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Avoidance Studies in Tokamak Disruptions

NAKAMURA Yukiharu
Naka Fusion Research Establishment, Japan Atomic Energy Research Institute, Ibaraki 311-0193, Japan
(Received 26 June 2001)

Abstract

Present knowledge on the consequences of tokamak disruption and disruption-related effects are reviewed
from a viewpoint of disruption mitigation and/or avoidance. The Vertical Displacement Events (VDEs), which
are frequently observed in disruptive discharges of elongated tokamaks, are described in detail with an em-
phasis on the close relationships between the generation of halo currents and runaway electrons. The newly
found "neutral point," at which VDEs hardly occur, is also addressed. Finally, VDE-related issues remaining

to be addressed in future works are discussed.
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1. BU®IC
CCHAEDOMIZ, JT-60U R &D b A~ 7 THRBR Y
T 7T A DN R R RIS e & O Uik
OEERLAFZE(1, 2], & 512, HREBHEHIC L 2 EH
LIFZ7ER K & CRIEL TV A [3,4]. 72, ERICHRD
KE M A< 7 TIOMWREREODTHEKIGH I 2E5 L &
HIT, iz =oAL F —HEREEDY 1 % L 2 REDHIK
WTEBRENDLRE, REDO NI 7 HREOERIZIZH
HELWHOLHA[5,6]. —HZOM, HRKEZMHIC
Lo THBEBAB G ZBRIFITER) O TR FHE B 3
oI, INBEMMETBIZONT, ShETH M
IDBHEEZONELTA AT Ty a v OEESN
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D=7 a0—=X7 v 7ENTETWA[T]. BHORE
HAGDHIIRTH 5 M h < 7 BBEAFOEIL, 4%,
CDTFAAT Ty avyOMEEERTE B PE»ICH
Mo TVAhE Vo THBEE TR WG]

AT, FAIAT T a vOBIRTO NI T
s, 77X EROEE LR phbo T
HIEEREIG (VDE : Vertical Displacement Event) &
IHEN B BAR(7,8]IC2oWT, F4 A5 T aryoiiE
{LOBLEA SRR RO BHEZRBT 5.

RETIE, AR5y 3 vORRERREAMEE, /-
EERRE L, WL LMEE RS VDELREDTF 4 A5
Tya DR EBRNRS, EBHIL, F4ATTYa s
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Tl M, BAREELEY ) 4 EoBEEIC
DWTHRESHBORBLEZHERS. % 3ETIX, VDE
BTIATOBRRBEBEFAP L THET LI LR NT—
BROBELFERLS Db oT0WLI ER2RT. T2,
FAATT Vg v EENTHLTVDE 2 H#T S
EHRBEETHLIERHRB. E512, VDE OZFEE %
BIABMEYIaL—Ya v FELMITL, 45T
X, YI2Vb—asiZdoTHLNIZR -7 VDED
FHEHERE & VDE I A R 2 L L ER T T X
<EEICOWTHRRS, 61T, PAFEHEE Y VD
BATENEE R 75 A~ OBEHSA - TBRKE OBRE
AT 5. HHETIE, S%INfF N5 VDE REONE%
BET 5.

2. MATOILBWBT1RSTTar
FTART T a vk ThsE, BRI NVPFA
IN— G IRHERL - R LD BRI L - THIET 55
EHHY, CORERZBRLEVRY M~ s 2RSS
FICTAZ ERBLWEREBVWHEZZ SN TE 72, §R1Z,
ITER TiZ 79 A3 SR OMER KRB F L TR W
7o, FELMERDBEDO—DELTTA AT
va vy BiFeh, FoREBRHIIIENAS— L
7219914E DRI R 2 B I K 7 77— & RN — A5 fit
n, R T T&72(7,9].

FORR, FAAT TV a VOREREREAEDT &
EELRDHFRIOWTOEBIRE (A, TERITEA
WCBETDLEINTWT A AT Ty a VOREHES

STIREBMICEMMTE LX)k oT0A, 517, .

