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Abstract. Introduction.

------ 
----------

Current phase of space exploration is characterized by The present tendency in the development of spaceflight is
wider operations with major energetic requirements , characterized by the expansion of operations related with
including the applicatoin of scientific exploration of large energy expenses, including solutions of scientific
far space-flight to asteroids with particular task of applied problems in far spase -missions to asteroids and,
acceleration and saneuvring during closing to asteroids. probably, to the planets of the solar system, realising a
One of the most important issues is choice of reasonable particular assignment: accleration rendezvous sanoeuvring

developed the electric thrusters with electron drift by One of the most important issues hereby is the selection
a:i.uths, which can be considered as thruster for space- of a rational type of electric rocket engine (ERE) and
craft flight control in above programs. its sandard size, determining in the end of the level of
The reliability of such thrusters is 0.98.Total quantity technical risk while implementing the programme (in addi-

of sanufectured thrusters is 240 , demonstrated life on tion to the optimization problem by "cost-efficiency
ground-over 7000 hours at 6000 cycles. criterion).
The scientific investigation work , conducted during last An ERE with azimutal electron drift (SPT) has been deve-

10 years at FAKEL together with MAI, RIAME, Kurchatov IAE, loped in "Fake!" , Experimental Design Bureau in the cit,
and other entities, allow to talk optimistically about the of Kaliningrad (regional). It can be considered as an en-
possibility to develop the 25 kW SPT-CPT140 , SPT-200 , gine to solve the problems of the spacecraft flight cont-
SPT-29C - before 2000 . These thrusters possess wide range rol in the above mentioned issons.
of parameter adjustment, that provides for right choice of Inparticular,the electric rocet engines and the SPTs,de-parameters in any point on trjectory , including possible veloped at "Fakel" sinse 1q72, have found applications as
degradation or power supply variation, engines for orbital correction and stabilization of spa-
Such property can be most effectively used at earlier cecraft *"eteor','Lutch', and "Kosmos'.(A nuclear reactor
stage of flight, when power supply resources are high and was installed as a power plant on two the latter space-
the electric propulsion system can be used with maximal craft.)
efficiency for extra spacecraft acceleration. The reliability of such engines is 0.956.The total number
Such thruster sizes can be effectively used with more than of manufactured items is 240 ; the verified servise lifeS10 tW solar power system as well. at ground tests is 3100 hours with 4800 start-ups.
The existing scientific and engineering resources for SPTs The 'SPT-100' engines of the second generation hes passed

of power up to 25kW and cathodes for up to 10-60A currents qualification tests for the 'Sals' spasecraft. Now it is
will allow to develop by the SPT-based electric propulsion under compliance qualification to Nestern standards. The
system with specific thrust impulse of 1500-3200 s and reliability of such an enoine is 0.°1, the verified ser-
effeiciency of up to 70 % to use it in asteroid flight with vice life at ground tests is 7400 hours and 600 start-
particular of spacecraft acceleration and saoeuvering ups. These erogi- can be used for spasecraft correction,
during closing to asterri5s, stabi:i:zti. 'tltde controlll.t , o tIl l
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: i ?'"-d2e:sr p tn :M W pc wir , the "SFT-:' , the '
CT-^"' the '.-200' sal, in the year 20. :;; : : te ad
' 3rines hac, i a ide .araseter control rance,allow- 'r' ' .t 7 -- ft Ji:':+-e :h ier. t e. r tc "
: a ; 3 po it :' ti rt'jector, to adjust optimaly -:: d

air '.:teristi. including possible degrJaton r r ..: : ;;: ;.ctert:.:: j2t'fercrr,ter ::
: change in paraseters of a power plant. This property - : :i: a ' the .i '

:er. be sost effe:t; ely implemented during initital T" -:' s, iE . ;ial .ility is cnfirned b tEe

flight legs when the powe reserve of a plant (relative ria fid , f 1t n t e aimuthal direct; ;
t: a minimue degradation le'.el of its characteristics t hc ion ch-e' , erzt, is ptia!Ily neutrj!i:ed b. t:

itng operation) is amcimua and can be used with high e ClstrceT r:t)eing r the etgeti: fields.
?" iercy b an- electric rocet set, aising to accelerate '..r!i:-i. - t'.he o ' .w, e.anating fr the ::-
the spasecraft. Vti rh -? , p s b; ei:ctcrns ,< the cathc,-

