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Abstract,

Current phase of space exploration is characterized by
wider operations with major energetic requiresents ,
including the applicatoin of scientific exploration of
far space-flight to asteroids with particular task of
acceleration and szneuvring during closing to asteroids.

Cne of the sost important issues is choice of reasonable
electric propaision thruster type and size FAKEL has
developed the electric thrusters with electron drift by
azisuths, which can be considered as thruster for space-
craft flight control in abave prograas.

The reliability of such thrusters is 0.983.Total quantity
of sanufectured thrusterc is 240 , demonstrated life on
ground-over 7000 hours at b000 cycles.

The scientific investigation work , conducted during last
10 vears zt FAKEL together with MAI, RIAME, Kurchatov IAE,
and other entities, allow to talk optimistically about the
possibility to develop the 25 k¥ SPT-CPT140 , SPT-200 ,
SPT-29C - before 2000 . These thrusters possess wide range
of paraseter adjustment, that provides for right choice of
paraseters in any point on trjectory , including possible
degradation or power supply variation.

Such” property can be wmost pffectively used at earlier
stage of flight, when power supply resources are high and
the electric propulsion systee can be used with saxisal
efficiency for extra spacecraft acceleration.

Such thruster sizes can be effectively used with sore than
10 kW solar power csystes as well.

The existing scientific and engineering respurces for SPTs
of power up to 25k¥ and czthodec for up to 10-60A currents
will allow to develop by the SPT-baced electric propulsion
system with specific thrust imspulse of 1500-3200 = and
effeiciency of up to 70 ¥ tc use it in asternid flight with
particular of spacecraft acceleration and maceuvering
during closing %5 astercids,

Introdu:tion.i

The present tendency in the development of spaceflight is
characterized by the expansion of operations related with
large energy expenses, including solutions of scientific
applied probless in far spase -sissions to asteroids and,
probably, to the planets of the solar systes, realising a
particular assignment: accleration rendezvous R3NCEUYTing
in their vicinity.

Dne of the sost important issues hereby is the selection
of a rational type of electric rocket engine {ERE) and
its ztsndard size, detersining in the end of the level of
technical risk while implesenting the prograsse (in addi-
tion to the optimization problem by *cost-efficiency”
critericn).

An ERE with azimutal electron drift (SPT) has been deve-
loped in "Fakel® , Experimental Design Bureau in the city
of Kaliningrac {regicnal). It can be considered as an en-
gine to solve the probless of the spacecraft flight cont-
rol in the above sentioned missons.

Inparticular,the electric rocet engines and the SPTs,de-
veloped at "Fakel® sinse 1972, have found applications as
engines for orbital correction and stabilization of spa-
cecraft "Meteor®,"Lutch®, and "Koseos®.(& nuclear reactor
was installed as a power plant on two the latter space-
craft.)

The reliability of such engines is 0.956.The total nusber
of manufactured itees is 240 ; the verified servise life
at ground tests iz 2108 hours with 4800 start-ups,
The "SPT-100" engines of the second generation hes passed
qualification tests for the "Bals® spasecraft. Now it ic
under cospliance qualification to Western standards. The
reliability of such an engine is 0,910, the verified ser-
vice life st ground tests is 7400 hours and 4000 start-
ups, Thess erpir-< can be used for spasecraft correction,
stabilization “titude controlll].



to 2% KN pomer the '€°T-“O' i he
SPT-290°, say, in the year 2000,

2 wide paraseter control range,a))ou-
rejectory to adiust optiaally
. 103 possible deg.ajatzon or
v change in "uVAGEtEFS of & power plant. This property
an be wost effectively implemented during initital
1ight legs when the power reserve of a plant (relative
c & mnimue degradstion level of its characteristics
during cperation) is saximum and can be used with high
=*ficiency by an electric racet set, aieing to azccelerate
the cpase raft

Tre given engine standard sizes can be effectively used
together with z nuclear power plant of 10 kWe.A sore spe-
cific selection of the engine standard sizes will depend
o the requiresents set by the sission at its concrets
definigon.,

* precent,the teaas of Experiasntal Design Rureau"FAYEL®

Ve developed and investgated three acdificationz of
high-current c=thude-'nlpe' stors (neutralizers) , nesely
*r-30% and *K-50D" [Fig.Fi},[2].

