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LIFE-TIME TEST AT ESTEC OF THE RIT-10 THRUSTER FOR ARTEMNIS
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The first operational use of electnc propulsion on board an European satellite will be performed by using the German RJT ion
propulsion system together with the British EIT for the North-South Station Keeping of the ESA's Telecommunication
ARTEMIS satellite for the 10 years mission. The life-time qualification of the RIT thruster for ARTEMIS will be performed
at ESA/ESTEC in the Electric Propulsion Laboratory, by operating the thruster in cycles of 3 hours on and 1 hour off (the
minimum time necessary to bring the thruster again to the nominal starting conditions). This allows the overall testing time to
be drastically reduced to about 2.5 years. The set-up for the RIT-10 life-time test has required more than one year of activities.
involving also technicians from Daimler Benz (D), the company responsible for the RIT system development. The facility
preparation and validation has been performed by using a test thruster, also developed by Daimler Benz, similar to the one that
will be used on ARTEMIS. The RIT-10 Life-time test is expected to start in 1995.

Introduclion
On the ESA's Telecommunication ARTEMIS satellite (see Fig. 1), operational status of electric propulsion will be promoted
by using the German RIT ion propulsion system together with the British EIT to perform the North-South Station Keeping of
the satellite for the 10 years mission.
The RIT (Radiofrequency lonisation Thruster) system relies on the Daimler Benz thruster with PROEL (1) neutraliser and RFAR
(I) power supplies and will operate at 15 mN, 600 W power level '.
The EIT (Electron-bombardment Ion Thruster) is a MMS (UK) development based on the DRA T-5 engine. It will operate at
18 mN for the same 600W power level requirement as for RIT :.
Both the RIT and the EIT will be mounted side by side on an in-orbit alignment mechanism located on the North and South
radiators, with the ion beam nominally directed through the spacecraft centre of mass. This implies thrusting under some 45 deg
with respect to the spacecraft N/S axis. The system for in-orbit alignment is a Daimler Benz (D) / ORS (A) development.
By operating each type of thruster in turn at each subsequent passage of a node of the orbit, orbit inclination control can be
effected whilst the undesired thrust contribution in radial direction can be compensated by positioning the spacecraft in an orbit
slightly (some 400 m) higher than geosynchronous.
Each inclination control manoeuvre will take up to three hours, due to the low thrust level. This results in a requirement for long
duration life testing of components subject to wear-out: neutralisers and grids in RIT and EIT, hot cathodes in EIT. No
manoeuvres are foreseen during the eclipse season, to save on additional qualification effort regarding battery cycling.
The life test of the RIT-10 thruster has been prepared at the Electric Propulsion Test Laboratory of ESA/ESTEC in The
Netherlands, where already significant life test results could be recorded on neutralisers: two neutralisers of different brands
(AEG and PROEL) were capable to support more than 15000 hours of operation in duty cycle mode, in a facility set up in the
laboratory '.
The paper presents the different aspects of the test set-up, highlighting the problems encountered in the preparation and the
solutions adopted.
The test set-up preparation is currently completed and the RIT-10 Life-time test is expected to start this year, as soon as the
thruster model to be tested will be provided by Daimler Benz.

