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LOW FLOW RATE IMPULSIVE PLASMA ACCEL ERATOR,
ACDE-TYPE, FOR TECHNOLOGY PURPOSES.

Veselovzorov A.N. ¥), Pogorelov A.A. %)

At present the plasma accelerator's,' ACDE-Type, find theirv
application to wvaricus branches of industry, in the technological
processes of ion conditioning, etching, formation and modification of
surfaces for various pieces of work. However, in a rnumber of cases
some difficulties emerge, they are related with the <fact that a
considerable part of techrological facilities in equipped with vacuum
- low power — pumps, and that it is necessary to supply the ACDE
discharge chamber with a minimal amount of the gas, Quwin, For its
stable operation. This amount, Qms.. is determined by, . the plasma beam
dimensions, properties of a working substance and by operating
conditiore of the accelerator. bWren the operating gas feed ic less
tha Q...., thz idcmization prozessec 1n the discharoe chamber of the
azceleato” go on ineffectively beocause of low  work ina substance
denzities, and the discharge extinguishes [113.

Cre: of nogsible engineering solutions providina the large ACDE
servic=ability at the functioning technulogical facilities in the ACDE
transfer into the pulsed mode of operation with the working gas feed
ac  sepavate portions [2,3) and the usage of a vacuum chamber of the
facility as & huffering volume. In this case, it 1is necessary to
satisfy the following conditiore [42:

1. The time-averaged feed of a working gas should correspond to
the power of evacuation systeme at the facility.

2. The gas feed at a time of the accelerator operation should
provide an effective ope-ation of the accelerator during the whole
time of 5 discharge.

3. The aqas feed pulse duvation should be choseri, taking account
of the fecl that the vacuum chambe- volume should be such that the
permissible vacuwn limit in the chamber would not be worse than the

allowed one fo- a given technological process.
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The estimates done, using UPM-3.279.029 facility as an example,
show, in particulars an opportunity to produce, with the ACDE
involvement, a ribbomrlike beam, up to S5O mm wide, under vacuum
conditions no worse than 3 x 10-4 mm Hg, under pulsed accelerator
operation, at the gas feed pulse duration egual 30 ms, at the
repet‘ition rate of 10 Hz.

The realized study goal was to develop the design and the
ACDE-power supply circuit—-diagram to the pulsed working gas feed
operation under conditions of interest for its technological
application, as well as the characteristics and the specific features
in operation of such an accelerator.

The techrological mock-up of TE-10-accelerator and a pulsed
gaseocus—fast response—valve using a piezoelectrical element were
taken as a basis for the development. The produced accelerator
mock-up, designated as TE-10I, is shown in Fig.1. The gas putting into
the discharge chamber of the accelerator was realized, when the
rectangular voltage pulses from a Special Control circuit-diagram were
applied to the valve piezoelement.

The dependencies of a limiting Xe—expenditure (Q,..) on the
working gas feed pulse duration, t,, for various periods, T, are given
in Fig.2. A minimal time—-averaged gas expenditure (for the period) is
understood as the expenditﬁre limit at which the accelerator still
operates in a stable mode. The points at the right—hand side edge in
each graph, Fig.2, correspond to the expenditure limit at the
accelerator operation under stationary operating conditions (t, = T).
In these dependencies one r_;an see that the limiting expenditure
somehow vis2s first under transition from the stationary gas feed mode
to the pulsed one (£, < T), that probably is explained by the fact
that the expenditure at which the discharge starts—up is somewhat
higher than that at which the discharge extinguishes, ac well as by
the presence of the ‘"parasitic" volume between the valve and the
digcharge chamber, the filling of which requires the working gas
fraction espenditure. Witk £uwther reduction in “he ratio s /T, and
with an increase in the gas consumption, respectively, at the time of
the accelerator operation, the expenditure limit starts to be reduced.
For example, for the model, when T = 100 ms and % = 10 ms, the
exenditure limit is almost twice reduzed in comparison with the

stationary mode of operation, as well as it is almost seven times
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reduced, when T = 300 ms and ©, = 30 ms.

In the oscillograms given in Fig.3, registered with a two beam
oscillograph under operation of the accelerator in the pulsed mode,
ore can see the nature of changes in time for the main accelevator
parameters - discharge current and voltage (I,, U,), 1ion current to
the probe (J,) and a voltage controlling the valve operation (Uva.ve).
For the mode of operation under consideration (T = 100 ms, t. = 8 ms),
the time delay between the start-up of a valve triggering signal and
the discharge "ignition" was equal about 10 ms, and the discharge burn
wac about 20 ms long. Treatment of the oscillograms also allows one to
determine the time—averaged (for the period) valves of the discharge
current and the ion current to the probe and to compare them with the
awrents produced under stationary conditions. The results cof such a
compaison are given in Fig.4. One can usee that the discharge current

in the pulsed mode of operation, in the area of high Xe-expenditures,

fe greale tham hat under stationary conditions, anz, vice .orsa, o
for tuves e enzllen . Do a result. the efficiency of the acceierzto
Cperation cader etaticracy conditions is kighor. Howewve, in the area
of low ew.penditun o, clozc to  the limitina ones, the picture ic

