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OF A PLASMA BRIDGE NEUTRALIZER FOR THE RITA 10 ION
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Abstract 1989, with the breadboarding phase under ESA
contract.

The use of ion propulsion system on board of Within this programme PROEL acted as sub-contractor

commercial satellites for orbital control manoeuvres of MBB with the task of developing a new neutralizer

offers a concrete opportunity to obtain a series of that could be used as alternative, possibly with better

benefits that, in turn, result in an increased cost performances, to the already existing one, previously

effectiveness of the mission. developed in Germany.

Within the European scenario of ion propulsion, the The development has been carried out in a very

reference space mission for operational test of an ion compressed time schedule in order to provide ESTEC

propulsion package is represented by the ESA with an item that could be integrated in the test set up

ARTEMIS communication satellite. Within this for extensive lifetime test(2), to acquire confidence of

programme PROEL TECNOLOGIE is involved in the the device operation in view of the already scheduled

development and qualification of the neutralizer for the flight mission.

RIT 10 German thruster which, together with the

British UK 10, will be employed on board of Contemporary to the extensive lifetime test in ESTEC,

ARTEMIS for north-south station keeping operation. PROEL has been involved, as sub-contractor of MBB,
in a new programme for neutralizer technology

The purpose of the present development phase of the consolidation and EQM qualification, aimed at

programme is to design, manufacture and test an collecting significant data on neutralizer performances

Engineering Qualification Model (EQM) of the IPP in order to provide full confidence for the in-flight

(Ion Propulsion Package) subsystems and equipments successful operation.

(one of them is the neutralizer) in order to confirm the

performances and technologies and assess the effort The presentation of the general EQM philosophy and

required for the Flight Programme fulfilment. preliminar results of the present phase, as well as the

description of the test procedures and facilities, are the

The EQM Neutralizer Programme, presently running main objectives of this paper.

at PROEL under ESA contract, follows the previously
accomplished breadboarding development programme Within a radiofrequency ion propulsion system, such

successfully completed and presented in a previous as RIT 10, the neutralizer device is used as a plasma

paper(). source from which low energy electrons can be
extracted for the following purposes:

This paper outlines a review of manufacturing and test

activities carried out at PROEL to validate the 1) neutralization of the positive charge of the thruster

neutralizer technology in view of the in-orbit ion beam through injection of an equivalent

demonstration on board of ARTEMIS. negative charge to preserve the spacecraft
neutrality;

In the paper are in particular presented the first results

concerning: 2) compensation of the positive space charge of the

ion beam and then improvement of collimation,

- mechanical analysis; which results in a higher thrust efficiency;

- extended functional test;
- start-up from cold temperature test; 3) delivery of electrons into the thruster discharge

- electron microscope investigation and micro- chamber to enable the ignition of the main

analysis. radiofrequency discharge.

The active element of the neutralizer is the hollow

Introduction cathode plasma source within which the ionization

discharge is produced by field-enhanced thermionic

The development of a neutralizer suitable to operate emission.

with the RIT 10 ion thruster started at PROEL in
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The neutralizer technology (see Fig. 1 and Fig. 2) is
based on the following main components: The neutralizer technology has therefore to proof itself

suitable to guarantee the successful device in-flight
- hollow cathode with low work function emitting operation.

insert heated to thermionic emission temperature by This confidence can be provided both with an
a heating filament; extensive lifetime operation and with the

accomplishment of a suitable qualification programme.
- keeper electrode with ceramic insulation interface The latter is hereunder outlined.

to the hollow cathode assembly;

- ceramic insulator which separates electrically the General EQM programme philosophy
hollow cathode assembly from the neutralizer body;

The consolidation and EQM qualification programme,
- mounting interface to the thruster case; presently running at PROEL, has been conceived

according to the philosophy shown in the logical flow
- fitting to the propellant feedline; chart of Fig. 3

- electrical interface with cabling and connector. .A *S -
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The neutralizer is one of the critical components of an information and results, coming from the neutralizer
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The phase 2, concerning the Qualification on EQM,
will start with the manufacturing of EQM
neutralizer/s. This activity will be followed by the Test
Readiness Review (TRR) during which all the
documentation for the EQM test programme and the
relevant test set-up will be reviewed and approved to
authorize the EQM test activity start. In the next step
an EQM neutralizer will go through all the EQM tests. x

Z

The implementation philosophy foresees the possibility
to activate a loop (see Fig. 3) in which supplementary
items at EQM level are manufactured, with modified
design, and successively submitted to the EQM tests Fig. 4: General view of the neutralizer numerical
until the fulfilment of the all test programme is model at discrete elements
achieved.

