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Abstract

The "DAMAVAND" facility is an Iranian Tokamak with a highly elon-
gated plasma cross-section and with a poloidal divertor. This
Tokamak has the advantage to allow the plasma physiC3 research under the
conditions similar to those of ITER magnetic configuration. For example,
the opportunity to reproduce partially the plasma disruptions without sac-
rificing the studies of:

• equilibrium, stability and control over the elongated plasma cross-
section

• processes in the near-wall plasma
• auxiliary heating systems etc.

The range of plasma parameters, the configuration of "DAMAVAND"
magnetic coils and passive loops, and their location within the vacuum cham-
ber allow the creation of the plasma at the center of the vacuum chamber and
the production of two poloidal volumes (upper and lower) for the divertor.

1 Introduction

The "DAMAVAND" facility is an Iranian Tokamak with a highly

elongated plasma cross-section and with a poloidal divertor (Fig.l). This

Tokamak has the advantage to allow the plasma physics research under the

conditions similar to those of ITER magnetic configuration. For example, the

opportunity to reproduce partially the plasma disruptions without sacrificing the

studies of :

- equilibrium, stability and control over the elongated plasma cross-section,

- processes in the near-wall plasma,

- auxiliary heating systems etc.

The range of plasma parameters, the configuration of "DAMAVAND"

magnetic coils and passive loops, and their location within the vacuum chamber

allow the creation of the plasma at the center of the vacuum chamber and the

production of two poloidal volumes (upper and lower) for the divertor.
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Fig. 1 : DAMAVAND sections

2 DAMAVAND

2.1 Main parameters

The main parameters of the "DAMAVAND" facility are given in

Table I.
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Table I : Main Parameters of "DAMAVAND"

Parameters

Major radius of the torus

Transversal cross-section of

vacuum chamber

Toroidal field

Discharge duration

Elongation of plasma cross-

section

Plasma density

Electron temperature*

Ion temperature*

Plasma current

Max.

Ro =

2a/2b =

Bt =

t >

k** =

n(0) = 3

T.(0) =

T,(Q) =

1 , - 3 .

Values

: 36 cm

20/65 cm

' 1.2 T

15 ms

1 > 4

X 1019 m3

= 300 eV

= 150 eV

5-40kA

Under Ohmic heating.

** k is the ratio of the plasma semi-axes, K = bp/ap

2.2 Toroidal field

A toroidal solenoid Fig. 1(1), Fig. 2, made of 20 separate uniformly-

placed sections (pancakes), produces the stabilizing magnetic field. These sections

are fastened to four supporting rings Fig. 1(2) and to two load-bearing ones to

provide the necessary mechanical strength. The radial mechanical forces are

absorbed by a frame supporting externally the inductor Fig. 1(3) and made of

glass reinforced plastic pipe. The inductor frame, as well as load-bearing and

supporting rings, resist the effect of bending moments resulting from the

interaction between the currents through the toroidal field coils and the poloidal

magnetic fields.

Electrical parameters of the solenoid are given in Table II.
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Table II : Parameters of Toroidal Solenoid

Inductance

Lt(H)

5xlO3

Ohmic resistance

rt(Ohm)

5xlO2

Maximal current

I,(kA)

- 1 5

Maximal magnetic

field at Ro = 36cm

B,(T)

1.2

The magnetic field ripple in the equivalent solenoid plane does not exceed

2%.

The toroidal field coil is cooled with water allowing the toroidal field

impulses of few seconds.
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2.3 Vacuum chamber

The vacuum discharge chamber, a torus with rectangular and trapezoidal

cross-sections, are composed of two large sections (toroidal angle 144°) and two

small (toroidal angle 36°) ones. The sections are jointed together via the flanges

that are water cooled along their perimeters, and are forming a dielectric

azimuthal gap. The vacuum chamber is made of non-magnetic stainless steel of

5 mm thick.

The small section of the chamber Fig. 1(4) has a rectangular cross-section

with inner dimensions 200 x 680 mm. In each small section there are a single

vertical diagnostic window having a cross-section of 70 X 590 mm and two

trapezoidal windows across the average cross-section, at the top and at the

bottom, 35 mm in size.

The large section has a trapezoidal cross-section shown in Fig. 1(5). The

angle between lateral faces Fig.l (5a) and the vertical axis is equal to 13 degrees.

The largest dimensions of the section are equal those in the small section.

Along the whole external perimeter, the diagnostic windows are located

within the central angle of 18 degrees in the gaps between the toroidal field coils.

