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ABSTRACT

ARTEMIS is an experimental communication sa-

tellite, which is intended to be launched in
Mid 1995. One of the new satellite technolo-
gy subsystems is the Ion Propulsion Package
1PP, which shall replace the conventional
chemical N/S orbit correction subsystem.

The IPP comprises 4 ion thrusters (2 RIT-10
+ 2 UK-10), 1 central propellant (Xenon) sup-
ply system and 2 gimballed platforms on each
of which 2 thrusters are mounted.

The platforms are accomodated on the North-
and South panels of the satellite and allow
for accurate pointing of the thrust vectors
through the S/C center-of-mass.

Qualification models of the thrusters are
under .development at present, whereas the
propellant supply system and the gimballed
platforms are in an early design state.Pro-
posals for the C/D Phase are being prepared.

The benefits of the IPP may be seen in the
considerable mass savings compared with che-
mical propulsion and, optionally, the possi-
ble compensation of external disturbance mo-
mentum accumulated on the satellite.

MISSION AND SPACECRAFT

The Ion Propulsion Package IPP will be flown
on the ARTEMIS spacecraft, which at present
is being designed and developped by Alenia
Spazio under ESA contract. Launch date is
Mid 95.

ARTEMIS is a communication technology demon-
stration satellite for advanced data relay
and land mobile applications. It is part of
the Data Relay and Technology Mission Pro-
gram DRTM of ESA, which comprises in addi-
tion the operational Data Relay Satellite
System DRSS. The IPP is also candidate for
the DRS satellites.

Figs.l and 2 show the launch and in-orbit
configuration of ARTEMIS with the IPP loca-
ted on the anti-earth section of the satel-
lite.

The IPP will be used for North / South sta-
tionkeeping of ARTEMIS during the specified
mission time of 10 years. The corrections in
general are performed twice daily at 12
hours intervals, when the satellite passes
the ascending and desdending nodes of the
disturbed orbit. Only 1 thruster will be ac-
tivated at a time because of power reasons.
North and South thrusters are fired alterna-
tingly at ascending and descending orbit no-
de passages.

The described correction strategy avoids the
accumulation of unwanted orbit errors, which
are caused during each thrust period due to
the necessary inclination of the thrust vec-
torswith respect to the ideal N/S - direc-
tion.

Because of the rather small thrust level of
15 to 18 mN each correction period nominally
lasts about 3 hours, located symmetrically
around the nodes. Thrust periods up to 2
hours, however, may become necessary during
specific mission periods as result of power
constraints occuring during equinox and un-
favourable shadowing conditions of the solar
array caused by the large satellite anten-
nas. By application of a sophisticated cor-
rection strategy the provision of extra po-
wer for the ion thrusters can be avoided.

The total propellant (Xenon) consumption du-
ring 10 years amounts to about 30 kg, as has
been shown by the mission analysis performed
by Alenia Spazio for the proposed IPP confi-
guration .

IPP DESCRIPTION

IPP Configuration and Working Principle

The IPP consists of the following assem-—
blies:

2 Radiofrequency Ion Thruster Assemblies

RITA using RIT-10 thrusters

2 Electron Bombardment Ion Thruster Assem-=

blies EITA using UK-10 thrusters

- 1 Propellant Storage and Distribution As-
sembly PSDA

- 1 Ton Thruster Alignment Assembly ITAA
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Fig.2: Artemis In-Orbit Configuration



rhe Xenon propellant gas is stored in the

A tank at high pressure and fed via the
SDA pressure requlator at a low pressure of
? bar to RITA and EITA.
The ion thruster assemblies generate the
thrust by ionization of the Xenon in a dis-
~harge vessel and by acceleration of the io-
nized gas in an electrostatic field applied

a 3-arid (RTT-10), rspctly.2-grid (UK-10)
system. lonization of the Xenon is performed
in case of RITA by an RF-field generated by a
coi! which surrounds the thruster vessel, and
in case of EITA by bombardement with elec-
trons emitted from a cathode. Beam neutrali-
zation is achieved by insertion of electrons
into the ion beam via dedicated neutralizers.

