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The Characteristics of Near Asteroid Orbital Dynamics and

its Implication to Mission Analysis

HU Wei-duo 1, SCHEERES 2, XIANG Kai-heng 3

(1. School of Astronautics, Beihang University, Beijing, 10 0083, China; 2. Department of Aerospace Engineer-

ing, the University of Michigan, MI48109, USA; 3. Departmen t of Spacecraft System Design, Chinese Academy

and Space Technology, Beijing, 100094, China )

Abstract: Asteriods and some signi�cance of their exploration are presented �rst. Near asteroid

dynamics and its e�ect to mission analysis are analyzed by referring spacecraft NEAR and Muses-

C. Further discussions of the dynamics characteristics areperformed. Detailed discussions are

given based on the analysis of the second order and degree gravity �eld models of asteroids. A

typical example of asteroid, Castalia, is introduced. A fewtypical trajectories are summarized.

And also some suggestions of asteroid exploration are given. We see that close asteroid orbital

dynamics is new and challenging, as orbits around asteroidsare considerably di�erent from the

classical Keplerian orbits in the two-body problem. This is due to two reasons: the irregular

shape of an asteroid, and the rotation of the asteroid. Thesetwo e�ects are coupled and can

cause the spacecraft orbit to experience large energy and angular momentum changes within short

time period, occurrence that are not seen for spacecraft motion around the Earth 
 or other

planets in Solar system. For some cases these changes are rapid, making the spacecraft motion

unpredictable to some degree, the unpredictability is an instance of chaotic motion, which exists

in many dynamics. Here we de�ne \Chaotic" motion as sensitive dependence on initial conditions.

Thus, the problem of spacecraft motion around an asteroid isnot only a practical engineering

problem of near asteroid operation, but also a theoretical problem in dynamical system as well.

Key words: Celestial/orbital mechanics; deep space exploration; asteroid; review; spacecraft

mission analysis


