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Abstract

The vertical plasma position control is important to obtain a wider operation regime in QUEST. In this report, we
briefly review the vertical plasma position control physics, and construct the circuit equations to take a vacuum chamber
current effect. At first, we start from 6x6 circuit equations consisting of 4 vacuum chamber currents, one equation of
motion of the plasma vertical movement and a pair of the horizontal field control coil to understand the the complicated
circuit equations. The derivative of the mutual inductances on the vacuum chamber currents in the circuit equation is
replaced with the horizontal field made by the vacuum chamber current. This technique makes the calculation simpler
because two points on the vacuum chamber can be reduced to one. Using this simpler equation, we have carefully
examined the polarity of the circuit coefficients of the horizontal field coils connected to oppositely and the vacuum
chamber current to obtain the consistent results, when the plasma current moves upward.

Upon establishing the relatively simple circuit equation, 60x60 simultaneous differential equations are constructed,
with 58 vacuum chamber currents, one equation of motion of the plasma vertical movement and a pair of the horizontal
field control coil. Based on the experimental plasma movement of the divertor operation in QUEST, the n-index value
at the plasma center during discharge is roughly identified for circuit analysis. Within the performance of the planned
IGBT invertor system and this experimentally determined n-index, performances of the control circuit are examined for
various n-indexes, and the required applied voltage and current waveforms are calculated. Thus, it is shown that vertical
movement could be stabilized down to ningex= -0.2 by the planned system if properly controlled.

To estimate the n-index more accurately, we propose the current profile weighted average of n-index. The n-index thus
obtained is found to be changed during the discharge when the Ohmic coil current changes. In QUEST, in the plasma
current rise-up phase the n-index is positive and vertically stable without feedback control, however when the polarity of
the Ohmic coil current is changed for double swing operation, the n-index becomes negative, requiring the vertical position
feedback control.

Recently, as the inverse D shaped (negative triangularity, NT) plasma shape is pointed out to be better performance,
we compare the n-index of the normal D shaped (positive triangularity) and inverse D shaped plasma obtained in QUEST
during double swing operation. It is found that the inverse D shaped plasma has a larger negative n-index, yielding more
vertically unstable and the plasma cross section is shrunk during double swing operation. Thus, it is more difficult to
extend the plasma discharge length for the inverse D shaped plasma with plasma current of 50 kA range by the Ohmic
transformer alone.

Finally, we propose the multi-pulse coaxial helicity injections (CHI) to supply the plasma current together with fueling
and to obtain the higher ion temperature caused by the reconnection events during the merging of CHI plasma to the main
Ohmic heating plasma. The inverse D shaped plasma operation is appropriate for this merging experiment because nindex™>
-0.2 is satisfied and the bottom PF5-1 coil can be used for CHI generation in QUEST. As PF5-1 coil is used for the
divertor operation in the normal D shaped operation, it is difficult to apply the CHI merging experiments.

Keywords: QUEST, Vertical position, Feedback control, Vacuum chamber, Control circuit
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Table1 Specifications of horizontal field coil (HC) in QUEST

HC =2 A A & re = 1.1258 m, z.=+1.150 m
re = 1.1258 m, z.=-1.150 m

KNS =1 A L HC-UL  Pulse: N=6 turns, 1.=2.5 kA Tiota1=15 kAT
Steady: N=16 turns, 1.=0. 25 kA Tiota=4 KAT
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Fig. 1 Circular coil current and the measuring position P(r, z)
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Fig.2 (Left) Flux on the point P made by circular current C
(Right) Flux on the point C made by circular current P

WEHA 7B IR ZFESOT, Fig. 206) OXHICHEREBRIE P ICHDIBED N C TORE ¢ ZAHHE A
VR BE AN, TETE MM 2720, I, =1 29758 ¢ Myl = Mol &725. AP OHBERERD C HITIED z 7
DOREROERT (1) KLY



oM 2mrB
P = P = Darb (10)
aZ rep

V4

C M COBRO NI T 5 Fa720D T, EFOHIZII+ THREZ THD. 8) Kb bbnd Lotz &z 2A
N2 5L EFRANEDDDT, Br DEFFITHICR5.

3.2 KIRIR

FPEEMEREICEERK S 2 E T ERD D, 77 X REm EICE EF o TS MIGKERES BIX 0 T
HDHN, EHEOTTAER LN 2 HAIBET 2N E M LRE S & LT EFOEZERIZNC b—F A HRICHA
DOF OB I PFEIND QF  BHROAE LOF IOV TILFig 10 ITH— L TRLTWS). FRICE-TTF S
A< TR OMEFBES 2nR & dz FIa ORI % 8 5 KBRS ORI, BEERGER I OEAMREEFLL

B, (27Rdz)=d®=1,dM,,

P
L%, TNEYVUTOE T T A~ BIREICIES W DOKFRES By 3 TE D,
- _ IV_ deVp
" 2xR  dz
£ THIIT T A L BAER AR AR OALE TR E D AL 72 ) OFRE by 2 VT

(1)

ELETD. (F EBROARE OFFSIL Fig 10 ITRTEROM X T, FEICEESLEREXITHNTNS)
F =B B, £ T D PF 2 A VIR E R OmEMGEZED O TEOMRR L L TKERSGEED. 2 0K VRS
BlZz=0TIZ0 THDA, z HANEENDIZ >N L, $IEOHPET
0B
B, =B +—*Lz

rPF ro

0z
L%, 22T, (1,0, ) FIETIE, 7T ASEBROMFIET DHIBITIL PF 210 VB I 13 TV o T,
[rotB], = 9B, 9B, _ u,J.=0
dz  or
ThY, ThEb
0B, 9B,
0z ar

PO NS, T, KRS
0B, 0B

I3

= z
‘PF
" oz or

Z 2T PF aA L OED TEERS O B 3RIT KO n-index
dB,

r
n. =—-—
index
B, or

TRINLDT, ThaHEIELTRATL L

B =a zZ=_nindex z
rPF
or r

L72%. PF aA )VOAED ERSO RN RENERIEITERS 200D 2 ENbnd.
o T, 7T ATEIRIICTE DARVESE, HAERGRO DL DKTWEYS, MERS PF a4 VD5 K, &
SITHlAE = A NVERROE D AR bl ZMA TS DITIRD .



- IVi deVp_ z b I = IVi deVp ‘uolp

= n. B—+b I =—— +n, rZ+b 1 (12)
" an dZ index zR e’ ¢ 2.7'[R dZ mex4n_R R e’ ¢

LA T2 CHEEREB ORITE T AT ELEIOR,

1
PR
4R

ZRW 722U, a7 T X</, GERNEA S E T Z A, B RN Ruf AT 5L

S8R /.
I'=|log—+—L+8 -1.5
g+ B,
K7 AT "D A7 2 B0 hH~< 7 (ST) Tid FEEE B, ORXDBETRRLDTT OXLEDL D Y.

