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The high amplitude pulse current during Hall thruster start-up is an important source of electromagnetic
interference, which impacts the safety and reliability of the propulsion system. The characteristics of the
pulse current, including the pulse current's integrated area, peak value, and transient time, are studied
experimentally and theoretically under different Hall thruster discharge parameters. Results show that
the pulse current's integrated area is determined by the atom density in the channel before Hall thruster

start-up; the effects of coil current on the peak value and transient time of the pulse current are
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the mass flow rate.

negligible. As the discharge voltage and mass flow rate increase, the pulse current peak value increases,
the pulse current duration is inversely proportional to the discharge voltage and directly proportional to

© 2016 Published by Elsevier Ltd.

1. Introduction

Developed in 1970 [1,2], Hall thrusters are widely used in sat-
ellite station-keeping and orbit transfer due to their combination of
outstanding performance on the efficiency(up to 60%), specific
impulse(in the order of 10° s) and reliability [3]. The start-up of a
Hall thruster is the first and most important step in its operation.
The start-up process in a Hall thruster is a gas breakdown process
utilizing an orthogonal electromagnetic field, which usually gen-
erates tens to hundreds of amperes of pulse current in several tens
of microseconds [4,5]. A high amplitude pulse current during Hall
thruster start-up is an important source of electromagnetic inter-
ference, which impacts the safety and reliability of the propulsion
system, and therefore, it is worth paying attention to study in Hall
thruster research.

In the last decades, many studies about Hall thruster start-up
have been carried out by researchers worldwide. For example,
Oghienko et al. [6] found that Hall thrusters are not ignited suc-
cessfully at low mass flow rates and discharge voltages or under
large magnetic field strengths through experimental and theoret-
ical analyses. Vial et al. [7] found the peak value of start-up pulse
current was several dozen times as large as the nominal discharge
current and the low frequency oscillation of the breathing-mode
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appeared in the discharge current after the start-up process. Two
inrush currents were observed by Arkhipov et al. [4] during the
start-up process of Hall thrusters. They found that the first inrush
current was related to the discharge of the filter capacitor and the
second inrush current resulted from the large number of Xe atoms
ionized in the discharge channel. A high-speed CCD camera was
used by Ellison and Raitses [8] to study the process of Hall thruster
start-up, which showed that the duration of the ionization process
from the start-up to the nominal period lasted about 50 us The Hall
thruster start-up process lasts only tens of microseconds and the
plasma parameters in the discharge channel are difficult to mea-
sure. Therefore, numerical simulation is a useful means to study the
Hall thruster start-up process for researchers. A two-dimensional
axisymmetric model was established by Taccogna et al. [9] to
study the ignition process of Hall thrusters. Liu et al. [5] modified
Taccogna's original model by considering the near field plume and
the resultant evolution of the discharge current's peak value during
ignition was reproduced. Santos and Ahedo [10] pointed out that
the larger pulse current peak value during Hall thruster start-up
was related to gas impurities present in its ceramic wall. In the
recent study, we discussed the peak current on the power supply
side. It is considered that the peak current of power supply is
triggered by the voltage drop on the thruster side in start-up pro-
cess [11]. Though the formation mechanism of the peak current on
the power supply side is clarified, the characteristics of the pulse
current on the thruster side remains unclear.

Through the present studies, we find that the pulse current in
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Hall thruster start-up is several dozen times as large as the nominal
discharge current, which is an inevitable source of electromagnetic
interference and may also shock the entire circuit of power supply
system. Moreover, the pulse current is closely related to discharge
parameters, such as the magnetic coil current, discharge voltage,
and mass flow rate. Therefore, in order to enhance the overall
reliability of the propulsion system, studying the pulse current
characteristics under different discharge parameters and selecting
the appropriate discharge parameters of Hall thruster start-up are
important topics for the application of Hall thrusters.

The general organization of this paper is as follows. The exper-
imental setup and plan is given in Section 2. Section 3 discusses the
influence of magnetic coil current, discharge voltage, and mass flow
rate on pulse current characteristics, such as the pulse current’s
peak value, integrated area, and transient duration, during the Hall
thruster start-up process. The conclusion of this work are drawn in
Section 4.