The thrusters are located on the North and
South panels of the S/C as shown schematical-
ly in Fig. 3. Each of the thrusters generates
4t power ON a thrust level of nominal 15 mN
(RIT-1C0) or 18 mN (UK-10).In order to avoid
disturbance torques the thrusters are mounted
on an alignment platform ITAM which is stee-
rable in 2 axes and which allows for ground-
station controlled adjustment of the thrust
direction in order to point through the S/C

center-of-mass.
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Fig. 3: Schematic Location of the Thrusters
on the Satellite

Each North thruster can be combined operatio-
nally with each South thruster. Therefore the
chosen arrangement provides full redundancy
with respect to thruster technology and
operation. Preferrably always a combinaticn
of RITA and EITA thrusters will be applied
during the successive daily corrections in
order to prove simultaneously the performance
of both thruster types. '

In Table 1 the main IPP performance require-
ments are listed. Fig. 4 gives a survey of
the main IPP equipment

Table 1 : Main IPP Performance Characteristics

« Nominal Thrust Level
« Specific Impulse

« Total Impulse

« Pointing Range of Thrust Vectors
« Pointing Accuracy
» Pointing Control

+ Power Consumption

» Dry Mass

+ ‘Tank Capacity

15 mN (RIT-10) / 18 mN (UK-10)
>3 000 sec

1.2 « 10° Ns, equally split-up on North- and South thrusters

4 10° in 2 axes via Alignment Platform ITAA
+0.1°
Open - loop via Ground Station Command

<600 W, apportioned as follows

-PSDA 12W

-RITA /EITA 563 W (max. operating)

-ITAA 5W

- Heaters 20 W (during no-thrust phascs)

<70 kg, apportioned as follows :

-1 PSDA 14 kg
“2RITA 30 kg
2 EITA 20 kg
C1ITAA 6 kg

40 kg Xenon

(equivalent to 11000 hours of operation)
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(South - Platform)

Xe Feed Lines —~—~ Electrical Cabling Gimballed Platform
RITA EITA
* RIT10 Thruster Unit « UK10 Thruster Unit
« Neutralizer * Neutralizer
* PSCU - Power Supply and Control Unit * PCCE - Power Conditioning and Control Equipment
* RFG - Radio Frequency Generator « PSME - Propellant Supply and Monitoring Unit
* FCU - Flow Control Unit (low pressure) « LV - Latch Valve
* MV- Main Valve « EGSE 2/ MGSE 2
«EGSE 1/MGSE 1
ITAA - Gimballed Platform PSDA - High Pressure Xe-Supply Section
* ITAM - lon Thruster Alignment Mechanism  « Xenon Storage Tank
« ITAE - Platform Control Electronics « Fill and Drain Valves

= HPT - High Pressure Transducer
= EPRA - Electrical Pressure Regulator Assembly
« OXA - Oxygen Absorber ’

Fig.4:  IPP Constituents
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Operational Cycle

An operation cycle of a thruster assembly
performs as follows:

- Command from ground: Start preparatory
phase of RITA 1 or 2 or EITA 1 or e
The operation of a thruster assembly will
be started by a ground command, which se-
lects the thruster assembly to be operated
and starts the preparatory phase before
the thrust can be started.

- Internal Operation Sequence :
An automatic S/W controlled sequence
brings the thruster assembly to a status
where the thrust can be switched-on within
10 minutes. By TM the ground station is
informed that the thruster is ready for
thrusting.

- Command from ground: Start thrust
During the thrust phase the thrust level
and the operating conditions are control-
led. In case of a short thrust interrupti-
on thrust will be restarted automatically.
I1f this is not possible a failure signal
is transmitted to ground.

- Command from ground: Stop thrust

The thruster assembly SW brings the thru-
ster assembly to a dormant condition.

Operational Modes

Mode A: Full thrust (15 or 18 mN)

Mode B: Stand by (neutralizer and dis-
charge operating, but no thrust

Mocde C: Neutralizer operation only

Mode D: Thruster operation and thrusting
without neutralizer

Mode E: Power ON

Mode F Power Off

The PSCUs / PCCEs remain ON during Thrust -

Off because of thermal reasons.

