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Examination to mechanism of Magnetic Field generated
by Screening Current in YBCO Pancake Coil
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1. LIz Table 1 Specification of Double Pancake Coil

bﬂiﬁ 5° MRI IZflibo D YBCO BT — 7 IR TH D Superconducting Tape IBAD/ CVD- (Y,Gd)BCO

, ERE DSBS ES NGB AEL D, L Wire length 52'm

L/, EF?MI BILINE DIDNTAL, IROFEINITELFHEL o Insulated tape width 10.2 mm (maximum)
TR, T TER & ITFATHHEIC B W TSI A O Tape thickness 315 um (maximum)
LB IO ERBE T Cllik B oA L2 OB LR Inner diameter 219 mm
TELHIE Y I — 2 al LN K DMENTHRE L, e BE s Outer diameter 240 mm
BT EROR L% L, ZBRHC T DAL Height 30 mm
TOMREBETLOIRD TR, g R 3 D88 T it D I = Insulation Low-temperature-curable-polyamide
DANZRBCDNCERE T O THET 2, Number of turns 34 turns/coil
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rate 20 A/min) 28 L, SERAEHEIC Lo T LB R ERES) X - Y
(By)% I e ORAT (1N KORFAI L 72, SO XN TaA L _—n__ e
## 0% Table 1, F2BR M OFRHT X R % Fig IR, @EE S . "
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experimental results of the screening field at point (a)
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WAHAIZR IR & 70> TVD, IR EL T, SMEBRES LRI C W 1t=40[A]
ED B OB EINT DITHE> TaA /LN TREG IR AL, Fig. 2 Screening current distribution maps by numerical
s 2 \THMER g B S DI EE VR DS BUOR LT 2 &35 2 b, simulation while transport current is increasing till 80[A]
ZORERE, SN L DEAT VU AN Kb, B O G . . _ S
LAEAT YL ADH Wtw_e%z%né 4%3 aemsp @, Ay oo
DHEHE DMK L 72 2B (Fig. 1-()-D) T, BEsHE AN ----;-»\‘--\»’ﬂ-’-g-f-i::::ﬁl-;‘;.‘- .......... a;.\\‘.g-.\\’ﬂ.’.l.;..’.::.—..—:.slt.}j‘.;;
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WD, 9 S 4
F72 Fig.2 5L, SMBESHINZ L > TaA S MU @ ' (ii)

W ENBIZAEL (I, = ODWRRERSY) , T DOHENNTAE P Fig. 3 Screening current distribution maps by numerical
~NIEMY, 1, = 40ATEKITH —LL TWBIEN N5, & simulation. (i) and (ii) are caused by first and second
SITLARMT BE, 2 M AMUE T DB TP~ current peak, respectively.
BEIL, ERERERIEEORRL TV, 208G, B &
SR L 7= & TCaA MUl BIR AT A6, ERLE 1. H.Ueda, et al.: IEEE Translations on Applied

WBEERICES T, EHEROBNAHEE N -2k Superconductivity, Vol. 23, Issue: 3, Part: 2, (2013), 4100805
KHEEZHID, 2. Y.Ariya, et al.: Abstracts of CSJ] Conference, Vol. 88 (2013)
p.145

— 11— 480 20144F BEHFILR T2 - MAEY SR



1A-a02

HTS 2 £ Vg3 —m

2 mm 180D REBCO ## TH W\ =/ —F a4 )LIZH T 2 ERE RIS
O} gAY EHEEIES
Remarkable reduction of screening current-induced magnetic field of REBCO coils by the
use of 2 mm width conductors
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SuperPower #1810 4 mm 1§ > REBCO #44(SCS4050, J&
Z 0.1 mm, FESET 110 A) & 2 mm #E® REBCO ##4f
(SCS2050, JE#4 0.1mm, EEAENE 56 A) #MAWT, Zh
TN3ME 6 HOX TN Rl —Faf VEBKN, =
ANAEZEINCES, 1ZERLHED 2 2OaAf Lk
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Table. 1 Physical parameters of test coils

Parameters Coil-A Coil-B
Conductor width (mm) 4 2
Winding I.D/O.D./C.H. (mm) 30/38/26.4 30/37.4/29.0
Number of
. 3 6

double pancake coils
Number of total turns 162 324
Total length of conductor (m) 16.8 33.6
n value of coil 25 26

Coil critical current

26.
for 1 uV/em (A) 50 65
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Fig. 1 Hysteresis loop of the screening current-induced field

for (a) Coil-A and (b) Coil-B.
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Measuring

Lateral

T2 [ TERLA BB ATER DT DR MEAINEZFEL T,
AN R R RE O m R RS Y A 7 u b e DB 2 H

LTS, HiE T 5 7abar o &R % Fig.1 12777,

K2 TlE, AVFE (Azimuthally Varying Field) 384 D IEH

EANAT N L —aA VOB IZAIT T, HIMAC (i E4F)

LRI H 7 (400 MeV/n, 300nA) 24T 5 & RBEEY
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DS A TR AE 1 FRR A NEE AR oD FLAR B AT B 6 12 O3
HiL7=H D ThDH,

