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b s 7S Z AT EAROBE Y (Passive Conductors ) DA BARELECK
?“Zaﬁiii’ft;ﬁ%%ﬁ@?ﬂﬁi’%%#&%? %o Passive Conductors @ REFILIH 24 sl 4 v
HRUOELERBETH S, 5D Conductors iCfEd 2BHEAMAMHEIFRE, FHMED Passive
Coils & LTHEMRTELTEARA LT, Passive Coi ls BT =— FERAD S Passive
Conductors DEEAMEIEEHMMOBRL TH LT LA, COTEILMNRIERG, ME
AREEORER, RUFDT 4= K5y 7 HERELOFMOSHE 5T 5 X <D minor dis—
ruption CfkS 7 9 X fE OAKFHHELIEOFHIC bHHTH 5,
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Stabilizing Effect of Passive Conductors with Arbitrary Shape

for Positional Instabilities

Shogo SEKI, Hiromasa NINOMIYA and Hidetoshi YOSHIDA

Department of Large Tokamak Development,

Tokai Research Establishment, JAERI

{Received September 19, 1983)

For p051tlonal 1nstab111t1es in the tokamak, the stab11121ng 1ndex
nS'lS an adequate parameter to characterlze the stablllzlng effect
produced by several kinds of passive conductors around. a plasma column
such as vacuum vessel and p0101dal fleld c01ls. Slnce a system of
passive conductors w1th arbitrary shape can be 1nvolved into multlple.
L-R circuits, this parameter ng of those passive conductors is express—
ed in a simple form by using a method of the eigen mode expansion of
multiple I-R circuits. This parameter ng is very useful to estimate
not only a growth rate of positional instability and its feedback
stabilization but also an inward shift of plasma column due to a

mincr disruption.

Keywords: Shell Effect, Stabilizing ng, Positional Stability, Eddy

Current, Eigen Mode, Tokamak
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SHE T T X DB — 2 AL DB SIETETE b 4 < 7 SEE STV Bo FEFIHAMRE b
#17 OMH D ESICHE AR EERS BEQ &, TOBMENQICLE, THADbL, b7 ADL
PE (Z=0@) FOABELEES B;U(R) LT AL,

R o BE9
n= — EQ. - <0 . 1)
Bz OR | R=Rp,z=0

Frh, CORBBEHTO Ay 7T X, BEAE (Z-FR) B LMD BAZE

THD (MEBEREEME) o $t-T, MEEIE 7~ 7GSRI EREEED T 4 — B3y 7

AT & B RS AARE 155, BBIC, CONMBRLELORES 7513, 77 A< HELOWE

Y (Passive Conductors ) OHREERTLHL 177" ~0(u sec) Th K rAa=Y

EETTEEAV STV BIEGREED msec IEE ONNHBHER TR L OLENIIATETH 5o
Lil, 77 X<=HEZIC Passive Conductors (Y : }‘Z’é‘:@;ﬁ BEAO0A SRR T A ) B
BAGAIEBE, 75 XvBHOERMITHEN Passive Conductors WP XN AREHDIRIT &

O, WEARTHOREFRRIHSNE, THhb, 77 X w0 Z —HHEM 0213 LPassive

Conductors CHRNLIMERA T 7 X <fdlicHiid 4R — AR ORELREE J BE LT AL,
Passive Conductors DLE(LIYRIGE

B R d B (@—)| .
nS = - - ! I3
A 0Z R=Rp, 2=10
. |
MEHTE, COHIFT 7 X<t s Passive Conductors DHERIEREAFHERDOAICKFST 55
ER AL Ein, MEALEEORRER, BEAOESLNBERE 1,576,

n+ng > 0D T.g“‘ ~ Tg (3

L5k, 00 com, to=L/1 (LiEGA vy 24 YA, 1 ER) @ msec DA -
FEYRECDT, HEIGEED msec FLEDOARMISHIER THERLEED 7 « — K3y 7H]
B & BREAL DN TTREE 75 e B - T, IRATHERE b A = 2 OB & CEREH O
s s, 79 X<fEEAD Passive Conductors DEEALTIRIEH n o OSSR 5
kEns,

EiL, 73X7 s F4R5 7 va YOBEAH O GRTEMBRIER ng OFHEIERTHL, T4D
L. 73 X<® minor disruption (77 A=A 4 vF - ORERE) KM -TRET ST 7
T OACEH T ( R—AA) ~DEMDOAS EH, major disruption (77 X vEHORHEN
BES) DRELECEEND B L EREEND 50 TOR-FHELMOHE S, Passive
Conductors KHEEINBBEROMEICELD ZOEMEBSITIFHI SN L LEIBESICERS NS,
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R 8 BS (w—o) n

