
Page 1 

IEPC-01-105 
Development Steps of the RF-Ion Thrusters RIT 

 
Helmut Bassner, Rainer Killinger, Hans Leiter, Johann Müller 

Astrium GmbH 
Post Box 80 11 69 

D-816633 München 
Germany 

Tel: +49 89 607 23126

ABSTRACT 

Radiofrequency Ion Thrusters (RIT) are 
under development in Germany at the 
University of Giessen and at Astrium 
(previous MBB and Dasa) since many 
years. The ion thrusters use Xenon as the 
propellant, generate the discharge by an 
RF-field at around 1 MHz and accelerate 
the ions by an electrostatic field applied to 
a 3-grid extraction system. A hollow 
cathode neutraliser is used as the electron 
source for the ignition of the discharge and 
for the neutralisation of the ion beam.  

The efficiency of the discharge is about 5 
% less than that of the Kaufmann thrusters 
but the simplicity of the RF-thruster design 
and advantages with respect to the 
operational procedures make this thruster a 
serious competitor to the commonly used 
gridded ion thrusters. 

1. The RIT Technology 

1.1 RIT Operation Principle 

The RF-Ion Thruster ionises the propellant 
Xenon by collision of electrons, which are 
accelerated by an rf-field, with the Xenon 
atoms. The RF-field is coupled into the 
inner of the electrically non-conductive 
discharge vessel by an rf-coil.  

Ions from the plasma inside the discharge 
chamber are accelerated by an electrostatic 
field which is generated by different 
voltages applied to a three-grid system. 

Electrons are generated by a hollow-
cathode neutraliser, which are used for the 
ignition of the discharge at begin of the 
thruster operation and for neutralisation of 
the ion beam during the thrusting periods. 

Fig. 1-1 shows a block diagram explaining 
the operating principle of a RIT thruster. 

 

1.2 Discharge Ignition and Operation 

To start the thruster the neutraliser will be 
set in operation first. After ignition of the 
neutraliser discharge the mass flow into the 
thruster will be started and the RF-
generator will be switched on. Electrons 
from the plasma at the neutraliser tip will 
be drawn into the discharge chamber by 
switching on the positive high voltage to 
the screen grid.  

Some electrons will fly into the discharge 
chamber. 
They are accelerated in the RF-field and 
collide with the neutral Xenon atoms, the 
discharge is ignited. 

 

 

Fig. 1-1: Operating Principle of an RF-Ion 
Thruster 

The voltage to the screen grid will then be 
switched off. The discharge operates now 
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in a self sustaining mode using the 
electrons already available in the 
discharge. An additional supply of 
electrons into the discharge chamber is no 
more necessary. 

The discharge stops immediately when the 
RF-generator is switched off. 

This ionisation principle avoids the main 
cathode in the discharge vessel like in the 
Kaufmann-thrusters and all the problems 
associated with it like 

• Development and qualification of a 
high-current cathode 

• Operation of the cathode inside the 
discharge for the total operation time 

• Power supplies for the main cathode 

• The anode baffle inside the discharge 
vessel 

• Limitation of the voltage between 
anode and cathode-keeper to avoid 
sputtering of the baffle 

• Special flow controller for the Xenon 
supply of the main cathode and the 
necessary electronics and control loop 

 

1.3  Thruster Design 

 

The thruster design is very simple. It 
consist of: 

• The discharge chamber, made of an 
electrically isolating material, e.g. 
alumina. 

• The three-grid system 

• The RF-coil surrounding the discharge 
vessel 

• The gas inlet including an isolator to 
decouple the plasma potential from the 
grounded feed line. 

• The thruster case which shields the RF-
field from radiation into the 
environment and which provides the 
mounting interface to the spacecraft. 

Fig. 1.3-1 shows the main parts of the 
thruster.  
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Fig. 1.3-1: Cross-Section of  RIT 

It is the advantage of this design that the 
plasma is kept inside the electrically 
isolated discharge vessel and has no 
contact to the mounting structure. 
Therefore the thruster case can be on 
ground potential without any isolator. 

One isolator is necessary at the gas inlet 
into the discharge chamber to separate the 
plasma potential from the grounded feed 
line. 

