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Fig. 1 Sketch map of changing orbit from the perigee to earth-lunar transfer
trajectory
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Fig. 2 Sketch map of earth-lunar transfer trajectory geometry relation
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Fig. 3 Different Inclination and Longitude of ascending node decide node of
earth-lunar transfer trajectory and Moon’s orbit
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Fig. 4 Adjusting trajectory shape and perigee argument change transfer time
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Fig. 5 Design flow chart of earth-lunar transfer trajectory
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Fig. 6 Sketch map of four styles transfer trajectory
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Fig.7 Trajectory project of three-stage Rocket launching lunar probe
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Table 1 Characteristic Earth-Moon transfer trajectory

parameters
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Table 2 Characteristic trajectory parameters of rocket
RRAE AT — ZHHE I R B ] =R TAESE R =R mK TR B
T (Rl 148.131 4 2443310 272.481 4 611.1840 1191.870 0 1434.646 0
4y Beit [l /s 148.131 4 96.200 0 124.350 0 338.703 0 580.690 0 242,770 5
4 BEh/km 58.305 0 1255220 143.3520 184.4190 189.039 0 320.753 0
fiit FEL/km 78.364 0 338.4810 446.194 0 2274.690 0 6 464.500 0 8 670.186 0
HLEEB/ (©) 27.909 5 27.2822 27.005 8 21.4393 3.807 7 —6.1380
% FEM () 102.799 6 105.3420 106.385 9 123.3740 157.682 0 174.873 0
HhuCr B /km 6431.741 0 6499.150 0 6517.065 0 6 559.690 0 6567.080 0 6 698.647 0
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BB AOa/ () 18.654 2 8.9230 7.780 4 —0.127 8 0.309 6 7.639 3
Jihrfdal (°) 102.299 7 104.596 9 105.312 8 111.102 0 119.5220 117.884 7
PHANFEFT Fpex/ (°) 20.838 3 13.804 0 12.484 8 —12.943 0 —62.1870
AR My (°) 0.000 0 0.000 0 0.000 0 5.906 2 5.906 2
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Table 3 Characteristic trajectory parameter safter upper-stage separation
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o B [l¢/h 0.000 00 0.166 66 65.434 82 24.000 00 23.291 90 0.130 00
Hhu0r fir/km 6 698.600 00 8 697.100 324 025.900 353 541.000 359 243.500 359 208.300
Lol () —6.141 900 -23.6300 -3.6320 —2.0200 —0.016 1 —0.0823
HZa (°) 25.578 60 67.856 3 187.079 3 189.549 0 190.117 8 190.039 2
2L (0 174.766 00 —145.460 0 69.550 4 71.0353 81.268 7 79.234 5
st E B Va/ (ms™) 10 812.100 00 9 461.140 536.345 276.090 1 608.945 1218.474
BB Oa/ () 7.639 30 29.273 6 66.132 1 46.556 9 -3.1130 —2.906 5
AR H sk ) 78.162 30 78.215 1 105.961 0 107.687 0 81.673 3 74.422 0
&0 B km 385 857.000 00 382 039.0 173 683.2 93295.3 1913.2 1838.0
SEHUARXS HOak A/ () 0.973 1 1.2529 61.797 2 76.952 4 89.386 0 88.742 6
X H B X&) () -167.10 -132.71 -9.1399 —6.853 7 108.269 2 138.1679
AEX A LIEEHEEE/ (ms™) 10 981.60 9265.20 869.80 990.50 2 465.24 1633.160 0
JEEEAAT A TR, () -34.9290 —41.289 0 -86.307 5 -87.1180 ~11.346 3 0.000 0
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Fig. 8 Typical flight sequence of four and a half days trajectory
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Table 4 Velocity and position error and measure precision
requirement after correction
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1B IE S8 AU Zi/h 17 42 66 90
b0 B km 159960 266371 324026 353 541
H o ii/km 304 800 242666 173685 93297
HIERE/ (ms™) 0.1561 0.1802 02502 0.4616
{7 B V2% /km 45.68 73.95 51.03 43.68
ﬂifmiﬁ%i&ﬂ J=3 30 30 30 2
R 2 /km
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Table 5 Earth-Moon transfer trajectory capcity and mostly trajectory parameters of three-stage rocket
FAPUEPEGS (°)  FAPUEALHEE () FEAFAPUEZER Ike  ITHRIRARRIEE (0 im0
24.0 -10.029 2 1571.65 134.311~185.987 -11.92~-3.43
26.0 -13.1976 1 648.27 136.827~188.532 —12.45~-2.73
28.5 -16.862 4 1704.07 139.839~191.547 —12.92~0.48
31.2 —20.494 8 1718.99 142.502~194.262 —13.38~2.33
34.0 —23.8815 1 687.09 145.490~197.258 —13.47~4.55
36.0 —26.116 2 1 639.07 147.404~199.190 —13.46~6.14
38.0 —28.2174 1571.09 150.041~201.782 -12.90~8.21
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Launch Trajectory Design for Lunar Probes with Finite Thrust Maneuver

CHEN Xinmin', ZHOU Tianshuai’, ZHU Dongge’, WANG Jianming’

(1. China Academy of Launch Vehicle Technology, Beijing 100076, China;
2. Beijing Institute of Astronautical Systems Engineering, Beijing 100076, China)

Abstract: To launch a lunar probe is a multi-celestial body problem, and also a strict orbit rendezvous problem. Many launch
trajectory plans can be obtained theoretically, but selctions are strictly limited for enginnering applications with many constarints,
such as launch capacity, launch site, telemetry and control conditions etc. The most conventional method is to transfer from the
parking orbit with finite thrust. This paper takes a typical launch vehicle as an example, the Earth-lunar transfer scheme with

constraints are analyzed and studied.

Key words: finite thrust; lunar exploration; launch trajectory design
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