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Basic physical processes, taking place in the
accelerating channel of stationary plasma (Hall)
thruster (SPT) with closed electons drift are
studied. In particular: conditions, determining
high efficiency of working body atoms ionization,
factors, determining type and transformation of
function of electrons distribution by velocities
as well as electrons transport transverse the
magnetic field; character of electrical field and
potential distribution; ions and neutral particles
dynamics; the accelerated flow movement stability.

Besides the results of study of construction
and operational regime parameters influence on
integral SPT characteristics: centrol
characteristics (the dependence of thrust on
parameters, determining it), thrust efficiency as
a function of exhaust wvelocity, lifetime
characteristics are examined. There are given the
output parameters off a_  series of
thrusters prototypes on xenon and their comparison
with parameters of electrical thrusters of other
types. In particular it is shown that this series
gives possibility to obtain the thrust Srom ~10
mN tg ~1N,the exhaust velocities from 1*10" mv/s to
3*10 'm/s and the total 4t:h::ust: pulses by one module
from 40 kNs to 2*10° kNs and that4at least in
exhaust velocities range (1-2,5)*10 n/s the
created prototypes exceed on their thrust effici-
ency the samples of other types thrusters at the
same degree of optimization,have high reliability,
confirmed by big volume of ground and flight
tests, exploitation on a number of artificial
Earth satellites.

Introduction.

Usage of the electrical thrusters in
propulsion control systems of spacecrafts has been
becoming more actual over the last years, because
duration of active existence of spacecrafts
increases. During~20 years the SPT with closed
electrons drift are systematically used in the
orientation and correction systems of
spacecrafts in the USSR. Therefore, consideration
of the physical processes and the characteristics
of these thrusters and prospects of their
utilization in future as well is of great interest.

Physical processes_in SPT.

The development of the SPT in the USSR has
been carried out under leading of professor Morozov
A.I.In detail the first complex of the investigati-

ons has been performed during 1963-1969. The :asults
of this investigations have ensured crestion of_ the
first Correction Propulsion System (CP3) "Eol-1"
This CPS for the first time started in the Space in
1972 on the satellite "Meteor"™ and operated during
~170 hours. It is important to underline, that
the practical task has been solved in the process
of the first tests - the satellite "Mcteor”
has been transferred on the
near-heliosynchronous orbit. Subsequently many
soviet scientists and engineers have perfo

the theoretical and experimental researches™’
that made possible understanding of the physical
processes and characteristics of the SPT to  the
sufficiently high level. The general results of
these researches will be presented further.

1.1. Schematic diagram of SPT.

SPT (Fig.l) contains a magnetic system; a
discharge chamber with an acceleration channel; an
anode put at the depth of the channel, which is a
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Fig.l. Diagram of statiocnary plasua
thruster:
1- anode-gas diziributor;
2- cathode-compensator;
3- discharge chamber;
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4~ external pole:;
5- coils of magnetization;
6- internal pole;
7- magnetic field flange;

gas distributor simultaneously. On the exit of the
accelerator is arranged co-called cathode~
compensator, that is an emitter of electrons =3 iz
used for sustaining of the electric discharge in
the acceleration channel and charge compensation of
the plasma flow in outer space. The magnetic fie=ld
mainly transverse to the direction of acceleration
is formed increasing along the 1length of the
channel (See Fig.l). This circumstance ersurss both
increasing flow stability and impoves it £focusing
(See below). .

Electrons are magnetized, but ions are
nonmagnetized in the acceleration channel. Neutral
atoms get in the channel through the anode. They
are ionized by collisions with sufficiently hot
electrons (the temperature Te of them is high

enough), situated in the chaunel. Formed by
ionization of atoms electrons diffuse to the
anode. Ions are accelerated by the electric field
in the channel and during effluxion from the
accelerator capture for compensation of their
space charge necessary quantity of electrons from
thg cathode. The accelerated plasma flow creates
the reactive thrust.