The neutraliser is mounted on the thruster 
case and shielded against sputtering from 
outside. 

 

1.4 Components necessary for RIT 
Operation 

The RIT thruster needs the following 
components for its operation: 

• Flow Control Unit (FCU) to control the 
Xenon mass flow to the thruster and to 
the neutraliser 

• Power Supply and Control Unit 
(PSCU), which contains the only 
interface to the satellite mainbus and to 
the Telemetry- and Tele-command 
System. It contains the following 
electric components: 

- Beam Supply 

- Accel electrode supply 

- RF-generator supply 

- Neutraliser cathode heater- and 
keeper supply 

- Beam current controller for thrust 
control 

- Current limiter to the main bus 

- Telemetry- and telecommand 
interface 

• RF-Generator, which produces the RF-
field for the propellant ionisation 

• Propellant Storage and Distribution 
Assembly (PSDA), consisting of the 
tank, the fill-and drain valves, pressure 
transducers and, if necessary, of a 
pressure reducer. 

Fig. 1.4-1 shows the components around 
the RIT. 

 

 

Fig. 1.4-1: Components for RIT Operation 

 

1.5 Operation Range and Thrust 
Control 

The RIT thrusters can be operated under 
stable conditions in a wide range of mass 
flow (50 to 85 % mass efficiency), beam 
voltage (600 to 2000 V) and thrust level. 
At constant thrust level the operational 
conditions can be optimised for low power 
input, resulting in a low specific impulse, 
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or for high specific impulse, resulting in a 
higher input power. 

The situation can be explained by diagrams 
taken from tests of the RIT 10 (10 cm 
ioniser diameter), which has been operated 
in a thrust range from 1 to more than 40 
mN. 

Figure 1.5-1 and 1.5-2 show the specific 
impulse and the power requirement for the 
RIT 10 thruster versus the mass flow to 
thruster and neutraliser, based on data, 
taken from tests in Giessen for the 
application to GOCE (see chapter 3.1). 

Fig. 1.5-1: RIT 10 Specific Impulse 

Fig. 1.5-2: RIT 10 Power Input 

Fig. 1.5-3 shows the relation between 

Power Input and Specific Impulse. 

Fig. 1.5-3: Power versus Total Isp 

The black lines show the operational 
parameters recommended as a compromise 
between high power and high specific 
impulse. 

The thrust level can be adjusted very easily 
at constant beam voltage by the variation 
of the RF-power, which directly influences 
the ion density in the discharge vessel. 

Fig. 1.5-4 shows the block diagram of the 
thrust control strategy used for GOCE, 
where fast and very accurate thrust 
changes (< 20 µN in msec ) are required. 

 

Fig. 1.5-4: RIT Thrust Control Strategy 

In a simple closed loop the measured thrust 
(represented by the ion beam current) is 
compared to the required thrust level and 
adjusts the RF-power into the discharge 
vessel. The mass flow follows the thrust 
signal at lower speed under consideration 
of the operational range of the thruster. 

 

2. Experience with RIT Models 

2.1 First Industrial Development Phase 

Using basic ideas and development work 
performed by Prof. H.W. Loeb and its 
group at the University of Giessen, MBB 
(now astrium) started the development 
work in 1970 using mercury as the 
propellant. 

The main work was the design and 
manufacturing of vibration resistant RIT 
10 (10 cm discharge vessel diameter) 
thrusters and neutralisers and the basic 
design of electronics and flow controllers 
necessary for the thruster/neutraliser 
operation. 
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A lifetime test facility has been built at 
DLR in Stuttgart, being able to operate 4 
RIT 10 thrusters in parallel firing to a 
frozen Mercury target  

A lifetime of 8150 h at constant thrust 
level of 10 mN and 2300 h/1160 h at cyclic 
operation has been achieved. 

Fig. 2.1-1 shows the cross-section of the 
RIT 10 thruster using Mercury as the 
propellant. 

A first application on the European Heavy 
Satellite for North-South Stationkeeping 
did not happen due to budgetary reasons 
or, probably, due to the use of Mercury as 
the propellant, which can cause damages 
on satellite surfaces which are sensitive to 
reactions with Mercury. 

