106

ﬂeuzamejm U IHEP2OYCMAHOBKU AIPOKOCMUUECKUX JIeMAME]IbHbIX annapamoe

UDC 533.9.07

A. LOYAN', N. KOSSELEV', T. MAKSYMENKO', N. PELLERIN?, E. VERON?,
S. PELLERIN’, T. GIBERT?, L. BALIKA®, F. GAFARI*, J-B. LEFEVRE*, M .DUDECK"*

'National Aerospace University "KhAI", Kharkov, Ukraine

2CEMHTI, CRNS, 1D Avenue de la Recherche scientifique, Orléans, France
3GREMI, University of Orléans-CNRS, Bourges cedex, France

*Institut Jean Le Rond d ’Alembert, Université Pierre et Marie Curie, Paris, France

ENERGY DEPOSITION AND SURFACE ANALYSIS OF THE SPT20-M7 HALL
EFFECT THRUSTER

As a way to analyse the plasma-wall interaction, the electron energy deposition has been calculated at differ-
ent points of the ceramics delimiting the plasma discharge of a Hall effect thrusters. The calculation takes into
account the potential sheath but without secondary electron emission. The energy deposed by the ions is com-
mented. The visible surfaces by the plasma of the SPT20-M (KhAI) ceramic have been analyzed at CEMHTI
(CNRS Orléans) by GSEM (Gaseous Scanning Electron Microscope) and by EDX (Energy Dispersive X-ray)
spectrometry. A large microstructural change is observed in the channel, with regions exhibiting erosion or

deposit phenomena.
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Hall Effect Thrusters

Hall effect thrusters (HET are now used on board
geostationary satellites and interplanetary probes. In
HET, a partially magnetized plasma discharge is sus-
tained in a coaxial channel. A gas flow (xenon) is uni-
formly injected down the channel generally through
holes in the anode. The electrons entering in the channel
come from an external hollow cathode (set outside the
channel). The pressure inside the channel is typically of
a few mTorr, then the electron-atom collisions mean
free path is on the order of 1 m, greater than the total
channel length (~ cm), an external magnetic field gener-
ated by inner and outer magnetic coils is applied in
order to increase the transit time of the electrons. This
effect permit the ionisation of the neutral flow. The ions
are not magnetized and they are accelerated by the dis-
charge voltage between the anode and the cathode to
provide the thrust. This axial electric field is generated
by the decrease of the electron mobility due to the radial
magnetic field. They are neutralized in the plume by a
fraction of the electrons ejected from the external cath-
ode source.

SPT-20M

The SPT-20M7 Hall Effect Thruster he Electric
Propulsion Department of the National Aerospace Uni-
versity "KhAI" Kharkov in Ukraine was manufactured
at the middle part of 2007. The annular channel of the

SPT-20 is constructed with two successive diameters.
The outer diameter of channel on exit plan is 23 mm
and the inner one is 15 mm. The magnetization coil is
set behind the first chamber containing the anode-gas
distributor. The maximum value of the radial magnetic
field is obtained near the channel exit with a value of
20 mT (experimental data and modelling results). The
SPT-20M7 thruster is a low power thruster running with
an input electric power lower than 100 W, a Xenon
mass flow rate of 0.1 - 0.35 mg/s injected in the cham-
ber (the total mass flow rate is 0.48 mg/s) and a dis-
charge voltage of 220-310 V between an anode and an
external hollow cathode. The axial thrust is from 1 mN
to 4.5 mN for an electric input power from 40 to 90 W.
The efficiency is in the range 25% - 40% and the anode
discharge current is in the range 0.15- 0.4 A [1].