2. AL ILDHE

AIELIZ I oAV % Fig. 21277, EHEYBCO/ 47
— XAV OFEIFBEL G ERIEE T L O LA Table. LIZR
9, fHHL7ZYBCORRA I3MEA mmC, JEA150 um (%)@ 50
umiA &) T, ASAT NI H—a{ 34> DIEMEaA
JU73mid-plane & A CTxl & kT HE R IC 70> TR, SEHE
TR THDIEM AN D5y D A EREL, v
TNrlr =X IR TR LT, 228, aA V&I X THF
e CRARESNIZYOROI=A A E 21 F L7=[2],
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Hill and Valley/3 i & LV FEMICHERR T 572912, Fig.31Z
TR RGN E RITB T Hx=15, 105 mm TOA /LEEW i D
W33 A DRRREEAT 77, A N H ORESS /3 #i D KB &
FRAT S B A L L7 b D & Fig 41071, Fig.ddh, oA #
W C T DREG Ai 1L, TNENFEBREZRFHFIE TES
NIAEE L —E L THY, Hill and Valley3 iz iR 528
AT,

Fig.3, Fig.4&V, A REIFEIELIZaA VORI S AL,
BT DG A A LB TETRY, IEa A LITEE
BIZET TODEWNIZEIIRENTZ, 541X, AVEOFAE
A EFERIL, MEZRAREL TRO LD I RS
(10LLF) O FEBUZ AT TEHI AT > TV T E Th D,
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Sprit Main Coil system  Spiral Sector
for Isochronous

Trial manufacture
Coil system model model
magnet field for AVF

Quarter size

Fig.2 Structure of trial
manufacture

Fig.1 Conceptual design
of HTS cyclotron

Table 1 Specification of conceptual design and
trial manufacture of noncircular YBCO Pancake Coil

Real Trial
Lateral [m] 0.815 0.18
Lengthwise [m] 1.50 0.359
Minimum curvature radius [m] 0.053 0.025
Height of 1 coil [m] 0.13 0.004
Turn 650 23
I [A] 379 37
) - AX=15 [mm] A X=105 [mm]
N waas
Simulation Experiment

Fig.3 Experimental and numerical results of field mapping
in measuring range

0 200
— Simulation 159 | Simulation
+ Experiment + Experiment

— =
g z B
g8 2

Magnetic field [G]
2 2

g 2
H

Y [mm] ) Y [mm]

X=15 [mm] X=105 [mm]

Fig.4 Experimental and numerical results of field on line
x=15, 105 [mm]
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EELI-HDTHD,

2. BUERRNT

FeATHFZE TR EH11%1 772 SSC D% st % Table 11TR
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SSC DEREII/3A L, FIBERREIZR T AR E 04—
— A — VR B CRETL, BB E Y A rahar BT
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B TlE, SSC DEAKETF /L& 4 50> SSC AT 1512 YOROI
MEEZISHLEETFT A (Fig. DAL, B 31X
Hastelloy(JEZ+ 100 pm), HEE A 100 pm), Haik/E (= 2
100 um) THERKR SIS REBCO MM ZIEEL T, Mk RS
MAEZEL, BEANZID—KET VLT, BftE GFRP 4
TRER DT EAET S L LT, GFRP M5R 0% TR 2 )52 7
50 mm &% EL CTHENT 21T 572, SSC HARTE T L DB R4
UL, IRMRER DT —E T & EEL T, 4 Xt SSC E7
T BRI O KRNI RERE LRSI R R EL
72

3 HEREFELD

SSC DHAKET WAL OT Bk, I—BRIG 150504 %
NN Fig. 318 T, I KOTHRITK 13.1 % THY, Kk
S—BRIEITHK 16400 MPa ThH-o7z, ZOFERLY, SRS
EE RO B EAR TIIEMDBIEF IR EL, a2V DR
RUIZARCTIRWZ E R CTE D, T2, BHED Negative Bend
HEC M RO NSDNEBALATH IS — B RIS SIpER L, K
TR AWM DI DE A RSz, I, YOROI A2 5t A
L7z 4 %D SSC DFEATMb DT I EI—B ARG 04i %
TNENFig. 4117 T, KROTHITH0.148 % THY, FHK
I—BRIHEINIH 367 MPa Thotz, Liza3-> T, YOROI #
1% SSC TS T A2 LT, MiTaERIEBRITIMND IR I DK
BBy AT LR AREL/RY, BRI REBCO B OFFR
RATHLOT B 0.4 %Z L7 AR ERE - = BT
RS TREL e o T,

LS%IL, AT ER A2 ERCT — 4228 T5LEbIC,
YOROI #iED KB HEEZ LG ST A—F L, G20
7L o 0af VRO RV EEOKEEIT> TV T ETH
2.

747
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Lateral
Fig. 1 Structure of spiral sector coil
Table 1 Specifications of spiral sector coil.

