i
=

q.

Battin-Vaughan EIE\%% |25t0 EEA KI?HXIE}
SrPYO PO T NHE HEdE
%’Eﬁ?l?roif\dﬂl =9 ButE(a)2 78

Lambert's Solution, 5

4.

QoA ek FEtE £h0| A TO|H = &80 LA 2 HO[H =

oy
=
ra
-1
>
=
=)
ot
n2
ket
)
ol
re
dhr

Fig. 6. Lambert’s solution procedure for the calculation of injection energy to interplanetary

trajectory.

EE 2ot 9 719 dlE Fig. 70 e 2t
2HdH 5Y A=Y Pork-chop E32} B W5}t

4. XFE2 LY BAMIZ] —AIAZ]

2000deRe] Eolx ATHE 2949 ATAEE

23}, 138 NASA2] MIDASe] 2]}

|57} ) 2

el 515, olefet Aol S1e] 34 21e] B

T FEHIHTLE(CubeCraf)E B 4AF EAAES

mo} O]-L] 2}, 24P 9/3(CubeSar)
She = AR ot

[20]. Table 20fli= ol A3 F2L, o<l tHEAQ A3 TAM T2 08-S Yepfolch
QL o] HAMIEO] FAA R A2 F8 APE2] A Fig. 80l HERRIT

Aol A A A4S BIEEA B9 HA =S
Leg” 7I'dE =dsto] ARE3HHFig. 9)[21,22]. o2 /g7t HAMAS] XA vIBAEEE 2 /i

o Hfl= W A, AFE Wl $Y ExrlsS

AAS woll= “Interplanetary

Qleh ofel we) Py B2 vlYe &

off, 7+ 393} 3/ Atol2] BIFY ©9IE “Interplanetary Leg’ & |3ttt & &
A B4 7P7] Sl AHED-5HEHELTS)-AHEH L 15)- M (EHEER75)-
EA(EZDS Ao 1 AR B-V-E-M-J 0|1, 47]9] interplanetary legC & A== Ao]
o 2t legolls &9 ARY =2 A< 23-45]'@ 01*3“ Adshs B2E WA 3 17

1 FHEE 5 51| (Lambert's solver) Y17

g A2E TEsked Bag E

250} T2 &2 JI5HA HoH23) T T Q9 ﬂ'al' DSM(deep space maneuver)¥+ GAM

308 | https://doi.org/10.52912/jsta.2021.1.3.302



J. Space Technol. Appl. 1(3), 302-318 (2021)
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program.
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Fig. 8. The targeted asteroid’s orbits of currently programmed exploration missions.
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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 2004 4 6 &, Tucker RA, Tholen DJ, Bernardi F
e H=sE 30.78 km/sec(X|7 29.78 km/sec)
= 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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Fig. 13. One of the trajectory candidates from Earth to Apophis (in case of No-DSM, EMTG’s

simulation result). DSM, deep space maneuver; EMTG, Evolutionary Mission Trajectory

Generator.
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Fig. 14. One of the trajectory candidates from Earth to asteroid Apophis (in case of including

1 DSM, EMTG’s simulation result). DSM, deep space maneuver; EMTG, Evolutionary Mission

Trajectory Generator.
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