The given engine standard sizes can be effectively used cofersatC r ineutr:isr ';t.e latter is also playig t.e
together with a nuclear power plant of 10 kWe.A more spe- ' £ 'e C..ie i th :cl Cir' it.
:ific selection of the engine standard sizes will depend T'e thee-2ai : e.setor :a referred to A class c Flai,

or, the requirements set by the tission at its concrete ' Ili:e', whic: is based - hj!low cathodes operati:;
def rnio, i ' ;oati: mode. In stating :coditions , it rov ides
t present,the teaas of Experisental Design Bureau'FA EL' U 1 .1- tart ard in; t . setticnary rIegie of mod ue'

hare developed and investgated three Iodifications of . &t, it p'-:il en the electro- current necessary for

high-current cathode-compensators (neutralizers) , namel] ut' :!:i,' th. ior eaE, actio' hereby as the mod!e
"iY-5' and 'K-500 [Fig.F,[2]. :i': .
The results of life tests carried out recently allow us I: date . the Ei~eriental Design Bureau *FA'1EL' his

to conclude that structural configurations developed for Je ' i pd and investigated several modifications of hig ' -
cathode-compensators with thermoemitters made of lantha- :'rert cathode-cospensators for discharge currents up to
-uB hexaboride and iipregnated turisten provide discharge I. .
currents of 10 to c ; - at mass flows in the cathode not T:- . ain -eprent - the above sentioned modificatio.r
'r'.r. tf-n 0.7 mg/; an.- deir; ,ot less than 2' 3 hours; . -vt' ode-cope.satic is athermcetitte- . All cathrde-

- er :t- te e i-- . as :::t seta in SPTs and FITS. : cenrsators have a heater,a gette-,a starting electrode,
electric insulation, a gas suppl and heat shields.
The start of a mdule takes place by voltage suIp;, .

. e' - ,si a! r n-; :' - 'r ; --: -to -r.in s-:- - . the cathode an. a";dz :'-i

f1a- c---------- the cathode. and with give propulsive masE
flo« in the n e ani cathode. discharge. induce! i. t'B

' " ' ;p , ae.ticd i- , hia- beer: deelc;ed :i L t': " d-ctErting elect'odE',ecites the discht- B
:. :i - :i c nt:r: spice:-a': t: so:.e protles of '- the :ircuit "a-noe-electrode,

: :r.t orEct-, c- rl attitude 'stab':ato Th :hbracteritio; diagras oc, the engines '"'-'
a'-" 'S"T - . r- i f,. te-ortita transfer i"'-n'. and " T-?. are shown in the t dia- '

"-: ,;'SFT-:?"' *r "y'-2^' . .:I. s3 ; Fig. FA shows the E'':ic:y of SPT-2'. ard

: - .F inI:tes ;p p-sC. i ; se s prce;ll2't sLpp,
,, 1 iit. t : ::-' .- +t, r vo: taS cc-.ersio ,  

r

S;" the prope -, . 2.escriptic-r of the ES'-strctur compc.iotc ir a
:  i ; - .se- ; e t-----------------------------------

,-, drlIft  ard ar eterntd accla tion zone. It consists fur.ctneal pri-ciple
f* i .d: uni o ar.d a cathode-cogeator insutrii ). -------------------a,, r:o un it and i P-r ns -tor inu r:i - .i ze.&
'"e r 'e u'nit cf a:d1:e i-'iCdes a dischargs chalbe

t nde -ts-. e:- -. di s cha- Th' PT- thruster st- ctural disor iS sr: -r n F

-T -: a;* : - r.; CChs' cc ' a nz-? r' : are as f::u rwc

;I rr a I
: r i.j; - : ':U

5'..t. ;:- : 4 t ,: a : - i=,-otth;e 
- a ' -

" I - = "h t", * i: . : : :- t ::. & :;~r - ^c- .:' _,e er e: 3
. .- --- ? ig'+±te- elect'o..e;
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FIGURE F 1: Schematic diagram of a SPT-system (with power and propellant supply).
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FIGURE F3: Thrust and power consumption of the 14 cm,

20 cm and 29 cm SPT-engines " SPT-140 ",
" SPT-200 " and " SPT-290 " in relationship
to the mass flow rate at constant discharge
voltages Ud (as the parameter).
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- tenon storage and supply unit: - magnetic coils:

t ih P:eure tan; : purpose: set up a magneti ':

t pressur E cCtroil er; t material: heat-resistant 4ire;
t pressure controller;
Selectromagnetic val t number of windings:fixed by agnetic system configurat.-;

t therothrottles; - magnetic circuit:

