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MHD equilibrium analysis method of JT-60 based on

magnetic measurements.
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(Received January 21, 1986)

A code has been developed to calculate MHD equilibrium configuration
in JT-60 from magnetic pick-up signals, plasma current, and external
coil currents.

To investigate equilibrium configuration, we must seek out a
solution of Grad-Shafrancv equation which reproduces experimental magnetic
data. TFast boundary identification using discrete filaments at pre-
specified locations proved to be effective in the JT-60 divertor
configuration. When we solve the MHD equilibrium as a fixed boundary
problem incorporating results of the fast boundary identification,
iterative calculations converge rapidly. We derived an efficient
method of modifying unknown parameters which specify plasma current
proefile te obtain nonlinear least-squares solutions.

Poloidal 8 wvalue and internal inductance can be separated in the
JT-60 configuration with nearly circular cross-section. The estimation

error of fp is less than #0.05 when input magnetic data contains 1% error.

Keyword: Tokamak, MHD equilibrium, JT-60, Nonlinear least-squares

fitting.
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BRERBL, 77 XEBHRECDOTS, r:r:xfr—-—:'ffJWD&IEn,h% BamF Y 7 MEDESHL
BEOEENTLONE .

LOEHINBEDHEER S BIC, BEN T — 7 I ABMBMELMA T FBRI DFHEAT -1,
RIS S LT, EEEESHES b ®_ﬁ$ﬁ/9, PN D1%ESBTHYH IS
ﬁmﬁoﬁﬁ%&ﬁbtom%®%ﬁ&ﬁI%&%ﬁﬁﬁdet Y—PpEHDT, HT TE
FHEARL TS, CoLHLT, 1 0EBYDEKFEMA T Magnefic Fitting &iTb,

Bon TR x OHSEE R O LRFEHBEOHEHE

Ji f (%X, —x)/xx100 (%) (2—-22)
10 =1
%%Ntokﬁ?éﬁéﬁémﬁﬁHﬁLr=&996m®mﬁtmﬁﬁmmm§éntmT®5E
e Lo

A, 0FEEEDB, 1 214

B. 30E&ES®DB,, By24Md

C. Abbe= 0007 o—74BR\7c 1 14

D. B&» b5 e=00&70—7%B\0 712 2 F

E. 60EEXDB,, Byl 2fi
BOBEAHBENLHEED F— 5 L1554, EBEE C~EOBALIADELL, ik, 6 0FE
XD B, DADFEE, 747 AVIDOEEANT-FOHDBEICENLD, R/NTHEEE ZETOTH
Bk AR LB OREDEBLEREZTADTHRA L,

T3 XER, ABIANVBHREEELCHEEL, MIBICHEENATHELLHLE 1ITRT. C
DFRLF=5E, Rpy~322, Fo~1DF54x—sBNTHD. ROKMEE, (2-22) A
KO EOBICHT AHMHEBRELES DR TR L T D, ANT -4 DEFEPBOZEORE 1AL
DTHEEMFFITEL, 1%, SEDOBAEE ] 0EHDANELICHNT L F/IGRELOTER
REiER T b,

C®M,HTK%?&ﬁKT?ivmﬁéﬁpéﬁikﬂl8@®$@RmmowféﬁNto

FA45—gfEfL  Rp~311, 322, 342m

Pp~0001, 1, 2

) 3y —Efr Rp~284, 304, 324m

Gp~0001, 1, 2
ANOERT 0 —TOHAEA~E DS BEAT FBI itBA LIERALEK L TAHBE, A,C DB,
RKIOF—4 TREZECFEO I EDbipat, ALEOEAG4HETALFEL 1 2BOT—4Th,
E 28N H 5 HPIERBET SHEMOREIET/NE (LT b. Byid B, L5 L
B LTHNEC (2-2) ADEED_RMNADE GEBDEVE, 2D TF—s8EHL LHWRAT
o0—70E COMIEPORXFTEHHILLLLIOTEREK LS LEDNS,