Spiral sector coil (one of four part composition)

Lengthwise (m) 0.815
Lateral (m) 1.50
Height (m) 0.13
Number of turns 650
Operating current per REBCO wire (A) 243
Maximum experience field (T) 8.99

unit:% unit:MPa
1.75E-1 131E1 222 1.64E4
(a)strain (b)stress
Fig. 3 Results of strain and stress on the coil winding
without high strength REBCO pancake coil structure

0.148[%] 367[MPa]—r

unit% BNl unit:MPa
8.46E-3 1.48E-1 21 367

(a)strain (b)stress
Fig. 4 Results of strain and stress on the coil winding
with high strength REBCO pancake coil structure
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BT OB &R Z R, ZOEEIS BRI RT3
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WEFPEATEE 7wy 7L,

T, MEHT IR D FEPHA DO BRZ R NDEIRD BB L TWH5,
ZOIL,

WHETRUI U UITH WS TETZH D THDH A,
FRATHE B BRI ER D B ORI E /R E Il 52 D
ONTEINETHOBRESIN TR o7, S EIEZO A
WOV THIREET T,

BT A DO F— 2 — oD T ay F LT, BE
D—DODH—2TFDTay ) e FTHH— LU TRNTE
119, &7 ay 7Rl e s, 7oy 7 oBE&R % Fig.
SR, T ay i RlOmAIZEY, T &5 5E, aq
NDEZ— NG BT T as T A0 BN EREND
7“1:1/7%‘«&%%1%5753‘ OO A X DR RS

DA T HMENDHD,

FROEHEEEBGE AL O BRI TT VI
WHATDILICE ST BEERDRER B E WA, 3
FIN 2RI Z A ZENFREL 72D, ZOMRMTE T /L% it
HLHDXI5RELT, Fig. 4 (IR TIHeafvinEZzoins,

EiE3

AT FE IR 4R ELREAE D AF 5T m%%%%%raﬁkﬂiﬁ
A ) _—=a AIHHEE T 0 7T 0 (S /) | DO KR I
ST Thiz,

o W,
T, I Yoox 0z
L

Fig. 1 Thin strip approximation.

Lo s

Fig. 2 (a) Without parallel conductor approximation; (b)
Applied parallel conductor approxlmatlon.

(a) (b)

JME

Fig. 3 (a) Without block approximation; (b) Applied block
approximation.

(a) (b)

Fig. 4 (a) Racetrack coil; (b) Saddle-shape coil; (c) Coils for
Spiral Sector FFAG accelerator magnet[3].
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TERY, £, UTFBMEOEMERIC oW TR EICHR
RD, BRZ V—7OHEEmEY, Ao R Ty
L EU(eV), IBEEZTK)., ALY~ EHE
kg = 8.61 x 107°(eV/K), MEERZ JiiiL 2 B L %
J(A/m) & Uiz & & | fEFBRAATE o0 I RER 2N R T 5
LT OBIRO Y ST, BRI,

d J\ _ ksT
- d(logt) (E) - U_O* (1)
LB l1], £MAEM(A/m) & ERBE(A/m)iT
] = _12Mj )
w(3l-w)
DR R Y SEOD T, L FOFRR
() =2 3)
d(logt) (Mco) Uy*

THUEM (A/m) 1 TkEFI9 5,

3. ERERRUEBR

Fig. 1IZ¥RIY » 7 7 v 7 A ik TRIZE L7z EuBCO
B DRALRRRIFFE O RIEAE R 2 r 7, B MR T &
N, WEFRERNENATANKELRDITE, £
BENELSRDITE, BRERKEL LD ENGN
b, BT — 2N EO N ERE RN, PR
v 7T w7 A M X0 PR T ORLAEFN OB E
PTADZ xR LI, A%OMEL LT, SN laxk
EBLHEICEWEMRFHZ END LT LH20LERDD
bz, BlbofEfiEd RNREE 5 HIEEBE L

767

IRIT N B 7w,

Table. 1 Specifications of EuBCO superconducting

tapes
Width 10mm
Stabilizer Ag(4um)
Superconductor EuBCO+BHO(1.52um)
Ce0,(0.62um)
LMO(8nm)
Cap and buffer layers MgO(5nm)
Y,05(14nm)
Gd,Zr,0,(0.8um)

Substrate Hastelloy(100um)

o
= 095
S
=
15K-0.0Tb-M0=676.14
e 20K-0.0Tb-M0=607.85| !
09 15K-0.5Tb-M0=555.70| !
RN 15K-1.0Tb-M0=520.97 "}
; 15K-2.0Tb-M0=426.86| !
EEEEE 20K-2.0Tb-M0=363.20| | |
085 LT G T EEHHEE. HEEH
0.01 0.1 1 10 100 1000

t[sec]

Fig. 1 Characteristic of magnetization relaxation

SE
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ETBEEEEORE
http://aquariusl0. cse. kyutech. ac. jp/Japanese_EUC
/resercher/2010/baba_study. pdf
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- Towards a super-high field compact NMR magnet beyond 1 GHz (1) —
Best mix technology of magnetic field correction methods for LTS/REBCO NMR magnet

PR 5hd (BRAF) ;0 B2t (1K) A AT (TF3ER) ;W i (JASTEC) R A (ERR) ; HA Fos (FHER);
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SUEMATSU Hiroto (JEOL RESONANCE); JIN Xinzhe, TAKAHASHI Masato, MAEDA Hideaki (RIKEN)
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1. [FC&HIZ

4 1% REBCO WNEaA V% =@l /M NMR >
AT LDOBAFE D TND, Tl O AT Y7L T
LTS/REBCO NMR #A D 1 S BR%E L, 400 MHz (9.4 T)
TIEE L2, ZOBAICBWT, SMNE M IE AL D RGS )N
REBCO A /VOBERTE I L > CEISNDOZETRAETD
PHE 72 72 oy %, Wty 2B WAZETHIIEL, REBCO%:
ERLRA LU THER W) E 72528k 5t NMR IEIZ B L
72[1]. L2>L, REBCO A /L DIET B I D B il ziE s
LDRENMETL, —H DT T IV AL — Ry BIFHIEL
ENTERE LI, ZUBFIAT, NOESY ERRIZDH 37
Em‘%aﬁeﬂﬁ _z T2 #EE O NMR I E RS TERd-oTz,

