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A model of erosion pulsed piasma thruster (PPT) is developed
for the attitude control of small sateliites 1in the orbit.
Thruster is based on the rail design with transversal feeding of
propellant (teflon-4) bar. Czlculated unit thrust pulse 1s
1 75<10"3 Ns at the capacitive accumulator energy of about 70 J.
Estimations showed that the flignt module mass will be about 10 kg
in the case of propellant reserve of 1.7 kg. It was determined
that during the thruster operation the initial plane working
surface of each bar becomes parzbolic in shape. Noticeable change
of the bar working surface profile takes plece curing 3...4x10°
pulses, while the total operaticn of not less than 2x10° pulses is
necessary for complete stabilize-ion of the working suriace shape.
It is shown as a result of conc.ucted test Taat . ul process of
alignment of the thruster ¢:ischarge charnel does not cause
substantial changes in 1its gsometry and. ccunseguently, its
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1. PPT experimental model
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example w the casc of bare cross=sectic: of 30x35 mm® and
peliant storage of 1.8 g Lue Qiaueze : the 71eed system 1is
e 30 em for' Lhe exten ig. By changing the width, height
and aperture angle of the channel one could vary within the broad
range the value of specific mass yield (ratio of mass yield
per impulse to the accumulator energy), which defines the minimum
mass of PPT for solving the concrete task to the high enough
degree (as it is indicated in [1]). In our case the specific mass
value should comprise about 2.4x107° kg/J [1].
Fig. 2 shows the design scheme of the discharge channel for
PPT with transverse propellant bar feeding. The channel is formed
by the electrodes of the main discharge, side bars of solid
dielectric (teflon-4) and the backceramic insulator. Igniter 1is
introduced inside the discharge channel through the hole 1in
cathode. Bars are fed to the discharge zone until their 1lock 1n
the fixating device or the cathode using the spring pushers.
In the laboratory model of discharge chember the electrodes
of the main discharge ere made of coppesr. VWorking surface of the

anode is plane. Cathcie 1s plane also, proviced
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of igniter from the main discharge.

Igniter of the discharge chamber laboratory model is made 1in
the form of ceramic rod of aluminium oxide of 5 mm in diameter
with two longitudinal channels of diameter of 1 mm. Copper
igniting electrodes are mounted in the channels. Working end of
igniter does not project over the cathode surface. Choice of the
relation between the discharge initiation energy and the energy of
the main discharge allowed to ensure the dynamic stability of the
carbonic film thickness on the working end of igniter and to
eliminate its erosion.

2. PPT experimental study

Leboratory study of the discharge chamber was conducted
inside the vacuum chamber of 2 m® in volume at the residual gas
pressure of not more than 0.01 Pa. Initial pressure at the
capacitive battery was 2.8 kV while the capacitance was changed
within 13 - 36 uf. Bars were weighted using the analytical balance
before and after a series of 10 - 10* pulses for defining the
mass of propellant, consumed per pulse.

Excerimental stucy of the discharge channel with the energy
in the pulse of 160 J revealed its good operation in the case of
height of 35 mm, width ¢ 8 mm and length of 55 mm at the
forechezber deepness cf -Z mm. Typical oscillogram of discharge
current 1s presentec in Fig.3. Discharge channel with such
dimensicns was teken as initial one for the discnarge chamber of
PPT-10C. Reducticn of energy in the pulse from 160 J down to 71 J
showed tnat energy dersi:tyv in the channel is insufficient for the
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teflon evaporation from :ze whole working surface of bars - zone
of 25 rm in length in tre exit part of the channel is covered by a
noticeedle layer of cerzcn black for each bar after 100 - 200
pulses zlready. Reducticrn of the bar length from 55 mm down to 30
mm had & positive resui: - even after a series of 103 - 10% pulses

the trzces of carbon blecx are absent on the working surface of
bars. Tzus, it was shewr that in the case of energy density iuside
the discharge channel obeing less than some (critical) value, the
bar lergth does not infiuence the current distribution along the
channe! (current distribution along the channel defines the form
of the bar working surfzce to a high degree). In the case of this
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channel geometury the mass yield. per pulse was 2.5x107° kg, while
by NN S iy o ~ -9 i et -
tho gpecifiie mass Lleid perpulse wes 3u5x10 KZ
The obitzined vzlue ©f mass specific yield per pu.se exceeds

noticeably its calculated value of 2.4x107° kg/J. As experiments
showed, in the PPT of rail type with transversal feeding of Dbars
the mass consumption per pulse decreases with the channel width
growth. Study was fulfilled for the discharge chamber with various
widths of the channel. Fig.4 shows the experimental dependence for
the mass consumption per pulse upon the channel width at the pulse
energy ef v1dn As ituls icbvious. from  the plot, | the 'value of
specific mass consumption per pulse, which is «c¢lose to the
calculated one, 1s achieved at the channel width of 15 - 20 mm.
Visual control of bars showed that the teflon ablation takes place
over the whole working surface. Energy density 1inside the
discharge channel is 3.3 J/cm® in this case.

