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Abstract

For many years the potentially serious effects

of the differential charging of spacecraft surfaces,
whilst in orbit, have been recognised. It has also
been proposed that an ion propulsion system wculd be
inherently capable of alleviating this diiferential
charging. The ion propulsion system produces a
diffuse cold plasma near the spacecraft surface. The
spacecraft surfaces then differentially attract the
constituents of the plasma and the potentials are
effectively equalised.

The Royal Aerospace Establishment, situated in
Farnborough (UK), is currently developing the first
two in a series of 50kg micro-satellites, designated
STRV (Space Technology Research Vehicle) to be
launched on an Ariane 4, using the ASAP (Ariane
Structure for Auxiliary Structures) facility. The
primary role of these spacecraft is to demonstrate
new innovative technologies in orbit, without the
very expensive and time consuming gqualification
process required in a larger project. One of the main
experiments on the first spacecraft, STRV1-A, is the
use of a UK-10 ion thruster hollow cathode for charge
alleviation. The spacecraft will also be egquipped
with a novel charge detection system which will be
used in conjunction with this experiment. 1In
addition, the experiment also represents the first
operational use of a number of technologies to be
used in the UK-10 ion propulsion system, currently
being qualified for flight on the ESA ARTEMIS
project. It therefore represents a valuable in orbit
test of hardware and control philosophy.

This paper describes the STRV project, the
effects of spacecraft charging, the objectives and
design of the experiment and the testing programme.

1.0 Introduction

In 1988 studies of applications of the UK-10
ion propulsion system (IPS) were undertaken at the
Royal Aerospace Establishment, Farnborough (UK). The
objective of these studies was to investigate the
design and construction of a small spacecraft
intended primarily to demonstrate the UK-10 IPS in
orbit. Two of these studies were presented at the
IEPC in Garmisch-Partenkirchen in 1989 (Ref. 1,2).
The first of these involved the use of ion propulsion
in the role of spiral orbit raising. The aim being to
slowly increase the spacecrafts altitude eventually
rendezvousing with either the L4 or LS Lagrange
points of the Earth Moon system. The second study
investigated the use of a small ion propelled
‘lightsat’, of approximately 100kg for near Earth
experiments. The size and mass of these spacecraft
would make it possible to get a wvery low cost
‘piggy-back’ launch, when spare mass capakility is
available on a rocket. As a consequence of the low
cost of the launch and the spacecraft, and the short
project timescales, the use of previously untried
technology becomes far more acceptable.
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The concept of the small ion propelled
spacecraft was investigated further at Farnborough.
The results were very encouraging, however it emerged
that such a vehicle would be very complex, requiring
considerable in-house experience (Ref. 3). Since
virtually all of the on-board systems would need to
be developed, it was clear that an intermediate
spacecraft would be required. This vehicle would
enable the development of many of the on-board
systems required for the larger ion propelled
spacecraft, without the added complexity ot
propulsion systems. It was decided therefore to build
two relatively simple 50kg spacecraft, designated
Space Technology Research Vehicle 1A and 1F
(STRV-1A,1B) .

These satellites are to be placad in
Geostationary Transfer Orbit (GTO) and are intended
as test beds for many of the on-board systems
required for the ion propelled, STRV-2. They will
also investigate the in-orbit performance of many new
technologies. Despite their small size
(50cm x 50cm x 40cm) they will carry a broad range of
technology experiments (Ref. 4). These range from
radiation tolerant microelectronics to advanced
structures and materials. In particular the mission
has been optimized to address the three major hazards
facing most spacecraft in orbit:

1) Radiation damage to solar cells and
electronics.
2) Electronic anomalies caused by electrostatic

charging and arcing at geostationary altitudes.

3) Erosion of satellite surfaces by atomic oxygen
at low altitudes.

The work reported ¢n in this paper is an ideal
example of the kind of role the STRV spacecraft can
fulfil. The charge alleviation experiment represents
the first flight of many of the technologies
developed for the UK-10 IPS. It should also provide
in-orbit evidence of the alleviation of charge build
up with the use of an IPS hollow cathode.