Tha results of life teetes carried out recently allow uc

¢ conclude that structural configurations develcped for
Lethode-cnnpens=twr= with theracesitiers made of lantha-
ice hexaboride and iapregnated turgsten provide discharge
currents of 10 o &0 3 - at #azz flowe in the cathode rot
sitner than 0.7 mg/s and durirg aot less than 2929 haurs;
‘Re. 1Et De reIoagenlsy ts in SPTe ang PIT:.
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node, welng Lni-
spher . Nzzr the
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nt necessary for
as the aoduls

Design Bureau “"FAKEL® h:
2d saveral sodificatione of high-
tors for discharge currents up to

The pain cosponent of the ahave sentioned #odificatiors
¢ czthode-cospensaticn is athersoesitter . A1l cathade-
eersnsators have a heater,a getter,a starting electrods,

> ic insulation, 3 gas sucpply 2nd heat shields,

The cts rt of 3 sodule takes place by veoltage supply or
he stirting eleztrode, the cathods and  anod: J;r H

of the cathnC:. and with giver propuleive sa

and cathpde.® gizcharge, induced in t
ing electroge” er'1%== the dischzar:
e-glactrode”,
i

The it diagras of the engines "SFT-!40%,
'??T-Cff' anf "SPT-290% are shown in the ¢ dianrags ¢f
£z, T3 y Fig, F& shows the eféycizns AS0T-207 8 and
"BRTsRROe dizgharg tage Us.

The CPT-thryster structural dizgrse iz chowr in Tig, FS,

i Wocoaponente of a S?I-erg;rs are az follows:
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voltages Ud (as the parameter).
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- Yenan storage and supply unit:

t high prezsure tank;
pressure controiler;
electresagnetic val -3
thermothrotties;
receivers;
setering jets;
grygen geti- s;

t pressure transducers.

- voltage convesrsion unit:

t discharge circuit power supply unit;

t thersotrottle power supply unit;

t cathode filasent power supply unit;

t ignition unit.

- ctontrol unit:

§ telesetry vty

t ON/OFF functions unit.

The functional principle of the SPT-engine operation is
baced on Xe-iorn generation by electron bomtardeent and
through ion acceleration in crossed magnetic and eleciric
fields. For these purposes (see Fig. F3) xenon, stored in
the tank, is suppiied via a flow rate control unit {iher-
sotrottle) in the ancde-gas distributor , where it is
distributed uniforaly in-azimuth and then supplied to the
discharge chaaber.

The control of the Xe flow rate in the engine depends on
the discharge current valve and is provided by the opzrs-
tion of the thermotrottie iby changing the thersotrottle
filasent current by a power supply unit) upon receipt of
cignals froe the discharge current transducer.

" v e P en e

J.Technical data of the large SPT-engines

The foliwing Takles Fi to FS collate important dat: of
the large SPT-thrusters *SFT-140",°SPT-200",and "5PT-290°
=3th 18 e, 20 cw, and 29 ce discharge chasber diaseter)
&5 weli as of the cathode-compensators { neutralizers )
*K-50" and "K-50D".

The tablec give cperational and performance data , enerqy
consusption, mass belance and lifetise,

Fig. FA shaws tre engine design anticipated service and
rusber of startings.

4.Description of the design of the engine urit,

the cathod-cosperzatar and the Ye-storage and supply wnit.

Wottamns e uihe
Tne - 3 f 2 labicn .-y plases engine iwmithcut
cathode-compenzators/neutralizers ! ic chowr in Fig. *7,
The description of & csthode-compenzator design is given
beiow ¢ see Fig, 7S J, To increase reliability of engise
operation , there are two cathode-compensators installed
on each engine. The specifications of an engine unit : 2
- discharge chaaber: 4
Yencn plazms confi - .o%;

¢ purpose: b
? aateriz izs on beroq aitride;
¢ diz g on Fig.

- aagnetic coils:
! purpase: set up a sagneti- "l:w
? aaterial: heat-resictant wirs;
t nusber of windings:fized by magnstic systee configurati_-;
- magnetic circuit:
! purpese:

~

fors a radial sagnetic field: i
gas-discharge chasber;

t material: sagnetically conducting - lzy;
- anode-gas distributar:

! purpose: propalsive mass flow distribulias
uniforaly in azisuth,positive electrode
of discharge gap;

taaterial: stainless steel.

§P1-2%0

8PT-200

5PT-140
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[II} - service life, hre

[::} - nusber of starting {cycles)

FIGURE FA: Anticipated service life and nuaber of
cycles of the engines,
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FIGURE. F4: Efficicncy dependence of "SPT-200" and “SPT-290" on the discharge voltage.
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-engines TRRLE FJ: Energy consusption of the differeat eagines
{total energy consused by the engine '. e
tpecified, depending on the nusber of engines