AT (ZFRBRL 7= 500 MHz (11.7 T) LTS/Bi2223
NMR fé & 400 MHZ LTS/REBCO NMR 1 1 SO
Y — R oy OFFM72 L A4TV N, LTS/REBCO NMR #4712
KT DWGIG AR — Ry DR EL, MBI DR IE T
OREREEEH L, Thab LI/ {EL7- LTS/REBCO
NMR B D 2 BHEORERRIC DWW TR 5,

2. LTS/REBCO NMR G [ZHH OIS — M5

Table 1, 2 IZFNFH 400 MHz LTS/REBCO NMR A,
500 MHz LTS/Bi2223 NMR B 28T HBIEE S LZLD
@%éﬁ%ﬁ%&%ﬁ 2 DDA WT, REBCO 1A /LE
Bi2223 =AW, 1EIERIC 1 TH D, LTS/REBCO NMR fi:
AT Z2 5y \%Eu @/L\T%ﬁEbe& \—ﬁ{ﬁ%/.hpﬁ%%’j
Tol, G AEMORE K oxlbig+ 5L,
LTS/REBCO NMR 4% (Map: RE #151)( ¥, LTS/Bi2223
NMR 4 (Map: Bi #19) &b, ZX, ZY, XY, X2-Y2 OF
T NVEGG R DR E, IRIE THE 3 52(ZX, ZY)RIE
1.98 fi, (XY, X2-Y2)%1% 5.40 {5 ThHD, M R4 Oy
ZLe9 5L, LTS/Bi2223 NMR A (Map Bi #104) TiL
SRBDRS R HECETOADIZRF L, LTS/REBCO
NMR %44 (Map: RE #196) TIIBImE L LD KEF T
520 AZBEELTH, IZEAEHHIENTE TR, B, #
(RS LRI L35 98~ /=& =%, LTS/REBCO NMR
A TIITNSOBRE S L, FREMED 5%LL TFORE L
75 ijc}?l/\ &ﬁ)/\ﬁ)/)ﬁ_o

ZD LA, LTS/REBCO NMR A i, E‘H‘%fm/‘%v

B AR — i AT 5, ESBIT, EikERORET, =
NSEHRIET HIBIRE S LT BT, FEA TR
WD THD, ZNEDORES AL, BRRObT )72 E R
CERTEIRIC LS TRAETHEHHERIND, BIG A —MEN
JRIA"C, NMR {55 DIEE L fREED, EARMZRIREL B~
1 HHIRL, A fiRHE NMR JIE I B2 9 T O 2T
ot

3. AB 22 LaAILESTTIVEEY LR
LTS/REBCO NMR FifF 2 E#

LTS/REBCO NMR BEAZRBW T, B OF 2L
DEET 72 WAy, TV T A AR DA WL A T
PR DHD, £, Z2 ROV TUT, fFfﬁK%E@mm%ﬁi“%tc
DR ZUF T xﬂ#ﬁ@ﬁE%ﬁot&) e B N JE I
Nb;Sn #pH TEN 22 VAV ERE L (Flgl ),
JL 2, 1 ST 22 RO AR E T D70 ISk A

RE L CQWRIRZEWMZ2, 7V T RS ARY — A2 IET 5
7‘_&30)7&2 P ADAR—RL L CTEH TEHIIT8-T,

Nb;Sn N Z2 v aaALiX, 6 [HDOVL JARNSR5,
REBCO DA ERE T 5728, HRDIZFENZENEEL
W, FNENLAY—5% 4 LU, NEE 81 mm, #4% 87.8 mm
LUT, #EHIT 1160 THDH, ZNSATERH AR LT, BAR
DB ARIZHE 4 mm OR —F IR % ) 218 < 2 LT3
LW BRI T I TR 2 VW, KA ERA

777

Ao FHRRITT=, A3 K 50 kHz/em? (25 A S@ER) 0 72
BE Ry B R AESE A IHITERF L TRY, Bt o 2
T, wBe 72 ROy DN SHHILD T EE BB AT Tt
A L/fx_o 2 F%@M%*ﬁﬂz#% IZDOWT i&:%&—( T’\}:)

Table 1. Field correction results for 400 MHz LTS/REBCO
NMR magnet with a Z2 ferromagnetic shim.

Before SC shim correction After SC shim correction

Field (Map: RE#151) (Map: RE#196)

harmonics SC shim Amplitude of SC shim Amplitude of
coil field error coil field error
current harmonics current harmonics
Z1 0A 195 Hz/cm 1A 1484 Hz/cm
72 0A -1175 Hz/em* 20 A -475 Hz/cm®
X 0A -833 Hz/cm 20 A -2 Hz/cm
Y 0A -327 Hz/cm -4 A 295 Hz/cm
ZX 0A 241 Hz/em® 20 A 252 Hz/em*
Y 0A -3208 Hz/cm® 20 A -2541 Hz/cm*
XY 0A 983 Hz/cm® 20 A 832 Hz/cm*
X2-Y2 0A -3563 Hz/cm* 20 A -2998 Hz/cm*
Table 2. Field correction results for the 500 MHz LTS/Bi2223
NMR magnet.