2.0 Objectives of STRV~1A Neutraliser eriment
The neutraliser experiment on STRV-1A has three
major objectives.

1) The demonstration of an active spacecraft
surface charge alleviation system.

2) The demonstration of several new technologies
developed for the UK-10 IPS.

3) The provision of a cold gas Attitude Control
System (ACS).
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The first objective relies on the akility to
produce a diffuse plasma, of inert xenon gas, around
the spacecraft. This acts as a conductive atmosphere,
reducing potential differences between neighbouring
spacecraft surfaces. To investigate this effect the
spacecraft is being fitted with a novel surface
charge detection system, capable of measuring the
charge build up on an insulator such as kapton,
without effecting the charge diszstribution. In
addition it is also intended to fly a cold ion
detector. This device will enable the pctential of
the whole spacecraft relative to the local
environment to be measured. A Langmuir probe will
also to be flown to record the plasma conditions
generated by the cathode.

The second objective concerns:

1) The first flight test of a UK-10 ion thruster
hollow cathode and its associated power
supplies. The hollow cathodes used on the UK-10
ion thrusters are currently at engineering
model standard and are being qualified for use,
as part of the UK10 IPS (Ion Propulsion System)
for the ESA ARTEMIS project (Ref. 5). Two power
supplies are required, those for the keeper
electrode and the cathode heater.

2) The first flight test of the xenon gas flow
control philosophy and associated technology,
developed for the UK-10 IPS. The main
components are the MSS (Marconi Space Systems)
series 107 solenoid valves, associated orifices
and the valve actuating electronics.

The third objective concerns the attitude
control system (ACS) for the STRV-1A spacecraft.
Since STRV-1A is a spinning spacecraft, a cocld gas
spin-up system is required. In addition since only 1
magnetorquer coil is available on the satellite, a
back up system for control of spacecraft precession
is also needed in the event of a magnetorquer
failure. Since both of these requirements would need
the design, test and qualification of an additional
compressed gas system, it has been decided to use
xenon from the neutraliser experiment.

Unfortunately this increases both the complexity of
the system and the mass of gas to be launched.

If proved successful the proposed scheme could
be used as a dedicated charge alleviation system. In
addition if a UK-10 IPS is being used on a
spacecraft, the control philosophy would allow the
operation of the neutraliser independently of the ion
thruster itself. This would then provide the
additional advantage of surface charge alleviation to
future users of any UK-10 IPS. If long term operation
of the IPS neutraliser cathode independently of the
thruster was not acceptable, a dedicated system could
be fitted in addition to the IPS. The cathode in the
charge alleviation system would then represent a
redundant neutraliser for the IPS.

3.0 Electrostatic Charging of Spacecraft

In the last two decades , large electrostatic
potentials, of the order of tens of kV, have been
measured on spacecraft in the Earth'’s magnetosphere.
This charging has two effects. Firstly the entire
spacecraft can charge relative to the space
environment. This form of charging is usually only a
problem when the spacecraft is intended to
investigate the space environment. The charge on the
spacecraft would then modify the local space plasma,
producing spurious results.

This effect, although undesirable, is noct &
serious problem to the average comnunications
satellite. However, the second aspect of spacecraft
charging could be. This involves the differential
charging of surface materials. These problems occur
when surface materials are electrically isolated
either from the spacecraft structure or neighbourirg
surfaces, or are insulators themselves eg. kaptcn.
In these situations charge build up cannot leak away ,
resulting in large potential differences betweer.
neighbouring surfaces. The effect on a spacecraft can
be material damage and operational interference as =
result of electrostatic discharge.

The potential of a spacecraft is determined bv
a balance of various charging and discharginc
currents, (Ref. 6). The most important of these ar=
the transfer of plasma constituents from the spacs
environment, photoemission and secondary electrer
emission. These currents are in turn affected by the
potential of the spacecraft and by local electric and
magnetic fields. An example of this is the creaticn
of potential barriers set up by large charges cn
surface dielectric materials.