FAAG Ty arvEA#T 5720075 X< 0EREN
RINEBRAEICHET T 57200 ME L L LB S0
i2E8ho2hb, 5%, F4ATTYa VREGREF
FABICL o TRICHZ L VEALBRTE R o TE
Twh,
21 TARTTa DREREREEE
2.1.1 H4ERRA

T A A UADTOWBAREOBMIE LW [ AN
THE] DAL OBRRTHRESIS &, BRI
gAML T A AT Ty g ySET S, BRO—D
i, WA LRI B ORNTRE LY, B
DE)BHROBKBEVPERNICELR 28R, Bk
[ANTFHEE] 202 LD TERLLEY, AMAX
T4y 7RG L o THRRT2S3E S h 5 [10-12].
by —o0FRIE, 79X <% PO EREE E EH L
ERORIRSAIR L V2T TW A BRE O b Ra YV —0% 5
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AEEVDORRICL > TREL, Hil& KRR K
BIZANEDL LD LEEZ SN TWwA[13].
2.1.2 RAEHEE

WEAEOBIEZ BT B 720121, TIXAYOBHRSY
1, BAHLTONRT—=ING VR, TIAIDEND 3D
REBTHAIEPEETHLZEVHLMISRTY
B, TOZENLRIETI,

(a)Zefffh 1 g [14]

(D)7 X< BEL 7Y VTV NIREEAE

new(10% m~3) = I, (MA)/a* (m)D L [15]

(c)(Troyon) BAE{L~— 7 i :

Bn =(B(%) I, MA)/a (m)B (T)[16-18]
D3IDDNRGRA—=FT, F4AFTTYaviEdsElx
FIRE BB Z WS, BRGHOREEZ TR
B, 7%bb, @MEL, b), OB nEE, F14RT
TarPRELR T, BBIZOH% (gs~ 2,
ningw ~ 1, BN ~35) G52 6NTWA[T]. BERON
HHEAFOIZLEALE, BHILTIOHZRITED W
D, BEREZRYVBREBZTLEI IR L, 253
DOBEFHFOVTNIVFONLEWEETH S, £
ZHEBREIH L ERESE BT A00T, ZOR
REBZLF XLy VERADL I EDPERICIEZY
[19]. F72, SROTRTCOHRICH LTHIRBEL
Fro 78T d, #inth 79 A=K E R RMYIE
WRALZD, 79 A<OMNERHRBICAESNAEL
RO TAHIETCTART T a v RBETLILELD
5.

L72h3o T, EBEOFARBEIL M~ 7 KB ERS
hricsTEET, B—NWCEBTAZ L 3L
%, ITER OTH#HZREIO-DIlED O NI FT— 7 R—2
ITREI R BEAFHIi S Cw B [7]. 2z dh
E, HEREICAREAS W EREL, FEHZF 1 2T
Tva v R HERSMEO BT LTRESE RS
" DA TR 3 %, MWL BRAM 13EK
FM R B LB AETRIO%EZ Z b T\wh, ITER
TEHINED LI, REORBLILELRWINEROEK
BET30%DF 4 AT T a v REHEZHEL TWA.
T 72, BEBEPHMEALN—FE% o =3, By =22
DX ITEBERBALEBHRILEE T I A~ EROE
BTI0% w RETHEL LTWE., ZOLEDT LRSS
vavid, TEBRLEUEBREDOTIAREBLIETS
CEDPOEERABMOLOPEESN TS, T2, A
R T 77 X< HLEOES Y T HEIR TR AT 5 MHD
REEWDI T4 AT T aryO5|&&llhbl
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i M<IDOFA AT Ty a iZBIFAREBIHHESR (VDEs: Vertical Displacement Events) [81:8ERF 5% 0 Bk Ht
Wqq radiated to FW Remaining Wi, to FW
{via runaway acceleration and loss)
Impurity and
~20 keV ~1keV H/D/T fuelling | ~10 eV End currnt
i Thermal | Current f §
Normal quench V quench | v ! '

recursor >
growth Impurity and  Runaway e- avalanche (E ~10 MeV)
Internal H/D/T fuelling
reconnection In-vessel halo current

Wy, conducted to PFC surfaces
(divertor targets and internals)

