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Abstract. The simultaneous use of feedback control for error field correction (EFC) and stabilization of an
unstable resistive wall mode (RWM) has been demonstrated in DIII-D. While the conventional EFC method
addresses error fields in a pre-programmed manner, it is challenged when an unstable RWM becomes dominant,
because a weakly stable or feedback-stabilized RWM becomes extremely sensitive to any small, uncorrected
resonant error field. Since the DIII-D tokamak is uniquely equipped with internal coils for fast time response and
external feedback coils for slower time response, independent magnetic feedback control in low and high
frequency ranges allows us to explore the specific roles of EFC and direct feedback (DF) in active RWM control
in stable, marginal and unstable RWM regimes. For an unstable RWM at the edge safety factor gos~3, the
simultaneous operation of DF with the internal coils and dynamic (feedback-controlled) EFC with the external
coils enabled us not only to stabilize the unstable RWM but also to determine the necessary EFC in the presence
of a feedback-stabilized RWM. The gain dependence of the feedback-stabilized RWM differs from those of
stable and marginal RWMs. Recent experiments and modeling show that the gain increase at stable RWMs (at
qos5~5 or 6) leads to the coil current increase, while a marginal RWM (at gys~4) is insensitive to the feedback
gains. In contrast, according to an analytic cylindrical model, the EFC in the unstable RWM regime is predicted
to require high gain to approach the desired correction current. This is also consistent with numerical RWM
feedback modeling using the MARS-F code. It has been shown that a choice of an “under-relaxation” factor with
high feedback gain could achieve “fast-track” EFC, requiring far fewer iterations than the conventional EFC
method. Broadband magnetic feedback beyond a wall characteristic frequency r;,] enhanced the damping rates
of resonant magnetic perturbations induced by various bursty MHD events, helping to create and sustain high-
performance plasmas. The established methodology to determine the optimized EFC waveform with the
simultaneous use of feedback control of EFC and DF is applicable for various operational scenarios with
pressure beyond the no-wall ideal stability limit. In particular, it would be highly valuable when the onset of
unstable MHD is sensitive to the quality of EFC.
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