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Abstract
This paper reviews the ESA ASTP-3-sponsored "MPD/ARCJET Development
Program" which began in March 1988 and ends in September 1993. BPD Difesa e
Spazio and Centrospazio have been conducting arcjet development and MPD thruster
research within the framework of this program. At BPD Difesa e Spazio, these efforts
included work on low power arcjet technology (0.5 - 2 kW), moderate power arcjet
technology (5 - 20 kW) and emission spectroscopy of arcjet thruster plumes. Activities
at Centrospazio included low power arcjet technology development and gas-fed, quasisteady, ring-anode MPD thruster research. Parametric performance mapping has been
conducted on low power and moderate power arcjets. Many different engine geometries
have been investigated with two different low power engine designs; MOD-A and MODB. Specific impulse values ranging from 400 to 550 s have been measured. The MOD-A
engine was operated at both laboratories to compare facilities. The engine performance
was found to be in general agreement at both facilities. A 308-hour endurance test was
successfully completed using the MOD-B engine while operating at nominally 1000 W
with a specific impulse of 425 s. A breadboard PCU was developed and tested with the
MOD-A arcjet. The arcjet performance was found to be independent of the PCU
switching frequency. Initial hydrazine testing was conducted using the MOD-B engine.
Emission spectroscopy was used to examine the plumes of both low- and medium-power
arcjets. Large Doppler line widths indicated that turbulence and/or collisions are
important in the plumes of both engine classes. Quasi-steady, gas-fed ring anode MPD
engine electrical characteristics and performance have been mapped over various engine
geometries and scales. Smaller scale thrusters exhibited more electrode erosion but scale
was found to have little or no effect on performance. Performance has been found to
include a specific impulse range of 1000 to 3000 s with efficiencies in the range of 15 to
30%. Maximum efficiencies were found with argon propellant injection towards the
anode. Engine operation with a preheated cathode was found to enable lower power
operation to achieve the same performance while providing indications of reduced
cathode erosion. Facilities developed at both organizations during this program are
summarized.
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INTRODUCTION

Nomenclature

MOD-A
MOD-B
MOD-1

Centrospazio low power arcjet
BPD low power arcjet
IRS 10 kW Water-Cooled Arcjet

Research activities in electric propulsion
in
Italy in the early 1980s with system
began
definition studies on MPD thruster systems for orbit
raising of large spacecraft. Additional studies were
conducted to examine solid Teflon MPD thrusters

MOD-I'

BPD 10 kW Water-Cooled Arcjet

for North-South station keeping (NSSK) missions.

MOD-2

BPD 10 kW Radiation-Cooled

These system studies were followed by experimental

Arcjet

development activities on gas- and Teflon-fed MPD

Improved BPD 10 KW RadiationCooled Arcjet
Engineering Model Prototype
Medium Power Arcjet
Ring Anode MPD Benchmark
Model

While these mission studies and
thrusters.
experimental development programs demonstrated
the promise of MPD propulsion, the lack of nearterm on-orbit power availability to operate these
engines lead to a redirection of the programs in
1987. The program focus was expanded to include
arcjet propulsion system technology development for
a nearer term applications. Investigations of two
classes of arcjet thrusters began, low power arcjets
(1 kW-Class) for NSSK and moderate power arcjets
(10 kW-class) for orbit change of large tended space
platforms. Systems activities on low power arcjets
started with the definition of the DIVA experiment
and more recently, the study of NSSK using arcjets.
European applications for arcjets are foreseen in the
middle to late 90's. MPD development activities
have continued due to the potential payoffs, but at a
slower pace.