After SC shim correction
(Map: Bi#104)

Before SC shim correction

Field (Map: Bi#19)

harmonics SC shim Amplitude of SC shim Amplitude of
coil field error coil field error
current harmonics current harmonics
Z1 -TA 1058 Hz/cm -6 A -143 Hz/cm
z2 0A 209 Hz/cm* 3A 1258 Hz/cm*
X 0A -814 Hz/cm -6 A 495 Hz/cm
Y 0A -9705 Hz/cm 15.7A 152 Hz/cm
ZX 0A -953 Hz/em* 3A 64 Hz/cm®
Y 0A -1317 Hz/cm* 6A -76 Hz/cm*
XY 0A 642 Hz/cm® 0A 33 Hz/em®
X2-Y2 0A -238 Hz/cm® 2 A 45 Hz/cm*

Inner-Z2 shim coil  REBCO inner coil
(Nb;Sn)

\ﬁ_/
Outer correction Main coils »>Ferromagnetic shim for radial field harmonics
coils (NbTi) (Nb,;Sn, NbTi) »Room temperature shim coils

Fig.1 The 2nd 400 MHz LTS/REBCO NMR magnet installed
with an inner Z2 shim coil.

4. FEH

LTS/REBCO NMR ﬁuE CBWCRIEE D 72 fRop Ty
TIVERS R IET A=D1, Wi 722 S bhaf )T 7 VR
Py D& W 2 S ERUELT-, ZROITIEROBRE Y
L, IR A, BG-E Ry 7, A— o AR ARG DR
B IE D~ AN w7 AF5 4 IV C, Rasaiies NMR ]
EZIT),

ABIFFEIE i) 52 B R B DB ) 1 /X — 23
B HEE 7 0 7T KL e uaat o AT 70 - B iR B 3 7 T

ko TiThbhiz,

SE 3k

1. WS, 2013 FEEFRFRIE T 5 HEE £, 1A-a03
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- Towards a super-high field compact NMR magnet beyond 1 GHz (2) —
Magnetic field correction for the 400 MHz LTS/REBCO NMR magnet with an
inner-correction coll
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1. [FLHIZ

BTGl _7-NB 722 v A /LERE L7 400 MHz
LTS/REBCO NMR WA D 2 5 HEIZF3 1T DR i B i S 2
H95,

2. NE 22 2 LaAVIZ K BHEIGHHIE

Wifi% 440 MHz E Tl L7, 400 MHz (2R LT,
NMR 7 A7 A—%4 (Metrolab Technology, PT2050) % T
ELTRGAT z B EORGS; /3Ai% Fig.1 ([oRd, SMEfIE=A
VDYDY REBCO A /L Dk BRI Z - TS b2
LT, 19389 Hz/em® D Z2 BB M FEAE LT, TN et Bl
Tz, NE 72 S AaA 0z 8.52 A OERETL, -193
Hz/em? |ZE T 72 TR A ZARIR LT,

3. BB IEDANR YO R E

NIg 722 v haA Vi, Wi~y 7V AT A
(Resonance Research, FMU-1200) % FH\ N ChéS o0 A ) & %
L7e3n, IR Aaf)L, @k L, |l a1z is
TSR AT 72, 4% 8.5 mm, BT 2.5 mm DR D
WS AREL, L Py RVBMER T2 Tl —
ZEHH L7, Fig2@IZWE 22 3 AT V2 X AR R %
DR 35 R d, T BEE S A AV FWT, KRR
DTHHZ, 72, X, Y KraMEL Tz (Fig.2(b)& Table 1 Map
60 ZH8) , WITHIEE 99.5 %D EE CHRIWELIZTV T Ak 2
FEIBATICREL, BEBGEY AEMAETHZEICIY,
LTS/REBCO NMR REAIZHBWTHE, ZX, Z2Y, X2-Y2,
XY Wb a4 24 1IE L 7= (Fig.2(c)& Table 1 Map 98 Z1R) ,
%Iz, moHEIRESy (23, 74, 72X, Z2Y, Z(X2-Y2), ZXY,
C3, S3)ZEHOT-T X TCORyEEIR Y LaA LV CTHiIELT-
(Fig. 2(d)& Table 1 Map 261 Zx 1), A H.02)2 D5 mm OFi
PRI 1 DRG048 O RIRIX 0.6 ppm (240 Hz) IZFE T
HUiz, BLEDINNT, BGHIEDRAN 7 ZAHIFIZ LD,
T RCOBIG AL — N %, B~y 7V 27 A CHEAl
AHEZRBR U IR A LTk T L=, 41X, NMR A
RIMVORIEBL U235, @53 fEE NMR I E DS #HE
272 DI TR — A SIS T 20 BN H D,

0. L B AL I LR BRI

—_ [ (b) After innerZ2

E 0.2 shimcoil correction |

= L I Z2: -193 Hz/cm?

g o :

5 L

° 0.2 (a) Before inner Z2 7

£ -0 4‘_ shim coil correction

T Z2 : -9389 Hz/cm?

