Investigation of 1:1 resonance in a rotating 4th degree and order gravitational field
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The commensurability (usually a ratio of simple integers) between the rotation of the primary
body and the orbital motion of the surrounding spacecraft or particle is called ground-track
resonance. By considering the 2nd degree and order gravitational field, orbital resonance was
found to play a significant role in determining the stability of orbits [1]. With a triaxial ellipsoid
model, the stability of the 1:1 mean motion resonance with a rotating asteroid was studied [2].
With a 1-DOF pendulum Hamiltonian, the widths of the resonance were found to be independent
of the rotation rate and mass of the central body but strongly dependent on 𝑒 and 𝑖 [3]. With the 4th
order truncated model, the resonant structure of some main ground-track resonances was
explained of Dawn orbiting Vesta for the equatorial and circular orbits [4].
For the previous studies, the limitations are either the gravitational field which is truncated at
degree and order 2 or the orbit which is restricted to a circular or polar case. In this study, the
harmonic coefficients up to degree and order 4 are taken into account for studying the 1:1
resonance at different combinations of 𝑒 and 𝑖, which results in a 2-DOF model. Firstly, a 1-DOF
Hamiltonian is built to investigate the main properties of the 1:1 resonance. The location of EPs
and their stability are solved numerically for Vesta, 1996 HW1 and Betulia. The resonance widths
of the stable EPs are found numerically. Secondly, a 2-DOF Hamiltonian is introduced with the
inclusion of a second resonance, which is treated as a perturbation on the 1-DOF Hamiltonian.
Chaos is generated due to the overlap of the two resonances. With the aid of Poincarésection, the
generation of chaos in the phase space is studied in detail by addressing the overlap process of
these two resonances with arbitrary combinations of 𝑒 and 𝑖. Retrograde orbits, near circular orbits
and near polar orbits are found to have better stability against the perturbation of the second
resonance. Finally, the maximal LCE (mLCE) of the orbits in the chaotic seas are calculated for a
quantitative study and the same conclusions can be achieved.
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