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Development of Magnetic Probe
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(Received January 18, 2007)

The feedback control of the plasma position and shape based on signals of magnetic probes is
peiformed on JT-60. The fabrication cost of these magnetic probes is very high. Therefore, the cost
reduction is required for the use in a next device. On the other hand, the magnetic field measurement in
three axial directions with the advanced technology (AT) probes is simultaneously made on LHD of
NIFS. The AT-probe has been developed at a low fabrication cost and in compact size and light weight.

The possibility of application of the AT-probe in a Tokamak device (JT-60U) has been investigated‘ in
collaboration between JAEA and NIFS. We designed and fabricated the casing and interface for the
AT-probe, and installed it under the first wall of JT-60U. A comparisdn of output signals between the
installed AT-probe and a existing magnetic probe was made. Tests have been carried out to evaluate the
vibration resistance and the radioactive resistance through about two thousand shots with high
performance plasmas including one hundred disruption shots in JT-60U. As a result, the AT-probe has a

good performance and an enough usable prospect in environment of the Tokamak device.

Keywords: Magnetic Probe, AT-Probe, JT-60U, Tokamak Fusion Device, Radioactive-ray Resistance,

Vibration Resistance, Magnetic Field Measurement
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1. #

i

AART AR (T8 ORRT 7 AR BREE (JT-60U) Tk, HEEO
BHREAKBHBLZAVWCY I XA-OME,. BREES T 7 X~ EMHEAHE, 28
(Magnetohydrodynamics, MHD : BREFEIR/1260) FHIS& 21T > T\ 5, £D—FH T, IT-60U DE
BREBIZBVW TR Y7 A BREICHBT D7 A AT 7V a VERICREL, ThICHE->TRZ
BEBEHT 5, O, BRSRHSBS/WET LI LBH Y, e L THEERGRRBIFICR
AEEEI LEBMERHBE ML C& e, LALARNDL, ZOBEBAKREEIIMED 2 LS
ERICEL . A%, ERERCHE LEZHAORH, S LIRKRMEETCROLA TSR b
HIS 2 BB 5 M BRI EBOBRBRRAIR Lo TWn5, BE, ENAOKEELE
BB Cibx 22 A TOEMERHESHE SN TV 52, 2 08T bIIARHEFEH 0
KEIAY NVEEE (LHD) THEA ST TWHEEAIEKSR 7 27— 7 (Advanced Technology probe :
AT 7 —7) &, a7 NCRMiZ . 3 FROBIBRS OFBEINAEEE Wo T RlR E A LT
WA, AT 72— 7 (X LHD TOEMAEZMRICBEAE L T\ 5 M~ 7 B TRAT 254
TTGRRT 4 AT TV a VIROMHEBIRMEE A ZERTILERD D, £ T, T IHEE &
AREMRATE ORFZIC LY, AT e —T0BERr—v o 7 %R L. MiEEEEZmE S
HBRIZ AT 70— 7 % JT-60U DEZERGZNIIZEHRE L, IREME R L OB BIELZ &1 b
~ 7 B~ DT A TR L,

2. JT-60U 12 BT 5 BeS a3

JT-60U TiX F=FYBROEREEB/NIZT 7 AvEAR L, baA XA a v ERaA
ENE 2 A NDRA BRI L > CT T A RNEERBNECELR2NX T T A<
B - BREEEZITN RN D ER - BBES 7 AHLADETo> 5, BHRIHKHBIZIZ O
T A< fLiE - FIRFIE & MHD FHEC AWV SR TR Y ATE - BRHEIEEE L, R—KRaA 4
IVWTTE (P-13) IZRRE L 727 33 ROEREK MR H2s (Tangential probe for Plasma Control : TC 7'
~—77 17 7K, Normal probe for Plasma Control : N 7’12 —7 16 &) MFH I TW5H, —J, MHD
HENIE Fa A ZXAFE I AFICRE L 1L ARE 3 FFORa A ZOVETEIZRE Uiz 36 KD
it 46 ADERIZ RS (Tangential probe for MHD analyses : TM 7' —7) BF|H & TW 5,
M1 ICARBHREBERSREBROEB 27T, BRERHBICIEL TRZOERZTIEZWE,
XV ERRALERIECHEM T — FEAT A FREE 72 5, JT-60U TIEEAMICERTIR LA D 2 A
b, BREANT, REOLDOREFHNOEREOHEN T, TXH2TE OBBEHRT
BEFRELTND,

