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The mathematical 
=(spT)= 

ABSTRACT 

model of a Stationary Plasma 
of object of automatic control is 

~attheproblemsolvingofsynthedandre- 
search of automatic control system for electrical pro- 
pulsion engine module. The results of wtal 
researchesofSPT-lOOasinitialdataaxeused.Inre- 
sllltofllxeiuchesthedependenctofthelevelofaver- 
age value and amplitude of a discharge current oscil- 
lations fiom the level of an electromagnet current 
were received at fixed values of the didurge voltage 
andworkings&tancemassflowrate,andalsothe 
qecbumsofthedidatgecurrentosdlationatvari- 
ousvaluesofauel~ cWTentwereobined. 
Theanalysisoflx?ia+dexperimentaldatahassbown 
that the static characM&cs of the thruster have ex- 
tremecharacteraIKlfotdesignofmathematicalmode1 
of SPT-100 the bell-form fimction are sugeested, the 
~ofwhichwerebxminedonabasisof 
regnxsionmadels.ThemathematicalmodelofSPT- 
lOOconsistsofseveralsub-mo&ls.Thefirstabmpo- 
nent of the model detem&s the average value of 
dischargecurrentI+Thesecondpartofthemaking 
ma&ma&l model specifies tile amplitude d dis- 
charge cutrent osdlations 4. The third component of 
themakingmodellzflec&thefrequcntpropertiesof 
the disdaqe cumxlt oscillatiofl!x. The diagrams of 
experimentaldataGxedinabasisma&matid 
modelandalsolWUltsddigitalsimuiationsofthe 
SPT-100 chamcteristics are !!&nitted. The repm- 
senteddiagri3msshowgaodcon~ of expeli- 
mentaldatatodatawhicharereceivedonthebasisof 
OBredmaWnatical model. 

1. ANALYSIS OF EXPERIMENTAL DATA 
FIXED IN A BASIS OF MODEL 

During experimental researches of the characteristics 
uarameters of the SPT-100 search of ootimum 
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modesofitsworkwasmadewhicharechamuedd . 
byaminimumlevelefaveragevalueofthedbharge 
cumxltandtheminbmMu amplitu&oftbedisChqe 
cumntoscillations~~lcvdoftheWOJkingSUb- 

stalKx2ma§sflOwlateIRef. 1,2].ThusmbWsa&lof 
powerexpelWsoacfc8tbofthetbrustisprwided 
requirementstoo4dpMpowerofadiscbgepower 
supplyarelmlchl&&C4aLPrelii~ 
haveshownthat&@zmidgmeansforachievemtnt 
ofoptimummodesdopemtionSPT-100anachoice 

ys*s$ 

theoutputfiltcrofadkhaqppowersupply.Forde- 
. 

signingofmatlmm4 model SST-loo in which 
speciIieditspeculiuitieswouldberellcaedtheex- 
perimemleEmldm~spent.Thepufposeof 
thesefesemkswrsdaenninrtiondthedepadence 
betweentbevarMesoftbetbusterwhichcanbe 
Collsidefed~~inplt~.Fdlowingvariabks 
werecoM&edasiIlputvuirblcsalfSPT:thekvelof 
adkhargevoltage vd,tbe~fl~~of~- 

ingsubsmcethmughtheaDodcbbckIit,thelevelof 
anelectromagnetanms,specifyingMtyanda 
cotigurationofa~fieldintheaccderating 
ChannelSPT-~.AsoutputvaliaWsofthemathe- 
lllatiCalmodel~~:3MalLjhdcoftbedis- 
&argecurrentosdlLtionsbandsizeofavera~ 
valueofadischargecurmtb.Tkresultsofexpe& 
mentalresearchcsorprmrqersandcharadaiotiaof 
the SPT-loo which apprqm& to optimum stNctwE 
andparametefsoftkoWptfilteraodfixedinabasis 
ofsynthesisofthefimtandsecabdco~nentsof 
mathematical m&l SPT lltrt nplscmed in Fig. 1 
[Ref. 2].1nthisfiguledape&Weofamplitioftbe 
dischargecurrent4dUaMbsIpandaveragevalueof 
thedischargeaurentI,jliomthekvelofan~ 
magnetcurrentI,aresIabmiaed.Ibccbaracterofthe 
dependence between variables has extreme ClliUSt~ 

which is kept at change of working modes of the 
thruster (changing ofa dbbrge voltage and the level 
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oftheworking &stance mass flow rate) and at 
changeofstmEhueaxKlparemetersoftbedischargc 
cwrent~suppiyoutputfilter. 