D7 — 5 THITAIHERD EEDBAKDVT, | SEORMAF - THBRLHRALI 03
&, B2DEHLR TS, T—9HDLRCEDEEAFRIC) LRESEDL 8, MBK2VWTHE, E
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by 7 ZDX ROMERBREOHEELZHIC{ V. Vig~—dtos V732 §,,, 6., 3,
HERESBEO N nmEL FOBETRE D, @EF— 7K 5 BBENHBMHIE 1 el 0B L
Liibo Fp+ €/ 20y, )1y ~EETEEEMCLS (2-18) ACHELALHHHE
BRI >T0 S, F4— BN TROTNOFETORERESL 255, FHICHELBBEGEH,
5itET D (2-21) ROGEHFEF L0,

RICAH I A VERORTEBREDOHE LT L. £ 1 LE UEHEMFICOHT, 34 LBFES+
1%, + b BEALS G ISOI AR S5 3IORT o F 2 4 MEEERBAICE EA LT 57
VDTIREALRESLOG, VI PM 2 VERBICEZESS D LB IEENE 5. HicV
A NVEBREOHREDEEL, BROT LN F,+ 0/ 20ctigREbN S,

WHE S X BREEELNELT, ThealEEEELT7 4 724 ¥ FVERAHE LT B,
T3 RXTERICREBRENHOMIB T -5 3V v RF YV NENGILED L, 75 X<l
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#1 745xVhﬁwk;57ﬁXv%ﬁﬁﬁTﬁﬁéné¥&%§«®m%?—amm
EREOTE LB RRICHE -7 FHE, Sy~ 1 D51 =y RETEDOF
W ROLHESHE—F LOBRIORL TV S, Xl &35 MYy IXIH 44 N~
WEZDHLMBERD LTS, A~E RALTHRALTWEL ST, ALF—s#
FEATHY, BREEEOEICHT 2AMHEERE4BOB TEDL TV 5,
I, | Ry | Rin|Rour| 4., 9., dy | X, | aqa |BPLOY| BRL1*
1900ya| 32202332, 4109, | 7904,14.35 |542 gy 327y,| 308 [1508] 1508
Az
0% | A 007 (1002 006 —0.003| —261| 399 —021|- 032]-020| 5.18 051
B 003 (0006| 0020004 —166 512/—029— 038(—0.03| 5.18 056
C 033 (019 0530003 378 B47 1571119 |—037| 439 | —0046
D 0,07 005 013 -0005]—021 6,17/ -066— 089|—0.23] 498 0.4 2
E 0.31 {0.13 .36 —0.0 074| —074| 8.46|—080— 4.05|—078! 483 0.25
1% | A 0.28 |0.10 0.28 | 0007 503 588| 056 335 0.64) 526 0.75
B 0.26 |005 0.15| 0.005b 278 570 035 049 029|519 065
C 054 |041 [ 113 00067127 | 135 3.69| 181 373 4.04 1.15
D 028 009 0.24 1 0004 272 7.86) 090 804) 032 482 0.44
E 055 016 0441 06003 205 763 107 959 086 454 0.30
5% | A 1.38 {054 148 0003, 197 | 225 280 20.2 320608 2.29
B 1.28 |0.28 0.77] 001 102 123 1.40 h64y 153|539 1.35
C 168 |1.71 4371 025 56 1399 |118 633 |18¢8 6.24 581
D 1.30 (034 0,94 002 138 | 182 245 146 2.51] 434 131
E 1.95 1041 1.12 ) 0.02 123 | 21.2 225 154 318 441 1.35

# BPL O (2-18) Ricks fy+¢/2
BPL1: (2-21) Kickad F,+ € .72
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#2 1 8EORHEMHITONWT, 7474 Y MEPFHEICL OHEEL - P EAD,
MERBEEDEEDT L, ¥4 N—7BL1 LY 3 5 — TR TEDH B, Fi
HEROLER, BEAGARTA LT 5, SHEIEHMHEEEE 4 %O TH
DLT 2, D33 0EBEWAT 0~ 7224, E a6 0EES 1 2075 %