Engine Designators

MOD-3A
MOD-3B
1A5BAC

Symbols and Acronyms
ASI
ASTP-3
BPD
BOL
CS
DACS
EMI
EOL
EPFU
ESA
ESTEC
GTS
IAF
IEPC
IV2
IV3
JPC
LC
MPD
NSSK
PCU
PFN
PFS
PLC
PWM
TRP
VP-1
VP-2

Italian Space Agency
ESA Advanced Space Technology
Program 3
BPD Difesa e Spazio (Company)
Beginning of Life
Centrospazio (Research
Consortium)
Data acquisition and control
system
Electromagnetic Interference
End of Life
Electric Power Feeding Unit
European Space Agency
ESA European Space Research
and Technology Centre
Geostationary Satellite
International Astronautical
Federation
International Electric Propulsion
Conference
CS MPD thruster test facility
CS arcjet engine test facility
Joint Propulsion Conference
Inductive-Capacitive
Magnetoplasmadynamic (thruster)
North-South station keeping
Power Conditioning Unit
Pulse forming network
Propellant feed system
Programmable Logic Controller
Pulsed Width Modulated
ESA Technology Research
Program
Large arcjet test facility at BPD
Small arcjet test facility at BPD

Historically, BPD's arcjet activities began
with medium power engine development (in 1986)
under a completed ESA-sponsored program'. During
this program, BPD and the IRS of Stuttgart
University as BPD's subcontractor, characterized a
15 kWe water-cooled arcjet' designed at IRS (MOD1 and MOD-I'). This contract also enabled the start
of activities on medium power radiatively-cooled
medium power arcjets. In particular, BPD designed
and characterized a laboratory model of a 15 kWe
radiatively-cooled arcjet', denoted MOD-2. Medium
power arcjet development activities continued within
the ASTP-3 Program which covered the development
of both low power and medium power arcjet
technologies. With regard to medium power arcjets
the program included: the design and performance
testing of an advanced laboratory model 1 N
radiatively-cooled arcjet, MOD-3A, and the design
of an engineering model-type of 1 N radiativelycooled arcjet, designated MOD-3B. The activities on
the medium power arcjet also included the
development of a dedicated Electric Power Feeding
Unit (EPFU), including both the start-up unit and the
DC run power supply unit. Low power arcjets
(nominally 1 kW) can offer North-South stationing
keeping (NSSK) propellant mass savings or
increased orbital life due to the increased specific
2
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systems and diagnostics. Both facilities share the
laboratory cooling water system and the nitrogen and
hydrogen gas supplies. Both pumping groups can be
used to pump on the VP-1 vacuum chamber to
provide an increased pumping speed.

impulse. In addition, arcjets provide a higher thrust
density and simplicity level as well as lower
propulsion system specific mass when compared to
ion engines. Therefore low-power development was
also included within the ASTP-3 Program. The
activities emphasized parametric testing, endurance
testing and testing with liquid hydrazine. MPD
activities focused on gas-fed, ring-anode devices and
remained within the program to explore future
development options.

Facility VP-1 is composed of a
water-cooled vacuum chamber with a diameter of 1.6
m and a length of 4.0 m connected to a four-stage,
Roots blower-based pumping group, see Fig. 1. The
system pumping speed is 58,000 m'/h at 0.01 mbar.
The facility provides a background pressure of 0.02
mbar during moderate power engine operation at a
simulated hydrazine mass flow rate of 150 mg/s.
The auxiliary systems on VP-1 include the propellant
feed system (PFS), power supply, data acquisition
and control system (DACS), cooling water system,
diagnostics and safety. The PFS can provide argon,
nitrogen, helium, hydrogen and ammonia to the
engine alone or in mixtures and is designed for
endurance testing. The flow rates can be varied
between 1 and 300 mg/s for each gas or mixture of
gases. A separate hydrazine propellant feed system
can provide between 12.5 and 250 mg/s of liquid
hydrazine. An exhaust gas neutralization system has
been installed to neutralize ammonia (NaClO/water)
and hydrazine (NaOH/water). A vacuum chamber
cooling water system can continuously remove up to
100 kW,. The power supply consists of start-up and
run units and can be operated continuously at up to
80 KW. A programmable logic controller (PLC) is
used for facility control and safety functions. A
continuous 10 kW battery power supply and 50 kW