Alongside with detexmination of the static character- 
istics of the thnster SPT-100 the determination of its 
dynamiccharesderisticsnceivedas~ofthe 
discharge cur&t oscillations at various levels of the 
electron cumflt of au dectromaguet were ob- 
tained the typical kin& of which are submitted in Fig. 
2 [Ref. 3,4]. Recdved spectnuns characterise the vali- 
ab~ecomponentofadkhargecurrent &.Thefke- 
quencies of reg&e~& &ctuations lay in a range from 
1.Oupto4ooIrHz.Asitisvi~~fromthesubmitted 
diagrams tk b&c capacity of fluctuations lays in the 
rangeupto 120IrHz,wherethebusicpe&sofaspec- 
trum of oscillations ofa discharge current are located. 
With reduction of a current of au electromagnet from 
4.5 A up to 2.6 A the amplitude of peaks sharply de- 
creses(on20dB).ThecharacterofaspecUumofthe 
oscillations in a range fxom 120 up to 400 kH2 at 
changeofacurmntofandectromaguetdoesnot 
practically change. 

2. CHOICE OF TEE STRUCTURE OF 
MATHEMATICAL MODEL OF SPT 

Mathematical model of SIT-100 is off&d for pre- 
!xDtingassetofseveralsub-tiiqreflectingthe 
Vu&lSptUtiSofphykdpl0ESSeS in SIT. In par- 
ticularfirstmakingsub-&spacifyingdependence 
ofavera~levelofthedischarge cunent&jfkoma 
discharge Voltage Vd, the current of an electromagnet 
I,andmassflowrate ti.Thismodelcanbesub- 
mittedastwoequationseachofwhichcorrespondsto 
a separate site of a rtmge of possible level of a current 
of an eMromagnet: 

(1) 

where ?dO(vd,ti)- constant component of a dis- 
Chatge CUrIt%; Kdl(Vd,Ib) - peakVaheOfthe fim 

bell-fOlYll h.UCtiOll; K,j2 - peak Vdlle the second Of 

bell-form fbhon; qdl -minimumvaJueofacurrent 
ofauekctromagndatlqsationofexperimcnerl 
-he& q&(v,j,ti) -tkkbdafa~ofan 
dectromagnet, appmprirte to a local minimumof 
average v8h~? of a dkhaqe current; adt(Vd.rh), 
a& - m, spedqirpe gradient of bdl-form 
hkCt.iOIlS. 

Submitted+l(l)the~ofmathef&cd 
mrdel,~theflllEtionSdtnovariabks.Th@BfiIlE- 
tiollsaIerc&vedasnoe-lirpsrrngnsslmmoddsan 
thebasisofexpelimentalihtaAtdesigningdnsno_ 
SiOllllWdl3SOrtbogoaalpalyaomials~Wen 

Thesecondsu&nodelof~mathemati~nKldeI 
ofSPTwhichre&ctsdepesQnoeofamplitudeofthe 
dischargecunentoscilbtioaarI,fhnnadischarge 
voltageVd,CUnentdilll~gnetI,and~ 
flow rate k. 

Ifbyanalogywit.h(1)toentertbefollowingdesigu& 
tion% IpOt(vd,fh), Ip&v,,&)- wt coinpo. 

nentoftheamplitudeoftbedkhargecurrentosciUa- 
tiOIl!S; Kpl(Vd,Ih)- pealt V&E Of the fifSt kll-hll 

of -On; Kp2(Vd,ti)- m V&C of tbc SSOod 

bell-form function; qpl(vdc rh) - the vak d a cur- 

rentofauekctroma~~toaminimumob 
thefirstbell-formfiurctioa; q@d,ljb)-t&&of 

acurrentofandectxo~qqxqnGktoam,ini- 
mum of the second bell- fktkk; apl(Vd, Ih) , 

ap2(vdv h) -paE=&!kspa@ingthegradientof 

the bell-f- functionq the e m&l has 
the following kind: 

+ 

1 
2 , 

4n -qpl(vdv~) +apl(vd& 

I, sqp](vd,~); 

1, = L,(vd,61)‘1, +L#d,rin), 

qpl < 1, <qpz; 
(2) 

I, =ipoZ(v,j,h)+ 

2 

+ 

1 
1, -qp2(v,9fi)]2 +ap2(&&) 

1, ~qp#d,~). 
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Tlbefunctionsofthetwomiabl~includedinstruc- 
tureoftheequations(2)arengnssionmo&lsandare 
nceivedsi&UQtofUQcti~iXlcl~inthe~- 
tions (1). 