Experiments have been carried out, with some
success, where the balance of these charging currents
is artificially changed by the introduction of
charged particle beams. ATS-5 and ATS-6 carried
experimental caesium ion thrusters. ATS-5 had a
simple hot wire electron emitter to neutralise the
ion beam. Operation of this hot wire neutraliser,
independently of the thruster, reduced the magnitude
of large negative spacecraft potentials in eclipse
but rarely discharged the spacecraft completely. It
was later shown that this could be explained by the
development of potential barriers set up by charges
on surface dielectric materials, preventing the
escape of emitted electrons.

The ATS-6 ion thruster was fitted with a plasma
bridge neutraliser. Large negative potentials were
discharged when the ion thruster and neutraliser were
in operation. In fact, it was possible to hold the
potential of the spacecraft at whatever value the
beam to spacecraft bias was set. The charging of
surface materials was also prevented. When the
neutraliser was operated on its own, differential
charging was reduced but not eliminated.

4.0 Design of STRV-1A Charge Alleviation Experiment

The charge alleviation system on STRV-1A
incorporates a hollow cathode, a gas flow control
system, a xenon storage tank and associated
electronics for valve drivers, computer interfacing,
power supplies and signal conditioning. This
effectively includes every form of technology, with
the exception of the high power conversion systems,
that are present in a UK-10 IPS.

Hollow cathodes usad in the UK-10 ion thruster
produce xenon plasmas of differing qualities, ie.
different electron temperatures and ion densities at
different gas flow rates and emission currents. The
plasma parameters that determine the optimum charge
alleviation are as yet unknown. Therefore it is
necessary for the gas flow rates and cathode emission
current to be variable over a relatively wide range.
This will require tailoring and some re-design of the
current UK-10 systems but in principle they are the
same.

The fclicwing sections describe the operation,
selection and design of these equipments for the
STRV1-A application.
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4.1 Hollow Cathode Design and Operation The cathode is operated by first heating it
via the encapsulated heater, until the tip
There are two designs of hollow cathode used cn temperature is approximately 1000°C. Shortly b
the UK10 IPS, namely the main discharge cathcde and this temperature is reached a small flow of xencn gas
the neutraliser cathode. These devices are shown in is introduced through the cathode tube and a high
the artist’s impression of the UK-10 icn thruster as voltage (600V) is applied to the keeper electrode.
in figure 1. The only differences between Actual discharge initiat a random process but
devices are the mounting arrangement, the keaper usually occurs approximate minutes after applvinzg
electrode design and the size of the orifice in the the heater power. This init on is greatly aided b
cathode tip. The discharge cathode has a’ 300um the introduction of a short (approximately 10ms)
orifice and the nsutraliser has a 500um orifice. pulse of high pressure gas. This techniqus

effectively guarantees the starting time of ths

The basic design of the two cathcdes is device. As soon as a discharge has been initiated the

figure 2, in schematic form. Both devices heater can be turned off, since the cathode is then
constructed from a small tantalum tube heated by the back bombardment of xenon ions from the
approximately 3.S5mm OD by 2.8mm ID. A tungsten dis plasma existing in the tip to keeper region. The
(tip) with a 300um or 500um central orifice is welded keeper voltage is alsoc reduced to a value between 10
into the downstream end of the tube. a small and S0 volts. This value depends on the gas flow
cylindrical plug made of porous tungsten, impregnated rate, the emission current being extracted and the
with a low work function material, referred to as the condition of the cathode.

dispenser, is then inserted into the tube and butted
up against the tip. A layer of alumina is flar

The emission processes inside the cathode are

sprayed on to the tube, a hsater wire wrapped on tcp presently being studied and are not as yet fully
of this and encapsulated in a further coat of understood (Ref. 7). The cathodes display twc
alumina. Oxidation of the tantalum tube is prevented distinct operational modes, referred to as the plums
by a thin layer of tungsten which is sintersd onto and spot mode. These terms are derived from the
the tube before the first layer of alumina is appearance of the discharge from the tip orifice when
applied. A multi-layer molybdenum heat shield is then the cathodes are operated in a diode arrangement. I:
wound around the tube assembly and disc shaped the plume mode, the discharge is clearly visible a
shields are positioned coplanar with the tip. The a glowing plume emanating from the cathode orifics

completed assembly is then contained within a the anode. In the spot mode, the plume disappears a

stainless steel tube of 11.5 mm diameter. The final a very bright spot of white light can b se¢
stage of construction is to then braze this assembly emanating from the cathode orific Transitic
onto an isolator assembly. between the twec modes app

ently only effect t

Backplate

Cathode

Xenon Flow

Isolators

Main Flow System

Keeper electrode Bosf

Figure 1. Artist’s Impression of UK-10 Ion
Thruster.
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Tube

Figure 2. Schematic of Hollow Cathode Construction.

