
ENGINEERING ANALYSIS OF NEW BRAZILIAN TOKAMAK
A.G. Tuszel

Instituto de Ffsica, Universidade de Sao Paulo
C.P. 20.516, 01498 Sao Paulo, SP, Brazil

The aim of the TBR—2 project and the basic concept of the machine were
described in the paper "The TBR—2 Project" also presented at this workshop.

The engineering basic headlines are the following:
a) The main power supplies must be designed taking the relatively weak power grid of the

University of Sao Paulo into account.
b) Simple structure; easy construction within national means; dependable pulsed operation.
c) Critical design items commonly found in other tokamaks must be avoided or simplified.
d) The machine will be of the air-core type to get a better control of the various magnetic

configurations, and to achieve a more compact aspect ratio without sacrificing the
access to the plasma.

e) To get a better coupling between the plasma and the poloidal coils, these will be
mounted between the inner legs of the toroidal coils and the vacuum vessel.

f) The vacuum vessel must permit the largest number of ways to install diagnostic
equipments and auxiliary devices for heating and current drive experiments, and to
permit maintenance of the Hmiters.

g) The toroidal coils should be demountable to permit modifications and even the removal
of the vacuum vessel.

TOROIDAL COIL
It is designed to achieve an induction of 1.5 T at the center of the plasma

column (R = 0,56 m) with a current of 65.6 kA. The coil is made of 16 bundles of 4
windings each and is represented on fig. 1. The size of the windings is a trade-off between
conflicting parameters: resistance of the coil, cost and available space for the conductors.

The windings will be made of extruded and subsequently machined copper
plates, free of oxygen, with an ultimate strength of 250 MPa.

The stresses caused by the electrodynamic effects were calculated in detail by
specific computer codes. There is a radial inward force of about 300 kN applied on each
winding. The net effect of the out of plane forces results in a torque around the horizontal
axis, reacted by the surrounding structure. The highest stress in the coil reaches 52 MPa.
The case where one winding is accidentally short-circuited leads to a 409 kN force on each
adjacent winding and perpendicular to it. This yields a maximum stress of 86 MPa.

A longitudinal hole in the inner leg of the coil will permit an adequate
cooling of the copper whose maximum temperature will reach 56°C after a transient regime
of 50 min (1 tokamak pulse every 5 min.).

The inductance of the toroidal coil was calculated both analitically and by
computer code to be 3.45 mH. The resistance at 55°C reaches 2.3 mil. This leads to a time
constant of 1.36 s.

Further calculations with specific computer codes were made to obtain the
toroidal magnetic induction everywhere in the toroidal coil and also the percentual ripple of
the induction at the external boundary of the plasma. This yields 0.3%.

POLOIDAL COILS
The system of poloidal coils include the ohmic heating (OH) coils, the

vertical field (VF) coils, the shaping coils (SF) and the horizontal coils (HF). All these coils
are mounted within the toroidal coils. The flux variation obtained by current variation in
the OH coil induces a plasma current which can be controlled by adjusting the rate of
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decay of OH current.
The total flux required was estimated to be A0, ~ 2 L I + VT t^ where

t P P Li p

2L I ~ 0.47 v.s; V^ = loop voltage = 1.8 v (1.3v with boronization) and t = plasma flat

d i 076 Thi i ld A^ 8 Th fl i h ih
-top duration ~ 0.76 s. This yields A^t ~ 1.85 v.s. This flux is high, showing the
importance of a good coupling between OH cicuit and plasma. To optimize the plasma
duration but to reduce the electrodynamical stresses in the OH coil, the current is
increased up to the maximum available from the supplies (generator + transformer +
rectifier) and further boosted with a capacitor bank. Then it decays quickly at the begining
to ionize the plasma through a high loop voltage, later it decreases slowly in a controlled
manner to keep the plasma current constant, crosses zero and increases in a controlled way
in the opposite polarity up to the maximum available from the generator supply (about 18
kA). The OH coils include a main solenoid and 3 pairs of complementary coils to minimize
the spurious OH field in the plasma region. The vertical and horizontal field coils ?.nd the
shaping field coils were designed with the help of a set of computer codes developed for
equilibrium studies by the Professors Gerald A. Navratil from Columbia University. Wang
ShacH-Hua and Chen Yun-Hui from Academia Sinica. These coils have a small number of
windings and are mounted close together and close the ohmic complementary coils.

SUPPLY SYSTEMS (see diagram fig. 2)
The power grid of the University of Sao Paulo has a short-circuit power of

only 1.3 GVA. The allowed step of consumed power is 13 MVA. about half the required
peak power during the tokamak pulse. Furthermore, the highly priced demand term, part
of the energy cost, would mean an unaffordable operational cost of about US$ 200,000 per
year. As an alternative, we considered first the design of special homopolar machines; but
lastly we received from the CESP company via Electrotechnical Institute, 2 used
turboalternators of 6,250 kVA which meet our requirements, according to detailed
calculations.

One alternator will supply the toroidal coil through a 15 kV class air
contactor, a dual secondary transformer, and a 12 pulse diode rectifier. Two 36C kgm
flywheels, mounted on their own bearings, will be added to the alternator to supply the
toroidal current during its building phaso and during up to its 1 second maximum fLt—top.

The speed decays from 396 s~ up to 282 s~ during the pulse and is then accelerated back
by an auxiliary SCR controlled DC motor. All the components of the flywheel group will be
mounted on a mainframe, supported by 20 antivibration dampers. The peak delivered
power to the coil will be 9.9 MW.

The other alternator will supply the OH coil through a dual secondary
transformer and a 12 pulse 4 quadrant SCR controlled rectifier. Further components are
represented on fig 2. They are needed to obtain the initial overvoltage for plasma
breakdown. No flywheel is needed as the modest required energy can be furnished by the
rotor kinetic energy. The peak power delivered by the rectifiers to the OH coil will reach
13.5 MW and the peak controlled current will be 18 k.A.

VACUUM SYSTEM (Fig. 3)
The components of this system are essentially:

- the vacuum vessel, of rectangular cross-section, made of 304 LSS and split in 2 halves
joined by viton or better seals (an alternative with continuous vessel including bellows
sectors to increase the total loop resistance is under study). A lot of large ports is provided
to be able to install many diagnostics and auxiliary heating devices.
— the vacuum pumps; we designed a set of 2 mechanical low vacuum pumps plus 2
turbomolecular high vacuum pumps designed each for 500 l/s flow. We will design and
construct in our institute, a further 4 pumps of the titanium sublimation type.
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- the valves, ducts, bellows and flanges will be made of 304 SS.
- the instrumentation devices: total pressure sensor, partial pressure (quadrupolar)
analyser.

SUPPORT STRUCTURE
This will have to support and secure the coils and the vacuum vessel and will

be designed to withstand the various forces applied to it. It will basically include 2 large
rings, one upper and one lower to support the toroidal coils. These rings will be linked
through oblique arms designed to increase the stiffness of the structure, without sacrificing
the access to the vacuum vessel.

DATA ACQUISITION
The system will basically convert the analog signals (up to 77 channels) to

the digital form through versatile waveform digitizers. The data is stored first into local
memories and then transferred into PC AT or XT computers.

A further level of data acquisition and data processing will be obtained thank
to a micro VAX computer linked to the PC computers and to the larger computer of the
Institute, forming a network with coordinated levels of computing capacity.
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