
77th International Astronautical Congress 2026

IAF ASTRODYNAMICS SYMPOSIUM (C1)
Mission Design, Operations & Optimization (1) (6)

Author: Dr. Olga Yanova
Lomonosov Moscow State University, Russian Federation

Prof. Alexander S. Filatyev
Lomonosov Moscow State University, Russian Federation

Mr. Alexander Golikov
Lomonosov Moscow State University, Russian Federation

Dr. Vasiliy Sazonov
Moscow State University, Russian Federation

RESEARCH OF THE OPTIMAL THRUST VECTOR CONTROL OF AIR-BREATHING ELECTRIC
PROPULSION IN ULTRA-LOW ELLIPTICAL ORBITS

Abstract

Elliptical ultra-low Earth orbits (ULEO) with altitude up to 250 km at perigee and 1000 km at apogee
are considered. ULEO are characterized by a significant aerodynamic drag. To control and, in particular,
compensate for spacecraft (SC) drag, an air-breathing electric propulsion (ABEP) with a passive air
intake (PAI) is used. The primary energy source is solar arrays (SA) on the SC body and wings. The
ABEP propellant is the outboard residual atmosphere. The required concentration of atmosphere gases
in the ABEP, even with PAI compression in 100-400 times, is provided in some perigee vicinity. Only
on near-circular ULEO this vicinity can expand to the entire orbit. At the same time, the atmosphere
decelerates SC throughout its entire path.

The problem solved is to define the thrust vector control program at altitudes, where atmosphere
density is sufficient for ABEP operation, minimizing SA energy for preserving initial ULEO parameters
by the time SC reaches perigee. Dependences of SA power on Sun orientation and SC aerodynamic
drag on SA wings area and their orientation to incoming flow are taken into account. The advanced
ABEP model considers dependences of the thrust on altitude (atmosphere composition and density), gas
collection efficiency, spatial angle-of-attack, and exhaust velocity. Thrust vector and PAI symmetry axis
are assumed along SC longitudinal axis.

The problem solution is based on the Pontryagin maximum principle for SC motion dynamic model
in osculating orbital elements for a non-spherical Earth. The thrust and drag are considered as small
disturbances.

It is shown that the optimal control program may contain either one or two active legs. A nontrivial
result obtained in the second case. Seemingly contrary to logic and traditional notions of optimal maneu-
vers with active legs at apsidal points, in this case, vicinities of these points contain passive legs. Moreover,
one of the passive legs occurs at perigee, where ABEP efficiency is maximal. Physical explanation of the
phenomenon is given.

Domains in space of orbit, SC, SA and ABEP parameters, where a long-term SC flight is possible
using renewable resources only, are drawn.
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