Transition between the two modes apparent
effects the noise levels generated on the k
anode electrodes, ie. cathode temperatures and keep
voltages appear to remain constant. In plume & > the
noise can be of the order of 6 volts peak to p=ak. In
spot mode however the noise levels are of the ordar
of tens of millivolts.

It has been established recently that the mode
of operation of the cathode has a
influence on the performance of the UK-10 thruster.
The noise levels generated by the cathode in plume
mode make stable operation of the thruster very
difficult and make high mass utilisation operation
( >60% ) a virtual impossibility. This problem has
now been overcome as a result of the work described
in section 4.1.1.

very strong

4.1.1 cathode Testing and Selection for STRV-1A

It must be noted that the mode of operation is
not as important for this application as it is on the
UK-10 thruster. Obviously gquiet stable operation
would be desirable, but as has previously been
stated, one of the main objectives of this experiment
is to determine whether a standard UK-10 hollow
cathode can be wused in the role of charge
alleviation. Therefore the decision has been made to
fly a UK-10 hollow cathode, even if quiet operation
is not possible.

Ideally a cathode is required that would
sustain a discharge at as low a power consumption as
possible, because of the limited power available on
STRV1-A. In addition, it would be highly desirable if
the discharge could be sustained solely by the keeper
electrode ie. no dedicated external anode, as with
the UK-10 discharge cathode. The selection of the
cathode for flight is therefore limited the cathode
designs currently being examined as part of the UK-10
programme. These were:

1) A 300um orifice discharge cathode, figure 3.
2) A 500um orifice discharge cathode.
3) A S500um orifice neutraliser cathode, figure 4.

Each cathode was mounted in a vacuum facility
which was then evacuated to better than 1x10° mbar.
Once this had been achieved, the cathode discharge
was initiated in the manner described in the previous
section. This process uses a current controlled power
supply to ensure that the current through the heater
windings never exceeds 2.0A. After 3 minutes the
cathode tip begins to glow orange and at this point
the xenon gas flow is turned on and the high and low
voltage keeper supplies enabled.

Pischarge initiation was very reliable, alwavs
starting nabling the heate:
s was during the
iation after exposure to air.
However in this case, initiation was always achieved
by increasing the gas flow rate to 1.0 cc/min.
(at NTP). When a discharge had been started the gas
flow rate was reduced to the value beinc
characterised and the cathode allowed to stabilis
This could take sanything up to 30 minutes, a
manifests itself as a slow change in keeper voltage.
The cathode was considered stable when the keeper
voltage had remained constant for a pericd of 17
minutes. At this stage the keeper voltage, cathode
tip temperature and the electrical noise on the
keeper were recorded. The emission current level was
then reduced by 100mA and the cathode allowed EC
settle as before. A reduction in emission curren-
wculd result in an increase in keeper voltage, due tc
a decrease in the cathode temperature, effectivel:
making it harder for the cathcde to produce ths
required level of emissicn. This process was repeated
at emission current decrements of 100mA, until thes
cathode temperature reached a level where a dischargs=
was no longer sustainable. At this stage the
discharge would be restarted, at a higher emission
current level, and the gas flow rate reduced by 0.2
cc/min. The above process would then be repeated
until the discharge was lost again. In this way ths
cathode was characterised over the whole range of ga:
flow rates (1.0-0.2 cc/min) and emission currents
(1.0-0.2 A) of interest.

within 5 minutes of ena
supply. The only exception to thi
first discharge

n
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Figure 3. 300pum Orifice Discharge Cathode.