3.3 FSARDEBHHEX, EEERERMLHE AL OEREHER

3.3.1 zE@ARD TS XATDERHER

BT OT T X~ DEE AL, ST AEEE 0, A A OEEE N TIAORBEEVETDHE, T Ave
ROEEIZ V=V 272250 T (13) XTEHEZOND. ZDOLEDOHNNTT T A~ER I, LAKEREEB Licksn—1 v
VHTHD. K BT ETRDIZ12) XENRATDHE, TTRXEN dz [Tk o T TEDLEERGER I, DL 5
KRGS, TEEMSH PF 2 A VOED KRS, $ilfEl = A W X 2K B, TH X H5b.

2 1~ dM

d z v Y242 ‘ul)lp
nmV —=-2nRI B =-27mRI |- + 7 My + 051,
i P Pl 2aR dz 4R v (13)
dM 1?7
= +I [V_ _ - MD !; Fnindexz - 2'71:RI bVCIC
4 dz 2R ?

Z I CHEEMSOHETH D n-index NIEDLAITIRER D HEEN D IZ IV TKEBHIZ L > TRIZ S ME DT T X<
BT LR EIND D TEE, ADLAIIIRER D GBI T HFENIHE K ERSGN TE DD TREZETH D (Fig.3).
n-index (377 A~ O\E S M OLENEERITIFIETHD.

B B

z r r

n.>0 n_ <0

index index

Fig.3 Curvature of the vertical field by PF coil and resultant horizontal field

3.3.2 #lfaqomEEsERX

ACERES % AE B IR ORI TR A v 50 4 0 A% L, 5% R & T 5 &, ACERS = A L o@Eitix (14) 2
FY LS, HERRBROBAEICEIFHE (B 1) &7 7 A (BEORELLTE L DRREIC X 5378 (5
2H) IZk-oTHEN SND. F72 &S BITHIENGE S (2-2) ICESSHIEEE V. (35 X THEShD.

dM .
L, d., +RI =-M,_, dly _ I,—2+V.(z-z,)
dt dt dt (14)
drl, M, dz

=-M -1, —2—=+V.(z-2,)

VYt 7 dz dr



oW, E2HEOT T A LA VOMOMEA XY B A M, DEFRIZEE dMy/dt 13X, FHEA VX7 &AM, D
7z FIaEy & 7T X< ALl OB RIZAL dz/dt OFE TR IND. ZORER, 77 X< (LE ORI ZLA3E M E AR~
DFBIIREL DD, RBIZI T I A~ERITI—ETHH LT 5.

3 HERREROEEBEHER

3
PSR SR OB RO BREN 11, AT o A VB OMREIC L A5 (B 11E) L 7T A mEAEAL
OREREALIZ L 2758 (F2H) Tho.
dI dl, dM

L—Y+RI,=-M -1, —"

Car VY “dr 7 dt
EL_]dMWQE
“dt P dz dt

F7= (14) RERBRIL, 7T A~ EBZEREIROB OB A 7T 22 A My, OEEFRIZAL dMy,/dt 1%, FREA VZ 7 2 A
My, @ z Ty & 77T X< ALEORRIZL dz/dt OFF TR EIND. 7T A<NE ORI LN M & B 28R BT~
DOFEITREL 72 5.

(15)

3.4 HEHaA/ILELEEL-BED 3 TEMNERAER
EoA3)~U5%EF L dTEL L,

2 I dM

fi§=ﬁlidm-nd)z+1 o' \[ - —2wRI B (13)
di* 2R index Pl dz pre
dl, |dM,,

1L —<+R[ =-M, —¥— ¢Z1+V@ z,) (14)

¢ < v dt ck dt

d dl |dM, |(dz
L—L+RI =-M, —<— PN =11 15
v vy edr | de (ah) P (13)

ZOFBERIIASETORIUCHTLEKTH D, 22 TlE, 77 A~ERf & BERBEROMOMHEA »Z 0 2 AD
ETFHEM (dy,/dz=dWy/dz), 7°F7 X~Eii & il 2 A VOO EA &2 7 & 0 2D ETHESY (dWey/dz= dMye/dz)
RO DLVENRD D, FHCEZERRBIROB O EA 27 2 v ZAOFEIXRILO SZBAMIET, ZhEFREPICEEICL
STNWTERETHD., TITUTOLIICLTINE LV EHEARICEEHRI D L2E25.

3.1 HERBEREHBaANUNT S X LIZESKFRE
(13) Xofi0H; 2 ik, (11) KO7 7 A~ &Eifi & BEERGEROMHAA 27 5 2 A My, DROY
M ,

dz
FHRWAHZ ETHE L, XBICEZEREGEN v T 7 X< ERENAE D K Brpy D2

' =2aR(B,, /1, )=-2aRb,

=b I

Vv wV-r
EMHWS. £, A3)ROLLE 3 HE, HEH=aA VDT T X< BIHBICAE D A ERESS Brpe 13
B =b 1

rpc pc ¢

THZ BB,
3.4.2 TS ATEHRHHEEIDAILEBICHE S K TS

7



(14) ROFLE 2 I T T A~ BIROBEEENIZ L > THIE 2 A VICHFHE SN HBEEZR L TWDIN, Thir
T AT 5. Figd-(EX) ([CEZEREROBmIMIZHBE A VLT T X (EEZRT. +1A DT 7 XA EHN
rp=0.68 m Tz HFHIiZ-1.4 m»5 1.4 mETBETD L X2, N=168& DL FOHIE 2 A VEIC AR S D A RBEH
DA% Fig. 4- (PR)ICRT. 7T A~ERN z = 012HDEE, AFREFRIZ0 THH0, z >0 FACBETS L,
LR A BRI -, T OFE 2 A VEIIX Y OERDFEIND. EO L X HMBRITADFHIIRE R
D,z A NVONEDEZATE—T L7725,

Z DRI = A NE DR D z T —Z2 T =D Figa-CEX) ThH Y, ZDROHIE = A L TOARUK T
L BEFHE L C 2nreBrey i< L 2L R UAAIIRIC R D, HlflaA Ve, co & 7T AVEROHAEA VI XA
Mo, DFESTIFRTH Y,

_‘Wclzp =_d(1p+ML_12p) 2B -
0z dz ©oresp
ZHUET T R~ BIRDMEIE = A NSRS KBRS L. 2T E 7 E T ORIl = A VN7 T X~ AL OB TR
DRV THHZ EHRLTND,

am

p
dz

- 27r (B /1[;) =2arb

rep c rep

¥ on HC by Ip -d¥/dz, 27t rcBrcp
.000015}
0.500010}
5.x 107t

_ . zp[m
émm*- Zp[]

-0.000010¢

I ~0.000015t 0.000010

Fig. 4 (Left) Cross section of the vacuum chamber, control coils and plasma position in QUEST.

