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Abstract

- Since end of 1992, Germany, Great Britain and later on also [taly agreed 1o cooperate tor the de-
velopment of @ primary ion motor called ESA-XX. This engine is designed for a nominal thrust of
200 mN using Xenon as the propellant and shall be used as main propulsion for scientific inter-
planetary missions. The power consumption at the nominal thrust of 200 mN is shghtly above 6
kW at a propellant consumption of about 4 mg s.

The ESA-XX motor 1s based on the German radio-frequency ionization technique developed by the
University of Giessen which is used in all RIT thrusters for the generation of the discharge plasma.
lon extraction and thrust generation is performed by a three-grid extraction svstem with inward
dished grids which has been designed and manufactured by Culham Laboratory, UK. An electron
source is needed for the neutralization of the ion beam and in the case of radio-frequency thrusters
also for starting the main discharge. This task is carried out by a plasma bridge neutralizer manu-
factured by Proel Company, Italy.

The ESA-XX motor has been assembled at DASA, Munich and integrated in the Jumbo test facil-
ity, a large test facility for ion thruster testing, at the University of Giessen. Intensive testing and
performance mapping on the ESA-XX engine has been carried out during the vears 1994. The
thruster performance, as well as thrust and throttling capabilities have been determined. Beside the
electrical parameters as ion beam current, accel grid drain current, power consumption, propellant
consumption and efficiencies also temperatures have been measured occuring at different locations
of the engine which gives an impression of the thermal behaviour and loads.

The available ion beam diagnostic system has been used tv examine the current density distribution
in the beam at different operation parameters of the thruster and at different distances downstream
from the extraction grids. This gives information on the thrust vector and the beam divergence and
possible changes of both under changed operation conditions.

The experience gathered with the ESA-XX engine will flow into the development and manufactur-
ing of an ‘advanced laboratory model’ of the ESA-XX which will be carries out under a phase 2
contract in 1995 and 1996. This contract has been kicked off in December 1994 and the work con-
cerning an overall design improved is starting now.

[n parallel, additional experiments will be performent with the “old” ESA-XX thruster mainly to
study the influence of the neutralization of the ion beam.

1. Introduction

Since three decades, radio-frequency ion thrusters for space applications are a matter of research,
development and qualification in Germany. There are two main applications which benefit from
the high specific impulse produced by ion thrusters, namely the North-South-Stationkeeping of
geosynchronous communication satellites and the use as an primary propulsion svstem for inter-
planetary missions, especially such missions characterized by high velocity increments. Using con-
ventional chemical propulsion for such missions, one needs powerful launchers and/or the swing-
by technique. This requires complex manoeuvers which benefit from the gravity of the planets to
change the flight trajectories in order to reach the final target. However, for flights into the inter-
planetary space, the absolute thrust requirements are small indeed. but the velocity increment of
the propulsion system must be high. Low thrust - high energy, these are the typical characteristics
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of electric propulsion systems. By the use of electric propulsion with its roughly ten times higher
specific impuise one can save travel time as one can approach the goal directly and the saving of
propellant mass allows ¢.g. higher pavioads or a weight reduction Therefore. the application of
electric propulsion promises advantages for high-energetic missions as o g. muluple rendez-vous
and or sample return flights to pnmitive bodies like asteroids and comets. Mars and Mars-moon
sample return. outer planet scientific missions. out-of-the-ecliptic probes, or tong baseline interfer-
ometry [1.2.3.4.5.6]

Two studies of the European Space Agency ESA. a multiple asteroid rendez-vous mission called
"AGORA" in 1984 followed by a Comet Nucleus Sample Return mission CNSR. have proposed
the implementation of an Electric Propulsion Module, EPM. 10 drive the scientific probes. These
considerations have been the reason to resume the activities on primary propulsion engines placing
contracts 10 DASAMBB and the University of Giessen. Subject of contract was to develop.
manutacture. and test an ion thruster capable to produce 200 mN which could be used in the Eiec-
tric Propulsion Module in clusters of 4 or 6 engines, respectively

Thus thrust and power demand has been realized by developing a first prototype of 2 35 cm diame-
ter radio-frequency ion source. called RIT 33, at the Universitv of Giessen. This motor has been
tested at first using Mercury as the propellant and later on also with the inert gases Xenon and
Argon. The first motor has been equipped with a flat three-grid extraction svstem which has been
replaced later by a dished gnid version manufactured by DASA. Munich. These RIT 35 engines
have been completely performance mapped until 1989 [7].

