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AN OF.ERATION _PTIiZI.. F"OR BOTH ELECT RIC PO_- EF

P.D. Fedoro.' A_.t. .tcir

In troduction

Rose varying and throttling of the electric propulsion syste ('-systea) with
Stationary Plasma Thrusters (S'T) are presented in this paper. A node -aryin
of Primary Power System (PPS) under m ission conditions is conducive to search
control procedures for SPT based on the quasi-st.ticnary InTruster cde (pulse
mode). It is possible according to cynamac perfcrmances stucdyir. with t
thruster arc in the discharee circuit A sirilar procedure ma;-y e applzd t
the thruster when a.i.nst.bilizinq Hi h Vclioe Power Processor (HVPF'H can be
used for the discharQe supply.

In the second part of the paper is tried orn i.ul ating of the deep throttlin
subsystem; in the solar batteries farilire.

juasi-satiornry dischrare rode of SPT

It is known that repeated a.ttepts were made for SPT dee. throttlin h. the
pUils injection of the gs- propellant into dischargae rch.ber as na;med Quasi-
Stationar y PFasima Thruster (rSPT) l.A result of this rsearches was the
develop-ent of OSPT with 5-c. av. diaeter But so;e ser-ios defects took
place in the operation principle. First of all a cyclical heating of the
thruster elemenis was observed. A thermo-mecnhanoestr ctin of bth diel-ectric
chaser and cathode [2] dep=nded with mentioned heatinq decreased the lie-
ti me of thruster. Thar propeant leakages under 5rotracted pulse fronrs and
lost power must be taken i'nto accourrt. R-oreover. plse freqencies more than 4
H: were impracticable.

SThe presented method of SPT regulating is the attempt to pass over these
problems. It base on the pulse discharge voltage application The anode voltage
was formed as:

Ud(t)=udc+Ud-(t)
Thne Udl() was qgenerated as the voltage pulses added to the constant

voltage level Udo. The pulse frequencies were in a range [fI,f2j. The lowest
frequency ft of the range was selected according to a possibility of the gas
flow into the ionization zone for the filling. The effective value of length

ii of the ionization zone can be estimated as function accordinc to the ioniz-
ation phenomena [33 as:

2
2eEVa aec-E

2 2 2 r2 2
N b- qr mb n0 lo

Here, b=b(Te,A) is the ionization coefficient related with the propellant
kind A and electron energy T-; N,E - a toic weicht and electric intensity; Vo
- atom/ion flow velocity near anode; X,a - constants.

The detail count in Ref.r3] based on the kinetic equations had confirmed
the esti ation (i). So, the pulse frequencies boundaries car: be define as:
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The longitu:dinal vloci ty 90 V of the!n no beceler ated flow was;- he: iunction

th- a- t C Der t r T n, io drnsi-re r'a- sr e ;node-distributor. Thehighest; irequency councery can be esimae d u:sing b-: the re sponse -ime t: of
rrenn -Tolrace n he 4harce .ircIiT.

i:E E 1i5E-pi itu-mod ion: (1P-i?! ) nd arc. E- erctn- 2ou iLitC (PMi)
Fa' be realize uing the 'ieh"rge se oera.ion Uade.

t' _J C' e If0S 5t.f i E' C'r cI oc T

if' ttruste thrtliu2 can be fUlilled Ceely C ih ditcharye 0A2 .It

She. vi Ewal pro a sle for he r nr,,,roessrr LrSTk don. In 7his ca e th

-u.T t eat up by the ie cr..t-r+ 4n

sne w anwa iprr n fr he hrus- : ere+orae. Thirei the
extr reenr, val 4" cc Et: Corresponded t the best 'rllineby the

Ec -c. r0TX- 
r, ' L-

propellent gas flo of tie ionizat ISn area 01 InC ruster namber. ne vau

o hrurn v nl cir 1) t

SPT qu as-- iasuebEk terat- on

The presented puse~ -Imoe Wcp tese.d or 7ta- c da-ter

r E r aVW' as Ct j -. , -- I'TL:Ere -.s whE censre dis5harge ow"r troves trr huter r th

Tse m cdulat o r and th c1rrenc sensoc rn e S 'T r circ iT.

nE cYlinric- n roe ws Used foa t' b m +n r rirti- indi;rir 2.

;ria~leT as Iei n o th us d, . prl.e :. -. rpitud
-d- a ±e nn - -. 2.

C onizain instabli phn-aens wa Invuseicaee in C P W rCne
2.50<10 82. he Verage thrUst deCrEAsing or the ;-r break wre the effects

27 that phen Cmefn. The- chr~acteristics corespned to tp dCnd
for!c u te dishr eletrica crcit :oCpISoone

d pulse widh ERin sum fr he aru brSak was observPd. ci J that, T, p
aas annees bY t' CIthode heaar.