Figure 4. 500pum Orifice Neutraliser Cathode.



The results of this work can be seen in figures
5,6 and 7. A comparison of the results from
and 500pm discharge cathodes clearly demonst
the smaller orifice device was capakle of
a higher emission current for less kee
Unfortunately the power available on STPV
charge alleviation experiment is lim
approximately 30W. This is before any power
inefficiencies are taken into account. As a
the upper emission current levels would be ra:
to about 0.5A. Both devices were also very
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A comparison of the results of the 500u=
discharge cathods and the 500um neutraliser cathods
shows the surprising effect of the enclosed keeper
arrangement. Since the construction of the twc
cathodes is effectively identical, these results
clearly demonstrate that the enclcsed keeper
arrangement fitted to the neutraliser cathode has a
very significant effect on the power needed to
sustain a discharge. In addition the stability rangs
of the device, over changes in flow rate and emissicn
values, was considerably better than the open keeper
configuration and there was a significant reducticn
in noise levels.

From these results the 500um neutraliser
cathode is obvicusly the best choice. However it was
dacided to perform a further test in which an
enclosed keeper - arrangement was retrofitted to the
300um discharge cathode used above, see figure 8.
Thiz test would rule out any slight differences that
may exist between the two cathodes investigated. Ths
results from this test can be seen in figure 9.
Clearly the enclosed keeper reduces Keeper power
requirements and significantly improves discharce
stability.

Figure 8. 300um Orifice Discharge Cathode with
Encleosed Keeper.

in Kecper Discharge (W)

= .

B 0.2 c.4 2.6 .8
Cathode Emission Current (A)

Figure 9. Current/Voltage Characteristics of 300um

Discharge Cathode with Enclosed Keeper.
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From the above results it was decided tc use a
300um discharge cathode with a retrofitted enclosed
keeper for the STRV-1A application. Use of cthis
device enables the wide range of emission currents,
at even the lowest flow rates, to be achieved at
acceptable power levels. It also has the mcre
convenient mounting arrangement, requiring a simpler
spacecraft interface.

The findings of these tests were alsc applied
to the UK-10 thruster. Tests were performed using the
same é¢nclosed keeper arrangement fitted tc the main
dizcharge cathode. The results were very encouraging.
Thruster stability was significantly improved at high
propellant utilisation operation (857, to 94n,) . Where
the propellant utilisation efficiency 1, is the ratio
of the propellant expelled in the beam to the total
mass flow rate into the thruster. The enclosed keeper
arrangement has now been adopted as standard in the
UK-10 thruster.

4.2 Xenon Storage Tank Selection

At this stage the total on-board xenon
requirements are not known. Simply because the flow
rates best suited for discharging the spacecraft
surfaces are at present unknown. In addition xenon is
also required for the attitude control system. The
spin up manceuvre does not need very much gas
(approximately 20gms) but the back up option of using
the xenon to counteract precession, in the event of
a magnetorquer failure, could be vervy xenon
consuming. Unfortunately the volume, mass and finance
available to the experiment severely limit the tank
selection. The ideal tank would be the casing from a
nickel hydrogen battery case, the use of which was
first suggested by A.R.Martin et all (Ref. 8) . The
standard battery case has a volume of 1 litre and
weighs 300gms. What makes this tank ideal for this
application is that it can be supplied fully
qualified for space applications at any cperating
pressure up to 40 bar. This is essential for
acceptance of the system by Arianespace and the prime
payload manager. In addition it is very low cost for
a space qualified high pressure tank.