B OR R=Rp, 2= 0

LEREND S

K s EBICRT, LROEEDESNETE 375 X<HEBD Passive Conduc—
tors OREME GO, FTERERERD A SRS 4 A TH S, MIENIE DEEREOEEL
RISV TR 75, F aA Fa ey — e ERTE Passive Conductors @&EEL
HEIr LT EEEREY SHESN TS, LaL, FAERE 176503 ]JT — 6 0 DA
ABEE, AT RSO L oA SAEBICAE—BIER TS 5. AHEE, CORTEESHBRESE
4% Passive Conductors DZEESRIEE n, OFMEERLT 5o

W 2BETIE, BH—0 Passive Coil OLEREEHHL, 77 Z 2D mincr disruptién
5 R HAEREL bR, B3 ETE, TEREoBSRRFOTE 2EHLT, 48
SIRD Passive Conductors (BZE75, Hybridf# o4 &2 il 4 v) OREHRE
# n OFELE L, BELDEASEEREHEET 5T EERT,

2. B~ Passive Coil ORE/LRFITEL

ey 75 A EDEEAE (2T ~OMIGENER 07 (1) icEY BEBIERE,

M d? 9BER
. 0z =~ | — R 6z + §Bl§\' (5)
27Rpelp dt? 0z J R=Rp, 2=0

&méoCCT,Mmfifvﬁ@EETéb,Eﬂ%lﬁuﬂ%ﬁ@%%@%@m;%f&17¢
& (R=Rp, Z =0) COAFAR (R-HFE) 55, HGAF AT 7 X <D 02 ZbrIc£D
Passive Coil KHEESNAMERICES TS X 2 AL COKTPHABE TS5, VxBER=0 &

HSIRDEEREE LD,

072 = —=-(n— }EQ . R ) (1): 07 ' (6}
NG W, = — A (Vap - KoA Fne 77 < VEg)
L RP
o s lp - . 8Rp 1..—3"
--B%Qz_ P.Aﬂ- Ao = £n P + k + fp



JAERI M 83—-165

R § BS (w—eo)

g = E
BEY dR R=Rp,Z=0

LEBREND, |
ST o v s BB ICRT, FRORERSEETE 57 5 X<HEAD Passive Conduc—
tors O RFATL %3@@ EREERSE O, YRS A v TH S, NEHEOETFEROLEL

B W 5, b o4 i — s AR Passive Conductors DXL
SR oV TR BEE SN TV, Lpl, FABHE 2725503 ]T -6 00A%E
S8, EMEMIE» D P 94 FABRICAE SR TS . R#EE, COBUEELSHERES
4% Passive Conductors @ﬁm{txﬁﬁ?b%ﬁ ng OFEMEEZRET %,

H28&TE, B—® Passive Coil @ﬁﬁ:{tﬁ%”ﬂﬂu}ﬁb 75 22 minor disruption

RS R —AHEMBIC DN S, BIFTH, {I"‘ﬁ/&%@/ﬁ@/ﬂiﬁﬁ@ii AERLT, £E

k@ Passive Conductors (BEZERE, Hybr1dfm‘J"fo &Jbﬁﬁi‘ajjff)v) DEEERIG

ﬁrlwﬁﬁ&%ﬂLb ﬁﬁﬂﬁ%@ﬁ&ﬁ%i%ﬁ?éc& R I
9. B Passive Coil OLEALRIFHE

Che s TS R OEEAE (7l ~OHETENE 07 (1) BT BB TR,

M d? 9BEQ |
. 0Z =— | — R 6z + 6Bf§\- (5)
2xRp-1p dt? 0z /R:RP’Z:[]

LB, LT, MR75 X<H0OERTHY, 4H5 1 BRIASEEFZOMDic X575 Xvh

:D(R=Rp,z:o)f@m$ﬁm(R HiE) B, HEEIINET 7 A<D 62 B LD

Passive Coil KHEHLENIEERICELS 75 X TOKRELRIBEIEZETSH %o v x BER=0 &
BNEIRDBEITE LTS,

— 0% T BT Qg‘ RW @g 02 | 6;
dt? By 0z / T
LT, wy= ET A (Vap EoA 5w TH7 X /EE)
P
Mo Ip o 8Rp - 1,—3 ‘
B‘%Q = P Ay, Ay = £€n P + - ‘1 + ﬂP
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—77, Passive Coil OHFEER 01 IEXEBHERX

d oM i
L-0 81+ re 8l =~ — Iy ——02
dt dz dt

1. :Passive Coil@lﬁE‘/f VEDE VA
r i Passive Coil @
Mp : Passive Coil &V 7 X< LDMEA V575 VA