More or less in parallel and in competition for primary propulsion, a second primary engine had
been developed in Great Britain by AEA Culham Laboratory, the so called UK 23, which showed
similar performance data as the RIT 35 [8]. Since it was considered by ESA that the Europeans
could not afford to develop simultaneously two primary engine technologies, efforts have been
made to find criteria for a selection of the one or the other engine to be developed further as the
European primary motor.

After a period of about two years in which the activities on primary propulsion have been left
pending, it has been agreed to continue the work on a European basis involving Germany. the
United Kingdom and [taly. It has been decided to develop a primary engine combining the advan-
tages of the technologies having developed in Europe so far. This engine has been named "ESA-

[t is based on the German radio-frequency principle for the generation of an electrodeless discharge
plasma and uses a British inward-dished three grid system for the extraction of the ion beam. Italy
provides plasma bridge neutralizers which are used for beam neutralization and also for the igni-
tion of the main discharge. Since at the time of contract negotiation the thruster size was still un-
known it has been agreed to put XX for the size to be determined later on. In the meanwhile, the
thruster components have been designed and manufactured, the engine has been assembled and
installed in the Giessen Jumbo test facility and the performance mapping has been completed.

2. Design of the ESA-XX Motor

The ESA-XX ion thruster is a propulsion system which has been designed and manufactured in
European cooperation. The thruster consists of a German radio-frequency ion source equipped with
a British extraction grid svstem and an [talian plasma bridge neutralizer. The project management
has been carried out by DASA/MBB who were also responsible for the design and manufacturing
of the thruster case and the integration of the engine.

Fig.1 shows a cross section of the ESA-XX laboratorv prototyvpe representing the present design.
The thruster case consists of three parts. an intermediate cvlinder. a back cover and a front rng-
shaped cover which protects the grid insulating parts against backsputtered material. The rear rim
serves also as mounting interface to the flange of the test chamber. All parts are manufactured from
aluminium and screwed together.



- 610 -

The total ESA-XX diam-:'er ts presentiy 39 cm with an engine length of 24 ecm and including the
neutralizer the total lengin 1s 26 cm. Actually . the weight of the ESA-XX lab modei s about 12.6
kg which shail be reduced beiow 10 kg after a redesign of the thruster and the ven heavy alumina
ring tor the ¢gnic mounting.

As 1on source. the RIT ronizer is used consisting of a quaniz discharge chamber of 26 ¢m in diame-
er and 10 ¢cm in length. For cost reasons. quartz as matenal of the discharge chamber has bee
chosen for the laboratory mode! but this will be replaced by alumina in a tollow-on advanced 2n-
gine because ot its higher mechanical strength. The tomizer 1s surrounded by 8 windings of the 1n-
duction cotl which i1s connected to the rt-generator via an impedance matching circuit
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]LFig. 1: Cross-section of the ESA-XX primary engine

An radio-frequency eddy field is induced in the discharge volume sustaining an electrodeless.
annular discharge. In the center of the ceiling of the discharge vessel is the gas inlet distributor
with the high voltage insulator, a design similar to other RIT engines. The gas inlet is combined
with the extraction anode of the thruster which usually is used to fix the plasma potential. In the
ESA-XX engine it is foreseen to use the anode only alternatively, since the screen grid, acting as
plasma holder, has been connected to the high voltage supplv taking over the extraction anode
function during regular operation.