Fig. 1

bHY, T4RAT TV a VOB RN TbR
TWwWh,
22 TARTTYa M EFRTIY FORE

LB L THINESN T L TA AT TV a v DR, B
L, ThopsT I A<k mEiEsE (Plasma-Facing Com-
ponents: PFC) 72134 —8 (First Wall: FW) 252
L8 %, Fig LWRT. T4 A9 7V a vORikE %%
MHD #EB OB (precursor growth) I12M8F - T, KIZ
BB AW EFHESEWICHEE L 22 68N 5.
2.2.1 #ER (thermal quench) [20]

MHD B2 LIES itk 79 ANt A
BLRETIRD D7 4 % (internal reconnection) 12 & - T
BREAHE SN, 79 XY DOBIFVF— DKL
b s [21]. B (thermal quench) & IF5RZ DHIK
&, BUED b= 27 Tld~100 psec D42
M D700, 77 AR OREHER L7220 K%
L7y 92%022]. BIRRASREWIHKRTLLEEZHN
% ITER Tl&, Thd~10msec THAETS L RED 5
NTHY, HFELLEMNE L)HBECRBETLI LI
o TLE) ZEPBEINTVA[T]. 202, ik
B TH 5 MHD By DM & [FEE A % & Lok ik
Ry T I ARIIAF LT, K5OI AV F—
ERAT T ANF TR, TR Lo TERE 2 R4
PHICHIOR & € 2 Blr2sh%e S T % [23-25].

2.2.2 ERHHE (current quench)

BIHBIC & o TEEN SR L 22 AW A 79 X<k
AL, BFRESSLIETT S L7 5 AOBEIEI
RAPWR, 77 ABRPAWIZHEALT 5 (current
quench). ZO#ER, BARRL EOEBEEEMIHE
HWRAECRE LERNVPRETH(7,8]. 79 X<D
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Vertical instability and VDE

Disruption and disruption related effects (schematic) [7].

AV v ARL 58, BEIOKRE SIEKN
WO DK ER 1 = LIR \IIRHBIT 5. —F, T9X<
OEFBIIIBHREZOBEFRETIZIIREY, h
FTOFAAT T a vy DF = R=Ah5E ) T &
BIRTRI 3eVICho2[7]. ZOREE, Ak s
BESEEOETFNVE DT L B2 &2 5 ITER I 4}
FEUTRE R R U ME L SN, ITER OBHME RO EH L
D HWIE T 100 msec BE L PRI T A [7].
2.2.3 #FE ¥ B H R(VDE: Vertical
Event)

M=z TEELS DL, MEFEHEOT I A< 3EE
FHIIARETHD Z b, BEAREN (ver-
tical instability) & FRHEN T b, —F, F4 AT 7 g
YO, BIHEWE R L CEREAZENE L M-8
SvECB s, K<, BEBEHSR (VDE: Vertical
Displacement Event) &IFIENTw5[8,26]. FHEEEE
H4 (vertical displacement episode) @ %\ IEH 7 1
AT 7 a v {vertical disruption) EIMERZ b H B, F
7z, BRI E S EEFEEIE N T & 55 cold
plasma VDE &IEEN 52055, ZhIIHLT, &
MOWHEEZNLLVWEEALEE TR, 79 A7 dER
REBZRo7-F F23B8)9 572 hot plasma VDE &
EhAZ bbb,

VDE 203 O EWICEEOERE L 5.2 rn
B, SNZEoTTIAIHRELBETIER TSI X
TP RE L A L7220, RIS BT —BIROS
HEBCEboTWA I e, FOFRAEKRER R
EOWMIENFE N TbI T A [27-30].

2.2.4 NO—E# (halo current) [31-33]
VDEWZ X o TT I AP T AN=F[WIcBE L%

Displacement
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&, BRERICE-oTELTWA b ¥ VERLIER
HRETHE N NT—BHREBREAKE BRI LET S, #
DN BEEIE, £/%5 D) v 2 2IMIDE T T T X
THIEDO B 7B o T forcefree DT &
D, FAN=F{ETEL TS E—BERE SR % /A
YE—F Y ADGFMETRRT 5. T OHREHET T
NO—BROKRTA FVEGEr LY KE W20, b
ATV EMEER L CRE R u—L v Y BRI 2
HEKIZG 2 5 [34-38]. $72, N —BRIIB-VWTF X
THBMTIEZRIEONY V& Z > TR v b 72
O, EBICBIH ST a0k IR 2 L
TW5[39-41]. Z DD RfEE DA R THMEL
b DI o TWA[42,43].