TR E N D, COBEFK J1 75 X <tidubicHing 2K EAREE R,

$ ' 4
o 0BR 1 . OMp

Vo, =
R d1 27mRp  0Z

Th B0, ME77 5 AEBLTRDRRICES,

~ 2 .
6BS _ IP . ( dMP/aZ) ) ]CUTS N . 62
R 27TRp L 1+iwr,

ft-T, B—O Passive Coil ORE(LHREL n BF2ILD,

. 2Rp /oM
s AL K\az J

1AW AREL, cON EHCLE, O

S .
RP 6BR _ lQ)TS
-~ TE = Nge T
BZ 62 1+IC¢)TS

sB, w, > v, 1<0, n+ng >0 OHOUEBRLEEOHEESZ, B1&D

EWL L,

10;

©"

4

75 X=@ minor disruption(7"5-2’7[?‘?%515?\)1/4‘-’—0)&!{&@%%) S 75 X i OKE
HE (R-FH) g, ARORATHEATE S, 77 Z 2k DK ST A~ DB 12 R
SR(t)ICLD Passive Coil KBEHAHFEaH, COERK LD 77 X2EpLEIMS NS

EEHERE 6B 2, O&FABROTIEIC & ROBHERIZES,
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1 (OMp /OR ioT
s P P s .
OB2= 7 xR, L i+ OR 12
P 1 TS

1 oM
ZJZ'RP OR '

C@%é@ﬁﬁ&ﬁ%ﬁﬁnsu,mxb

2R IM o\ S . : _ :
n,= — (, £ 14
- Lo Ao L \ oR .

THABNA,
75 X = EONES B OTHN G,

2
o 1 8R 1;—3 \ .
1 (e BB N ) e (BB 8BS = 18
2 P/ P zZ Z

4R ‘\ ap
Th B, 7T ATHRIALFE O ¢(Bp+ 15/ 2) 2 Passive Coil ODEER 74 £0F
pEaETHIEL, 7T RO KFEAMER R= Rp — R=Rp + R EHEEMFEHT LEss
Sk G, o, 159D 0B i e TOMEHL B NETH B, FHITALY F XK
ERTVEH, CCTEEBELT Lplp =—, ap =—%& (Lp 77 XvEDICA ¥57
5 YA, Aap L FIRTDMERE) £THL, 18 E Taylor BEIT 3 &icky 6R »5kE 4,

1/2+ 8 1
§p + - - ﬁp+~i\
R 2 )
 OR “ap 2 ; “
Rp ' /2 + Bp '
(2-n+n ) 4, +
e e —
En ap 9

41, 75 A<® minor disruption GC{¥57°572‘?1‘1®'7}<$IHE§&® Passive Coil
ok BINEIEI R, KEDRIEE n THETS %,

3. BHE®D Passive Coils DRI

ST O AT ~ A <7 S5 OEHEHE 2 4 vid, hybrid 8BS o 4 VAR & 41 5 f[E) Hssd
W (B D —I) o 2O hybrid E#o4 SRS 2 (VO BHSKHIMEEER &, ZRMEDPassive
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(OMp /OR® o7,
—— 4R {12

I
s _ P
0B =~ Sar. L " T iyiwr
P 8
1 oM
£ 13

27 9arp @R
ZOBGORELGRER n &, WELD

ng= ; — a4
o An L \ dR

THAGNS,
75 X = O IR ol

—

IRES 8R 1;—3 \ .
JL'( — 1 @) +1p+ (BEQ+4BY) =0 18

4mR ap

Th B, 75 AT 7 E—ORH §(Bp+ 1i/2) & Passive Coill DRFIER T L7
ﬁ%%fﬁn@,f?f?ﬁ®*$ﬁ@£ﬁRIRP%R:RP+5R@@%ﬁﬁ%%ﬁtLEﬁ
LY B, COF, 18D GBS (& oo TOBEML H5ETHBo SR FL HTKDICR

SHTOAA, COTREMIELT Lplp ==&, ap =& (Lp 7IXvHEOACA V57
75 2w DHpER) L3 EE, (8% Taylor BT ALtk 6R #KRE 5B,

§vA, ap -
58 L7zt Pe 5 g, 1 )
+ - - ]
F 8Rp i Prog )
bn — + — —2 :
0R ap 2
= - 16
RP 1/2+(9P
(z2-n+ng) A +
. ) BRP Sl ,
+__ J—
£n ap 2

