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The vertical displacement instability is an inherent characteristic of tokamaks using elongated configurations.
The uncontrolled growth of this instability will lead to plasma disruption, resulting in discharge termination
and damage to the device. Therefore, it is necessary to control this instability. Due to the shielding effect of
the vacuum vessel on external coils, full superconducting tokamaks typically use in-vessel coils to produce a
horizontal magnetic field for controlling vertical displacement. The control requirements for vertical displace-
ment are strongly related to the plasma current, elongation, and the passive structure of the tokamak. The
CFETR tokamak aims for a configuration with a high elongation and plasma current, leading to high vertical
displacement control system requirements. In the preliminary design phase [1], analyses were conducted
based on the rigid model, and the position of the passive structure and in-vessel coils was determined. Based
on the further simplification of the response model [2], a method to estimate the control requirements has
been proposed in this work. It provides an estimate of the minimum power required to control a given vertical
displacement and its corresponding voltage and current values. Based on this method, combined with optimal
control algorithms and ITER-like speed control algorithms, the CFETR vertical displacement controller has
been optimized. For the same control of 10% minor radius vertical displacement, the power requirement of
the controller, requiring the highest power of 598 MW, has been reduced to 164 MW. Optimized designs of
the controller significantly reduce the control requirement, allowing for robust control at lower power levels,
which can effectively lower the overall cost of the device.
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