Feedback stabilization of current-driven

resistive-wall-modes (RWl\/IS) at q95 4 In DIII D

Yongkyoon In?

In collaboration with

I.N. Bogatu!, A.M. Garofalo?, G.L. Jacl_<son2
J.S. Kim!, R.J. La Haye?, M.J. Lanctot3, =

L. Marrelli4, P. Martin, M. Okabayash|5 |
H. Reimerdes3, M.J. Schaffer?, and E.J. Stra|t2i

IFAR-TECH, Inc., San Diego, CA, USA |
2General Atomics, San Diego, CA, USA L
3Columbia University, New York, NY, USA_
4Consorzio RFX, Padua, Italy -
*Princeton Plasma Physics Laboratory, Prine |

Nprm’l.n’m’an—mg 50t APS-DPP annual meeting, Nov.17-21, 2008, Dallas, Texas V)\FAR'TECH



Reproducible current-driven RWM enables us to

explore the RWM feedback process

* Due to the irreproducibillity of pressure-driven
RWMs, the RWM feedback process has not
peen evaluated thoroughly.

e The RWM feedback control can be assessed
using a reproducible RWM target at g ~ 4.

* The experimental results help us evaluate
various RWM feedback performance, as well
as the RWM feedback process.
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Complete feedback stabilization of current-driven

RWM at q4s~4 has been achieved in DIlI-D
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Ohmic discharge with high
current ramp-up rate

Tools

— Internal coils (“I-coils”):
Direct Feedback + Dynamic
error field correction (EFC)

— External coils (* C-coils™):
Static EFC
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Complete feedback stabilization of current-driven

RWM at q4s~4 has been achieved in DIlI-D
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The RWM-associated internal structures are

eliminated by RWM feedback control
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* RWM-induced edge disturbance is also suppressed.
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The optimized gain (G,=80) has been

found with G, only
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 Asthe gain approaches the optimal level, the mode
growth rate decreases as expected.
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Sub-optimal gain is not only less effective in suppressing

the RWM but also disturbs the plasma edge

G, Only
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« Meanwhile, the edge disturbances are not observed
at the over-optimal gain (e.g. G, = 160).
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The use of derivative gain broadened the effective

gain range for RWM feedback stabilization at qgs~4

Without Gd (133017) With Gd (133014)
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* Avalue of G4 =10G,, Is chosen to use voltage
controller ‘ef?| Ctlve\Oy as current controller, based
on 14 and T, Of the feedback system.

* The addition of G4 minimizes the phase lag in time
between RWM and the applied field.
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Direct RWM control is the dominant stabilization process,

while good error field correction is prerequisite
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o Similarly finite amplitude of the coll currents at various

G, values indicate the EFC portion necessary for
effective stabilization.
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Direct RWM control is the dominant stabilization process,

while good error field correction is prerequisite
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« Similarly finite amplitude ot the coil currents at various

G, values indicate the EFC portion necessary for
effective stabilization.

10



Direct RWM control is the dominant stabilization process,

while good error field correction is prerequisite
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 From the known DEFC, the portion of the coll current
necessary for the direct RWM control can be extracted.
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Conclusions

e Current-driven RWM at g4 ~ 4 was completely stabilized
by the RWM feedback control.

— An optimized proportional gain (G,=80) has been
found without using derivative gain.

—The use of derivative gains (G4=10G_,) expanded
the stable range of proportional gains.

 Reducing a phase lag in time avoids any mismatch
between RWM and applied field.

e The success of stabilization of the current-driven RWM at

dos~ 4 Is primarily due to the direct RWM control, while a
good error field correction is overlaid.

« Similar feedback performance is expected even for the
pressure-driven RWM in high-g plasmas, as long as the
difference of the plasma responses between low and
high-£ plasmas is properly addressed.
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A phase-shifted n=1 field in the direction of co-I, rotation

IS more effective than in the opposite direction.
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