The RIT- 10Thruster
The German Radiofrequency lonization Thruster, RIT-10, was developed by Daimler Benz (Munich-D) and the University of
Giessen (D) and it is based on a 3-grids concept (as shown in Fig.2). The Xenon propellant flows through the feed line via the
isolator and the extraction anode, which also functions as a gas distributor, into the discharge vessel. The discharge vessel is
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Fig. 1 Artistic View of the ARTEMIS Satellite (couresyAleniaSpazio)
surrounded by an induction coil which is connected to an RF-generator with a frequency of about 1 MHz generating a high
frequency electrical eddy field in the discharge vessel. Free electrons within the Xenon gas collect energy from the induced
electric field and ionize the neutral propellant atoms by inelastic collisions.
During normal operation of the discharge, sufficient free electrons from the ionization process are available to keep the discharge
stable operating without a secondary electron source.
To initiate the main discharge an external neutralizer is activated first. Electrons from the discharge at the neutralizer tip are
drawn into the discharge chamber by an electrostatic field generated by voltage applied to the acceleration electrode (+80 V)
and to the anode (+1000 V). When the discharge is ignited, thrust is generated by the acceleration of ions in the electrostatic
field applied to an extraction system comprising an extraction anode, an insulating plasma holder, an acceleration electrode and
a deceleration electrode.
To neutralize the emitted ion beam, a plasma bridge neutralizer is used to "inject" electrons into the beam. The neutralizer first
produces electrons by thermionic emissions from a heated internal cathode. Then these electrons emitted into the neutralizer
passing Xenon gas support a plasma in the neutralizer tip generated by a low voltage arc discharge between cathode and keeper.
Out of this plasma electrons are extracted into the ion beam to maintain a zero-charge equilibrium in the thrust beam. In 1992,
the RIT-10 became one of the 14 payloads onboard EURECA-1 as a part of an experimental assembly. In that occasion, the
thruster performed in space for 244 hours, 145 cycles at
various thrust levels up to 10 mN. The thruster then stopped
only because ofa connector problem between thruster
-operating
--- --and radio-frequency generator (used for plasma generation in
-the thruster) due to inadequate thermal conditions at the
connector site'.
S-The diagnosis of these conditions was subsequently confirmed
"
.0
when the hardware was inspected upon retrieval, supporting
decisions on various improvements Daimler Benz had already
envisaged anyway in the next round of prototyping of their
thruster undertaken as part of the development work for
i
ARTEMIS'.
The ARTEMIS RIT system, which will operate at 15mN,
S-600W
power level, relies on the Daimler Benz thruster with
PROEL (I) neutraliser and FIAR (I) power supplies. The flow
Scontroller (FCU) and the RF Generator are a Daimler Benz

I

Fig. 2

Schematic of RIT-10 Thruster (courtesy Daimler Benz)

development too.
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RIT-10 Lifetime Test Philosophy
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The general task of a lifetime test is to demonstrate the ability of an equipment to perform the required operation over the total
mission time. In general, lifetime tests are required for mechanisms containing moving parts. As a consequence. on the RIT
system lifetime tests are performed on the valves at component level to demonstrate their ability to operate in the Flow Control
Unit (FCU) over the total mission time.
On the other hand, ion thrusters are very special equipment: even if they do not contain mechanisms with moving parts, they
contain comrvnents, which are subject to erosion by the ion beam. and therefore can influence the operating parameters of the
assembly dunng the lifetime or limit the lifetime itself.
In the RIT-10, the main components influencing the lifetime are the thruster itself and neutralizer.
hruster

The lifetime limiting part within the thruster is the grid system. Defocussed ions from the beam and charge exchange ions from
the beam exit area impinge on the electrode eroding its surface and the one around the extraction area holes. Mainly the erosion
in the holes, which increases the hole diameter, will influence the pressure in the discharge chamber by increasing the extraction
area. This will result in a lower pressure in the discharge chamber at constant mass flow rate through the thruster and thus in
an increase of the power consumption at constant thrust level or in a decrease of specific impulse caused by an increasing flow
rate and a small increase of power consumption.
Neurralier

Electron emitting material is stored in the insert of the neutralizer tip in porous tungsten. By heating the neutralizer tip the
material emits electrons into the Xenon flows through the neutralizer and allows to ignite a discharge between the cathode tip
and the keeper and keep the discharge running.
The current emitted from the heated cathode decreases during the operation of the neutralizer. At the end of lifetime enough
current must be available to ignite the discharge without problems.
The RIT- 10 thruster on ARTEMIS will perform operations in cycles of 3 hours firing every 12 hours (in the worst case) for the

