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High-strength NbsSn Rutherford cable characteristics for a Cryogen-Free 25T superconducting magnet
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Table 1 Specifications of Nb;Sn conductor for a
Cryogen-Free 25T superconducting magnet
(a) Strand

Superconductor Bronze- processed Nb;Sn
Reinforcement Nb-rod-method Cu-20vol%Nb
Diameter 0.80""mm
Cu/Cu-Nb/non-Cu 207°%/35%/45%
Sn diffusion barrier Ta

Filament diameter 3.3um (nominal)
Twist pitch (direction) 24 mm (S)
(b) Rutherford cable

Number of strands 16
Dimensions 6.45700157005ym ¥y 1 53005 mm'
Cabling pitch(direction) 65"%mm (Z)
Insulation E-glass tape

Critical current (A) >1,900A @4.2K, 12T, 300MPa

1.6

-O— Extracted strand from Rutherford cable A15

IL —&— As-reacted strand

Io(A)

I, ratio

0 I L I I I 1 1
10 11 12 13 14 15 16 17

B (T)
Fig.1 /.-B characteristics for the as-reacted Cu-Nb/Nb;Sn
strand and the extracted strand from the Rutherford cable
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Fig.2 I.-values as a function of tensile stress for the
Cu-Nb/NbsSn strand extracted from the Rutherford cable
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Critical current properties of Gd123 coated conductors
for a cryogen—free 25 T superconducting magnet
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Table 1 Specifications of Gd123 coated conductor

Tape width (mm) 5
Thickness of substrate (um) 75
Thickness of copper plate (um) 20
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Fig. 1 Cross section of Gd123 coated conductor
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Fig. 2 Longitudinal /, distribution of a Gd123 coated conductor
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Fig. 3 Histograms of I, (77 K, s.f.)

20~24 ~28 ~32 ~36
n-values (77 K, s.f.)

~40 ~44 ~48

Fig. 4 Histograms of n—value(77 K, s.f.)
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Development of Gd123 coil for a cryogen—free 25 T superconducting coil
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Table 1 Specification of Gd123 test coils

Coil No #1 #2 #3 #4 #5
Tape width (mm) 5
Tape thickness (mm) 0.13
Inner dia. (mm) 96
Outer dia. (mm) 119.9 1199 119.5 119.6 119.7
Height (mm) 5.2
Turns 58
Tape length (m) 20
1.E-06
E O#1
'S‘ 1.E-07 A . AH2
@ X X #3
g X
£ 1E-08 1 X X #4
> £ o#s
1.E-09
10 100 1000
Current (A)

Fig.1 V-I characteristics of Gd123 test coils at 77 K

Table 2 Specification of Gd123 small coils

Coil No Al A2 Bl B2

Stabilizer Additional Electroplated copper +

electroplated copper copper tape
Tape width (mm) 5 5 5 5
Inner dia. (mm) 30 30 30 30
Outer dia. (mm) 58 58 60 60
Height (mm) 5.2 5.2 5.1 5.1
Turns 60 60 60 60
Tape length (m) 8.3 8.3 8.5 8.5
1.E-06
€ o EAlL
S 1E-07 - B
~
2 A2
&
) B1
% 1.E-08 - ! <
- ® 0B2
1.E-09
10 100 1000
Current (A)

Fig.2 V-1 characteristics of Gd123 small coils at 77 K
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Electromagnetic properties of multilayer coil with CuNb/Nb,Sn Rutherford cable
for cryogen—free 25 T superconducting magnet
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Fig. 1 The results of the transport current and field for
the CuNb/Nb,Sn Rutherford coil. The closed symbols show
the quench points of the coil. The maximum transport
current of the coil was 1655 A at 13.5 T.
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Fig. 2  The transport property of the CuNb/Nb,Sn
Rutherford multilayer coil at 4.2 K and 13.5 T. The coil
quenched at 1655 A.
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Fig. 3 The strain as a function of the transport current for
CuNb/Nb,Sn Rutherford coil.
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Fig. 1 Critical current densities for B//c as a function of
magnetic field up to 18 T at various temperatures below 40 K.
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Fig. 2 n-values for B//c as a function of magnetic field up
to 18 T at various temperatures below 40 K.
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Evaluation of delamination stress of REBCO coated conductors using impregunated pancke coils

