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Shaping of tokamak plasmas is studied extensively as it is associated with improved per-

formance in a potential fusion reactor. The TCV tokamak is particularly suited for this line of

research due to its elongated vessel cross section and a set of 16 independently powered poloidal

field coils. Elongated plasmas further require the active stabilization of the n=0 vertical insta-

bility to avoid loss of vertical control and consequent plasma disruption. While relying on the

same actuators - the poloidal field coils - these coupled stabilization and control problems are

characterized by different time scales. The goal of this study was, accordingly, to decouple these

problems and solve them separately.

Real time equilibrium reconstruction is a suitable observer for estimating plasma deformation

with respect to a desired shape, while being too slow for plasma vertical displacements since its

computational time is comparable to the instability growth rate of most elongated plasmas. The

unstable vertical position estimate for control therefore includes as well linear combinations of

fast magnetic measurements.

Using a control-oriented model for the coupled plasma-vessel-coils dynamics, plasma verti-

cal stabilization is optimized at high frequencies while maintaining available the whole set of

poloidal field coils for plasma positioning and shaping at low frequencies. It is in fact possible

to derive an optimal control direction including all poloidal field coils from a desired plasma

equilibrium, maximizing the coupling with the fast unstable dynamics of the system and mini-

mizing the input request in terms of power supplies voltages to avoid saturation. The controller

is then designed using robust control tools to obtain the desired performance.

On longer time scales, plasma shape and position disturbances are corrected by a controller

designed for diagonalizing the plant at low frequencies, which modifies appropriately the poloidal

field coils currents. Coil combinations and shape observers are designed basing on a new static

equilibrium model that is derived from the linearization of the Grad-Shafranov solution for a

current perturbation in the poloidal field coils.

Experimental results will be presented to illustrate the efficacy of the new controller in ded-

icated plasma discharges. The goal is to provide TCV with a reliable and universal tool for

feedback shape control, including the most advanced configurations like negative triangularity

and snowflake plasmas.
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