T A N—% & BT A > T VDE 258 & 72354,
NI —BROWNLBEEPELS ZY, TR 28R
BB B IDRET A 0 —EiE v, Lk
25T, VDE Z#l#T& g, Ha—Fif W TIEER
HEKIFCHFITE2 L shs,

2.2.5 RFEEF (runaway electron) [44, 45]

BIHRTEL MY b A FVER (~10V/m) 12
£oT, 79 AORNETET-IMAES N, 10 MeV % i
AHEIANTF—IREOTF b F Iz Eu$
5. ZO#kFEET (runaway electron) 2343 5 B,
75 AT BIMD50%U FIZH B AEEH D 5 [46-48].
TARTT Y g v ORKERTIE, BH-BEICHZ, WK
T5H, COLEFEFIIREALTEHRT LD, 75
AR EEDSR & CH L 72 ) b3 5.

BWTF 4 AT T vaviiR&as s, BEETICMAT
BIANEF—=DT T ATRADVWL S E—BECI E A S
N, THIZLoTHFITA 2 v 7 OREWELT
5, ZORD, LIESIETI ARESLL EAST
(fizzle-out), J-HIEEORBEREEIRZ RN ONL Z LA
»5[49].

2.3 EZRMHROBIRERAL

TA AT TV a Y OFEFERL B EGOMEICED
W, BRELEBLF 1 AT Ty a v BT 5 TR
MWThbNTEZITER ® LX), SHBEIFSNBIED
HREZ RAATY, T4 AT T Y a v EEeZE
T&2LMETHOEHEE L.

L725oC, BUEDOHIZEMBER CIIEREL S5
AR L7z, BELTH M~ s BBICEYELH 2
BWBREDF4 AT TV avewEELRTLIILE
Mo 72 EEICR D, 75 AR MEED K5 % 8
3, BUHMEOBBRE IS DT, F4 AT T vavk
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T LR 720 OBIEL FRBIC E 5720, BRENE
By F U EIFENE NI T4 A5 TV a v idh
LN UDREHICEESELLD0H 5.
231 FT4RI7a OFHEDR

=X, HOEHENNTA—F a2 —F )V Ey bT—
IR ETHEERLTBE, T4 X957V 3 v DR
H5HEHM LA, eheiug by R 17
I ERLGFETH B [50-52]. 728 Z21E, AT BOW
B> TTIAROEE® TR0, Hhhzosh
Wk o TT I ARBBETOINT —ING Y AR T I A<
£, $5VIEERSAZGHT 2 2 & CREREIRH
WICRITAZ LN TEL, ZOFER, ikksTY v
TE—=FLRETIAROMUADHEM A — VOB S
(ZORERFBIZITEROBEAE >10secBE L THEINT
Wh) ICHLTERT, SE ) EAREEHROY
BATIEE 2 7 [53, 54].

by)—oi, F¥I4 THRBKERIEL, 71 X
77y a YORATHAHBAEOEELZIH TSI LI
Lo THATNOBEXR#T 2 HZEN L FETH S
(55,56]. ZD7=0DEHERMEL LTI, EFH A 20 b
0 2RI INEC & o TR B 2 RRTm#k L7z v [57-59],
R FASHZ L 5 CTF I A< iliE 2 2 LS5 2 LA
RESN, FBRTINLDPHEMTH LI EPRENTY
L. LPLRDVS, TNOORFENEATE A0, |
BBREFAAS T a v OEY LIV 7 EOBICT
SRR Y D BT T ) Y S E— R uy
E— PR EORRERZOBGEITR O, FRESRE
WEEAE MHD A EEEOBE IR ETH 5.
IDEIE, FAATTYare Pl LEEY R
DEIPNE D2 SNERRICT TR E
LTWw52%, O, BOHERZERLTE512LD
ERIZIZLL, 5HBOLY) —RBORENRNL., »
TDETAH, FAATTY a VEBEIZEBT L2012
&, EEERFICA A L RTRE R AR T 2 AR
GRERWE 2, FRNFROFERZAND B VIEAR
WCHOWBEONRZEHE STV (7],
2.3.2 TARITa OBMERSRERFLEYFUA
FRA T CIIm ML 2 EOBBREOERICF L
2T, TIARMBELRET HBEP S, THLRI
KRB 2 451 LB 2 2418 S8 2 BAREE LY
FUAPLETHH[60-62]. BEELiREL-BRIEL
BT 5 ETICHS N AL, 72& 21X ITER T3k
sec L SNTWA[T]. TOYF Y FIC X AEEIE
i, BRLTREITTFI AT 7Y a ik sy, Bl
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W, BRI, VDE, No—BRLkERETRETF 1 X
7V ary LR UHRPHNS (63,64]. L7zd->T, #
IANF—ZRHGHOBETTE 52— BRI S
B, TIAREBEPMIEMTLILRLLTIX
RERTEELRESTRLEEDL I E L EPLET, B
BHEELYTFVFORBLET A AT TV a v OEEL
tge & dm Ui LA LT 5.