2. Experimental setup and plan

Our studies are carried out on a 135 kW ATON-type Hall
thruster in a 1.5 x 4 m vacuum chamber with two diffusion pumps
of 40000 L/s, one rotary pump, and three mechanical booster
pumps. The back pressure of the vacuum is 3*10-4 pa for xenon
before operation and 7*10-3 pa in working state. The normal
operation is the anode flow rate of 42.8 sccm and discharge voltage
of 350 V. A hollow cathode placed in the top of the thruster with
flow rate of 3 sccm. The diameter of the inner insulator of the
experimental thruster is 70 mm and that of the outer insulator is
100 mm. The length of the discharge channel is 50 mm. A self-
heated hollow cathode was used to provide electrons and
neutralize ejected ions. The start-up pulse current is related to the
atom density in the discharge channel before the thruster is ignited.
Therefore, a ZJ27-®15.5-type ionization gauge was used to measure
the pressure distribution before Hall thruster start-up to estimate
the atom density. The ionization gauge is connected to a glass tube.
The measuring set is driven by a stepping motor. Similar device and
method of measurement can be seen in the Ref.11. The pulse cur-
rent was measured with a Yokogawa DL850 ScopeCorder at the
anode terminal. The measuring scheme diagram is shown in Fig. 1.

Hall thruster start-up is a typical gas breakdown process. During
Hall thruster start-up, coil currents affect trajectory of the electrons
ejected from the cathode that reach the discharge channel. An
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Fig. 1. Schematic diagram of the measurement setup (not to scale).

electron's energy is affected by the discharge voltage and atom
density within the channel before start-up, which can be changed
by the mass flow rate, these factors are related to the pulse current
during start-up. Therefore, the experiment was planed to study the
characters of pulse current by change the different coil currents
(3.0—4.0 A), discharge voltages (200—350 V), and mass flow rates
(20—50sccm).

3. Experimental results and discussion

The experimental results are shown in Fig. 2. It can be seen from
Fig. 2(a), that the variation of coil currents within certain limits has
no significant effect on pulse current peak value or duration. It can
be seen from Fig. 2(b) that pulse current peak value during Hall
thruster start-up increases and pulse current duration decreases
with increasing discharge voltage. Fig. 2(c) shows that as the mass
flow rate increases, the pulse current peak value and duration
increase.

Before the start-up of a Hall thruster, the channel is filled with
Xe atoms. The initial atom density determines the number of atoms
that can be ionized at start-up and the number of ionized atoms
during start-up is closely related to the amount of pulse current
charge. The total number of atoms can be calculated by the state
equation of ideal gas, the amount of charge Q generated during
thruster start-up process also can be calculated [11].

The charge Q; is obtained by integrating the pulse current,
represented as follows:

t
Q= [ It)dt (1)
/

where t; is the initial time of thruster ignition, t, is the nominal
time of pulse current during start-up, I(t) is the pulse current peak
value, and dt is the pulse current duration.

A charge obtained by the pulse current integral corresponds to
the area under a pulse current curve during thruster ignition in
Fig. 2, reflecting a corresponding variation of the pulse current.
Comparison of a charge obtained by pulse current integral and a
charge obtained by calculating the pressure in the channel before
ignition is shown in Fig. 3. It can be observed that a charge obtained
by calculating the pressure in channel before ignition is larger than
a charge obtained by a pulse current integral. Since the atoms
cannot be completely ionized at the start-up process, the param-
eters « used to represent the degree of ionization during the start-
up process, which may be associated with the discharge voltage or
mass flow rate, and the « will show a higher condition under higher
discharge voltage and larger mass flow rate. The range of « is
consistent with the actual degree of ionization of atoms during the
thruster ignition process, it changes in the vicinity of 0.5—0.8. It can
also be observed that the number of atoms and discharge current
electrons have the same order of magnitude increase, this result
agrees with experiment. That is, Fig. 3 shows that as the mass flow
rate increases, the pulse current peak value increases.

According to the working principle of a Hall thruster, the radial
magnetic field generated by the magnetic coil will constrain the
axial movement of electrons, which contributes to more atoms
ionized by electrons. Due to the limitation of Hall thruster size, the
magnetic field only has an effect on the electrons, not ions. The
discharge current consists of ion and electron currents, and the
electron current is a very small proportion of the discharge current.
During the Hall thruster operation, compared to ions, electrons is
more easier magnetized by magnetic field. Thus, the influence of
the coil current on the pulse current during start-up can be
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