oppozite =, end the accelerator efficiency in the pulsed mode
becomes tijgher. y

The sccelerator operation efficiency was also checked—-up by the
rate 0f elrding the test samples made of stainlecc steel, 1X1849 type
In €1ze by ions. The samples, 30 x 30 mm were placed at the distance
of 70 mm from the accelerator “mouth", being simultaneously the probes
for the ion current measurements. The time of etchina each sample was
one how long. The amount of the etched mateo-ial was determined by
weighing the samples before and after the ion treatment. The
evperimenta resulte  have showr that the rate of etching the samples
in the pulsed mooges is lower than that in the stationary modes by
20-30%. These results are in agreement with the results of measuring
the ion currente to the samples and, probably, can be explained by the
daficiency of the accelerator, mentioned above, i.e. by the presence
of a large "parasitic" volume between the valve and the discharge
chamber.

For & number of technological purposes the treztment of piece (of
worlk) surfaces by a flow of light gas plasmas i of interest. For

example, when nitrogen ions are implanted inte the surface layer upon
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e piece of work, ite cyclic strength, bheat and corrosion resistances
are enhanced. However, for the Stable operation of a plasma
accelerator ACDE-Type, with light gases the great expenditures are
necessary. Therefore it is necessavy to considerably reduce an average
gac expenditure in tne accelerator fov its intromction- into industry.
For this purpose. the characteristice of an accelerator, TE-101 -
Type, were studied at the pulsed feed of nitrogen.

Ore limiting nitrogen expenditure dependencies on the gas Feed
pulse duration for various period duration are given in Fig.5. Here,
the limiting expenditure for a stationary mode of operation is marked.
Ore  can see that the limiting expenditure is reduced with a veduction
in the pulse dawation, and for the mode of opevation, when T = 00 ms.
. = 10 ms, the limiting expenditure ic about 25 - times reduced in
compar ison with the stationary mode. From the produced” dependencies

ore can alex see that the limiting expenditu-e ctarte to rise at < 8

mc.. D ©F tho poas:ble reasom fo- 1hat zan be trhe visual ly—-observeao
undircomnerncation of @ plasm: beam  outocing fron the accclerator,
ginze the dizcharge cuvrent, &t low pulsz duration, exceeds the
tmesive opportunitize of the pnod cathod-comnersator type.

The dapendancies of discharue curronts, ave ‘aved over the period,
an® those of jon currents tc the probe on the nitrogen feed pulse
du-ation are given in Fig.6 for various periods at limiting
experditures. The experimental pointe were produced at expendi tures
c> responding Lo the resulte marked on the oraphs in Fig.S5. From the
produced dependencies, Fig.6, one car cee that the accelerator
operates with nitrogen, at the limiting expenditures and the pulsec
mode much move effective than 1n the stationary ore.

Thas the realized studie: have essentially confirmed the
expecienzy for the construction of an  inoustrial pulsed placsma
duivle ator ACDE-Type. with the working substance feed as separate
po tioms oFf a2 gas, that will considerably e-pand the opporturities fon
imzlementation of this accelerats:- type 1 the ion treatment of
suvTazes, 1in different piecez (of work' within the functioning
technclogical facilities equipped with relatively low power  vacuum

pumps.
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Plasma accelerator, ACIE-Type,
—modification), General view.
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Fig.2.

Limiting Xe-expenditure Qisa)

in TE-101 VS, gas feed pulse
duration (¢,

)Forvariousperlncs: DT =30 nms, 2)T=30m.
3)T=100ms, 4)T=2(X)ns, S)T =300 ms.

MR R AN B aE B TN Sn AE B B A N O En EE e



- N O - N S N EE EE B B .

z.
4]

¢

§ 3 o

~4
o

.o I

: R O .
4 tims) A 2 T tims)

Fig.3.

TE-101-accelerator cscillograms of parameters, under operation
with Xe in the pulsed mode (Q = 0.1 om3/s, T = 100 ms, ¢ = 8 me): a)
ion aurrent (1,) and voltage across the valve (L); b) discharge
cwrrent (I,) and the discharge voltage (U, ); c) discharge and ion
curents (I,, I.); d) discharge voltage (U,) and the ion current l.).
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Discharge awrrent (l,) and ton current to the probe ([.),
averaged In time (over period), vs. Xe—expenditure (Q):
1) stationarymode, 2) pulsed mode: 7: T = 100 ms, t, = B ms.,
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Fig.S.

Limiting expenditure of nitrogen (Qi,.) in TE-10] vs. gas feed
pulse dration for various periods: 1) T = 100 ms, 2)T = 200 ",
3) T = 300 ms. 4) stationary mode.
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Discharge aurrent (I,) and fon current to the probe 1),

averaged in time (over the period), vs. gas feed Pulse adwration

1) at the limiting expenditures of nitrogen for various
periodgs: 1) T = 100 me, 2) T =200 ms, 3) s 00 To evr 16 ae
are the discharge awrrent and the lon current to the probe  under
atationary. nitrogen feed, Q = 0.5 m*/s.