10 yearsmission. This corresponds to about 10000 hours of firing. Fora life-time qualification testa safety factorof 1.5 is applied
to the nominal thruster life, which brings the total needed firing time of the RIT-10 to 15000 hours.
The life-time test at ESTEC is performed by operating the thruster in cycles of 3 hours on and 1 hour off (the minimum time
necessary to bring the thruster again to the nominal temperature at starting conditions). This allows the overall testing time to
be drastically reduced to about 2.5 years of test.
The set-up for the RIT-10 life-time test has required more than one year of activities, involving also technicians from DaimlerBenz. The facility preparation and validation has been performed by using a test thruster, also developed by Daimler-Benz,
similar to the one that will be used on ARTEMIS.
During the lifetime test the RIT thruster will be preferably operated by the EM-models of the other RITA units. In case of
unavailability of one or more of these units, caused by failure or late delivery, they can be replaced by laboratory models or
commercially available units as long as the function of the RIT is not influenced.

I

The Vacuum Facility
The test is performed in the ESTEC Test Laboratory's Vacuum Facility nr.3, which has been equipped to perform a fully
automated test (day and night).
A schematic of the main vacuum components used in the test set-up is shown in Fig.3, while a picture of vacuum facility nr.3
is shown in Fig.4.
The RIT thruster and neutralizer, the RF-generator and the FCU are mounted on a special plate in the hatch of the vacuum test
facility. The hatch is normally under vacuum conditions, and it can be separated from the main vacuum chamber by a large gate
valve, if repairs in the main chamber or reconditioning of the vacuum pumps are necessary, in order to avoid any interaction
with the ambient throughout the complete test.
The EM-PSCU and the other equipment necessary for the performance of the lifetime test like translator box, main bus simulator,
computers and printers, Xenon bottle, are situated outside the chamber. Proper electric and tubing connections connect the
equipment outside with the hardware inside the chamber via vacuum tight feedthroughs.
The Vacuum Facility 3 is equipped with a set of vacuum pumps able to simulate the space conditions for the test, also when
the thruster is firing. A graphite coated collector at a shallow grazing angle placed at the end of the vacuum chamber reduces
the ion back sputtering towards the thruster.
The main requirements for the lifetime test satisfied by the vacuum facility are shown in Tab. 1.
If the required pressure in the vacuum chamber is exceeded, the cryopanels have to be regenerated. In this case the thruster is
switched off and separated from the main vacuum chamber by the gate valve nr.7. The cryocooling is switched off and the
evaporated Xenon is retracted from the vessel by the rough pumping system. After regeneration, the pumps are switched on
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again and. when the vacuum reaches the required value, the
maingatecan hbopenedand thcthirusercanbeoperatedagain.

Nominal Test Set-up
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'he nominal conligurtion conceived for the lifetime test is
based on the use of the engineering models (EM) of the Flow
control Unit (FCU) and the Power Supply and Control Unit
(PSCU). as developed for the use on the ARTEMIS satellite.
A schematic of the nominal test set-up is illustrated in Fig.5.
The main components of the test set-up outside the vacuum
chamber are described hereafter.
PSCU
The PSCU is the electronic core of the RITand provides power
and control to the whole RIT assembly. The main electrical
parameters controlled by the PSCU are:
- Accelerator grid operation high voltage
- Accelerator grid ignition voltage
- RIT anode voltage
- RFG auxiliary power unit
- Neutralizer cathode heather power supply
- Neutralizer keeper voltage
- FCU chopper valves power supply
- FCU thruster and neutralizer valves power supply
- Telemetry and (elecommand interface.

