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Froma casualconversation with colleagues about disruptions:
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A Turn aroundchange scenario,
stay away from stability boundary)

A Brake(early benign discharge termination,
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A Destroy the walith a
high-power microwave beam,

(locked mode suppression by ECCD}
Requires magnetic control of

phase of locking
for ECCD aiming at@»int.

A Hope that the aitbag will work(disruption
mitigation by massive gas injection)




Abstract/Outline

A Controlling the toroidal phase of locking of previously rotating or
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applications, including disrupticewvoidance (by aiding the electron
cyclotron current drive stabilization of lockaabdes).

A Evidence of magnetic control of the toroidal phase of locking is
presented from five tokamaks, two spherical tori and two reversed
field pinches. Furthermore, the phase of interchange modes was
controlled in the LHD helical device.

A Results share interpretation in terms of torques acting on mode.

A Based on this interpretation, modeling is under way to determine
the power supply requirements for locked mode control in ITER by
using theinternal ELM control coils or thexternal errorfield-
correctioncoills.



Controlling the toroidal phase of locking

has numerous applications (1)

Locked Mode and NTM Control, Disruption Avoidance:

A In combination with Electron Cyclotron Current Drive (ECCD):

i Reora LINdSsition Locked Mode (LM),
to assist its ECCD stabilizatioow).

I Paceisland rotation in synch with modulated ECCD

A Without ECCD:
I Unlockisland andspinit by NBI or magnetically.
I Rotational stabilizatior?
A Hfect of conducting wall on rotating mode [Fitzpatrick].
A Hfect of flow and flowshear [Buttery, L&laye Seret al].
A Avoid locking altogether byntrainingisland
while still slowing down.



Controlling the toroidal phase of locking

has numerous applicationg?)

All of the above can be done ifwd or f/back [Okabayashi

A flback can also directly reduce island widfiHender Lazzaro
Morris et al.]. Not our scope.

Other:
A Spatiallyspreading heatoads during disruptions.
A Assistingdiagnosisof islands[Liang, Shaffeet al.].

A Disruption control (bymassive gas injectionand disruption
studieswith controlled phaserelative to mode[Pautassp
Shirakiet al.].



Experimental Setups

Understanding capabilities and geometries
of different coil systems and devices



Different geometries of devices and colils will test

robustness of magnetic control of LMs

Table 1. Geometry of devices considered and their control coils.

AUG DII-D EXTRAP-T2R  JET J-TEXT KSTAR LHD MAST NSTX
Coil geometry:
No.internal coils (pol.xtor.) | 3x8  2x6 none none 3x4 3x4 none  2x6 none
No.turns per internal coil 1 - - 1 2 - -
No.external coils (pol.xtor.) | none  1x6 4% 32 I1x4 1x241x3  none  2x10 1x4 %6
No.turns per external coil - 4 40 16 1 - 2
Deuvice:
Major radius R(m) 1.65 1.66 1.24 2.96 1.05 1.8 3.9 0.85 0.86
Aspect ratio A 3.3 2.5 6.7 2.96 3.96 3.6 8.3 1.3 1.3
Elongation s 1 1

A Internal/external coils

A Angularly narrow/broad coils

A Dense/sparse arrays of coils

A Partial/full toroidal/poloidal coverage

A Different sizes, aspect ratios, elongations



Electrical engineering and physics are also different and wi

Improve our understanding and predictive capabilities

AUG  DIII-D  EXTRAP-T2R JET J-TEXT KSTAR LHD MAST NSTX

Power supply limits:

Max coil current I(kA) 1.2 4.5 (SPA) 0.02 6 6 (int.) 5 1.92 3.3
1.5 (AA) 8 (ext.)
Max B, (G) at plasma edge 30 22 61
Max frequency f(kHz) | 6 (int.) 0.01 7
de (ext.)
Other frequency limits
Coil inductance limit (kHz) 10
Wall shielding limit (kHz) 0.25-0.5
Typical n=1 EFC settings:
Amplitude (kA) 0 0.02-0.04 0 0.1
Tor. phase ¢ (deg) - -126 300
Estimated intrinsic EF (G) 1-5 6 <6
Max Br(T) on axis 3.1 2 0.2 3.4 2.2 3.5 3 0.55 0.45
T (ms) 2.5-3 10 3.1 20 15 5
A Rapidly/slowly varying or rotating MPs
A Strong/weak Magnetic Perturbations (MPs). Requirement:UVIPF
A Differentt,,
A KSTAR has very small EF
A Island in LHD is interchange mode, not NTM



Evidence of Magnetic
Control of Locking

(in alphabetical order of device)

Where do LMs lock? Do they move if MPs change?

Note:f,, fruypdue to EF
Important: f ,,can be varied
(preferably in @360°, which requiresAgymAep



Flippingn=1 RMP by 180
changes=1 LM phase bdf , 180°.
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Vessel

Poloidal Field
Sensor
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Locked mode phase is controlled at DD

DIIED (2x6 internal + 1x6 ext. colls

for ECCD stabilization & EFC studies.

A On LM with/without rot. precursor
A Int./Ext. coils

A Static/rotating MPs (up to 300 Hz)

A Preprogrammed/feedback

A With/without ECCD ¢w or modulated)
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EXTRAH 2R (4x32 external colls

n=-15 TM locks with different phases
If n=-15RMP is applied, witlf ;,,=C (left)
or only intrinsicn=-15EF is present (right)
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JTEXT3x4 internal +1x2+1x3 ext. colls

n=1 RMPs applied with differenpphases
cause preexisting rotating TM to
lock with different phases
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KSTAR (3x4 internal colls)

Rotating NTMs rarely observed to lock.
Ascribed to very small EF anehll torque.
Low-density LMs lock to applied MPs.

Error Field Compass Scan
with MID-RMP coils only
(density normalized)
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