ROAELGREBMEBELEYFVFELT, F5-X
Ly b EIFEN A KEERMBRL v b 275 X< E R
A5 P REEN, JT-60U65] %1% ASDEX-
Upgrade[24], DII-D[25], Alcator C-Mod[63], JET
[64], TFTR 7% &% AGHRBG 2T 5, JT-
60U Tld, 24 v 2R MM LT HEHERL Y b2 TS5 X
SHUGERS ST B RAAZHRE, KPEoBzAVF—%
7T AR AR R —RRICHERR S/ (~05 msee) , ¥
AN=IANEP LTV BAREZ MRS S5 2 LIl
LTwa, 7, YHWI6MADoTIATEREL
VDE &ne —BIROBF % B0l L 2555 ~20 msec 12
DRI ERI LI LRI LTS, —F, A
ALy FBT T Xod 0B E CRESTETEREN
TRETHELRwE, BERREOF 1+ 25T a v
S L7z, s HIAE S (~10 msec PIP) 12X 5 &
7oA BELSER LT L E 9 ITER T, Ao
R RGBS SR Ly MER E 2 Bl A 45
Hd 5 [66-68].

FI7-RLy PAFOBEORD K& LRHEE, $XC
DI ThEYREOREEFIFBI S TWSE S
EThHAH, ORI, HEDO M L) bkEET
AL LR TV EHBHTFHI69] ShTwb ITER THEY
T, NO—EiEEikd 5720 VDE Z5# L T 5[
WAEREFPETETHMT LI LB SNE, 20
728, FRFERYG 2 EIN L CHRERT 2 R IE 2
e IThb T\ 5 [65,70-74].

3. T4 R3S 3 & VDE

CITR, "E-BRPBAEBRTORELEL 2H
HoTWw5hb VDEIZDWT, EERTEHE S Twa %
RELLBREEL DI, VDEREMT A 2L
TATMD BV IFEBEBMORESLEMIANT L, 85
\Z, VDEOZEE) % HERE L ED Y 2 VITHN 2 RER
RO TRENIIERT BB I 2L -V a Yo T8
kR 5,
3.1 ERTHAIShTL3 VDE DEH

Fig. 212, Alcator CMod D74 A5 73 3 » CHIH S

MIRIZOF4 AT TV a VICBTHEEBHHS (VDEs: Vertical Displacement Events) [Bl#RFZE D Hk
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Fig.2 Upper figure: magnetic flux reconstructions at 0.6 msec

intervals during a disruption and subsequent vertical
displacement in Alcator C-Mod [75]. The arrows show the
poloidal projection of halo current flow. The halo circuit
in the plasma scrape off actually follows a helical path, in
order to be force free. Lower figure: plasma current, ver-
tical motion, and in-vessel halo currents in the upper
and lower portions of the vacuum vessel wall. In this
example of a downward going displacement, halo current
in the upper portion of the vessel is essentially zero.