The successful completion of the qualification activity The experimental activities have been performed
will be followed by the Test Review Board (TRB) after mounting the neutralizer on a mechanical support
which the freezing of the design will be authorized. whose first natural frequency is far beyond the interest

field for the neutralizer. The impulsed excitation has
been applied to the neutralizer through an instrument

Mechanical analysis hammer (type B&K 802) in proximity of the
neutralizer constraints.

The mechanical analysis has the purpose to verify the
state of stress and the displacements, in some critical The results of the mathematical model concerning the
zone of the neutralizer, induced by the acceleration due vibration modes along the y axis are qualitatively
to random vibrations, shown in Fig. 5. The first natural frequency is about

366 Hz.
The random vibration levels, transferred to the
neutralizer in correspondence to the mechanical
interface to the thruster, are defined by the following
mask:

20-100 Hz + 3 d B/oct
100+ 1000 Hz 0.3 g2 /Hz

1000+2000 Hz 3 dB/oct
Fig. 5: Neutralizer vibration mode in the y axis

Axes All direction

e m l a s hs bn p d It has to be noted that the displacements shown in the

imphemecanting a nu ricalyss hs been parallelpicture are not the real ones, being scaled-up in order
implementing a numerical model in parallel to the to visualize the first mode of vibration.
accomplishment of experimental tests.

Starting from a basic simple configuration, the final Fig. 6 highlights the distribution of stresses in one of
definition of the numerical model has been obtained by the neutralizer critical parts that is the joining between
steps, upgrading gradually the model with the the hollow cathode tube and the adapting interface to
experimental results. the neutralizer body.

The numerical model, developed on Ansys 4.4 A code,
is particularly complex including about 5000 elements.
Fig. 4 shows the general view of this model in which
the mesh structure used for the analysis is pointed out.
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As said, the test supervision & control is effected via a
computerized system which allows the generation, via
software, of a suitable command sequence for the data
and control signals exchange with the various test
subsystems and interfaces.
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Fig. 6: State of stress induced by random vibration
on the cathode tube/adapting interface of Fig. 7: Sketch of neutralizer extended functional
neutralizer

test set-up

The grey scale reported on the picture is correlated to
the induced stresses in N/m 2 .

It is important to emphasize that there is a safety factor
of about 20 with respect to the yeld stress of the
materials.

Extended functional test

The functional test has the purpose to verify the
operation parameters of the neutralizer at the normal
Xenon flow rate at about 0.5 sccm.
It will be interesting, furthermore, to compare the data
coming from this test in PROEL with the data from the
contemporary functional lifetime test at ESTEC
laboratories.
The functional test is performed under automatic
control with a repetitive cycle of an on-period of 2
hours and an off-period of 30 minutes. This duty cycle
reproduces exactly the one of the lifetime test in
ESTEC. The functional test has been performed for a
significant number of cycles to acquire confidence on
the measured parameters; in this sense it has been
called "extended" to distinguish it from the one
performed in the previous breadboarding phase whose
duration was limited and was performed manually. Fig. 8: Photo of the equipment/facilities to perform
The sketch of the set-up for the extended functional the extended functional test
test is shown in Fig. 7.
Fig. 8 shows the photo of the vacuum chamber, the
Xenon flow line, the computerized work station, the A very significant indication of the neutralizer
power supplies rack and the neutralizer during the performance is presented by the current-voltage
discharge - on phase. characteristics.

