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Abstract: Near-Earth Asteroids (NEA) tell us a lot of the
early Solar System. Space missions aimed to those objects
can provide information for a better understanding of physi-
cal and chemical processes of Earth’s formation. In this per-
spective, it is necessary to invest in optimized techniques or-
bital transfer able to achieve these objects with reduced spent
fuel. In this paper, we explore the dynamics of unstable pe-
riodic orbits around the Lagrangian point L1 and the gravita-
tional influence of the moon in order to get the energy needed
to overcome the gravity of the Earth-Moon system and reach
aNEA. The fuel consumption in this kind of maneuver is less
than that required in other approaches. The escape trajecto-
ries obtained present sensitive dependence on initial condi-
tions and can be judiciously controlled by small perturba-
tions so that they are targeted to specific regions of the Solar
System, being propitious mainly for missions whose targets
belong to Apollos and Atens classes.

keywords: Celestial Mechanics and Dynamical Astronomy,
Escape Trajectories, NEA.

1. INTRODUCTION

The growth of the discovery rate of Near Earth Objects
broadened the prospects for better understanding of the So-
lar System, in esepcial, the region of the neighboring space to
Earth (between the asteroid belt and Mercury). At the same
time, these findings have raised interest in the planning of
space missions towards objects with orbits close to Earth.
Asteroids and comets are an important part of our solar sys-

tem, so that the study of these objects provides informations
about the nature of the primordial Solar System.

The contributions of space missions to these objects are
the most diverse: Spectral analysis of these bodies can help
to better understand of stellar evolution and planetary forma-
tion. Some asteroids may contain organic compounds whose
analysis will facilitate the understanding of the molecules
necessary for life on Earth. Samples of these objects can
help to better understand chemical and geological processes
of the Earth’s formation and other planets whose environ-
ment it is conducive to life. Missions designed to asteroids
may serve as support for other space missions, such as those
aimed at using the resources of asteroids or other bodies for
the implementation of bases and space stations and strategic
impact protection. In this way, there is a need to study and
implementation of optimized techniques that enable the de-
sign space missions desdinadas to these objects.

The periodic orbits of so called Family G [1] (Figure 1)
establishes a way to and back between the Earth and the
Moon. The existence of this type of trajectory enables the
search of initial conditions which, starting from a circular or-
bit around the Earth, promoting a meeting appropriate next
to the moon and enough energy gain for the occurrence of
escape. As explored in [2] and [3], starting from an initial
parking circular orbit around the Earth is possible insert a
spacecraft into a trajectory to conduct a close pass of the
moon, through an appropriate velocity increment AVi. A
representation of this scheme is shown in Figure 2. The Fig-
ure 3 shows such trajectory and the energy variation relative



to Earth as a time function. A more detailed study of the en-
ergy gains and possible escape trajectories obtained with a
swing-by with the moon can be seen in [4]
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Figure 1 — Periodic Orbit of Family G viewed from geocentric
frame.
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Figure 2 — Escape trajectory scheme from Earth-Moon system

2. ESCAPE TRAJECTORIES AND SENSITIVE DE-
PENDENCE

The variation in the velocity increment affects the dis-
tance the apogee of escape trajectory, consequently, the pas-
sages by the Moon neighborhood will entail in different en-
ergy gains, as well as in distinct final orbits. Such trajecto-
ries can be very sensitivity to small variations in the initial
conditions. This feature, when viewed under the four bodies
problem scenario (Sun, Earth, Moon and spacecraft) was ex-
plored properly to produce specific escape trajectories from
the Earth-Moon system.

The simulations showed that two different types of direct
escape may occur, essentially as a function of AV, and the
angular position of the Earth (Figure 4),
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Figure 3 — Escape trajectory from Earth-Moon System and
spacecraft’s two-body energy variation relative to Earth.
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Figure 4 - Initial configuration of the four body system viewed
from heliocentric frame.

For the initial configuration § = 0° and hy = 200km,
a velocity increment AV; = 3.146152 km/s generates an
escape trajectories whose two-body energy is less than the
Earth’s energy relative to Sun, after overcoming the Earth’s
sphere of influence. This orbit stabilizes between the orbits
of Earth and Venus.

With a small variation in the value to AV; = 3.146344
km/s - obtain an escape trajectories whose two-body energy
is higher than the Earth’s energy relative to Sun, after over-
coming the Earth’s sphere of influence, this orbit stabilizes
between the orbits of Earth and Mars.

The two types of escapes are shown in Figure 5, along
with their temporal two-body energy variation relative to the
Sun.

The order of the escapes was also analyzed considering
different angular positions of the Earth relative to the Sun,
as well as different initial altitude of the probe relative to the
Earth. The result of this study is shown in summary form in
the Table 1.

3. FEALSIBLE ASTEROIDS

Considering different initial conditions of launch, the es-
cape trajectories obtained from periodic orbits of the Family
G have final orbital configuration, in semi-major axis and ec-
centricity, near to several asteroides, in particular those of
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Figure 5 — (a) Internal and External orbits obtained after a
swing-by with Moon. In (b) the spacecraft’s temporal two-body
energy variation relative to the Sun.

Atens and Apollo families (6), which makes feasible the use
of this transfer technique in the implementation of a mission
whose target is one NEA.

4. ORBITAL TRANSFERS

The following sections show some transfers imple-
mented to NEAs using real initial conditions obtained from
ephemeris provided by Jet Propulsion Laboratory / NASA.
The target asteroids chosen was the Aten 2011 DV and the
Apollo 2004 LB, showed in Figures 8 and 9, respectively. In
both cases, the departure from circular inicial orbit is similar
to the represented in Figure 7.

4.1. Aten 2011 DV

Launch Date: 10-08-2016, 00:00
Approach date: 01-18-2020 (Transfer Time: 1197.23 days)
AV; =3,148560 km/s

4.2. Aten 2004 LB

Launch Date: 04-08-2015, 00:00
Approach date: 10-02-2019 (Transfer Time: 1607.00 days)
AVy =3,147839 km/s

Table 1 — Order of escapes for different values of h( and 6.
I = Internal Escape; E = External Escape. (*) Only one type of
escape was observed.

0° 190° | 135° | 180° | 270° | 315°
ho=200km |I-E|I-E| I* | E-I | E-I | E-I
ho=700km |I-E| I* | I* | E-1 | E-I | E-I
ho=1500km |I-E |I-E | I-E | E-I | E-I | E-I

5. FINAL REMARKS

This work is an alternative method to transfer a spacecraft
from a low Earth circular orbit to a Near Earth Asteroid.

The strategy proposed consists in to insert the spacecraft
into a trajectory derived from a periodic orbit of Family G
and which promotes a close encounter with the Moon. This
approach is able to increase the spacecraft’s energy, allowing
the escape from the Earth-Moon system and the subsequent
meeting a NEA.

The velocity increment needed to overcome the Earth’s
sphere of influence is around 3.14 km / s which represents a
decrease of 4% compared to Patched Conics Method.

The implementation of our method in real initial condi-
tions showed the feasibility of using this technique in trans-
fers to NEAs, especially the Aten and Apollo classes.
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Figure 6 — In (a) is shown a diagram of semimajor axis ver-
sus eccentricity of the internal and external escapes obtained
through differents values of AVi.In (b) is shown a zoom of the
same diagram.
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Figure 7 — Departure from inicial circular orbit, swing-by with
the Moon and escape from Earth-Moon system
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Figure 8 — Transfer to NEA Aten 2011 DV
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Figure 9 — Transfer to NEA Apollo 2004 LB