BEHRSHRLBOHAIT, FEER— P OBREASF 24 UTOOMBICBD L TW5, TC
RHNIEN 7 a—T BN T, BIREALG T2 5 PG T/ %2/ L T2% CAMACEB=RICH S
V/F BHIIEBEE AN L, BOLBREIT > 2%, BB O Db FHEER M TR HI#HRE
WEEEINTWD, —FH., TM 7 —7OF 5L, BIEART»HERE CAMAC ¥ 7/ D7—
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FINERICBVIAEN, AD BEBICHBEC CHEBRBRIIRBEIN TV OIREET —F BT
A2 (Transient Mass Data Storage system, TMDS) (23515 « BIS LTV 5B, ZORER, F R4
HEOBEAMWRLD TMDS IZ7 7 EAF5Z 812KV, MHD f#fT S WREL 725,

3. BRI OME & B

3.1JT-60U FH ERE KA H 28
3.1.1 #iE

IT-60U D RERKE. B/ ERPRERT T A CIIE-BEAEE CTT T XvBNiL5< 12,
BETIC Lo CThBERSBHBRIHET I BNRD B, ThEEMET L0, L HER
SENBED DT 25 mm OB ERESR HBERE STV S, EoT, JIT60U OERSEH
LEOTERILE & 20 mm PSR STV 5, & 510 JT-60U THEZERBDR—% 1 7 % 300°C
TEBEL WD), ZORECHIMA2HEE LRTHERLRY, £2T, TC. N, TM
Fu—T el af IS VARV DZEY A THRESN, I NVRIETET Iy I a—F 4
TENTFASBEFERAL, B9 I v 70a AR A& Tn5, (EL, TM 7e—71IEB
Wik, WEBREZIEIT A0 aA V80O " EY—R &L A Y v Ne#T, aANVERZE
HCEE S oML LTS 21, F7o. 1% H L. B I/ 0 XLk B L T I
#% (Mineral Insulator, M) 77— 7 ABHWLN TS, MIZF—7 WEHLNIa L RAE 2 DY
A A MR, = AEEA L IRADLTETRBY, BHM & LTBb~ /XU AOBERI T
HENTWD, I MEEE. ML/ — 7 A2V TEZER-FETHEHSh, MIF—F LDy
—AMHRIC L HEZTY — 7 BRE L, EBHHEMTO TS, T EER BRSSOt
Bk~ 2,

(1)TC v —=7 (Tangential probe for Plasma Control)

R A ZNEBRED Bo sy (Koo FABEICRT 28R ROS) ZRET 2 EHRS
R TH S, RHEIZ, ¢18.6mm, & 121 mm OREFEF IS N TIY . A VITHE
F14lmm, AESmm, FES61lmmDET Iy 7R 53 mm FTELRLTWD, IR
2212, AREEEEZR 31TRT,

(2IN v —=7 (Normal probe for Plasma Control)

Ru A ZESED B p sy (RaA ZVEEICRT 23R FROMST) ZRET 5 EBHR
R TH S5, BRHEIIIE 494 mm, & & 729 mm ORES — RIS TBY . 240
B 355 mm N2 mm JEE 125 mm Ok T I v 7 R E 55 mm B TENILTV D,
Rz 4, AREEEZR S 1R,

(3)TM 'z —77 (Tangential probe for MHD Control)

75 A= BN D B o Sy (MHD $##8)) % 5Hl¥ 2 EREKME HERTH 5, B HEBIL ¢ 17 mm,
F&X 93 mm ORFEEICMASNTEY, TAVIEE 12mm, AEImm, ES 23mm OF
Ty 7 AREZ 15 mm B THENMLTND, BIREK 612, FEER/FEZR 71077,
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3.2 HBE
1)rc Yu—7
I =6220 ¥ —, aANVER=20 &
A HyZA (L) =34.6mH, R (NS) =0.334 m?
BRE=1300Q, HIRE KL (f) =15.6kHz
N Fu—7 ‘
e =1088 ¥ —, aAfNVE¥ =34 &
A HE I H A (L) =24.1mH, P mERE (NS) =0.659 m?
BRIEFL=752Q, HIRE W E (f) =18.7kHz
3ITM ' —7
B =176 ¥ — >, af)VEK=2F
A E 7 & A (L) =0.115 mH, HAZHE (NS) =0.012 m?

BRER=41.1Q, HIRF RS (f,) =380kHz

32 MEAMEBHRR S n—7
3.2.1 & .

LHD I8V T 7 7 X~ HHC AV BTN S AT Za—T ik, 7Y Y2 k75 v Y Biif
JEAT® Takahashi {HEL23VER L RS E RN & OLRFZEDO T CTHIE LD TH B3],
AT 7a—7%, AT 55 mm X33 mm X 10.5 mm & FEFIZ 2287 R T, HEVEE X 900°C 2L
LelpoTng, NEEEIXT VI TEEEICHBULEOET Iy 7R B, K8IZRT I HIICH
VITAT R — U ERARE S, TRENWONERE L, BERL TS, K9IZ AT Fu—7
DGR ZRT, THNORFEIL, NF—VDRRDZEITI v IREMBEDLDELZLIZEY, —
DF—TT X, Y. Z D3 FEIZBNT, TRLEIEER & &R OBEFHRATERZ LT
Hob, Sbhic, NE—MLENEEREAVSEZ S EEa X P RIBIZMZBN TN,

