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In this work, we discuss the preliminary analysis of some disruptive plasma discharges in the TCABR,
tokamak, operating in the high density limit. The Fourier analysis of the MHD activity was greatly
facilitated because the magnetic coils inside the TCABR were installed as to take into consideration
the toroidal geometry of the system, in a straightforward manner. What we have observed is that
the m = 3,4 and 7 MHD components dominate during almost the whole discharge duration, whereas
the m = 2 MHD mode increased substantially just before the occurrence of a major disruption.
Also, we could estimate the angular velocity of the magnetic islands, which was observed to increase

up to three times just before the major disruption.

I Introduction

It has been experimentally proved that the use of mag-
netic coils are essential for determining the MHD com-
ponents, responsible for triggering the disruptive phe-
nomenon in tokamaks. The disruption instability im-
poses severe restrictions on the plasma current and par-
ticle density [1], causing a sudden expansion of the
plasma column, which is followed by a large negative
spike in the Vioop signal, in spite of the apparent normal
evolution of the plasma discharge [2]. It is usually pre-
ceded by intense MHD activity (Mirnov oscillations).

Theoretically, the basis on which this instability oc-
curs in tokamaks is not totally well known, yet. Usually,
the high density disruptions are understood as being
triggered by an interaction between magnetic islands
[3]. Experimentally, in most tokamaks it has been ob-
served that the m = 2 MHD component (correspond-
ing to the magnetic islands located within the surface
g = 2) grow exponentially, triggering the disruption.

IT Experimental set-up

The TCABR tokamak is a middle size tokamak with
the main parameters showed in Table 1. The magnetic
coil system is composed of 22 magnetic probes, installed
around one rectangular cross section inside the vacuum
vessel of the tokamak [4], as shown in Fig. 1. Each
probe has two windings, perpendicular to each other,
one in the R direction and the other one in the Z di-

rection.

TABLE 1. Main parameters of the TCABR tokamak.

Toroidal Magnetic Field Bt 1.07 T
Major Radius R, 0.61 m
Minor Radius a 0.18 m
Plasma Current I, 100 kA
Discharge Duration T4 150 ms
Electronic Central Density Ne 3x10* m~3
Electronic Central Temperature T. 400 eV
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Figure 1. Upper view of the TCABR tokamak, showing the
rectangular cross section where the magnetic coil system is
installed.
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The positioning of the magnetic probes was chosen
as to take into account automatically the toroidal ef-
fects of the system due the toroidal geometry of the to-
kamak (Fig. 2). This correction was introduced by fol-
lowing the angular distribution given by the Merezhkin
correction, [5]

0" =0+ Asinéd (1)
where 6 is the poloidal angle considering (in the cylin-
drical approximation) an equal angular distribution for
the coils, and A is given by the following expression [5]:

A= Byl 4 5lrm) +1] (@)

where f3, is the beta poloidal and /; is the internal in-
ductance of the confined plasma.
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Figure 2. Rectangular cross section of the tokamak show-
ing the position of each magnetic probe, distributed in the
poloidal direction, taking into account the toroidal effect
due to the toroidal geometry.

The effective area (sensibility) of each coil was ex-
perimentally determined by creating an oscillating mag-
netic field using a Helmholtz coil, with amplitude of
1.8 x 1075 T. The frequency range of the oscillating
magnetic field was chosen between 5 kHz and 40 kH z.

During the experiments, all the 44 probe signals
were bandpass filtered, between 1 kHz and 100 kH z,
and amplified electronically. Afterwards, these signals
were digitalized and saved using the TCAgs (acquisition
data system of the TCABR tokamak), with 250 kHz
of acquisition sampling rate. A computer program was
constructed to Fourier analyse the experimental data
and to calculate the dominant MHD modes present on
the disruptive TCABR discharges analyzed.

IIT Experimental data treatment

Some procedures have been followed to treat the ex-
perimental data from the magnetic coil system, using
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a computer program. First, the program considers the
effective area of the coils, obtained from the calibration
and, afterwards, it calculates the magnetic field compo-
sition measured by the two coils of each probe, in the
poloidal direction.

Also, the computer program calculates the angular
position of every probe (equation (1)), using A from
the equation (2), which is measured from the vertical
equilibrium field (B,), as given by the equation [6]:

BU—M[1H<SQ>+A—1] 3)

 dmr, ap 2
where A is the Shafranov parameter, defined by

¢
A=p,+ 3~ 1 (4)
where 3, is the beta parameter and [; is the internal
inductance of the plasma. Therefore, for the TCABR
tokamak, equation (2) can be written as

a 3
A= — TCABR e 5
o (spermn s Q
where the ﬂgCABR corresponds to the beta parameter

as measured from the MHD equilibrium. The computer
program also considers that the perturbed magnetic
field, as measured by the Mirnov coils, has a depen-
dence with the distance given by:

% 1
B (0k) < = (6)
T

where B,,(6;) is the experimental data, as measured
by the probe at the 6y poloidal angle, and 7y is the
ratio a/by, being a the plasma column radius and by
the distance between the plasma column center and
the magnetic coil located at angular position 6 (which
is different for each probe because of the rectangular
cross section of the conducting walls). To calculate the
contribution of each MHD mode, in each plasma dis-
charges, the program uses the following expression [7]:

Bun(01) = A cos (mBg) + B sin (my)  (7)

where the Fourier constants A4,, and B,, are calculated
by the following equations [7]:
11 .
A, = T [kz_; B, (0k) cos (mt‘)k)} (8)

22
1 z .
B, = a {Z B, () sin (m0k)} 9)
k=1
Finally, the computer program creates a new set of cor-
rected poloidal signals, which are then Fourier analyzed
in a straightforward manner.
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IV~ Analysis of a disruptive dis-
charge

In the TCABR tokamak, disruptive discharges are ob-
tained whenever the machine is operated at the density
limit (7, > 3 x 10! m~3). During these plasma dis-
charges, plasma currents of approximately 80 kA are
obtained for about 50 ms, until the occurrence of a
major disruption. Typically, the loop voltage is about
2 V, with no significant H, emission or hard X — ray
emission. The experimental magnetic signals picked up
by the Mirnov coils, however, show typical Mirnov os-
cillations, with frequencies in the range of 10 kHz to
15 kHz.