*nner Diameter

>: m

*Free Length cf the Ion Beam

> 15 m

*Pressure in the area of the beam

< 5x10 Torr

dur'ng RITA operation at 15 mN

-Backsputtenng from the beam
collector to the thruster

<< 7 x 10 g/h

*!nstallation cf the thruster in a hatch
which can be separated from the main
vacuum chamber
*Start-up temperature on the thruster
flange at each cycle of
40C to consider
seasonal variations of the environmental
temperature in the lab.
*Automatic operation and control of the
testfacility
Tab.l

Test Set-up Requirements for RIT-10 Lifetime Test

In the nominal test set-up, the PSCU provides the same functions as on the ARTEMIS satellite, for the operation of the RIT
thruster.
Main Bus Simulator/ TranslatorBox
The translator box is necessary to connect the control computer with the PSCU. in order to allow an operator to command the
PSCU by means of the computer. The instrument performs a translation between the data protocol of the computer (RS-232C) and the PSCU protocol (OBDH standard). It manages also the different voltage and grounding requirements between the two
standards. On this serial data link both telecommands and telemetries are transmitted, including the High Level Direct
Telecommands to turn the PSCU on and off.
Data Handling System (DHS) Simulator/EGSE Computer
The EGSE computer is connected to the translator box and it is used to transfer data and commands from/to the PSCU, via the
translator box itself
Data Acquisition System
The data measured in the PSCU and transmitted via the translator box to the EGSE-computer, are copied to a directory on a
dedicated data acquisition computer. The data evaluation software creates for each thrust cycle a printout on a colour printer.
Data are available also as ASCII files.
Xer r Supply System
The Xenon propellant is supplied to the FCU inside the chamber via a supply system which provides the same flow condition
as the ones at the outlet of the Propellant Supply and Management System (PSME) on the ARTEMIS satellite 1.The Xenon
propellant is contained in a bottle mounted on a balance, in order to monitor the propellant consumption throughout the lifetime test.

I

Back-up Test Set-up
In case of a failure of the EM's of the FCU or the PSCU, the FCU can be replaced by commercial flow controllers and the PSCU
by a Test Power Supply (TPS), which allows to continue with the lifetime test until the units are repaired.
Fig.6 shows the arrangement of the test set-up for this case.
The neutralizer activation at the beginning of the lifetime test is performed by the EM-PSCU only, because the program for this
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i' tihe
PSCU h. some constants. but not in the pnnciple !i:-.

The Test ! . \..r ppiy t.c een deve.:pcd o allow the gc;enera! investigation and ltsting o a !<ddif;quency Ion Thruster. and
i is
n; for he iu-J
FI'- th.ruer. in! uh- t r:unework of the ARTEMIS program. H ardware and sa:';. are have been adapted
to the r..qui:eL:nenLt, of the PSCU and the ITS dcrign allowed flex:ile and timely response to so!tware changes, necessary in the

early development phase of the thruster.
Thli TPS rack conLains the following items:
-Power Distribution Unit

This unit provides power to the lines for all the other sub-units and it contains security devices as fuses. protections and a
key push button for emergency switch-off.

Neutralizer Power Supply
RF-Generator Power Supply (auxiliary voltage)
- Posive High Voltage Power Supply
- Negative High Voltage Power Supply
Igniting Voltage Power Supply
SRF-Generator Power Supply

-Temperature Measurement Unit
This unit contains 5 sensor modules, which may be programmed for different measurement applications. For the use on the
TPS, they are programmed for use with sensors in the range of 0°C + 2200 C.
-Arcing Detector Unit

The arcing detector detects arcs on the positive and negative high voltage line and enables the computer to react promptly
to these events.
-

Control Computer.

A Flow Control Unit Switchbox is needed in the case of the back-up configuration, to perform the FCU control operations.
otherwise camed out by the PSCU.

