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From a casual conversation with colleagues about disruptions:

ά²Ƙŀǘ ǿƻǳƭŘ ȅƻǳ Řƻ ƛŦ ȅƻǳ ǿŜǊŜ ŘǊƛǾƛƴƎ ŀƎŀƛƴǎǘ ŀ ǿŀƭƭΚέ

Å Turn around (change scenario, 

stay away from stability boundary)

Å Brake(early benign discharge termination, 

άǎŀŦŜ ƭŀƴŘƛƴƎέύ

Å Destroy the wall with a 

high-power microwave beam Ą

(locked mode suppression by ECCD). 
Requires magnetic control of 

phase of locking

for ECCD aiming at O-point.

Å Hope that the air-bag will work (disruption 

mitigation by massive gas injection)
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Abstract/Outline

Å Controlling the toroidal phase of locking of previously rotating or 
άōƻǊƴ ƭƻŎƪŜŘέ ƴŜƻŎƭŀǎǎƛŎŀƭ ǘŜŀǊƛƴƎ ƳƻŘŜǎ Ƙŀǎ ƴǳƳŜǊƻǳǎ 
applications, including disruption avoidance (by aiding the electron 
cyclotron current drive stabilization of locked modes).

Å 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. 

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

Å Based on this interpretation, modeling is under way to determine 
the power supply requirements for locked mode control in ITER by 
using the internal ELM control coils or the external error-field-
correction coils.
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Controlling the toroidal phase of locking 
has numerous applications (1) 

Locked Mode and NTM Control, Disruption Avoidance:

Å In combination with Electron Cyclotron Current Drive (ECCD):
ïRe- or άǇǊŜέ-position Locked Mode (LM),                                                      

to assist its ECCD stabilization (cw).

ïPaceisland rotation in synch with modulated ECCD.

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

ïRotational stabilization? 

Å Effect of conducting wall on rotating mode [Fitzpatrick].

Å Effect of flow and flow-shear [Buttery, La Haye, Sen et al.].

ÅAvoid locking altogether by entraining island                            
while still slowing down. 
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Controlling the toroidal phase of locking 
has numerous applications (2) 

All of the above can be done in f/ fwd or f/back [Okabayashi].

Å f/back can also directly reduce island width [Hender, Lazzaro, 
Morris et al.]. Not our scope. 

Other:

ÅSpatially spreading heat loads during disruptions.

ÅAssisting diagnosisof islands [Liang, Shaffer et al.].

ÅDisruption control (by massive gas injection) and disruption 
studies with controlled phase relative to mode [Pautasso, 
Shirakiet al.].
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Experimental Setups 
Understanding capabilities and geometries 

of different coil systems and devices
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Different geometries of devices and coils will test 
robustness of magnetic control of LMs

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
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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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Evidence of Magnetic 
Control of Locking

(in alphabetical order of device)

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

Note: fLM f̧RMPdue to EF

Important: fLMcan be varied 

(preferably in 0-360o, which requires ARMP>AEF)
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AUG (currently 2x8 internal coils)

Flipping n=1 RMP by 180o

changes n=1 LM phase by Df̧180o.

M. Maraschek
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DIII-D (2x6 internal + 1x6 ext. coils)

Locked mode phase is controlled at DIII-D 
for ECCD stabilization & EFC studies.
Å On LM with/without rot. precursor
Å Int./Ext. coils
Å Static/rotating MPs (up to 300 Hz)
Å Preprogrammed/feedback
ÅWith/without ECCD (cw or modulated)

Shiraki, NF 2014
Strait, NF 2014
Volpe, PoP2009
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EXTRAP-T2R (4x32 external coils)

n= -15 TM locks with different phases           
if n= -15 RMP is applied, with f RMP=0o (left)                            
or only intrinsic n= -15 EF is present (right)
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JET (1x4 external coils)

Error-field penetration Locked Modes 
form at phase of strong applied MP.

|EFCC 

Current|

Br (n=odd) 

no vacuum pick-up

LM phase = -1.7rad

LM phase = +1.45rad

T. Hender

65 66                67
time (s)

65 66                67
time (s)

62861 62864
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J-TEXT(3x4 internal +1x2+1x3 ext. coils)

F = -70o F = +110o

0.2 0.3 0.4 0.5                 0.2               0.3               0.4              0.5 
time (s) time (s)            

n=1 RMPs applied with different phases 
cause pre-existing rotating TM to                     
lock with different phases
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KSTAR (3x4 internal coils)

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

Y. In
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