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AUTONOMOUS SMALL SATELLITE OPERATIONS

Abstract

Small satellite constellations for Earth observation, communications, and scientific missions require
precision propulsion systems capable of autonomous proximity operations, formation flying, and collision
avoidance maneuvers. Traditional Hall effect thrusters, while offering high specific impulse (1200-1800 s)
and operational maturity, suffer from inherent thrust instabilities that restrict their application to orbit
maintenance rather than precision maneuvers requiring sub-millinewton accuracy.

This research presents a conceptual design for a 50-100W Hall thruster incorporating advanced closed-
loop thrust control mechanisms. The fundamental challenge addressed is plasma discharge instability,
which manifests as breathing-mode oscillations (10-30 kHz) and spoke instabilities causing thrust varia-
tions of 20-40

Our approach integrates three complementary control mechanisms: (1) Magnetic field modulation
using electromagnetic coils with response time under 50 milliseconds, enabling real-time adjustment of
plasma confinement topology, (2) Discharge current regulation (200-400V, 0.1-0.5A) via pulse-width mod-
ulation achieving bandwidth exceeding 1 kHz for rapid thrust adjustment, and (3) Propellant flow rate
control (0.3-0.6 mg/s xenon) through fast-acting piezoelectric valves for precise mass flow management.

The thruster design features a cylindrical discharge channel (25mm outer diameter) with samarium-
cobalt permanent magnets augmented by controllable electromagnets, achieving magnetic field strength
of 150-200 Gauss in the acceleration zone. Theoretical calculations predict thrust output of 1.5-4.5 mN
across the operational power range, with specific impulse of 1200-1500 seconds at total system efficiency
of 35-45

Control system architecture employs microcontroller-based feedback monitoring discharge voltage and
current characteristics to implement proportional-integral-derivative control, maintaining thrust setpoints
within plus-minus 5-10

This work addresses a critical technology gap for Turkey’s expanding satellite infrastructure, including
the Imece constellation, Turksat platforms, and Fergani satellite projects. Controllable thrust capabil-
ity enables mission profiles previously infeasible with conventional electric propulsion: autonomous ren-
dezvous and docking for in-orbit servicing, sub-meter formation flying for distributed aperture missions,
and precise debris avoidance for constellation operations.

Future work encompasses detailed engineering design, computer-aided simulations, and experimental
validation in vacuum facilities through collaboration with university or research institutions. The research
aims to advance technology readiness level from conceptual design (TRL 2-3) toward functional proto-
type demonstration by 2026, establishing indigenous Turkish capabilities in a strategically critical space
technology domain while providing educational opportunities for next-generation aerospace engineers.