T

< 0.6

i .
-0.81, | ) L

PRI B I PSRRI NS R'
-15 10 -5 0 5 10 15
Axial position, z (mm)
Fig.1 Magnetic field distribution (a) before inner Z2 shim coil
correction, (b)after inner Z2 shim coil correction.
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4. FEoH

400 MHz LTS/REBCO NMR ##4 D 2 5HIZ 3B\ T, WE
72 L ATA), BBARES AaA )L, ik A, IR AL
FRLAE DY, 1 B CIIMEN CERD-T=T7 0T VY
RE)—RR 5 EED, T XTOR Y ORI LT, 5%
IZ NMR HIE I LD 2D 5,

ARAFFEIE Gl Bl 22 B i = BUE A% (JST) O F 5% ik 5% J2 B
HEOMMKA) A/ N—a AT 0 s T ML > TT
i,

Inner Z2 shim SC sbim
0 T T

0.2F
= O
E-02f
8 -04¢
S -0.6]-(a) 49-8ppm iJ
- . L . —v 4
o Ferromdg. shim ' ' '
£ 0.2 B ]
3 L:::f'::: 2
E’ 0.2- 4 2'Epm N 0 s'gpm g
L -0.41 RT shim ]
—0.6—(0) | N | (d) N | N | ]

-10 0 10 -10 0 10
Axial position, z (mm)
Fig.2 Magnetic field distribution (a) after inner Z2 shim coil
correction, (b) after SC shim coils correction, (c) after
ferromagnetic shim correction and (d) after RT shim coils
correction.

Table 1. Shimming process of field error harmonics using best
mix of field correction technologies.

Amplitude of field error harmonics (Hz/cm")
(a) After (c) After

Field inner Z2 ®) A}?er S¢ ferromag. @ A}?er RT
harmonics shim S 1m. shim s lm.
correction correction correction correction
(Map 1) (Map 60) (Map 98) (Map 261)
Z 1 -12008 1 36 120 -18
72 11246, 71 45 21
73 731 sC 760 1989 > 28
74 __-160__ shim 120 L 689 | RT -lI
X (43821 O 7 68  shim 13
Y 5283, 771 34 -6
7X 3548 |7-2989 ! -1 -30
7Y 4164 1371 67 -13
1 | Ferro-
X2-Y2 -205 119 mag 70 -3
XY 2225 L 1722 !shim 17 1
72X -49 171 rs22 -12
72Y 423 -56 P 179 :|:I> 0
Z(X2-Y2) 196 300 348l 2
7ZXY 87 -126 ' 717 | shim -24
c3 115 80 o183 ! 6
S3 121 147 1104 0
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- Towards a super-high field compact NMR magnet beyond 1GHz (3) —
Inner layer shim correction coil quench in degaussing process impact on the NMR magnet
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1. [ZC&HIZ

AR CIXATHIZ S Ehix, N 72 /A:l/f/lx% BT
400 MHz LTS/REBCO NMR A7 2 512 351) 2% NMR #Il &
FERAMETHTE THo7, L, NMR AIERER OB A
%, WA OEGEEIR AN AFEHEH O/ VAT 2—7 15
BFHEA~D ARG T 2T 7 —ME IR L, 2N EIR Tl
PERE T A G &7, AGEFIEE CIL, B THRECHED
Nb;Sn NJE 72 3 DaAnmy T L, Z sl E fithsiss
(252 D5 B DWW TG T2,

2. AEEMPONE 22 > La(/ILDITUF
FF—=IMEI LT 2T, BRI T LFEEH 0 VAT
22— EEMELE L, ESICHAA DEFRERO 7L —h—

MBAVZ, Fig.1 O =0 1ZEEEI DT L — I —03 BV I

AT D, Fig 1(a)lRm T 8918, ERBERNTOX A4 —F

129 0.055 Als ﬁii%éﬁ%z‘ii@:( PVIIETHD 116 A DD 35

SEINTT 0 A (7272 (OFITHER) . THROERE L@ E D

T4 5.5 (5 DM ETH D, HBEFIZNE 72 /A:M’/W)

ﬂw\ S AA YT (PCS) De—H —% ANIRIN-T21280, &
HERIZEISTHNE 722 > AaAL| 71/3"‘7%&%7’;0

Fig.1(b)®> REBCO = AL+ (IEITCRFL) IZOILDE

7\/\4’7(A) (B, (C), (D)ilj\?)% 72 /A:m’/lx@ﬁi/%
JZO’C%%EELKW% S TH D, Figl@ll Ao s

REBCO AV EERRORTT Sy (AFTTEREL) O

iﬁﬂ%‘é%\(m (B), (O), (D)YB WJE 72 > LaaA )L ~Df i
BIET T TFICEDLDOTH S, BEHEAIAT(A), (B) (C)

(D) DIRIEIL[AZ B T LIZREL > TVD, UL

DR ENNE 72 > baA )V ORERERDS EFH-L, JZUm

WETL T T RREDINN -T2 TH D,
(CNZBWTHE 22 > AaA Oy FREETH, =

12~27 min OEIE Vy OMEDTTITEHES TR, ZHUE(C)