(Middle) Combined flux on the upper and lower control coil (N=16 turns) vs the plasma current of +1 A
moving vertically at r,=0.68 m.
(Right) z-directional derivative of the combined flux on the control coils. Horizontal field on the

control coils by the plasma current is superimposed.
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Fig.5 (Left) Contour lines of the flux made by the plasma current (+1 A) placed at the center
(Central-upper) Flux distribution on the inner and outer vacuum chamber made by the plasma current
(+1 A) placed at the center
(Central-lower) Derivative in z direction of the flux on the outer vacuum chamber
(Right—upper) 2nr,B.y, on the outer vacuum chamber made by the plasma current (+1 A) at the center

(Right-lower) 2mr,B.y at the center made by the +1 A placed on the each part of the outer vacuum chamber
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PLBAREE SN TWDROEGS, HZEEWFEN LI X 51 2 A L~OFFEIL My 2 AW TEE T, filfl= 1 1h
DHEZERBADFELF L Mve w HWTEHETE 5. 7T AvMBOLB 2RI HEIL dz/dt=U &4 5% &, (14), (15)
KOFDOE 2 HIX, Bop=bwpl, THH205 2nRBU &EIF 5. iUt E=UxB OES 2 K3 UCEHRIL 2nRE L7209,
AFEOBEEZRELTNDEZ ERDLND. LNLRRE I A VRLHERET T T X~ BRI LTINS T FIE)
LR BDT, ZOHA U IT—U & LARTFIUTDT 2R, 5o THRERNS LI2dh D oA MTITHRE ISR LT
ST A0 (AFM) ICERITFEEND Z LI2RD.  dz/dt>0 DAL, HlilaA LV TIET I A~ EBROIEDIES
MO (FRE) ZITHIETIZDICAT RO (FEmE) 2HET5DT, b PHFEEZUIZI .

4 TSAIEBEMEOERHEXDEEMER
4.1 PFaALO#NHY, HEARERGTL, H#24/ 05 L oL LBE
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7T X<~ OB RITHE RO TIRE T A ~DOBEIHE 1L E D THVY. n-index 23IE THIE 2 A4 L 722 < EZER %)
BERGFELWES, 77 A~oE#HEA (13) NiFko &k ricks.

2 2
df=— Moy In,, |z (13")
dt mnV2R "

Nindex=10. 2 DIEDEE, ZORITHEIRE ORI/, Fig. 6(F) IR TLIICHHNCT T X< LED z =1 mm 7214
ML TWDE, TAR—REECETICRITA2DOTT I AV LBIILZETHD. ZOLETNAR—VEEOA—F
— T E DIEEIE

] 2
w, = \/Ma—pr|nmdex = z vV In,,.
mnV?2R R
B ZIERD K 5 72 QUEST D/3F 2 —2 D55, B=0.3 T, EFER=0.68 m , /N a,~0.48 m, 77 A< 1,250 kA,
MIE7 T X< Wi, nie=1x10"m>, A A BHEn=1.6726x10% kg, BNuA XM B=pl,/ (2nas) =0.02 T, WA >
H 7R AR =1, RaA ZN~—2B,=0.5, A A2 DERTHIE Niow=nionV = nion (na?2aR) = 3. 09x10" T, 2HEIX
niemV=5. 17x107° kg L IEFITHE. FTz, TA— @

B
V,=2.1812x10° ——L— = 454 416 m/s,

VAN

72721

l
I'= logg—R+—’+/3 -1.5|=1.92
a 2 7

£V, Tos— A REI

-
w,=—=2\In_  =414,940 rad /s
R mnaex
DA
T=27 _15.14x10"
wA

Fig. 6 (/) R LIz IRENEIE CIIfEMIC T ~15.1 ps £ 72> T 5.
Nindex=—0. 2 DA DA,

2 ]2
42 _| B 1y ooy (s
dr* |\ mnV2R "

LD DT, 7T RAEIFEEEEAIIHE KT S, Fig. 6(h) IZRTEHICHIINCT T X<iiEN z =1 mm 721F kI
EALTODEE, t~9 ps DERFET 2 en BT 5D TT I AV MNBEIIRLZETHD I ENbnD
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Fig. 6 Plasma position for (left) ninex="+0.2 and (right) nine=-0. 2.

4.2 EHEZEERBICKBIFIVEVTHR

LI LT T AR ETFICENT D & BEERIHFEERDMNETINE . $l#l 2 A VB2 WGEDT T A~ DiE

AR (13) XEBELEREEROHFEA (15) K
&z, L1 dM,

_ 7= 13/"
dt? / nmV dz (13
dl M, (dz
L=V4+R I =——"2Z=2]] 15!
dt T dz (dt ? (1)
D (15) RTBWTA U E 72 ALy ZERLTELND T,
;oM (dz\1,
d dz \ dt RV
(1377 )T D &,
2
d—2Z+D%—y2z=O (13-1)
dt dt
=771
2
_ 1} (am,
nmVR, dz

Thd. Wb, TITRXOEMONTIELEREERICL DX E 7HD 262 2 Wity HEAIC 725 Fig. 5 (FF
BJ) TIX I=+1A O dWyp/dz=d (IMy,) /dz~bx107 FREZR D TED 1/10 & L, BEZERMEROREHRIRITEIT
Rv=4. 7x10° QR D TEFDINEEIE L TE v ¥y Z &8/ NI 5 718 TRV 7=, nmV=5. 17x10° kg, 1,=50kA,
Nindex=0. 2 @%/E\,

=2.57x10’

14 17 (dM,
y=—"2\Tn, . |=414,940, D=—2 L
R e nmVR,\ dz

LR BDT, PIHIMEE 2[0]1=0.001 m, 2’ [0]=0 m/s & LTV V=, Fig TITRT X D ICHEREEE - W IEROSHEIC
LT, BAOERENELS 2D T EBbns.
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Fig.7 Plasma position for njgx=0.2. Dotted line has the damping term D and sloid line has no

damping term (The same as Fig. 6 right).
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75 A2 BROBEENE DL L D E RS FOBHROEIIZ L » TEEARERNFESNDID, ThifiEl
LCHET 5. 1ﬁIJ7ui“7°§x“va§F+5o KA BPLNZH ST, TN EHIT10 cn BB LT- & X DEZ2REE - TOREHSY
Fiz AR ()ICE > TREAE LR E Fig 8- (ERDIZRT. 22 Tk s =0 (ZFRER LA AR — R, s=3. 5mix7 7 k
A—FNUTHD. ZOLXIZAELDIBERECED A% Fig. 8- (G KD IZRT.