Energy deposition on the ceramics

The annular channel of the SPT is made of insula-
tor ceramics, generally with BN-SiO2. The plasma-
surface interactions play an important role in the dis-
charge: electron energy deposition, secondary electron
emission with sheath saturation effect, variation of the
low frequency “breathing mode”, discharge current and
global efficiency. Morever, electrons and ions strike the
inner and the outer ceramics, especially on the last mm
of the channel where stands the acceleration zone of the
ions and the lense of electric potential. Then, the surface
can reach a maximum of temperature around 800°C and
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the surface is eroded with a “normal” erosion effect and
an ‘ab-normal” erosion effect (axial scores). During the
first 1000 h of run the erosion velocity is around 1 E/h
and after the value is smaller due to the decrease of
angle between the surface wall and the velocity of the
ions.

The electron energy distribution function is non-
Maxwellian. Two or three populations are experimen-
tally measured by electrostatic probes in the channel
with a doubt on the existence of the third population. In
fluid [2, 3] and hybrid [4] codes the electron distribution
is assumed to be Maxwellian. The electron temperature
reaches around 20 eV at the channel exit. As the chan-
nel is insulated the surface is at the floating potential.
The existence of a potential sheath is taking into ac-
count. Then the electron energy flux at different points
of the wall has been evaluated using the electron proper-
ties calculated by L.Garrigues [5]. However, the satura-
tion sheath effect due to the secondary emission rate is
not taken into account. This emission induces an in-
crease of the electron energy deposition. The electronic
impacts are suggested as a possible way to explain the
“ab-normal” erosion.

The energy of the ions striking the walls depends
of the location of the ionisation zone, of the lense of the
electric potential, of the surface inclination and of the
potential sheath. The ion velocity has been measured in
the channel by Fluorescence Induced by Laser [6] and
the energy flux deposition has been evaluated by IR
measurement [6]. The assumption of a Bohm velocity is
often assumed in literature [E.Ahedo] for 1D fluid
model or 2D model with a Bohm layer.

Analysis of the insulated surfaces

The insulated surfaces of the SPT-20M7 have been
analyzed by GSEM (Gaseous Scanning Electron Micro-
scope) after one hundred hours of running. Chemical
analysis has been carried on by EDX (Energy Disper-
sive X-ray) spectrometry in the CEMHTI laboratory
(CNRS Orléans). Ceramics are constituted with boron
nitride - aluminum nitride as major phase (BN-Al), and
with an oxide phase containing boron and aluminum, as
minor part. The ceramic reference microstructure is
homogeneous and dense. A large microstructural
change is observed in the channel, with regions exhibit-
ing erosion or deposit phenomena.

At the top of the inner cylinder, microstructure
study shows the presence of areas slightly enriched with
metals by deposition: Fe, Si, Ni, Cu (<1 at.%) extract
from the chamber or from the electrodes. On the inner
and outer surface of the channel, small grains are
formed from columnar growth oriented toward the cyl-
inder axis (surface enriched with metals: Fe, W, Ni, Cu
(<7at%) — Cr, Si (<3 at.%)), and oxidized. Boron is

not detected in this deposit, and nitrogen rate is much
reduced. Finally, xenon is also analysed on the channel
wall (less than 1 at.%).

Erosion involves a strong modification of the ex-
ternal ceramic at the channel exit, forming a bevel on
the surface perpendicular to the cylinder axis. This area
is also covered with oxidized grains enriched with met-
als similarly to the channel surface, but also enriched
with silicon (<20 at.%). The erosion of the inner ce-
ramic is slight.The peripheral area of the bevel is
slightly affected by erosion, with a strong decrease of B
and N content, but no metal deposit has been observed
in this area.

The ceramic surface facing to the channel bottom
is strongly altered. Microstructure exhibits melting signs
with large modifications of the microstructure and
cracks formation. This area is enriched with B but metal
rates are rather low.

Various metals (in particular Fe) are present on the
channel surface, due to electrodes and metallic pieces
erosion, vacuum chamber or partial vaporization. The
nitrogen and especially boron contents are strongly
reduced in the channel, in agreement with optical emis-
sion spectroscopic measurements [7].