The typical current-voltage characteristics
(Fig.2) have two distinctive parts if accelerator is
working on the "lightly" ionizing gases (e.g.xenon)
sufficiently great mass flow rate of propellant
(See below) and fixed magnetic field. The discharge

current 'Jd is not increased@ almest with the
growth voltage Ud on the part, which corresponds

to so-called accelerating regimes of work.
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Fig.2. Current-voltage characteristics
of SPT

Dependence of the discharge current from the -

magnetic induction Br (Fig.3) can be understood if

it's taken into consideration, that classical
conductance ¢ in the magnetized plasma tends to a
great quantity provided Bz-— 0 , but mechanism of

classical conductance does not work at
Bt + o and oscillations begin development

in the system. They lead to significiant growth of
an electronic components of the discharge current.
Maximal effectiveness of the accelerator is achieved
if magnitudes of the magnetic induction are B

when Jd-: Jd min”
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Fig.3. Discharge current and ratio Ji/Jd

versus magnetic induction.

Ions and electrons have close values of
concentration ( n g™ n = n ) within the =zone

of acceleration of the SPT las within any plasma
accelerator), consequently this wedium is quasi -
neutral. Therefore, there is no limitation of the
ion current density ji by space - charge in the

SPT and the significantly greater values ji are

achieved under the compariscnal conditions that
those in electrostatic (ion)_thrusters. L
Crossing of electric ( E ) and magnetic ( B )
fields in the channel leads tc drift of electrons
on azimuth. Emergence of azimuath drift ( Hall's )
current Je e will give possibility to interpret

process of acceleration in the SPT as acceleration
under acticn of a space electrodymamic  force
BIxE .
eg r
In principle the channel of the SPT can be
imagined as a certain "magneto-electronic optical
system", in which ionization of atoms of propellant
and acceleration of formed ions take place (Fig.4).
Magnetic lines of force (B-lines) with coiling
round electrons play the role of electrodez in this
"optical system", by the way this structure rotates
about &ts axis with the wvelocity of drift
U=E*B/B“. Suppressing of electron mobility the
magnetic field gives possibility at presence of
stability to create in the channel the space
electric field with potential differegce, that is
close to voltage Ud between electrodes .

Fig.4. Diagram of "Magneto-electronic" optics

The detailed physical picture of the processes
in the SPT is very complex. It includes a whole
series of phenomena, which were not known
earlier, for example, so-called near wall conducti-
vity, stabilization of the flow in crossing fields
with the aid of growth in the space maanetic
field, equipotentialization of magnetic lines of
force and others. The whole this picture has not
proper completeness today. Therefore, we shall



consider further on only the general reliable
established facts briefly. This part of article
includes in the first turn the following questions:
stability of discharge on the whole, structures of
the electric field, mechanisme of diffusion of
electrons transverse to magnetic field, as well as
the processes of ionization and the dynamics of
jons. Firstlywe shall consider the results of the
theoretical developments, but then the experimental
data.

1.2. Some results of theoretical analy=sis

of processes_in SPT

It is possible to get as a result of
consideration of the moving along the axis 2 in
nonuniform E and B fields data about ccnpletelg
ionized and compensated by electrons the ion flow
(see Fig.l) This flow is stable, if

d

dz(13/!1) >0 (1)
and on the contrary it loses stability, if
d
dz(B/n) <0.

Effectiveness of this criterion ("positiye
gradient B") has been observed experimentally .
This criterion is used during the time of designing
in the more rigid foru} (dB/dz) > 0.

It is possible to get qualitative
peculiarities of interrelation of distribution ° of
plasma potential and the structure of the magnetic
lines of force on the strength of the Ohm's law,

i.e. the hydrodynamics model of the electron
component :
376 = Bap sen + 1V, x B] (2)

In the condition of the SPT term j/¢ is negligibl.
small, E=-v& , electron pressure Pe = nk’l‘e and

hence:
§-—k'1‘e/e 1n(n/n°)= Qt(y ) = 13}

In this formula y - index of magnetic line of
force, §t(y) - constant value along line of force,

that has the name "thermalized potential". As it is
obvious from formula ( 3 ), the magnetic lines of
force in plasma must become the equipotential lines
P = §t(y) at Te+0. However, in the SPT effective

values 'I'e are great enough, and corresponded to

$ = const surfaces break away from the magnetic
lines of force owing difference of plasma density
along magnetic field ( Fig. 5 ).