Consequently, the propellant for RIT has 
been changed to Xenon successfully, 
which was a world-wide trend at the end of 
the 1970ties. The impact on the thruster 
design was low. The vaporiser for Mercury 

had to be replaced by a normal gas inlet. 

 

Fig. 2.1-1: RIT 10 Thruster using Mercury 

 

2.2 RIT 10 Testflight on EURECA 

A first possibility for a test of the RIT 10 
thruster came up as an experiment on the 
EUropean REtrievable CArrier EURECA. 
As one of the 16 experiments on this 
platform RITA (RIT Assembly) should be 
able to be operated for more than 1000 h in  

the orbit of about 500 km during the one 
year mission time. 

The challenge on this application was the 
very limited budget and the necessity of a 
fully automatic operation of the 
experiment due to the limited ground 
contact time. The use of a diving bottle as 
the Xenon tank and "space qualified" spray 
bottles did help us to keep the costs low. 
On the other hand, the development of a 
special computer and of the software for 
the automatic control of the experiment 
was very expensive. 

The complete hardware of this experiment 
except the neutraliser (developed an built 
by Thomson Tubes, previous AEG in Ulm) 
has been developed and manufactured at 
astrium in Ottobrunn. 

Fig. 2.2-1 shows the arrangement of the 
RITA experiment, which was mounted on 
a standard Equipment Support Panel on the 
platform. 

According to the power level available for 
RITA the thruster has been operated in 
space for about 240 hours at thrust levels 
between 5 and 10 mN. After that time a 
soldered wire connection at the inlet of the 
RF-coil broke by overheating due to a 
mixture of the solder- and copper material 
of the coil, which resulted in a decreasing 
conductivity of the new alloy. 

Fig. 2.2-1: RITA on EURECA 

 

The retrieval of the EURECA platform 
with all the experiments to earth by the 
space shuttle gave us the possibility to 
investigate the failure in detail. The failure 
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can easily be avoided by welding of this 
connection instead of soldering. 

 

2.3 Artemis 

Artemis is an experimental communication 
satellite which was planned to be launched 
in 1995 by Ariane V on a testflight. After 
some delays mainly caused by problems of 
the launchers Ariane V and  Japanese H2 it 
has been launched by Ariane V on 12. July 
2001. It did not reach the final orbit.  
Chemical thrusters shall brought the 
satellite to a 31,000 km circular orbit. The 
electrical thrusters RIT and EIT, shall 
bring the satellite to its final 
geosynchronous orbit.  

The satellite is equipped with 4 ion 
thrusters including the necessary 
electronics and flow controllers to perform 
North-South stationkeeping as a 
responsible subsystem for the total satellite 
lifetime of 10 years. 2 thrusters UK 10 
from astrium England (former MMS) and 
2 RITA from astrium Germany (former 
Dasa-RI) are mounted on 2 gimballed 
platforms, as shown in Fig. 2.3-1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.3-1: Ion Propulsion Package on 
Artemis 

 

For this application the thrust level of the 
RIT thruster had to be increased to 15 mN 
at a specific impulse of > 3000 s. The 
lifetime requirement is around 10.000 h at 

an operation time of about 3 h per day 
during the mission time of 10 years. 

The challenge of this development was the 
increase of the thrust level of RIT from 10 
to 15 mN under the consideration of a 
lifetime capability of 15,000 h, which 
include a qualification factor of 1.5. 

In addition the geographical distribution of 
this project within Europe required that the 
Power Supply and Conditioning Unit 
(PSCU) and the neutraliser had to be 
manufactured outside Germany and the 
know-how for these components had to be 
transferred to other companies. 

The flight hardware of the electric 
propulsion package has been delivered for 
integration into the spacecraft in 1998. At 
the same time a lifetime test on the EQM 
thruster and neutraliser has been started to 
demonstrate the overall lifetime under 
consideration of a qualification factor of 
1.5 in cycles of 3 hours over 15,000 h. The 
test is performed in the Gigant testfacility 
at ESTEC in Noordwijk, Holland, and has 
now achieved a total  operation time of 
15,000 h without any problems.  