I receiveres; purpose: fora a radial magnetic field: .;

S terngjets gas-discharge chamber;

Soxygein gets ; t aterial: magnetically conducting '>:;
t pressure trsducers. - anode-gas distributor:

- voltage conversion unit: t purpose: propalsive mass flow distribut.;n

t discharge circuit power supply unit; uniformly in azimuth,positive electrode

t thermotrottle power supply unit; of discharge gap;

Scathode filaent power supply unit; teaterial: stainless steel.

I ignition unit.
- control unit:
I telemetry t.;t;
t ON/OFF functions unit.
The functional principle of the SPT-engine operation is

based on le-ion generation by electron bombardment and
through ion acceleration in crossed magnetic and ele',:ic
fields. For these purposes (see Fig. F5) xenon, stored in
the tank, is suppiied via a flow rate control unit (ther-
sotrottle) in the anode-gas distributor , where it is
distributed uniformly in'azimuth and then supplied to the
discharge chamber.
The control of the Xe flow rate in the engine depends on

the discharge current valve and is provided by the op:a-
tion of the thermotrottie iby changing the thersotrottle
filament current by a power supply unit) upon receipt of

signals from the discharge current transducer.

3.Technical data of the large SPT-engines-.-. .-.- .....- .......... -. .. --.-.. .-
The foliwing Talies F; to F5 collate important data of
.te large SPT-thrusters 'SPT-140','SPT-200',and 'SPT-290'
**ith 14 ce, 2C ca, and 29 ce discharge chamber diameter)
is well as of the cathode-compensators ( neutralizers ) I rI!TTTTI II ,1T.TTT, 1 TTTTt
"K-50' and '"-5O'.

0 2000 4000 6000 8000 10000 12000
The tables give operational and performance data , energy 0 000 6000 00 00 120

consumption, mass balance and lifetime.
Fig. F6 shows th. engine design anticipated service and

nuober of st5atings.

<.Descripior. c: the desiin of the engine unit, service ife, hr
------------------- -. . service e, hr

the cathod-compernato and the le-storage and supply unit.

S- nuber of starting (cycles)

a f :' l..- y plassa engine (without
cat! de-compensators/neutralizers is shown in Fig. '. 5U E "E: Anticipated servic; l:f and nute, D;

The description of a cathode-caspensato design is given e
below see Fig. FE . To increase reliability of engi:.e
operation , there are two cathode-compensators installed

or each engine. The speifiications of an engine unit .::
- discharge chaater:
! pvrpcse: Xenon plasma conf: .. '~
I ?atri': cersaics on boron nitride;
. *...-. .. on Fig. F ;
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TABLE F3: Energy consusption of the diffvert ims
(tota8 energy consumed by the engine '-,; 4e
peclfiedJdepending on the number oi engifes

ard the individual discharge power).

*Sill~ I I___ I S;:~
r ------------- ------

*'at zd thru.t level, N 1200 00 07

,rated powe7 ievei .4 4.5 .0 1. Il-- - -- i'.I _ __i------------------- c--------i--- I i ischarge power, kk 1-6 f -2 12-25,

!discharge Yoltage

loperating range,V 200-600 [athode-copeisaor filateri

porer, Y4170
thrust adjustent 30070 power, 417e

range'I -"10-41)fll 7Y 00- i10 energy coisumption of valves,

thermothrottles, W 20
thrust sustaining

!accuracy,' - -losses in the convertion and 10 of the discharge

S- --- --- ~------------- ------- control unit, V power

1specific ispulse,sec 1500-3200 L_ __ _-

I I--------rated flow'sgis

* to the engire 10 25 5

* to the cathode-coapen~iator 4.4 .6 -%s

st er s- ~- -- ------- TABLE F: Thruster Bass summary of the engines.

