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Abstract 
Optical emissions of three different xenon 

operating anode layer Hall thrusters (TAL) have 
been measured in the range of +2600-11000 
Angstroms. Several tens of discharge as well as 
plume radiation spectra were obtained in various 
conditions of the TALs operation. Spectra taken at 
difherent time, but at the same condition appeared 
to be identical to the extent of the measurement 
accuraq, indicating stable performance of the 
thrusters. More than 430 individual transitions of 
XeI, Xell and XelIl have been ideutifled in the 
spectm. Some strong lines of the erosion products 
have been detected in speciahy dedicated 
e,xperiments. The emissions behavior have been 
iuvestigated in di@erent regimes ofTAL operation. 
Plume iadiance decay downsveam the plume have 
been measured. Implementation of optical 
diagnostics for TAL performance evaluation and 
future plans are also discussed. The experiments 
and the data analysis are underway. 

Introduction 
Hall thmstm with closed electron drift_ 

such as the TAL developed at TsNlIMASH, are 
increasingly being amsidemd for different 
spacz&t propulsion requirements. The mission 
and integration requirements for these various 
applications are varied. In order to confirm the 
utility of auode layer thrusters to meet these 
mquirements various experimeutal and analytic 
tools are available. This investigation considers the 
suitability ofemission specboscow asadiagnostic 
tool for evaluating mission and integration 
requirements of anode layer thmters as was 
previously doue for stationary plasma thrWers’. 

Previous investigation of TAL emissions 
at TsNHMASH have been done on TALs operating 
ou pmpellants other than Xe (Li, Bi, Cs, Ar), 
therefore we had no any radiation spectml data 
6romXeoperatingTAL.Fromtheotherhaud,past 
investigations of the stationary plasma Hall 
thrusters (SPT) using emission spearoscow have 
demonstrated the possibility of non-intrusively 
evaluating the xenon plasma composition and 
estimating the optical contamination produced by 
thruster operationtA. During this study these 
aspects of the anode layer thruster operation were 
evaluated at TsNIlMASH using a new 
experimental system which was developed 
expressedly for this purpose. Additionally, topics 
that were considered during this investigation were 
how the optical emission from anode layer 
thrusters changed with operating conditions and if 

emission spectnzscow could be used as a real time, 
non-iutrusive erosion diagnostic. Future plans for 
extending this diagnostic for evaluating the plasma 
state within the anode layer thruster are also 
discussed. 

Apparatus aud procedure 
The optical measurements have been 

carried on concurrem& with TAL performance 
tests.ThcTslWMASH testfhcilitywherethetests 
areperGormedaswellasthetestpruadureare 
desc&ed elsewhen (see Caruer, C.E at al, for 
mstauce)? The bWlUllDChambairnoW~Uippad 

withaquartzwiudmu,givinganopportunityto 
WOfkilltkWEgitXlOfSpC&URLAll~ustrative 
sk&hoftku@meuhls&upisgivcuiufig.1. 
Three difE&nt TAk, D-38, D-SS and D-100 have 
beentested.AUofthemusulxenonasthe 
prq&an~GeueralchamcteristicsaftheTALsas 
well as detailed infonnaton about their design and 
performance CWcs may be found in 
litetature~‘. 

Two acowcal spectrometers were 
used for spectml Bts in most 
expcriments.Somespectraweretakenwiththeuse 
of traditional grating nmochWr followed by 
photomule. ‘Ihe disper&g demerit which 
substitutes qtioal grating iu the aanUto+ptical 
spectrometers is a quark mowQystal. High 
fqleucyamustiowaveisgeuuamdinthecrystal 
settiugupaperlalic8lspatialoscilWionofthe 
r&active index Light &&acted on this periodical 
s&ucturegivesauWn&ve~oulywhen 
the phase synchronism amditiou (Bragg amdition) 
takes place: 

whcre&isadifl&webctwun&llingaud 
sattmdlightwvcvscbr,and~istkacuustic 
wavcvcuor.-rk&m.#onecanchaugcthc 
wavcleugthaftbefei&mxdlighthychangillgthe 
acuusticwave~.~cauyiuthese 
cx@men~thcuscufthe-ptical 
spectrumeterswasjustifi~~theywefc 
easier to h8milq bad uo high orders spectm 
contamiuation and had kstcr spccW resolution 
than avalla& gtating monochtcwnatar. However, 
sidethese spectronreters had a complex 
iuWmentalfMctiouaudprovidedoulydiscrem 
scanningofqectrumresulted~mtheacoustic 

~_W&iteWise chnnPinn* Some 
spectromtcrsaregivenin 

Table 1. 
All three speuromesers were caliirated 

acrossthesta&udradiationsourcesbasedon 



tungsten ribbon lamp (visible and near IR region) 
and deuterium Iamp (UV region). Norma& one 
spednrmpcrabuutfourminuteswasmeaswedasa 
reason&k aunpromisc between limited time of 
experiment aud aaxptable signal to noise ratio. 