4



91-024

In Tab. 1 are shown, for different values of the target The analysis of the I-V curve shown in Fig. 9 reveals

voltage VT, the correspondent values of I, I, I, VK, that a knee point exists between 13 and 13.1 V in

where: which a significant increase of the target current is
produced.
The knee point is correlated to a shifting of the

I = electron current collected by the target; discharge from the interior of the keeper to the keeper
hole.

IK = electron current collected by the keeper; From the I-V curve it results also that a current up to
500 mA can be extracted from the neutralizer which

I = total current delivered by the keeper power demonstrates itself capable to go significatively beyond

supply; the required value of current reported in the MBB/ESA
specifications (300 mA).

VK = keeper voltage to the cathode body. It has however to be pointed out that the obtained I-V
curve is strictly dependent on the given test set-up,
geometry, discharge power, background pressure

It has to be noted that, working the keeper power (5x10-5 mbar during the performed test), etc.

supply at constant power (6.8 W), the product VK I, These data, at any rate, demonstrate that electrons can

remains constant, that is the product VK (IK+I) is be really extracted, in the required amount, from the

constant, ionized plasma.
The real figure of the emitted current from a
neutralizer will be in the near future measured when

-c (V) (mA) (mA) -. ' ... the joint test thruster-neutralizer will be performed at
- (V) In(mA) I(mA) V, (V) Ir(mA) T

S It is furthermore clear that the same neutralizer could
19 360 342 0 18 provide extended performances in terms of current
18.8 364 342 5 24 emission when coupled to a high thrust ion thruster.
18.7 368 343 12 25 This is due to the intrinsic capability of a neutralizer to
18.4 375 350 13 25 *) self regulate the electron current emission on the basis
16.6 413 252 14 161 of the ion emission from the thruster.
16.2 419 238 18 181
15.7 431 223 22 208
15.4 468 210 26 258 Start-up from cold temperature test
12.7 527 165 30 362

10.5 568 100 32 468 This test has the purpose to verify the neutralizer start-
9 .5 593 80 33 513 up capability and reproducibility when its equilibrium

temperature, before starting, is about -60*C.

S* knee point This temperature has been estimated by MBB to be the
equilibrium temperature reached when the neutralizer
and the thruster are in shadow and both switched off,

Tab. 1: Neutralizer operating parameters during the during the ARTEMIS flight mission.

discharge - on phase, at different target bias The schematic of the start-up from cold temperature
test is shown in Fig. 10.

In Fig. 9 it is shown a plot of L, against V .......

o [- / 
r 
-, lt mm m'j tni--

S.. .. .. ..... . . ... ...

0 5 to 15 O 5 0 5

TAnrrT HIA VCT. AEl VT.

Fig. 10: Neutralizer start-up from cold temperature

Fig. 9: Neutralizer current-voltage characteristic test schematic set-up
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As seen in the sketch, the neutralizer is mounted on a The set-up is composed by the following main units:
thermally conditioned mechanical interface. In the true
configuration this interface is constituted by the "cold - vacuum chamber (ESA/NASA standard);
plate" of the vacuum chamber and by a mechanical
adapting interface on which the neutralizer feet are - turbomolecolar pump (1500 1/sec);
screwed (see Fig. 11). The thermal coupling between
mechanical interface and the cold plate is optimized - neutralizer power supplies;
using a thermoconductive sheet.

- xenon feedline & flow controller;

- stainless steel cold plate;

- N2 cooling pipeline;

* - thermocouples;

- mechanical interfaces, fittings and feedthroughs;

- chart recorder.