The magnetic field grows to the end of the
channel. This effect 1leads to such configuration
of the magnetic lines of force, which permits
diversion of the flow from the walls ( " focusing
of the flow " ).
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Fig.5. Diagram of equipomental lines (&=const)
and magnetic flux lines (y=const)

In the SPT the electron cloud has tendency to
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rotation as a whole ( "the isodrift regime" ). The
existence of this tendency will be supported by
possibility of creation of "frictSog"g between
separate partsof the rotational cloud™ ™’/ if the
cloud does not rotate as a whole. This "friction"
shows itself in the form of build - up of
oscillation and synchronizes rotation of the cloud.
Debye's layers play an important role in the
channel of the SPT. Specific feature of those
layers 12 asz  follow: coefficient of the secondary
electron emission g(g)=>~1, when the energy éf* elect-
rons incidented on the dielectric wall is = 15 =
20 eV. This fact means, that at — Ee* Debye's
jumrp can be very small. But the typical energy of
electrons has Jjust such a scale in the
channel of SPT. In consequence of a small size of
Debye's Jjunp a sufficiently areat bunch of
elactrons achieves properly walls, the bunch is
scattered on them and returns in the channel ( Fig.
6 ). Ac a result a certain effecLive conduction of
the channel occures transverse to the magnetic
field, bfﬁaﬁe the wall plays a role of "a big
molecule"” "/ Thanks to this fact diffusion
of the electrons to the anode- occures, o This
phenomenon was named "near wall conduction"

Fig.6. Diagram of electrons scattering
by wall.

The effective thickness of "a conducting layer" has
the following order:

A=Vnrt/m, (4)

merezvu - longitudinal ( along of line of force )

component of a electron velocity,
- cyclotron frequency of electrons.
Owing to near wall conduction there is a current,
which can be determined by the following formula:

J m::em.V\ZnR (%)

Where: R - a typical radius of the acceleration
channel.

Knowledge of function of electrons distributi-

on fe allows to determine the expression for the

thermalized potentials from the relationship ( S ),
and ionization rate coefficient <¢71Ve> = p(@,y),

where = cross-section of icnization collisions,

Ve - electron velocity, w - function of magnetic
induction flux. Knowledge of the function &( n, y )
and p( $, w) permits to write the system of
equations, which describe kinetics of the neutral
particles distribution function ( En ) and of the

ions one ( fi):
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df A
ey, Ve = RE N,

at
e £

Liv vmz, +ee %y sope (6)
dt av -

o= fedv =Ny =0 fidv

This system of the equations ( 6 ) has been
calculated both in oYs—qymrlsional variants @ in
two-dimensional ones™“’*°>,

Main results of the analysis and calcualation of
the above-mentioned system were following:

-The similarity criterion work of the SPlefor
different propellants has been established™".
This result permits to determine the quantities of

mass frow rate density s when SPT  werks
effectively.
-The low freguency oscillation with a big

amplitude ( practically with complete modulation ﬁ
the flow) has been found in one-dimensional model ™.

This phenomenon is explained by instability
of the ionization zone. These oscillation have been
observed by the experiment and got the name "the
contour oscillations".

1.3. Experimental investigations of

physical processes in SPT.

The determination of the integral parameters
such as discharge currents and voltages, thrust
were carried out by the standard methods. The
device for meﬁuxing of the drift current have
developed too % permitting to define both
the integral drift current Je and the coordinates

(¥, Z) of center of gravity of this current.
Knowledge of these parameters allows to determine
the thrust, that is particularly important for space
flight corditions and for the control of probe
measurements.

