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LOW-POWER HALL THRUSTERS

M.B. Belikov, O.A. Gorshkov, R.N. Rizakhanov
Keldysh Research Center
8 Onezhskaya, Moscow 125438, Russia

Abstract

In this paper the results of experimental
research of two laboratory models of Hall thrusters
(X-40 and KM-32) with discharge power in the range
of 150 - 700 W are presented. The main purpose of
research was investigation of operation modes of Hall
thruster with the high value of specific impulse.
Using X-40 Hall thruster it can be obtained the
specific impulse value of 2300 s under discharge
voltage 500 V and discharge power 490 W.
Efficiency was not lower than 50% under the
discharge power to thrust ratio of 21 W/mN. The full
plume divergence angle (that contains 95% of all
plume energy) was about 60 degrees under discharge
voltage 400 V. Hall thruster KM- 32 provides
specific impulse value of up to 2000 s under
discharge power 250 W and efficiency not worse than
45%.

Introduction

Recent investigations of low-power Hall type
electric propulsion (EP) have been appreciably
extended' . Applying cfficiency analysis of low
power (less than 1 kW) EP in structure of new
generation small spacecraft (SC) has shown that low-
power Hall thrusters and ion thrusters can
successfully be used to the solution of identical
problems®. Taking into consideration particular
parameters of orbit correction problem. ion or Hall
thruster type of EP can be chosen for using onboard
SC. In particular, electric propulsion system that
compensates aerodynamic drag of low orbit SC has
optimum specific impulse that depends on height of
SC orbit. In problems of SC orbit raising from a low
reference orbit into working orbit it must be taken
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into consideration the time restrictions of orbit
raising to choose type of EP.

At present for majority of practical problems,
it is necessary that specific impulse lies in range
1000-3000 seconds. Most appropriate range of
specific impulses for ion thrusters is above 2500
seconds. For low-power Hall thrusters the operation
modes with specific impulse above 1500 seconds are
investigated. Experience of ion thrusters research
testifies that it is not possible to provide operation of
thruster with specific impulse below 2500 s, while
there are no limits for realization of the operation
modes with specific impulse about 2000-2500 s for
Hall thrusters. That is why study of low-power Hall
thruster output characteristics at high specific
impulse is of great interest.

There are presented results of output
parameters research of two laboratory models of Hall
thrusters - X-40 and KM-32 in range of power of
150-700 W with specific impulse about 2300
seconds. The angular characteristics of a plasma
plume of Hall thruster X-40 are also presented.

An output parameters of Hall thruster X-40
under high value of discharge voltages

The first results of experimental research of
X-40 thruster output characteristics, the results of
research on optimisation of operation mode by
varying magnetic fields at discharge voltage less
than 300 V and the description of experimental
facility, used for Hall thruster tests, were stated
previously™. This paper is devoted to research of
thruster functioning at high value of discharge
voltage that is necessary for increase of specific
impulse. Hall thrusters testing parameters are
presented in Table 1. Here Ny, Uy, 14 are discharge
power, voltage and current correspondingly, m, m,
- anode and cathode flow rates of xenon.
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Table 1
Operation parameters of Hall thruster X-40
Nds W Uds V ld, A m a mg/s m ¢ mg/S
150-700 300-500 | 0,5-1.3 0,7-13 0,1

The pressure in the vacuum chamber did not
exceed 7 * 10° mm of a Hg at all values of an anode
flow rate of xenon.
Gained experimental results are presented in fig. 1-3.
Cathode flow rate of xenon and power expended for
work of the cathode - compensator were not taken into
consideration during calculation of specific impulse and

efficiency of the thruster.
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Obtained data testify tendency of specific
impulse increasing during growth of discharge
voltage. Efficiency depends on discharge voltage
in a smaller degree. Efficiency grows under
increasing of an anode flow rate from 0,7 mg/s up
to 1 mg/s. It remains practically constant under
further changing of xenon flow rate.

Some of the operation modes with high
values of specific impulse combined with high
efficiency are presented in Table 2. Here R -

thrust, Iy — specific impulse, 1 - efficiency, St -
discharge power to thrust ratio.