The window dimensions within the large section are: upper and lower windows

25 x 80 mm; windows in the middle 70 x 220 mm and 60 x 125 mm. The

total number of windows for diagnostics and evacuation is 76.

Within the large chamber sections, angle pieces are weldec. They are load-

bearing chamber belts serving for supporting the set of copper passive loops

which is protected against the direct contact with the plasma with a thin stainless

steel liner. Thus the plasma column is surrounded with the walls of stainless

steel.

In one of the cross-sections a stainless steel limiter, 3 mm thick, is located.

The limiter consists of two independent lobs and limits the cross-section to the

dimensions 2b, = 32 cm in the vertical direction and 2a, — 16 cm in the

horizontal direction.
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2.4 Passive stabilizing field

In a Tokamak with an elongated plasma column cross-section configuration

one can use a "thick" housing to preserve the preset equilibrium. However, after

a lapse of skin-time,
2n aba

the preset equilibrium will be destroyed and the plasma column will be rounded

and displaced to a greater major radius. In this expression c is the average

minor radius of the housing, 5 is its thickness, and o is the electrical

conductivity. Therefore in order to preserve the preset equilibrium for a longer

time ( ^ : , ) one needs a set of passive loops and the corresponding vertical

magnetic field produced by the currents through external conductors. A set of

passive loops is necessary in order to provide the MHD-plasma stability (above

all, the vertical stability), and to reduce the vertical instability increment to a

value inversely proportional to the skin time of the passive set. In that case, and

then the function of elongated equilibrium plasma column production is imposed

upon the poloidal field produced by external currents.

Four sections of the passive set Fig. 1(6) separated by a gap of 10 mm

wide, along the torus are placed within the vacuum chamber, in its four sections.

Each section of the passive stabilization set includes two independent elements:

internal and external. Each element, in its turn, is made of four saddle-like loops

connected with each other at the end faces. Large sections of the passive set,

along with the connections at the end faces, have four jumpers in the meridional

plane. Thus each large section is a mesh, internal and external ones. Since the

whole passive stabilization set is made of copper, it is coated with a foil of

stainless steel.

2.5 Poloidal field

The poloidal field coil set up is symmetrical with respect to the equatorial

plane of the facility. An air inductor is used for the plasma current excitation and

112



sustainment. In its structure the inductor is a three layer solenoid, 123 cm high,

with an average radius of 11.25 cm Fig. 1(3). The solenoid is inserted into a

glass-cloth-base laminate pipe and filled with an epoxy compound. The external

pipe absorbs, efforts emerging from the solenoid, as well as serves as a fixing

element and a support for the toroidal field coil. The three windings of the

inductor are usually connected in series.

The total inductance of the inductor coil is L; = 2.4 X 10'3 H and its

Ohmic resistance is T, = 3 x 10"2 Ohm. The maximal field in the inductor is

limited by its mechanical strength and is equal to 6 T, at a current of 20 KA. At

the maximal current the inductor is penetrated by a magnetic flux of 0.22 Vs.

For shaping the plasma cross-section and for controlling the plasma

equilibrium a number of poloidal field coils are used Fig. 1(7). One of these

coils, controlling the plasma column cross section, is placed between the vacuum

chamber and the toroidal field pancakes Fig. 1(8). Other Coils, producing the

poloidal magnetic field, are placed outside the toroidal field pancakes, Fig 1.(7).

Two types of the coils are used. Some coils are placed within the cuts in

special holders producing a ring-like configuration of the loops. A multiwire

copper conductor, 75 mm2 in its cross-section, within a polyvinil insulation, is

used for these coils. Other coils are made from copper pipe (busbar) having a

cross-section 12 X 15 mm2 and curved into a ring. The loops are insulated from

each other with a glass ribbon.

The parameters of the coils and their destinations are summarized in Table

III. Since the poloidal field coils are symmetrical with respect to the Tokamak

equatorial plan, the total number of turns will be twice those given in table III.

In this case, the Z - coordinates of the coils located in the lower semi-space will

be equal to those of similar coil types in the upper semi-space but taken with an

opposite sign.