Conclusions

This research is supported by the French Research
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SHEPITETUYECKHUE BO3JEMCTBUSA U IOBEPXHOCHBIN AHAJIN3 PA3ZPSITHOI'O KAHAJIA
XOJJIOBCKOI'O IBUT'ATEJIA CIIA-M7

A.B. Jloan, H.H. Kowenes, T.A. Maxcumenxo, H. Ilenepun, E. Bepon, C. Ilenepun,
T. Kubepm, JI. banuxa, @. Kagapu, /[xc. Jlepespe, M. /lyoex

Jlnst aHanm3a BO3JEHWCTBUS TIa3Mbl Ha cTeHKU paspsaHoro kaHana (PK) CII/] Obuia paccunTaHa SHEPrusl JeK-
TPOHOB, NPUXOJIIASACST Ha pa3sHble TOYKM KEPAMHUKH B TPaHHILAX pa3psla ¢ Y4eTOM IPUCTEHOYHOIO IMOTEHIIHAA,
omHaKo 0e3 ydeTa BTOPHUIHOM SJIEKTPOHHOHM 3Muccuu. OmricaHa SHEpPrus HOHOB Mpuxosiiascs Ha ctenku PK. Ilo-
BepxHocTh PK CII/I-20M («XAI») 6bu1a mpoananusupoana B8 CEMHTI (CNRS Opnean) npu moMomu ra3oBoro
CKaHMPYIOIIETo AJIEKTPOHHOT0 MUKPOCKOIA U MPH MOMOIIM YHEPropaccenBaroiell peHTT€HOBCKOM CIEKTPOMETPHHL.
OTMeueHbI 3HAYUTENbHBIE U3MEHEHHS MUKPOCTPYKTYPBI KaHajla C 9pOANPOBAaHBIMU U 3aIIbUICHHBIMH YYaCTKaMU.

KaroueBbie ci1oBa: mia3Ma, XOJIUIOBCKUHN IBUTaTeNb, IIOBEPXHOCTHBIN aHAIIU3.

EHEPT'ETAYHI BILIMBU TA TOBEPXHEBUM AHAJII3 PO3PSITHOI'O KAHAJTY
XOJIOBCKOTI'O JBUI'YHA CIIA-M7

A.B. Jloan, M.M. Kowencs, T.0. Maxcumenxo, H. Ilenepin, E. Bepon, C. Ilenepin,
T. ZKubepm, JI. banixa, @. Kagapi, /Dic. Jlecpespe, M. /lyoex

st aHamizy BIUTUBY IIa3MU Ha CTiHKH po3psaHoro kaHany (PK) CITJ] 6yno po3paxoBaHO €HEpriko eIeKTPOo-
HIB, [0 IPUXOAUTHCS Pi3HI TOUKH KEPaMiKd B MEXaxX PO3psIy 3 BpaxyBaHHSIM MPUCTIHKOBOI'O MOTEHIN Ay, aje 0e3
BpaxyBaHHS BTOPHHHOI €JIEKTPOHHOI eMicii. OnrcaHo eHepriro 10HIB 110 npuxoauThes Ha cTinku PK. IToBepxus PK
CII-20M («XAl») 6yna mpoananizopana y CEMHTI (CNRS OpiieaH) 3a T0OMOror0 Ira30BOT0 CKaHYKOUOTO €JIeK-
TPOHHOT'O MIKPOCKOIA Ta 3a JOMOMOTOK CHEPropO3CiFoBauoi PEHTTCHIBCHKOI CHEKTpoMeTpii. BimMiueHo 3HauHi
3MiHU MIKPOCTPYKTYPH KaHaJy 3 €pOJOBAHAMH Ta 3aITMICHUMH JTTHKAMH.

Koaroudosi ciioBa: mia3zma, X0J0BCHKHI IBUTYH, TIOBEPXHEBUH aHAII3.
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