I tnrst vectr zlustzlil
accuracy,grd

plasma jet divergence a; ,40SP-200 SPT-2570
erigiie exit setion 90 Z withiiv20-
- ---- - --------- -------. engiec unit with fo
thrust ctiro n 1per-ra)ed throunh flow t

thrust c~r~ro ~ !rate coptrol in tUeengileJ sse e~rg n
I __ _ _ _aernrc nrn~rl

systes o; le-strage and

jsypply "excluding tani), ig

3conversion wotrl uit specific las:;g/kY
cal _ : lrim-c-ovensatorz - ------------- ------ ------- "

(reutralizeri) *K-50' Di~r i'. citrol oit,k ktg

i ;I-----------r-----~ !tz:~;s a:2---- ------ --------- rdJfpr~l :I;

Vic-, k ng Q-ac u~be,, artU ~ a I. * r.lr! e-,c
~77 Ion the fiumbc'

~ ----------------------------------- m

d i -, c a r r r E n', A 'Power, C055VOED I

-- - --------- as --

me i

---------- I

I ---- -- ----
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d!mensions SPT-140 SPT-200 SPT-290

length L, mm 180 260 370
4.2.Cathode-copensator (neutraiizer:

height H, mm 100 200 230 The main operating element of a cathode-compensat.r ,
the thermoesitter.Also,the cathode-compensator includes a
starting heater,a getter for fine cleaning of the prcj;
lant frog oxygen,a starting electrode, electric path iso-

H lation for the propalsive mass supply from the thero-
\\ emitter, the gas supply and heat shields.

The cathode-compensator cross-section is given i Fi;.C,
_ \ The specifications are:

-type of the cathode: hollow gas discharge catLes;
-materials of the cathode:
I emitter: lanthanum hexaboride or per s

0 tungsten impregnated;
t capsule: molybdenum;
t cathode heater: tungsten-rhenium wire;
Sstarting eiectrode: kovar,fixed on cathode ca-,;

L through ceramic isolator;
I Xe-flow rate: 0.4...0.8 mgis.
The arrangement of the cathode-cospensators on the ergine

depends on the cofiguration; they can be arranged both .
a separate bracket; fixed on the anode unit , or built-in
in the magnetic wire of the engine. So , for SPT-14 ",

magnetowire 'SPT-200' and 'SPT-?90',it is assumed to arrange the sai
and the reserve catode-coapensators in the magnetic ;
of the mentioned engine . Three cathode-compensators are
built-in in the magnetic wire of 'SPT-140' as shown in
Fig. F9. A combination of external and internal cathode
arrangements is possible, too.

4.3.Xe-storage and supply unit:
The functional diagram of the le-strage and supp!y -it
is given in Fig.RI. Redundant channels are used in the

L ' anode storage and supply unit , in order to realize struct ra
magnetic coils excessiveness with respect to the requirements set for

gas discharge reliability of the piece.
chamber The storage and feed system consists of a cormon tank wit

separate channels of propEllant supply (main and rese-.:. I
FIGURE F7: Cross-section of a stationary plasma thrustcr. Each channel is equipped with a pressure controller a d

stop valves. At the outlet,the channels join into a o;-. -
line through which the prcpalsive mass is fed :nt th 1
engines.
At the engine inlet,there is a gas distribution unit, hich

coil heater heat shields casing performs the functions of a flow rate control to t.'
engine , distributing the fiot between anode and cathcds-
coopensator.
The design characteristics are as follows:

* * * * * 00 - tank:

- __ __ aximum operating pressure: 150 ats
4 iv \SP I tank mass: 29.5 sg

Se mass filled in the tnk: 233 kg
- pressure controller:

emitter getter Insulators I inlet pressure: ,...15 -'
t outlet pressure: 2.5 t.1 ast

FIGURE F8: Cross-section of a cathode-compensator (neutralizer). - 'alves:
i mass: .g g
t voltage Ior opering: 22.,.34 V
t v.ltage of confi . Znt '..... 12 V
I power consuspt n: 2.5 W

- pressure transduc:rs: tbd
- jet nozzles: lcai pneustiic rx.istorZ r Xe--':**t:^"':;"I
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- ~*.'.the ci zharacteristics .- Ile v r or c e the
-- ho <.*-i~ition circuit O3i are-

~ine~t~c~ - othe prcpella,!t break-dowA initiationi in *eitter-startirq
dee~ gor, itc teimperature electrodE' gap

t Polker cnution: 1 pulse asplitude: -4 .. V

t pulse duration: 0.1 as
desor simned -r ri - leaninrg of ttie propa Isi ve t pulse repetition frequency- 30...67 4,
su: to th t 5-chesazr hap: 1'ot circuit current: ~ .

