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Abstract

As low Earth orbit (LEO) missions become more complex and launch frequencies increase, the demand
for Reusable Orbital Transfer Vehicles (ROTVs) that perform post-launch orbital transfer, maintenance,
and recovery has significantly grown. This study presents the conceptual design and experimental val-
idation of an on-orbit propellant refueling docking system and refueling valve for a 7-ton-class ROTV
tasked with transporting a satellite deployed into a 600 km sun-synchronous orbit to a 400 km mission
orbit. The proposed ROTYV requires approximately 5,347 L of monopropellant, making on-orbit refueling
essential for repeated and long-term operations. To achieve a refueling time of less than 10 minutes,
system sizing was conducted based on port diameter and flow rate requirements. A three-port refueling
interface—consisting of a propellant supply port, pressurization gas port, and vent port—was designed to
support safe and efficient refueling operations. To minimize docking impact and expand alignment error
tolerance, a low-shock docking mechanism combining a Stewart platform-based fine positioning system
and a three-pin gripper was adopted. A clamping force exceeding 1,500 N was specified to ensure se-
cure docking under preload conditions. To address the limitations of conventional propellant connectors,
which often rely on propulsion-type-specific designs or single-seal structures prone to leakage and seal
degradation, an integrated refueling connector capable of handling both liquid and gaseous propellants
was developed. The proposed connector employs a triple-seal configuration combining metal and elas-
tomer seals, providing enhanced sealing reliability and structural durability under repeated connection
and disconnection cycles in long-term space operations. The dynamic performance of the refueling system
was evaluated through multibody dynamic simulations using RecurDyn under various docking misalign-
ment conditions. Furthermore, a three-degree-of-freedom air-bearing-based ROTV simulator, capable of
translational and rotational motion, was designed and fabricated. The simulator’s motion characteristics
during docking and refueling were quantitatively analyzed using a twelve-camera motion capture system.
In addition, vacuum chamber tests were conducted to verify the sealing performance and operational
reliability of the refueling valve. The results of this study provide critical design guidelines for practical
on-orbit refueling systems enabling future reusable orbital transfer vehicle operations.