Upper inboard Upper outboard

vertical oblique olate
Flux[Vs]

Flux[Vs] 0.010 /
0.05, 0.005
0.04} 0.000~ 2/:\\' L s[m]
0.03} /\ -0.005
0.02} -0.010 T Lower inboard

Outboard vertical plate
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. IS . plate Lower outboard

0'000 1 2 3 4 5 6 s[m] oblique plate

Fig. 8- (Left) Flux profiles on the vacuum chamber before and after upward displacement of +0.1 m.

(Right) Flux difference by the displacement along the perimeter of the vacuum chamber

ZIT, FPIORYOEMMN ] ns THEREXD L THIT s =2~3(BE TN —FEFEIIREZ{LED S V. ~0.002Vs/0. 001s=2
Vs, BHERBEREA A7 Z L AZERL THRIOLEE 272K

V, 1 ad¥

"R, R, dr
THET 5. BWES t =15 mm &JHHME X ds=0. 1 m OEFFO b—F ADOBEZERIHEG R 1%, SUS OIEHIZEN=70x10
SOm LR, ~1.4 mDE X Ry (2nR,)/ (tds)=0. 004 QL7225 DT, ZORFGIHOEZERITETITRMEIZ 500A &
725, Fig. 9- () ICHE LI BEEASRER MM 27T, Fig. - IRT XIS, FRERDO EFTDOA o R— KL 77 b
A— RN ITA DO F R OBELERISERNPTIL, FTHOA R —RUET D FAR— RMNZIX+ 5 OB LR ERER AR
L2ZENRDND. ZOBEBREFERICE VACEEEPESN T T A~EiiZ FICMLET. 20Xk 51077 X~ Eifi+50
KA 25HLL D EHIZ 10 em BEFT U, TNELHT 5 HFHICELERIGERITRND Z Lnbhd.
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Fig.9 (Left) Vacuum chamber current along the perimeter of the vacuum chamber

y[m]

(Right) Approximate peak position of the vacuum chamber current

6 4BEORZEFFERMEE S HEAKEREEDILEE

ASETICEZCERLRB IR | HOBELERERERE | HOHEI=A L LD 72> TWT, EEOBNIZIEZAR > T
RORD CTHAMAR B O T, 2EEZIETL-00L0THS. RICEBEORBEICR LILWEIEGEAREELLENH
L. DFEY, Fig 9ITR LR o1, LT 2T OO 4570 0 HAERRERBE 2B 2 D 0ENH D, F =l
A NVHOEESG EVED T2 DI 1 Ol = A v, A6, Fig. 10 IZRT L D IZERDME BHED 1 X0 2 A LA ES
Pefor LIRS A V3B TH D,

OB AV e & FOFIHH A NV 2 BT T A EINED KRS L, EOBFA"-"T, TOR"+" OR300
T, 77 AXEBRIITE D EMOKFRSIL, RO XS IHmEITheb.

_a(wpcl"'wpcz) =_d(lcl Mpcl+102 Mch) —27rB 1+2J[1’B .
dz dz Pe Pe
TIT AN L > THFE SN DIELERWEROF M S ETRFRT, 7" HHOERDPND & T2+ OJH
2. Fig 10 1%, oMz 5 X ( JE) OF T A ERNBTNTND & X RICEW85E, EloREZE%
SREBTLITHM E OADF BN, HlH = A VAOER bR & DADFANIHIND Z L 2R LTINS, {Eo T TFHlOEZER
Zx E i 2 A T+ R OERPFEIND. ZOZ ENLEBHTERROEHEONF 5% EMICID D Z ERFHREE 72

o

KEREIBFIE AL

PF35-1 pr—‘as-z/ Diveytor
15| B Flux-F{ T6
TG o ®
=] P17 +£Iﬂﬁféﬁﬁ0)rﬁ1:5mﬂé
05I= ZAN REFET AR
= I:v1 } | cC
E o—Ta 5 ©
N
» | CC —Am REOFFIME
- s V3 ) Z
05 EHV- -+ 12§ums: Bﬁfﬁﬁm
(mjax 16 o)
-1 76 Tams |
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-1.5 | ——
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“0 05 1 15 2
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Fig. 10 Cross section of vacuum chamber and four vacuum chamber current in QUEST.

Directions of the current induction are also shown when the plasma current moves upward.
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6.1 KFEHBHEED L OERAERX

:4/lx@mmfﬂu\Wftﬁxz%fx7k$M%éﬁk X, WS LI mEMS A VEHWD L0 b, EROmE AEWZ
LB COA o F 7 X APPSR DREEEEBRP T LARE TH D, KBS E2 AT 524 VTl
FQIME)@%_,L®z4wkT@z4w@ EE DA X & 3| fé%%ﬁ%é.oib,ﬁﬁﬁr(%mkﬁ“@ﬂ
S22 5 PDHIEIE §2) O & BEWIZHEIZEIN LT, EREEINCS/RTFIER V. BI6, Fig 11 O X 5 IC#kiT25 2

& TG a A NI D.
et ey

<;:::::E:::i::f C;:::::};::i::f
+ le2 * ’

ICZ
Fig. 11 (Left) Separate horizontal field coils.

(Right) Combined horizontal field coil

IOLEZ, CafNVORKIETT T AMEDEIICL2FFE, HOA VX7 X AL BEHERE, CGaA b0k
B, A HOBEZERIEERN S OFEEZIT 5O TRRD L 5 2R ITERANESND. A CaA LoEgL 7o X~

MEDOZIZ L 2FE, ACA ¥ 7 22 LAY, C 2 Db OFE, 4 [HOBEZERIRERN O OFEEZIT 5.
Cﬁth+R1'-1%ﬂblﬂ— et
o dt Trde T dt (14-1)
dl,~ /. dl,.’ da,’ | 1 dz
_(MCIVI thl + MclV2 (;tz + MclV} ﬁ"’ MclV4 C’Z/: )+ E{I/cpm (Z _Zo)+ Vcder E}
dl " dz dal =
C2: c2 < 2 :_IPZERbrfc‘ZpE_ c2cl détl

(14-2)

dl,~ dl,,~ dl,.* dl,,’ 1 dz
_(Mczm thl +M ., thZ +M02V3%+MCZV4 ;; J_E{chm(z_zo)"'rcderz}