PR HERR, RO RS, K2 R VAR ERE BTHE @R, A EGR, RS R (T 27)
DAIBO Masanori, HARAGUCHI Masashi, OSUGI Masaki, TAKEMOTO Tetsuo, MACHIDA Kenji,
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1. [FL®IZ

RE % IRABFEE IS O HBEREE L TAZ YR T v ik
TRMES V=& OFIBEIS F370 & 23U C&7[1]. gk
PEIZ DWW TCIE S EE FAF AR ARSI T D28, FfiH
FAE L E B E L CTha A vz i iE S R 52
EnTnwa[2] [3]. A, 3 FEOZ ELREEE A L7Z
IBAD/PLD #FF 12 DWW TR R E NI/ A V& FVT Tt
HIFEREE DR 21T 72D C, LL I 2535,

2. FH@#RM DT

3 HEED 72 A LSRN 4 LT IBAD/PLD #44 O1LEEAS
%% Table.1, Fig.1 {2759, Table.1 2D ENTHEM ()1 75
um JEOZELEN%TIx—NSn TRV &) UiAkih, #pt
() 20 um JEOSRZEMJE FIZD > E LA, A (O
20 pm JEOET — 7 % F i B P AIA T O T IR —RL
T CTHD. W ORI FEEIL 75 um THS. 723,
B (OITFHEE THY, EPEHElR T OB RGRIEML SRS,

3. INEUEROA)LIZ K AT R B4 5T

IAJLNFE30 mm &L, IANF =B EE 2 TaAILNEE
SR DRI D T NS —af L BRE LT, K
HFRIIRVAINT — 7% 1 IR EL, RS BHEE BAT
LN SRS E 2 NN L CRBRL, B (b4, 1RIA%E
FcaAr [ (0.1 wV/em EFE), 2A/L n fE0.01~0.1
uV/cm §EIK) ZRFI L 72, SHAIZ OV T 2~3 By hMIoWn
CRHfiZ T o72. WRRIME L EaA L n fEOHREZ Fig.2 (27
T M @QIZP AL 1.23 BLEToq/b n AN 15 Rl &
PRDRERDSHERRSI, AT OITNEAMELE 1.39 LLETaAf
S n DY 20 AT L7 DG R HERS LT, ZAUSKIL, A
(NINEAMEE L 1.66 LA THaA /L n fEAS 25 DL Ll HIFfE
BN EL QOB EN BRSNS,

4. FE

L EALSREIE DN 70 D 3 FESHD IBAD/PLD - IZDWNT
BNV O RIBEREE (2O WCRH 21T -
72, 20 um JEOERT — 7 EHM BRI EAIAT IHIZTIR
— R & D #A () FYSC-SCFO05 12 oW T, #i4f(a)
FYSC-SCO05 (75 um JEDZ EAvHil%E 71— LI i), S
(b) (20 um JEDERADH - EREE) LOHaA /L n fEAS 25 KimiL7n
NSNS BT, SR AL T O] B4
HEom ERHIfFEEShD. 5%, BIEHET —XOEREIT-
T I, BT 20 & DR F2hE T & TH 5.
28, FEEEOBM COIZBFERER T THY, 2014 FE T
HLARE RN A B 7 AYE S O T, BR A HED TS,

S Xk
1.R. Suzuki, et al.: Abstracts of CSJ Conference, Vol. 85
(2011) p.168
2. H. Miyazaki, et al.: Abstracts of CS] Conference, Vol.
88 (2013) p.100
3. S. Iwai, et al.: Abstracts of CS] Conference, Vol. 88
(2013) p.101
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Table 1 Specifications of REBCO coated conductors