This paper summarizes the results of the
ESA ASTP-3 Program. The development of lowpower arcjet technology at BPD and Centrospazio is
reviewed. The BPD activities on 1 N, 10 kW-class
arcjets and emission spectroscopy are summarized,
The ring-anode MPD technology development
activities of Centrospazio are also reviewed. The
facilities and instrumentation used at each test
location are described. The engines developed and
tested during this phase of work are described along
with the results gathered during performance
characterizations,
ARCJET TECHNOLOGY ACTIVITIES
Two classes of arcjets were being
investigated during the ASTP-3 Program."2 20 Low
power arcjet (0.5 - 1.5 KW) technology development
was conducted at BPD2 '0 6-"'" with support from
Centrospazio, 2-5'7-9 12.'5 17'19 while 1 N-class arcjet (10 15 kW) technology development is being conducted
by BPD 2 "'" t13.' '3 and was supported by the
University of Stuttgart during past programs.'

2- 4

motor/generator set provide power to the PLC and

fourth stage pump to maintain the facility in a safe
condition in case of a power failure and enable the
PLC to shut down the systems in the proper order.
Diagnostics facilities include a thrust balance (0.05
to 1.5 N), mass flow meters, temperature probes
(pyrometer and thermocouples), current and voltage
transducers and various facility pressure transducers
which are monitored by a DACS-based on a
personal computer which includes 24 input channels
at 100 kHz for one channel. In addition, the
diagnostics facilities include an emission
spectroscopy system (for arcjet plume velocity
profiles, species concentrations, atom temperature
and/or electron density) and various pressure,
temperature and camera outputs.

The results from these activities are summarized
below. The facilities used at BPD and Centrospazio
to conduct arcjet technology development are also
summarized below.
Facilities and Diagnostics
There are currently three operational arcjet
test facilities in Italy, two at BPD 2" z2 and one at
Centrospazio. 2"42 All three of these facilities were
installed and activated during the ASTP-3 program.
BPD Difesa e Spazio
BPD has been conducting arcjet technology
development in two state-of-the-art arcjet test
facilities designated VP-1 and VP-2. 24 - Facility
VP-1 is used for testing of both low- and moderatepower engines and for tests with hydrazine while
VP-2 is used for low power arcjet development,
Each facility has fully independent vacuum pumping
systems, power supplies, data acquisition and control

Facility VP-2, see Fig. 2, is composed of a
vacuum chamber 0.8 m in diameter and 1.6 m long
connected to a four-stage, Roots blower-based
pumping group. The system pumping speed is
19,000 m'/h at 0.03 mbar. A first stage bypass is
included for reduced pumping speeds. The auxiliary
3
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measurement of thrust, various pressures and
temperatures, and engine operating voltage and
current.

systems on facility VP-2 include an independent
power supply system, DACS and diagnostics
allowing parallel testing in both facilities. The PFS
can feed nitrogen, hydrogen, ammonia vapor and
mixtures of these gases to the engine over a flow
rate range of 1 to 100 mg/s for each gas. A cooling
water system provides cooling for the vacuum
chamber end caps and test stand. The power supply
is capable of starting and operating low power
arcjets of up to 2.5 KW. A personal computer based
DACS is used in the facility (16 channels, up to 500
KHz per channel). Diagnostics instrumentation
enables the measurement of thrust, various pressures
and temperatures, and engine operating voltage and
current.

Low Power Arciet Thruster Development
Extensive testing of low power arcjets was
conducted at both BPD and Centrospazio during this
program. The testing activities at Centrospazio were
focused on operating envelope definition and
parametric performance mapping using nitrogen.
15 7 9
2
hydrogen and mixtures of these gases. "-7.9.s. .' The
test activities at BPD included parametric
performance mapping using nitrogen, hydrogen,
29 8
ammonia and mixtures of these gases, - ' testing

The emergency power system (10 KW

4 6-"
with catalytically decomposed hydrzine "' and
-0
endurance testing.'

continuous battery and 50 KW motor/generator set)
is also connected to facility VP-2.