FADHBN T A Nep, BT A2 Vea N DHIR5E

Vo=V, (-2, )+ V2

W oA VERO T ZPFDDHDT, BIEEMRICS > TUIZF I 2EETAILNERDH D, P +HmE RECmZ 9 1h
%)@7717 S LB T256 5252 ThD. 1o = ~1g ROTHAOFE 2HEZFDICBHELEXET &,

dl.~ , dz

Cl: (LC]_MCIC2) . +Rcllcl =_Ip2‘7err—clp dt
dal,’~ al,,” dar,;’ ar,;”\ 1 dz
_(MCIVIﬁ+MC1V2%+MCIV3%+ML‘IV4 C}/; )+5{‘/cpm(z_zo)+‘/cder5}
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C,: (LL-z - ML~2cl) di; + Rczl(-z+ = —Ipanb dz

r-c2p E

dal,~ dal,,” dl,.’ dr,,”\ 1
#4-M02V2dL;+M62V3d—V;+M02V4dL;)__{V

- Mc2v1

BROTFENRHD C & C aA VEESFERTD L, ZOXIIEMNWECA v F 7 7 A T5. b LZD 2250
IANDBEY BRI HIUE, A NVOEIMR AT =L 0L IZRDDT, ElACA v &7 % AXFF 01T
RAHBZENDLHLERTE S, ZOZ b b aA VERDOFERNELB IR ARG RIZIE, IS U 7- BB 2 A
NERWD LYY, BEBHFRABYOEMPGBC IANA L H T Z U APWNEL b K S aA VN CTh 5.
ZIZTC & COERKEAR L THEAIEIR LT 5I21E, C & COBROME BHROT CI-ZHT TREEL V. £
WTHHHCA Y H I 2 A LRPURDEES &2 DO TR LULFEIZAR Y, La=Le, Ra=Rez, Mece=Meze1 72D T C 05 C &
B Z L THELND LEDHIE = A LD FFRRITREMHIZKDO L 127k 5.
dz

(2LC1 - ZMCICZ) d[f{ + 2R011517 = _Ip 2’7z-la(brclp _bVCZp )_ +
dt dt (14-3)
dal,~ dal,,” dl,.’ dal,*
_{(Mcm _Mcle) th] +(Mc1V2 _Mcsz) thz +(MCIV3 _Mczvs) tha +(MCIV4 _M02V4) ;; }

dz
+{V‘p(z—zu)+V‘dE}
T RN EICBET S L dz/dt OFENDLLPND K5I, HUEHO L 52 Lol A MTIZT T X~ DLEAL
WA H-HIAOFEERNFRSNDED, TOFE = A MIUIT T A~ DEMNZINZ D+ HHOFEERNFRLING.
D Vi, Ve OBZERIBEFTOLT T X~ DOEMEMZ H-FOETE CL aA MVIFHET D2, THlO Vs, VaOE
ZERINBIANLT T X~ DEMNEIZ D OB E Co A MIFHERT D, ThEETT-OIHEA L F I 7R
WEBIEE 72> TS,

Z DK 2 A VA BRET % I6BT B8 % Fig. 12 1277, BUEHER T OFE 1T TIC OH ERICHV TN DD &
[f] U IGBT (Fuji Electric, IMBI3600VD-170E) T, I;c=200 A, Vy=200 V, Pye=50 kW OAEZ >, i d BV ChHER T
DINE I, BRABEZICHH0EFRD120DIZ,

(1) A = A AT HNT D EE

(2) Hlf = A1 VBT

B)FD/NT—

ZRD D, —EANZT T A OEELMITENDO T, EOHEIERILETHS25, ETIX0HEBERICHNGATWD
IGBT LU HDEANE.

LSZ 1GBT SZ }

VAR v

Fig. 12 Power supply circuit for horizontal field control coil

6.2 FIXTEMAER
iz (13) KD7 T A~ B 2 SOfiliHl = A v & 4 HORZERZERDOHEITILET 5.
HE = A T BRI 1%, BAEASRERIE 4 [ H 5 DT,
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d’z M012
anW= 2]5 r(_nindar)z (13_6)

-2nR1p(b, _b )1- 27Rb I ~-2mRb I ~—2xRb I *-2wRb I °

rpcl pre2 V1 V1 V2T r2 wV3Tr3 V4 va

LB, FUORED 4TEE, 1L 4KR02 L 3DL IR ETICKE 725 BZERIRERN T T A< I K RS ED.
FHOENAL BIET T A DOMEITRELESND.

6.3 4EOHEZEERERL YL IHEBEHERX

HZERAREEIEEIE, 1 SOfE=aA N, 777 A~ BAIT K- THE SN D HZEERER, I bIMOREZEEIREIIC
LOFHEDRE V2D, B Vi~V 2k LT

al,~ _ dal~ dz dl,,” dl,;’ dl,,”
LVI#—'_RVIIVI =_(MVlcl_MV1c2) dt -1 27[RbrV1p dt MVIVZ%_MV1V3#_MV1V4%
dl,, . dl - dz dl,~ dl,.* dl,
LV2 - +RV21V2 Z_(MVzcl_MVZCZ) dt -1 27[RbIV2p dt MVZVI#_MV2V3dL;_ V2V4st4
dr,.* . di - dz dl,~ dl,,~ i,
LV3L+RV3IV3 :_(MV3CI_MV3C2)?_I 27Z.RbrV3pd Mvsmﬁ_ 1/31/2dL;_]V[mmst4
dr,,’* . dl = dz dl,~ dl, = dr,.*
LV4L+RV4IV4 :_(MV4L’1_MV4L’2)?_I 2z Rb)V4pd MV4V1ﬁ_ V4V2$_MV4V3$

(15-3)
T RN EICBEIT 5 L dz/dt OFFFIXIET, FlZH 2 EZERES T b0, brey0 722D T, —[A] X O Ly, Iy A3
FHEEN, TN H D EZEREIRTI dbrsp0, breip<0 72D THAE X DEWR Ly, I DHFEEN 5.
UEOFTRTOXEZWMOEEAZEIZEE DR TETEERD X DI/ 5D Mathematica TIXHHEIZET S, LML
W5, EFRIZ Mathemtica TR FHAIL, FHREROEDSFDE SN TEAEBBMAEIED, EBEE 01275 & 5 7 fiE
FIAT%. BB, NDSolve IZ38V T Method—> {"EquationSimplification” => “Residual”} DXAEMA L TW3.