Type (a)FYSC-SCO05 (b)Cu plate (c)FYSC-SCFO05
Tape width (mm) 5 5 5
Tape thickness (mm) 0.17 0.12 0.13
GdBCO thickness  (a—1) 1.8 (b-1)25 (c-1)23
(b-2) 2.7
(um) (a-2) 2.7 (b-3) 2.4 (c=2) 20
Copper stabilizer 75 20 20

thickness (um) copper tape  electroplate  copper tape

Copper 75um Ag
GdBCO layer

Substrate 75um Buffer layers

(a)FYSC-SC05

Copper 20 um

ﬁ Ag
Substrate 75um { GdBCO layer

Buffer I S
(b)Cu plate type wier favers

Ag
|72 GdBCO layer
Buffer layers

| Substrate 75um-/ Tin

(c)FYSC-SCF05

Fig. 1 Schematic of REBCO coated conductors
40
35 e "
30 F o °

£25 Fmmmmmmm e mm oo

22 |
>

<15

10 - ®a-1 PY

5 1 me2 (a) FYSC-SC05
0 1 1 1 1

1.0 1.2 1.4 1.6 1.8 2.0

®b-1

mb-2

5.1 Ab3 (b) Cu plate
Il

ecl

. L2 | . (¢) FYSC-SCF05

1.0 1.2 1.4 1.6 1.8 2.0
oD/ID
Fig. 2 Measured results of n—values of small coils having
different ratio of outer diameter (OD) to inner diameter (ID)

Tinned copper 20 um
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Study of quench behaviors of REBCO impregnated pancake coil with
75—um—thick copper stabilizer under conduction—cooled condition

BEH EH, RO OER, K& RER, S B (7Ur7)  HE EE, KN A (KEK)
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TSUCHIYA Kiyosumi, OUCHI Norihito (KEK)
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1. [EZC®HIZ

RE SR8 FEE M (IR BB A | S~ R R R Table 2 Specifications of test pancake coil.
FEDEEL 7= TR ATAY 7R 3 R A U TR AMRIE L Inner diameter 50 mm
TLEIZENEESIND, ZNE TR CTORTEH LSO Outer diameter 73.4 mm
BT TEI[123, A1l 75 pm RO E(LHZA LTZ RE Coil height 10.6 mm
R 2 O CNEE 50 mm, 50 X —2 X2 JE /N Number of turns 50 X 2
B NV EREL, A VISR E LT e—Z 2 X0 5R Y Tape Length 10m X 2
I FEEDLITE S T TR OFE Z AL, Coil I, @T7K, s.f. 77A (107 V/cm)

n-value@77K, s.f. 1st layer: 39, 2nd layer™: 20

2. EEBAE * with a heater and voltage taps

F2BR A Al F LT O 4Rk & Table. 1 (2, ERLL
T=FEERH AN DGt & Table.2 (R d, IA VT TRFY
BHRICLDEZEERaAALTHY, aA/V20E B IZiEFig.1 12
RTEINC1IZ— 2 BICNICrifE I LA —4—(0.53 Q@50 K) |
I ~44—2 De—4 —FHT S emB g CEIE Xy~ (VO~
V10) ZHOAHT TG, A /U IZ M I X A8 I ©
50~20KIZIHEIL , FIREE TIAVLOD40~80 BD AR D
B (1) Z BB LRI Ce—4 —(2AD B2 @ EL2 A
N2 R AT TFEE, afVlEHE2E HDONRTAEE

[N QP e =N a0 2w | B=ER) g :N [N O e cotzndaver (BREEGR)
3. j&jﬁ/ﬁ%ﬁﬂj I 10100 v (KL 10 meec) 1225 Fig.1 Location of a heater and voltage taps.
{bEE Ty FH (B—4— 85 V0) O fi KB E 2 200 op/ic = 0.6
L. FoRELARBHEFBORBERIFIELD VO I K5 < 10 | é; 050K
L& LR T, BT (1,/1) 75 0.6 DBOORRA Fig.2 2o o ook
(R, VO SROREEREE (3 H B S R AL 100 mV g 120 | 2
T 160 K B Cloolz, Ko, BHFRA LASHE VO KBl 2o o 8 | o3¢ ]
L 500 TN BIRI 280 o7 IR X 7R ZE (K13 72<, 50~ % e a A20K -
20K OFEFH TITIR AL ’ié&ﬁﬁ%%i@ﬁ%ﬂfmwm 2 40 1
BHABLE 100 mV CEET S TOEMCrT FRHIC S S R .
JEDNFAE LT BTEX YT V4 V5 OB %%%%{EE&L 0 50 100 150
JE (NZPV) 25 H U746 R4 Fig. 3 1R T, (offl E XA Quench Detect Voltage [mV]

