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ABSTRACT

The Radiofrequency Ion Thruster Assembly (RITA),
originally invented at the University of Gielen, was
further developed by DaimlerChrysler Aerospace AG
(DASA) for the use on the ESA’s ARTEMIS
satellite. Purpose of this paper is to shortly describe
the Ion Propulsion Package (IPP) on ARTEMIS, with
special emphasis on the RITA. RITA is based on the
Radiofrequency Ion Thruster (RIT10) ion thruster,
with 8.7 ¢m ion beam and [0cm discharge vessel,
providing a thrust of up to 18 mN. Exceeding the
scope previous papers the results of qualification and
acceptance testing will be reported, and the status
thruster lifetime test will be given.

1. INTRODUCTION

ARTEMIS is a 2600 kg  geo-stationary
telecommunication satellite developed by the
European Space Agency, with Alenia Aerospazio as
prime contractor, as part of the Data Relay
Technology Mission (DRTM). Main purpose of
ARTEMIS is to promote advanced tele-
communication technology. The launch of ARTEMIS
is scheduled for May 2000 and the planned mission
duration is 10 years.

In addition the ARTEMIS satellite was selected to
demonstrate ion propulsion on orbit.

2. THE ION PROPULSION PACKAGE (IPP)
ON ARTEMIS

The Ion Propulsion Package (IPP), prime contractor
is DaimlerChrysler Aerospace (Dasa), consists of the
following assemblies:

e | Propellant Storage and Distribution Assembly
(PSDA) [Matra Marconi Space — UK]
including the Xenon Storage Tank (XST) [Dowty]
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e 2 Electron Bombardment Ion Thruster Assemblies
(EITA), which include the Electric Pressure
Regulator Electronics EPRE) of the PSDA
[Matra Marconi Space — UK]

e 2 Radiofrequency Ion Thruster Assemblies
(RITA) [DaimlerChrysler Aerospace]

e | Ion Thruster Alignment Assembly, consisting of
- 2 Ion Thruster Alignment Mechanisms (ITAM)
[Austrian Aerospace] and
- 1 Ion Thruster Alignment Electronics (ITAE)
[DaimlerChrysler Aerospace]

Fig. 2-1 shows the block diagram of the IPP; the allo-
cation on the satellite is shown in fig. 2-2. Two
thrusters one EIT and one RIT10 are mounted on one
ITAM on north- and south panel respectively.
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Fig. 2-1 ARTEMIS IPP block diagram

Due to the change of the launch vehicle form Ariane
5 to the Japanese HII-A the Av required for the
ARTEMIS mission increased from 1490 m/s to 1830
m/s, leaving no margin for N/S station keeping. As a
consequence of this the Ion Propulsion Package (IPP)
onboard of ARTEMIS, formerly an add on propulsion
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system redundant to the chemical system, became a
fully operational subsystem.
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Fig. 2-2 Allocation of IPP on ARTEMIS

3. DESCIPTION OF RITA

The Radiofrequency Ion Thruster Assembly (RITA)
for ARTEMIS consists of the Thruster (RIT10), the
Flow Control Unit (FCU), and the Radio Frequency
Generator (RFG), developed by DASA. The Power
Supply and Control Unit (PSCU) was developed by
FIAR (Italy). A block- and function-diagram is
shown in Fig. 3-1

The RITA total mass is 15.4 kg including tubing,
harnesses, and mechanical interface material. The
detailed mass break down is shown in the table
below:

Equipment Mass
RIT10 2.20kg
FCU 2.40 kg
RFG 1.35 kg
PSCU 8.80 kg
Harness 0.50 kg
Tubing. & Support 0.15 kg
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The RIT on ARTEMIS is an improved version of the
thruster flown on EURECA. The discharge chamber,
the extraction grid system, and the thermal design
were improved, resulting in a nominal thrust level of
15 mN at a specific Impulse of above 3000 s at mod-
erate operating temperatures.
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Figure 3-1: RITA Block Diagram

The Xenon flow to the thruster and the neutralizer is
controlled by the Flow Control Unit (FCU). The FCU
is capable to actively control the Xenon mass flow to
thruster and neutralizer in order to always operate
RITA at optimum conditions, maximizing mass and
power efficiency as well as the specific impulse and
minimizing the extraction grid erosion. On
ARTEMIS the FCU operates at inlet pressures of 1.8
to 2.2 bar. In case of a failure in the pressure regula-
tion system located between the tank and the FCU, it
is able to operate directly from the tank pressure up to
150 bar. The FCU’s function is illustrated in the
schematics in Fig 3-2. A photo of an ARTEMIS FCU
is shown in Fig 3.3.
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Fig. 3-2: FCU Functional Diagram

The ARTEMIS FCU was specially designed to
operate under environmental conditions between
-30°C and +60°C without heather or cooling support.
The mechanical layout was minimized in respect to
volume and contact area.