d*z pl)]
P: nm VF = 2—I;F(—nm)z —1,27R (D, b,y )1,
-1,27Rb,,, 1, —1,27Rb, 1, —1,27RD,,,.1,,—1,27Rb,, I,
dz dl. dl dl
C: {]pzﬂR(brclp _brCZp)_V;d}E-}_(ZL 2ML]L2) dt +(Mc1VI _ML'ZVI)T;]-i_(ML‘lVZ _ML'ZVZ)Ci_Vt2
dl dl
+ (Mcle _M52V3)7:3 + (MclV4 _Mc2V4)# = {ch (Z - Zo) - 2Rclc}
dl . dl dl dl dl
Vl 1 277RbrV1p (MVm _MVlcz )7; + (LVl d:l J + MVIV2 d_Vtz + MV1V3 d_’;S + MVIV4 d_’;“ = _RV][VI
dz dl dl dl dl dl
Ve I ZﬂRbrVZp i (Mvzcl _MV2L~2)7; + M, 7;1 + (LVZ dv;z j + My, d_? +My,,, 7’;4 =-Ry,1,,
dz dl dl, dl, dl, dl
V3 t 1 27[Rbrl/3p (MV3cl _MVSCZ)E_FMVSVId_zl_{—MV}VZf—F(LVS d;3j+MV3V4#:_RV3IV3
dz dl, dl dl dl dl
V:t 21 27[Rbr1/4p (MV4cl - MV4c2 )7; + MV4V1 d_? + MV4V2 % + MV4V3 7;3 + (LV4 d? j = _RV4]V4

(16-1~16-6)

6.4 4EOHZEREREL YL IABABRXOHKER

IS DN HFEXE Nige=0. 2 DADRLE2YAIZ OV T Mathematica & AW CEAEANIZAELS . Z 2 THEE
PR 7o E A MR T D 72012, BERBEROA L F 7 X o A L BIUIHKm o=
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L, =up,(log[8r, /a,]-2) R, =72x107x2mr, /(7a,)

AW, SHEITXEZERIFORE X 258 L CHRICIEERRE 1=0. 23 m, /NEE ap=5 mm, SMUIDSELEE ry=1. 2 m, /Y
Feap=2cm & L. f U&7 X 0 AFINRIEZEREEC Lyi=1. 13 pH, SMAIE 227855 T Liw=6. 29 pH, JKPUIANMI TR, =
0.0132 Q, SMHITR=0.004 QL 72%. Fio, AKFRESLHIE = A /L OEPUL Ree=0. 011 mQ & L7,

Z O FTFERNIE L RT TV D ETERT 572010, BZERLCHE = A L OBHUEE 1x10°fF K& < LTEHE
L7z, ZOfER, BERFEMITMNT, 77 A~ ONMEIL9 ps 2T 2em BENT 5 Fig. 6 DA & 2L F LN
Hmoh, ELLBIITWAZ LR TE .

6.4.1 HZEBRDR, SlEIAILIEHL556ELEEE: VerVe=0

EIRRARREIE A VO A FDOFEEDOME L, Fig 13(5) IR T X 91T, "+ MEX DT 5 A< EROYIHINE %
Imm &F5&, 7T X< I t~12 ps T2em BT 5. ZD & & FUOBEZERE (V1,V2) & KFERSE = A L (HC)
1 Fig. 13CH) ITRT LT "mE OBHRAFRL IS Fig. 10 BIR). THIOEZRE (V3,V4) &AEMSE A1
I OEIRBIALD. DX D ICEERFEROHIE 2 A MCHEERD LD Z LIl L > TT T A MEBOETO
BIZ27R3 D Z e3bonnd. £z, Z I TIHIEERHROIMUME (V2,V3) DA L H 7 X ARKRENDT, BER
I EAVAYIN T NP AN

28 At
B RN
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; 400}
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_ v V3
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= [ = :
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Fig.13. (Left)Plasma position, (Right) Vacuum chamber current and control coil current (HC)

6.4.2 #WMHAHIAETSHBE (O Hlf:V.~0.31, PHlfE:V,=0)

7T A~ WENLESIE CEE 2O MAHE OHIE) Tho. MoslE L I EEOR KRB E TRIL T, Z0E{kE
T 272D VS HIEET, "+ FAOT T A~ BRN LICBEIL L 9 &35 L, EOKEESHIEa A VICHERL
"IN R AR LRI S L 5 Rl TH 5.

WDEIFENRT A—Z DA (Nine=0. 2, HBIHIEZ A > Ve, =0, 7T A (LEREM 2,20, PIFT T A=A 2,01
mm), OIS A 2 E V0.3 EBITFIL, Fig. 14(E) ITRTEIICT T A~EiT Lz, =7 mEETEY—2 L7220 %
NUBITRDT 20, 2=0 1213 b, MEZHERFT oI Eoflfla A v ([10) (2iX” =" JFho aA VBRI
BT TCWD 000D (Fig. 14-(hH)).  FizV2 & V3 OBEROFFEDLERL TV DD, ZIULHIE = A L HC OEHIC &
STHFEINTENLTHS. WH, EOHCIZIE 7 OBRBTALD D TEDIFEL DO V2IZIEL “+7 OEZERIREIN
WALs.
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400
0.01 200
. M”‘—__\— V2
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Fig. 14. Plasma position control using Drivative (D) control for niwe=-0.2 and the differential gain V.=-0. 3.
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6.4.3 PDHIEAZITS>H/E O HMET A > Ve=0.3, PHlfET 1 > Vi,=500)

BRI LB (P HIE) 2Nz 5 &, 77 X~ fLE & % EME 2,20 [ICHEFF T2 Z LB TE TREZEOES. RO
[BIFE /T X =& OB (Ninge=0. 2, Ve=—0. 3, %OZmlm)Vvﬂmkﬁfiﬁgw(E)C%#%Kf?fvﬁﬁm
WEEIZHNTE ST E e, filfl A VERIZT 7 Al s U TR S, BERRERIT T 7 A~ OfE &
il = A JVEERTIC KT D & 22 Z L 3bnd

0.02
0.01 ]
g oloomk | g
= _
-0.01
08000 00005 00010 00015 G020 00000 00005 0.0010 00015  0.0020

Time(s) Time(s)
Fig. 15. Plasma position control using the Proportional-Derivative (PD) control for
Nindex=—0. 2, the proportional gain Vp=—500, and the differential gain v.;~=0. 3.

6.4.4 TFSAXTHEZ 100 £ L 7= PD FifE

TSCVIalb—a b TnD L9, ABEBHICT T XA~EE% 100 EREICT S EEmAEO T L_— 4R
FEBBEL, ©o< VL LET I RXAvOBEENRLZLT <25, Fig 15 LRI UFHESM T, BmDA%E 100 FI2 Lz
HEMERE Fig 16 (/) IR, 77 X~ 0@ 1TE LMD, ZONEIL Fig. 156 OWEHHRNE L IFIEFR TSR 5.