FIPRENIT D, ETREE DR Do 7203, IR (7,)

AR RSB T D ik R Lo o T, A RO FEBRTIIaA V& J7 1 Fig.2 Quench detect voltage dependence of estimated VO max
I B ELRE PRI NI, TRTORET VI~VI10 temperature at ,,/,= 0.6.

DOEEFE AT, aA VT W OB TGRS T,

A [EID=aA LTI 50 K T 0.037 mm/sec Kl &z Hivd, 30 .
FRI% AAN "I TAF AL P BEVHL LN, 1 TaAf 2 | V4-V5, 2mV-criterion
N LERRITEL, SN LR LT, - 2L/ s °
£ oo o
SE E. 15 — @m0.5 @
1. M.Daibo et.al, IEEE Trans. Appl. Supercond. , VOL. 21, z : 006 = I @
B N 10 - . S
No. 3, (2011) p.2428-2431 z i 007 ® a
@
Table 1 Specifications of GdABCO tapes. ok IDO'S . - Iol .
Cu (75 um) / Hastelloy® (75 pzm) Temperature [K]
Width / Thickness 5mm / 0.16 mm
[ @77K, s.f. 251 A (10°V/cm)

n-value@77K, s.f. 33 (107~10" V/cm) Fig.3. Temperature dependence of normal zone propagation

velocity calculated from the time lag of V4-V5 voltage.
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Development of degradation—free impregnated racetrack coils wound with REBCO tapes.
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1. [ZL®HIZ

REBCO AN ZARE MBI~ 3o MIE AT 572012
i, AV ETIRRRBEZ T 20 ERHY, 211
TARFVRIERE TEIRLTBLIENEELLV. F72, L—X
N 7aA N DEHRIEMIEaA L DEE, TRIRIREEF OB S
NELIEEIRNEELRD. LNLARAE, REBCO AL T
LB ENRFIZ TR A T 2aA VARG W DOBE TIDS, B OFFE
HIBER N B2 BT DEVIRER DT, HIEaA i
DWW, aANARFNES o, DEFRHBESSILLT LD
IONEEE BT LT, HbEhEEE FEIEL2[1,2]. A
FERTIX, ZOIHRHLDEESIER, GV —ANTvra
ANTBWTHZTHD), BRI 2N E T2 TR
AR EFI BRI NN OV THREE L RA S T 5.

2. ${LEBEDFE

SIANVARTRNS ST o 1%, BT 2856, ki
LEOMMEMITIRTFEL, AV OWNEREMED L (NFMELL)
WRELRDIZONTHEMT . Lo THEEOHIERL LLIX
EARBE RSN AN OEGE, o, 13RI
FTRLJA TR T DM THIETRD. L—ARNTyI7a )L
WZBITD o, 1X, U—ANT 7 OB IR Ko H 5l
HREAIRTIE, EARBIDG B CRELADEE ZBND.
ZZT, HE D A 272 F oA L LRI U R UE &R
ERO Sy ER AR E T HI LI LT

3. BREL—AMSYIAMILORE, BERER

AR O LR T IEOH LT~ D720, FFAFIBES
FID 725 4 FEEHO REBCO #f & W, 4 DO ERL—
ARG AN ERNE LT, AV TEE Table 1 13RS, EH
AR 140 mm,  FIREBPES 50 mm, Z— 3K 140 [Z#E—L T
BY, MO, EHTEDBEOTFig. LR LA
ENEIRD ., #AHBHC,HD (I L7 O FF R HIBEIS 71
%, AR O A aA NV THRIAEEFEHLL2], AV mS
11 o DZOMEEBRIDNINT, BRI OS5y EIE % 2 434H], 2
El 4 E, 15E (rEEU) ISR ELE. RIELTZa AL
W, WIREZ oM, BERBREYEmL, BERENDS
{bOA BAFA L. WEERE Fig.2 (7. RERNDL
BHINT-aAL n flI, Table 1 IZRT X, 2 TOIALIT
BT 20 22 TEY, [KEMERECRFEEERE
EHLTND. LIz TC, BV —ART v I3/ OWT
BARGIENBCERICH N THAZ N RSN, F2, W)
BILOVEERTE OB TED TR K TR 0.05 mm SHIE
FAERIFANTHY, BRI ENLLBAE LR O X
Roniinor-.