M7= 387 VDE 27R79(75]. BiHEmWE I ZIZFEL
TTTAIBYTAN—=F R H > TEBRIZBET 5
VDE AL TWwAS., 72, VDEIXEoT 79 A<H
RESTHENIEML, ¥4 N=5BIEL Lol RE
DN —FIR (2T 7 A BIRD255%) BREELTW5,
TILIHI & FIRIC VDE 2R 2E 9 5 2 213 JT-60U %2 &9
NCO M= 7B L TAHABN, K2, BRO
HERM 2V < 72 5 & VDE 2S84 LR WAz Hh 5.
BEBOFMIEL T, ¥4 15— 7 [l~BE3 25 VDE
BEWD, ZORFR~NOBE L % BRI ShTw
%. 2O Alcator CMod DA TIE, HNE—BHRIZTH
WKHDETAN—FHEERERITLTBY, ThEdn
IR EA LR TW R, NO—BR 2T 5
BlErbIE, ROWFAN-SREFETonTET TSI
VT Bh, FAN=5 EFSHHAN® 5 b L BH
THZEREE L,
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VDE #HAEETEMIEE L /I A%
HWREELILTEBE, NO—BRIIFELENVWE
NG, F72, B—REIA NPT N—FEEEIC
75 A EEEM LRz, B GBER R A
T 7T A ABEOEFE L KIBIKRTE S, 79X
IO HNE, TT AR MEE L HM L vz g
BAMBOBAL PR, 79 XA<BROMHEE 2
AAHTEHMHTEL. DL, THCEREREEZN
AAHTENTETCI UL FNVEBREPREBFRED L
EWH Ec (~0.12 ne20 V/m[7]) BRI R NE, 75 X<
BROKPEEAH TR EBFIREL 2V LIRS
N5, 2720, 2o, 79 AT ERE LIRS
FoFTFTREBTVRELRLTVIREILH H 720,
PaA FVERPDLTH LEWEL LIS EKEDOH
EEBTPEELTLED) L ICEENLETH S [76].

VDEDRAMEZERMT A2 T, F1 AT TV a
VI BEEBGEKBICHETE S, B, F1A57
YavilEo TEEREYPRVEE L2 JET TIE, 7
5 A< WOV E % SR THIET 2 2 & TREARE
PEIH L, THIZX > T VDE 280 L TEEREIC
AT ABEBBAEKEL TS, L2, ITERD LY
LREBETETIEIROA YV A VOBEBRERITKE
Ko TLEIZD, CORFEEZHWLIEIEITERN
[7].

L7245 C, VDE 2RI T 53 L Wil sk
ENTHEY, ZOLDIIIERBEEE FE L Tw 558
LRBO RO T B &, VDEDRA R
HEPMZTHUEND L, TIATERIP—EDOF T
EHMEARELE EIZE L - T, VDETIEHICEIRHERE
R, BEERERLED Y 2 VIZKRERIRBERIENT
Wh7®, VoV EE&® T VDE ORE) & B A 1B
TOEMY I alb—a VBLETHA.

3.2 VDE¥ 32l —2 3> DEHORESTEFE

FAAGTT Y arhEQRME T I ABE  HEET
LFED—DIZ, BRAIHENTNE T I A ELHO
NHERBEEOLEGEREARL, ThEBEDEFOT
ANVRESICHERRE » BR SEEANE ET LA
Hb, FORENELEBY) VISETFIVT, VAT VAT
LDV, REEIIOVTEW AR ALY —%
BEBEEICL > TRMETAZETRODBIENTES
[(77]. HESFHECREEORBRBEZFE T A8, REEZ A
%79 ARFEBOBLIRM T T 2B ERICE A L8
T& L7120, BHEAHENTERLETVCTH 5.

LR VIIEFNIEBBEIN R T IATORE % RF
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HICHERTAZENTEDLD, /85 M) vy ADIEH
GNERET I ATHNIOBRZFHFMIIET LT
v, RBREOZRMIIBWTT I A EH»E%RY
J2oTWbELT, TI9ARETIYR=- %757
FRXTCEF VAL L7223 — FIZDINALTS, 7912 5
(- FEBHABEOBFEALLRATWS), I L
OBEFIBEN R E 52, L ERBREEDT
WEHIBE A BT 5720, RERFEC 28R EEAR
L EOBEBRR LN T 5 DI %W, 7
5 AR D EZEEB OV TUIR S BN  FHEEE
B2 MHBKRIBIZH R WFIED D 5.
3.21 TsCa—F
IVIEREREFVE LT, 79 A% BRIA CHEE
LZZMHD VI 2b—=Ya ryPBHwens. Z0/REN
I— FTHhbB TSC (Tokamak Simulation Code) [80] 1%,
=y, A7z 2RED =5 AMEBEOR
i BIU, A< HEOHBREN OO ICESN:
H A8 R FRE L MEHD o — RTHh b, g HiTdh
BOTRy 7, TV VTR EOREEEIRRTE R
WS, Fig. 30 X 912, 77 A< DIz EEAsmPeam
VEEBTDHIENTE L.
T5XYOEN, FE, REIBKEOEKTHL L
T5. Tz, Tz VRIICHARTHMCEWE R %
WMRELTBY, 7I9AOERIZEEAELLRY
FEERPEHANZIZR Y O EREL T, Thbb
TSC Ti&, BUEHIZTIOB jxB—Vp [ZHANTEHATE
5ELC, #EHHEE