The 10n extraction and acceleration is pertormed by the British inward-dished three grid svstem.
The gnids, screen, accel and decel are made of molybdenum. The inward dishing promises a better
thermal stability and since the first grid is supposed to be the hottest, short circuits by gird expan-
ston should be avoided. The grid geometry has been chosen following computer simulations car-
ned out by Culham Laboratory using their Sapphire code which has been developed to calculate
electnc field distributions and ion trajectories. These calculations led to a reduction in the hole size
and the grid thickness referred to the conventional RIT grids. Of course, the number of holes in-
creased to 9,097 which is nearly the double of the RIT number resulting in an ion beam diameter of
25 cm.

The spacing between the grids s about 0.75 mm which corresponds to a total extraction voltage of
2.5 kV. The nominal beam voltage for thrust levels above 100 mN is 2.0 kV with an accel gnd
voltage of -300 V. The decel grid is usually at ground potential but at the ESA-XX it is possible to
apply a small negative bias voltage up to -30 V at this grnid The reason for this is to attract charge
exchange tons produced in or just behind the grid by this negative bias and thus to prevent them
from hitting the accel gnd at -500 V . This tinally will lead to a reduction of sputtering in the grid
svstem by charge exchange ions because the sputter vield for 50 eV 1ons is roughly by a factor 100
lower than the vield for 500 eV ions [12]. The three grids are supported by an alumina ring which
provides also the electrical insulation and the mounting interface to the discharge vessel and the
thruster case.
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The plasma bridge neutralizer provides electrons for the neutraiizanon of the ion beam and for
staruing of the main discharge [t 1s mounted in a provisional position ai the front ning of the engine
and shghtly canted towards the jon beam For the first tests, a neutralizer has been used developed
for the smali RIT 10 thruster. This neutralizer is based on the usuzi holl

which 1s generallyv used for plasma bridge neutralizers. The small neutralizer has been replacad by
a pouer augmented version which has been used in the tests from October 1994 through Februan
1993 A sull more powertul version 1s planned to be developed in a next phase co

ow cathode technique
r

3. Test Set-up and Test Plan

The tests on the ESA-XX thruster are carmmizd out in the Jumbo test factiiny at Giessen Universin
This test racility 1s designed to test different sizes of ion engines. Especialiv with respect to the
ESA-XX tests, the Jumbo facilitv has been refurbished and improved 9]

' ' [n order to meet the reasonable low back-
A Bt : ground pressure of the chamber the eftec-
tive pumping speed of ~13.000 I|s for
Xenon of the two installed diffusion pumps
has been augmented by mounting an addi-
tional 5.000 ['s turbomolecular pump. (see
Fig.2). Together with an additional tur-
bopump of 2.200 I's on top of the thruster
hatch it is now possible to operate 1on en-
gines at tlow rates in the range up to 30
SCCM which is the equivalent of ~3 mg's
at reasonable background pressures.

Fig.2: Sketch of the Jumbo test facility at Universitv of Gie3en

The ion engine is mounted in the thruster hatch which is separated from the main chamber by a
gate valve. This arrangement allows easy and quick access to the test speciman while the main
chamber can be kept under vacuum.

The ion beam diagnostics is placed in the main chamber as sketched in Fig.2. [t allows to measure
the mechanical ion beam parameters as the thrust vector and beam divergence. This beam diagnos-
tic device consists of 2 1.8 m long boom containing 90 target plates to measure the 1on beam cur-
rent. The boom is supported in the center and turnable like a propeller in order to get a full picture
of the beam current density distribution. The boom and its driving motor are mounted on a carmage
which can be moved along two rails in the main chamber. This allows a varnation of the distance
from the engine between Im and 2.5 m.

Furthermore, the data acquisition system has been completed now for the tests on the ESA-XX en-
gine. This system is a purpose-designed one for the acquisition of the operational i1on source pa-
rameters and the evaluation of the recorded data. A special data interface 1s used for the measure-
ment of voltages, currents, powers, and temperatures.

The ESA-XX engine is supplied by regular laboratory power supplv units delivering the positive
and negative high voltages for ion extraction and acceleration and the rf-power to sustain the
Xenon discharge. The neutralizer is supplied by a separate supply unit consisting ot the cathode
heater and the keeper discharge supply. Some auxiliary units provice the bias veltage and a con-
stant current source feeds the PT 100 temperature sensors. The Xenon propellan: is stored in a high
pressure bottle outside of the hatch and through a pressure reducer and two tiow controllers the
propellant flows into the thruster and the neutralizer.

