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Abstract

With use of the plasmic propulsion
system onto the SPACEBUS platform, filling,
draining and test with Xenon are needed
during on-ground operations. Due to specific
thermodynamic characteristics of Xenon and
the high storage pressure required onto the
spacecraft, a new ground support equipment
( XeGSE ) was developed by AIR LIQUIDE
DTA for ALCATEL SPACE INDUSTRIES in
the frame of the STENTOR program.

The XeGSE is based onto thermal
compressors, heat exchanger, weighing
system for knowledge of transferred mass and
a Personal computer with the Labview
software for command / control of the process.

This paper describes the equipment
which includes additional functions such as
determination of transferred mass, recovering
of Xenon, Xenon purity control.

The main performances are given and
test results of a loading and draining operation
are presented with description of the working
principle.

Introduction

Use of electric propulsion system onto
spacecrafts is growing up as the benefits are
attractive and as this technology is today
extensively tested and made available.

ALCATEL developped its own
propulsion system' based on plasma thrusters
for use onto its SPACEBUS platform with a
first fly on the STENTOR spacecraft.

it was also decided to develop a
specific ground support equipment for
operation of the Xenon propellant needed for
optimized performances of the thrusters.

This development was decided
because usual compressors used for chemical
propulsion are not suitable for Xenon
compression. In addition, recovery of Xenon

during draining is highly preferred as Xenon is
somehow rare.

AIR LIQUIDE DTA was awarded of
this mission and proposed an elegant solution
for an automatic Xenon transfer with a
cryogenic compressor.

Functions

The XeGSE provides the following
functions :

& Loading of the spacecraft tanks with Xenon
propellant up to a specified pressure and
within a specified temperature range

+ Draining of the spacecraft tanks

¢ Conditioning the system with Argon or
Helium gas

o Pressure and temperature control of the
delivered propellant

¢ Measurement of loaded Xenon mass

+ Control of Xenon purity

+ Storage of the Xenon to be transferred to the
spacecraft tanks

« Evacuation of the propellant tanks and of the
XeGSE itself

# Testing of performances of pressure
regulation assembly of the propulsion system

Moreover, the XeGSE :

# Allows easy interfaces with the operator

# Guarantee security of personnel and of
spacecraft components through passive and
active security devices.
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Selection of the Compression System

Since the spacecraft tanks operating
pressure is higher than the pressure of the gas
cylinders provided by the Xenon suppliers, the
XeGSE must include a compression system.

Two solutions have been considered
by AIR LIQUIDE DTA:

# The first solution used static so-called
"thermal" compressors

+ the second solution used a 2 stage -
mechanical compressor with membranes.

Solutions with other compressor types
have been rejected from the beginning due to
the high purity level and reliability
requirements.

The solution with the thermal
compressors presents several significant
advantages :
¢ a lower mass (< 50 % of the second

solution) for the Xenon loading equipment
and its container

# less noise during operation (no motor)

# a full redundancy since 2 "thermal"
compressors are used in a parallel layout

+ a lower procurement cost (at least for the
second and following units)

< lower maintenance cost (no membrane and
no oil replacement)

+ more industrial flexibility since thermal
compressor spares can be manufactured by
many sub-contractors (this is not the case
with mechanical compressors)

+ no pollution risk because the compressor is
static (no moving part).

The thermal compressors require a
LN2 source (low mass, low pressure). But the
mechanical compressor requires a water
pipework for cooling purpose and moreover,
another cold source is required for the Xenon
cooling since the lower specified temperature
(0° C) cannot be reached with water.

After a trade-off taking into account
procurement cost, transportation cost of the
equipment and its container, flow
performances and reliability, the mechanical
solution has been rejected. The Xenon
Loading Equipment developed by AIR
LIQUIDE DTA is equipped with thermal
compressors.
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Description of the XeGSE

The XeGSE is constituted by a can, a
Xenon ground storage and insulated hoses.

The hoses are used to connect the
cart to the satellite and the cart to the ground
storage.

The ground storage is a rack carrying
up to 7 aluminium cylinders filled with Xenon
and an additional cylinder to depressurise the
lines/compressors after the loading ; the
cylinders are located above a 1500 kg
weighing system.

The cart includes mainly :

+ 2 « thermal compressors », each equipped
with a cold source (LN2), a hot source
(electrical heater) and a weighing system

+ Xenon on/off valves used to by-pass either
one of the compressors,

& A LN2 circuit with a regulation valve, on/off
valves, check valves, relief valves, pressure
and temperature sensors,

+ A Xenon regulation valve to control the flow
rate during the tanks filling and draining,

+ A Coriolis mass flow meter to measure
instantaneous mass flow delivered to the
spacecraft tanks

# A heat exchanger using LN2 as a cold
source and electrical energy as a heat
source, to control the temperature of the
Xenon at the ground/board interface,

& Pressure/temperature sensors to control the
process,

+ Inlet/outlet ports for gas conditioning,
vacuum pumping, purity analysis.

+ Electrical equipments

# |/O SCXI electronic cards/connections

+ A protective housing structure equipped with
pivoting and blocking wheels,

& A GN2 (or air) supplying circuit to control the
piloted valves,

& A PC with the LABVIEW software used for
the manual or remote control of the process
and to analyze the data

¢ A vacuum pump with its equipment (valve,
controller, gauge...)

# A filtration cartridge to remove up to 1500 cc
of H,0 and 1500 cc of O,

& Analysers (O, — H,O or all pollutants
analysis) as an option

+ Flow and high pressure regulators, pressure
sensors for test of the regulation assembly of
the propulsion system

A container is provided for the
transportation of the cart and some additional
equipments (spares...). This container is
designed for air/road/rail/boat shipments.
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Working Principle

The so-called thermal compressor is
constituted by a cylinder made out of stainless
steel (316 L) equipped with a LN2 heat
exchanger, an electrical heater and a weighing
system.

