Study on Reconstruction of Vacuum Magnetic Surface in QUEST
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In tokamak devices, the magnetic field to keep equilibrium of plasma should be generated
inside the vacuum vessel by the external coils. To avoid the inductive current on the vacuum
vessel, which is eddy current, the electrical insulation have been installed in the vacuum vessels
of tokamaks to keep high impedance. However, it is difficult to isolate the vacuum vessel in
spherical tokamaks (STs) because of narrow space of central post region. Therefore the
consideration of the equilibrium including the eddy current on the vacuum vessel should be
done. In QUEST, which is the ST device in Kyushu University, the measurement of vacuum
magnetic field was executed to confirm the accuracy of the reconstruction of magnetic flux
inside the vacuum vessel.

In this study, four methods of calculation (a), (b), (¢) and (d) are used to reconstruct the
magnetic surface. Each method has different technique to estimate the eddy current. During the
plasma experiments, the only magnetic data on the vacuum vessel is used in the magnetic
reconstruction and it is difficult to confirm the accuracy of reconstruction of the magnetic
surface inside the vacuum vessel. This time, the magnetic flux was measured on the wall and
inside the vacuum vessel using flux loops, and the measured values were compared with the
values calculated by the four methods with the data measured on the wall.

In the method (a) and (b), vacuum vessel is considered as the assembled body of loop segment
of conductor. In the method (a), eddy current in each segment is calculated by solving the circuit
equation numerically. In the method (b), eddy current is estimated by the loop voltage measured
by the flux loop on the wall and the resistance of the segment of vacuum vessel [1]. In the
method (c¢) and (d), virtual coils are set out of the vacuum vessel in calculation and the current of
virtual coils is determined to satisfy the
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