The measurements of local plasna parameters in
the channel and in the jet were carried out with
aid of the various electrosfgi_:ig probes, and also
used the spectral methods = These
researches permit to determine plasma concentration

B, e distribution of atoms and ions in exited

levels, the electron distribution function fe( Pl |

by energies g, density of ion-creation QT2 )
as well to estimate the velocities of neutral
particles and ions according to Dopler's shift.
Presence of the magnetic field and the relatively
small sizes of the researched regions prevents the
reliable quantitative researches with th;;ig of
probes in the channel of -
The study of disturbances of the discharge
gap by probes permits to establish the
untrivial fact of weak attenuation of disturbances
with increase of distance from the probe, as well

the requirements to dimensions: of the probe,
execution of those permits to mimimize
disturbances, caused by probe. Specifically, usage

of the probes with the dimensions of order electron
Larmor radius ek and less ( 0,1 - 0,2mm ) has

turned out to be a necessity.

Distribution of the potential S 5% )
the components of E-field in  the channel,
densities ji of ion currents and

electron distribution functions at the channel

were determined with the aid of the
probes. Densities of the electron
current J‘e( ¥, z ) were determined by the method,
which is near the Druywestain's method18 =

Besides the "statical" probes operated in the range

of the low fzs@.xency, the super-high frequency
probes were used - Usage of the super-hisgh
frequency probes has showed, that zone of
ionization was a source of the super-high frequency
noises, moreover the effective temperature of this
zone at frequencies 1 - 2,4 GHz was 3,0 = 30.) wo,

where wo is the level of thermal noisezo.

Having been determined in the whole volume of
the channel, the probe current-voltage characteris-
tics showed, that electron distribution function
has not any common with the Maxwellian distribution.
In general case there are three groups (Fig. 7) of
the particles in the channel : a) The "slow"

particles. The bulk of electrons are the "slow"
particles. These electrons correspond to the
"isodrift" distribution function and an
experiment showed, that this fﬂction was
approximated by the linear spline well™":
k (M-E), M>E
f = (9)

0, M<E
Where: M-maximal kinetic energy of "slow" electrons.
b) The "intermediate" particles. They adjoin directly
to"slow" particles, and their electron distzibutisf
function is approximated reasonably by "shelf"
and these particles play the essential part in near
wall conduction.
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Fig.7. Distribution of electrons by energy

c) The "fast" electzors17 are formed as result
of shape - elastic scattering of high - energy
electrons on the walls of the channel. They take
the energy continuously, shifted to the anode,
during this process their quantity is decreased
gradually. -

The experimental data and assesments
show that in optimized models of the SPT, having a
low level of low frequency oscillations (f <1 MHz),
wall conduction is the general electron carrier
across  the magnetic field. Classical space
collisions of electrons with neutral atoms and ions
in the channel give the perceptible 10 - 30 %
contribution to the transfer of electrons.

Data about iostﬁamics and distribution of
ion creation rate "’ ( Fig. 8) clarify the
picture of processes in the channel to a great
extent. The data have certificated about essential

tm—dimensionality of this picture, that has
confirmed corrcborated also by results of
mathematical simulation. Distributio of ion
czeationigensity, got by the probe and
spectral methods, have close character that
corroborates their trustiness. Let's note also
works about distribution of emissive power,

connss’ced with exitation and emission of atoms and
ions and studies of ion divergence and
distribution byzgnergy within the flow on exit from
the channel<®s - The results of the 1listed



studies certificate about availability of
significant reserves for further improvement of
process organization in the accelerator and rising
of the SPT effectiveness.
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Fig.8. Diagrams of ion currents 31 and the

rate of ionization in acceleration
channel q .

2. Optimization of working processes and

characteristics of SPT.

High effectiveness of SPT is achieved by

suitable organization of processes in it and
forethought during design work. Therefore, general
peculiarities of design and integral

characteristics of the SPT will be considered below.