Measured thruster parameters are the positive and negative high voltages and the corresponding
currents, the forward and the reflected rf-power. the neutralizer electron emission and the bias volt-
age of the decel grid with the corresponding current. The propeliant flow rates of the thruster and
the neutralizer are measured by two flow controllers which also fix and control the tlow rates ac-
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cording to the chosen set-point. Five additional data acquisition channels measure the temperatures
of the screen and decel grid. of the discharge vessel ceiling, of the rt-coil and of the thruster case at
the front end opposite to the location of the neutralizer. The thruster is mounted with its rear end 1o
a watercooled flange whose temperature is kept constant by the water at | [ C

The test procedure for the ESA-XX plans at first some function checks of the propeliant feed line,
the power supplies, the data acquisition and the beam diagnostic system. [n addition. the capaci-
tance between the grids will be measured which is an reliable indicator for proper gaps between the
anids. After outgassing and purging of the feed lines with Xenon. the test starts with the activation

and the following i1gnition of the plasma bridge neutralizer which then produces electrons used for
main discharge ignition.

A burn-in phase of the thruster follows which is mainly determined by the time necessary for the
conditioning of the grid system. The grid conditioning requires to start at low power and low ex-
traction voltage to allow to bumn off sharp edges at the grids which are l2ft from the manufacturing
process by subsequent arcing. After at least a couple of hours it is possible 1o establish slowly an
ton extraction which improves with time. At thrust levels of 50, 100. 130 and 200 mN the thruster
performance has been determined. In parallel, beam diagnostics have been carried out as well as
temperature measurements at different points as described above The neutralizer operation pa-
rameters discharge current and propellant flow rate have been changed and the influence on the
extracted electron current has been studied.

4. Test Results

4.1. ESA-XX Performance

The ESA-XX development and manufacturing, has been carried out during 1992 and 1993 and the
engine has been delivered to University of Giessen at the end of the year 1993. Since some more
work was necessary to complete the engine with the thermal sensors and to integrate it into the test
facility it took some more weeks until everything was ready to undergo the first test. This has been
started in March 1994 with the activation of the neutralizer and its ignition. After this, the main
discharge could be started very easily. The attempt to apply the high voltages and extract ions re-
quired at first the conditioning of the grid system which again took some time. After a couple of
hours, the first ions could be ex-
% tracted from the ESA-XX engine
E35N 26 IUN 1HKUSIUR b
e S it S o [P e e T8 at low power and low high volt-
‘ , ‘ . ; age level. Increasing power and
! ; § T et yoltage levels required additional
- JRmet : : : 1 R conditioning periods. Finally, the
: f engine could be performance
3 ISR, 0. TR g mapped as planned at the fore-
‘ ' -,w_,,",f’_.j::‘f":kf"_‘j";'_j\,“” - seen thrust levels. In parallel to
i ' the performance mapping, tem-
‘ perature measurements and beam
, : T 20t 500 1w s diagnostic experiments have been
\
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A test results were very promising
and are presented in the follow-

¢ 3 ! Ll 2 ing part. The basic performance

et g | e of rf ion thrusters are determined
7 o B hi s Gt by the rf-power consumption as a
‘ f function of the propellant
|Fig 3' Basic thruster performance RE-power versus propellant consump-| consumption for different levels

(:ion for different thrust levels of extracted ion beam current.
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iFig 4 Drain current as a function of the propellant flow rate for ditferent
{ thrust levels

J

relations are graphed in
5 tor the ESA-XX engine at
the specified thrust levels of 30.

130, and 200 mN. The dot-
lines at the ieft hand side of
curves are the porderlines tor
100 % mass efficiency. The
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vood etficiencies as 1on produc-
anon cost of about 33 W mN
could be achieved ror the lower
thrust levels and even 3.1 W mN
for the 200 mN level. It must be
mentioned that due to the extrac-
ton ¢gnd design the nominal
beam voltage of 2.0 kV has been
applied only for 150 and 200 mN
thrust. For the lower thrust levels,
1.75 and 1.5 kV had to be used
which changes the specific
impulse for these thrust levels.