The test sequence is synthesized in the flow chart of
Fig. 11: Picture of the vacuum chamber "cold plate" Fig. 13.

with the inlet/outlet liquid nitrogen pipeline

18 10 T..I

The neutralizer temperature is regulated through a
closed loop liquid nitrogen cooling system. :..".'.'.',",
A liquid nitrogen tank is connected to the cold plate by C "*'' .*..

an electrically controlled valve whose aperture is T,,O .... ..ln
controlled by a thermoregulator. A thermocouple ^h '*'
placed on the mechanical adapting interface provides
the reference temperature signal. r.FuI.,.. 1
A second thermocouple is placed on the neutralizer
keeper to verify on it the achievement of the required W.i, u.n 0h. I Il- l

temperature for the test. ,";;' CI'.c, L o" ...
In Fig. 12 the picture of the whole set-up for the start- _

up from cold test is presented. l-

e, Fig. 13: Start-up from cold test logical flow chart

The preliminary test has been performed for some
cycles and the logic sequency shown in Fig. 13 was
implemented manually. The upgrading to the fully
automatic operation, controlled via computer, is
foreseen in the near future (with extended number of
cycles).

The results of this preliminary test have been positive:
the neutralizer start-up and operation was completely
demonstrated without any remarkable difference with
respect to the nominal operating parameters of the
functional test at room temperature.

Fig. 12: Start-up from cold temperature test set-up
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Electron microscope investigation

The main purpose of the analysis is to provide the
documentation on the status of some critical joinings of
the neutralizer technology. The comparison of
particular joinings on "virgin" items with the same
joinings after the items have been submitted to cyclic
thermal stress, due to cathode heating, provide an
indication on the technology effectiveness.

The analysis has been performed using a SEM f
(Scanning Electron Microscope) type JSM 6400
completed with a microanalysis system. The whole
system is presented in Fig. 14.

Fig. 15b: Particular of the interface between the
cathode 'tube and brazing alloy

Fig. 14: SEM system whole set-up

As an example of the effected investigations we present
the analysis of the joining between the hollow cathode
tube and the adapting interface to the neutralizer body.
The joining is effected through brazing, using a high
evaporation temperature brazing alloy.

In Fig. 15 and 16 are shown particulars of the brazings
on a "virgin" neutralizer and on the same item after Fig. 16a: Same particular of Fig. 15a after 500 hours
500 hours of heating in vacuum (9200C reached in the of cyclic heating in vacuum
zone under investigation).

Fig. 15a: Joining zone between the cathode tube and Fig. 16b: Same interface of Fig. 15b after 500 hours

the adapting interface in the neutralizer body of cyclic heating in vacuum
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The comparison of the situations before and after the Walther, S.E., Groh, K.H., Loeb, H.W.,
heating and then the interpretation of the change in "Experimental and Theoretical Investigations of the
morphology allow the assessment of the effectiveness Giessen Neutralizer System", AIAA Paper No. 78-
and reliability of thejoing. 706, April 1978.
Further instruments of analysis are represented by Groh, K.H., Walther, S.E., Loeb, H.W., "Recent
micro-analysis techniques to verify a possible Neutralizer Investigations at Giessen University",
migration of the evaporated brazing alloy on adjacent AIAA Paper No. 76-989, November 1976.
parts. At present the absence of this phenomenon has Williams, J.D., Wilbur, P.J., "Ground-based Tests
been verified and documented. of Hollow Cathode Plasma Contactors", AIAA Paper

89-1558-CP, pp 77-87, 1989.
Williams, J.D., Wilbur, P.J., "Plasma Contacting-

Conclusions An Enabling Technology", AIAA Paper 89-0677,
1989.

The development activities concerning a programme Free, B.A., Guman, W.J., Herron, B.G., Zafran,
for, first consolidating and then qualifying the S., "Electric Propulsion for Communications
neutralizer technology in view of the flight Satellites", AIAA Paper 78-537, 1978.
programme, are presented. The neutralizer, developed
by PROEL, will be employed within the RIT 10 Ion
thrusting system on board of ARTEMIS
communication satellite, whose launch is scheduled for
1994.
The consolidation and qualification programme follows
the already successfully fulfilled breadboarding
programme.
The main activities concerning the present programme
are illustrated and the set-up of tests presented and
discussed.
The preliminary positive results are provided
concerning the extended functional test, the start-up
from cold temperature test, the mechanical analysis.
In the near future the completion of the qualification
programme and the manufacturing of some qualified
items will be carried out. Some of these items will be
delivered to ESTEC for a complete functional test
together with the RIT 10 thruster, in preparation of the
flight programme.
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