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Mapping Orbits Around the the

The present paper makes maps of orbit of studying the perturbations that a spacecraft the two smaller bodies of the asteroid 2001SN asteroid is a system of three bodies, which is around the Sun. This research is important, because contribution of each perturbation in the orbit of the spacecraft Another application is to search for better orbits pected that the less perturbed ones require low tion for orbital maneuvers.

I. INTRODUCTION

In the space between the orbits of Jupiter and a concentration of celestial bodies called asteroids important to study those bodies, and one of the most candidates is 2001SN 263 . It is a system composed by three bodies, first observed from Arecibo, Puerto Rico, 2008. The three members have diameters near km and 0.29 km. The second component orbit in a orbit with semi-major axis of 16.63 km 0.015. The third component orbits the main one major axis of 3.80 km and eccentricity 0.016 for options to study this body, the project ASTER lated [START_REF] Sukhanov | The Aster Project: Flight to a Near-Earth Asteroid[END_REF], which has the goal of sending a spacecraft to this asteroid.

The present paper study this system and the around it. To do that, orbits around the smaller studied and the forces acting on the orbits ar research complements previous studies made where orbits around the main body were considered. main concept used in this research is the time forces acting on the spacecraft [START_REF] Prado | Searching for Orbits with Minimum Fuel Consumption for Station-Keeping Maneuvers: An Application to Lunisolar Perturbations[END_REF]. This value effects coming from those forces. Orbits with needs more time to change their orbital elements less orbital maneuvers. Orbital maneuvers are better in references [START_REF] Boucher | Electrical propulsion for control of stationary satellites[END_REF]- [START_REF] Solórzano | Analysis of trajectories to neptune using gravity assists[END_REF]Boucher.

The results show the dependency of the respect to the initial geometry of the problem techniques were used to remove this dependence contribution of the present research is the measurement effect of each force. orbits, with the idea a spacecraft in orbit around asteroid 2001SN 263 receives. This in an elliptic orbit is important, because it shows the orbit of the spacecraft. orbits, since it is exrequire lower fuel consump-Jupiter and Mars there is called asteroids. It is very one of the most attractive composed by three Arecibo, Puerto Rico, in February near 1.30 km, 0.39 orbits the main body 16.63 km and eccentricity orbits the main one with semiand eccentricity 0.016 [START_REF] Araújo | Stability regions around the components of the triple system 2001SN263[END_REF]. Searching , the project ASTER was formuof sending a spacecraft to visit this system and the dynamics smaller bodies are are mapped. This research complements previous studies made by Prado [3], where orbits around the main body were considered. The time integral of the value shows the total rbits with small values their orbital elements, so requiring Orbital maneuvers are better explained these integrals with problem, so averaged dependence [START_REF] Prado | Searching for Orbits with Minimum Fuel Consumption for Station-Keeping Maneuvers: An Application to Lunisolar Perturbations[END_REF]. Another measurement of the

II. MATHEMATICAL

The main body is assumed to be at the center of the refe ence system, with mass m 0 . It is oblateness, specified by the usual coefficient J are two smaller bodies disturbing called Beta and Gamma. They are precessing due to the oblateness have a mutual inclination of 14 degrees. system. The other bodies of the Solar System does not need to be included, as shown by Pra

Regarding the third-body perturbation study this effect is shown in [START_REF] Roy | Luni-Solar Perturbations of an Earth Satellite[END_REF] tical orbit and the two smaller bodies are ing orbits. The reference plane is the orbital plane of turbing body considered. The lerian elements: a (semi-major axis), e (eccentricity), i (incl nation), ω (argument of perihelion), Ω (longitude of the a cending node) and mean motion n. 

Secondary Bodies of

ATHEMATICAL MODELING is assumed to be at the center of the refert is also assumed that it has an by the usual coefficient J 2 [START_REF] Sanchez | Some Initial Conditions for Disposed Satellites of the Systems GPS and Galileo Constellations[END_REF]. There disturbing the motion of the satellite, They are in elliptical orbits, which oblateness of the main body. They inclination of 14 degrees. Fig. 1 shows the of the Solar System does not need to be included, as shown by Prado [START_REF] Prado | Mapping Orbits Around the Asteroid[END_REF].

body perturbation, the technique used to [START_REF] Roy | Luni-Solar Perturbations of an Earth Satellite[END_REF]- [START_REF] Prado | Third-body perturbation in orbits around natural satellites[END_REF]. The Sun is in an ellipthe two smaller bodies are in elliptical precess-The reference plane is the orbital plane of the per-. The orbit of the spacecraft has kepmajor axis), e (eccentricity), i (inclination), ω (argument of perihelion), Ω (longitude of the ascending node) and mean motion n.

To start the development of the required equations, the magnitude of the perturbing force per unit of mass that affects the spacecraft due to the third-body is given by: ( ) ( )

S rr r r Gm S rr r r Gm d Gm F m m cos ' 2 ' ' cos ' 2 ' ' ' 2 2 2 2 2 1 2 - + = - + = = - (1)
where G is the gravitational constant, d m1-m2 is the distance spacecraft-third body, S is the angle spacecraft-third-body, r is the distance satellite-center of the system and r' is the distance disturbing body-center of the system.