The excitation coils are connected in series with the inductor, being used

for compensation of the scattered field from the inductor in the region occupied

by the plasma column.
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Table III : Parameters of Poloidal Field Coils

Number

of turns

5

10

10

4

4

2

2

3

8

10

2

8

3

16

10
5

Coordinates of the

cross-section centre

r,cm

23.5

27

27

45

45

48
50.5

48.5

49

45

73.5

74.5

74

74.5

66
61.5

± Z,cm

_

47

52.5

54.5

51.5

54.5
54.5
53

51
47

23.5

21.5

20
17

15
16.5

Cross-section

dimensions

lr,cm

1

6

3

3

3

2.5
2.5

4

5

6

2.5

5
4

5

6
2

Iz,cm

_

3
5.5

3

3

1
1

1

2

3

1.5

2

1

5

3
3

Coil type

C.c

C

C

C

C

C.c

Ex

C

V.c

C

Ex

C

C.c

Eq

Eq

H.c

C
C.c

Ex

V.c

Eq

H.c

Configuration
Configuration control

Excitation

Vertical control

Equilibrium

Horizontal control
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The equilibrium coils produce an approximately vertical field, in the

plasma column zone, confining the plasma column with respect to the major

radius.

The configuration coils produce a quadrupolar (stretching) magnetic field

extending the transversal plasma column cross-section in the vertical direction.

The horizontal control coil is used for correction of the plasma column

position with respect to the major radius by a feedback process.

The vertical control coil, together with the passive stabilization loops,

allows one to sustain the plasma column in a vertical direction by a feedback

process.

Finally, the configuration control coil allows one to correct the transversal

plasma column cross-section configuration (e.g. its triangularity).

3 Evacuation System

The evacuation system consists of two identical modules. Each module

includes a turbomolecular pump, HBT-240, and a forvacuum pump, HBP-5 DM.

Moreover, the evacuation modules are supplied with the valves for operative and

emergency disconnection (connection) from/to the vacuum chamber of the

facility, as well as with technological gauge meters for controlling the vacuum

directly in each module.

The ultimate vacuum in the chamber of the facility, reached by both

modules operating in parallel, is 1 X 10"7 Torr.

The vacuum control system allows one to measure the gas pressure

directly in the vacuum chamber, in various parts of the evacuation pipeline, as

well as to control the spectral structure of the operating gas and that of the

residual gas. Three vacuum gauge meters, are used for vacuum measurements.

A mass spectrum analyzer is used for the spectral gas structure control. The

control over all these active elements in the evacuation system is realized from

an independent unit located next to the Tokamak control board. [1]
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4 Gas Puffing

The gas puffing system includes a combination of gaseous vessels with

palladium filters, which allows one to purify and to mix hydrogen and deuterium

in any desired proportion, and a piezovalve through which the operating gaseous

mixture is puffed into the vacuum chamber of the facility.

5 Preionization

The preionization system is used for the production of a cold weakly-

ionized plasma in the discharge chamber of the facility before the emergence of

a longitudinal electric field initiating the breakdown and for sustaining the

discharge pulse in the Tokamak.

The gas preionization in the DAMAVAND Tokamak is achieved either by

a spark or by a microwave discharge.

The microwave preionization system allows one to produce a microwave

discharge in the chamber of the facility at the electron cyclotron resonance

frequency. The resonance condition is reached for the field :

B~

where Bt is the toroidal magnetic field induction, and <•> is the frequency of

oscillations. The electromagnetic wave is excited with a magnetron operating at

the wavelength A. ~ 2 cm. The second harmonic of this frequency corresponds

to the magnetic field B ~ 1,07 T (this value is close to the field magnitude at the

radius Ro — 36 cm). Operating conditions for the magnetron are : anode voltage,

Ua = 12 kV; pulse duration, At = 200 /us; the generated power, P ~ 40 kW.

6 Glow Discharge Conditioning

Production of a pure plasma with a low level of impurities depends, to a

great extent, on the conditioning of vacuum chamber and limiter walls. The
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conditioning of the vacuum chamber is realized with a glow discharge. Glow

discharge electrodes are made of stainless steel rods, 10 cm long, and ~ 1 cm

in diameter. They are introduced into an upper or a lower port through the

insulators within the large section of the vacuum chamber in two cross-sections.

A potential positive relative to the chamber is applied to the electrodes. The

conditioning is accomplished by a discharge in argon (xenon) for 2 hours, in

helium for about 4 hours and in hydrogen (deuterium) for about 4 hours. The

discharge parameters are : current I — 0.5 A, voltage U — 1 kV. After the

evacuation of the chamber to a rather high vacuum (P < 1 x 106 Torr), further

conditioning up to the operating conditions is achieved by Tokamak discharges.

7 Feedbacks

Two identical systems of automatic control are used for stabilization of the

plasma column position with respect to the major radius and with respect to the

vertical direction. The automatic control system circuit includes the plasma

column (the object of the control), the diagnostics of displacement, a regulator

and an executive device, a control coil, and a power supply source (capacitor

bank) including a voltage converter. The diagnostics of displacement include a

Rogowski coil and magnetic probes, integrators, a divider, a programmator and

a summator. An autonomous voltage inverter is used as a converter. One

capacitive storage, C = 0.09 F, U = 1 kV, is used as a power supply for

voltage inverters in both systems of automatic control (with respect to r and Z).