A further important parameter is the drain current to the accel grid since this current is responsible
for the sputtering of the accel grid and this effect is the main lifetime limiting factor. The drain
current 1s composed of two parts, of defocused ions which impinge directly on the ¢rid and of
charge exchange 1ons which are generated in the downstream part of the grid system. The latter are
attracted by the negative potential of the accelerator grid. The first part is determined by the gnd
geometry, the extraction voitage and the plasma density but the rate of charge exchange ions de-
pends on the neutral gas losses and the extracted 1on current. This 1s demonstrated in Fig.5 where
the drain current is depicted as a function of the mass flow rate. It is obvious that the drain current
1s reduced by reducing the flow rate since less neutrals are available for charge exchange. Of
course increases the rate of charge exchange ions with the beam current since the production rate
depends on the number of fast ions present in the extraction channel. Fig.4 shows that the drain

iFig.5" Influence of the decel grid bias voltage on the drain current at c'xﬁ'er-‘
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current depends linearly on the
mass flow rate which means that
mainly charge exchange ions
contribute to the drain current.

[n order to reduce the number of
charge exchange 1ons hitting the
accel grid, the influence of a
small decel grid bias has been
studied applying a voltage up to
50 V to the decel gnd
Consequently, the drain current
reduces significantly since charge
exchange ions are now attracted
by the negauve decel grid if thev
are not produced between accel
and decel gnd. [n our case, we
observed a reduction by about 40
to 50% of the accel gnd current.
[t could be proved that the
missing accel current is more or
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; — less taken over by the decel grid.
" €50 26 10N THRUS £ . Fig.5 shows the dependence of
TTONEIINn el el G sl o . the drain current on the negative
| bias of the decel grid for different
flow rates and different thrust
levels. This experiment has dem-

l
|
" "y & | onstrated that biasing of the decel
Ll AL, - :
|

grid could be a tool to reduce the
Yety, 2 | ~ :
! B! -, | sputtering of the accel grid due to
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\ l ) v %y, reduced high energv ion im-
]' A Suanu. 10y %&rluu_“ R F e pingement as alreadv mentioned

earlier

From the above mentioned basic
{ data ome can calculate the
: ’ thrusters electnc and mass effi-
] e Ry BRSNSy S ot R ciency. The electric efficiency is
| . 28 @ the ratio of the beam power to the
i ol gt e total power consumption of the
lFig.é: Toral thruster efficiency as a function of the propellant flow rate for| thruster and similar, the mass
| different thrust levels | efficiency is defined as the ion

flow divided by the total
propellant flow. The total thruster efficiency is the product of electric and mass efficiency and a
factor 0.98 which comes from the beam divergence. This total efficiency is graphed in Fig.6 as a
function of the propellant consumption. The ESA-XX engine demonstrates very high efficiencies
and consequently also the total efficiency is extremely good in the range of about 80% if the
nominal working point of the engine is properly chosen.

E
1
i
i
!

©
=
'

The thrusters total power consumption which is the sum of the beam power, the discharge power

and the neutralizer power, but not
CRCL I B odr. g o IO including any power conditioning
ek esepainl efficiency, is graphed in Fig.7 for
O T et T SRS the studied thrust levels of 50,
{ @ 150anu..2800Y. 1042, 08R 100, 150, and 200 mN as a func-
B P i tion of the propellant consump-
s TV B = T B tion. It could be demonstrated
- that the measured values e.g. 6.2
; kW for the production of 200 mN
Wl M gn ¥ ¥ at a propellant flow of 42 SCCM
are well below the scheduled data
2.0 which were ~ 7 kW power con-
ts e ook sumption at ~ 60 SCCM propel-
| lant consumption.
l i 3. q. (wg/s)
v il o 27 A G T A o A SR 4.2 Testing of Neutralizer
) 8. 8.
Xe flow rate (sccal <
Fig.7: Total thruster power consumpfion for different thrust levels of 50. The performance Heppng O.f the
100, 150 and 200mN ESA-XX thruster started with a