Therefore, the total effects delivered by the perturbing forces for one orbital period T of the spacecraft, called PI3B ("Perturbation Integral" due to the third-body), is:

( ) dt S rr r r Gm B PI T ∫ - + = 0 2 2 cos ' 2 ' ' 3 (2)
That becomes [START_REF] Prado | Searching for Orbits with Minimum Fuel Consumption for Station-Keeping Maneuvers: An Application to Lunisolar Perturbations[END_REF]:

( ) ( ) ( )dE E e S rr r r n Gm B PI cos 1 cos ' 2 ' 1 ' 3 2 0 2 2 - - + = ∫ π (3)
The oblateness of the central body can be written as [START_REF] Sanchez | Some Initial Conditions for Disposed Satellites of the Systems GPS and Galileo Constellations[END_REF]:

ܲ ଶ௫ = ܬ݉ܩ- ଶ ܴ ఈ ଶ ቀ ଷ௫ ଶ ఱ - ଵହ௫௭ మ ଶ ళ ቁ (4) 
ܲ ଶ௬ = ܬ݉ܩ- ଶ ܴ ఈ ଶ ቀ ଷ௬ ଶ ఱ - ଵହ௬௭ మ ଶ ళ ቁ (5) 
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The total effects for one period of the satellite is:

( ) dt PIJ T z J y J x J P P P ∫ + + = 0 2 / 1 2 2 2 2 2 2 2 (7)
So, the integrals can now be evaluated by any numerical method in order to measure the magnitude of the disturbance received by the spacecraft from those forces.

III. RESULTS

The goal is to evaluate the Perturbation Integral over the time for the forces acting in a spacecraft around the two smaller bodies of the system 2001SN 263 .

It is important to remember, when performing those maps, that they are affected by the initial geometry [START_REF] Prado | Searching for Orbits with Minimum Fuel Consumption for Station-Keeping Maneuvers: An Application to Lunisolar Perturbations[END_REF]. To consider this fact the equations are obtained as a function of M' 0 (initial mean anomaly of the third body). Then, an average is made in the interval 0-2π, with the results divided by 2π.

Then, it is shown the effects of the orbital elements of the spacecraft in the integrals, to generate a map of the orbits. Since the integrals are made for one orbital period of the spacecraft, it is important to define a standard for the semimajor axis. The circular orbit around Alpha with semi-major axis of 10 km is used, which has a period of 254001 s. The orbital data for the system 2001SN 263 are shown below [START_REF] Araújo | Stability regions around the components of the triple system 2001SN263[END_REF].

Alpha (around the Sun): Semi-major axis = 1.99 Astronomical Units, eccentricity = 0.48, mass = 917.47 × 10 10 kg; radius = 1.30 km; J 2 = 0.013; Beta (around Alpha): Semi-major axis = 16.63 km, eccentricity = 0.015, inclination = 0, mass = 24.04 × 10 10 kg; radius = 0.39 km; Gamma (around Alpha): Semi-major axis = 3.80 km, eccentricity = 0.016, inclination = 14 degrees, mass = 9.77 × 10 10 kg; radius = 0.29 km.

Next, it is studied orbits considering Beta and Alpha as perturbing bodies for orbits around Gamma. Fig. 2 shows the evolution of the perturbing integral as a function of the eccentricity of the orbit of the spacecraft. The initial values for the other elements are: a = 10 km, i = 0, ω = 0, Ω = 0.

A similar study follows, considering the effects of the inclination was made. Fig. 3 shows the results. It shows that equatorial orbits are the most perturbed ones, while polar orbits are the less perturbed. The study considering the variation of the semi-major axis of the orbit is the next step. The results are shown in Fig. 4, where it is clear that the value of the Perturbation Integral increases with this variable until the value of the semi-major axis of the orbit of Gamma is reached. An amplification of the results is shown in the bottom figure, while a larger view is shown at the top part. Next, we look at the perturbation of Beta in orbits around Gamma, in similar situations. The results are similar, as expected, since the physics involved is the same. The perturbation increase with the eccentricity, equatorial orbits are the more perturbed ones, while polar orbits are the less perturbed, and the perturbation decreases with the semi-major axis, with the exception of the peak near the orbital position of the body Beta. So, as a general rule, circular polar orbits are the best choice when considering the perturbation effects.

IV. CONCLUSIONS

This paper applied a new concept to search for less perturbed orbits, considering the effects of the disturbing forces in the orbit of a spacecraft orbiting the two smaller bodies of the triple asteroid 2001SN 263 . This technique measures the effects of the disturbing forces by making the calculations over one orbital period.

This concept is then applied to the third-body perturbation and the numerical results are obtained for orbits around the two smaller bodies of the triple system.

The influence of the orbital elements of the spacecraft are studied in detail. The results shows that polar and circular orbits are the less perturbed ones. The effect of the semimajor axis shows that there are peaks of effects near the orbital position of the perturbing bodies and that the tendency is to decrease the perturbation with the increase of the semi-major axis. 
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 1 Fig. 1: The geometry of the 2001SN263 asteroid and the spacecraft.
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 23 Fig. 2 -Perturbation Integral (m/s) as a function of the eccentricity of the orbit of the spacecraft considering the perturbations from Alpha for equatorial orbits around Gamma with semi-major axis of 2 km.
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 4 Fig.4-Perturbation Integral (m/s) as a function of the semi-major axis of the orbit of the spacecraft considering the perturbations from Alpha for circular equatorial orbits around Gamma.
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 56 Fig. 5 -Perturbation Integral (m/s) as a function of the eccentricity of the orbit of the spacecraft considering the perturbations from Beta for equatorial orbits around Gamma with semi-major axis of 2 km.

Fig. 7 -

 7 Fig. 7 -Perturbation Integral (m/s) as a function of the semi-major axis of the orbit of the spacecraft considering the perturbations from Beta for circular equatorial orbits around Gamma.
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Fig. 7 (

 7 Fig. 7 (cont.) -Perturbation Integral (m/s) as a function of the semimajor axis of the orbit of the spacecraft considering the perturbations from Beta for circular equatorial orbits around Gamma.

showing the trajectories of the triple asteroid and the spacecraft.
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