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Table 1 Orbit elements of Jupiter in J2000 ecliptic coordinate system (21 Sep 2006

UTCG)
ay (AU) e i(°) Q) w(®) M (°)
5.207 0.048 1.304 100.502 273.475 224.406

R2NREEENYHESE. Hbomy BEE, w FEIUHE, Ry NTHER,
Py MARTM,  py BTHEE.

xR 2 ARENTHESH
Table 2 The mean physical parameters of Jupiter

my (kg)  pg (km?/s*) Ry (km) Py (°)  py (g/cm®)
1.899¢27 1.267¢8 71400 9.925 1.326

MRIEFR 1R 2 FREEE, TR T AR ZPUER FIY 11.882 yr
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Fig.1 Jupiter-centered orbit
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Table 3 The velocity increment analysis of single gravity assist

Gravity-assist planet vk, (km/s) v~ (km/s) AvGAmax (km/s) Avy (km/s)
Venus(Earth-Venus-Jupiter) 46.4 37.7 7.3 1.3
Earth(Earth-Earth-Jupiter) 38.6 29.8 7.9 1.1
Mars(Earth-Mars-Jupiter) 30.0 21.5 3.6 0.9
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x® 4(a) SES|HHBY IR | HHBIFOKES | HFHE
Table 4(a) VGA, EGA and MGA

Launch VGA EGA MGA
year Cs AVmin TOF Cs AVmin TOF Cs AUmin TOF
2020 20.00 7.20 5.92 20.00 3.88 4.96 20.00 4.24 4.38
2021 20.00 6.14 2.91 20.00 3.82 4.51 20.00 4.27 5.36
2022 20.00 8.47 2.79 20.00 3.94 4.86 20.00 4.37 6.41
2023 20.00 6.49 4.86 20.00 3.89 5.19 20.00 4.38 5.44
2024 20.00 7.43 2.67 20.00 3.77 4.99 20.00 4.36 6.35
2025 20.00 6.62 5.55 20.00 3.71 4.88 20.00 4.36 6.40

& 4(b) £E - MIKS[HHB). SE - HIK - HIRS | HHBIFISE - K - KES|HHB
Table 4(b) VEGA, VEEGA and VEMGA

Launch VGA EGA MGA
year Cs AVmin TOF Cs AVmin TOF Cs AVmin TOF
2020 20.00 2.46 4.83 13.24 1.09 6.96 20.00 2.43 6.82
2021 20.00 3.64 4.78 14.15 2.38 5.52 13.86 2.70 7.50
2022 20.00 2.85 4.90 20.00 2.45 5.80 20.00 5.80 6.83
2023 20.00 5.67 5.67 14.77 1.08 6.42 18.78 1.82 7.03
2024 20.00 5.89 5.89 13.81 1.45 6.95 20.00 2.80 8.42
2025 20.00 4.96 4.96 18.52 2.18 5.67 20.00 2.69 8.18
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Table 5 Parameters

Parameter Value Unit
mo 2000 kg
Isp 312 s
g0 9.80665 m/s2

6.2 #RFRPLE

DL 2023 S & AB], MIRAFHIZEAT LS RRMER, Lid&E - HEk - #hBk 3 K
Bl 5B KRR, SARIHEANEAL 100R; . AL 4Ry WHAHE. ARG
TEIZ B TR ST R BR G PR A TR B, HFBAEA SR 1.08 km/s ZiA7 ik
W EAIA. £ 6 A T R4 KITRF.
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Table 6 Trajectory design result of nominal orbit

Value Unit

Earth launch time 2023 Jun 23 UuTCG

Earth launch Cs 14.74 km? /s?