/\jj& LTL‘E)O
& 25— HFEE b3y —ERfr
b 7 - v B oE 0% 1% 5% 0% 1% | 5%
o E OB i an M ERR S (%)
D 0.1 0.3 1.4
Ip
E 0.4 2.1
D 0.2 0.2 0.6
RP
E 0.3 0.3 0.5
D 0.2 0.3 0.7
Rin
E 0.3 0.4 1.5
. D 0.0 2 0.08 0.2 0.2 0.2 0.5
OUT E 0.03 0.1 0.2 0.2 0.2 0.7
D 1 3 25 4 5 10
652
E 2 5 25 5 5 10
D 8§ 10 20 3 6 30
630
E 8 10 20 3 6 30
D 1 2 3
at
E 1 2 3
D 1 10 15
XP
E 2 10 15
D 15 2 5
q
a E 2 4 7
D 10 10 19 2 2 5
BPL 0¥
E 10 10 10 2 2 5
D 8 8 8 10 10 10
BPL 1*
E 8 8 8 10 10 10

¥ BPLO: (2-18) Rickd G, +¢,/2
BPL1: (2-21) Mickd f,+¢;/2
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#3 #1EFHLUEHRMTONT, 74 VEROMEREZDHE BT EAZ TH P,
BN IANVEBREOEDOHARL, ThEx1%, 5 BEATANT-—s&LL
TT7 454y MERHEAS L -BROEHEBOBANEERZELFOHM TR LT 5,
Iy Rp | Rin Rout | 45, 8,. 8y Xp ag | BPLOY BPL1*
190CMA| 3220mi 2332m| 4109m | 790cm| 435cm| 542cv 327cm| 308 | 1508 | 1508
Mgk | Ip=—680 1KA )
o "D | 007 | 004 | 013 —0006 | —0.10] 626| —064| ~086| —028 498 0.42
E| 032 | 012 | 036 | —0008 | —074| 495| -078| —348| —115 481 0.24
D 007 | 005 | 014 —000¢ | —034| 605|—068] 094| —008/~0002| 043
“I® Y 5 030 | 013 | 036| —0004 | —075| 499| —084| —493| —073/-0003| 025
fa | D] 007 004 | 013 —002 038| 670| —0.46| ~069| ~0.99 493 039
E| 033 | 012 | 036| -001 | —072| 451|-064| —089| —172 478 021
e | D 008 [ 006 | oral 000 | -083) 560|075 ~170| 108} 506 046
E| 029 | 014 | 036 | 002 | —078| 497| —085| —7.45] 129] 488 0.29
1,=326 TKA
D 030 ~009 |~026]| ~0.002 | —102] s520| —150-150 272| 745 261
'# 1 & 049 1-004 =011 | —0005 | —224] 353{ 1500-175 169] 7.37 2.49
D, 016 | 018 | 052 | —0004 | 055 708| 027| 117| —242| 255 1.00
TIE e ora | oze | esi1| ~0001 076| 640 —003| 045 —-299| 228 0.29
oo D | 121 ~070 | -193| —0007 | —411| 151, —483—401 | 120 |174 11.3
E | 123 |[-077 |~211| —0010 | —802| —213] —421/-390 | 160 |178 115
D -107 | 070 | 193] 0003 | 370| 109 | 348| 384 [~102 |-7.01 [—105
5% | b isos0 | 091 | 251 -000z | 81| 122 | 271] 365 |-115 |—771 |-110
Iy=110KA
D! o1z | 010 | 028] —0004 | 248 975| 060| 211]| —187 520 0.6 2
P20 5| 034 | a1e | oso| —ooo7 | 260 923| 038| 157] —267 499 0.4 4
D | 001 |-0005-001]| 0002 | 293 249| —185| —381| 246 481 | —061
TI® Gl 020 | oos | ozz| —0o001 | —407 o067| —193| 409 181] 466 0.05
D | 033 | 030 | 084 | —0005 | 132 | 239 496| 426 | —7.05] 616 | 425
5% 1 5| 0as | 037 | 104| 0006 | 159 | 260 | 46| 417 | 767 580 | 415
D |-020 —021 |-058| 0003 |-134 122 | —6.78|~444 2.48|-680 | —445
TEF B | a8 |—012 |-033] 0006 [—17.0 |—166 | —656|-44.3 2501—6.58 |—44.4
1,~2 5KA
D | 007 ] 004 | 013] —0004 | 009 e52| -033] —030! —038] 490 0.34
Y20 e o3z | 013 | 037! —o0es | —os3| s12] —047| ose| —11o 473 0.15
Dl 007 | 0.05 | 014 —0008 | —053] 578| ~090| ~672] —001| 507 051
¥ o | o2 | 013 | 03s| —o00s | —ome| 41| 105|116 | —038] 491 0.34
D| 008 | 0.0a | 011 | 0003 | 132 801| 059 224| —138] 456 | —0.02
5%1 5| ose | 014 | 038 0005 —020 567| 051| 186| —247| 438 | —0.24
D | 006 | 005 | 015 | —0ooz | —178| 426 —182] -38B{ 181 544 0.87
9% ol o2t ooae | 033 | —000s | —129] az7!-205 427 130 s27 0.73