The magnetic system of the modern SPT is used as a
base for attaching of other elements of the design.
The discharge chamber is manufactured from the heat
stability ceramic material on the base of aluminium
and boron nitrides. The walls of the chamber form
the acceleration channel as the annular slot,
situated between the poles of the magnetic system.
Gas discharge source of electrons in the form
of a hollow cathode of the capilary type ( Fig. 9 )
with a heated thermoemitter from lanthanum
hexaboride is used as the cathode-compensator in
the SPT. When steady-state condition necessary
temperature of the thermoemitter can be maintained
by energy of ions, fallen out of plasma near the
cathode on the surface of the emitter, the cathode
can operate in so-called "autoregime" without
external heating. At the same time the modern
cathode-compensators permit to create electron
currents from "1 A to 100 A and more at the level
of power consumptios 10 - 30 W/A at the flow rate
of propellant through them 10...100 times 1e§§
than the electron flow taken from the cathode
Such consumptions are a small deal of whole
consumptions of power and propellant in the
thruster. Therefore, special attention will be paid
to consideration of the characteristics and
effectiveness of the accelerator below.

91-079

Xe

Fig.9. Diagram of hollow cathode

Effectiveness of the accelerator is defined by
thrust efficiency N s which can be presented

by the following formla27

<V >2 Fz J
et . — aBly g (8)
B ., 3, CMEVED
Where: r,i=mi/m; nﬁ=<cos,3>2 = <vlz>2/<vi>2’

.58 Py o N, M T
(il i 7% A Wada e g

F - thrust provided by the accelerator:
xi\l - mass flow rate of propellant in the form

of ions;
Ny - discharge power in the accelerator;

<vz>, <vlz> - longitudinal components of the
whole flow from the accelerator and its ionic

nent;
<Vi > - root-mean-square value of ion velocity;

M - mass of ions.

Let's note, that Jml 2 Jl when there are no

multiply-charged ions in flow, where J1 is ion

current at the exit of the acceleration channel.
The level of effectiveness of the accelerator
Is defined firstlyof all by the topography of the
magnetic field in the channel. At the same time the
high levels of effectiveness can be got when there
are optimum values of magnetic induction B and
focusing geometry of magnetic lines of force. As it
was noted in_Section 1 this geometry provides
stability of the accelerated flow and possibili
to control one, when maximum values ni,nv,nﬁ,ne,
and accordinly N are achieved. Let's note,
the high values of n; can be achieved only at
sufficiently great values Us and 1™, when the

conditions for tge effective ionization of atoms
have been created™ , i.e. when:
7\1 =L (9)

Where: A = vaz/<01ve>ne

free path before ionization;
L - longitudinal size of ionization and

acceleration layer;

- the magnitude of atoms

vaz - mean value of atom velocities 1longitude
component.

When propellant has been selected, decrease of
the 7\1 can be achieved by increase of discharge

voltage, that will lead to increase within some
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limits of the member <give> as a result increase
of electron energy and concentration n, =n,,

depending mainly from mass flow rate.
Approximate expression for the discharge
current Jd and the ratios Jd/Jm and Ji/Jd, where

In =efyM, can be get from the simplest model of

discharge2'27:
Jd e<c>L
3 L1 XN 0
d e
Ji e(a}L
d e
Where <o - the mean number of ionization

collizions while electron have passed the unit of
length in longitudinal direction.

These expressions show, that integral
parameters appreciably depend from effectiveness of
usage of electrons for ionization, i.e. from

<o>L. It is possible to show also, that value
<@L =~ const and Ji/Jd ~ const in
self-consistent layer of ionization and
acceleration During accelerated regimes this

relationship is corroborated in the first
approximation also by experiments ( Fig. 2 ), and
the values J1/J g can be brought up to 0,8 and

24
highezr™".

The experimental selection of value B can be
interpreted as fulfilment of the condition needed
for attainment n =1

Let's note also, Ehat relationship ( 10 ) is
simplified appreciably” at n; ~ 1 and turned to a

form Jd/Jm: const . This relationship can be

considered as an equation ofCURRENT-voltage
characteristic on zone saturation ( at optimal
magnetic fields ). This equation is agreed with the
experimental data also ( Fig. 10 ).
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Fig.10. Perfomances of modern SPT

Effectiveness of electron usage defines the

. different sizes will be comparasional

values of coefficients p = and ng- Moreover, the

greater value <{oL, the lesser quantity of
electrons is needed to pass from the cathode to the
anode and the relatively greater quantity of ions
are created in hlqs-ygltaqe part of the layer.