Fig.5 shows the form of the working surface for the left
(from the side of the cheaznel outlet) bar and mutual location of
bar and forechamber after 1.25x10° pulses. For eliminating the
electrical breakdowns over the surface of carbonic film, formed on
the bar face surface, tre:nsversal slot-like grooves are made in
1t. As it 1s obvious froz Fig.5, the initial plane working surface

o

ol the bar becomes parabc.ic inishape 2s 2 result of "operation,
cirannel width growing frcZ anode to catnode in the beginning of
tre charnel and decreasiiz in its middle part anc in the end part,
wille growing along the ciznnel to the cutiat. in the near-anode
zone especlally. Tnin stez with broken eages (shown in the figure
as a pert of a circie) s formed on the bar rib,
tre fixeting devics. Bar -oves into the dis ha ge %ohe . g8 it 18
werxad out.

rested against

v

PPT with 1long 1liiz-time should provide stable output
parameters (mass ccnsump-ion per pulse, thrust impulse) during

h

tha whole eperaticr cyci For this. tre geometry of discharge
citaniiel shouid not e cienged after the discharge cnannel elements
alignment. That is why cn:z of the tasks ¢f life-time test is the

determination jof <¢yele duratlom Ior  zhe  -gdischarge channel

N

alignmenc and Of i:s gécnciry inithe end of such cycle. Control of

1

tie par Gimensiefs. iidiczved by figdres 1. .6 in the  Flg.5, wes
mace for estimating the z:zr alignment cycle duration. It should be

hoted that during che allznment the working surface of one bar
m:rror-reflects the surfezs of another, whlle the mass consumption
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from each bar coincides with accuracy of up to 0.1%. This could be
explained by the plane symmetry of the channel. Variation of each
bar dimension per a series of pulses was determined on the basis
of measurements 1...6. Relative variation of the working surface
profile was calculated then as the ratio of average change in the
bar dimension for the results of six measurements to the maximum
difference in dimensions 1...6, Fig.6 presents the relative
variation of the bar profile after six serieses of pulses, as well
as a curve of obtained data approximation using the 1logarithmic
function. It is obvious from figure, that the noticeable variation
in the bar working surface profile takes place after 3...4410*
pulses. Alignment proceeds more slowly after that and achieves 80%
by the moment of the test finish (1.25x10° pulses). Not less than
10° pulses more will be required for the complete bar alignment.
But in this case the working surface profile variation will
comprise not more than 20%. So, the profile achieved allows to
forecast the final geometry of discharge channel accurately
enough.

Examination of the working surfaces of forechamber, igniter
and electrodes revealed the presence of carbonic film over them.
On the forechamber surface the main part of carbon is located in
the zone of contact with bars. Carbon mass growth stoppage after
10* pulses was determined by <he balance method. Experiments
showed that when film thickness reaches some definite value its
peeling takes place and carbon particles are removed from the
channel by & plasma blob. Examination of electrodes showed that
anode and cathode spots grew mainly on the dense carbonic film,
covering tre surface of electrodes without any 1interaction with
the main meterial. Zone ¢ visible interaction (presence of traces
of electroce spots) of arx discharge with electrodes stretches for
25...30 mm deyond the bar boundzry. Electrodes should project over
the channel cut for such distance exactly, in order not to
increase additionally the plume divergence and deflection of the
thrust pulse vector from the micdle line of the channel. As to the
carbonic film on the working enc of igniter, after 10 pulses its
surface does not have any noticeable changes - loss of a part of
carbon caused by the ignizing impulse is continuously compensated
from the mezin discharge p.asma.

A model of PPT-100 was designed and fabricated vusing the
results obtained. This model was characterized by maximum energy
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00 J at the capacitive battery capaclitance of

of accumulator of 1
30 uF. Fig.7 shows the modular design of PPT-100 for the complex
reiinement of the thruster units. Reliable operation of thruster
was demonstrated during the preliminary test, which coniirmed the
correctness of the discharge channel shape and dimensions
forecast. Experimental dependencies of integral and specific
parameters of PPT-100 upon the initial energy of accumulator are
presented in Fig. 8.

Thus, as a result of calculation analysis and experimental
studies the possibility of developing a high-reliable PPT of rail
type with transversal propellant feeding was substantiated.

Presence of ablating dielectric working surface profile,
stabilized by the discharge, is shown for the PPT discharge
channel with linear (contrary) bar feeding. Estimation of the
influence of thruster operations number upon the alignment of the
discharge channel elements 1s estimated.

Geometrical dimensions of the discharge channel for PPT with
the energy in the pulse of 70...80 J are determined.
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