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Abstract

A fundamental study on a laser-electric hybrid acceleration thruster was conducted for space propulsion
applications. A new type of thruster. in which laser induced plasma is accelerated by double acceleration
electrodes with a 6-mm-diameter hole, was tested to characterize its thrust performance. A bifilar pendulum thrust
stand was designed and built to evaluate thrust performance in the laser plasma thruster mode and
laser-electrostatic acceleration mode. The arm length was 1000 mm, and a bifilar line was placed at the center of
gravity, or at a shorter side of the length ratio of 3:7. The thruster was mounted on the longer side edge and
counter weight was mounted on the other side. It was confirmed that the minimum measurable thrust was 1.4 nN
with an oscillation frequency of about 140 s. Microscopic vibration caused by some mechanical vibration of the
thrust stand was dumped by a passive electromagnetic dumper. The average thrust of the laser plasma thruster
mode was 8.8 nN and that of laser-electrostatic acceleration mode ranged from 6.5 nN to 54 nN when the target
voltage was applied from +100 V to +1000 V in which the first electrode voltage was grounded. On the other
hand. in the laser-electrostatic acceleration mode where the first electrode was at floating voltage, the average
thrust was from 21 nN to 202 nN in which the target voltage was changed from +100 V to +1000 V. It was found
that floating of the first electrode voltage was more effective for improving thrust performance than grounding, in
which laser induced plasma was accelerated by an additional clectrostatic field between the target and first
electrode.
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Fig.l Concept and operation mode of laser-electric

hyhrid  aceeleration  thrusters, (a)laser
plasma thruster (LPT) mode, ()
laser-electrostatic hybrid acceleration

(L-ES) mode, and (c)laser-electromagnetic
hybrid acceleration (L-EM) mode.
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Fig.2 Operation range of a laser electric hvbrid
propulsion system
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Table 1 Specifications of the microchip laser

Average pulsc cnergy 60 pl/Pulse
Wave length 1064 nm
Repetition frequency 1 kHiz
Pulsc width <750 psec
Peak power 0.067 MW
Beam width 2 mm
Power supply voltage DC 24V
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Fig.3 Sehematic of laser-clectric hybrid thruster
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Fig.4 Schematic of thrust stand
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Table 2 Thrust performance characteristics of the

laser-plasma thruster mode

runs Ist 2nd 3rd 4th 5th
Average, | ge | g8 | 7.9 | o 9.3
nN
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