To examine the applicability of this storage
vessel the characteristics of xenon, as a real gas,
under high pressure have been studied. Calculations
were carried out using the Van der Waals equation of
state, to investigate the mass of xenon that could be
stored in the battery case (Ref. 9). The results of
this work can be seen in figure 10 with an expanded
region in figure 11. The graphs show 4 isotherms of
Xenon at storage densities between 0 and 2kg/litre.
The lines of constant pressure for each isotherm are
where partial liquefaction of the gas is occurring.
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Since the definitive mass of the gas required
is not known, it is planned to fill the tank with as
much xenon as is safely possible. Therefore it has
been decided to fill the tank with 260 gms of xenon.
This mass of gas was selected because at 40°C, which
is the maximum expected temperature at the launch
site, 260 gms of xenon, in a 1 litre tank, exerts a
pressure of 40 bar. It is clear from the calculations
that at this pressure the xenon could be in a partial
liquid phase. This is only the case however if the
temperature of the tank is below 16.7°C, the critical
temperature of xenon. Above this temperature the gas
will not liquefy at any storage pressure. It is not
clear at this stage in the project whether partial
liquefaction of the gas will occur, since the thermal
characteristics of the spacecraft are still being
examined. If liquefaction can occur one solution
could be to place the solar array shunt regulators
near the tank to maintain its temperature.

4.3 Gas Plow Control System

The fundamental principle of operation of the
gas flow control system is the same as that employed
in the Propellant Supply and Monitoring Equipment
(PSME) developed for the UK10 IPS (Ref. 10). a
schematic of the system proposed for STRV-1A can be
seen in figure 12. Gas flow regulation is achieved by
choked flow through an orifice. Gas is applied to the
inlet of the orifice via a solenocid valve. This
results in a small metered charge of gas flowing
through the orifice. The mass of gas allowed to flow,
depends on the upstream pressure of the gas, the
pulse width of the valve and the size of the orifice .
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Figure 12. Schematic of Gas Flow Control System.



These metered pulses of gas are then fed intoc a small
plenum tank. Gas from this plenum then bleeds through
another orifice and out through the cathode.
Fluctuations in the flow rate are dampad out by
appropriate sizing of the plenum tank, the mass of
gas in the pulses into the plenum and the orifice
between the plenum and the cathode.

The gas flow rate is simply set by fixing the
pulse repetition rate of the valve, allowing gas to
flow into the plenum tank. With the repetition rate
fixed, and assuming the orifices remain choked, the
flow rate of gas into the plenum is also fixed. As a
result the pressure in the plenum tank will settle at
a value where the flow rate out of the plenum through
the cathode, equals that into the plenum.

Unlike the UK10 PSME, flow regulation is to be
achieved using only 1 pressure reduction stage. On
the UK-10 PSME the supply pressure from the tank is
first regulated to 2 bar, using a system identical in
principle to the above. A second stage is then used
to regulate the flow down to the levels used by the
thruster. Having only 1 regulation stage effectively
halves the number of valves, driver circuits and
plenum tanks, considerably reducing the volume of the
system. This however means that the supply pressure
to the regulator stage is considerably greater than
2 bar, at start of life, and is also variable.

4.3.1 Design of Gas Flow Control System for STRV-1A

The gas flow control system is required to meet
the following specifications and constraints.

1) The gas flow rate must be variable between
0.2cc/min at NTP (0.02mgm/sec) and 1.0cc/min
(0.1lmgm/sec) .

2) The variation in gas flow experienced by the
cathode at any selected flow rate must be less
than 5%.

3) The gas flow rates and accuracies above must be

achievable over the entire temperature range of
the equipment, ie. -40°C to +40°C. These
temperature limits are set by the valve seat
material.

4) The minimum pulse width' the series 107 valve
can achieve is 10ms.

As previously mentioned the control of the gas
relies on the principle of choked flow through an
orifice. The design criteria for a choked flow
orifice is (Ref. 9):

v
_ﬁ,(___Z__) 0 1
Py \(V+1)
where: P, = critical pressure (the
maximum pressure at outlet of
orifice above which choked
flow is not possible).
P, = inlet pressure to orifice.
v = ratio of specific heats;

V = 1.666 for xenon.

For xenon an orifice is choked as long as the
inequality below is satisfied.

P.<P.x0.48
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The manufacturers of the orifices selected (Lee
Restrictors Ltd.) categories the size of their
orifices by the impedance they introduce tc the flow
of nitrogen gas. This impedance is given in a unit
called the lohm. An expression relating the lohm
rating of an orifice to the flow rate of xenon is:

where: C = Constant dependant on gas,
the value for xenon is 109.5.
lohms = Lohm rating of orifice.
P, = Pressure (in Kpa) applied to
the inlet of the orifice.
T = Temperature (K°) of the gas.