m . p,

ot (m)=jxB—-Vp

(1)
ERELTWS, 22T, m=pov 1375 A7 DEEHER
BETHhDH., #(1)RADEE 2 BUIKEIE

Fo(m)=v,[V’m-V(V-m)]-v,V(V-m) (2)

T, #@EO MHD HFEXOMHEIIHIET 5. ZOHIE
Ty VR RE S L2000 O THIERY 22 B
., v, v BEDLDO NERRBIER R TH
5. ¥7=, @EOMHD EFNVTIE, EEHER R
W7V = VIHTH Y, BT ORMA Az 2
DT NTxVEBEIVELEBILIEITER Y, NI
FHLT, TSCTHTI AV (£ V) OBRETEBOHK
FEICE B EIICE Y, TV o IR R Eks
HOuHNTnwa, KB M 7BETIT VY =
Tpoc /o CEREHG DY e DL TH ARV A/ VK
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8 T T T T T T T 1 1
TSC 970419E (Siow VDE down, 2900 — 3800 ms)
6 - o B .
210 -
.l  / hor (MA) - ]
- ;o ‘ 20.7 Y .
;N 18.8 \
2 L 16.7 : R
j 144 )
£ 111 ;
E,l ‘ P l
N ,/
L , 7.6 . _
2| N 52 ; i
-4 i ;\:\\ B
6 | .
. 1 H I 1 I L | L L
8 4 6 8 10 12
R (m)
Fig.3 The TSC simulation model. Plasma configuration and
toroidal current for a slow VDE in ITER [7].
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Fig. 4 Linear growth rates of JT-60U positional instabilities as
a function of n-index [81]. (1) Path corresponding to
collapse of 48, = =1.5. (2) Path corresponding to de-
stabilization of positional instability due to degradation of
4dn=-0.6.
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poloidal field coil system (closed boxes) and vacuum
vessel (open boxes) [29].
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Fig. 6 Calculation with a TSC model of the initial displacement
of the JT-60U plasmamagnetic axis 1 ms afterasimulated
thermal quench. The initial position Z; of the plasma
magnetic axis before the quench is varied relative to the
machine midplane (Z = 0). The field index parameter n
chosen for the modelling results in a plasma with an initial
elongation of about 1.6. The neutral point is about 15 cm
above the midplane [29].
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Fig. 7 Dependence of VDE growth rate and direction on vertical —(')8 b 1 04
position of magnetic axis. Closed and open circles are /1, X”‘“ ’/’\/ ,
experimental data of the JT-60U and solid curve is ob- / ;o]
tained from the TSC simulation. Plasma located initially v 10.02 -;3‘
at the neutral position is hardly displaced. 4
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VaUvRERERBEL B L ThWAI Rl bL, F evolution of the plasma configuration in (a) [82].
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Fig. 9 TSC configuration of modeled ITER-like tokamak with pol-

oidal field coil system (large closed boxes), double-walled
vacuum vessel (small open boxes), back plate for blanket
-module-support and a set of limiter points [83].
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Fig. 10 Vertical displacement of plasma magnetic axis at 55
msec after thermal quench followed by /, quench with
a decay time of 156 msec [83].
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Fig. 11 Neutral point of the new JT-60U (JT-60SC) now on

drawing board. Vertical shifts (6 Z) were measured at 3
msec after the start of [, quench. (A) Up-down asymmet-
ric baffle plate (cosed circle). (B) Up-down symmetric
baffle plate (closed box).
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