-'v , th. fr uencU respor. .howe hat the ins e ilin p em-n' - aes
actuatedd for f= ... 83 '~'. Probably, these eCalations0~ were COrrespnded

to instability ic highr frquencie than ionization ones. Ir risp ca-er the
dcrease of thrust lev;el was not observed. Typica time & frequeny reponses

-re shown ic Fi-. 3

IS t rrfsu . Trine ra

So: as ~th result of t:he qu!as-state ::!de reear che the con CL!a

p4c t h e r mc-Tecr. C, d 4 b ars ! tC

done that aode has advantaes over BSP'T wit;h Its lo- frquncy puise feed

5llant eaue of a75ene rhe Chermo-mhanodestrcShP the quic y
c vntrol re'on.' r nhe snowst tenat i poascbilit: t ;nese o ctialn ise.I
TfcEncie too PC Ard WL CCn EE thes tChCbvioils deWfec iO .n

of high freqien C mode rr;,ore 1 aor uz d -ch e cirC t -ta nOcs in
AOer Ca Et y pr+7'fl'es c'n n;n the diSa oe &0 Cr frq enc r Mchtfe

bu:tt end.

ischre e d itan e Fons eration

a psil i ppror. o tC ?.h nne n: n estchs h oc cn discrare
drittnce fo r the SPT wrsrenentEd by uthor in lPf feu

GnerAly, the -mehod oF the namic r system analyze wa bxed ol the
ineiics fequa7ion lineeried (transer funCtions) of lks h cased the

h snistic apprach to the design of discharge ad(ttance oels- These
adittance transfer functions were attached near several operation points of
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;5 -whee ine~ exce r-: meni lI1:a r er-focr:~re esr: cn z~bibainrr.d c y tfle

Uinr and enticned asumptionr torthe ar- admitance transfer function

S . +CC-e

Here: ~S 1- I -lone enpirca dissipative coefficie-:t; 0 p- fr.ng

ter:; .-,1 - .siary transpor t delay.

'. can cou-t fu nction' para eters - the least square alcorith for
- - to er e- - ' - -r -- - -1

A.-mo . .ThE i l exa..p. concerns th transfer function of admittance for
SPT- near i'.e ne&inal ..or -ng pnttre volt'" ag) U'-i--=200 V, mpass flow
raTe ke Mo=.2 :Q/sec, disch.-r e current Id.=.31 A. . enetic -yster current
Is =2 A). The approxi.:te finction orders was selected to be and :

HH =Kui + .

2 'U'

p +6.1254p+8.@7

i.;. -ptim-atior r o- bo, : - . power S- -t -
and EP-system y he- ,ont, . Syste

n case f case naability varyin the ode ... ~ on.

O=gif((it- o]+C[Fit)-Fo] . .)3er( " n "-C are z-rvr -O""na1 i.r-s, respectively;
r), Fo are va.rying and noir:nl thrus t levels; C g2 are weicht
coe iTIen.

The resent contr. l ., 'ethcd is the change over of SPT to quasi-stationarv
.o for th p .urpoS to throttle deeply the power eve3 of PT in aordn-fuith PPS power apaSiirie S

gn "- g ret prob.es T easu-re th hrst lev"-l - .e -- ,a ier-ft

" " - - -.rL ,z tr r n.- -f+

oard the Taylor dop-sticn co-uid tbe acceptable to the thrust estiation

F.)-Fo+KF(Ud(t-Uog)(.. .. ....... )-o)AF s) (3)

here: Udt) is effective discharge volitage (in+luing the pulse ode); i:(t)
is mass flow rate of a gas propellant; Udo and -o are nominal valu of te
aIscnarge voltage and thC mass flow rate; Kr, rn are decomposition
coefficients.

Because of difficulties t. regulate parameters of SPT by the level of the
magnetic -Fiet (by the soen.id current - Is) the function converter of the
control system cal g enerateA iE,el pr.rtion al to Ud(t) r cbastlyoptimal discharQe current i fixin. w, there are only two control inruts
Ud, 4 for SF'T thrust regulati o

t e i - mde optimizt..za io. of SPT can be selected for FPS
rrrasi- . The input sinal for PL M control s'ste, can defined froa the

F'S voltae .rop A ... rnrt.
-- r -- fS

Hence, the function of the pulse width variation can be defined as:

T ( t)= i/f--k-uAL,

and FILM effective voltage can be written as:

Ud (t)= Udo-kfiAu,



where ) is he pulse shape coefficient.
The control connection Kr;F(Ud-Udo)=--y) ini.iZes -riterion (3) and

reduces to sinQie input reoulation with extreme condition:

i(t)-ao -lAu

EP-yst suystem contrl s n i P.e 4. n -- ... tin Fit . of

thercotrottle flow controller, feedback control sus yst- .- +o .. +-c
system current, discharge circuit equipped with P oulatr and
veltage'/current sensors. The function converter forms dischage current tevels
as ienrtio ned

Generally, the system compensates quickly the variat -ion orf P- voltage
as we± as PP voltage drops by seans. of the discharge volta; e ondulation.
After that the system slowly changes the flow rate level directin SFPT -to new
stationary operation point. In case when the range of fl controller was
limited (thermothrottle heat is highest) SPT is renaed q i-state node
ouring po-wer decrease.

The EP control subsystem operating with SPT-78 is illtusrated in Fgsy simulation.

Concl!sions I
The operation optimizing of EP-syste . ith deep throtling (c-ntronl su.s.tr

_ a be applied to high power SPT as well s sall P fo onditn of I1imited power capabilities.
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