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Design of the Transfer Orbit for the Three-body Vertical Orbit
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Abstract: Toward solving the transfer design for vertical orbits at the Earth—-Moon libration points under the
constraints of Earth launch, the transfer orbit design of three-body vertical orbits in the Earth—-Moon system
was studied. First, a circular restricted three-body dynamic model was established, and the spatial
characteristics and calculation method of vertical orbits were clarified. By introducing the concept of gravity-
assist azimuth angle, a calculation method for B-plane parameters under the constraints of lunar gravity assist
was proposed, which solved the problem of discontinuous calculation interval of the parameters. Considering
constraints such as launch site inclination and perilune altitude, two transfer-orbit design strategies, namely,
direct transfer and lunar gravity assist, were proposed for the vertical orbits in the Earth—-Moon system. The
design variables and objective quantities of each strategy were determined, and the transfer orbit design
problem was transformed into a nonlinear programming problem. The numerical simulation results show that
the velocity increment for orbit insertion of the spacecraft directly launched from the Earth to the vertical orbit
is ~800 m/s with a transfer time of about 5 days. For the lunar gravity assist strategy, the velocity increment
for orbit insertion is only ~300 m/s, ~500 m/s faster than the direct transfer, with a transfer time of
20~30 days.
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Fig. 4 Three-dimensional trajectory of the vertical orbit at
the Earth-Moon system'’s Lagrange points in a rot-
ating coordinate system

F 1 MMIKESEEMA RREENERNRITEE
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body vertical orbit in the Earth-Moon system
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Table 2 Parameters for direct launch from Earth to each vertical orbit of the Earth-Moon system
75 L1 L2 L3 L4 L5
n 2027-01-02 2027-01-26 2027-01-05 2027-01-03 2027-01-28
AU T/BIT T18:19:01 T15:36:06 T01:10:57 T21:42:01 T20:45:09
AR Al /km 203 904.012 243 611.536 204 508.254 208 637.814 206 303.092
PRy 0.96454 0.970365 0.964732 0.965527 0.96519
1 £a/(°) 30.000 40.000 30.000 40.000 40.000
THAE B ARZI(C) 301.594 284.409 46.833 353.469 363.854
JEHL AR AA/C) 158.655 134519 269.490 183.185 23.568
SR RLAAC) 0.000 0.000 0.000 0.000 0.000
2027-01-07 2027-01-31 2027-01-09 2027-01-09 2027-02-03
i %)
HEARIZY/BIT T20:04:19 T22:52:30 T23:18:30 T05:44:16 T07:59:29
HEAAv/(m/s) 680.542 783.296 ~556.972 50.858 337.710
A Av,/(m/s) 114.005 —475.548 ~514.798 813.547 -507.277
BEAAv,/(m/s) 127.876 145.679 —264.434 85.751 —489.520
HEA|AV]/(m/s) 701.774 927.858 803.219 819.633 781.670
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Fig. 6 Schematic of the transfer orbit design for the three-
body vertical orbit in the Earth-Moon system using
lunar gravity assist
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Table 3 Design variables for launch from the Earth to
various vertical orbits in the Earth—-Moon system

via lunar gravity assist
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Fig. 7 Transfer orbit design strategy for the three-body
vertical orbit in the Earth-Moon system based on
lunar gravity assist
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Table 4 Parameters for launch from the Earth to various vertical orbits in the Earth—-Moon system via lunar gravity assist

5 LI L2 L3 L4 L5
N 2026-12-28 2026-12-30 2026-12-06 2026-12-28 2026-12-21
ABUTEY/BIT T14:00:06 T17:54:54 T22:48:03 T13:53:27 T01:20:10
2 KA /km 218 789.904 212 375.172 211 408.492 225 202.091 196 655.093
L% 0.970106 0.969159 0.968980 0.970821 0.966586
fiiff/° 30.000 30.000 30.000 30.000 30.000
FI5& s AR 2/ 231.762 292.592 342.425 230.094 394.356
b AR A 152.600 125.062 127.357 152.317 246.489
A S AP 0.029 157 0.025 446 0.020 260 0.000 0.000
2027-01-01 2027-01-04 2026-12-12 2027-01-01 2026-12-24
i FZ
JEH S Z/BIT T10:54:59 T06:23:58 T01:24:37 T07:44:42 T08:14:53
Avp/(m/s) 173.760 195.408 137.464 248.639 205.442
I H 5 /km 108.461 2084.323 595.197 2924.845 1243.165
kR -137.316 -113.799 -117.449 127.073 126.452
. 2027-01-08 2027-01-14 2026-12-21 2027-01-03 2027-01-28
@ T2
g LI Z)/BIT T00:04:10 T04:52:40 T02:16:35 T03:53:16 T23:31:56
Aven/(m/s) 2.589 1.939 3.209 40.640 43.045
2027-01-16 2027-01-22 2027-01-24 2027-01-17 2027-02-16
1 FZ
HEARIZY/BIT T20:14:08 T00:41:55 T09:31:00 T23:45:15 T14:41:33
Avi/(m/s) 168.680 112.527 100.430 74.648 66.055
4 R/ (m/s) 345.030 309.876 241.105 363.929 314.544
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