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An investigation on the sheath structure and the performance of Hall
thrusters Doctor Course in electrical and electronic engineering

Yuki YAMAMURA
Abstract

The electric propulsion has been used for orbit correction of satellites as a compact thruster.
Recently, as the spacecraft scale up, thrusters with higher thrust and efficiency are strongly
required. Hall thrusters are expected to be used as main thrusters for near-earth missions in the
United States and Europe because 1-2 kW class Hall thrusters can achieve a high performance
of thrust 50-100 mN and thrust efficiency 40-50 % at specific impulses of 1000-2000 sec. The
features of the Hall thruster are as follows. It converts solar energy into the electric energy
on the solar paddle, ionize the neutral gas by the discharge and use ionized ions as a thrust
of spacecraft. The Hall thruster is suitable for a long-term mission in space because it has the
features of high thrust and suitable value of specific impulse among electric thrusters. However,
we have some problems such as the instability of the discharge current oscillation and the
improvement of the thrust efficiency in order to improve performance by understanding inner
physical phenomena in the channel of Hall thrusters. In particular, the investigation of the
plasma oscillations associated with the collision between ions and neutrals has not been well-
established in the field of the electric propulsion. It is important to develop a reliable model that
improves our understanding of the factors which control discharge oscillation when we attempt
to improve the existing Hall thruster designs. Sheath is formed in the region near the channel
wall. It bends the direction of exhausting ions to the wall. It is called “cross-field transport” ,
which is closely related to the performance and the discharge oscillation of the Hall thrusters.
When the discharge instability occurs, the oscillation not only imposes a load on the system
of the power supply but even runs the operation of the thruster down. Therefore, information
of the ion current oscillation is significant to develop the Hall thrusters. The 1 kW class Hall
thrusters have the thrust and specific impulse ranged from 35 to 100 mN and from 1000 to
3000 sec, respectively, at discharge voltages of 200-400 V with mass flow rates of 1-3 mg/s in a
wide input power range of 1200-1800 W, and thrust efficiency ranged from 40 to 50 % has been
achieved.

The aims of this investigation are to show the inner sheath structure, and know the way
of enhancement of thrust efficiency, which contains a stability of discharge current and the
performance for the Hall thrusters by demonstrating numerical simulation comparing with the
experimental results.
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The author demonstrates the sheath structure near the inner wall of Hall thrusters by
simulation since there are no experimental data. In order to clarify the sheath structure, a
simulation associated with the equation of momentum transfer with the ion-neutral collision and
Poisson's equation having dust grains is performed. The oscillating sheath by including dust
grains and secondary electrons has been exhibited. These results are new information for the
inner sheath structure since it is shown that the simulation results of the sheath differ from the
velocities and the density distributions shown in the traditional ones.

In order to describe the discharge current oscillation correctly, the author introduces a new
model considering the cross-field transport for Xe ions in the channel of the Hall thruster. It is
shown the simulation results comparing with the experimental results on THT-VI (SPT100) Hall
thruster and TALT-2a Hall thruster. It is shown for the first time that the ion current oscillation
becomes stable by decreasing the ion mobility and the cross sectional area of the channel. It is
also shown that the thrust efficiency is improved when the ion current oscillation is stabilized by
decreasing the ion mobility. In order to develop the performance, it is significant to consider the
effect of the cross-field transport on the oscillation.

For the development of thrust performance, the author demonstrates simulations of the
thrust, specific impulse and thrust efficiency due to the discharge voltages comparing with
the experimental results, respectively, to show the validity of the simulation models. Making
simulations corresponding to the experimental results on the thrust performance, the author
demonstrates the suggestion to improve the performance of Hall thrusters.

The thesis consists of 9 chapters. An introduction, the background and the purpose
of this investigation are described in Chapter 1. Chapter 2 describes a construction of Hall
thrusters among the electric propulsion. It includes the description of the phenomena of the
behaviors of plasma particles in the channel of Hall thrusters. In Chapter 3, we show the
experimental facilities, and SPT100 Hall thruster and TALT-2a Hall thruster which are used in
the experiment. Chapter 4 shows the experimental results. In order to study the structure of
the sheath near the inner wall of the Hall thruster, a simulation associated with the equation
of momentum transfer with the ion-neutral collision and Poisson's equation having dust
grains is performed in Chapter 5. It is shown the oscillating sheath by including dust grains
and secondary electrons. The author has been performed simulations of the ion velocity, the
potential, the density distributions and the space charge density. In Chapter 6, a new model for
the ion current oscillation by considering the cross-field transport of Xe ions is proposed. The
author shows the simulation result for the control of the ion current oscillation comparing with
the experimental results, and demonstrates the influence of the cross-field ion transport to the
thrust efficiency. In Chapter 7, the author demonstrates numerical simulations of performances
corresponding to the experimental results to show the validity of this investigation. Chapter 8
presents a conclusion and the summary of the results obtained from this investigation. Chapter 9
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introduces the prospects of the field of the electric propulsion in the future.
These facts imply that the results may be applicable to improve the thrust efficiency of
Hall thrusters. Therefore, the findings obtained in this investigation are possible to be useful
information for the improvement of the performance, and to apply the future design of Hall

thrusters.

Professor(Chairperson) Yasunori NEJYOU
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