0.02 [
. 400}
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i v V2 HC
£ 000)/~\\_\\ < o= = sy Yy S
< 0.00f T S e
N VA
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-0.01} |
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Fig. 16. Plasma position control with the same parameters except for the mass multiplication factor of Gp.ss=100.
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Fig. 17 Discharge waveform with the Fig. 18 n—index composed of all PF coils
divertor operation in QUEST (#23253) at t= 1.37 s in Fig. 17 (#23253).
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Fig.19 Upper vacuum chamber composed of small rectangular

shapes

20

Fig. 20 QUEST Vacuum chamber composed of
small rectangular shape and its center.
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Fig. 21 (Left) Vacuum chamber with upper and lower divertor plates.
(Right) Plasma position for Ningex=0.2 (Guss=100) with divertor plates without control.
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Fig. 22 Plasma position for Ningex=—0.069 (Gus=100) without control and divertor plates.
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Fig. 23 Time evolution of (a) the plasma pos ition (Black) and differential gain (Blue), (b) the control

current of HC, (c) the applied voltage of HC power supply, and (d) the power consumption in the HC

power supply. (e) four vacuum chamber currents of VI~V4 almost corresponding to Fig. 10. At t=
21.5m s, the voltage is applied with the differential gain of V..=—5 and proportional gain of V.=1000
for the plasma mass multiplication of 100. Set point of plasma is z,=0. (Ninex=-0.069)

HC = A MICEBIEZEIINT A R4 DEZERNINERSE % Fig. 24 12 3 IRILCHFE LT 4. MEICARICBEI L TWAEED
20 ms TlX, BEAMA VR — M < BHRATHI, FEIZIZADOF MO, FEIZITXED TR DOEIERIEERI RIS,
HC it =2 A V2 AN L7271 23 ms TIL EERD HC 24 MR E A D EOHFEHEFRS RN D -0, D DEZE

HZER
FHUTIEF M ORE RERPFEI N, BIBH SN THC DEBLZITHIHZE S & 45, FlE< DEZERA VR

— FNZ S/ N ENWARBR S IEEHADOERNPFEINTNWEDORDMNS. T b DEZERBERIC L - CTEIIN L 7R85
DHENTNBDT, HC a A VEBEERZOPNANZRE L2 5HE810 & ORERIEN G E S5 0 EEV (§8.3.3. 2 H).

R[m] 1.5 |11=20 ms RIm] 15 |t1=23ms

Fig.24 3D view of the vacuum chamber and HC control coil current at (Left) t=20 ms and (Right) t=23 ms

for initial plasma position of 2 cm above the equatorial plane.

8.3.2 WHAZEHZEG6 cmIcKEL LI-BE

WIZIA U Nipgey=0. 069 C, FIHAZENL % 6 cm FTREL LTEZ FTHIIFEENZ 5. i/ X7 A — Z 1% Gpae™100,
o7 A v V=4, WHIT A V=300 L5, ZORER%E Fig. 25 12" F. HC D/3T A—F X 13=200 A, V=50 V,
Puc=d kW & 720, ZHLBIEEMTOER (142200 4, Vyi=200 V, Py=50 kW) TXUSHRELEZ2bND. LaLiE
BT _EI3 2 2T HCHIBEEEOMNRA &7 B ATEER TN L Th5. BIREZHIEL TEREZRET S
BIEZONA BT B 2 NINI LTRSS TR EEICRD. 2, RENZ 4D OBEERBEREEE
Fig. 25(e) 127”7, ZHUE Fig 10 IR TEERISEMRICIETEVEFT COWRME TH D, Fig. 23(e) EAKERZEEITH 5.

F7z, Fig. 262 HC 2 A /WZEEZHIINT 2 Ri: DB RERERSE 2 3 KL TRIRT .
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Fig.25 The same as Fig. 22 except for the voltage application time of 0.0305 s. (Ningex=-0.069)
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Fig. 26 3D view of the vacuum chamber and HC control coil current at (Left) t=28 ms and (Right) t=35 ms for

initial plasma position of 6 cm above the equatorial plane.

8.3.3 HEM I EREZERB/PICKEL-EE

HlfE = A NMZER 2T & OFLOBEEREFRFERPIRALEIDHIEN S EZ 52 T D Z ERBMIZ - 7.
T 2T = A VA B ERGRRICERE LI E, E ORISR/ 50T T2, £97, (11258, +1. 150) & (1. 1258,
-1.150) IZ& o7 HC A V% Fig. 26 12 L 512, (0.9,+0.9) & (0.9, -0.9) ([ZELT-.
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Fig. 27 Set position of the inner HC coil.
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The same condition as in Fig. 25 except for the HC coil position. (njngex=-0.069)
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9 ERATMDEHAZERE L 1= n—index

TR D LT ENEZMD ETEEROD nipywa DETH S, §7 FTITEM PF 24 L OVEDRERD n-
index D/ ME (Nipge=0. 2) Z & > T2, L LENTIEHERMEIZEDLRVO T E8.3 M HITERMEICE D Ningex (&
0.069) Z AW CHIFEIEK OF R 217> CTE 2. L LEBICITT T X~ BIFET D8I Tl nie (I T L
Twémfmmxxwkﬁw EMEE B2 E LT N DIEHEEFHHRET 22 LITAENEEZOND.

Fig. 291 RT XL 2IZT T A~EERZHMTRT.

U

Fig.29 Plasma cross section with elliptic circle
BN EROXTRT. FHOITITERHEEIL0 LT 5.

I =IO 1=(x=n, ) 1= 0] fx-n ) 1@y b .