Four different lines of sight were cboscn 
for the spwral mesuremcnt (Fig.2). Discharge 
Iadiationwasmawued,wbcnthespectnwder 
lineafsightwasaetupatthetipositjonl 
whcfeasplumcradiathwasmcasmwlattk 
positions2.3arhd4.Thelinerufsight~the 
euginc axis at 4.7, 15 ad 22.6 cm %om the exit 
plane.Tkmasonforthhwastiutat4-5cma 
pl~coreImsbsen~~cMtr 
e 15-20 cm dowartnua ihIm D-55 
aodD_3gthTeArc%its.AtthisdisbuKzphsma 
Ouxisrdmdg~ir~tricrlflow 
withplwuwd IR&humdalrfeatdarrityat 
tbeaxis4.wbanrr.8ttk~~~tbpl120- 
22antJIcpbape~~. 

rartrrrl-w--integPlS 
alougtilelincsafsight.Butiucourscofthe 
discharge diatiou mcasurenxnts most 

. . 
emkrboatothcsigoal~fnrrnthcdidcherge 

iiLml?pkrne- BIttbe 
clamt lo tbc m qioll (line 2 in fig.2) 
mdyafbc&dbyasdlcedmctescalcaxe 
region bated at tbc axis. Ykld from tbe 
Mregionsafke-8e%igible 
hem. For tb ihiehight 3 mdiation cdle@ai 
fkum~~auldirw+thesignalto 
so&ImBc8taLAtldfortbelipe4tksigMl 
CzssdMywrsminbeiprl8kmgthc~~ 
Inthceexperhatswehdnoaprovisionto 
mcnrethelhs-&ightfarcmughoffftomthe 
UUUStCl8Xk’IbaeBm,urililltiOndtbCAbCl 
~~wlgmtpo88iblc~thiS~ 

aftk- 

l&alb8ddkmmion 

Mmtdthedat8waedainedfromD-3% 
andD-55c4lJw~*.hytlDllloLpoctc(I(Rmiaty 
iUtbeaerplREIght)h8VCbsabhfWUD-100 
by8orr.~takuk1~timcsbutattbe 
sonre~~wcrcidcatiealtouIc 
cxtcntdtk -rceuncy.Thisfrd 
indiaesstabkpedhmEc dthethuws. 
Figurcs3a,bandcnpnraattypicaldischargc 
riididnspcumpmce9aiundcrassumphnof 
the uptidy thin plasma. Spectral radiation per 
solid aagk unit from the bole volume of the 
di!dalgeisprea&aiintbaefi~. 

Asitscenfiwnthcpkturcsthespectra 
OVCrtap11tkCdges,SOOnCcSnfhdtheSameliIlCS 

iIldieult~TbcfadtllattheSamelioes 
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In some experiments the possibility of 
TAL life time evaluation basing on tbe analysis of 
erosion products emissions was investigated. It was 
dif6culttodetecttheemissionoftbeerosion 
productsintheTALswithextenulanodelayer. 
Therefore, D-38 thruster with extended discharge 
chamberwasusedintheseexperiments.&the 
result some strong lines of the erosion products 
bavebcendetecMAsanexamplt,thebehaviorof 
someCrIemissionsispnscntedinfig.5too. 

Fig.Sindicatestbatbehaviorofthecwves 
bekmgedtotheXerIisesaewwydiS&entatthe 
pointlinatmp&onwiththa~dXeLFmmthe 
otherside,inthewoskglc#meliwtkQkats2 
to9)allxawnliaeruxb&&edsimihuMavior 
withalittledS&atcebstrvsaXdandXeQ 
wbereasbehaviordtbeerodorr~emirrioas 
wassubslantiallydMkrmt.O5ecansuetheXe 
iinesintensitiesgrowwith hcreaseoftbecurrcn~ 
whewasCrlinesintensitieafaUdowaThisanbe 
easily explained by tbe dependence of erosion 
coefkients on the ion enerd. As sooo as the 
erosion coef&ients daxease quite rapidly with the 
voltageinthisregioa,evensruaUvoitagereduction 
rekedtotbeculTentgrowtb(seefig.4)appearsto 
beenoughtore&tintbesub&mtMdecnrsof 
theerosion.Onceaga&itsbouldbestrw&that 
tkeheswaenotfoulMiinthespEtraobtahed 
fromTAISWiththeXtalUlanodehycrSKh~ 
D-55’. 