RIT - 10 ASSEMBLY

The thruster is subject of an other presenta-
tion. Therefore only the main features wil
be mentioned

Fig. 5 shows the schematics of RITA. The as-
sembly is composed of 4 cons uents

- Thruster

- Neutralizer

= FCU. (Flow Control Unit)

- PSCU (Power Supply and Control Unit)

The PSCU
- provides the power and TM/TC inter
the spacecraft
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- generates stabilized voltages for the ion
generation sytem (RFG), the ion extraction
and acceleration system (anode, grids),
the neutralizers and the FCU

- controls the internal switching sequence

Thrust level control is achieved by variation

of the RF-power

The FCU

- contains 2 plena for storage of Xenon at
the specified supply pressures, which are
different for thruster and neutralizer (2
branches)

- controls the Xenon mass flows by pressure
measurement and adjustment of the duty cy-
cle of the flow chopper valves

The Thruster mainly consists of

- the eylindrical ionisation chamber (10 @ x
5 cm), surrounded by the rf-field genera-
ting solenoid (10 windings)

- 3 grids for ion acceleration and optimum
beam focusing

The external grid is satellite grounded and

avoids therefore unwanted interference with

the satellite space environment.

The Neutralizer

- generates the high current electron beam
required for beam neutralisation via Xenon
ionisation in a small discharge chamber

- delivers electrons required for ignition
of the discharge process in the thruster

UK-10 ASSEMBLY

The UK-10 thruster differs from the RIT-10 by
the following specific features:

- the ions are generated by electron bombard-
ment rather than by an rf-field

- the thruster needs 2 Xenon supply lines,
one for the cathode and one for the main
flow

- only 2 grids are used

- the Flow Control Unit PSME consists of 3
branches and operates with a constant chop-
per valve duty cycle

Further information is presented in an other

conference paper.

PSDA

The PSDA represents the central high pressure
Xenon storage part of the IPP. The blockdia-
gram is shown in Fig. 6.

The Xenon is stored in a spherical high pres-
sure tank at about 150 bar. The Xenon is fed
via an Electronic Pressure Regulator , an
Oxygen Absorber and a Filter to the 4 Flow
control Units of the 4 Thruster Assemblies
which constitute the IPP,

The Electronic Pressure Regulator represents
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nt ,which will be deve-

during the C/D Phase.It

Lher new compo

¢ and gqualified

s of the mechanical part EPRM and the

ntLrol clectronics part EPRE.

EPRM comprises 2 redundant control valve
branches, each having 2 bistable Flow Control
Valves in series.One valve is acting as the
sperative valve, which is switched open or
closed in order to keep the output pressure
within the specified limits of 2 bar £ 10 %.
During nominal operation the second serial
valve of the operative branch is permanently
opened, while both valves of the redundant

branch are permanently closed.

The downstream pressure is measured by 3 re-
dundant Low Pressure Transducers.A downstream
Plenum chamber and an upstream Orifice smooth
the Xenon flow in order to prevent regulation
overshoot and to reduce the valve switching
cycles.

The electronic pressure regulator has to ope-
rate within an external temperature range of
-2%°C to + 60°C. Liquefaction of Xenon at
high pressure and low temperature probably
has to be avoided by upstream heaters.

As Xenon storage tank preferrably a high

Back up 4
Drive assembly
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pressure He-tank available from previous pro-
jects will be applied.This tanks normally are
designed for pressures up to 250 bars, where-
as for Xenon because of its high commpressi-
bility a storage pressure of 80 to 150 bars
will be sufficient, which is well below the
He-tank qualification level.Problems may ari-
se, however, from the higher Xenon mass of 40
kg max., compared with about 3 kg He required
for the original application.Additional A-
qualification may become necessary as result
of dedicated analysis being conducted by the
potential suppliers.

The specified mass of the PSDA is £ 14 kg,
including the tank mass of about 9 kg.

The continuous power consumption is 8 Watts,
the peak during valve-ON amounts to 20 Watts.

ITAA

During the ARTEMIS B2 Phase a trade-off study
has been conducted in order to find-out that
type of alignment platform ITAM, which is
best suited for the IPP purposes.The current-
ly favourized platform is described in the
following chapters.

Mounting,
Pl’alc

Ball Joint
=

Triangular
Strut Assembly

p—

IJncurSuppon’//,

Alternative 1 : I'TAM Concept using Rails and Sledges (as shown)
Alternative 2 : Rails and Sledges deleted (preferred configuration)

Fig.7: ITAM Configuration
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7ig. 9 : Scheme of the ITAA Position Correction Loop



Functional Description

Task of the ITAA is to allow for on-orbit
alignment of the thrust vector of the opera-
ting ion thrusters with the S/C center-of-
gravity via ground station control. For this
purpose 2 thrusters are mounted on a stiff
platform supported by a struts assembly with
variable geometry, which allows for platform
rotation around 2 perpendicular axes under
ground station control.