FHhhE, 77 A<D minor disruption kS 75 R OKESMERD Passive Coil

ik AMERE, BEARER N THETE %,
3. ZHIED Passive Coils OREMMREE

M T DA ES b 4 w2 BB O RS 2 4 v, hybrid RIS 0 4 VAR & 115 )
w(W:D~m)aC@}wm&dEﬁm%ﬁwM%n4w@%wﬁ%mﬁﬁmm,zﬁﬁumswe
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Coilst LTHOIS C EHTE B, 27, FEUNEROBERESY B 1 AEER) DHE,
%ﬁ%%ﬁﬁ%ﬁ%%w%%%ﬁﬁ%%ﬁ%mMTEﬁ¢5&%ﬁ@@P%swe&nmmﬁ%ﬁéc
T, ZBTHEEZHED Passive Coils DEEALBIHIC DO TR 6. 22T, 77
ZHEOREHE( Z — ) B §Zica T A LEMRELF L LTI B %,

75 X2 DI §2ic kD | HED Passive Coil OFHEMM 0l EHESLIBEHER

d OMp d
Lij; —- ol + rik‘ak]"61j:— ' Ip

67z &
body ) 07 dt

Lij P Passive CoilsDA »# 74 Xkl wI R
r:. :Passive Coil (i) ®@ikix

11
Mpi:Passive Coil (i) &7 7 X2 &DIEEA Y575~ 2

CHAE NG, CABORMER 61, 773 XTREOCENT A KSR 0B i (8) ARV,
1 OMp j

0B = Y vp, »01,=- 2 " — .
R4 TR . 27Rp 07 2

; 18

Thbde
(o= b )y 72 Lij, i ¢ Ox; WBILTES = - FOBEBEMT 5. TUDE, Lij
FEMFRTA, g 61” WP EEHITH TESHDT,

Lij* X = Tgj rig" Okj * X 14

i KB Ty, EHAS N XIS Bo FENY PUXBOEETEY 5 AR
X]J E(Xl’xz ...... ,Xn)&j*é&,

T _
Xil *(Tm* 6mn) * an ”aij

20
XilT *Lim*Xmj = Tsi 0ij

ML, COROEEE=F] | ERORICERT 5o
Oly=Xjj+J; X Jj = Xij +01; o

PUALTNRA L, EAlLp XT 2®|¥F B £iTkD,
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d T 6ij d
R L I LRI =

ij P 07 £
dt 0z dt

mAMEE—F]; catd 2ERARXAE 2. ARRNEEFHTHY, 777 2EREMOTLY
D OBY &

q Ip /6’Mm
o} = 3 - [
] 2mRp K 0Z

T aMPk\ 1@

/
P SERID & 6§z 23
X”/\Xﬂi 8z ) 1+ierg

LB T, HEE T, OBE T FORELPMER 0 KU R ONgE, ROREN
EEBTRE B

2Rp / OMp \ / T OMp \\
Negj = — — | 00— Xyl Xk Y
po Ao Ty N 0Z 7\ oz )
24
ng = 2 Ngj
]
L4 D —T,
1 OMp;
R = - - X
27Rp oz
oz % oz
FRHOLE
472,'R]_§ ~ ,df\;rpj
ng = - —AFRE g, MES o)
Mo n Tsj 0z

LB L, LT Vy; EEMERDEEE— F ik b7 7 A<l B S S8 KA RS,
ﬁpjﬁ@ﬁ%—Fj&7§f7ﬁé®ﬁ%&mﬁ4VV?&VXKW%?%yCQDSj%WP%
LEHM@ED Passive Coils OEEAREILILO

RP 5B§ 16T
EQ . =2 g j — 23)
BZ 0z ) P+i@Tg;

fr HBEEAN LD, (99 Rd 8 —D Passive Coil DS N TEADEGE (=FEH) T
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WU AR AE T &S,

§EE, TEKD Passive Conductors OXEE(MTIREFMT 57200, FHMED Passive
Coils EIBFEROEET— FROFEEM (SEBER) FRoNELNT PR, BEFHREL
OREBEITMIZ, XHOUAShAFETRD oNEE € - FRUVEFELFHATLE L,

75 XL OKEHEERICHT 3R TN RIERSEAROFIRTER KT 5

_ 2Rp [ OMp; ( T  OMpg
Ngj = P P Xij Xk .
to Ao Ty R \ OR )
29
ng = & Ngj
]

Lo ng FIGIZRATRIE, 77 XD minor disruption 84D 7 3 X EOACEGRAELIES
KE Lo

(10014 & 72405 T, Passive Coil (i) &7 7 Xk L DAL ¥ &7 8 v ADEALS
OMp; /02, OMp;/ ORIF-~HIITIZ MHD 472 — Fic LD HBINORD HLEDH B 12
L, 73RehE~—4 (fp 1) MEHETH Y, Passive Coil SSHIFEN K o1 S G
S ARD D TH HIBS, Shafracov @ MHD FE#LD . OMp; /02, OMp; /OR i
KOBICET 5. | '

OMp; Zi — Zp
7 = Mo Rp- 2 :
0Z (Ri—RpJ)*+(Z{ —Zp)
g6
oR PP (R —Rp)? + (2 —2p)?