=T OB EH UL 05 mm D MIY A A M r—TAEFERL, BEZLOBRAWTT S
YU TML T — T N DY — A B R e U CHED RGN OER CTH U 2iEiE L 2o T3,
Flo, AT =7 ¢ MI 7 —7AORBRIEV ) a VBIECERI TS, Zhig Ml 7r—7 1

ZHIEE WS XV b, D LAT-TAROEKREHKR Mg0) D IE, KU MgO @mb\%bk

X oMREB AL EIL T AR TERAESTWS

3.2.2 tEEE
AT 7B =713, BICRREBY) 2D T u—THIZ 6 DD aA N (EEAK, SRAERO=
iz AN) ZELTVWD, BUTREXDWHRELTRT,
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(IHECSE ¥ H
OX =214 v
BEH =227 F—,
Ay H A (L) =313uH,
BEREHL=513Q,
@Y =1
Bfr =268 X —,
Ay EA (L) =217uH,
BRIEHT=348Q,
@7 =1
B =252 X —,
A F xR (L) =252uH,
EREI=277Q,
(2)m & e A
QX afr
EH=6 %—,
A Ey 2 A (L) =12uH,
EXEI=169Q,
@Y a1
BE=124—V,
AvF 2R (L) =25uH,
BELRENL=18.1Q,
@z 2A N
H =4 F—V,
A By 7oA (L) =08uH,
BRIEF=107Q,

aAf)VEH=8 &
AT mEFE (NS) =0.0315m?
HIEFE R I (f,) =>500 kHz

aAIVEEK=8 &
SEAZEFE (NS) =0.0329 m”
AR E R # (ffp) = >500 kHz

aAfVEE=18 &
SEATHEFE (NS) =0.0291 m?
HIRAE WK E (f;) = >500kHz

aA{NVEE=8 B
S (NS) =1.17X10% m?
HIRFE WL (fyp) =—1000 kHz

aAfNVEE=8 &
BHAZEFE (NS) =1.50X107 m?
LIRE R # (fp) =—1000 kHz

a A )VEE=2 &
AT (NS) =1.31X107° m?
HLIRE R % (fy) =—1000 kHz

4. BBRBHRSE Fu—70 JT-60U ~DHEH

4.1 HEMRIR B MR

JIT-60U OEZERIBEL, ZKTT 20° B2 ¥ —ET MK 2BRIS OB (B — S VRIS
) BRICEA L, TARAT T a VIRIZRKE0GIZHLESIEKEZZ TS [2], JT-60U CFEH
ENTVALETOERSBRHBIE., ZORKIEEICRZ 2 X5 RS TS, LLRR
5. ¥F 2y VROBBHEEND RS AT 70— 7 2 HEABRNICESERE LEE. R
Lo Ty u— 7T L3 & HUROBHER CRTHEkRE) THiRT 2Rl B Tr, &5
ikt T 2 v s BNENTHE, TOMRMEZERBNIRETHZLbEBAOND, TDOTW,
AT 71 —7 % JT-60U COMEMICHE LGl T 5 LER D D,
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HEHCH oo T, T AT 7o =7 OEARBIC OV TR ZITV, AT 7'u—7 O e
ZHesE Uiz, BRI OV T LHD ~DO#i|T B2 EET Vb L, AT e —7 LB 17
BE., BENLRDHMTET ORETRE Lz, £OREER. AT 7'v — 7 D383 2 fE1EK 5 kHz
CRWEEEE CTHHZ EBHLNE IR o7, JT-60U OIRENE R 100 Hz THDHZ Ehb,
AT 70 —7 % ZDFEFEZERFNICHRE L THHRIRITEZ 59, JIT-60U ~DO@EAHIZIBWTH M
BRENZ LRG0T, LHLREDL, ZOMREBH ETHMEETVELTRHMEILESDT
HY ., EMTIRE, RERNIRN—F L FRT T AT LA BATENER > T25E, BHOED
PIRE AL, AT 70—7 WY 562 L bEX DG, ZOLD, BHRLEHHTLT T A~
ERCHEBL ISRV IRBLETHD, T2 T, BHMII—FRNEELZDNDIETI v
Wem TRl reRMOr —RICHACIAD 21 (AT vn—7 S ¥4 7) &L, WIZ, ¥
TR OB 21T o 12, IT-60U OERGRIHEIC B TIE, BEBEZE, ol F oo
FZZBLTMI r—FA%3 & HUBRE LTERA L, AT 70—7 S # 4 A2 50T b R
ML 7 =7 V2R L, T Ol e v TIC XD BEREE TRA L,

