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Abstract. This study addresses the problem of low-thrust control aimed at
modifying the orbital geometry while maintaining the orbital period. More
specifically, the control strategy focuses on altering the orbital eccentricity
and inclination while keeping the semi-major axis constant. This problem for-
mulation is relevant for combined insertion schemes into geostationary and
high elliptical orbits. The problem is analogous to Edelbaum’s problem, but
it differs significantly due to a more complex strategy for changing the or-
bital geometry. New analytical feedback control laws have been derived for
the considered problem. The efficiency of the obtained control laws has been
evaluated.

Introduction

Many spacecraft employ low-thrust propulsion systems (electric thrusters) for in-
terorbital transfers, orbit maintenance, and correction in near-Earth space. Com-
bined launch strategies utilizing both high-thrust and low-thrust propulsion for
delivering spacecraft to target orbits are of significant interest, as such transfer
schemes can substantially increase the spacecraft mass delivered to the target or-
bit while maintaining acceptable transfer durations. In practical implementations
of combined transfer schemes, cases with a constant orbital period are of particular
interest.

A key feature of spacecraft control with low-thrust propulsion systems is
the significant dominance of gravitational acceleration over thrust acceleration,
typically differing by several orders of magnitude. This low acceleration level results
in long transfer durations and necessitates determination of the control at each
instant.

The analysis of interorbital transfers and combined launch strategies requires
the development of efficient and simple control laws for executing typical orbital
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maneuvers with low-thrust propulsion. A number of special cases admitting ana-
lytical solutions are known, including acceleration with transverse or radial thrust
[?]. Of significant practical importance is the solution obtained by Edelbaum for
transfers between non-coplanar circular orbits [?].

1. Optimal Control Problem

For qualitative analysis of orbital evolution under low-thrust acceleration, it is
convenient to employ the planetary Lagrange equations [?]. In this study, the
averaged equations of motion in Gauss form are considered, and an analysis of
secular variations of orbital elements under low-thrust acceleration is conducted
in both orbital and Cartesian coordinate systems.

Following the ideas of Spitzer and Pollard [?, ?], optimal control problems
for the yaw angle are formulated for transfers between elliptical orbits while main-
taining a constant value of the semi-major axis, with the objectives of minimizing
transfer time and maximizing final spacecraft mass. In contrast to the known works
[?, ?] and similar studies, continuous yaw angle control and a long active arc per
revolution are considered.

The solution of the optimal control problem is reduced to an isoperimetric
problem, analogous to the Edelbaum problem [?]. The formulations considered
involve a more complex strategy for modifying the orbital geometry. For the time-
optimal case, a closed-form solution in terms of Legendre elliptic integrals has been
obtained, while for the problem of maximizing final mass, a numerical-analytical
solution requiring neither numerical integration nor optimization has been derived.

Conclusion

New analytical feedback control laws have been derived for the problems under
consideration. Efficiency assessments of the obtained control laws demonstrate a
reduction in the required AV by 10 % compared to analogous, previously known
control laws.
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