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A model of erosion pulsed p, ama thruster (T) is deve'lop(1

for the attitude control of small satellites in :I 'i

Thruster is based on thie rail resign ;wi th transversal e' ing ,-,

propellant (teflon-4) bar. Calculated un: thnrus pulse -

1.75x10- 3 Ns at the capacitive accumulator energy of about 70 ,

Estimations showed that the flight 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 parabolic in shape. Noticeable change

of the bar working surface profile takes place cring 3... 4x(

pulses, while the total o)erati,:n of not less ta i ) pu s i

necessary for complete stabilization of the worki:.: .. r:ace shai>

It is shown as a result of con:.;.: .ted test nat -,e proce(ss

alignment of the thruster :scharge channel d)es not cause

substantial changes in its geometry anc. cc:secuently, its

calculated characte-s 5

1. PPT experimental model

Fig 1 s!:)',s to:: d- ,nf c: :isclh:: e c:am : - rail t

,'iith ransversal prop::- nt fee:ing. In the ca :is oes:

the geometry cf disc:-'a: gap . not pract cal : :g as

result of the ?PT o:ne:'a- n: a- :r 1C ' pulses ti : c:h--.:. I co .: 3
a li-tle bit b:irrel- w1:, wh e the ::r file of :-: - surfac

:f d .electric )ecom . . ::::boli Disc-rge cEanr.- . -. f r ed '.'

the working :ends : r's, -de ... the fo: ' s. - i rings.

electrodes of 'he -::. h.:har:; and :.::' ce:'a' : . . w1

n:cave workiing sur:a'-. ign be i loc :e : 't Fi - i

-iows two variants c :' +- sys: - . d t:-"- pr vi: - :I ' : ..-:sportat '

' , Leflon semi 'ings a:: .: the 'no. n a: s ara - "l :. o in

ii.:a.-ng d(ievic : (sh..:: - : . on ele :'cde. c:.-:' :. icatiov.

bar w ing . re. ive ie a: of plas

: ... . ; at,ion a ows s - . _..: :'e . : ~.e ar- " - . :~.:-e (. .. *' - : ' he curren'

-x le cor'd :ocati:: the ctrc: . de 'e:: densi

Scurrent flo,; and e: . -ng .eir c o b: -. : Rig-li:ke

shipe of bars makes e --:ed s:stem as compac ;: p-ssible. Fo
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of igniTer from the main discharge.

Igniter of the discharge chamber laboratory rmdel is ;:de inl
the form of ceramic rod of aluminium oxide of 5 :mm in diameter 
with two longitudinal channels of diameter of 1 :.. Copper
igniting electrodes are mounted in the channels. l\'okinl i nd 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

Laboratory study of the discharge chamber was conducted
inside the vacuum chamber of 2 m3 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 15 - 36 u?. Bars were weighted using the analytical balance
before and after a series of 103 - 10 4 pulses for defining the
mass of propellant, consumed per pulse.

Experimental study 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 cf 8 mm and length of 55 mm at the
forecha-ber deepness cf 12 mm. Typical oscillogram of discharge
current is presented in Fig.3. Discharge channel with such
dimensions was taken as initial one for the discharge chamber of
PPT-10C. Reduction of energy in the pulse from 160 J down to 71 J
showed that energy densily in the channel is insufficient for the
teflon evaporation frc. :r-e whole working surface of bars - zone
of 25 r. in length in :-_e exit part of the channel is covered by a
noticea:le layer of cartc:: black for each bar after 100 - 200
pulses already. Reduction of the bar length from 55 mm down to 30
mm had a positive resul- - even after a series of 10 1010 4 pulses
the traces of carbon black are absent on the working surface of
bars. -.- s, it was shc:.-n -hat in the case of energy density iiside
the discharge channel be-in less than some (critical) value, the
bar length does not influence the current distribution along the
channel (current distri-buion along the channel defines the form
of the bar working surface to a high degree). In the case of this

I
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from each bar coincides witrh accuracy of up to 0.I '. This could be
explained the plane symmetry the ane channel. VacriaaLtion cof each
bar dimension per a series of pulses was determined oln Tile basis
of measurements 1...6. Relative variation of the *;'rkin, 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 logarithmic
function. It is obvious from figure, that the noticeable variation
in the bar working surface profile takes place after 3...4x10 4

pulses. Alignment proceeds more slowly after that and achieves 80%
by the moment of the test finish (1.25x10 5 pulses). Not less than
10 5 pulses more will be required for the complete bar alignment.
But in this case the working surface profile variation will
comprise nor more than 20%. So, the profile achieved allows to
forecast the final geometry of discharge channel accurately I
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 4 pulses was determined by the 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 a plasma blob. Examination of electrodes showed that
anode and cathode spots grew mainly on the dense carbonic film,
covering the surface of electrodes without any interaction with
the main ma-erial. Zone cf visible interaction (presence of traces
of electrode spots) of ark discharge with electrodes stretches for
25...30 mm beyond the bar boundary. 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 -he middle line of the channel. As to the
carbonic film on the working end of igniter, after 10 3 pulses its
surface does not have any noticeable changes - loss of a part of
carbon caused by the igni-ing impulse is continuously compensated
from the main discharge plasma.

A model of PPT-10 was designed and fabricated using the
results obtained. This model was characterized by maximum energy

I
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o . c :t','u::;:: tor of 10)0 ] 1-71. 2, 1)3 th' a ,; w \' *:nco of

1 . sh' s c" , .7 s .. . .s o f . .. .. , o o :

.:.of the iir ste' mi o . l . o r .

; , ;.; on-;tr atLed during the prolimiinary .as , vhicli :.::' ! ed ti

cor'e ctn ess of the d ischare channel s1:pe and i !!meis ion

fo r~.ast. Experimental depenldencies of it egral ::.. specific

pa;ra';;etos of PPT-100 upon the initial energyv of acc i;lator are

presentted in Fig. 8.

Thus, as a result of calculation analysis and experimental

studies the possibility of developing a high reliable i'i' of rail

type with transversal propellant feeding was substanti.:,ed.

Presence of ablating dielectric working surface profile,

stab!ilized by the discharge, is shown for the PPT discharge

channel with linear (contrary) bar feeding. Estimationl of the

influence of thruster operations number upon the alignment of the

discharge channel elements is estimated.

G eometrical dimensions of the discharge channel for PPT with

the e nergy in the pulse of 70...80 J are determined.
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