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There were carried out qualitative studies of the effect of plasma parameters during the RF disharge wall conditioning
in a helium atmosphere on the quality factor of the antenna oscillating circuit at Uragan-2M torsatron. The quality factor
is determined from the ratio of the electric current in the circuit to the feed current. The dependence of the quality factor
of the toroidal steady magnetic field as well as on the helical field is analyzed. The dependence on the helical field is
much stronger; with its increase the quality factor increases that is accompanied with reduction of the antenna load.
Also, the ratio of idling current in the antenna (when the plasma even less) to the current in the antenna is measured
during the discharge. The dependence of this parameter on the toroidal magnetic field and the neutral gas pressure is

studied.

PACS: 52.50.Qt, 52.90+z, 84.30.Ng, 84.40.Ba, 88.80.hp

INTRODUCTION

Uragan-2M is a medium size stellarator with the
reduced ripples. It is characterized by the torus major
radius R=170 cm, the plasma minor radius r,<24 cm, and
by the toroidal magnetic field B, < 2.4 T [1].

Uragan-2M has a frame antenna with a matching device
based on single oscillatory circuit. The RF power is
supplied to the antenna by the generators Kaskad-1 and
Kaskad-2 [2]. In such a circuit L, the inductance of the
antenna, is connected in parallel to the capacitor C. The
resonant frequency of the circuit is tuned close to the
generator frequency f,. Plasma influence on the circuit
reveals in that its resistance is added to the circuit
resistance R by plasma electromagnetic interactions with
the antenna.

During the Uragan-2M RF plasma wall conditioning
campaign in which the discharges are created in the
machine with the use of helium as a working gas, the
qualitative assessment is made of the effect that built-up
and confined stellarator plasma cause the changes in
oscillatory circuit Q-factor. The frame antenna with the
wide range of parallel wave numbers was used in Uragan-
2M for this research [3].

EXPERIMENTAL CONDITIONS

Antenna circuit is an oscillatory circuit that consists of
antenna inductance L and capacitor C.

Fig. 1. A scheme of the antenna circuit with loading
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It is known that an oscillatory circuit (Fig. 1) is

characterized by Q (quality) factor Q = p / R, where R is
loss resistance in circuit, p is characteristic impedance of
circuit, p = (L/C)"?, where L and C are oscillatory circuit
inductiveness and capacitance respectively [3]. The loss
resistance, in turn, consists of antenna resistance and
connecting circuits active resistance r,y, and of loading
resistance r.. In our case, R = r, + r.. Naturally, the more
oscillatory circuit is loaded, i.e. the larger is R, the lower
its quality factor is.
If it is assumed that antenna resistance doesn’t change
during impulse, then in such a case changes in circuit Q-
factor are determined by antenna loading resistance,
which is added to antenna resistance: Q = p/ (FanetrL).

That is why changes in the Q-factor depends on changes
antenna loading resistance, which depends on the distance
between antenna radiating surface and plasma, on plasma
temperature and density and on other parameters [5].

The current in circuit equals 1,=U/p, (Uy— the voltage
at circuit), and the feeder current or supply circuit equals
Is = Uk/p-Q. It follows that Q = I/l [6]. By measuring
corresponding currents we get the value of Q. Note here
that the generator doesn’t change its frequency while
working. It was observed that when the single-stage
generator Kaskad-1 is working for a long time, its
generating frequency is changed due to the warming of
frequency control elements. The Kaskad-1 frequency
deviations were measured during the wall conditioning:
impulse duration, 60 ms, and pause between pulses is
10 s; as well as in the another mode: impulse duration is
20 ms and pause between pulses is 10 s. The frequency
changes were monitored during 150 minutes of work and
under the generator anode voltage of 5 and 9 kV
respectively.

The frequency deviations of 63 kHz in the first mode
and of 35kHz in the second mode with the initial
generation frequency f, = 8640 kHz were observed. Thus,
these changes were less than 1 per cent, and their effect on
the value of antenna impedance could be neglected.
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RESULTS OF MEASUREMENTS

The following parameters were measured: antenna
circuit input current (feeder current) lf, circuit current
(antenna current) I, and antenna circuit voltage U.,.
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Fig. 2. Q dependence on magnetic field

Antenna circuit scaled quality factor dependence on
magnetic field for the Uragan-2M frame antenna was
evaluated under the mode of helium RF wall conditioning
and during the simultaneous work of Kaskad-1(frequency-
3.7 MHz, anode voltage-3 kV) and Kaskad-2 (frequency
was 5.6 MHz, anode voltage-5 kV).

Fig. 2 shows the diagram of Q-factor dependence on
the confining magnetic field. This graph demonstrates
increase Q-factor when the field is about 0.03...0.052 T.
The diagram shows a sharp Q-factor decrease for the
fields lower than 0.02 T, as well as for 0.05 T and higher.

At the next stage the circuit current I, was measured at
the time moment before the discharge initiation (a so called
idle running mode). And the same current was measured
again, when the antenna was loaded by plasma —I,.. In the
idle running mode circuit loss resistance is determined by
antenna (active) resistance r,; mostly; during the
discharge the antenna loading resistance r,_ is added to it.
These currents ratio gives an indication of changes in the
antenna load resistance value.
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Fig. 3. I./la (a.e.) dependence on working gas pressure.
When B=0.07 T

Fig. 3 demonstrates I/l dependence on the neutral
gas pressure for fixed magnetic field B=0.07 T. At this
magnetic field value l,,/l,. dependence on working gas
pressure (helium) was measured. It was found out that
laxx/ 1oL doesn’t change much and has minimum values at
the pressure range of (3.2...5.0)-10° Torr. As the pressuse
increases (higher than 5.0-10°Torr) a lu./la Sharp
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increase takes place. We explain this fact as a decrease of
the antenna loading.

Thereby, the measurements that were made have
shown that in the view of RF generator loading, the
optimal conditions for this operation mode are as follows:
The magnetic field B is above 0.05T and the helium
pressure range is (3.2...5.0)-10° Torr.

In the wall conditioning mode with helium puffing
when B=0.05T, P=3.5-10°Torr according to the above
procedure (Q = I/lf), the quality factor values were
measured during the simultaneous work of two and three
generators. They were: Kasksad-1 generator working on
the frequency of 3.7 MHz , the VHF generator working in
continuous mode on the frequency of about 135 MHz and
the power of about 2 kW, and the MGE generator which
was also working in continuous mode on the frequency of
5.8 MHz, and its operating power was of about 1 kW.

Q=la/lf
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Fig. 4. Q-factor for different combinations of generators
that work simultaneously on antenna circuit Q-factor,
B=0.05 T, P=3.5-10° Torr

Fig. 4 shows the results of these measurements. It is
found that a VHF generator decreases Kaskad-1 frame
antenna loading (Q is increased), whereas when they are
working along with MGE generator, Kaskad-1 antenna
loading is increasing.
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Fig. 5. The effect of helical field on Q, when By,,=0.05 T

The effect of helical field on frame antenna loading
was also investigated. The measurements were made in
the mode of three generators working simultaneously. It
turned out that increasing of helical field lead to the
reduction of antenna loading (Fig. 5).

laod la @nd lo/151 2 (See above) characteristics in Fig. 6
were obtained during the simultaneous work of two
Kaskad generators in the wall conditioning mode with the
use of helium-oxygen mixture under the pressure of
5.8:10° Torr. In this mode the field of 0.04 T and below
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0.06 T is optimal for loading the antenna. l.e. the same
conditions as for Kaskad-1 working alone, as shown
above. But the value of antenna loading resistance was
nearly doubled under the simultaneous work of two
Kaskad generators.
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Fig. 6. The effect of magnetic field on I,,/15 current ratio
(red curve), and on I/, - current ratio, when two
generators was turned on (black curve)

CONCLUSIONS

The effect of plasma, as the antenna loading, on the
characteristics of the RF circuit (quality factor) is studied.
The possibility for qualitative assessment of the resistance
induced by plasma into antenna circuit was examined. The
measurements showed that quality factor depends on such
parameters of the discharge as the toroidal and helical
magnetic fields, and on gas pressure.

The effect of switching on other additional RF
generators on antenna loading is also described. When
three generators are working simultaneously, antenna
loading reaches its peak at B=0.05 T, P=3.5-10" Torr.

The antenna loading was reduced after the imposition
of the helical field, which could be explained by the

increasing of the distance between the antenna and plasma
column.

The results of this work allowed us to examine the
value of the antenna loading resistance. This, in turn,
gives a possibility to evaluate the RF power which is
radiated by the antenna.
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BJIUAHUE ITJIASMbI HA PAIMOTEXHUYECKHUE XAPAKTEPUCTUKHU COIVIACYIOIIUX

YCTPOWCTB B TOPCATPOHAX YPATAH-2M
B.b. Koposun, B.B. @ununnoe, M.M. Kozynsa, E.JZI. Kpamckoii, A.B. Jlozun

HpOBeZ[eHI)I KaQ4Y€CTBCHHBIC HCCJICIOBAHUA BJIMAHUA IIJIa3Mbl B PEKUME BY-uynuctku B aTMOC(l)epe reausa Ha
JIOOPOTHOCTh aHTEHHOTO KoJebaTeIbHOro KOHTypa B TopcaTpoHe YparaH-2M. JIoOpOTHOCTh OIpenensuiach W3
OTHOIIIEHHHUS TOKa B KOHTYpeE K TOKy moaBosiiero ¢punepa Q=I/l. [IpoananusupoBana 3aBUCUMOCTD JOOPOTHOCTH KaK
OT TOPOUIATBHOTO IOJIS, TAK U OT BUHTOBOTO. 3aBHCUMOCTh OT BUHTOBOTO ITOJISI 3HAYUTEIBHO CHIIBHEE, C €r0 POCTOM
JOOPOTHOCTh YBEIHYUBACTCS, YTO COOTBETCTBYET CHH)KCHUIO HArPY3KW aHTEHHBI. Takke maMepsuics mapamerp lau/la
T.¢. OTHOIIICHHUE TOKA B aHTCHHE B MOMEHT XOJIOCTOTO XOJa TeHepaTopa (KOTaa IUIa3MEl elle HeT) K TOKY B aHTCHHE B
MOMEHT pa3psina. [IpuBeeHbI 3aBHCHMOCTH 3TOTO MTapaMeTpa OT TOPOUIATBHOTO OIS U OT JTaBJICHUS.

BILJIMB IIJIABMHA HA PAIOTEXHIYHU XAPAKTEPUCTUKH Y3IOJKEHUX YCTPOMCTB
Y TOPCATPOHAX YPAT'AH-2M

B.b. Kopogin, B.B. @ininnosé, M.M. Ko3ynsa, €./]. Kpamcvkoii, O.B. Jlo3in

[IpoBexeHi SKiCHI MOCTI/KEHHA BIUIMBY Ia3Mu B pexkumi BU-umctkm B aTMocdepi remiro Ha J0OpPOTHICTH
AQHTEHHOT'O KOJHMBAJHHOTO KOHTYPY B TopcaTpoHi Ypara-2M. J[oOpoTHiCTh BH3HA4ajach 3 BiTHOIIEHHS CTPyMYy B
KOHTYpi 10 ctpymy miasigHoro digepa Q=ly / ly. ITokazana 3anexHiCTh TOOPOTHOCTI K BiJ TOPOIMAILHOIO, TaK 1 Bif
TBUHTOBOT'O TMOJTIB. 3aJ€KHICTh BiJl TBUHTOBOTO IOJISI 3HAYHO CHJIBHIIIE, 3 POCTOM TOJISI JOOPOTHICTH 301JIBITY€ETHCS, IO
BI/INOBi/Ia€ 3HIKEHHIO HABAHTAKEHHS aHTCHU. BuMiproBaBcs Takox mapamerp Iy / |y, TOGTO BiHOIIEHHS CTPyMY B
aHTEHI B MOMEHT XOJIOCTOTO XOAYy reHepaTopa (KOoJIM IUIa3MH IIle HeMa€) 0 CTPyMY B aHTEHI B MOMEHT pO3psy.
BusiBiieHO TakoX 3aJIeKHOCTI IIbOTO apaMeTpy Bijl TOPOINaIbHOTO MO Ta Bijl THCKY.
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