plasma bridge neutralizer devel-
oped for the RIT 10 thruster by Proel Company, Florence. This neutralizer is designed for an elec-
tron emission of about 250 mA which is of course to low for the application at the ESA-XX. Later
in the course of the performance mapping, this neutralizer has been replaced by a bigger one built
by Proel Company and based on the hollow cathode of the RIT 10 type but with an enlarged keeper
design. This neutralizer can be operated up to 15 W discharge power (instead of 8 W for the small
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one:and shall deiner up to 1 A of electrons. A crosssection of this neutralizer tvpe Ncc A 1000 s
shown in F1g.8
. This neutraiizer has been operaied by a
Gl laboratory power supply unit which al-
r——— = = e lowed to vary the discharge power up to the

neutralizer has been controlled by a tlow
controller and has been set mostlv at |
memonmm 1 SCCM | sometimes at 2 SCCM. The intlu-

i ence of the keeper discharge current. the
| | ion beam current and the bias voltage on
|Fig8 Cross-section of the plasma bridge neutralizer| the electron emission have been studied.
| used for ESA-XX ! The results are given in Fig.9 and 10

l
= !
s e VN =7, =— ——=:= | specitied |3 W. The propellant flow to the

The influence of the 1on beam current on
the extracted electron current is graphed in Fig.9 which demonstrates that the electron current
increases with increasing 1on current but is always well below the equivalent beam current as
always observed in ground tests. The electron emission current can be raised by applving higher
discharge current or power to the neutralizer discharge. This influence is shown in Fig 10 which
includes also the dependence on the application of a small bias voltage.

In general, 1t turned out that without any bias voltage the emitted electron current was in the same
order of magnitude as for the small neutralizer. Applying a negative bias of a few volts gave a
higher electron emission up to 0.6

R P s A. The neutralizer mass flow rate
Influence o e thruster current A -
ESA-XX 1580V, 10 sccm Bias 1V had a mm.or. influence on the
e electron emission and has not been
i ‘ I ) Y i = I studied systematically [t must be
b - _l_____.—_’ ____| | mentioned that also the neutralizer
g % 0.58 A Ay { | position with respect to the ion
S s | POV CR o TN L
i | il S ; | L
£ 300 {——/+.00 A i ?—;:.l'——-— g e beanj plavs an important role con
S R T . ’ £ 1 e e e cerning the emission capabilities.
5250 ‘__.__}’ Lle A o . .:i;.._-A:.'__ However, this subject will be
'3 i , . /:;’ 4 /l,. - [ covered bv separate  studies
| § 200 o (T Al (NP + ' planned for future experiments.
2 B, &F08 . e
X - ‘/T Sa g il I B
150 {——— 2 g —mT - 2
o ‘ | i 4.3 Temperature Measurements
160 | . B o and Beam Diagnostic
0.2 0.4 0.8 0.8 ' | In the following chapter some
discharge current (A] \
. ; resuits of temperature
Fig.9: Influence of the ion beam current on the neutralizer electron
. measurements and beam
emission current

diagnostics will be given briefly.
As mentioned before, temperatures have been measured at 4 different points at the thruster. The
quartz discharge vessel reacts very quickly to the power dissipated in the discharge. It reaches
roughly 350° C at 200 mN thrust level. The temperatures of the rf-coil and the gnids increase much
slower. Espzcially the sensors at both grids suffer from a great thermal inerma according to the
complicated mounting. Fig.11 is a plot of a continuous 6-hour run at 100 mN thrust in which
equilibrium temperatures have been reached which are 280° C at the discharge vessei, 230° C at
the grids. 220° C at the rf-coil, and 65° C at the thruster case at which the rear mounting interface
has been watercooled.

Dunng this 6-hour run all operation data have been recorded and demonstrate the smooth, constant
and reliable operation of the ESA-XX. The rf-power consumption, the accel drain current and the
thrust level for this period are constant. We recognised that during the 6 hours less than 10 arcs
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occured which interrupted the

: Influence of the keeper current thrust.

