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Abstract

One of the major goals of the
governmental technological program,
STENTOR, is to give a flight opportunity to
some strategic new equipments and
subsystems and to fully demonstrate and
validate their performances in geostationary
orbit.

This program, managed by a
governmental joined team ( CNES, France
Telecom, DGA ) is foreseen be launch by the
end 2000. The dedicated experimentations of
new technologies will follow.

On board, one of the new technologies,
is the plasmic propulsion system, developed
by ALCATEL SPACE INDUSTRIES. This
system will be used for North/south station
keeping of the spacecraft.

This paper describes the plasmic
propulsion system which includes Hall effect
thrusters SPT-100 and PPS-1350 from FAKEL
and SNECMA, Power Processing Units ( PPU )
developed by ALCATEL ETCA, two-axis
thruster orientation mechanism ( TOM )
developed by ALCATEL SPACE
INDUSTRIES, series redundant mechanical
pressure regulator and Xenon storage tank.

The development and qualification test
plan is also presented. It includes coupled
tests between the different models of PPU, the
thrusters and dynamic simulator. Coupled
tests between the TOM, thruster and PPU are
also performed and the main ground test
results and achieved performances are given.

In-flight experiments are also planned to
characterize the ion beam and study the
interactions with the spacecratt.

Introduction

The advantages of use of plasmic
propulsion system on board of geostationary
satellite have been largely proved by technical
and market analysis. In order to fully
demonstrate and validate such advantages in
orbit, a plasmic propulsion system was
designed by ALCATEL SPACE INDUSTRIES
for flight demonstration onto the STENTOR
program.

Design of this propulsion system is
compatible with requirements of the ALCATEL
SPACEBUS Family platform, allowing in
addition flexibility to meet requirements of
other applications such as constellations.

System Description

The function of the Plasmic Propulsion
System is to provide inclination and
eccentricity control for North/South station
keeping.

The system is a plasma propulsion
system using Xenon as propellant. It includes
a Gas Module in order to store and supply
Xenon two Thruster Modules, one for the
North maneuvers and one for the South
maneuvers.

Each Thruster Module is composed of
two Stationary Plasma Thrusters ( one nominal
and one redundant ) mounted onto an
orientation mechanism and of Xenon Flow
Controllers (XFC) associated to each thruster.
Thruster and XFC are powered and controlled
by Electrical Modules.

Each Electrical Module includes one
Power Processing Unit (PPU) including
Thruster Selection Unit (TSU), a filter unit (FU)
upstream each SPT. One Electrical module is
dedicated to the two nominal thrusters, the
other one is redundant, associated to
redundant thrusters.

Two types of thrusters will be used:
SPT-100 thrusters, manufactured by Fakel in
Russia and PPS-1350 thruster manufactured
by SNECMA.
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Fig. 1 Plasmic propulsion System
Gaz Module Description

Function of the Gas Module is to store
Xenon and isolate the Xenon storage volume
from the thrusters during launch and orbit
raising phases in safe conditions. During on-
orbit phase, it will then supply Xenon to the
Thruster Modules at the required regulated
pressure.

It includes the following equipments:

# one 68| Xenon tank allowing Xenon storage
at an optimized pressure of 150 bar,

@ a normally closed pyro valve isolating the
storage volume during ground integration
activities and launch,

# high pressure transducers for Xenon
gauging,

@ titanium feed lines

4 fill and drain valves for on-ground
operations,

@ isolation valves,

& Xenon filter,

€ a mechanical pressure regulator which is
fully series redundant. Each stage is capable
of delivering Xenon at the regulated pressure
needed by the thruster modules and is
providing leaktightness between two thruster
operations.

@ low pressure transducers used to tightly
monitored the level of the regulated pressure.

The Gaz Module is fully integrated and
tested by ALCATEL Cannes before integration
onto spacecraft structure.

Fig. 2 pre-integrated Gas Module

Thruster Module Description
Each module consists of:

4 Two plasma thrusters: one SPT-100 and
one PPS-1350,

@ Xenon Flow Controllers (XFC) associated to
each SPT. The XFC includes a thermothrottle
which allows to control the Xenon mass flow in
a closed loop based on the discharge current
monitored within the PPU.

# A Thruster Orientation Mechanism (TOM)
used to steer the plasma thrusters around two
axes.

4 One set of Xenon feeding pipes and
electrical harness to SPTs and XFCs. Routing
toward the thrusters is arranged near the TOM
rotation center in order to minimize resisting
torques.

@ One set of thermal control devices (
temperature sensors, heaters, thermooptical
tapes ).

Mobile plate of this mechanism is also
used as radiative plate.

When stowed, thrust axis are aligned
with the satellite mass center.
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Fig. 3 Thruster Module
Electrical Module Description

The electrical modules manage and
deliver to thrusters and XFC the required
power for operation. Each electrical module
(prime and redundant) is connected to two
SPTs but operates only one thruster at one
time.