42 r—y v OB

JIT-60U (A SH AT AT Yu—T 2 A7 v VAR (SUS316) o7y — v 7 (A58 T
B, WECER VAL FET 52 L CREMEL Lz, Thick->TeT I v 7 BB h—4#h
FEATY, 79 XA ERICERE R RIET 2 L3R, K101 AT Fu—7 S # A FOHER
BRT, BlEHLBRICIE 648 mm D _BHY—AMI YA R Nr—7 VR L., BB EICIE
WMFREROET I v T ay s AR, AT 70— 7 QU FRAEIZ NI 5 5 %86 L,
SO AT Fu—T = TOEMBMCITEII v 7B A FERETHZ L C, &GO
PR & THRBH R E Ko7z, L LARRL, 7 I v 72y FORBEETENAORBEE £HH
Uiz, S THEIBICB T W CH D, ZOFERI MI ¥ — 7 VERBZICHEBIHEOET I v &
AU Nl —Y TR LiAA, LS T 2B CRE L, B9 Ivy 27XV FRELT S
AIOEFEIIEE ThoTmZ &b, BT I v 7B A Y MAEEBINAEICELER. ML 77— VREIO
BT IV I BAV PEZDMDET I v /AL OB CIARRRARERD . S5 ET Iy
T AL NOWEN ML 7 —T7 MM o722 & T, REMIZE D IHWVIRFEERE AW Lz &
EZbND, TOFREEEZ. ETIv I EAV FORARELTEROET I v 7 774N
—5FEA LT,

BT I v I T AN BERERL TRIRICLZb D TH D, TEURE 1300°C., b5HE
FRiT ALO; (49%) & Si0; (51%) 6720, —RICIZZBEFORRME F Dy X 0 T
BAFEAZHNONTN D, £FIv 7 774 A—OHEEE 1ITHET, Zha i Emmge
FOREICTE L, EERRzr —7 M & Lie, REICBE LT, ORI L DM
FREL, &L M 7 —7 A< (003 mm) 725 THFEE O 7 — 7 V&Rt L CRME L,
FORRIZESOTHREFEZRE L, B, ML —TWMZHoWTIE, AT Y —7 O &
= TOZRTEEENTWA D, T2 L2 mEEDET NV CMENM 21T - 7=,
T DN TIE, AT DS — T VERER $03mm THDZ L3RS & LTI L7z,
ZOFRERML 7 —T NI A D Z LN TEDWMEITN 45kg THD T &M LMo T2, KRIT,
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ML 75— 7 VR R NI DRV E T I v 7 77 A N—OFREE L RO, InTHBHE O AU
FSIvITrAN—BFELLES, TOBREIZ019m® THY, 7 Iv I T 7 A N—DFKE
0.13 glem® M HZDFEEITN12g £72D, LLARBRL, ERICEII v 77 A N—%2FTHE
T AR, MHREMES 2 ER L CHERIMRY BB Z2WE I TILNENRD D, £ T, EHE
DOFIEEIX 10%RBEL LT, BExiipd L4l

4.3 R BR
43.1 BXKHIRR
(1) maER

FAYE—ICTHTFHROEREIENMEZRE L, AT Yu—7 S A 7OHEEFRETH D

L ERER L, |
(2) it 8 AR

S e AR OMRIRIEH A RIE L, DCL00 V/1 23ICii 2, BREICEERRN L

FHER L, #BRER2TFRT,
(3)JE) e i i R

AR ERE T B~ T OEBERFMT 57290, AT r—7 S XA TORBEK
RitE 2 S L 7=, 3BRE L TIZLCR 7 A ¥ —Ii2T 100 Hz 7% 1000 kHz IZ BT 5 A v & —&
VA (Q) &, 100 Hz 75 100 kHz ETHOA VE—F R (Q), A&7 22 (H)., #
BRE (C) RUZEWHEL (Q) ZBIE L, AT 71— 7 OKJE B o H32 5 5 4501% 500 kHz
PE Tharz b, AT7u—T%r— TR, B7 Iy 777 A N—%FRELT
b, B 1113 1R X O IR B O SRR E AT B & RER L IRIEREFEOMEE A L
T3,

(4)8H5 A3 T R R P RUR

ANIVIATRIVY A VO HIMLEIL AT Fa—7 S Z A FE2EHT, ~V AR aA vl
Mz lzERE o —7 OHAOBFRENLERHREEZ RO, BRER3IC, RBROEANZ
X 14 12559, M. SIRHEBEOMEIL. 400 Hz D IELE TV ARV aA VI 15 A DER
ZENIIL, Tu—7 b ASNEENENOEEZ EHL L TRDTND,
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