ESA-XX 1 5A, 1520V, 25.5 scem

500 , T ; T . I T . | Beam diagnostic measurements
R i et o e f i—— | | have been performed at thrust
450 [ [ 1 I : ,i-;7'f—-; | Iexfals of 30 mN, 100 mN and 1350
= ! 8 e e e el ! mN. During the attempt to meas-
=400 ; : DB g : i | ure 200 mN beam profiles the di-
B PO LR sl SRS T | agnostic system has been damaged
2350 [P st 5 Pt S !9.’.3“'\ ~ | due 1o the high thermal load at a

1 N Rl U YR i ,_: 088A | | beam power of about 3.5 kW.
; : ! : : | E*.,oo Al | One example of a 3-dimensional
i 250 ¢ , , : . ! profile of the ESA-XX ion beam is
; ! e e L L s s . given in Fig.12. This profile has
L RS ot e "TTTTUTTT' | been taken at a thrust level of 150

.' 0 0.5 1 1.5 2 |

mN in a distance of 1.75 m down-

h stream the thruster using the beam
Fig.10: Neutralizer electron emission as a function of the bias . : :
i diagnostic svstem which has been

| voltage for different neutralizer discharge currents | d e et e i
escribe etailed 1n an earlier

publication [10]. The profile shows the wellknown structure of a "sombrero” as achieved also at
lower thrust levels. The beam

pias voltage (V]

£SN 25 LUl (HRUSIER -1 divergence has been calculated to 19°
srlormanie Losts ot Liafass Vaivarsiny
N [P kbt half angle.
P Further beam diagnostics have been

taken during the 6-hour run in order
to compare profiles of the beginning
RF-Coil with profiles of the end of the test.
Fig.13 gives the variation of the
thrust vector and the components of
the thrust vector as a function of the
operation time. It turned out that the
thrust vector moves slightlv during
the warm-up period of roughly two
hours and is practically constant after
this ume. However, this is
insignificant for a main propulsion

engine which will be used for
Fig.11: Temperatures at the Thruster during a 6-hours con- continuous operation according to
tinuous run
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their application.

5. Conclusion

During the test runs of the ESA-XX primary propulsion system it could be demonstrated that the
cooperation within this European project led to an excellent ion motor which can and hopefully
will become a basic engine for primary tasks. The performance of the engine is better than ex-
pected from the planning. :

The experniences gathered with this first motor will flow into the design of a next engine which is
considered to become an advanced breadboard model / engineering model. This work will be car-
ried out under a phase 2 contract which has been kicked off beginning of 1995 and shall last for
abour 2 years. The general design will be improved concemning thermal and vibration loads and a
bigger neutralizer will be developed under this contract which includes of coarse the parametric
testing of the engine. The aim is to reach the maturity to build an EM/EQM of the ESA-XX engine
“which are necessary steps on the way to a final design and manufacturing of a flight model.

-
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Fig.12. Example of a 3.dimensional beam profile of the ESA-!

(XX at 150mN 1in 1. 75m distance

LSN dn tuM LNRYSIER
How amerns boare ot Coufens Uiweranny

-

e @ ——
———
.

x-Oeviation

o e e S |

b 7 Thrust Vecior
ot
| “ %
de ten
b g e
/ AhseCARrdavie
st Mo v n—v—I— |'—>'—'|.'l—.\_l—“—I_'ﬁ—‘-r—l—l_’l'
) "I} ue
se b ameters 100l I Dd Lysde by A sl

{tion

Fig.13: Stability of the thrus: \ 2ctor during the 6-hours opera-

Presently. scientific mission scenarios
are under consideranion bv a Euro-
pean-Russian  Jfomnt  Study  Group
which looks for a Nuclear Electric
Propulsion stage to dnve screnutic
probes to asteroids. comets. or outer
planets including a2 mission to Pluto
The ESA-XX zngine would be the
righi tool tor this ambitious tasks
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