On one hand, the SPT-100's are operated with
the electrical module configurated in 300V; on
the other hand, the PPS-1350’s are operated
with the electrical module configurated in
350V.

Each module is made of the following
components:

@ one PPU' and its TSU used for thruster
selection. PPU controls the selected SPT and
its associated XFC on the basis of
programmed procedures and commands
received from the on-board computer. In
particular the PPU manage an automatic
sequence for the thruster start-up and control
the discharge current closed loop. PPU also
includes a remote control mode in order to
provide tools for step by step control /
diagnostics purposes. PPU is connected to the
1553 Data Bus and to the 50 Volts power bus.
# two electrical filters ( one per thruster ). The
filter unit is located upstream each thruster in
order to limit electromagnetic conduction from
the thruster towards the PPU. For this reason
the filters units are located as close as
possible from the SPTs.

@ the associated harness between PPU, FU
and thruster modules.
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Thrusters Description

Two of the four plasma thrusters used
in the subsystem are SPT-100 thrusters
manufactured by FAKEL in Russia and
commercialized by ISTI and SNECMA in
France.

The two other plasma thrusters are
PPS-1350 thrusters developed by SNECMA.
This thruster is developed based on the SPT-
100 design however it includes the following
differences and experience returns:

¢ full occidental materials and technologies,
€ mechanical strength improvements,

4 magnetic configuration adjusted according
to SNECMA patent,

@ optimized working point chosen at
discharge voltage of 350 V ( instead 300 V for
SPT-100),

€ main performances: thrust: 88mN;
Isp:1720s; input power:1500W

photo SNECMA

Fig. 4 Plasma Thruster

Thruster Orientation Mechanism
Description

The rotation of the TOM is generated
by two linear actuators (step motors driving a
roller screw) pushing the mobile plate. The
mobile plate used as radiator to dissipate
thruster power, is mounted on a knee-ball and
socket joint. The two actuators are in two
perpendicular directions.

The locking release is performed by a
pyrotechnic device. This device is retractable
after unlocking in order to allow movement of
the thruster mounting plate.

The TOM motorisation is compatible
with the resisting torque of the internal feed
lines and harness. The mechanisms allow any
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rotation in a 12deg. half cone. This cone is
centered on the reference position which is the
locked position of the launch configuration.
Each rotation axis is fitted with redundant zero
indicator ( locked position of the mechanism )
and sign indicator.

The bracket which interface with the
spacecraft ensures a 44deg. angle of the
mean thrust axis with respect to the interface
plane.

The TOM is mechanically damped to
master the vibration levels at the plasma
thrusters interface. Damping is performed
using elastomer material sheared during
vibrations.

Fig. 5 Thruster Orientation Mechanism

PPU Description
PPU includes the following modules:

@ primary power module: main bus protection,
voltage level conversion and galvanic isolation
of the power required by the thrusters supplies.

@ thruster supplies: anode, magnet, cathode
heater and ignitor are supplied according to
their specific power profile. The power of these
supplies is provided by the input stage.

@ DC/DC converter: main bus protection,
voltage level conversion and galvanic isolation
of the power required by the XFC supplies, the
sequence, the TM/TC interface and all the low
level circuits.

@ XFC supplies: PPU supplies the Xenon Flow
Controller. It opens the Xenon valves and
controls the SPT discharge by the regulation of
the Xenon flow via the thermothrottle supply.
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¢ Sequencer: automatic control and survey of
the thruster operation: start-up, stop, regulated
thrust, failure recovery,...

& TM/TC interface: this interface includes the
interface with the spacecraft communication
bus and the interface with galvanic isolation
between the sequencer and the different
internal supplies.

@ TSU is a slave equipment, controlled and
supplied via PPU. It is a switching unit, with
relays, receiving all PPU outputs and
transmitting them to one of the two connected
thrusters.

Each PPU is exchanging data with the
On-board computer. According to the received
orders the PPU enters into one of its six
following possible modes: "OFF" mode,
"STAND-BY" mode, "CONFIGURATION"
mode allowing the selection of SPT and XFC
units by actuating the TSU and allowing set of
firing parameters, "VENTING" mode allowing
venting of the Xenon lines before the first
firing, "REMOTE CONTROL" mode allowing
management "step-by-step" of thrusters
operation, "AUTOMATIC THRUST" mode
allowing automatic start and regulation process
of the selected thruster.

Photo Alcatel ETCA

Fig. 6 Power Processing Unit
Pressure Regulator Description

The pressure regulator is
manufactured by p Space. It was developed
based on large experience with similar
pressure regulators.

Two separate regulators are located in
series in a single housing to provide a real
redundancy, reliability and light weight.

During normal operation, the primary regulator
controls the flow, while the secondary regulator
stays in the fully open position.



In the unlikely event of a primary
regulator malfunction, the regulator is designed
to fail in the open condition, such that the
secondary regulator will take over and control
the flow automatically.

