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Active control of MHD modes is receiving increasing attention. Control of the n = 
vertical instability is well established and has very significantly extended the performance
of tokamaks. Currently, experiments are in progress on DIII-D to test feedback control
of external, pressure driven n = modes, with the aim of increasing the beta limit
for advanced scenarios with improved confinement. The RFP needs active control of
nonresonant, external = low-n modes to remain stable over many wall times.

The talk will present a combined MHD and Control analysis of stabilization schemes
for the resistive wall mode. Both an analytical model, based on cylindrical theory, and
true toroidal MHD analyses of high-pressure advanced tokamaks will be described. The
models use low-order rational transfer functions to describe the flux perturbations in
sensor coils resulting from currents in the active feedback coils. These transfer functions
account for currents induced in the plasma and the resistive walls. The transfer functions
are used for controller design, subject to constraints of good performance and limited
gain. Control analysis is used to determine for what controller structures and response
times reasonable design criteria can be met.

For tokamaks, the theory gives rather optimistic predictions concerning stabilization
of high-beta n = modes, as long as sensors for the perturbed poloidal field can be
placed inside the first wall. A simple PD controller works well, and the time constant
of the feedback system can be several resistive wall times. Furthermore, the structure
of the MHD instability need not be matched particularly well by the feedback field.
Poloidal sensors are clearly superior to sensors for the radial magnetic field. In cases
where the sensors must be placed outside a first conducting wall for technological reasons,
the requirements on response time and structure of the controller are more demanding;
here a double lead filter is required and the response time must be a small fraction of the
wall time.

The theoretical results will be compared to experimental results from DIII-D. Criteria
for an n = control system for ITER-FEAT with a double wall will be described, and
poss]ible schemes for active stabilization of RFP's will be discussed.