Figure 4 shows the low power arcjets.
designated MOD-A and MOD-B, which are being
investigated. Both engines are designed to better
mimic the thermal characteristics of flight-type
engines then laboratory engines being tested
elsewhere. The MOD-A laboratory model engine
has been designed to enable simple changeout of the
anode, cathode and gas injection piece for parametric
testing. The MOD-A nozzle design provides for
radiation of heat from its zirconium diboride-coated
outer surfaces, has a thermal dam to minimize heat
conduction to the rest of the engine and is
dimensioned to simulate a flight-type design. The
MOD-B engine built on the experience of the MODA engine and provides additional flexibility for
nozzle, gas injection plate, cathode and heat rejection
geometry variations while still maintaining a flight
oriented configuration. The MOD-A nozzles are
fabricated from 2% thoriated-tungsten and are
expensive to manufacture, therefore, a small low cost
2% thoriated-tungsten nozzle insert was adopted for
the MOD-B engine. The MOD-B nozzle insert is
press-fitted into a molybdenum anode cap. The
length and diameter of the anode cap can be varied
to provide a low cost method of varying the heat
rejection surface area for parametric testing. In
addition, the length of the thermal dam is increased
to further thermally isolate the nozzle region from
the rest of the engine and its mounting points. Both
engine designs force the propellant flow through a
square helical groove in the outer surface of the
internal insulator to regeneratively cool the thermal
dam regions and preheat the propellant gas.

Centrospazio
Centrospazio uses the IV3 facility for low
power arcjet testing, see Fig. 3.2" 26 The IV3 facility
consists of a steel vacuum chamber connected
through a gate valve assembly to an oil booster
pump-based pumping system. The vacuum chamber
is made up of two sections; a cylindrical test section
with removable end caps, 1.25.m in diameter and
1.75 m in length, and a 1.25 m diameter manifold
tube connecting the tank test section to the gate
valve assembly. A 0.7 m-diameter flange on the
side of the test cell opposite the pump access
manifold tube is mounted on a trolley and supports
the main instrumentation flanges (an observation
window and twelve feedthroughs). The pumping
system total pumping speed is 20.000 1/s at a
background pressure of 10~ mbar. Two 24" gate
valves are used to isolate the pumping system from
the vacuum chamber and facilitate modification of
the experimental set-up during the course of a test
run. The auxiliary systems include a PFS, power
supply and DACS. The PFS is designed to provide
argon, nitrogen, hydrogen or mixtures of these gases
(to simulate ammonia or hydrazine) to the arcjet at
flow rates between 0 and 60 mg/s. Each gas is
filtered by a Messer-Grisheim Oxisorb to ensure an
oxygen free propellant supply to the arcjet. The
power supply unit consists of a start-up circuit and
a run power supply. The start circuit provides a 2.0
kV pulse across the electrodes for 20 ps and the run
power supply can provide up to 70 A and has an
open circuit voltage of 150 V. Alternatively, the
power supply can be connected to a PCU to operate
the arcjet. A dedicated DACS equipped with a high
speed voltmeter and a 24 channel FET multiplexer
is implemented to record analog measurements,
Diagnostics facilities instrumentation enables the

The MOD-A engine has been tested at both
laboratories for accelerated development and data
cross checking. Figure 5 shows a specific impulse specific power characteristic for MOD-A operation
4
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at BPD and Centrospazio which shows generally
good agreement between the facilities.9 The specific
power is defined as the engine input power divided
by the propellant mass flow rate. The MOD-A
engine has undergone extensive parametric testing at
Centrospazio over the last year and half. The test
matrix has included 10 different constrictor
geometries, cathode spacing variations, testing with
hydrogen, simulated hydrazine (Nz + 2H,) and
simulated ammonia (H, + 3H,), and engine operation
with and without a zirconium diboride coating.
Typical data for the MOD-A engine using a gas
mixture to simulate hydrazine is shown in Figs. 6
and 7. Data using hydrogen and simulated ammonia
as propellants is shown in Fig. 8.