Design Flexibility

Design of the propulsion system was
mainly driven by performances requirements of
the ALCATEL SPACEBUS Family platform.
Another driving factor was to provide system
design flexibility in order to provide optimized
design according to specific mission
requirements of geostationary spacecrafts but
also of applications such as constellations.

The following flexibilities are provided:

€ Gaz module architecture

& Set of different tanks ( volumes and type of
fixations ) for Xenon storage volume

# compatibility with two type of thrusters: SPT-
100 and PPS-1350

© modular design of PPU: set of TM/TC and
Power interfaces, with or without TSU

4 TOM can be used for different spacecraft
configurations using a shimming at the
thrusters interface allowing an orientation for a
mean thrust axis relatively to the interface
plane in a wide range.

Main Physical Characteristics and
Performances

& Power Bus: 50 - 100 Volts regulated
& TM/TC Bus: 1553, OBDH or RS485
4 Low power-to-thrust ratio: <16 W/mN

4 EMC and RF compliant wrt spacecraft
requirements

# Total impulse capability : up to 8,6.10° Ns
@ Thrust orientation capability: +/-12deg.

& Power consumption: 1500 W

@ Specific Impulse: 1600 s

& Dry mass: <100 kg
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Development and Qualification Test
Equipment Level
The following equipments were fully

developed and qualified in the frame of the
STENTOR program.

Equipment Supplier
Xenon storage tank Aerospatiale
Pressure regulator pUSpace
Power Processing Unit | ALCATEL ETCA
Filter Unit EREMS / SNECMA
PPS-1350 and XFC SNECMA
Thruster Orientation ALCATEL Cannes
Mechanism

_ Development and qualification of the
Xenon storage tank and PPS-1350 thruster
were directly supported by the CNES Agency.
It shall be also noticed that SPT-100 was
submitted to environmental delta-qualification.

The other equipments are on the shelf
equipment commonly used onto chemical
propulsion systems.

Gaz Module Level

After pre-integration of the gaz module
onto a JIG, a complete test sequence was
conducted: proof, external leakage, internal
leakage, pressure regulation, cleanliness.

These tests demonstrated full
capability of integration and tests of propulsion
systems by ALCATEL Cannes.
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Electrical Module Level

At each stage of development ( bread-
board, engineering and qualification models )
extensive coupled tests with dynamic simulator
and thrusters were performed.

These coupled tests demonstrated
performances with the two type of thrusters
and electromagnetic compatibility ( conducted
and radiative ) of the system.

Thruster Module Level

Development included thermal test
with thruster firing in order to validate thermal
concept choices. It also included mechanical
test of the TOM loaded with thrusters in order
to demonstrate compatibility during vibration
and shock.

The first thruster module model is
tested at PFM levels in order to fully
demonstrate thermal, mechanical and
electrical performances. Thruster module is
also coupled with the Electrical module in order
to check compatibility of the complete chain.

System Level

At system level, performances checks
are performed with a thruster simulator and
final end-to-end electrical continuity is
performed using a test cap mounted onto the
thruster itself allowing access to thruster
electrodes.
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Specifc On-Ground Equipments

Two specific ground support
equipment are used with the plasmic
propulsion system: the thruster simulator and
the Xenon ground supply equipment’.

The thruster simulator is used during
module, system and spacecraft test. It allows
Electrical Module tests without having to fire a
thruster. It simulates either SPT-100 or PPS-
1350 thrusters and associated XFC by
providing representative loads. It is also
representative of transients events allowing
simulation of inrush and EMC tests.

The Xenon Ground Support
Equipment (XeGSE) is the dedicated Tanking
Ground Support Equipment to be used during
on-ground tests and launch preparation for
filling, draining and conditioning of the plasmic
propulsion system.

This equipment is based onto thermal
compressors, heat exchanger and a personal
computer with the dedicated software for
command/control of the process.

It includes also additional functions
such as determination of transferred mass,
recovering of Xenon and Xenon purity control.

In-Flight Experimentation

Experiments are foreseen onto the
STENTOR spacecraft in order to evaluate
performances and in-flight qualify the new
technologies and provide environmental data.

In particular, the following experiments
are associated to the plasmic propulsion
system:

4 Impacts of lon beam with the TTC omni-
directional antenna.

# Characterization of thrust with de-orientation
of the TOM and kinetic momentum
accumulation.

# Characterization of the perturbances torques
using TOM orientation, and Attitude and Orbit
Control data.

# Characterization of thruster performances
over its working range

# Characterization of additional magnet
current onto thruster performances
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& Thruster plasma characterization with
langmuir probe and retarding potential
analyzer

& Characterization of erosion and deposition
effects with microbalances mounted onto the
solar array

& Characterization of solar cells working point
and degradation over lifetime

Conclusion

The qualification status has been
obtained for all the new equipments and
technologies. No later than mid-december
1999, the thruster and electrical modules will
be fully tested before the delivery for
STENTOR satellite integration.

This development provides strong
background and allows ALCATEL to offer
benefits of this new technology to its
customers with use onto its SPACEBUS
spacecraft family but also onto other
applications such as constellations.
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