The baseline platform configuration, the
overall ITAA blockdiagram, and the basic
platform position correction loop are shown
in Figs. 7, 8 and 9.

ITAA Major Equipment and Components

The ITAA comprises 2 main subsystems :
e ITAM
Mechanical Subsystem consisting of
- mounting plate for 2 thrusters
(%BIT+1EIT or 2xRIT)
- moueable support struts
- drive spindles for strut movement
- balljoints for 2 axes platform rotation
- drive motors 3
- position sensors (optional)
- connectors for signal, power and propel-
lant feed lines
2 ITAMs are mounted externally on the
north and south walls of the S/C.

« ITAE:
Platform Electronics consisting of
- power supply and platform control elec-
tronics
- OBDH and S/C Power Bus interface
1 ITAE for supply of both ITAMs is mounted
inside the S/C

ITAA Performance Requirements

DOF : 2 axes

Pointing Range : + 10° both axes

Pointing Accuracy : * 0.1°

Position Monitoring : resolution equivalent
to accuracy

Step Size R

Slew Rate : 0.003°/s

Total Step Number : equivalent to 2° daily

Deployment : no actuating devices
allowed

Mass : ITAMs 2 kg each
ITAE 2 kg

Power : 5 Watts continuous
20 Watts peak

Platform Size : 42 x 42 cm
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ITAM Layout

Each of both ITAMs consists of the following
main components:
- 1 Mounting Plate for the thrusters
* sandwich structure with inserts and ma-
chined parts to manage the thruster, ca-
bles and struts I/F.
- 1 strut Assembly with variable configurati-
on geometry
* 3 GFRP tubes with aluminium end-fittings
for flight model (for BB flight represen-
tative material wrt. thermal effects)
* I/F of struts with S/C and platform via
balljoints and brackets
- 3prd 2 bli
* 1 Drive Motor (stepper motor or other) +
1 Drive Spindle + 1 Nut (per Drive Assem-—
bly)
* off - the - shelf products for BB, flight
hardware for C/D phase
* 2 Drive Assemblies are nominally used,
the 3rd is back-up
* optionally only 2 drive assemblies are
provided (single point failure possible)
- 2 Position Sensors
* Microsyn or others for 2 axes measurement
of the platform position (option)

ITAE Layout

The ITAE implements the following redundant
functions

* power supply of ITAM

* selection of motors and sensors

* pulse drain generation for stepper motor

activation
* read-out of position sensors
* I/F with ITAM, OBDH, Power Bus

Alignment Control Principle:

- The platform position is monitored and
evaluated in the ground-station via TM

- The position correction of the platform is
achieved open-loop via TC

Platform Kinematics

- Rotation around lst axis:
simultaneous parallel movement of the % = o
angular shaped strut assembly and the sin-
gle strut moves the extended platform edge
up or down

- Rotation around 2nd axis:
Simultaneous antiparallel movement of the
struts turn the platform around its lon-
gitudinal center-line
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Benefits of IPP Application

Inspite of the rather high dry mass of IPP it
offers mass advantages compared with conven-
tional mono-and bipropellant systems because
of the considerable reduction of the propel-
lant mass.This is shown in Fig. 10, where the
launch mass difference of 2 satellite confi-
gurations are compared, one using bipropel-
lants for N/S stationkeeping and the other
using IPP. Basis for launch mass comparison
is the dry mass of the spacecrafts excluding
propulsion systems.

A further optional benefit of the IPP would
be the possibility to compensate during the
thrust phases the external disturbance tor-
ques, which have been accumulated in the mo-
mentum wheel during the previous orbit pha-
ses.

In this case an appropriate thrust vector
offset has to be commanded by the ground sta-
tion.No wheel unloading using chemical thru-
sters would then be necessary all over the
mission.At present, however, this procedure
is not baseline.
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Conclusion

On ARTEMIS the performance of an Ion Propul-
sion Package will be demonstrated and tested.
The technological and time critical subassem-
blies of the package are already in an early
qualification phase (RIT-10, UK-10), whereas
the other assemblies (PSDA, ITAA) have been
provisionally evaluated and will be designed
and tested in the coming C/D phase.No strin-
gent problems are expected with respect to
these systems.

The application of ion propulsion is justi-
fied by considerable S/C mass savings and op-
tiocnal by advantages offered to AOCS.
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Fig. 10 : Comparison of S/C Launch Masses for both Propulsion System Concepts
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