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Abstract

The rapid expansion of commercial small satellites and CubeSats is intensifying congestion in low Earth
orbit, increasing the probability of conjunction events and longlived debris generation. As regulatory
frameworks move toward mandatory Collision Avoidance Maneuver (CAM) and PostMission Disposal
(PMD) requirements, the need for compact, reliable, and lowtoxicity propulsion systems has become
critical. To address this emerging demand, we have developed a 2U propulsion module derived from
the previously demonstrated 1U MicrosatelliteFriendly MultiPurpose Propulsion System (MFMP-1U).
The upgraded system emphasizes modularity, operational robustness, and compatibility with standard
CubeSat platforms, enabling flexible integration into diverse mission architectures.

A core innovation of this module is its dualmode thruster, capable of switching between monopro-
pellant and bipropellant modes. This architecture allows precise, lowimpulse maneuvers for CAM in
monopropellant mode, while providing higher thrust levels suitable for PMD in bipropellant mode. The
system employs 60 wt% hydrogen peroxide as the oxidizer and ethanol as the fuel, representing a practi-
cal alternative to toxic hydrazinebased propulsion. Although hydrogenperoxide monopropellant thrusters
have previously been demonstrated in orbit within the MEFMP framework, no CubeSatclass system has yet
achieved flight heritage in bipropellant or dualmode operation, underscoring the novelty and significance
of this work. The thruster developed for this module is designed to deliver approximately 350 mN in
monopropellant mode and around 500 mN in bipropellant mode. This study reports staticfire tests con-
ducted on the integrated CAM/PMD module, focusing on thrust performance, transient behavior, and
combustionchamberpressure dynamics. Special attention is given to how injection duration influences
both thrust output and potential lifetime, providing key insights into operational margins for future flight
missions. The results confirm stable dualmode combustion and demonstrate that performance levels meet
the responsiveness required for CAM as well as the deorbit capability demanded for PMD compliance.

Overall, this work demonstrates a practical and scalable propulsion solution that is purposebuilt for
CubeSatclass spacecraft and directly addresses emerging regulatory and operational demands. By inte-
grating lowtoxicity propellants with a modular hardware architecture and a uniquely versatile dualmode
thruster, The proposed system provides performance capabilities that surpass those of existing CubeSat
propulsion technologies. The results presented here indicate a clear pathway toward improving mission
safety, ensuring regulatory compliance, and enabling more sustainable longterm operation of smallsatel-
lite constellations, positioning this architecture as a strong candidate for future flight demonstrations and



widespread adoption.