AR~ o, EEkat sl tad's a? ¥ia Yaram 2D
RELE ris eCnnldsl dais Ot LAE lerge of

r T & and the ingividual discharge power).
18PT-140! SPI-200 | SPT-292
{
I
iratzd thrust level,aN 200 500 {000
; SPT-140 {5PT-200 |SPT-290
rated power level ,i¥ I 8.9 8.0
i i ; - |
: discharge power, kN -6 T 612 | 12-28
discharge voltage : :
operating range,V ! 200-600 cathode-cospensator £ilasent
= 1 power, N +170
thrust adjustzent !
[ ~ 3
range, eN 3;-50--10\1 300-700 §300-150¢ energy consusption of valves,
T thersothrottles, ¥ 20
thrust sustaining |
aCCUracy, - | =3 losses in the convertion and | 10% of the discharge
1 tontrol unit, W power
specific impulse,sec ‘ 1500-3200
rated flow,sg/c
- to the engine 19 25 50
- to the cathode-compensator; 0.4 0.6 3.8
TABLE Fd: Thruster mass suesary of the eagines.
thrust vector sustzin
accuracy,grd {

i d i
pla;la )et dlvergence at T-140 |SPT-200 {SFT-290;
engine exit section | 90 ¥ within:20" ‘

engines unit with teo Boad g2 L
thrust cantrol serforasd tl.nrqughhﬂou cathodes, kg :
lrate contrel in the engine L 3,
cystes of Ye-ctorage and i
' : |
sypply fexcluding tank), kg 2 :
conversion caatrel wnit specific mass: Skg/ké
TRRLE FZ2: Tacheital datz o7 the cathoge-compensators SR N f
8 3w sutosatic control enit, k thd 5
s *§ i
i
[ ? . A tate} sase of poxer rlant, kglto he specifizd,depending;
working gas wengh i inusher of sta.'tz.l Sl on the nusber of eagines !
——- : i
i UL s SAPABRBLAk S MM RS A LML
gas Flow rate,agfs [0 4-0.7) ftise of s‘.ar’.s,s; %
¥ o i e Y
‘dm.;arg—; curreni i iG-60 4 ipower, consumed }
H ; % b by
! T at start, ¥ j 176
viz t omana i ro 7 ) 3 s R
iife, hes i '~"7\'j ' TABLE FT: Muaber of SPT-engines at different zvaliabie
L disenczions, as ;75 29 34 power levels.
1
"=in the ayjsentad asd: ; T ' ]
vy boars aas U ane -,
| poser, K | §7i-140 | 5P-200 | spr-2%0 |
! o . [ Nt
Poge N PR G e Sl
s TRELNE i {
.[ n ‘ 2 r v | S i
y 2T T e gy R, 0 B
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| dimensions SPT-140 | SPT-200 | SPT-290
.1 tength L, mm 180 260 370
height H, mm 100 200 230

o eI

=
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magnetic coils
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FIGURE F7: Cross-section of a stationary plasma thruster.
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FIGURE F8: Cross-section of a cathode-compensator (neutralizer).

4.2.Cethode-compensator ineutralizer::

The main operating elesent of & cathode-compensator s
the thersoemitter.Also,the cathode-compensator inciudes a
starting heater,a getter for fine cleaning of the proje!-
lant from oxygen,a starting electrode, electric path isc-
lation for the propalsive sass supply fros the therss-
eaitter, the gas supply and heat shields.

The cathode-cospensator cross-section ic given in Fig.cs,
The cpecifications are:
~type of the cathode: hollow gas discharge cathols;
-aaterials of the cathode:

t eaitter: lanthanue hexaboride or por-us

tungsten iapregnated;

! capsule: aclybdenus;

{ cathode heater: tungsten-rhenius wire;

t starting eiectrode: kovar,fixed on cathode ca: g

through cerasic isolator;

t Xe-flow rate: 0.4...0.8 sg/s.

The arrangesent of the cathode-cospensators on the engine
depends on the cofiguration; they can be arranged hoth .-
& separate bracket; fixed or the anode unit , or built-is
in the magnetic wire of the engine. So , for "SPT-142%,
*SPT-200" and "SPT-290%,it ic acsused to arrange the szin
and the reserve catode-compensators in the sagnetic s.:¢
of the sentioned engine . Three cathode-compensators are
built-in in the sagnetic wire of °SPT-140" as shown in
Fig. F9. A coabination of external and internal cathade
arrangesents is possible, toc.