Fig. 3-3: ARTEMIS RITA - FCU

The RIT was successfully qualified and acceptance
tested on equipment and assembly level in 1997. The
major RIT10 Performance characteristics are as
follows:

Nominal Trust: 15 mN

Total Thrust Range: 5to 15 mN

Thrust Repeatability <x]°

Beam Diameter 87 mm

Beam Divergence < 11.5° half

(90% value ) angle

Thruster Mass (incl. Neutralizer, |2.2 kg

and cabling):

Beam Voltage: + 1500 V

Accelerator Voltage -450 to -2300V
(Default -600V)

Main Discharge Ignition Voltage |+ 80V

Decelerator Grid Voltage ov

(ground)

Thruster Power Consumption at | <459 W

15 mN (incl. Neutralizer)

Nominal Ion Beam Current 234 mA

Xenon flow rate at 15 mN incl. 0.46 mg/s

Neutralizer

Specific Impulse (incl. 3325s

Neutralizer at 0.46 mg/s Xenon)

Total Impulse Capability (Spec.) | 600,000 Ns

Discharge Vessel Diameter 100 mm

Dimensional Envelope 212 * 190 *
180mm

Cold Start -85°C

Hot Start > 150°C

Max. Operation Temperature at | < 125°C

I/F Flange )

Heat Dissipation (nominally) <95W
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Verification of the thruster’s lifetime capability will
be demonstrated by a lifetime test that started in June
1998. During this test 15,000 operating hours will be
performed in cycles of 3 hours on and 1 hour off. To
verify the cumulative impulse per thruster of 600,000
Ns including a qualification factor of about 1.35.

The ARTEMIS thruster design, prior to the RIT10-
EQM, was verified and endurance tested on the two
thrusters: EM2 up to 3450 hours. After this the EM2
was tested in the grid’s EOL configuration. S/N1 was
tested up to 1250 hours. The evaluation of the grid
erosion resulted in a predicted worst case lifetime
exceeding the ARTEMIS requirements.

The beam neutralization is provided by a Laben-Proel
hollow cathode neutralizer. The qualification and
acceptance testing of this component is performed in
four steps:

1. 15000 hour lifetime test on component level at
ESTEC, Preliminary qualification on component
level vs Phase B Requirements. One EQM
neutralizer was subjected to a 15000 hour life test
at ESTEC consisting of 2 hour on / 0.5 hour off
duty cycles. The life test included a margin factor
of 1.5 (nominal mission operation time 10000
hours) and was successfully accomplished within
the time period March 1990 - February 1993. The
same EQM neutralizer (S/N 1017) later-on was
reused as a representative mass simulator on the
RIT flight units (PFM, FM) at the thruster accep-
tance vibration tests. Test performed on this
neutralizer are: activation, functional test and
cycling, Start-up at -60°C and cycling, final
functional test

2. Final qualification vs final requirements under
representative conditions on RITA Level at
Giefen University.

e Vibration qualification on the RIT-EQM mounted
on a structurally representative ITAM-VTM
(Vibration Test Model) together with an EIT
Structural Simulator

e Performance / thermal qualification under real
service conditions (thruster-/electronic I/F) on the
RIT/RITA-EQM at GieBlen University covering
performance mapping, low temperature start-ups
at -85°C and maximum operating temperatures

e Reuse of the neutralizer as a test unit for
RIT/RITA PFM/FM acceptance tests. By these
additional performance -/ thermal duty cycles
repeatability = and  extra  margins  were
demonstrated.

All qualification tests above were accomplished
successfully. The vibration tests were analyzed
and confirmed the adequacy of component
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acceptance vibration levels used for the feasible. As of June 15, 1999 stage solar simulation,
neutralizers. the system vibration, and the thermal vacuum test
were completed successfully. Figures 3-6 and 3-7
show IPP/RITA integrated to the ARTEMIS S/C.