Fig. 3 shows the experimental signals of a discharge
(shot No 2017) in the high density limit. It is observed
a major disruption in ¢ = 86.8 ms, that annihilate the
plasma in 7 ~ 20 ms. Note that the Mirnov oscil-
lations have a constant amplitude during almost the
whole discharge, until the disruption takes place (be-
tween t ~ 50 ms and ¢t ~ 85 ms), which indicates a
saturation of the magnetic islands. The safety factor
for this discharge was calculated to be ¢(a) ~ 4.4.
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Figure 3. Shot No 2017 of the TCABR tokamak operating
in the high density limit. A major disruption occurs in
t=86.8 ms (arrow at the bottom). After that, the plasma
current decays to zero in about 20 ms.

The same experimental signals, now expanded

Brazilian Journal of Physics, vol. 32, no. 1, March, 2002

around the disruption time, are shown in Fig. 4. Ob-
serve that at t = 85.2 ms, the amplitude of the MHD
activity decreases considerably, at the same time a spike
is observed in the hard X-ray non-integrated signal. Af-
ter that, in t = 86.3 ms, the Mirnov oscillations am-
plitude begins to grow exponentially, during approxi-
mately 0.5 ms, until the occurrence of the disruption
in t = 86.8 ms.
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Figure 4. Shot No 2017 of the TCABR tokamak expanded
in time around the occurrence of the disruption. In t = 85.2
ms (arrow No 1), MHD activity decreases considerably. In
t = 86.3 ms (arrow No 2), the Mirnov oscillation amplitude
grows exponentially until disruption occurs, in t = 86.8 ms
(arrow No 3).

Experimentally, the exponential growth rate of the
MHD activity, just before the disruption, was calcu-
lated to be Yexp = 8.9 x 10* s7!. Comparing this value
to the theoretical resistive growth rate, calculated to be
Yres = 3.1 X 10% s71, (the theoretical value of the ideal
growth rate was calculated to be Yigeal = 1.3 x 10¢ s71)
the disruptive event in this discharge could be explained
in terms of an interaction between magnetic islands.
The frequency of the precursor oscillations was also ob-
served to increase from 10 kHz to 13 kHz, in approx-
imately 0.2 ms before the disruption takes place. This
probably means that the angular velocity of magnetic
islands also increased substantially during this short pe-
riod of time.
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As to compare the evolution of the MHD poloidal
modes existing in this plasma discharge, we Fourier an-
alyzed the experimental signals between ¢t = 75 ms and
t = 76 ms, when there was no evidence yet of any
precursor to the disruptive instability. It was then ob-
served that the MHD modes m = 3,4 and 7 were domi-
nant (Fig. 5), and the angular velocity of the magnetic
islands, between these two instants of time, was esti-
mated to be wre; = 1.6 x 10® rad/s.
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Figure 5. Polar diagrams (left) and MHD spectra (right),
calculated at (a) t = 75 ms and (b) t = 76 ms, for the shot
No 2017 of the TCABR tokamak.
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Figure 6. Polar diagrams (left) and MHD spectra (right),
calculated at (a) t = 86.3 ms and (b) t = 86.75 ms, of the
shot No 2017 of the TCABR tokamak.

The same calculations were also carried out just be-
fore disruption, for the same plasma discharge. As ob-
served in Fig. 6-b, the MHD modes corresponding to
m = 2 and m = 7 are clearly dominant, just before the
disruption (t = 86.75 ms). The angular velocity of the
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magnetic islands just before disruption, was estimated
to be wrot = 5.0 x 103 rad/s. New coils are being po-
sitioned inside the vaccum vessel, in different toroidal
position, to verify the n number for these modes.

VvV Conclusions

Some disruptive discharges, that occurred when the
TCABR is operated at the density limit, were analized
in this article. It was observed that the Mirnov oscilla-
tions, along the discharge, have a frequency of 10 kHz.
It was also determined that the m = 3,4 and 7 MHD
modes dominates during the whole discharge, with an
angular velocity of the corresponding magnetic islands
estimated to be 1.6 x 103 rad/s.

However, just before disruption (approximately
0.2 ms before the occurrence of the disruption), it
was observed that the Mirnov oscillations frequency in-
creases up to 13 kHz. At this time, a larger contri-
bution of the m = 2 MHD component was calculated,
which probably was the responsible for triggering the
disruption. The angular velocity for the corresponding
magnetic islands was estimated to be 5.0 x 103 rad/s,
three times more than during the rest of the discharge.

Finally, the exponential growth rate of the Mirnov
oscillations was compared to the theoretical values, re-
lated to the resistive and ideal growth rates, from which
we inferred that the occurrence of the disruption could
be explained in terms of a magnetic islands interaction.
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