power source. Both methods showed performance
advantages. Field strengths of up to 1200 Gauss
were tested. Hydrogen arcjet operation was found to
improve stability at lower mass flow rates, enable
lower mass flow rate operation and improve
performance at the higher power levels tested (up to
1500 W) when compared to engine operation without
the applied magnetic field. No effect was found on
the start-up transient but the engine warm up period
exhibited much more stable behavior. Additional
work in this area is ongoing under the sponsorship
of ASI. 9

The MOD-B has been tested at BPD using
simulated hydrazine (N2 + 2H,) ammonia and
catalytically decomposed hydrazine. Six constrictor
geometries and various cathode spacings have been
used during the parametric tests. Figure 9 shows a
specific impulse - specific power characteristic for
MOD-B operation on simulated hydrazine while Fig.
10 gives similar information for operation using
ammonia.8 This engine was also operated for an
endurance test in which 308.3 hours was
accumulated over 35 on/off cycles at. nominally,
1000 W.'o The specific impulse averaged 425 s with
a mass flow rate of 39 mg/s. The cathode mass loss
was 5 x 106 kg. Figures 11 and 12 show the engine
voltage and specific impulse as a function of time,
respectively, over the endurance test. Further testing
of the MOD-B engine was conducted using
catalytically decomposed hydrazine as the propellant.
Gas generators from ARC" and RRC" were used
for these tests. Chamber pressure and mass flow
rate data are shown in Fig. 13 for the ARC unit
while operating with the MOD-B arcjet. Figure 14
shows a comparison of MOD-B operation using

As the development of the arcjet engine
progresses, it becomes increasingly important to test
using a power conditioning system more
representative of the type expected to be used on the
satellite. This is important to optimize the start-up
and steady-state operations to minimize electrode
erosion. PCU development work began in Italy at
Centrospazio in 1990 with the development and
realization of a pulse-width modulated (PWM) PCU
for use with a 1 kW arcjet, see Fig. 15.2 This
laboratory breadboard model PCU featured a
variable switching frequency between 16 and 60 kHz
to enable an investigation 6f the effects of switching
frequency on arcjet operation. No effects were
found but the efficiency of the PCU did drop as
expected, from 88% to 75% as switching frequency
was increased. Additional work in this area is
currently ongoing under the sponsorship of ASI. 30'

catalytically decomposed hydrazine (using RRC gas

emission

The
generator) and simulated hydrazine.
the
confirming
same
the
basically
is
performance
advanced design of the arcjet.

spectroscopy is employed since it is non-intrusive
and can provide information on many flow
properties including exhaust species identification,
species axial and transverse velocity distributions and
under certain conditions, the species temperature
The
distributions and relative concentrations.
emission spectroscopy system at BPD is co-located
with Facility VP-1 and is based on a double-pass,
double monochromater. The system consists of two
Fastie-Ebert-mounted, 2 m focal length equal
monochromaters working in tandem. This system
provides a maximum resolution of 0.03 cm"' at a
frequency of 15,000 cm' when used in the doublepass configuration. Light emitted by the arcjet
plume is collected by a mirror and deflected through
an optical train onto the spectrometer entrance slit.