3. Validation of adequate performance after activa-
tion and exposure to ,,adverse” atmosphere for
100 days on component level (3 EQM
neutralizers), the test was successfully completed.

4. Activation and performance acceptance of FM-
neutralizers

Figure 3-7: RIT10 and EIT on ITAM, installed to the
ARTEMIS S/C

RITA Qualification Flow
Figure 3-4: ARTEMIS Qualification Thruster RIT FCU RFG PSCU NTR
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After delivery to the ARTEMIS spacecraft the

function was tested on system level to the extent
Figure 3-5: RITA Acceptance and Qualification Flow



4. STATUS OF THE RIT LIFETIME TEST
4.1 Test Objective

During the lifetime test not only the proper function
shall be demonstrate, but the requirements below
shall be verified as well:

e Measurement of the thrust vector direction
between start-up and steady state operation.

e Measurement of changes in the thrust vector
direction between BOL and EOL.

e Measurement of thrust vector repeatability over
the mission time.

e Specific impulse over the mission time. The mass
flow to the thruster and to the neutralizer will be
measured in common by a commercial mass flow
meter which is installed in front of the FCU out-
side the vacuum chamber. This will allow the
calculation of the specific impulse via the
determination of the thrust via the electrical
parameters.

e Repeated measurements of acceleration electrode
hole diameter during the lifetime test will provide
a database of changes of specific impulse vs.
mass efficiency and thruster lifetime.

e The power consumption of RITA will be calcu-
lated from the input voltage and the input current
during operation by the PSCU.

4.2 Test Description

The test object is the RIT 10 EQM. At start of the
lifetime test the thruster is equipped with the EQM
neutralizer SN 1047. In order to make this test as
flight like as possible it is was agreed to use the RFG-
EQM, the PSCU-EQM, and the FCU-EQM during
the life test as test equipment. These components
were qualified, on equipment and component level. In
case of unavailability of one or more of these units,
caused by a failure or by late delivery, they can be
replaced by laboratory models, TMs, or commercially
available units as long as the function of the RIT10
and the neutralizer is not influenced.

Test chamber is the Gigant test facility at ESTEC in
Noordwijk — The Netherlands -, see Fig 4.2-1.
Thruster and neutralizer are mounted on a flange,
inside the hatch of the vacuum chamber, which
provides a flight like thermal environment. In
addition the RFG and the FCU are installed inside the
hatch. The RFG platform is cooled similar to its
accommodation on ARTEMIS for proper thermal
control. The PSCU is accommodated outside the
vacuum chamber on a special air cooled platform.
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During the life test the electrical equipment are
identical to flight.
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Fig. 4.2-1: Drawing of the ESTEC test chamber

PSCU commanding, power supply and data acqui-
sition are provided by a S/C simulator. Additional test
data like temperatures, vacuum chamber pressures,
and feed system pressures are monitored by a sepa-
rate system called Test Power Supply (TPS). The
TPS in addition can be used to operate the thruster in
case special tests, exceeding the PSCU capabilities
shall be performed. S/C simulator and TPS are
computer controlled and can be controlled either
locally at ESTEC (The Netherlands) or remotely from
Munich (Germany). In addition the ESA test chamber
is equipped with a beam diagnostic and sputter
measurement  tool: QCM  (Quartz  Crystal
Microbalance) and witness plates.

The ARTEMIS mission specifies one 3 hr operation
period per day. This results in 3650 cycles during an
operational life of 10 years. In order to abbreviate the
test duration, the lifetime test thruster performs 6
segments (3 hours ON - identical to flight on-time per
day - and 1 hour OFF - to guarantee a cooling down
phase before the system restart, allowing to test the
thermal cycles) per day. The test setup is prepared
such, that the commanding of the 6 cycles per day is
preprogrammed and data are stored automatically.
Due to this the thruster can be operated unattended,
allowing a 24 hour a day, 7 days a week operation.
Figure 4.2-2 shows a typical daily protocol sheet

4.3 Test Results

Up to now the RIT10 lifetime test performed without
major failures, but one problem resulted in an lengthy
investigation. After a couple of hundred operation
hours an increased number of switch-offs was
detected. An extensive research was started to iden-
tify the cause for this behavior. Finally a combination
of causes was identified. Due to a not optimal too low
setting of the negative high voltage, the beam was not
focussed optimally.