Note: The above expression is only valid if P>P.

The selection of orifices and the size of the
plenum tank for the system to be flown are listed
below.

Regulator valve orifice - 30,000 lohm.

Plenum outlet orifice - 950,000 lohm.

Start valve orifice - 4,000 lohm.

Plenum tank volume - 100cc.

The most difficult flow rate to achieve will be
0.02 mgms/sec when the supply pressure to the
regulator valve is at its maximum ie. 40 bar. Using
equation 1 it is simple to show that a flow rate of
0.02 mgm/sec., through the 950,000 lohm orifice on
the outlet of the plenum, requires a plenum pressure
of 103 mbar. Now at +40°C, a 100cc plenum, at 103
mbar, contains 52 mgm of xenon. Therefore to remain
within the flow accuracy margin of 5%, a valve pulse
must not allow more than 2.6 mgm of xenon to enter
the plenum. Again using equation 1 it is simple to
show that the regulator valve, fitted with an orifice
of 30,000 lohms, and a 10 msec. pulse, allows 2.4 mgm
of xenon to flow. Therefore the minimum flow rate at
the maximum supply pressure can be achieved within
specification.

At a flow rate of 0.02 mgm/sec. the valve pulse
repetition rate would be a 10ms pulse every 120
seconds ie. 2.4/0.02=120. Also at the start of
operation the plenum tank could be fully charged with
either 1 valve pulse of duration 0.2 seconds, as one
extreme, or 22 pulses of duration 10 msec, as the
other extreme.

The calculations presented above are not fully
representative of the real operational conditions.
This is because the cathode itself acts as an
orifice. Unfortunately the resistance to gas flow
through the cathode is variable. It is dependant on
the plasma conditions inside the cathode, which are
themselves dependant on the emission currents and gas
flow rates and the size of the orifice in the cathode
tip, which increases slowly with time as the tip is
eroded. It is not therefore possible tc accurately
predict the plenum pressures expected during
operation. This is not a problem in terms of
operating the system, since once the pulse width and
repetition rates are set the plenum pressure will
simply stabilise at an equilibrium value. However a
pressure transducer has been included in the plenum
tank for the STRV-1A application in order to provide
evidence for any cathode degradation manifesting
itself as an increased impedance to gas flow.
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4.4 Mechanical Design and Construction

A model of the system can be seen in figures 13
and 14, with all of the components of inte t
labelled. The base for the system is one of the
carbon fibre shelves from the STRV structure. The
entire unit can therefore simply be ‘un-plugged’ from
the structure and removed. The tank is central on the
assembly with the centre of mass of the tank over the
spin axis of the spacecraft.

The aluminium box to the right of the valves
contains the electronics. There are 5 circuit boards
contained in this housing, these are power supplies
for the cathode heater and the keeper electrode, a
computer interface card, valve driver circuitry and
a signal conditioning card for the pressure
transducers. The connectors on the front of the
housing are for the on-board computer and the power
harness’s. The design of the housing is such that the
closing panels are solely for radiation shielding. As
a consequence the thickness of each panel can be
reduced to the minimum value. Calculations for the
required shielding thickness’s are performed using
the ESABase software package. This takes into account
the shielding provided by other systems in the
structure. As a result shielding need not necessarily
be evenly distributed around each system. This
significantly reduces the mass taken up with
otherwise redundant shielding.

Spin-Up Control Valve

Regulator Valve //

Cathode Start Valve

Xenon Tank
Tank Isolation Valves )/ 1(

The valve system is entirely constructed frox
stainless steel and all pipe joints are weldad usinc
a small orbital pipe welding head. This weldin
procedure is completely automatic and so every wel
is reproducible. Attachmen to the xenon tank
initially posed a prcbhlem because it is constructed
from inconnel. Unfortunately walding stainless steel
to inconnel is a very difficult task and the results
could not be guaranteed. As a result it was decideé
to braze a stainless steel tube stub into the
inconnel tank fitting, using a gold nickel eutectic
braze. This is a technique used in the constructicn
of Geiger-Muller tubes at Philips Components, Mitchan
(UK), who also manufacture the hollow cathodes for
the UK-10. Attachment to the tank could then be a
standard weld to the tube stub. The valves included
for the attitude control system are standard serie
107 valves, without orifices fitted.