It is possible™” from consideration of
energetical balance for ions to get the following
relationship for evaluation of the character of the
change in ng and n, with discharge voltage:

nszcl(l-czepi/Ud) Jd/Ji (12)

For modern models of the SPT C120,8-0,9,'

C2 =4 -5; ¢i - potential of ionization.

Considering theﬁvallable expression ( 12 ) it
is possible to write also for Ny ¢

N> Clnlnpr;v (1-C2¢1/Ud) (13)

The nyr nﬁ, 7, achieve values near to 1 in

conformity with the above-mentioned data for the
zone of saturation of current-voltage characteristics
at sufficiently great mass flow rate of propellant.
Therefore, the range of their values is not great
and the expression ( 13 ) can be represented in the

simplified form satisfactorily describing
(see fig. 10) experimental data:
N> CI'(l—C2¢1/Ud) 4 (14)

Where: Cl'm 0,7 =0,8.

From this expression it is possible to get,
that the mass average velocity of flow is expressed

by the following formula:
V=<Vz>= ¥ 2eU 'Jd/HJm =V1 v 1—C2¢ /U (15)

d d ¥ a
Where:
V&d=12eqd/H &

Thus v increases with growth U..

the thrust increases in conformity with the
relationship F = nmv, which defines in a first
approximation the control characteristics of the
thruster.

It should be added only to the above -
mentioned, that for the typical wmodern SPT the
multiplicity of the adjustment m in the range from
values Moin 7 ensured acceptable effectiveness of

ionization in conformity with the formula ( 9 ),
to values ™ , limited by necessity of ensuring

of sufficiently great lifetime, is equal from 2 for
the models with small sizes ( mean diameter of the
acceleration channel d = 40 - 60 mmn ) to ~ 5 for

the models with great sizes ( d = 250 - 300 mm ).
The difference of the models with small and
great sizes 1is determined by apprecially two -
dimensional ( See Section 1 ) picture of the
processes in the acceleration channel and the
regimes of operations for the accsl%ators with
' S

the mass flow rate answer the following condition:

Therefore,

m/]'[ ::{‘Hviva/(auve) X const (17 )
Where: [ = md - perimeter of cross-section of
median surface of the acceleration channel;

= 1/2 - 1/4 - factor, taking account of a
difference of longitudinal component of atomic



velocity Vo and thermal atomic velocity Va.

At these K regimes effectiveness of propellant
ionization in the channel, relationship L to the
channel sizes and, hence, a part of losses because
interaction between plasma and walls of the
discharge chamber must have close values for
models with different sizes. According by the
values y), must be close also for these models.

This phenomenon is corroborated by the experiments
(see fig. 10).

1f the SPT have great powers and great total
pulses, application of xenon, as a propellant
becomes problematical, because of small prevalence
of this gas in nature and limited scale of its
production. Hence, application of other propellants
in particular Kr and Ar presents the interest. But
it should been in mind that in going to these gases
their mass flow rate must be selected in conformity
with the relationship ( 16 ). Besides, of course
significance of comsumption for ionization on
"light" gases is essentially higher. This
phenomenon leads to significant lower levelnt

£t Fig. 21 ). But the acceptable level of
effectiveness of the SPT is attainable even during
work on Ar at the exhaust velocities v higher than
3 %10 m/s. On the whole the optimizated models
of the SPT on xenon excel by effectiveness other
types of electrical thrusters at compared level of
development in the range of xelocity
v=1¢(1,0-25)%*10" ws.
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Fig.1l. Perfomances of EPT of different
types
1- xenon SPT (the 1st generation),
2- xenon SPT (the 2nd generation),
3- xenon SPT (the 3d generation),
4- caesium SPT,
5- mercury ion thruster,
6- caesium thruster with anode layer,
7- bismuth thruster with anode layer,
8- xenon thruster with anode layer,
9- colloid thruster,
10- argon SPT,
11- krypton SPT.

