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Analysis of Periodic and Quasi-Periodic Orbits in the
P4 |Restricted Three-Body Problem
(HIPR 3 AMBICEITI2APE L VCERREED FEH)

In this study, periodic and quasi-periodic orbits in the restricted three-
body problem were examined, primarily focusing on halo orbits and DROs
(Distant Retrograde Orbits) which are of significant interest for scientific
missions. Additionally, the research evaluated the stability of spacecraft in
the vicinity of a secondary celestial body, like natural satellites, which
offers considerable advantages for exploration and observation missions.

Chapter 1 outlined why humans venture into space and detailed the most recent
missions associated with these endeavors. Afterward, it gave a brief overview
of previous research and discoveries concerning periodic and quasi-periodic
orbits in the restricted three—-body problem. This section ultimately aimed to
clarify the objective of the present study.

Chapter 2 introduced the dynamics of spacecraft within the restricted three-
body problem, providing the foundation for the analysis in this paper.

In Chapter 3, the study proposed a method to precisely approximate the
position, velocity, and period of the halo orbit within the elliptically
restricted three—-body problem. Starting with a linear analysis of the circular
restricted three—-body problem (CR3BP), a linear analytical solution near the
colinear equilibrium point was derived. The nonlinear elements and eccentricity
of the dynamics were regarded as disturbances. Using the method of constant
variation, the perturbation equation was formulated and subsequently expanded.
The ensuing analytical solution, tested against the numerical solution, showed
good agreement, thus validating its effectiveness. The period of the elliptical
halo orbit was expressed as a function of the primary bodies’ mass ratio,
eccentricity, and spacecraft’s out-of-plane amplitude.

Chapter 4 examined the stability of the Quasi-Satellite Orbit (QSO) in the
elliptically restricted three—-body problem. The study initially analyzed the
stable region in parameter space numerically, leading to a classification of
the unstable region into three parts. The goal was to elucidate the mechanism
of instability within these regions, achieved by transforming the TH3BP
(Tschauner—-Hempel three—-body problem) into osculating elements. Various
approximations were applied to show how the unstable region changes, ultimately
providing insights into the mechanism of instability in the original dynamics.

Chapter 5 evaluated the period-multiplying bifurcation of the Distant
Retrograde Orbit (DRO) in the Hill three-body problem. Simple planar DROs were
approximated as elliptical motion using Fourier expansion. The motion around
the approximate analytical solution of the DRO was segregated into in—-plane and
out—-of-plane motions. By approximating the monodromy matrix for each motion,
the characteristics of the period-multiplying bifurcation were analyzed. This
analysis revealed the link between the direction of bifurcation and the rate of
period change. The results demonstrated that the eigenvalues of the monodromy
matrix could be accurately approximated, thereby enabling the generation of
various families of periodic orbits that bifurcate from the base DRO family.

Chapter 6 offered a summary of the findings and discussed future directions
for the field.
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