The third sub-model reflects frequent properties of 
discharge current oscillations. For modelling of fre- 
quentspectnuhsofthedischargecurrentoscillations, 
received experimentally and fixed in a basis of design 
ofSIT~themodeloftbeformingfllterwitb 
mbmissiononaninputofwhitenoiseisused. Inre- 
sultafreakationofexperkntalrBmchesthe 
specmms of the discharge current oscillations for 
variouslevelofacu.rrentofanelectromagnetand 
optinaunst=t=~V cfthedischarge 
powersupplyoutputfIlterwerereceivcd[Ref.2,3]. 
Thetypicalspecmmsoftbedischargecmentoscil- 
lationsfixedinabasisofdesignadynamicsub-model 
are pmmted in Fig. 2. Fmceeding of a kind of tbe 
sub&teddiasrams,choiceafsmcture oft& forming 
tilterwas~anditsparamtersfbrvarioussizesof 
acumntafan daccromagaetaredetembd.The 
valuesoffrcquencieaofworkofthispartofmcdel 
laysinthenmgeo-120kHz,inwhichtherearethe 
basicresomat~esofobjeaandatchangeof 
sizedacmentofanelectromagnet~themrtsid- 
eredrangeoffiequenciesremainscmstant. 

Thenwllericallofaftransfcroroffomling 
filterswtred&XlUkibysizeIpcalculatedilltlle 
equations (2). The typical mathematical model of the 
fimning f&r, w&ten down as tran&er fbctiotion, 
looks as follows: 

Wh=3,2(S) = , n = 6, p = 8, (3) 

c c jsp-j 

j=O 

w&s-variableofLapla& 

S(S) - image by Lap&s for white noise, which put on 

an input of the forming filteq 
bi, ~j - prarmters of the forming filter, determined 
during identifkation on the basis of experimmtal 
data. 

3. RESULTS OF DESIGN OF TEE MATEE- 
MATICAL MODEL OF SPT 

The results of the design of the mathematical model 
are illustmted by the diagrams, submitted in Fig. 3, 4. 
In Fig. 3 results of modelling of the static characteris- 
tics are submitted 

b=fiOW., h). 
ThenTxsvedmodel~-ofthe~ 
variable&whichmbemedQrdmbpumtaod 
amdellingoftheammmicaxmlsyskmfbramhd 
ofoutputmiabksof!ZTwhichrcpeseatsaseme- 
malsystem.Tbemceivedfimdiombave~ 
expressulexmMlclmmrandthesystanofex- 
tremalmanagemelHslumldeauumntmi~af 
suchvaluesafSPT pnmaqratWhiChPmpliMeOf 

thcclisdm&~-alldthClCVJdrbe 

=mw_~~~dy-*wsizeoT . 
lniahum. 

Infig.4mlltsofl&K&mgof~OEthedis- 
chargecurrent~krvariousval~oftbe 
dischargecmentare~ontkbasisofd- 
fei8dmUhematiallwdeldS?T.Theampmbllof 
resultsofnmdelbg*aqrerimmtaldata~ 
goodconaurencc,that~~torectivcd 
mathematicalmckl. 

4. CONCLUSIONS 

l.IvIathematicalmedeldtllestat&Myplasma 
thrustcrSPT-1OO(yptllMVCdOntkb!&OfeX- 
~talstaticand~~isaf- 

2.Theteceived~model~tbe~ 
chamcteristicsdSPT-100atdungedadisc&ge 
voltage,massflow~kvelofthe~ 
current. 
3.Mathematicalxw&ldSPT-1ooenablesofmotkl- 
lillgofdynamiccb8m&&softktlmlwastime 
dependenceandfmpcnt~ina~offic- 
quencies 0 - 120 kH2. 
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I, = fl(Vd, hn , fh ); 
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Figure 1. The dependence of amplitude oscillations I, and average value 

of the discharge current b from the electromagnet current I,,,. 
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Figure 2. Specaums of the discharge current oscillations. 
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Figure 4. Spectnuns of the discharge current oscillations. 
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