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Design of extended mission to flyby multi small celestial bodies

using lunar probe

LIU Lei, CHEN Ming, ZHANG Yao
(Science and Technology on Aerospace Flight Dynamics Laboratory, Beijing Aerospace Control Center, Beijing 100094, China)

Abstract; For a full utilization of the probe after the lunar exploration, the extended mission using the probe for flybys of multi small celestial

bodies from the Moon or Earth orbit was proposed. Combined with the flight status of the probe after the lunar exploration mission, the energy

requirement for escaping from the Moon or the Earth was emphatically analyzed, together with other necessary conditions for the flyby mission, such

as the brightness of small celestial bodies, the capacity of onboard equipment, etc. The methods of selecting small celestial bodies and trajectory

design were studied. Aiming at the problems of large search space, large amount of computation and hard optimization of multi target sequences

caused by large number of targets, a multi-layer optimal search algorithm for small celestial bodies was designed. Taking Chang’e — 5 as an

example, the search yielded several feasible solutions for small celestial bodies’ flyby detection. The result shows that the orbiter can approach up

to five asteroids under given constraints, including the large Asteroid 12923. The study conclusion can be used for the Chang’e — 5 extended

mission, and provide beneficial reference for the future missions of the Moon and small celestial bodies.
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Fig.2 Search algorithm of multi-level prior choice for the flyby mission of small celestial bodies
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Tab.1 Search results of optional asteroids for the

Chang’e — 5 flyby mission

AV/

F9 NS Avd (a/e) R./km
1 2 172.8 645.0 1.069 x 107 ~3.256 x 10’
2 2 586.3 373.4 1.444 x107 ~5.090 x 10’
3 2 586.4 584.1 2.822x10" ~5.088 x10’
4 5 573.8 600.7 3.859x10" ~8.013 x10’
5 5 608.3 649.3 3.859 %107 ~9.019 x 10’
6 4 582.6 594.6 1.594x10” ~9.588 x10’
7 4 630.1 654.8 1.594x107 ~1.149 3 x10°
8 5 543.2 580.2 3.859 %107 ~6.093 x 10’
9 4 620.3 565.4 1.594x107 ~1.044 9 x10*
10 5 616.6 542.1 3.859 x107 ~7.433 x 10’
11 4 620.1 537.3 1.594x10" ~1.045 3 x 10°
12 5 607.2 608.0 3.859 x107 ~8.792 x 10’
13 5 611.7 591.6 4.917 x107 ~9.348 x 10’
14 5 606.9 601.0 3.859x10" ~8.790 x 10’
15 5 629.6 600.3 3.859 x107 ~9.269 x 10’
16 5 608.8 646.3 3.859 x107 ~6.746 x 10’
17 5 625.4 655.5 3.859x10" ~7.994 x 10’
18 5 595.0 630.3 3.859x10" ~5.848 x 10’
19 5 618.3 643.8 3.859 x107 ~7.491 x 10’
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Tab. 2 Parameters of physical character and transfer trajectories for the first 4 schemes in Table 1

e N A/d AV/(m/s) Av/(m/s)  1(UTC) R/km D H D/m
433.7 ~07-05 1.069x10"  KI4N64Q 24.0 54.4

1 2 172.8  645.0 5113 21-09-26 3.256 x107 12923 15.8  2429.7
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8.4  22-02-22 3.859x10"  KI6BI5Q 25.1 32.8
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98.4  22-11-03 8.013x10"  KI4F37R 22.9 90.3
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(a) Target and transfer trajectory of No. 1 in Tab. 2
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(¢) Targets and transfer trajectory of No.3 in Tab.2
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Fig.3 Optional asteroids and transfer trajectories for the Chang’'e —5 flyby mission

(b) 2 HF5 2 K AR SHBHE

(b) Targets and transfer trajectory of No.2 in Tab.2
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(d) Targets and transfer trajectory of No.4 in Tab.2
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