The LN2 is used first to cool down the
compressor and then to liquefy the Xenon at a
pressure between 3 and 5 bar. When the mass
of the liquefied Xenon, measured with a
weighing system, reaches a given value, the
LN2 flow is stopped and the electrical heater is
switched on. As soon as the pressure inside
the compressor reaches the pressure of the
spacecraft tanks, a valve is opened and a
Xenon flow is delivered toward the tanks. The
compressor pressure is kept above the tanks
pressure using the electrical heater. As the
temperature of the Xenon leaving the
compressor reaches 310 K, the heater is
switched off and an other cycle starts again.

As the first compressor is in the
cooling phase (LN2 on), the second
compressor is in the heating phase (heater
on), so as to have a continuous flow rate
toward the spacecraft tanks. Should a
compressor fail, the other compressor can be
used alone to fill the tanks (in a longer time).

During the unloading process, the
liquefaction pressure inside the compressor
can be reduced to 3 bar approximately to
reduce the mass of Xenon inside the
spacecraft tanks.

The power of the electrical heater is
3000 W. The heater has a blinded stainless
steel sheath.

The LN2 heat exchanger is made out
of 316 L. A Xenon pressure always above the
Nitrogen pressure prevent Xe contamination.

The compressors are insulated with
low density material since temperatures lower
than 0°C are expected on the outer wall. The
outer surface of the insulation is kept above
13°C.

The mass of an empty compressor is
less than 45 kg (insulation included). The
weighing systems have a 60 kg measurement
capacity and a 20 g accuracy.
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Control / Command

The control command of the XEGSE is
carried out through a Personal Computer with
the LABVIEW software supplied by National
Instrument. All the I/O cards (SCXI type) are
supplied by National Instrument to preclude
compatibility problems between hardware and
software. These cards are grouped inside a
dedicated cabinet.

The LABVIEW software allows to :

- monitor the XeGSE equipments status during
each operational phases (conditioning, loading,
unloading, leak test, etc....) by displaying cart
functional schematics
- perform automatic loading/unloading and test
sequence by :
« opening/closing the on/off valves on the
Xenon line
# adjusting the regulation valve position
on the Xenon line through a 4-20 mA
convertor
# opening/closing the on/off valves on the
LN2 lines for the compressors and the
heat exchanger
+ adjusting the power of the heaters
inside the compressors and the heat-
exchanger, either manually or according
to an automatic procedure based on
measurements (mass, pressure,
temperature, time). Several real time
tasks can be performed simultaneously.
- have a log file of the past commands
performed by the operator or the automatic
process
- give the status of the cart (valves position
and instantaneous measurements)
- have real time visualisation of the
measurements
- perform the calibration of the sensors
- analyse the data (curves, statistics...)

XeGSE Characteristics

& Maximum pressure : 150 bar standard

& Loading mass : 300 kg in less than 15 hours
at 150 bar

+ Mass of the cart < 650 kg (excluding the PC)

+ Volume of the cart : 1200 mm (high) x 1500
mm (wide) x 1800 mm (long)

& Operating power : 7,5 kW (208/220 of
380/460 Vdc, 3 phases electrical
transformer)

+ O,/H,0 trapping capacity : 1500 cc of each
pollutant (the cart can be operated without
purification cartridge ; this cartridge is used
as a safety device)



¢ Movable : equipped with 4 wheels, fork lift
pockets and capable to be lifted by a
crane/hoist

& Aluminium transportation container :
designed either for a 100 mm drop (and 3 g
vibration level)

& Instrumentation accuracy :
- loaded mass : 200 g for 300 kg loaded
- pressure : 0,2 bar in the 0-180 bar range
- temperature : 1°C in the 0-40°C range
and 0.5°C between 10 and 20°C
- mass flow : 0,2 % in the 0-30 g/s range
and 0,5 mg/s in the 0-20 mg/s range
& Vacuum pumping capacity : between 1000
and 10° mbar
& Operated with the LABVIEW @ software

Test Results

A simulation of filling and draining
operations was performed in order to validate
performances and procedures to be used for
Xenon loading into the Spacecraft.

This test campaign included four
steps: decontamination of the ground
equipment / storage volume to be filled, filling
with Xenon, check of cleanliness and draining.

Tests results shown that
decontamination is easly reached by pumping
the lines and storage volume.

Filling with Xenon was performed
according to the principle described above.
With the constraints of keeping temperature
between 13 and 45 °C, a total load of 39 kg of
Xenon at 140 bar was acheived in less than
170 min with an accuracy better than 200 g.
The loading curves of storage tanks pressure
and loaded mass are presented onto figure 1.

During about the first hour, filling is
performed without compressors. 6 cycles with
compressors will be then sufficient to acheive
a load of 38 kg in less than 100 min. A final
cycling is performed in order to achieved
higher accuracy onto the loaded mass.

Molecular cleanliness control shown
that Xenon loaded into the storage volume is
as clean as the Xenon supplied.

Controlled draining shown that more
than 95% of the loaded Xenon can be
recovered.
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Fig. 1 Xenon loading curves
Conclusion

Development of the Xenon Ground
Support Equipment as needed for use of
Xenon propellant was successfully acheived.

Operation of this equipment shown
that the requirements are met.

The XeGSE is now available and used
at ALCATEL for operation onto spacecrafts
with use of plasmic propulsion.
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