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Abstract
In this study we investigate the possibility of using terminator orbits that are stable over a period of
three months to explore the triple near-earth asteroid (NEA) system 2001 SN263 with an orbiting
spacecraft. We study in particular the case of the mission ASTER that is under study as the
first Brazilian deep space mission [1].
Introduction
The interest in the first identified Near Earth Asteroid (NEA) triple system 2001 SN263 increased
greatly when the Brazilian space agency announced ASTER, a rendezvous mission to explore this
unique target [2].
The analysis of the observational data of 2001 SN263 [3] suggested that the primary is
approximately a spheroid with an equivalent diameter of about 2.6 km (2.8×2.7×2.5 km) and
smaller companions, about 700 m and 430 m in diameter orbiting at distances of 16.6 and 3.8 km,
respectively.
For the spacecraft to move safely within the system, it is critical to identify and characterize regions
of stability and instability (i.e., where collision or escape are imminent).
Furthermore,
observational and operational strategies to explore all three asteroids critically depend
on
availability of stable spacecraft orbits (i.e., orbits that do not requiring expensive correction
maneuvers). In this study we search for stable orbits within the triple asteroid system. The orbits
are considered stable when the spacecraft does not escape or collide with the system for 3 months.
Data and methods
We modelled the gravitational field of each body in two steps. First, we integrate the gravitational
acceleration contributed by the mass of the object, represented by a polyhedron shape model (and
assuming a homogeneous interior). In a second step, we replace this reference field with its
spherical harmonics approximation.
The spacecraft trajectories around the triple asteroid are calculated with a numerical integrator
which solves the equation of motion, taking into account all relevant forces:

with GM being the standard gravitational parameter of the primary body and
being the
spacecraft’s position and acceleration, respectively. The main acceleration acting on the spacecraft is
caused by the system’s primary body, represented by a point mass, in the first term of the
equation. Higher-order terms, which include the non-spherical gravity field of the main body, are
included in the second term. The secondary and tertiary body are represented by the third term of
the equation. Additionally, the large Solar System bodies, such as Sun and Jupiter are also included
as perturbing forces in this third addend.
The last term takes into account the solar
radiation pressure acting on the spacecraft. The spacecraft is modelled based on the mass and
dimensions as specified for ASTER mission [4].
Results and Conclusion
The results show that stable terminator orbits within the triple asteroid system can be found, for
which the orbital plane is perpendicular to the incoming solar radiation.
These stable orbits are found between the semi-major axes of the secondary and tertiary body, i.e.,
at a distance between 4 km and 13 km from the primary’s centre.

Figure 1: Example of stability regions of the Aster S/C model in the triple asteroid system. The
stability depends on initial orientation of the orbital plane which is represented by the longitude of
ascending node and the inclination. Initial elements: semi-major axis=8km, eccentricity=0,
remaining elements=0°. The colour coding shows the difference between largest and shortest
distance to the primary body over 3 months.

The most stable region is located at semi-major axes between 7 and 12 km. In the best cases, the
distance variation of the S/C absolute distance from primary’s centre (r.max-r.min) varies less than
1 km over a time frame of 3 months.
Figure 1 shows these stability regions at an exemplary initial distance of 8 km.
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