It should be noted specially, that in
conformity with the expression ( 16 ) values m must
be increased proportionally to linear sizes of
the channel of the SPT, but not proportionally
area of cross-section of the channel. By the way,
the life time of the modern SPT is defined on the
whole by process of sputtering of discharge chamber
walls by accelerated ions. Linear wear rate of
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material of the discharge chamber walls is defined
by the following expression:
vw= Jinv (9’51) (18)

Where: jiw- current density of accelerated

ions on the walls;
Sv(p,si) - volume coefficient of sputtering of the

wall material, depending from angle p of incidence
on the surface and ion energy -

The experimental data28 , got for usage in
the SPT materials show, that the relationship

Sv ( 51) can be considered as linear one (Fig.12).

Accounting, that
it is possible to applicate

energy of ions is £ - eUd,

the formula 5 =X eU
viis d

for the qualitative analysis. 5

Allowing for this formula it can be written™
that the typical wear - out time ot the
discharge chamber walls at width bc of the channel

is expressed in the form:

o

* * -
T = 6 nb /MUK, (19)
a
$,-10° %E' 4
e :
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$ BN(200eV)
3 Ti0,( 300eV)
¥ ABN( 200€V)
1.
0 Jo 2 % W % 60 0 ¢

Fig.12. Characteristics of different
materials sputtering

Accounting, that typical values of margin of
wall's thickness &%, when geometrically sjmilar
change of general parameter of accelerator, & "bc M

it can be lightly convinced, that 7 ~ b’ , i.e.
with increase of the scale of the model ( bc ) life

time of the accelerator will rapidly grow at
regimes compared in conformity with the expression
(19).

Let's compare life time at the same specific
power. If there is the relation ind/]"xl >~ const,

*
the expression T ~ bc will act.

The above-mentlioned relationship shows, Lhat
increasing of the accelcrator sizes sinpllify
solution of problem of support of great life time
of the accelerator. It should be added to the
above-mentioned, that in time the wear velocity is
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decreased relatively to the values, which can be got

from relationship ( 18 ).

Allowing for all the above-mentioned the SPT

models have been created with life
times of 3000 - 4000 hours, corroborated by the
ground tests. In the flight tests maximum operatipg
time of the SPT has totaled more than 600 hours®”,
after which the thrusters have remained in
working state. The whole up to the present in the
USSR more than 50 SPT have gone successfully through
the flight tests and trial operation on the
satellit;gs of type "Meteor", "Corizont" and
"Ekran"“".
The series of the prototypes and flight ones
(modules) of the SPT were created, the values their
output data (parameters) were tabulated (See
Table 1).

Table 1

External diamcter of
acceleration channel 50 70 100
(mm)

Thrust (N)

0.01- | 0.02- 0.04-
0.05 0.10 0.20

Rated power (kW) | 0.7 | 1.5 | 3.0

Total thrust pulsexs] 80 | 250 | 750

4

Specific impulse(m/s) |1.2x10%]1.6x10" |1.6x10

Efficiency o4 i 0.5 ] 0.5
State of development Full-scale Proto—
production types

External diameter of |
acceleration channel 140 | 200 280
(rm) S

Thrust (N) I 0.08-

0.15- | 0.30-
0.40

0.60 1.00

Rated power (kW) ] 6.0 | 12.0 | 25.0

Total thrust pulsesld 2.2x10° [6.5x10° | 2x10°

Specific impulse(m/s)] 2.0x10" |2.5x10%] 3x10*

Efficiency | o0.6 J]o.6-0.7] 0.7-

0:71S

State of development onto— Experimental
models

The discussed information shows that in the
USSR is created a whole series of SPT modules
ensuring the solution of the tasks, which are
considered in references on electric propulsion
thrusters. The conducted tests and operation have
corroborated high reliability of created thrusters
and effectiveness of their operation in the real

conditions. Thus all these data confirm the
perspectiveness of SPT wusage in the future
propulsion sistems.
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