22T, (Rp, 2p )75 X2fEodhfiE, (Rj, Z;) & Passive Coil (i) OHLAIE
THbo

4. &% & ®

KA} e S ICRT, BEAHROBEAHCEE LN LT 7 AvHFEOEERIRD Passive
Conductors DHREMBLOEATA FLEEIA VRVEHEEHTH S, HIEOBETOLEE
HED Passive Coils & LT, BEOBACAGRERENCERIN" 4 5C LI LDSHE
@ Passive Coils ELHEOEI T ENTE 5, RWETE, EEHEIRD Passive Conductors
AEHMEO Passive Coils &B# L, BHMED Passive Coils ROEH =— FEHD HEEE
ko Passive Conductors ORFE(LFIRIGH N b LY, LRCRTHRABRIIBICLST & A
F L7, Passive Conductors DEHE € — FABMOBAICE (240 £FH LTERIK ng K2

—7—
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U F B A T 5 L L5 B
$5), FEB4RD Passive Conductors DWENZREFMT 57013, ZEED Passive
Coils MEBEAEROEG =~ FROEEH (mHER) 2ROUTLVCLHRS, AEEFHRLL
DLEENETMIE, CROWORE N HFETRD onEE - FRUESFELFR T X0,
75 X EOKEHAEMICH T 2REHEERLFAROTIRTERICKE 5,

L. 2Re [ OMp; T 9Mpk
s te Ao Ty, R Ih)\lk R
@9
Ng = 2 DNgj
J

DN FUGITRAT I, 77 X% minor disruption BD 7 7 X vEDARFLMELIRL
KB |

1004 KR FRARS AT, Passive Coil (i) &7 5 X<k s OMEA ¥ #2745 ¥ 2OE(LS
OMp; /0Z, OMp;/ ORE—EHICIZ MHAD Fff 2 — FIC LD BIIICRD LLED D Do -
L, 73 xehMER—4 ((fp < 1) AEHETHY, Passi.ve Coil AHELE oA S
G4 D EDTH BHIBS, Shafranov @ MHD E#RLy, OMp; /02, OMp; /OR &
ROBCED B0 o . ,_

aMpi' . ’ ’ Zi“ZP
y -= o Rp- - ,
0z (R;y —Rp)*+(Zy —Zp)
. 28
oMpy R, — Rp
¢ - T RP. 2 2
OR (R;j —Rp) +(Z;—2Zp)

2T, (Rp, Zp )R 77 X<kodifi®, (R, Z;) & Passive Coil (1) OHLALE
THbDo

4. % L ®

KA b A7 2T, REMADROBEP SERE L1577 XHERAUOEEIRD Passive
Conductors DREMEEDEED A S VST A VRVEEERTH B, TIHEOBELDEEE
HED Passive Coils & LT, RECEAIARERENICERSE 5T LITLVEHE
¢ Passive Coils & LEIDES T EMTE B, AHETR, EEMIRD Passive Conductors
% EHBO Passive Coils R L, BHMAD Passive Coils ROMEF - FEHD» OEE
k@ Passive Conductors DZELTNEIEE n 4% 04, PHCRTRUMBELEICESL L%

L7, Passive Conductors OFG€— I BEMOBEICIA (20) £FIA L TEBK ng »KE

.._7_
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Bo T DIEIRIEE N ) LV IEOBEE 7~ 7 DU BAREWRD 7 1 — F/3y 7 BIHHZEE(L
OLHBRUERE, Bic 77 X~® minor disruption D 757 X = DKFELREMED
S EAEREED, D —1, JT — 6 0 ORIIAH b4 =7 RREHN LIFCENTHS I,

KA Epbickhin, DNEHEE (JT -6 03 3HEZ) , BEBAK (JT -6 05
=) | WK (D -M JAERI F—4) OBRICHBAERE LTHEV . £/, PHEK, /N
BIICIE JT — 6 0 HARORBHRBITER 7 — 2 BRI TEO /oo BARKICED —ITOA
LRI — v A BRI E TV . O CIEKOFESRSEBEICH LEHDEELERT 5.
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