4. FLo

4 FEEED REBCO MM &M AL, aA VBT BRGS0, B
BABM DOFFRFNFEIS S LA R0 B X B M & B LT 4
DSOERL —ANT v Iaf NV ERELZ. ETOIA NV TR
IFRABEB NGO TERY, AFENREGRL —ANT vy
ANV OLACEREC A B TH DL, R ICRER
WBREGXINWEER LIz, 5%, SbDT — X OEEE
HEDHDHEEHIT, SEZFRROAANTHEMEEMFEL T
¢
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Table 1 Specifications of four REBCO racetrack coils.

Coil No. A B C D
Straight length (mm) 140 140 140 140
Inner radius (mm) 50 50 50 50
Outer radius (mm) 73 78 84 89
Number of turns 140 140 140 140
Tape width (mm) 4 5 5 4.8
Tape thickness (mm) 0.1 0.12 0.17 0.2
Tape length (m) 94 96 99 100
Cu stabilizer of tapes/ electroplate/  2-ply/ 3-ply/

thickness (um) 20 (one side) 75X1 50X2
Number of divided
o 2 4 1
parts of windings
Coil Ic (A) 44 109 96 63
n-value 28 28 31 21

Fig.1 Racetrack coils wound with four REBCO tapes.

o HA m #B A #C < #D

1.E-06
E
O 1.E-07 N
E. * X 4 |
£ 1E-08| + f:
> e X A
X N
* al
1.E-09 1 L & 1 ..
10 100
Current (A)
Fig.2 V-1 characteristics of racetrack coils at 77 K.
S E Xk
1. EilfEfth: 2013 FEKFME L7 - BETYS, “Hibr

[Fl3#E9% REBCO &2 21 /VBAF(1)-REBCO ##f D FFZ
HIBERS TR 7357

2. JEJHM: 2013 FEFERKRRIR L5 BES YR, ‘St

[B1389~% REBCO &2 A /L BAFE)-TH AR D FF A H
AR
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Development of REBCO HTS Magnet for Maglev —Production of Conduction Cooled Coil—
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1. [ZC®HIZ

Pk, A LR S IR EE A (LU REBCO
AN ORESG T coBEN T mEREICE B L, % EXgkhE~
DA EFTL TWND, A 0 A T b 3 8 o i g
{EBIFEESIND — 7 C, IRIEA~IT 2% W MRE i H &
R0, AZHMED E WA G EREER RO BID, 2T,
ERMELOBGRPETAG L, #E% M SN T S o
REBCO A /L& SUWEUFEME AL 72,

2. ERME OB

T 7 4 (326 K) & ONVmAR 2 (Stycast  1266) DEHE
FUEBR A =I5 L OV 77T K~10 K ORI CHEM L=, & ST
HBEELTIE, vy 7% 0.5 mm \ZFEE LT8R ORI & 34
EHLIAA CTH{LE 721, HHILEE A2 5 2 CREE
TR B LT, /357 AT BN T IRA HIHE | 2
PN ERL, BEZICER CHIELZEZS, WHEIFTD
0.7 K/W 735 5.9 K/W 2 EF Uz, =A% TIFEURHLOM
FERAFPEILHRE A THY, HHIES GO OBIEH0.9 K/W)
EHEFFL QU B S L OB HIB OIERBEEAX 112,
BKHI AR 2 (R, DRI L R A HERFLC
WHEDD, RTTALATBWTIEEE D 7T 7 NSHERE N
RIBLRIT 22> TN, ZDTZEDE, BRBTO BN T4 EEE
TZ o7 RO DO TEBE N T E LT 72D LB 2 BND,

