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Basic study of JxB arc thruster to develop space transporters

Tetsu Mieno
Graduate School of Science & Technology, Shizuoka University,
Ooya, Suruga-ku, Shizuoka 422-8529, Japan
Yoshitaka Hisanaga
Faculty of Science, Shizuoka University,
Ooya, Suruga-ku, Shizuoka 422-8529, Japan

Abstract :

Now, new space transportation methods have been studied and developed in the world. We are
interested in new transportation methods from Earth’s low orbits to Earth’s stationary orbits or to
Moon’s orbits, in which the solar energy and cheaper propellants could be used. As a first step, we
are studying about JxB arc thrusters for this future transportation. In this design, the solar energy is
obtained by flat panels on the transporter and stored in large capacitors. Then, arc discharge is
ignited using this energy between two rail-type electrodes. By steady magnetic field made by
magnets, the plasma is accelerated to the JxB direction and jetted out. The discharge voltage is low,
and the pulsed-discharge current is high. There is no charging, and many kinds of propellants can
be used like iron, aluminum, carbon, polymers.

We developed a prototype JxB arc thruster in Shizuoka University. In a box-type vacuum
chamber (1896 x 470 x 365 mm), the thruster was set. The thruster is made of 2 graphite elect-
rodes (22 mm thick) and 2 solenoid-type coils. A steel wire (Imm in diam.) is fed vertically to the
upper electrode, and makes a trigger of the discharge. Usually, the discharge current 7= 100 - 500
A, the discharge voltage V=30 -40 A, the discharge time 74= 0 - 10 s, the gap distance dz = 10 mm,
argon gas pressure p= 10 kPa. The thrust force is measured by a load cell IMADA Co.) with a 100
mm diam. of Mo target, and the plasma is recorded by high-speed cameras.

We measured the thrust force as functions of discharge current, /s, applied magnetic field, B, gap
distance, d; and argon pressure p. As a result, the maximum trust force is around 0.25 N when /=
500A, B=27.5 mT, p= 10 kPa, dg= 10 mm, 74~ 1 s. By feeding the iron wire, we could repeat the
discharge.

By the repetition of the discharge, the graphite electrodes will be gradually eroded and the
insulators will be damaged. So, we are developing new cartridge-type electrodes, which has 160
cm3 of volume, made of carbon electrodes and ceramic insulators. The magnetic field is provided
by solid magnets, and an iron wire makes the triggering.

Though the thrust properties are still lower than those of the hole thrusters, we will be able to
develop this thruster and show good performance near future. The target is thrust force of 4 N by
an allay of the thrusters, discharge power of 100 kW and the discharge cycle of 1 Hz using the solar
energy.
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