J(x,y)=0 ( )/a +y /b >1

IR rp 377 A~ 8. a iITBIROMRE TH D, BROAMEZERET DT T X NED ninae (x, v) DEEIZR D
2B\ ORNIT D,

M = [ M ()9O 1= (x5, =52 157} sy
T 2 C e (x, y) =1 E BT, BIREEORMME I 23K ED. §€- T n-index OFHMHEIT
ff”mm (x,y){l (x rp)z yz/bz} ' dx dy (19)
Bdex =

ff{l (x —yz/bz}ldxdy
&&5.::?£W34w@m@Wéémﬁ%@nmd&wﬁﬁ@(w)ﬁ%ﬁwé

R_[I28)
Hindcx(X’.V)=_(EBZ) IR

LT TRAHLDOU YT T ) 77 MR ERTT-OIC, EREEBEOTN —REEROREE T T

(1+cd(x—rp)/a){1—(x—rp)2/az—yz/bz}a’f

ETCERBEESMME LTRSS T 5. Fig.30 () 17T L 912 cd=0 DFEF/ITELERHTY v 7T /) 737 bMisn
23, ¢d=0.5 ODLFEITEKNIRT LI E—JEN b —F ZIMINZTND Y 7T ) 727 b aeRT.
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Fig.30 (Left) Symmetric current density profile with cd=0

rim]

(Right) Asymmetric current density profile with c¢d=0.5 to simulate the Shafranov shift

9.1 QUEST DA —= w9 & /\— S ERER (#23253) D n-index DFH{E

#23253 O PF A VEE Tar=1.1 kA, T,r6=0.6 kA, Tppss1=—1.75 kA, Tppsso=—1.5 kA T, HERZITITV I=0 D
BHOEZERMNOK R TO n-index () & 77 A~ EEEOE&EHR (IR) % Fig. 31(FE)ITRT. Fig. 31(F)ITiX
FEOT R DHEFE 7 B

. (x,y)J(O){l_(x_rp)z /-y /bz}a;

ERY. ST A EREEDOERR TR 7T A~ % 1,70.865m & LT, a=0.45 m, b=1.4a=0.63 m, FEXFRMEEKL
cd=0.5, EIOAMREKa=1 OEE DT n-index ZFHT D & nipe (av)= -0. 0525 BfF S5, Fig 31 () TR
WEBROD F—F ZHMAlIE n-index AIET, ZORMNITALRO TEERR n-index ITAIC/RD Z NN 5.
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Fig.31 (Left) Contour map of n-index for Is=0 kA in QUEST
(Right) 3D view of the integrand composed of n-index and current density profile with
cd=0. 5

LU N O MEDOINS EIF 7 2 — X TILCS &Yt & 77 A~ EHIXFAA AR T, HlZiLFig 32 (£) IZ7-7 Is=2
kA OEETEOMITEER U/NT A—F DA, n-index AlEHLOMRERAIT CE &R BHEMNILL 0D, £/
Fig.32 (£7) T®% n-index BAREHE I CIEL R DEIBOHRETE D, - T, FHMEIT ninaex (av) =+0. 148 LIEIT72 5.
Z D & 91T n-index M IEIZZR D FEIHAS b — T AN HIMTIRD %
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Fig.32 (Left) Contour map of n—index for I=—2 kA in QUEST

(Right) 3D view of the integrand composed of n—index and current
density profile with c¢d=0.5

PLED #23253 DA D 1,325 EiFH (Fig. 33(£)) @ n—index ZFHH L7-#EHR 4% Fig. 33(A) 1T T. 1,36 B HiE
Ninge0 RO TIEIELETFICRETH D, Ies -0, 5kA FEFEIC /> T B L FICRLEIC/R S, B, Sib EF 7 =2—XT
IZMEEAEFEN 2 TORERMEN GO, 77> b My FIZESKIEDNTARLEEIL > TN 2 Enbnb.
BB, TITE >0 TOREEZEEELNTHARNOT, HEMIEEZMNEL TEEZHL ETEUNATETHS.
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Fig.33 (Left) Schematic wave form of the Plasma current and CS current
(Right) Averaged n—index vs CS current for normal D shape divertor operation
(#23253)

9.2 QUEST @F v »tz/LaA )Ll

QUEST TiIA— 2 v 7 BB E R G T HT-DIZPFIT 2 A4 DT 7 hAR— Rl W= EF 15D F v kL=
ANV(CC) ZRWVTX AR AR L T D, CCOBEHAEEZ DL n-index HABETEDDLHDT, ZITIEEEHEE
L EEELEBAEDHREZEZD. I NA T ZEIR Is=8 kA DHFCC DA VERSFE U Ie=-8 kA T, Fig.34(%) I
Z OB OB %2, FCHETRE SR 2R, OBIL 50 Gauss TH Y, PWRIO/IHIX 10 Gauss PA T OFEKTH
%. QUEST & TILCS AL & 7T X~ ORI TZDIC T T X~ 8 CS a4 VEROMELEICZTROTV. —
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Fig.34. (Left) Flux profile in QUEST by cancelling coil with 1 turn,
(Right) Corresponding profile of the magnetic field strength
Red straight line shows CS coil and red dotted line plasma boundary
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Fig. 35 Dependencies of n—index on Ics and plasma position
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Fig. 36 3D schematic view of the Ohmic coil (CS), plasma current and

canceling coil (CC)
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Fig. 37 Dependence of n—index on ICS and vertical magnetic field on the plasma center

PF coil currents are set at Ip[‘l7:+1.1 kA, Ip[26:+0.6 kA, Ipf351:_1. 75 kA, Ip[‘352:_1. 5 kA
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Fig. 38 (Left column) Vertical magnetic field when Ics is changed from Ies==2 kA to +8 kA
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(Right column) Corresponding n-—index profiles

Red dotted lines show plasma boundary and plasma center
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Fig.39 (Left) 3D picture of n-index profile, (Middle) Contour map of n—index profile, (Right) Flux and

magnetic field around the n—index singularity
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Fig. 40 (Upper) Positive D plasma equilibrium for Ies=—1, 0, +3, +6 kA in QUEST calculated by new Hasegawa

code. (lower) Corresponding contour map of n—index, Bold solid lines show ningex=0.
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Fig. 41 Averaged n—index (black diamond) and the minor radius a, (red circle) vs CS current for positive

triangular plasma calculated by the new Hasegawa code
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Fig.42 (Upper) Inverse D plasma equilibrium for Ies=—1.4, 0, +1, +2 kA in QUEST

(lower) Corresponding contour map of n-index, Bold solid lines show hingex=0.
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Fig. 43 Averaged n—index and the minor radius vs Ohmic coil current (Iss) for inverse D

shape configuration
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Fig. 44 Comparison of n-index for normal D (PT) and inverse D (NT) shape plasma in QUEST
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Fig.45 The same as Fig. 23 except for the voltage application time of 0.003 s and initial plasma
position of 2 cm. The voltage is applied with the differential gain of V.,=50 and proportional

gain of V.,=10" for the plasma mass multiplication of 100.
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Fig.46 (Left) Ohmic discharge of I1,=-50 kA with inverse D shape plasma before application of CHI

sides due to reconnection event.

(Right) 30 kA CHI plasma is merging to the Ohmic plasma. High energy ions are ejected into both
for CHI.

Two short and vertical black bars at the bottom are the electrodes
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Fig.47 Schematic waveforms of the plasma current and CHI pulses.
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Fig.48 Planned PF coil current waveforms for inverse D-shape plasma in QUEST
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