A separate paper of this conference will 
give detailed informations on the first 
results of the ion thruster operation in 
space. 

 

2.4 RIT-Evo 

The thruster RIT-Evo (evolution) has been 
used to demonstrate the maximum thrust 
level which can be extracted from a RIT 10 
(10 cm discharge diameter) thruster. 

A RIT as designed and qualified for 
Artemis was equipped with a grid system 
optimised for maximum thrust level. The 
grid design was driven by the results of the 
study of the ESA-XX thruster (26 cm, 200 
mN thrust level, Isp = 4500 s) and 
computer codes which allow the 
calculation of the ion trajectories through 
the grids and of the expected life time by 
calculating the erosion rate of the accel 
electrode, which is caused by charge 
exchange ions. 
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The changes in the grid system were: 

• Decrease thickness of screen grid 

• increase grid transparency by more 
extraction holes at lower diameter. 

The Table below shows the differences: 

Dimensions in mm RIT-
Artemis 

RIT-
Evo 

Screen grid 
thickness 

2,0 0,3 

Screen grid hole 
diam 

4,0 1,9 

Screen accel grid 
separ. 

0,8 0,7 

Accel grid 
thickness 

2,0 1,0 

Accel grid hole 
diam 

2,4 1,2 

Accel/decel grid 
separ. 

0,8 0,5 

Decel grid 
thickness 

0,7 ,05 

Decel grid hole 
diam. 

4,25 1,9 

Hole pitch 5,0 2,2 

Number of holes 253 1483 
The result of this activity was a drastic 
improvement of extractable thrust level 
and a decrease in the power requirement at 
high specific impulse: 

• Thrust level range from 1 to 41 mN 

• Optimum operating conditions 10 to 30 
mN 

• Isp at 1500 V beam voltage 3400 s to 
3700 s 

• specific thruster power 25 to 26 W/mN 

Fig. 2.4-1 shows the relevant test data. 

Fig. 2.4-1: RIT-Evo Test Data 

 

3.        RIT Models currently under 
Development 

There are currently three application areas 
in Europe asking for ion propulsion: 

• The ESA earth exploration program 
GOCE 

• Application of ion thrusters on 
commercial satellites for North-South 
Station Keeping and/or apogee topping 

• The ESA cornerstone BepiColombo, a 
mission to the planet Mercury 

 

3.1 GOCE 

The earth observation mission GOCE 
(Gravity Field and Ocean Circulation 
Explorer), planned for a launch in 2004, 
needs electric propulsion to compensate 
the airdrag in the low earth orbit of about 
250 km to allow very accurate gravity 
measurments. 

The requirements on the ion thrusters are: 

• Thrust level, drag compensation 1 to 
15 mN 

• Thrust to be controlled in steps 12 
µN 

• Thrust level, orbit raising 20 mN ± 
5% 

• Total operation in orbit 21 months 

• Total impulse to be provided 631 
kNs 

The expected airdrag profile is shown in 
Fig. 3.1-1. 
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Fig. 3.1-1: GOCE Airdrag Profile 

 

A perfect thruster for this application is the 
RIT-Evo, which has been described in the 
chapter before. Special tests have been 
performed to demonstrate its ability to 
fulfil the GOCE requirements: 

Fig. 3.1-2 and 3.1-3 show the thrust step 
size of 25 µN at 1 mN and at 12 mN thrust 
level. The noise on the data results from 
environmental noise in the laboratory. 

Fig. 3.1-4 show the demonstration of the 
airdrag compensation process during one 
orbit. 

 

 
Fig. 3.1-2: Step of 25 µN at 1 mN Thrust 
Level 

 
Fig. 3.1-3: Step of 25 µN at 12 mN Thrust 
Level 

 
Fig. 3.1-4: Airdrag Compensation during 1 
Orbit 

 

 3.2 RIT for Commercial Application 

Special requirements are applicable to ion 
thrusters used on commercial spacecraft as 
for geostationary communication satellites. 
For this purpose the ion thrusters are in 
competition with the Hall-Effect thrusters, 
which are currently able to produce thrust 
levels of 80 to 140 mN at specific impulses 
of 1600 to 1700 s. 