3

Diagnostic Equipment

Beam Diagnostic Arm

In order to verify the requirements imposed by the ARTEMIS prime contractor (Alenia Spazio) on the RIT-10 thrust vector
stability during the satellite life, a Diagnostic Arm has been designed and manufactured at ESTEC. The arm, installed inside
the vacuum chamber, is raised at predetermined intervals in front of the ion beam, where sensors detect the intensity of the ion
beam itself. The arm itself has more or less a square cross-section and contains in its case a row of 48 target plates, made of
stainless steel. The ion beam passes the entrance slit where electrons coming from the neutraliser are suppressed, and finally
hit the sensor plates. The current signal produced is fed into filtering and amplification circuits, mounted on printed circuit
boards, in the rear section of the arm. The current signal is converted into a voltage, is amplified by a factor of 10 and, finally,
the amplifier provides a low impedance outpu:. The electronic adopted was originally developed by Giessen University (D)'.
The readings of the sensors are multiplied 3 times by means of a movable strip carrying the holes in front of the sensors, in order
to reduce the uncertainty in the thrust vector measurement (see schematic in Fig.7).
18 additional sensors are mounted on 3 lateral arms with fixed hole positions, which provide indications on the ion beam
distribution in the horizontal plan, close to the beam axis.
An example of the output of the diagnostic arm during a RIT-10 test is shown in Fig.8.
Reduction of the data collected by the arm to evaluate the thrust vector position is performed by a code developed at ESTEC.
which takes into account all the possible measurement errors.
The maun two requirements imposed to the beam diagnostic measurement are:
- Beam diagnostic set-up accuracy
< 0.1 °
- Maximum time for one measurement
2 minutes
Two different measurements are performed during the normal operating cycles:

S*

Full Beam Diagnostic.
The full beam diagnostic is performed during the tirst 5 cycles, about every 500 cycles and during the last 5 cycles and includes
the following measurements:

- 1measurement during the first 3 minutes
-measurements every 5 minutes during the first half hour of the cycle
- measurements every 10 minutes during the rest of the cycle.
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The probe is calibrated at the sLar of the measurements and will be recalibrated twice a year dunng testing ime.
Backsputtenng Measurement Devices
In order to monitor the amount of material backsputtered in the direction of the thruster by the chamber walls and the beam target,
Quartz ChrisLal Microbalances have been installed in the main chamber, close to the thruster exit plane.
In addition, two metallic plates, one shielded and one unshielded have been put into the vacuum chamber nearby the thruster
exit. The weight of the two plates is measured at regular intervals, in order to evaluate the amount of material deposited on the
uncovered one, w.r.t the one not exposed.
Failure Analysis
The RIT-10 lifetime test is interrupted if any anomaly occurs in the operation of the lifetime test facility which can influence
the lifetime of thruster and/or neutralizer.
The following possibilities are considered:

I

- Mains voltage failure in the testing area
In this case the main bus simulator is switched off and RITA is switched off as well without difficulties. After the voltage
is back, the computer system is restarted by pressing a button on the control computer.
- Vacuum chamber pressure exceeds the pressurelimit
The pressure in the vacuum chamber is recorded continuously. If the pressure exceeds the specified limit, the main bus
simulator is switched off and therefore RITA is switched off. The next cycle can only be started after the pressure in the
chamber is decreased to a value below the pressure limit.
- Failurein the cooling loops
If a failure in the cooling loops (beam target, RF-generator mounting plate or thruster mounting plate) occurs, RIT main bus
simulator is switched off.

SConclusion
The life-time qualification of the RIT thruster for ARTEMIS will be performed at ESA/ESTEC in the Electric Propulsion Test
Laboratory. The set-up for the RJT- 10 life-time test has required more than one year of activities, involving also technicians from
Daimler Benz (D), the company responsible for the RIT system development. The facility preparation and validation has been
performed by using a test thruster, also developed by Daimler Benz, similar to the one that will be used on ARTEMIS. The paper
has presented the different components of the test set-up, including the diagnostic instrumentation.
The test set-up preparation is currently completed and the RIT-10 Life-time test is expected to start this year, as soon as the
thruster model to be tested will be provided by Daimler Benz.
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