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A Tokamak, considered as the primary candidate for fusion power reactors, faces an issue
where its vertical position becomes unstable due to the elongation of the plasma cross-section
that contributes to increasing plasma pressure and improving confinement. A method to stabilize
an unstable vertical position by applying a non-axisymmetric magnetic field to a tokamak plasma
is known, but the helical coils mainly used to generate the non-axisymmetric magnetic field
increase the size of the device. In order to solve the above issue, this study examines whether the
vertical position of the plasma can be stabilized by the non-axisymmetric magnetic field
generated by multiple saddle coils, which have a simple and non-axisymmetric shape and do not
enlarge the device.

The vertical position stabilizing effect of the saddle coils was verified both experimentally
and numerically. On the experimental side, to enable below experiments, the small tokamak
device PHiX was modified and a new method was introduced to enable measurement of the
plasma position. Tokamak experiments were performed in PHiX after those modifications, and
the vertical position stabilizing effect due to the saddle coil magnetic field was experimentally
confirmed. Furthermore, it was found that the vertical position stabilization effect was
proportional to the square of the saddle coil current.

On the numerical side, a three-dimensional equilibrium calculation of the plasma was
performed using the VMEC code to investigate the effect of the saddle coil magnetic field on the
flux surface shape. Those VMEC results suggested that the equilibrium whose vertical position
was stabilized in the experiment had an elongated cross-section in toroidal average. In addition,
the results of ideal MHD calculations with the TERPSIHCORE code also reproduced the
experimental results.

Both experimental and numerical results led to the conclusion that the non-axisymmetric
magnetic field generated by the saddle coils effectively stabilizes the unstable vertical position
of a tokamak plasma with an elongated cross-section.
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