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Abstract

We describe the design and construction of a small Tokamak
for research purposes, with the following main characteristics:
R = 0.23 m., aD = 0.06 m., Ipmax - 12.0 kA, T e = 150 eV,
T¿ - 50 eV, BT

F= 4.7 kG, t£ = 5 msec.

The predominant design conditions were: stray field due to
the ohmic heating transformer = 10 G, toroidal magnetic field
ripple -0.3 % at R = 0.23 m, vertical equilibrium magnetic field
B = 150 - 515 G, with appropiate decay index no - 0.5, and many
access ports for diagnostics with a total area of 617.78 cm2.

The tokamak operation in the discharge cleaning regime has been
obtained with a pulse rate of 2 pps, a base pressure of 8.5x10"B

Torr, and a gas (H2) pressure of work between 1.5 and 4.7x10
-

Torr.
\-1*

1.- Basic Parameters

According to the Krushal-Shafranov Stability criterion IM

Ip < 2 , a^ BT/uo qR o

Given a = 0.06 m, R = 0.23 m, B_ = 0.47 T and q = 3, we
obtain p o T

I < 12 kA

The maxium achievable density which can be contained by the
poloidal field is 111

ne kT 1 % /2»o < BT V V
w i t h n e= 2 .0 x 1 0 1 9 m"3 We o b t a i n

i £ B 2 / 2 y o k n e = 2.3X10 6 cK

= 200 eV
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A rough estimate of the ion temperature was made by using
the semiempirical relation due to Artsimovich 111
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With this value the poloidal beta result

Sp = nkT / (B^ / 2 P Q ) = 0.997

2.- Discharge vessel and Vacuum System /4/

The discharge vessel is made from four readily available
316/L stainless Steel 90° bends of 0.0032 m wall thickness.
Interconnection is made by means of flanges containing viton
O-rings to provide four insulating voltage gaps.

An effort has been made to provide the to torus with a large
number of access ports in order to give it flexibility for
purposes of future, more sophisticated diagnostics set ups. In
view of this the toroidal field coil was designed accordingly.
The total access area is 617.78 cm2.

The Base vacuum pressure reached with a turbomolecular
pump (Balzers, TPU/500) is 4.0 x 10"8 mb.

The simple cleaning procedure used with the four bends was:
Washing with detergent and after this with acetone, the entire
chamber is baked to 60°C and the viton O-rings were cleaned with
isopropyl alcohol.

Residual gas partial pressures is monitored and measured
with a Quadruvac mass analyser.

3.- Toroidal Field System IM

The design of the toroidal field has been done in terms of
making use of an oil-filled capacitor bank (62yf/20kv) and AWG/4
wire for the toroidal coil. The toroidal coil consist of 12
modules, each one with 6 Layers (5 turns each). The ripple is
lowered placing the toroidal coil excentric (in major radius
direction) with respect to the centre of the plasma by a distance
of 3 cm.
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The main parameters of this system are: B™ = 0.47 T,

It = 1500 A, = 0.3fi, the Ripple at RQ = 0.23 m is less 1%.

4.- The Ohmic Heating Transformer (OHT) /4/

We considered 3 geometrical arrangements for the central
bobbin: straight cylinder with reinforcements at top and bottom;
staircase geometry of 4 o 5 straight cylinders of different
radii, one over the other; hourglass geometry of circular
profile whose center is the Toroidal coil Center. Results for
the hourglass and staircase bobbins are similar; however, the
hourglass bobbin has a 10% exceses of rise time and 1% excess
of coupling over the staircase and the straight cylinder. In
what follows, consideration will be given to the hourglass
bobbin (122 Turns).

The energy source for the OHT consists of a combination of
two capacitor banks (fast-slow).

Vf = 12 KV, Cf = 0.44 mf, Vs = 1700 V, Cg = 4500 mf

5.- Vertical Field System /4/

We looked for a "barrel" vertical field structure which
helps in cancelling the horizontal strong field of OHT.

As for the OHT System, two capacitor banks (fast and slow)
are used for the vertical field system.

Vf = 1700 V, Cf = 0.736 mf

Vc = 250 V, C = 45 mf
Z(ca)

R(c»)

.Superposition of the
OHT and the vertical
magnetic fields. A
cross sectional view
of the OHT, vertical
and compensation
coils are also shown.
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The Tokamak Operation in a discharge cleaning regime has
been carried out with a pulse rate of 2 pps, base pressure of
8.5x10"8 Torr, and a gas (H2} working pressure between 1.5 and
4.7X10-1* Torr. The 17.5 HKZ, 20 Kw RF power oscillator circuit
consists of: a TBW 7/8000 water-cooled triode, plate power
supply, tank circuit, and grid pulser. RF pulses of 0-50 msec
are produced with a peak-to-peak voltage 10KV and a current of
70 A rms. In the discharge cleaning mode the toroidal field
is pulsed at 600 G.

The Tokamak discharge, which constitutes the physical
starting operation of the device has been accomplished with a
toroidal magnetic field of 550 G, without vertical magnetic
field yet. The plasma current was measured as 1200 A for a
300 u seg lasting time. The ohmic heating system was supplied
only with 301 of its nominal power.

We hope having this parameters improven in the next months.
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