Table 2
Operation parameters of Hall thruster X-40
Ny W Us V Iy A " Cmgs | RN Ig. s n.% | Si. WmN
270 460 0,59 0.7 13 1890 45 20.7
295 500 0,59 0.7 13,5 1970 44 218
338 380 0,89 1.0 19,5 1990 56 17.3
356 400 0,89 1.0 20,2 2060 57 17.6
432 480 0.9 1,0 21,5 2195 54 20,1
490 500 0,98 1.0 23.1 2360 55 21.2
520 445 1,14 1.3 27 2114 55 19.2
616 480 1,28 1.3 29.6 2320 55 20,8

It is clear that thruster is able to operate with
specific impulse up to 2300 s under discharge voltage
500 V and discharge power 490 W at high-level of
efficiency (1 > 50 %). However, it is necessary to
notice rather low values of discharge power to thrust
ratio for high specific impulse operation modes of Hall
thruster. In particular under operation of Hall thruster
with specific impulse about 2000 s and discharge
power of about 350 W the discharge power to thrust
ratio has reached value of about 17,5 W/mN.

It was measured an angular distribution of ion
component of a plasma plume at discharge voltage
400 V. discharge power 470 W and anode flow rate
of xenon 1,3 mg/s. For increase of accuracy there
were performed experiments with three different
distances from outlet of the thruster. Gained
dependencies are indicated in fig. 4. Computer
processing of all three dependencies has indicated

that the angular divergence (on a level 95 % of an
ion current) was about 60 degrees for all three
distances.

Preliminary results of low power Hall
thruster KM-32 research

Thruster KM-32 have the same basic physical
principles and design features as thruster X-40.
This thruster is designed to operate in range of
discharge power of 100-300 W. The magnetic system
of this thruster allows to adjust a structure and
magnitude of a magnetic field over a wide range. Its
design enables study of materials and temperature of
thrusters elements influence as well as channel
geometry influence on output characteristics of the
thruster.
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The basic geometric dimensions of outlet of
accelerating channel are the following: average
diameter -32 mm, height of the channel - 8-mm.

The experiments with KM-32 Hall thruster
were conducted on the same experimental facility, as
for thruster X-40.
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The range of variation of KM-32 Hall thruster
parameters is presented in Table 3.

The preliminary results of thruster tests at high
values of specific impulse and discharge power no
more than 250 W are presented in Table 4. It was not
taken into consideration propellant losses and power
expended in the cathode - compensator.

Table 3
Operation parameters of Hall thruster KM-32
Ng W Us V Iy A m, mg/s | m. mg/s
100-300 100-350 | 0,5-1,5 0,5-1,0 0,1
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Table 4
Output parameters of Hall thruster KM-32
Ng W Us V I A m., mgs | RmN n, % I, s Sy, W/mN
160 168 0.95 0.74 10,4 45 1410 15.4
254 282 0,9 0,74 13,11 45 1782 19.4
193 332 0,58 0,5 9.52 47 1941 20,2
242 331 0,73 0,6 11,9 49 2023 20,3

It is obvious. that the KM-32 thruster can
operate with efficiency of 45 - 49 % at specific
impulse of about 2000 s. Thus the operating modes
with high specific impulse at lower values of
discharge voltage and power than in X-40 thruster
are realised. In particular the specific impulse of
1900 — 2000 s can be reached under discharge
voltage about 330 V and discharge power of 200 -
250 W. The value of discharge power to thrust ratio
is about 20 W/mN that is approximately equal to the
results that were obtained for X-40.

Conclusion
Rescarch of output parameters of two
laboratory models of Hall thrusters has been

conducted at high value of specific impulse.

It has been shown that the Hall thruster X-40
is able to operate at mode with specific impulse up to
2300 s under discharge power value of up to 500 W
demonstrating high-level of efficiency (50 %) and
acceptable value of discharge power to thrust ratio of
approximately 20 W/mN. A full divergence was less
than 60 degrees at discharge voltage of about 400 V.

The trial tests of laboratory model KM-32
thruster have shown, that it is possible to obtain value
of specific impulse up to 2000 s at discharge power
about 250 W and efficiency not worse than 45%.
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