:,f oxygep additive, water, etc.) I Power consusption: I'M W
t power coruaption: 20iThe design characteristics of the power source of h e

therotrottle circuit (4) are:
Ipurpose: controllable source current ,providingI .'e~criptiofi of the conversion ad controi systes theraotrottle heat-up and regulatir.. the

---- ----------------------------------------- current on the thersotrottie (depending on the
output current value fro* the power source of

The conversion and control systes ( CCS' ) has to solve the discharge circuit) upon receival of a
the following tasks: signal from the control unit
a) convertior of the on-board supply voltage to the tcurrent charge range Yia thermottrottle: (..5 A

voltages necessary to power the electric Circuits of tcurrent range via theriotrottle: KIS5 WU the engine;
b) monitoring and control of the thruster units 5.2. Control unit:

functiconing and parameter reguilation; The control unit has the following t;:-s:

c ci electric circuit switching in accordance with the 1 It receives instructions, the spacecraft to switch
thruster altii g orithe by control instritc- on/off the the thruster.
tions and functional inforeations from the thruster; '2. it protcesses_ functional infirmation to control the

d) provision of circuit galvanic isolation. engines operation.

The system includes the voltage convertion unit and the '. t 'generates telemetry information to control and
control unit (see Fig. F1171. LV;i~ the thrvster operation ;romg ground c ort rl

ccsp leres.
j .. oltage convertion unit: 4. it -.oses. the c on tr al feedback of the dn~r;
the voltage conversion unit includEi the pooer sources o;: Current in, thi engine disch;rgE circuitl.

1. The enine lischarge circuit;
4. The cathode filament circuit;I 3. The cathode ignition circuit; Conc lusior,
4. he thertotrottle circuit. ----

The cpecizications of the power supply of the engine dis-Icharge circuit U)are: th-P1 irienre s ;ied in Eltp ieertci e ,
t purpose: conversion of the spacecraft bus voltage to3 -i Gnsiti arid t-nIc _ 2lpgenso

stabilized Voltage , P,~ece against sho31t we!uw levels up to 245 W and cat hcde-compensator' E
- crcits;;eeding cf; the isarecircuit rurz,, I to 0 allow to plan, ti 1 a ~t'-ac

S ~pt~tg taii:tljty. ' fez toi to-: nt iccgrE

I ot;t crr;'. gi'' rzicnP :Ers 'E perkr--%d sya number c:.

nrir ccuit current : lc-sd tcr: ior rot later than depePn d ing nn: the a~ot o r.4ctz power av a 3t:

I telefietry: input voltage, outputl voltage, output current The tank develope1 for storage of 7: k 3f Xercn a!~
I cetrol irZirictions.: swtitch onr/switch Of; to pr~ea tottil thrust ANEPU!Se UP 1 t o .ta-sEC.

E;; ,'iinv 90Z 1 bd! We corc'.ude:

. oGPar.- rr:ce with a tn~ '2 a:
~in thi S work s

":rc Cc:* . -or~ t c r e L- i or it te l-

:D-drior or III s1p-v.- 3r-biard voit ~
-c'ffaE~c-1 Q.; *re catcrde - ' ar, tatter z.f th so]r -yt; ;;1

a. c .r ,o'
p " rhig- r- .
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3. Scientific -n tecnical proposals are prepared to
dzsin. ar aster i' d , acecrft hith the mass of '
tons, which
- is injected into interplanetary transfer trajectory

b; the 'Proton' booster;
-is accelerated in interplanetary space with the

help of electrorocket engines , fed with elect;;.
power fros a nuclear power plant;

- makes the in-flight attendant astrophysical seasu-
resent of different asteroids, celectial bodies and
space environsent;

- sends onto the asteroid of destination a descent
module to seasure physical and chemical properties
of the asteroid surface with a soil sasple return
to the Earth.

4. A feasibility study is made of a nuclear power plant
design, which will
- have the power within 15 to 65 kW;
- have the mass, including all systems, not sore than

2500 kg;
- function from 2 till 5 years.

5. Versions are considered for use in the propalsion-
power plant-unit of two types of elecric engines : an
ion type engine and an engine with closed electron
drift, allowing to
- obtain thrust levels of 0.5 to 2.5 N;

- provide service life not less than 20000 his;
- design a thrust unit with mass not more than 500 kg.
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FIGURE F I1:Schematics of the Xc-storage & supply unit.
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FIGURE F12:Powcr supply & control unit schcmatics.