Low Power PCU Development

Emission Spectroscopy
The plumes of both low- and moderatepower arcjets have been investigated at BPD using

Applied Magnetic Field Arcjet Testing
One method which could be used to
improve the long-term stability of arcjet operation
and increase the specific impulse (by enabling lower
mass flow rate operation) is through the use of an
applied magnetic field. Centrospazio initiated work
in this area in Italy by supplying an axial magnetic
field within the MOD-A arcjet nozzle using
electromagnet current coil." Tests were conducted
where the current coil was supplied by the same
power source as the arc and with an independent
5

'
spectroscopy. 24 '13'.141
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MPD THRUSTER DEVELOPMENT

The collection optics are mounted on rail which
enables translations parallel and perpendicular to the
thruster axis the allow light collection from different
areas of the plume. In addition, the collection mirror
can be rotated to vary the light collection angle. The
movements of the collection optics and spectrometer
are computer controlled. Figures 1614 and 17" show
line profiles with Doppler shifted peaks for mediumand low-power arcjet operation, respectively. These
shifts correspond to velocities of 5,600 m/s and
2,500 m/s, respectively,

Facilities
Facility IV2 is used at Centrospazio for
testing MPD thrusters. 2 -' The facility consists of a
fiberglass chamber, with a diameter of 0.8 m and a
length of 1.0 m. which permits testing of MPD
thrusters with minimal electromagnetic interference
from the chamber walls. The pumping system
consists of a rotary roughing pump and an oil
diffusion pump. This system permits operation at a
background pressure of 2x10 5 Torr with a pumping
speed of 6500 /s. The pumping system is connected
to the fiberglass chamber by a gate valve. Testing
conditions are normally reached within 3 hours. The
electric power equipment consists of a power supply.
a pulse forming network (PFN), a ballast resistor and
an ignitron switch which is used to charge the PFN
before each thruster pulse. The PFN consists of a
ten section inductive-capacitive (LC) ladder network
with a total capacitance of 12.500 pF and a total
inductance of 20 pH. The characteristic impedance
of the network is 40 ma. with a pulse length 1000
ms and an energy storage capability of 3.6 kJ at
2400 V. When matched with a suitable impedance,
this equipment provides an approximatelyrectangular, 1 ms current pulse of up to 30 kA. As
a safety measure, the PFN is equipped with a dump
switch. The variable ballast resistor (0 to 40 m9) is
used in order to match the internal impedance of the
PFN with the impedance of the MPD engine. The
ignitron is an electronically controlled switch which
permits the discharge to trigger at the appropriate
time with respect to the gas pulse in order to ensure
that the discharge takes place when the injected gas
mass flow rate has reached a steady value. The PFS
provides carefully defined pulses of argon gas to the
MPD thruster. The diagnostic equipment includes
equipment for measurement of the thruster
performance and electrical characteristics.

Moderate Power Arciet Thruster Development
Parametric performance mapping of a
water-cooled, laboratory model engine began at the
University of Stuttgart, IRS in 1986, under
subcontract to BPD through the ESA TRP
program,'-"24 while activities at BPD started with
parametric testing of a water-cooled engine 2122 and
are now focused on development of radiation-cooled
engines. 2 4 "120 ASTP-3 Program activities at BPD
include parametric testing of several different
advanced laboratory model, radiation-cooled engines
with different propellants.
Radiation-cooled 1 N arcjets were being
tested at BPD. Initial radiation-cooled engine testing
conducted within the ESA TRP program was done
using the MOD-2 engine which was similar to
engines under test elsewhere." 3 Testing activities
within the ESA ASTP-3 program were focused on
the MOD-3A and MOD-3B engines. The MOD-3A
engine, Fig. 18, is similar to the MOD-2 except that
the propellant gas is injected into the plenum
chamber directly through the plenum chamber wall.
The MOD-3B engine, Fig. 19, is oriented more
towards an engineering model design. The flanges
will enable easy disassembly for parametric
investigations. These flange joints can be brazed in
the future for endurance testing. The activities were
focused towards start-up unit optimization, welding
and brazing technology development and parametric
testing. Two EPFU have been developed. The first
one included a start-up unit based on the discharge
of a capacitor bank' 3 . Excessive electrode erosion
was found when this type of ignition was applied to
MOD-3A engine. For this reason, a second EPFU
was designed. Its start-up unit is based on high
voltage pulse ignition through a transformer. Figure
20 shows the start-up transient of the MOD-3A
arcjet with an optimal value of the auxiliary ballast
using nitrogen as propellant with the second EPFU.
A current overshoot in the microsecond time scale is
evident but is too rapid to create an erosion problem.

