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Trajectory Design for Lagrange Point Missions using DST in Restricted Three-Body Problem

This study investigates the trajectory design around collinear equilibrium
point (Lagrangian point) in Elliptic Restricted Three-Body Problem (ER3BP) using
the Dynamical Systems Theory (DST). The periodic orbits around the collinear
Lagrangian point are main target and feasible orbit maintenance for the periodic
orbits is constructed.

The ER3BP is higher fidelity dynamical model than commonly used Circular
Restricted Three-Body Problem (CR3BP). The orbit eccentricity of the primary two
bodies (primaries) are considered in the ER3BP and the reference orbit design is also
conducted in the ER3BP. The designed orbit leads more actual initial condition for the
full model orbit propagation than that of in CR3BP.

Three dimensional, periodic Halo orbits are found around collinear L-points in
the CR3BP. The CR3BP is symmetry and autonomous model since the two dominant
bodies rotate on circular orbits about their mutual gravity center.

In ER3BP periodic orbits in vicinity of L2 point are designed as reference
orbits. The periodic orbits are constrained nearby reference Halo orbits. Thus the orbit
will not be the random shape but elliptic orbit in rotating reference coordinate similar
to Halo orbits. Some of the periodic orbits require a large number of revolutions to
reproduce the initial condition. In that case, the orbits are divided in smaller
revolution orbits and by connecting those orbits to realize full revolution orbit.

Dynamical Systems Theory (DST) is the mathematical theory. The invariant
manifolds can be designed by means of the DST which gives the principal motion
about the reference trajectory. The invariant manifolds constructed by the DST have
been studied and start being used in actual space mission trajectory design. The past
studies are normally implemented in the assumed simple model in the CR3BP. The
practical use of the DST considered in higher fidelity model gives more realistic
dynamics of the motion and becomes more efficient application.

The feasible maintenance maneuver design comes out from the loosing
correction target. The idea is that only the diverging component in the orbit deviation
is treated to stay close to the reference trajectory. The benefit from the solution of
eigenvalue problem for the Monodromy matrix, which is the State Transition Matrix
(STM) along periodic orbit, the principal subspaces are derived about the reference.
The diverging subspace is only error stretching direction in the state displacement.
Therefore, when the diverging component is nullified, the deviation will not increase

and stay around the reference trajectory.
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