INGT 4 DOFRFRCF ALY 7 N DR IC L > T RS
FERICARBAREMELH BB DD, /T T r A NTHEE 1M7L,
TRF N AR THEEBR -0, 4 EIRE S BB fil N o
n, aANOEHZEERNEDNDfERERTEVEE BN
Do

3. AHIERUVLIEHIEEmIILI-aqI/LiEE
WEWER RO BND—FH T, TRFVHEIEIL REBCO =iA
NDOERIZH DL HEEIC LA MEREIR T 25 &9

a. Epoxy resin b. Paraffin
Fig.1 Close—up side views of impregnation materials after cooling down

102 : T : T
= FA ® Epoxy resin 3
E [ N A Paraffin ]
X [ % a
8107
% F After cooling =™ & B
‘» [® i
g100 E Sece B Before cooling 4
il — .
§ ' ]

-1 I . I .
10 0 100 200 300

Temperature [K]
Fig.2 Thermal resistances of epoxy resin and paraffin
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EHLHD, TDTh, FIEEORIEE, SRE S HE R Lo
EV) ZOOFRE LT MERS o7, ZNEFEBLT 5
b, aA NIRRT 7 ar ORERE TSNS PTFE 7 —
FrRHWAHZEELTZ, PTFE T — 7 13RI o6 LT
ETHY, BB OIS N ORAEZES B ERDID, F
o, RGO, 2V E T HE PTFE 7—7 128D
NTELT, TRFLERICE>TaAfsr—2x, HHNIE
HIE M LR BB SND L2 D,

4. EHERL—RMSvoaA/ )L EE

PTFE 7 —7 ME&a A/ WAEIE DA @k %/ Nilo A )L Cfif
LD, TN —F L — ATy ra LR R EL
7o IANARETE B OBUEME O RFEZ BEL TDT®, il
A R1E 200 m B OO, 1% FRRE PR EER A L
FRILKEEDL —ARNT 7GR T D, GFRP A /L — (T
D HATRBE T AT U EFIRINTERY, BfpLr—RI
TR BN ST LD, FERERL —ARNT v 3L
kAR 118, SMBLG BRI 3 1R, £, G TO
IR ERBANCELEBERBREAT 72825, K 4IRTED
WA EREO IR ST, RIA LAk O R %
FRECTET-EE 2 HND,

Table 1 Specifications of the racetrack coil

Coated conductor SuperPower Inc. SCS6050-AP

Wire length 200 m
Insulator material PTFE tape
Thickness of insulator 25 um
Number of turns 72

Impregnation material Epoxy resin (Stycast 1266)

1070 mm

Fig.3 Picture of the racetrack coil

o 4
[ ® Drywinding ]
0.08L v Epoxy impregnated winding ]
S E o
£, 0.06F ]
&
e r °
5 0.04r ]
> [
0.02F v ]
¥ °
00 0 0 60 80

Current [A]
Fig.4 I-V Characteristics of the racetrack coil at 77 K

BRI E A28 O = A B 425 1 TIT o7,
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Stress analysis in new mechanical—-support coil structure for superconducting magnet
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1. [ZC®IZ

REBa,Cu;0(REBCO, RE; Ay 1= %) =t — h ## #1 (Coated
conductor)l, % D &V VEERRFFME & VOGS ER S DR
FE R DRSS A SRS, 3 TICZ L 0SB
(R~ 7 Ry IS D HEFTL TUVVB[1,2], DD 20D Kk
2D, BRI E O ;Hrﬁﬁ ETHINLTHD, LL,
ERNT R TELLARED T DI T Z DT D720, €9
L CThM 2R EL TORBBIIBERE X% HTLEY, fRE
Wl D~ 7 F o hOVEREZIRD TLEHIZEN L, ZDT=
B, JORE OB, S~ 2 MR
WCHEELRD, ZTNFETH XX, Yoroi #EiEEMIZILDLIA
WHERT DOV 78 ETF OO AE DEIZL > TR
AR ATRE CH D LA WG L TE[3], LnL, FAIHE
%ﬁ*ﬁwj XD 153 ﬁmﬁ%ka@uﬁﬁiