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Deficient shot-to-shot stability of Uragan-3M discharges makes difficult to reproduce experimental results over
the period of experimental session. An efficient way of reducing difference between shots is creation of initial low
density plasma before the main discharge to start up. A RF pre-ionization in the same frequency range as that of the
main discharge is used in the Uragan-3M torsatron. The pre-ionization provides stable discharges during the whole

experimental campaign. The main parameters of the pre-ionization plasma are measured and discussed.

PACS: 52.50.Sw, 52.55.Hc
INTRODUCTION

In the Uragan-3M (U-3M) torsatron a hydrogen
plasma with the average density 7z, of units 10" cm™ is

produced and heated by RF waves in the o S o range of
frequencies. To ignite the main RF discharge, an initial
amount of free electrons is necessary. There is a random
amount of such electrons in the vacuum chamber before
each discharge pulse, thus resulting in a random delay
of the main discharge start. Thus, with the use of RF
antennas (frame antenna [0] and three half-turn antennas
[0, 0]) for plasma production and heating in Uragan-3M
torsatron, in some operational regimes the problem
arises with the reproducibility of the discharge start. The
situation was significantly improved after an additional
small RF antenna became to be used as a part of the pre-
ionization system. This so-called small frame antenna
(SFA) was shown is able to provide plasma of similar
shot-to-shot density before start-up of the main
discharge pulse. The objective of this work is
elucidation of abilities of this pre-ionization system.

DESCRIPTION OF EXPERIMENTAL SETUP

The U-3M device (Fig.1) is an 1=3/m=9 torsatron
with the torus major radius Ry=100 cm, the average
plasma radius a ~12 cm, the rotational transform at the
plasma boundary 1(a)/2n~0.3. The toroidal magnetic
field of regular discharges is By=0.72 T. The whole
magnetic system, including the helical coils, vertical
field coils and supports, is enclosed into a large 5 m
diameter vacuum tank, its free volume (=70 m?) being
~200 times as large as the plasma confinement volume.

The pre-ionization system (Fig. 2) consists of the RF
oscillator (named as Kaskad-0), cable feeder line,
matching device and small frame antenna (SFA). The
plasma will be effectively created by SFA provided the
Landau damping condition w~kvy, is fulfilled, where k
is the parallel (with respect to the confining magnetic
field) wave number generated by the antenna, vy is the
thermal velocity of electrons. To fulfil this condition,
the parallel length of the antenna L, should be
approximately half wavelength, i.e., Ly=ntvre/ .
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Fig. 1. Helical coils I, I1, 111 of the U-3M torsatron.
Symmetric poloidal cross sections 41, D1, A2, D2, ...,
A9, and D9 in helical field periods 1, 2, ..., and 9,
respectively, and positions of main diagnostics are
indicated. Also, positions of the small frame antenna,
frame antenna (Antenna 1) and three-half-turn antenna
(Antenna 2) over the torus are indicated

Assuming vr.~108cm/s and the frequency of the
Kaskad-0 oscillator o/2n=5 GHz, the length of SFA
should be L,~10 cm.

SFA is plane and made of a 2 cm width stripe and
has the shape of an 11 cm side square. It is inserted in
the symmetric poloidal cross-section D2 of the U-3M
torus (see Fig. 1) and can be connected to the oscillator
in two ways, as a conductor and as a potential electrode.
In the current experimental series the second variant is
used. The Kaskad-0 oscillator driving SFA operates in
the range of frequencies 3...9 MHz, whereas the RF
oscillators Kaskad-1 and Kaskad-2. which drive the
frame and three half-turn antennae producing the main
plasma, operate at frequencies ®;/27=8.8 MHz and
®,/211=8.9 MHz, accordingly.
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Fig. 2. Electrical scheme of pre-ionization system:

1 — power supply; 2 — electron tube; 3 — antenna;

4 — matching device; 5 — HF ground connection;
6 — oscillating circuit with feedback

The measurements of local plasma parameters with
SFA in operation were performed using a single
movable Langmuir probe (Fig. 3).
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Fig. 3. Probe position in the poloidal cross-section of
the U-3M torus and its movement (dashed line) with
respect to the helical coils I, 11, 111

60

EXPERIMENTAL RESULTS

The time evolution of the line-averaged electron
density n, produced by SFA only is shown in Fig. 4.

The maximum value of A ~ 10 cm™ is attained by

~ 20 ms after RF pulse start. In the operating regime the
oscillator K1 used for initial plasma production was
switched on at 10 ms where the average pre-ionization
density f, was ~ 4:10° cm”.
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Fig. 4. Time behavior of average electron density N,
produced by the small frame antenna

The measured profiles of the electron density ne(h)
and temperature T¢(h) are shown in Fig. 5.
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Fig. 5. Local electron density n, and temperature T,
versus distance h between the probe and the
vertical axis of the poloidal cross-section. The
calculated plasma boundary is indicated by
vertical dashed line

As is seen in Fig. 5, the maximum values of n,
(h = 85cm) and T, (h=9.5cm) derived from probe
measurements attain ~4-10°cm™ (being in accord with
n, measurements) and ~ 100 eV, respectively. As a

probable reason for the observed local -electron
temperature fall at h < 9.5 cm, the cooling of electrons
resulting from deep penetration of the probe into the
confinement volume could be.

