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With recent years' development in space exploration, scientific objectives have become more
diverse, including numerous missions to small celestial bodies (Rosetta, OSIRIS-Rex, Hayabusa,
Hayabusa2, DART) and recurring visits to Solar System planets (BepiColombo to Mercury).
These wide arrays of objectives have driven the development of novel space travel techniques
(IKAROS, OKEANOS with solar sails, DESTINY+ with continuous low thrust engines), as well
as systems that enable repeatable access to space. In parallel, NASA's Artemis program has been
taking the center stage on human spaceflight with the Lunar Gateway. This has kickstarted a
renewed interest in the development of space infrastructure for recurrent use, but most importantly,
it has made apparent the necessity of studies on the feasibility, use and dynamical environment
surrounding auxiliary spacecraft and their interactions with other spacecraft.

The DS-OTV has been introduced in the past as a concept to separate the roles of ‘transportation
to the destination' and 'exploration at the destination’ to two spacecraft, instead of one. The main
merit of such a design is the specialization of each spacecraft on each role, decreasing complexity,
and the possibility of standardization of the spacecraft between different mission. The DS-OTV
concept introduced in this research leverages technical heritage from Hayabusa2 to design an
architecture with recurring access to deep space by placing an OTV in a parking orbit in the Earth's
vicinity. Using the OTV for refueling purposes in future missions would bring the launch mass
down, increase the availability of launch windows and allow flexibility against delays and launcher
vehicles used.

The first part of this work details the DS-OTV concept, describing the technical heritage that
can make it possible, introducing the phases of such a mission and the orbital requirements to
fulfill its objective. A main topic that requires an in-depth look is the phasing possibilities for the
DS-OTV. In an architecture in which rendezvous between spacecraft is recurrent, being able to get
them into a favorable situation for docking from different positions is paramount. In this section,
candidate parking orbits are obtained, evaluated and classified, and promising candidates are
selected to further study them.

In the next part, transfers between different candidate orbit families are studied in the context
of the DS-OTV. The tools used to find transfers with different characteristics are introduced, and
single and multiple periodic transfers between these periodic orbits in the vicinity of the L and L»
Sun-Earth Lagrange Points are systematically searched, and their properties studied. The potential
use of these transfers as a phasing mechanism for spacecraft is evaluated with the creation of
performance parameters and comparison tools. Additional methods for improving the phasing
capabilities of these transfers are introduced with a three-impulse transfer design algorithm,
working around the limitation of periodic transfers between orbits, and the evaluation over the
lifetime of a DS-OTV mission is done with regards to fuel usage and time constraints. Insights are
drawn from the results with regards to the possibility of usage of these orbits in the context of this
architecture, highlighting the advantages and drawbacks with regards to detailed phasing
situations.



The third part of the research changes the focus to phasing maneuvers between spacecraft along
the same periodic orbit but with different starting locations. With this idea, firstly, Lagrange Point
and Lyapunov Orbit stand-by transfers are introduced, in which a spacecraft placed in the Lagrange
Point exploits the stationary location to facilitate the phasing with regards to other candidate
periodic orbits in the study. With the same objective, direct transfers from and to the different
periodic orbits at different positions are also taken into account. The study does not focus on
specific unique or optimal maneuvers, but on the overall structure of possible solutions, especially
in the existence of low energy transfers by leveraging the stable and unstable manifold structures
emanating from the periodic orbits. To aid in the study, new tools and algorithms are designed and
executed. These methods are applied to the candidate orbits and their performance are compared
to try to establish a baseline for the viability of these maneuvers with regards to timing possibilities
and fuel spent, as well as the possibility of usage in ad hoc trajectory design for specific missions.

Finally, mission feasibility analyses are performed taking into account the different phasing
possibilities found in the previous parts. Special care is put into trying to design lifetime analyses
that can emulate an actual DS-OTV mission scenario, used to evaluate the feasibility of the concept
and the operations proposed with a focus on the entire operation of the mission.

The results of this work can serve as a baseline for initial guesses for DS-OTV orbits and
transfer trajectories design, as well as a baseline to determine requirements for the different
subsystems that comprehend an entire DS-OTV architecture (OTV and mission spacecraft,
docking equipment, launcher system, launch availability). The phasing and transfer trajectories
presented in this research can be extended for different multi-spacecraft mission in the Earth's
vicinity that share similar design constrains.
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