ICBWTEET-NE 22 ¥ L3 LDy F 20 PCS H7

TUF L, BAREREEIC RS-0 THD, 2O, NE

72 A VCFRE S IIZETLN, PCSIZRW T a— VBT

WENDHDT, WHE 22 3 DAy 2o F T E TR,

FDF% ¢ = 27 min [ZBWT PCS DABIREREEIC[mfE L7~

B, (DWBWTHERR 22 2 Aa Vs FRNiEET

WD, THREENE 22 S DA N DI T FITEST, WE 72

T ATA), PCS, AL AA/L~DL A=V > T2,

3 ABZ2 Y LMD IIUFHEIS N MIZEZABEE
Fig.2 \Z¥HMt% DALl bR A R, e
WX REBCO = A /LR Bt IS Lo TR AE 2165 Th
5, BeA M T, B0 FIZMOTERE R LT
5o WEITNE 722 > 2a3f VD | BT RIEORIES
1To7203, 2D XI55 iﬁ%ﬂiﬁﬁ\oto N AT S|
RJBPHT DL 72 [54573-11435 Hz/em? (400 MHz (2% LT
-28.6 ppm) & EN T\ D, iU, Fig l(b)D(D )W RT NE
72 ¥ KA o FREORSEIZ L~ C, REBCO 211 /V
ICHESNTERCE R I AL DO TH D, T7bh, 22 Vb=
ANDWREFTHIET LT, 22 %G AT IR BT RS
LA LTZOTH S, itz LR L 7=L25, 400 MHz
DIEFRRE T I T 22 A3 13- 19807 Hz/em? D RESTH
7 1 [ B OEMEIZIBNT, 22 A5r1E-9389 Hz/em? 72 -7~
DT, 2 B H ORI TIIH 2 fFOREZIToT2DOTHD, T
Teoh, WMWRERFOWNE 72 S AaA NI FITr->TRAEL

797

(a) ! st
< 100k © oo
— r O 5
- L w 00
£ | 25
9] [ a0
3 50 €59
- t T oW
8 | gEe
[ T2
0
(b) 4L )
(0] L (0]
g~ o &
52 P
~E o4l -
e T
33 | .g‘;
Q 4.0.2 ex>?
O o . [0]
) =
B 03 S
0.4

Time, t (min)
Fig.1 (a) Coil current and radial magnetic field at the upper
edge of the REBCO inner coil and (b) Coil terminal voltage
during discharging process.

-24

200

100 -25¢

7 Z2:-11435Hz/cm?

Magnetic field, B, (mT)

26—y 5 i

-100 Axial position, z (cm)

Magnetic field, B, (mT)

20 0 20
Axial position, z (cm)

Fig.2 Residual magnetic field distribution along coil axis

after discharging.
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7o F Ui, WE 22 v hafpy = o FI2 X ARGA
ANDHERA=DNI oot 122 L, W 22 a3l oy
T FIZ K 5 TREBCO =t A L~ ERNTHE S, =
NI ORGSR EE 525 Z ERH LN -
7m0 BUE, WO AFERMBL, BSREEIT-> T 5,

AT Gl B2 50 R ELEE A% (JST) OB 7% 1l SR e B
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Design of compensation coil for suppression of screening current in HTS insert for NMR

FENL —5L (LK) 5

Hahn Seungyong, 4% S2F1 (MIT)

KAJIKAWA Kazuhiro (Kyushu Univ.); HAHN Seungyong, IWASA Yukikazu (MIT)
E-mail: kajikawa@sc.kyushu-u.ac.jp

1. [ZC®IZ

HTS #MId@ s 7T — 7 RIRET T 5720 BHL Tk
"5‘5&?“*7)@ ﬁﬁfﬁwﬁ%ﬁfﬁ&ﬁ'é BN T — 7 N
R, AR OEZ IR FTIEDLZENMENTWD,
MRI/NMR &~ 3y MIFFIZE OB — A Tk
T 5720, HTS 77— 7 #44 % fV 7= MRI/NMR BB g~/
Fo MO EBNZ AT TR B TR O R BRI _REFRED 1
DTV, THETIT, HB?*CW%%’EELE%@§
AN RICBRET B0, BFRBBE R REZF AL
FEMERENTOD[1], % T, ABFE T, FEIRBY A
AD NMR <7 3y hO—EERE T HEBHNZT—T
ﬁﬁ ﬁténtﬁmﬁ@m LR BB D BLIEN) bR K3 A
REMMEIMERFET H72012, B EICRES 7z 500 MHz
NMRmum4/# H]%%%@zétb@wm4/# k
ZEREHL7=, HTS A2 —hH DM EL T RE & coated
conductor ZAEEL . bR (BRNICEE E SN D I8 E T
ERET LD OMEIAN BRI,

2. HISA oy — R LHHEaMIILDEE

Tables 1, 2 ([ZZ 24, FAELIZ HTS A>3 — B LU
Eas ok E RT3, WA FEEELEOSFFE= LT
HTS A —hefkA SRS EZMEL, ZNHREBHERD
LTS A% —bhDO~HELFIER—THD[2], #E L7= HTS 7
— A I 4 mm, JEE 025 mm TH Y. JAPHIZ 25 um
EoESHESE b, £7- HISA ¥ —F & LT 60
B—= DY TN —F % 0 g L. KRJETFD
R~V 7 AT 1603 A 21l L7z & IR 2.35
T Z3ET 5, SMUD 87.1 A Z18E L2 LTS = A LHME
DR 7.05 T EAHE T, FOLBIEE 940 T L 72D,
WEaANVHBME L TEES | mm OFEAREIEE L.,
WAZENEN 2 @O L —F—&# L L=, HTS A > ¥ —
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Table 1 Specifications of designed HTS insert.
Size of tape 0.3 mm’ x 4.05 mm"
Thickness of superconducting layer 0.2 um
Inner/outer diameter of HTS insert 82.2 mm/118.2 mm
Height of HTS insert 399 mm
Number of turns of HTS insert 60 x 80 turns
Current applied to HTS insert 160.3 A
Central magnetic field 235T
Minimum local /. (and load factor) 186 A (0.863)
Maximum local /. (and load factor) 314 A (0.510)
Maximum full penetration field 49.4 mT

Table 2  Specifications of designed inner/outer copper coils.

