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Abstract :

Now, for new exploration and utilization of space, new transportation methods should be studied
and developed. We are interested in new transportation methods from Earth’s low orbits to Earth’s
stationary orbit or to Moon’s orbits, in which the solar energy and cheaper propellants will be used.
As a first step, we are studying about JxB arc thrusters for this future transportation. [1] 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 quasi-steady state discharge current is high. There is no charging,
and many kinds of propellants can be used like argon gas, nitrogen gas, camphor, iron, aluminum,
carbon, polymers. For the ignition, an iron wire is moved in to make a short circuit between the
electrodes, by which a high-voltage power supply is not necessary.

We have developed a prototype JxB arc thruster in Shizuoka University. [2] In a box-type
vacuum chamber (1900 x 470 x 365 mm), the thruster was set. The thruster is made of 2 graphite
electrodes (22 mm thick) and 2 solenoid-type coils to make magnetic field. A steel wire (1.6 mm in
diameter) is fed vertically to the lower electrode, and makes a trigger of the discharge. Usually, the
discharge current /= 400 - 500 A, the discharge voltage V= 30 -40 A, the discharge time 7= 1 - 15
s, the gap distance dg = 10 mm. Argon gas is injected during the discharge using a pulse-valve.
The thrust force is measured by a load cell (IMADA Co.) with a 100 mm diameter of Mo target, and
the plasma image is recorded by a high-speed camera.

We measured time variation of the thrust force for various discharge currents, /s, magnetic fields,
B, and iron wires. As a result, the maximum thrust force is around 0.35 N when /= 400A, B= 43
mT and 74~ 4 s. The plasma jet is in quasi-steady state and it continues more than 15 s keeping
good thrust condition. Even after many repetition of the discharge, the graphite electrodes were not
damaged.

Now we are considering better specific impulse condition. By improving the gas injection
method and the electrode design, we are trying to obtain higher-efficiency plasma jet condition.
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