4.3.Xe-storage and supply unit:

The functional diagras of the Ye-storage and supply --it

is given in Fig.R11. Redundant channels are used in the
ctorage and supply unit , in order to realize structural
excessiveness with respect to the requirements set for
reliability of the piece.
The storage and feed cyctes consists of & cosmon tank witt
separate chanrels of propellant supply (sain and reser.z!.
Each channel is equipped with 2 precsure controller ang
stop valves. At the outlet,the channels joip intc & co:-in
line through which the propalsive sass ic fed intc ihe
engines, 3

At the engine inlet,thers iz & gas distribution unit,shich

performs the <“unctions of @ flow rate control ic i':
engine , distributing the <lze between znode and catheds-
cospensator,
The design characteristice are as follows:

- tank:

t aaxipue operating pressure: {50 ats

! tank sass: 29.5 g

t Ye sace filled in the tank: 233 kg
- pressure gentroller:

! opazs: $.2 49
t inlet pressure: Behsibak =R
t outlet prescure: 2.5 0.1 ats
- valves:
i pass: 2.405 £
t vcitage <or opening: 22, . 34N
t voitage of confinesent: 2 s A
¢ power consuapticn: 2.3
- pressure traneducers: tid
- jet notzles: local pneussaic resistors for Xe-7":s

‘-'e:;';i '/-i\'r.n
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201G ReE, Op—f'.s‘ ing
tinegstic vizcs
depending o6 1!

t power consuplion:
= geerens
t function: decigned for “ine cleaning of the propalsive
gazz to the cethode-compensstor; labsorptise
of oxygen additive, water, etc.)
t power conumption: 20 ¥

S.Description of the convercion and control cystes

The conversion &nd control systea ( "CC8" ) hac to colve
the following taske:

&) convertion of the on-board csupply weltage te the
voltages necessary to power the electric circuite of
the engine;
gonitoring and control of the thruster units
functicning and parameter regulation;
electric circuit switching in accordance with the
thruster #umcticning. algorithe by control imstruc-
tions and functional inforsations froa the thruster;
d) provision of circuit galvanic isclation.

The systes includec the voltage convertion unit and the
control unit (see Fig, F12i,

b

4

S.1.Voltage convertion unit:
The voltage cenversicn upil inciudes the power sources of:
The engine discharge circuit
The cathode filament circuit
The cathode ignition circuxt,
The thereotrotile circuit,
The cpecificztions of the power supply of the engine dic-
charge circuit (1) are:
t purpose: convercion of the spacecraft buc voltage to e
stabilized voltage , protected against shost
cirguifs;feeding of the dizcharge circuit

.
]
.
L]

e .4 B s
. .

ting it volage: the

¥ Gutogt enidone: G SOV i 1

t output voitage stabilitys tbe

?oautput voltsgs pulzatisnms thi

t outrit curre:t {ia

tshoet fivcudt currenl: lcad disconnaction not later than

16 1.0 s &t Ipkl.Slp,nosinal

put voltage, cu;p.xL voltsge, cutput current
uitigns: seitch on: su itch of#

e dasiafichararterietics of the coser cource o | the

cathede ignition circuit {31 are:

! surpoze: high voitage pulse generstion sor electrical
break-down initistion in "emitter-starting
electrode” gap

¢ pulse aeplitude: g LSl

1 pulse duration: 0.1 as

! pulse repetition frequency: 30...6° Hz

t short circuit current: éLEP

t powsr consusption: ~50 W i

The decign characteristice of the p"uer source of the

therastrottle circuit (4) are:

t purpese: controllable source current , providing
thersotrottle heat-up and regulatir; the
current on the thersotrottle (depending on the
cutput current value froe the power source of
the discharge circuit) upon receival of 2
cigne! froa the contrel unit

t current charge range via thersotrottle: 0...3 R

t current range via thermotrottle: {15 H

5.2. Control unit:
The control unit has the following ta:is:

{. 1t receives instructione the spacecraft to switch
on/off the the thruster.

2. It procesces functionsl infirsation to control t
engines operation,

3. 11 generates telesetry inforsztion to contrel and
scnitor the taruster operation fros ground contrel
cospleves,

4, It tioses the control feedback of ‘the dizcherge
current in the engine discharge circuil,

Conclusien,

ﬂ?:ign Eires
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ical propesale are prepared io

dasigh an asteroid cpacecrast with the mass of T s

tons, shich

- is injected into interplanetary lrancfer trajectory
by the "Proton” booster;

- is accelerated in interplanetary cpace with the
help of electrorocket engines , fed with elect:ic
power fros a nuclear power plant;

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

- sends onto the asteroid of destination 2 descent
sodule to seasure physical and chesical propertizes
of the astercid surface with & soil sasple return
to the Earth,

A feasibility study is sade of a nuclear power plant

design, which will

- have the power within 15 to 65 kN;

- have the mass, including all systegs, not sore than
2500 kg;

- function fros 2 till 5 years.

Yercione are considered for uce in the propalsion-

power plant-unit of two types of elecric engines : an

ion type engine and 2n 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 sass not sore than 500 kg.

et
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FIGURE F9: Photo of the *

SPT=140" engine
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FIGURE F11:Schematics of the Xc-storage & supply unit.
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