Fig.6 represents total dishrge radiation 
powerf%omtbeD-38thrwterindifkentmodesof 
operation. The thwter power cQnsumpti00 and 
curmnt cuwes are shown in this figure for 
comparison as well. 

Eqwhnts @&med with different 
thnSteSshmw!dthattbeirspectraatcideo&uy 
htltrcddifgeringin~vrhres.Excqrcioa 
weresumeahorfcatweslmtrelatedtoxsnon 
rodirtioaFffaamplc,ilI&&kS~iXlD- 
38radiathq~xQaatdoaetothe1xnninAregime 
of opaahn (us303 v, I-2.55 Amp.) were lesser 
in average than D-55 irlteSiti= resulting in 
integraldischargeIadiatholfo.13wattsintbe 
visible region in comparison with 0.58 Watts for 
D-55 at nominal regime (Up302 V, 1=2.44 Amp.) 
in the same wavelength region. It should be 
mentioned, however, that anode of tbe D-38 
thrusterwaslocatedinthedcpthofthethruster 
body, whereas the D-55 had external anode located 
practicaliyattheexitphe. Thismadepaltofthe 
D-38 discharge obscwed by the thruter body in 
comparison with the D-55 where ail discharge 
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SPT-100 spectm, not surprising is that our quick 
look evaluation of the TAL discharge electron 
v gave the same result. This fact 
indiMes that not all considering levels are in CRE. 
Reasmable would be to find quite high levels for 
whichCREmodelcanbeapplied,butd.uetothe 
low plubability oftbe spontaneous decay, radiation 
from these levels would has relatively low 
intensity.Perhap&desiredsignaltonoiseratio 
anMbegainedfromimprovingafradiation 
de&ctingtechnique.Weplantodothisworkinthe 
ne8restfbhlTe. 

2. ConwM equilibrinm (CE) m0&4’~” is 

aswmedtobevalidfixatomickwel6withsmall 
plincipalmlEIber~8lldhighp#ub&lityod 
SpOSb~~dU!@LIBthiStypUifplarmn 

. . equUnumradiationintensityreJatedwithtk 
plaamrpanmten&K 

49&=.=A&~fi~~b)d-~~ (3) 
where N,iJccaon amcentration, N,-concentration 
of atoms (ions),/@$ebtron velocity distriition 
function, *j- collisional excitation cross section 
oft.kxenonatoms(ions)bytheelectrons_and 

Our &mate shows that in TAL 
d&harge and plume plasmas (ii the near field at 
IeM) ebmn-electron collision Ensueacy is high 

~enoq&fortheelaxrontbermalization.Dueto 
Mastic cOllisbIM tlE velocity distriblttio& 
peah9pr,maydif&rframthemaxwellianathigh 
vdoci*buttbemaxwelliaadistributionmaybe 
used as a “zero level” approach in equation (3). For 
the maxwebn distriin the plasma parameters 
are related with the measunA radiation intensity 
thmugh: 

3 

LCAY =hvAINNNN 
(4) 

Rdatioll(4)providesthewaytodeMnine 
anyplasmaparamUerifCRm&lisapplicable 
aadtheatomic(ionic)amsbuusudotherplasma 
m are kaown fbm dsewhere. When 

othera@ons,whichmaybecombi&intothe 
cl=dsystan- 

TAL experimental data analysis showed 
thatrealTALplasmaspax.racan’tbemodeled 
basing either CR or CRE m&l only. Stepwise 
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exit plane. Quick look analysis shows that it is 
mostly due to decreasing of the electron 
tempcrahue downs&mm the plume. The 
investigation revealed promise in application of the 
optical diagnostics to TALs genenl performance 
and life time ewaluatioa. Emissions of erosion 
plWhctSdetectcdinsOUlededicatedcxpuimcnts 
on D-38 with exmded discharge chamber give a 
basisfordw&piagofarealtimc,non~ve 
eroai4mdiagno&ofvariamHallthNstmwith 
closalemrondrift 
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Fig_5 Behavior of some D-38 dkhaqc emissions 
dtzpeWqonoperptingccwdition.N~bersontheX-axis 
correspond~o~~hfig.4. 
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Fig.6. comparison ofD-38 thrusta diation power 
withitsanrcntandp0wcrawumption 
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