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Discharge Time Control and Thruster Performance in Surface Arc Thrusters
Kyushu Institute of Technology, Faculty of Engineering, Department of Engineering, Space
Systems Engineering Course 243H0016 Kazuki Nishioka

Supervisor: Professor Kazuhiro Toyoda

This thesis experimentally investigates the effect of discharge time control on the performance
of a surface arc thruster (SAT), an electrothermal propulsion system for small satellites. With the
increasing number of CubeSat launches, compact and low-power propulsion systems are
increasingly required, while conventional pulsed plasma thrusters (PPTs) face challenges such as
electromagnetic noise and added mass due to shielding. A rectangular SAT powered by electric
double-layer capacitors (EDLCs) was equipped with a newly developed discharge time control
circuit using a MOSFET and PhotoMOS relay. The discharge duration varied from 5 to 30 ms.
The impulse bit (Ibit) was measured using the target method in a vacuum chamber, and the
specific impulse (Isp) was calculated from propellant mass consumption. Results show that longer
discharge duration increases Ibit but also leads to greater propellant consumption and thermal
damage. Target movement during discharge indicated limitations in measurement accuracy. To
address this issue, alternative measurement systems based on the air-bearing table and torsion
balance methods were prototyped. The findings suggest an optimal discharge duration that

balances performance and thermal reliability for small satellite propulsion systems.
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