The use of ion thrusters at specific 
impulses of 3500 s and above can save 
about  50 % of the propellant mass with 
respect to the Hall thrusters. 

Therefore the requirements for commercial 
application of ion thrusters are as follows: 

• Thrust level   100 
to 150 mN 

• Specific impulse  3500 s 

• Lifetime in Orbit  >10,000 h 

• Total impulse to be provided 5 x 
106 Ns 

Based on the experience gained during the 
development activities on RIT-Evo and on 
ESA-XX astrium is currently developing 
the RF-ion thruster RIT-XT. Fig. 3.2-1 
shows a photo of the thruster. 
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Fig. 3.2-1: RIT-XT Thruster 

The thruster has a discharge chamber made 
of alumina with a diameter of 22 cm near 
the screen grid. The extraction system 
consists of 3 grids at high transparency 
which are slightly dished in beam 
direction. 

For the operation of the RIT-XT thruster 
the Jumbo testfacility in Giessen has been 
improved by replacing the oil diffusion 
pumps by a number of cryo-pumps. 

The thruster has been operated up to now 
between 15 and 125 mN at beam voltages 
between 900 and 2000 V. For higher thrust 
levels laboratory power supplies for 6 kW 
output power will be procured.  

The specific impulse is above 3500 s at a 
thrust level of 100 mN at a specific power 
of less than 33 W/mN for the thruster 
system. Additional improvements seem to 
be possible. 

The development of the RIT-XT thruster is 
currently ongoing at astrium at high 
priority. Details of the RIT-XT thruster are 
shown in a separate paper on this 
conference. 

 

3.3 Interplanetary Missions 

One of the interplanetary missions 
upcoming within Europe is the ESA-
cornerstone BepiColombo, a mission to the 
planet Mercury. Two spacecraft are 
planned to be launched by separate 
launchers, one will go to a Mercury orbit, 
one will land on the Mercury surface. Both 
spacecraft will use gravity assists at the 

moon and at Venus to decrease the 
propulsion requirements. A solar electric 
propulsion module will be used for the 
interplanetary cruise to decrease the launch 
mass and the mission time. 

The requirements on the electric 
propulsion system are: 

• Thrust level per thruster 170 - 200 
mN 

• Number of thrusters installed 3 
• Specific impulse 3500 s BOL 
• Power @ 170 mN 5000 W 
• Total impulse to be provided 8 x 

106 Ns 
The RIT-XT thruster, as currently under 
development for commercial application, 
is a candidate for this application. 

Fig. 3.3-1shows the blockdiagram for one 

complete RITA system. 

Fig. 3.3-1: Blockdiagram of RITA System 

The dry mass of a RITA ion propulsion 
system consisting of 3 thrusters, power 
supplies and mass flow controllers will 
have a mass of less than 90 kg, excluding 
the propellant tank. 

Launch date for this mission is expected to 
be in 2009. 

 

4. Conclusions 

The Radiofrequency Ion Thruster concept 
has been developed in Germany since 
more than 30 years, has been flown once 
on EURECA and will be used for North-
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South Stationkeeping on the European 
Communication Satellite Artemis, which is 
currently scheduled to be launched in 
2001. 

The RF-thrusters with extraction grids 
have the advantages of all gridded ion 
thrusters like high Isp, small beam 
divergency, uniform exhaust velocity. In 
addition this ionisation principle has the 
advantage that it does not need a main 
cathode for discharge operation and the 
thrust control and mass flow control to the 
thruster is very simple. The high voltage 
plasma is kept inside an electrically 
isolating discharge vessel. Therefore the 
thruster case and the beam supplies are on 
ground potential without additional 
isolation effort 

The thruster system total power is in the 
range of 25 to 30 W/mN at specific 
impulses between 3000 and 4000 s. 

The thruster development is going on at 
astrium in Germany. Applications are 
planned for RIT-XT on commercial 
communication satellites and for 
interplanetary missions. 

The smaller RIT 10 thruster will have a 
chance to be used for air drag control of 
earth observation satellites, like on the 
GOCE mission. 

 