* BPLO : (2-18) Rickd Fp+7,/2

BPL1

(2—21) Rizkd fo+ £/ 2
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Test Configuration
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Plasma Boundary Calculated by Fast Boundory
Identification Code
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HORIEH L TONHEERLTOE, 77 X< MFESEEER - E0
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Test  Configuration
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3. Grad—Shafranov Af2 I & 3 E@HE A

BT — s ici bk {—HT AMHDEME AN ET 2 /2005 B — F FED (Full Equili-
brium Identification JIToWTuli~5, Z#FX 1D Eqguilibrium Code 47/ 46D
THbHo £ 3 1 THIBOEALEIT, TOHEFEE 32 THUT 5. TOHBEICLD, Fy &
£ BENL SOUDRETHHTE 2020 T3 3ThNSE, BT — 772305, BRome

Uaxis PEBEDKREHETE 3IC20T 3.4 TR,

3.1 HBEOENE

WP RTT 7 X< NBEREMAD BN L5505« 75 97 ZAPid, RD
Grad—Shafranov AR A I LS IUTL LML,
0'¢ 1 0¢ ¢
AL A =— ' 3 — 1
R R OR YA Ho R g ( )

LLT joR7 7 X=\/REETHY, MHDRHFHSENHAL SRV & 75 5 R OBEI Tk s
5,

dpid 1 d i)
piY " o

| (3-2)
'e d ¢ #oR d ¢

PldE [ P2 TEBEO B TH»TL o BT (3—1) ROBELH GO R E 7
BBAARVT, HFERELTRFRETHS .
Eoi, (3-1) ROMET 7 XA I ETHEOEN £ S 1T T 5T0,

o¢P
I & n

oYV

ry, o n

(3-3)
Fp

CCTpdvid, MyicALTENTNT 7 Xvfl], BEAOMTHELLERT 7NV ThoH, ¢V
& (3 -1) KohdE Yo & LARARR AT, —RNICRET 7 X<HR I, BRATSY,
FhBRERMED—HE LTEMITREL SRy (BHERME) o

BHIAOAE 7~ 7 ICLDHREEE LT, 7702 2 o —T7OHIER (R, Z), 50
RER7o—70RIEMR (R, Z2;) TRAILUTOREGEZHELITTNELELEN,

¢V (Ry, Zx) =¢ (3—4)
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dYY(R{,Z;)