N e e
i
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Inside Diameter 1480
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Test Begin :

RITA Cycle No.: O

04.05.1999 00:01:07
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Fig. 4.3-1: Typical daily RIT Lifetime Test Summary Printout
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This in addition reduced cleaning of the thruster grid
from back-sputtered material and thus caused an
increasing accel drain current. The effect is shown in
Fig. 4.3-1. In addition it was detected that the vacuum
chamber environment itself contributes to the high
voltage events. If high voltage events occur the PSCU
switches automatically the thruster back to on-
condition within 3 seconds.

ARTEMIS IPP - RIT10 Lifetime Test - May 1999 Data

8 ‘raoo
- 700
_5,—_1‘###—-—-—_ 600 o
€ \f S
§ —g g
3 =i 7500 S
< i | =
‘ga 14005
3 ‘I 300
i Yoo . Lk
2 200 2
+ 100
0 0
888838388888888888838 rwa—
ggesgssgesssggesgyg | acaemd)
AR S S S RS-SRS . |~&—NHV(V) |
‘“‘n"fi“"v‘ildu'}u‘iuim'r}mm'm'.n‘m'.dgo’ | B0, S
8888888888355 5c6¢c¢eceo
- N W O N ™M LMD -~ MIT © 0 O =
83882222 S8I&I8358
Date / Time

Fig. 4.3-1: Effect of NHV on the accel drain current

After the NHV was readjusted, the accel drain current
decreased to a stable low number, that most probably
is caused by the chamber environment.

With the status of August 31, 1999, the thruster had
operated 3855 h during 1305 operation cycles.

ARTEMIS-IPP
RIT Lifetime Test - Beam Diagnostics
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Fig. 4.3-2: Comparison of beam diagnostics

measurements
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The thrust vector stability is measured repeatedly in
respect to variations during one operation cycle,
temperature effect and over the lifetime. Fig. 4.3-2
shows a typical beam profile during on 3 hour cycle.

The diagnostics measurements are performed 5, 10,
20, 30, 50, 90, and 150 minutes after start of opera-
tion. The absolute value is a function of the inlet
pressure that is varied during the operation due to the
FCU flow ripple. A variation of the beam direction
was not observed within the resolution of the diag-
nostics measurement.

Figure 4.3-3 shows the beam profile for during
different operation cycles normalized in respect to
flow rate and beam current. Again no change of the
beam vector could be observed.

‘ ARTEMIS-IPP
RIT Lifetime Test - Beam Diagnostics
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Fig. 4.3-3: Comparison of beam diagnostics

measurements over the thruster’s
lifetime.

The thruster performance data are stable as can be
seen in Fig 4.3.4. At an average the total specific im-
pulse (thruster and neutralizer) is 3560 sec at 15 mN
thrust. The average vacuum pressures during thruster
operation are 2.4 10® mbar for the main chamber and
4.5 10° mbar for the hatch, the thruster is installed
in. Thus it can be expected that the accel drain current
(IACC) at space vacuum levels is about 70 % of the
value measured in the test chamber.
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ARTEMIS IPP - RIT10 Lifetime Test - July / August 1999 Data
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Fig. 4.3-4: RIT10 Lifetime Test Data — May 1999
5. CONCLUSIONS REFERENCES

The RITA ion thruster assembly on ARTEMIS as of AIAA 95-2518, Status of the Ion Propulsion Package
today is completely qualified and acceptance tests, for Artemis and its Commercial Application; H.
with the exception of the ongoing thruster lifetime Bassner, J. Hofmann
test. After an initial problem due to the non optimized
set parameter, the lifetime test now shows at excellent AIAA  99-3445, Development of an High
and stable performance data. The RITA, as designed Performance RF-lon Thruster; R. Killinger, H.

for ARTEMIS provided an excellent basis for the Bassner, J. Miiller
development of the next generation of thrusters:

e the RIT10_EVOIlution, same design as RIT10-
ARTEMIS, but with an improved grid system,
providing a thrust level between 1 and 35 mN at
increased specific impulse, reduced accel drain
current and improved power efficiency

e the RIT_XT a 20.8 cm beam diameter, 15 to 150
mN thruster with an again improved power
efficiency.

Specific Impulse
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