A stabilizing effect of the RF discharge driven by
SFA is demonstrated in Fig. 6 where time evolutions of
discharges driven by the frame and three-half-turn
antennae are compared under conditions without and
with SFA in operation.
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0 10 20 30 40 50 shot. With the SFA the time delay is stable and is equal
T ' ' to 3 ms. With usage of the SFA, repeatability discharges
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I : r\ ] becomes acceptable for pulse-to-pulse measurements of
3 0.8} : —_— - radial distributions of the plasma parameters.
T 06 . SUMMARY
CL; 0.4} \ . To stabilize ignition and parameters of RF-
a” - discharges driven by the frame and three-half-turn
0.2 1 antennae, a pre-ionization with the use of a low density
0.0 L ] RF-discharge plasma produced by the small frame
1.0k i antenna is realized.
- Increased discharge repeatability allowed to perform
3 0.8 - 7 pulse-to-pulse plasma parameters measurements. Small
- 0'6'_ ] frame antenna does not influence significantly the
T I plasma parameters of the main discharge.
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Fig. 6. Time behaviour of H, emission and Kaskads’
power without (upper) and with (lower) Kaskad-0 small
frame antenna used. The dashed line marks the end of
plasma production for discharge without pre-ionization
by SFA

Without SFA pulse the time delay of the end of the
plasma production stage of the discharge from the
beginning of K1 pulse is 3...6 ms. It varies from shot to
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CO3JAHUE HAU3KOILIOTHOM IIJIA3MBI MAJIOM PAMOYHOM AHTEHHOM HA YCTAHOBKE
YPAT'AH-3M

M.M. Kosyna, EJ]. Kpamckoii, B.b. Koposun, A.B. E¢cioxos, A.B. J/lozun, A.A. Kacunoe, JI.H. I puzopvesa,
A.E. Kynaza, C.M. Ma3znuuenko, 10.K. Muponos, B.C. Pomanos, B.B. Yeukun, u komanoa Ypazan-3M

HecrabunbHocTh paspspoB YparaHa-3M 3aTpyAHseT BOCIPOU3BENCHHE IKCIEPUMEHTAJbHBIX PE3YyIbTaTOB B
TEUEHHEe OJIHOM OJKCIIEPUMEHTAIbHOW KaMIaHuu. OQQEKTUBHBIM CIIOCOOOM YCTpPaHEHHS pa3Iuuusi MEXIY
napaMeTrpamu IUIa3Mbl B Pa3sHbIX UMITyJbCax sBigeTcsa NnpeauoHusauuss BU-pazpsaHoil HU3KOIIOTHOM ILIA3MOM,
KOTOpast CO3/1aeTCsl MajIoi paMOYHOU aHTeHHOH. [Ipeanonu3anus obecneynBaeT CTabMILHOCTh Pa3psIoB B TCUCHHE
BCEH OJKCIIEPUMEHTAIBLHOW KaMIaHUW. BbIIM U3MEpEeHbl U OLCHEHbl OCHOBHBIE IapaMETpPhl NPEJUOHU3ALMOHHOU
IJ1a3MBL.

CTBOPEHHS HU3bKOIILIJILHOI IJIA3MH MAJIOIO PAMKOBOIO AHTEHOIO HA YCTAHOBIII
YPAT AH-3M

M.M. Kosyaa, €./]. Kpamckoii, B.b. Kopogin, A.B. €sécrokos, A.B. Jlozin, A.A. Kacinos, J1.1. I'puzop’csa,
A.€. Kynaza, C.M. Ma3niuenko, 10.K. Muponos, B.C. Pomanos, B.B. Yeukin, i komanoa Ypazan-3M

HecrabinpHicTh po3psaniB YparaHa-3M yTpynHsi€ BIITBOPEHHS €KCIICPUMEHTAJbHHUX PE3YJbTaTiB Ha IPOTH3i
onHiel excrepuMeHTanbHOI KammaHii. EQekTHBHUM crmocoboM yCYHEHHS PI3HHUII MK HapamMeTpaMy IUIa3MH B
pi3HEX IMIyJbcax € mepenioHizamis BU-po3psaHO0 HHM3BKONIUIFHOIO TIIJIa3MOIO, SKa CTBOPIOETHCA MAJIOIO
paMKoBoi0 aHTeHOW0. IlepemioHm3amnis 3abe3medye CTaOUIBHICTH PO3PSAIB HAa HPOTA3i BCi€l eKCIIEpHMEHTAIbHOT
KamraHii. by BUMipsHi i oniHeHI OCHOBHI IapaMeTpH NepeaioHi3aliifHol Ia3MH.
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