67 “oREg
(3-5)
6¢V;Ei,a) R
77 A2 BRHREME & —HT A5 E L TROXAB I m I S50,
Sipdv =1, (3-6)

ERTRY 7 XA<BRMGEEKNTH D, 2hE7 7 X~ ARORKT DL 75 &GS HTIR D15
PRONIHOSEETETES o # > TERULTORETHRASS D, (3-2) ROLS
HESEEREARE L, 2ORMATEARDEIEICNS,

L EDBENESML TS 545, Thid well— posed ORIETIZM < MIE—BEMICIEES S50,
BEES, (3—4), (3-5) RAEHAERER L TOBRKMELLL L, 200 dEEA -
TRECRSNANETOBEEETST B BEN L, BAMELALA THEOBAI - Th L0 6
ThHoh, CORFMNRNHEOEESTZ01, 77 XvBREAEED HEMNT A — 7 (LABEENE
iICL, MIEERIICS T D EROZ VML OBEEZEEORNEN LTS,

RIE TR L SICERT— S IKRBENSEN T AOT, HIBIE LR (3-4), (3-5)
AEMBEICHITHTRLL, TRORKEL L —HT 28 B/ _RE) 2374855, £hitid,
ETRA ST A — 5 CHMICRE L TMED EHREFTHEL, TOBPERTIZ T £ — 5 240 L
fﬁ%bﬁ?c&%ﬁbﬂtfﬁ$:ﬁ%%ﬁoﬁm¢ﬁ¥%f6ctma%QDnmthE@ﬁ
FEM (3-4) XPEA oML L, EEHATMSHIONA LB A0 TERETHETX 2,
L LB ]T -6 0DBEEEHNICRLETERVTTS o & 20— TFhifEl , Neuman BlDiEH
M (3-5) ADOATHHERMEARL T T S0,

CLATMETRALIL, 7474 Y iIflicksd FBI 90— Fic k0 735 X =B850 F
HICRE 5o COBREFEAMLT, 75 XvDREFADME £BE L2 BRI SEI BB AALT
R LB ECHETE 3, BEMITIZRDEHAITZ 5,

¢P(Rin, 0) = ¢V (Royp, 0) =0
¢® (Royr, 0) = ¢¥ (Royp, 0) =0

$n4¢w-75vixm,?517%ﬁ®ﬁa@®(¢P”)&%%:4»%ﬁ®ﬁaéaw¢ﬂb
DHELTEE TS,

(3-17)

¢p0rv:¢pls+¢ext _ (3—18)

FTROBRETHEIL (3-7) REMAT LT ¢ ePlid 5100, Ao LEADS & 25
%Xﬁ&?éo2@@:4»&LfﬁﬁF34»&V:4»%ﬁv?b%c%ﬁﬁﬁ@ﬁp%ﬁmé
BN A= o 2% 5+ YT BHHC, ZOTFHICHELBERIZEE(TEOT, V o4 VEHEIR
RENE LI HECEBPR OND, F 94 VIEEERNICEEAE KT 7927 2 Lkt
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LIEOT, OB HRMADLALL LDV TEY 5 IvIiDiERICiEEH $ 0280,
ST, p’' it HPEIUBEEETERETESLRETSE (3 —2) i3

o= ol Ay R/RG+ (1=F)) Ry /R I F () (3-9)
ﬁ‘; = ((p_‘paxis) 7 ((»bsur _‘t"'axis) (310

EEED B, CCT o REBILERTHY, Ay 1A, &EhHB/45 4 —5 TRYIIC F, OffiT
$%s RpE7 474 Y FEMHETRN L7 7 AL LETH 5. B F (§) RIEDLOTE
WA, R — FREBOVTRRIERT _EBO~NSBEEE Ui,
P(g) = (1-¢ )T (3—11)

