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5 tokamaks, 2 spherical tokamaks, 2 RFPs and LHD

are involved in WGEL1
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WG11testsrobustness of magnetic control of LM different

devices, for different coil geometried, Extrapolation to ITER

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
Dewvice:
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) 1 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
Tw (1ms) 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 1sland in LHD is interchange mode, not NTM



From acasualconversation with colleagues aboubcked modes and disruptions
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A Turn around (change scenario, stay away from stability boundary)
A Brake OSIFNXIe& oSyAdy RAAOKINABS (SN

A Destroy the wallwith a highpower microwave beam (ECCBr)
Move the wall away 2
Both require magnetic control of

phase of lockindWG11)

A Hope in the airbag (disruption mitigation by massive gas injection)



Gontrolling the toroidal phase of locking, in fivd or

flback, has numerous applications

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

A In combination with Electron Cyclotron Current Drive (ECCD):
i Reora LINdSsition LM to assist itcw ECCD _stbilization.

A Without ECCD:
I Unlockisland 2~

Other:
A Spreadheat during disruptions.
A Assistdiagnosisof islands.

A Study radiation asymmetries imassive gamjection.
* Pursued by other MDCs. Not a WG task. 6



Previous WG11 reports showedexperimentallythat

static applied RMPs control the phase of

A Bornlockedn=1 modesEFpenetration modes) in:
AUG, DID, JET, KSTAR, MAST, NSTX

A m/n=2/1 LMs with rotating precursorsn:
DIIID, JTEXT, KSTAR

A m/n=1/15 LMs with rotating precursorsy EXTRAP2R

A Quastisingle Helicitymode in MST
A Initially rotating m/n =1/1 Interchange Modesn LHD



different locking positions for the 4 external fields: W
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A 90Ashift of the external error field
A consistently 90Aphase difference in the plasma response for 90Adifferent coils
A re-arranging of phase with increasing error field

A coil 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 W&.1 activities

A Bornlocked* n=1 modesEFpenetration modes) in:
JTEXT

A m/n=2/1 LMs with rotating precursorsn:
AUG, JET, MAST, NSTX

* RMPs preexist to BorAlocked mode.

Would be instructive for ITER to apply RM&fter Born-locked
mode has appeared, Can we control its phase Iin

AUG DIND, JETJTEXT, KSTARASTNSTX



New activities:modelingeftiect orrotating RMPs

on locked or nearlylocked mode
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New activities:modelingeftiect orrotating RMPs

on locked or nearlylocked mode
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New activities:modelingeftiect orrotating RMPs

on locked or nearlylocked mode
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At DIII-D, rotating field drives mode rotation at

upto 300 Hz (g E, & 6)

Mode locking Mode
\ Entrainment
- |

_Magnetic pro

153890,153967

A Without control:2/1 NTM grows 40

and locksA b, collapse and major o swiliilh sl '

disruption 40! | |

400 | |.coil freq [Hz] P

i N i 200 - No RMP -

A Rotatingn=1 kcoil field entrains » With RMP
0

slowing island 2/ .
I Avoids disruption without using ECCD \\M\MN,
0 betaN \’j

o v - s

0 Plasma current [MA]

D. Shiraki 2000 3000 4000
Time [mg]

13



Entrainment can be lost due to failure of applied torque to
he wall at high frequency

K.E.JOlofsson
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