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AUG DIII-D                  JET J-TEXT KSTAR

MAST  NSTX                    LHD              EXTRAP-T2R                MST

5 tokamaks, 2 spherical tokamaks, 2 RFPs and LHD 
are involved in WG-11
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WG-11 tests robustness of magnetic control of LMs in different 
devices, for different coil geometries ĄExtrapolation to ITER

Å Internal/external coils
Å Angularly narrow/broad coils
Å Dense/sparse arrays of coils
Å Partial/full toroidal/poloidal coverage
Å Different sizes, aspect ratios, elongations



4

Electrical engineering and physics are also different and will 
improve our understanding and predictive capabilities

Å Rapidly/slowly varying or rotating MPs

Å Strong/weak Magnetic Perturbations (MPs). Requirement: MP ᵾEF

Å Different tW
Å KSTAR has very small EF 

Å Island in LHD is interchange mode, not NTM
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From a casual conversation with colleagues about locked modes and disruptions:

ά²Ƙŀǘ ǿƻǳƭŘ ȅƻǳ Řƻ ƛŦ ȅƻǳ ǿŜǊŜ ŘǊƛǾƛƴƎ ŀƎŀƛƴǎǘ ŀ ǿŀƭƭΚέ

Å Turn around (change scenario, stay away from stability boundary)

Å Brake όŜŀǊƭȅ ōŜƴƛƎƴ ŘƛǎŎƘŀǊƎŜ ǘŜǊƳƛƴŀǘƛƻƴΣ άǎŀŦŜ ƭŀƴŘƛƴƎέύ

Å Destroy the wall with a high-power microwave beam (ECCD)or  

Move the wall away 

Both require magnetic control of 

phase of locking(WG-11)

Å Hope in the air-bag    (disruption mitigation by massive gas injection)
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Controlling the toroidal phase of locking, in f/fwd or 
f/back, has numerous applications 

Locked Mode (LM) and NTM Control, Disruption Avoidance:

Å In combination with Electron Cyclotron Current Drive (ECCD):
ïRe- or άǇǊŜέ-position LM to assist its cw ECCD stabilization.

ïControlled rotation, in synch with modulatedECCD.

ÅWithout ECCD:
ïUnlockisland and spin it by NBI or magnetically.

ïRotational stabilizationby conducting wall, flow and flow-shear.

ÅAvoid locking by entrainment. 

Other:

ÅSpread heat during disruptions.

ÅAssist diagnosisof islands.

ÅStudy radiation asymmetries in massive gas injection.

* Pursued by other MDCs. Not a WG-11 task.
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Previous WG-11 reports showed experimentallythat 
staticapplied RMPs control the phase of

ÅBorn-locked n=1 modes (EF-penetration modes) in:                             
AUG, DIII-D, JET, KSTAR, MAST, NSTX

Åm/ n = 2/1 LMs with rotating precursorsin:                                              
DIII-D, J-TEXT, KSTAR 

Åm/ n = 1/15 LMs with rotating precursors in EXTRAP-T2R

ÅQuasi-single Helicity mode in MST

Å Initially rotating m/ n = 1/1 Interchange Modes in LHD
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different locking positions for the 4 external fields:

Å90Áshift of the external error field

Åconsistently 90Áphase difference in the plasma response for 90Ádifferent coils

Åre-arranging of phase with increasing error field

Åcoil amplitude at time of plasma response gives orientation of intrinsic error 
field
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Additional experimental evidence desirable                        
to conclude this part of WG-11 activities

ÅBorn-locked* n=1 modes (EF-penetration modes) in:                             
J-TEXT

Åm/ n = 2/1 LMs with rotating precursorsin:                                              
AUG, JET, MAST, NSTX

* RMPs pre-exist to Born-locked mode.

Would be instructive for ITER to apply RMPs after Born-locked 
mode has appeared ĄCan we control its phase in 

AUG, DIII-D, JET, J-TEXT, KSTAR, MAST, NSTX ?
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New activities: modelingeffect of rotating RMPs 
on locked or nearly-locked mode

Solve equation of angular motion

Ὅ• Ὕ Ὕ Ὕ Ὕ Ὕ Ὕ

e.m. torques Ὕ ᷿ᴆὶ ὨᴆὊ ᷿ᴆὶ ὍὨᴆὰ ὄ

current in filament (island)
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New activities: modelingeffect of rotating RMPs 
on locked or nearly-locked mode

Ὅ• Ὕ Ὕ Ὕ Ὕ Ὕ ὝX X X

Balanced injection,
Low rotation

No other NTM
(strong assumption!)

π Ὕ Ὕ Ὕ

Calculated wall torque
tw=3ms

π Ὕ Ὕ

Torque balance 

Ą Find Ὕ for given isl.width, rot.freq., etc.
Find coil-current needed for Ὕ Ὕ
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(NB: Island not exactly 
άŦǊƻȊŜƴέΥ ǊƻǘŀǘŜǎ ŀǘ Җ w *s)

E.m. Torques on Island

modelled by Interaction between Helical Currents:

Viscous Torques
on resonant surface

New activities: modelingeffect of rotating RMPs 
on locked or nearly-locked mode
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At DIII-D, rotating field drives mode rotation at 
up to 300 Hz (ɋȄw å 6)

Mode 
Entrainment

No RMP
With RMP

ÅWithout control:2/1 NTM grows 
and locks ĄbN collapse and major 
disruption

ÅRotating n=1 I-coil field entrains
slowing island
ïAvoids disruption without using ECCD

Mode locking

D. Shiraki
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Entrainment can be lost due to failure of applied torque to 
counteract braking torque from the wall at high frequency

*

K.E.J. Olofsson
Max frequency increases with coil current 
and decreases with island width.