B aL T REDIEVEHOERMMARELLSCLTED, MEBKEIRATEAE 9,445
&€ DEAMIICEA D T ENOIERICIL > TN b, ‘
CﬁLT%ﬁ%ﬁéE%%Nﬁi—&ttf(}o,ﬁ;,a,T)®4O®%®ﬁ$ﬁ&ﬂofb
BH, ChoOBRYAE (15, Fy aaxis, £i) CBHEL TS, 1,0l oT 2%~
WEE S TRHEEND. HHVEF FBL 2 - FAhLEBULAEEHCTHLE, & LK XBES%
sawtooth IREIHHONTOAUE, gagiq ~1 THDo FBl 3 —FILED S, + £, /2 OHEEM
BRESN 5L, ﬂp L BRHTELR Y, 77 XA-DREEEE O MBMEIN T IEE, £/
RV — 7536 » O BIBAIR §, DBARCE B0, WRT 0 -7 12HDF—sm LREHS
29 ELTAMHED P EICLVMETF— Kb L BT I ELEE LRkBL T Litiib, &
DRb& I —HT L E0IRHENFIWREL L TR/ RECRHT 5

3.2 HfsR*

(3—1) D Grad—Shafranov HENIFIEFEL DT, MIEETEMERICHC T &iTiibd,
KetEo— K, HHEAMHAD F#sEo— F SELENE 407 450clchn, (3 — 1R EEE
ENEFETHA Buneman HEHWTRHENTWSE, BED & A L FHIREEEL, FTEFREIT R
=1.8~4.7m, Z=0~12mOFEHT, KTAKIZ129X65&LT5E, RMOERDH
ax—amig(jo,ﬁj,a)@Scm,ﬁ%w—f@@$?%ﬁtt(quﬂp ﬁwlp)
DIEICTE AL IICRAET B, €07 v —F+—bEX3 1a, bitRd, HRHMEDeEEX107°
ELTV3, it A2 ) BOHHOHE LD, BREEHA 52 589459 T Grad—Shafranov
FER S Buneman BTH LIANNHAERKEL LT, HBHEBHERELLTWS, 77 X <&k
DIFBHRRA TN 7597 2 GPISBEBETEE, AT 4 VEROMES ¢ XL FHKE
LR STVWBDT, TAERMMS L CTHIBEHE T 3 LEENED S, £0TC, @A 70— 70O
ETOMNE D A VEROESRIRE, 71 — VEREROCEETELT) 5,

BB ABEH T 5 H L VRIBEREREAOT, #/8 (1,, 1., Rin, Rour, &
Qaxis » T) OEFEZTE SN FERD & 07 (B TORS b, £HE L, MEE b; &
DELDERED FH

—-19—
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A 2
ZZI)__,_'Wi (bi_bi) (3—-12)
1

PENCIE B EDRHRROD T 2 — 5 HEEET Do qgyi s PEORMOBE (Fy, ggxis, 7)
D3MTEE, £ qag4s = L0 ELTEOHAKE (F,, 7) D2RILLEENFA—F « 2%
v VT B EILNL S, B THRREIICHE 7 — 4720 TRBHART, ERamico>0TE; L
LT EEFTANESETHERMBAESIDOT, CTTH quyijq CEBIEEMET Bo gyy; LEDBE
IO & OREE TENOHEET & 30K 20 TRHIREITH~N S,
HRAFEDABD DI, MDIEDFAN—gRALET AN T—5 I,

CASE. A ! qgxijs = 1.0, Fp, =05, €; =095

CASE. B Iguxis = 1.0, F, =20, £; =095

CASE. C @ gaxig = 1.0, #p =05, £; =150
CASE. A, BHRAMMZEIBME TH DIERNLEMTH S, CASE. BEE~N—% 77X =
DPHFITEH 5o CASE, C RERAFMDD L — % v 7 UFfITh 5o (43,21 CASE, A OF
WAL AR T o COFHPIET X b 7= FIHED, gayig = 1L0ELT (&5, Fp)D2KTLT
1P OESBEDL LB TSP ERALOHE 3.3 TH b, MEhid 7, TH DT r ORIy
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