Gas-Fed Ring Anode MPD Thruster
Gas-fed MPD thrusters are operated in a
quasi-steady mode at instantaneous power levels of
megawatts for several milliseconds. This research
conducted under subcontract to BPD within the ESA
ASTP-3 program, is aimed at improving the
understanding of the basic physical processes
involved in pure MPD acceleration mechanisms and
providing design criteria for future engine
development. The test activities have been focused
on exploring the effects of engine scale and
geometry on the engine electrical and performance
6
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at BPD and Centrospazio has been accomplished and
has shown that the facilities at BPD and
Centrospazio are in good agreement. In addition.
BPD Difesa e Spazio recently completed a
successful endurance test of the MOD-B arcjet at
1000 W. The test was voluntarily shut down after
308 hours of operation and 35 on/off cycles. The
thrust was generally constant through out the test at
0.162 N with a mass flow rate of 39 mg/s (N, +
2H). Testing using catalytically decomposed
hydrazine was accomplished at BPD using the
MOD-B arcjet. The performance on catalytically
decomposed hydrazine was similar to that on
simulated hydrazine validating the engine design.
Moderate power arcjet parametric testing at BPD
was conducted using several different engine models
including an engineering model prototype. Emission
spectroscopy was used to examine the exhaust
plumes of both the low and moderate power arcjets
at BPD.

characteristics along with tests to examine the effect
of cathode temperature on engine performance.
Three ring anode MPD thrusters were being
tested at Centrospazio as shown in Fig. 21.2*-290
These engines are scaled such that one engine (1:42
scale) has an anode area opening one half the size of
the benchmark engine (1:1 scale) while the other
engine has an anode opening area of one quarter (1:2
scale) the size of the benchmark engine. The
engines can be fired up to 2 times per minute.
Parametric test data on the full scale engine are
shown in Figs. 22 and 23. These figures show the
voltage-current characteristic (log/log) and
efficiency-specific impulse characteristic,
respectively. 4 0 These data are in good agreement
with theoretical predictions. Generally the I2/m ratio
was found to be constant at the knee-point of the V-I
curves (fixed mass flow rate), the electrical
characteristics were generally independent of scale
and the cathode and anode geometry (at constant
mass flow rate) and that smaller thrusters exhibited
higher erosion rates. Thrust was found to be
generally independent of mass flow rate largely
unaffected by thruster scale. Cathode length was
found to play a significant role in the value of the
electromagnetic thrust coefficient, b:

During this program, self-field, gas-fed,
quasi-steady MPD thruster operation has been
examined extensively for different anode, cathode
and injector geometries along with three thruster
Smaller .scale
scales (sizes) at Centrospazio.
but scale
erosion
more
electrode
exhibited
thrusters
was found to have little or ao effect on performance.
Maximum efficiencies were found with argon
propellant injection towards the anode. Testing of
an MPD with a heated cathode was conducted to
examine its effect on engine performance and
erosion. Testing using a preheated cathode has lead
to improved performance and lower apparent cathode
erosion opening new possibilities for future MPD
development

Pulsed MPD operation is subject to high
erosion levels from cold cathode operation.
Application of MPD thruster systems is now
generally expected to occur once a suitable power
source is available to enable steady-state operation,
In order to better simulate continuous MPD
operation in a quasi-steady pulsed mode,
Centrospazio has begun an investigation of MPD
performance using a pre-heated cathode.' The
device is based on arcjet-like operation where a
discharge between an internal cathode and a center
electrode (anode for heating system and cathode for
MPD thruster) heats the center electrode. The
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