00

It is worth highlighting the fill and drain
valve being used. Considerable time and effort wasz
used in an attempt to find a small space qualified
fill and drain valve for this application.
Unfortunately the smallest valves identified weighed
the order of 1 kg and cost approximately £5K. The
valve currently being used is a standard bellows
valve of all stainless steel construction. It has
higher burst specification than many of the so called
space standard valves, weighs 90 gms and costs £80.
Upon further investigation it was discovered that
these valves were actually develcped for the Apcllc
missions and were used in the astronauts back packs.

a

Electronics Housing

Pressure

Cathode Connection Point

Figure 13. Front View of Gas Flow Control &

ystem

Assembly Model.

11l and Drain Valve
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Rear View of Gas Flow Control

Assembly Model.

Figure 14.

5.0 Testing and Integration

Since the system contains a pressurised vessel
at launch, it is of obvious interest to Arianespace
from a safety aspect. The development programme for
this equipment requires the manufacture of two
identical systems. These are the engineering model
(EM) and the flight model (FM). There are two
critical tests required by Arianespace before
permission can be given for the launch. These are a
proof pressure test and a vibration test. Both the EM
and FM systems will undergo proof pressure testing to
60 bar. This upper limit is set by the weakest
components in the system which are the series 107
valves. The vibration testing has two specifications.
The EM system will be subjected to the qualification
vibration tests and the FM system to the acceptance
vibration tests. In both cases the systems will be
first pressurised to 60 bar. Following this the
pressure will be reduced to 40 bar and the system
subjected to the appropriate vibration tests. The
qualification tests are far more stringent than the
acceptance tests. The logic being that as long as the
build standard of the two systems are the same,
survival of the qualification tests will ensure the
survival of the FM system during launch. The
acceptance tests are then simply to highlight any
obvious shortcomings in the build standard of the FM
system.

After the tests outlined above the system will
then undergo a thermal vacuum cycling test. This will
ensure that the system performs within specification
throughout the entire temperature range. At this
stage both the EM and FM will be integrated into the
appropriate spacecraft and a series of performance
tests carried out. After these tests the system will
be removed from the structure and de-pressurised to
approximately 2 bar. In the case of the FM system, it
would then be ready for shipping to Kourou.

System

\

Plenum Tank

Plenum Outlet Orifice

Carbon Fibre Base

The charge alleviation experiment will be the
last system to be integrated into the structure at
the launch site. The system is to be transported
partially pressurised with the final fill at Kourou.
This is a rather involved task since the system has
to be first purged of any traces of oxygen. It is
planned therefore to place the system in a small
portable vacuum facility. The system will then be
purged until no trace of oxygen can be detected. When
this is achieved the tank will be pressurised via a
high pressure xenon tank with the gas first passing
through an oxygen scrubber. The fill and drain valve
will be closed via a rotary lead through in the
vacuum chamber and the system then removed and
finally fitted into the spacecraft. The top surface
of the spacecraft with the cathode attached is then
fitted to the structure and the cathode and spin-up
thrusters connected to the appropriate valves.

6.0 Conclusions

Development work carried out to date has shown
that the hollow cathode, gas flow control system and
associated electronics can be modified for this
application. The selection of the hollow cathode
intended for the STRV-1A charge alleviation
experiment highlighted the use of the enclosed keeper
arrangement. Subsequent application of this device to
the UK-10 thruster has resulted in improved thruster
stability at high mass efficiency
operation.

utilisation
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Past work on the subject of spacecraft charge

alleviation has demonstrated that ion thruster hollow
cathodes are capable of reducing spacecraft charge
but only devices using caesium have been uzed. The
in-orbit demonstration of a xenon system will be the
first flight of many of the technologies developed
for the UK IPS and in addition, successful operation
in the role of charge alleviation will greatly aid in
the acceptance of this technology.
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