Thickness of Cu tape 1 mm’

Number of layers of coil 2 layers/2 layers
Inner diameter of coil 78.2 mm/118.2 mm
Outer diameter of coil 82.2 mm/122.2 mm
Height of coil 399 mm
Amplitude of AC magnetic field 68.8 mT
Frequency of AC magnetic field 60 Hz
Resistivity of copper at 4.2 K 0.531 nQ°' m@RRR = 30
Skin depth 1.50 mm
Wattage of Joule heating 40 W/60 W

2000 —————— T —————

SP26-BZO

1000

Critical current (A)

o 80 e e 120
Angle (deg.)
Fig. 1  Approximated curves for experimental results of
critical currents at 4.2 K in 4-mm-wide coated conductor with
superconducting layer of 1.1 pm in thickness [3].
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Development of the low—cost YBCO coated conductor using textured Fe tape
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Fig. 1 XRD pole figure measurements for (a) {100}, of
the Fe tape substrate, (b) {111}ysz; of the YSZ, (c)
{lll}CeOZ of the CCOZ and (d) (103)YBCO of the YBCO
layers.

Fig. 2 The SEM micrograph of the surface of the
YBCO/CeO,/YSZ/textured Fe tape.
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A Crystal boundary of Fe

Fig. 2 A scanning TEM image (a) of CeO,/CSZ/Fe with electron diffractions (b, ¢) from different image contrast.
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Fig. 1 Heat treatment process for joint.
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Fig. 2 Joint sample prepared at high temperature.
Liner patterns indicate crystal growth of Y123
phase around the GD123 wire.

BRUSE ORI EITBNT, 2L EBE O U — TR O
FERTIZ10A L EOSEIT ERANSRZTEY, ik EIcE
LT L UL ke N TR - D e R TE -, 2o
WCOE Y AICRETDLTETHD,

4. FEH

REBCO/ /L2 L4 OREBCO & [B D Jifl F L~ L) 7242
BN TET -, AREISREBCO/ N L2 & W=V aA L MR,
PR OB R T LB KIEP IR E DD AU T W BEMEDS
B T THDHEE 2 TD,

5. SEDFE
Dad MBI O ERIF R O L . Va A v MO SR T
B m LSO EED DL TETHD,

SE Xk

[1] Dong Keun Park, Min Cheol Ahn, Ho Min Kim, H. G. Lee,
Ki Sung Chang, Sand Jin Lee, Seong Eun Yang, and Tae
Kuk Ko, “Analysis of a Joint Method Between
Superconducting YBCO Coated Conductors,” IEEE Trans.
Appl. Supercond. 17, 3266-3269 (2007).

HI89I]  20144F BEAF K T - B



1A-p08

Y ZAA 1) / NMR IS H

=5 NMR O R T LIZHEITI=RIZ4E % REBCO #R# DRFHZE
R&D for scribing REBCO wire toward high—field NMR system

& T, M R, A F5 B (BRAT)
Xinzhe Jin, Yoshinori Yanagisawa, Hideaki Maeda (Riken)
E-mail: xinzhe.jin@riken.jp

1. [ZL®HIZ

NMR ZIEEV MR — FEE R RO BN TS | fa D
SME DY T A A LDREG DRSBTS R T R T b,
L72>L. REBCO ###11% REBCO @B DT — 7127
STNWDIZD, T — 7 HICEE OB L Ty A AT —%)
AL D RENEN KREL AR DY Dmf s b DRSO
DI TR N EREE 72> CND, AR 57251
I RIS L CO—DITM DAYy MEDE 2 5T
By ATTAE LTI ONWTIE, T TIZREBCO 747 AV b
& AS Lmm R DB M FE D HILTRY, ABFZETIEES
\Z AT ROBEDFINARZ T A 7kt DBl 2 AL LT,
TG B A SO LTS B R B L O B R E e & DRE
lzE1T-7,

2. ROSAEL T @M DR

REBCO #4413, SuperPower HDMF 4mm, JEX 0.1mm O
T TR A Uiz, MR T IS ER e AT v
EANNDIETHE LT, 5 FTHA L, Ao —5FH L
M7 A R k& LRSI ELE N T AR A T8 L
FiEREEED TBY, 22 TIHRTE I L D3EHERIIZ DU
TROR %, fHARAFIEEL T, MR Y MR
WL, EORENIID T N T —F a1 2, AUy M Fig. 1
WRLTEIDNT, Ry 77— EETHIEZ AL THIkLT,

Cu

Ag
REBCO
Buffer
Hastelloy

Fig. 1 Fabrication of Scribing wire with slit.
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Fig. 2 3D images for slit size.
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Fig. 3 U-I carve for scribing wire samples. The samples
were measured at 77 K without applied magnetic field.
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