Venus GA time 2023 Dec 03 UTCG

Velocity increment of Venus GA [-0.32; -4.08; -2.86] km/s
1st Earth GA time 2024 Oct 17 UTCG
Velocity increment of 1st Earth GA [-0.71; 4.65; -0.32] km/s
2nd Earth GA time 2026 Oct 19 UTCG
Velocity increment of 2nd Earth GA [2.98; 5.88; -3.76] km/s
Jupiter arrival time 2029 Nov 03 UTCG
Velocity increment of Jupiter orbit insertion 1.08 km/s

6.3 EFCH/NTE

PR AAE PR HBR PR 4B Z AR KA AR BRI B IR S 1/ MT . BB
PUEIEEE LM/ MTE, 4 do=3000000 km, #ZREHE K HATHTA ©IRGKA ST H
276 002 BU/MTE. 5 1 RHB/MTEWIA 51 BU/MTEREZR, 56 2 KEBLEF
F 22 JUMTERRZOR. RTREE, 3= 7 P RS IHEEER/NT 1500 000 km #/MT
E.

R 7T RRFBI/IMTEFRHELN/NMTE

Table 7 The main-belt asteroids close to the nominal orbit

Asteroid number t (UTCG) d (km) a (AU) e i(°)
15399 13 Sep 2025 1340073.4 2.617 0.150 1.709
45215 09 May 2026 707953.7 2.272 0.209 5.839
92491 13 Mar 2026 735282.2 2.386 0.252 3.659
151598 14 Feb 2026 518901.9 2.294 0.158 3.973
154440 09 Feb 2026 923356.0 2.376 0.160 7.949
160384 12 Feb 2026 1360742.3 2.341 0.057 7.361
224114 12 May 2026 600006.6 2.305 0.176 2.441
251584 15 Sep 2025 1377997.0 2.184 0.063 1.806
15120 02 Apr 2027 1447916.9 2.267 0.167 2.878
122697 16 Jun 2027 1323432.2 2.616 0.239 3.176

T OPEGERE], d REGEEER, o, e M i FR/AMTEMPUEFRE. WO
RMPUEMBA. B 4 PRI PUEM BT/ MTEREE.
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Fig.4 Search results of main-belt asteroid flyby
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Table 8 Fuel consumptions of Jupiter exploration orbit

Cs Avyes  Avpgar 251584 151598  Awpgas 122697 Avy
(km?/s?) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s)
14.74 0 0.25 0.12 0.36 0.13 0.02 1.08

VA B 25 R 1 ) e il R PP B R BB I8 B3, HOD AT B R B KI5 T,
YRR ARG /MT R H DAL EAH R BRI & KBU/MT 2. TEPLER BB B, B
VI EERNVME, FRM, BGA0, AR B MTERHUE.
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Fig.5 Trajectory of the design result
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Jupiter Exploration Mission Analysis and
Trajectory Design

CHEN Yang BAOYIN He-xi LI Jun-feng
(School of Aerospace, Tsinghua University, Beijing 100084)

ABsTrRACT The trajectory design for Jupiter exploration mission is investigated in this pa-
per. The differences between Jupiter exploration trajectory and Mars or Venus exploration
trajectory are mainly concerned about. Firstly, the selection of the Jupiter-centered orbit is
analyzed based on the Galileo Jupiter mission. As for the Earth-Jupiter transfer orbit, the
fuel consumption of the direct transfer is too large. So the energy-saving technologies such



118 x X % # 53 &

as the planetary gravity assist should be used for the trajectory to the Jupiter. The different
sequences of planetary gravity assist for the trajectory from the Earth to the Jupiter are
examined by applying the Particle Swarm Optimization (PSO). According to the searching
results, Venus-Earth-Earth gravity assist (VEEGA) is the most effective gravity-assist se-
quence for the Jupiter mission. During the Jupiter mission, the spacecraft will pass though
the main asteroid belt which is between the orbits of Mars and Jupiter, and may encounter
several asteroids. The Jupiter mission is able to combine with the main-belt asteroid flyby
missions. The design method of the intermediate asteroid flyby trajectory is also considered.
At last, an entire designed trajectory for the Jupiter mission launched in 2023 is presented.

Key words celestial mechanics, planets and satellites: general, space vehicles