The operating voltage is Up = 250-400 V. Both systems operate in a free-

running mode, at f ~ 1 kHz, maintaining the position of the plasma column with

respect to r and Z, within an accuracy of the order of 2 mm.

On the Tokamak there is a system compensating the electromotive force

induced in the control coils with respect to the radius and with respect to the

configuration, by the inductor, by the equilibrium coil and by the configuration

coil.
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8 Power Supplies

Toroidal and poloidal magnetic fields coils of Tokamak are fed by 8 power

supply systems.

Every power supply system includes main elements shown in Fig. 3.

Each poloidal coil (Table III) can be connected with different power

supply.

The parameters of power supplies are presented in Table IV.

-380V

Fig. 3 :
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1 : 3 - Phase thyristor switch; 2 : rectifier; 3 : current commutator;

4 : device for the automatic control over the level of charging

capacitor C, R : resistor.



Table IV : Parameters of Different Power Supplies

No.

1

2

3

4

5

6

7

8

Destination

T.F.

SIB

FIB

EFB-1

EFB-2

SFB-1

SFB-2

FBB

C
F

0.21

0.06

0.0066

0.01

0.01

0.03

0.03

0.09

Rectifier

5kV,5A

5kV,5A

5kV,3A

5kV,3A

2kV,5A

5kV,5A

5kV,5A

lkV,lA

Commutator

4 Spark gaps
HPT-5

2 Spark gaps
HPT-5

1 Spark gap
HPT-5

1 Spark gap
HPT-6

1 Spark gap
HPT-6

1 Spark gap
HPT-5

1 Spark gap
HPT-5

2 Voltage
Invertor

vo
kV

3

3

5

2.5

2

2.5

2.5

0.4

Ipulse,
kA

15

15.5

13

4

3.7

9

9

0.5

T.F.
S.I.B.
F.I.B.
E.F.B - 1
E.F.B - 2
S.F.B - 1
S.F.B-2
F.B.B.

Toroidal field bank,
Slow inductor bank,
Fast inductor bank,
Equilibrium field bank-1,
Equilibrium field bank-2,
Quadropolar field bank-1,
Quadropolar field bank-2,
Feedback bank,
Working voltage.
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9 Diagnostics

The initial set of diagnostics for DAMAVAND includes various diagnostic

means providing the measurement and the control of the main plasma parameters,

necessary at the start-up and at the adjustment stage, as well as in further

research program. Moreover, the diagnostics provide signals for controlling the

systems producing and sustaining an equilibrium plasma configuration.

The main diagnostics means included in the initial set art summarized in

Table V. Layout of Tokamak diagnostics is shown in Fig. 4.

Table V : Initial Set of Diagnostics for DAMAVAND

No.

1.

2.

3.

4.

5.

6.

7.

Diagnostics

Magnetic probes and flux loops

Spectroscopy in visible range

Langmuir probes

Bolometers

Scanning Atomic particle
analyzer with a solid target

Scanning photoelectron
spectrometer

Diagnostics of hard X-ray
radiation

Measured Parameters

Plasma configuration, MHD-
perturbations.

radiation of hydrogen and
impurities

temperatures Te(r,t), T;(r,t)
density n;(r,t) at the periphery

radiation losses

ion temperature T;(t)
ion distribution function

electron temperature Te(r,t),
electron distribution function,
radiation of impurities

level of hard X-rays
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10 Plasma Parameters

In the table I are presented the manimal plasma parameters obtained in the

first experiments.

Typical plasma current oscillograms Ip, loop voltage Uo vertical Az and

horizontal Ar position of the plasma column, hard X-ray HX, optical lines D/8,

Carbone III, Carbone IV are given on Fig.5,6,7. Values of plasma electron and

ion temperature is presented on Fig.8.

11 Conclusion

In conclusion, the construction and the operation of Damavand, a medium-

aspect-ration small-sized Tokamak will enable the A.E.O.I to provide a valuable

contribution to the National Fusion Programme.
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Fig. 5: Hard X-ray diagnostic
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Plasma Physics Department of Atomic Energy Organization of Iran

believes that, based on the research opportunities offered by Damavand new

possibilities, the Islamic Republic of Iran can make an important contribution to

the international fusion programme, and increase its own technological base on

this field.

Reference

[1] AMROLLAHI, Reza : "Iran et Tokamak", Doctoral Degree Thesis,

University of Paris, 1994.

126


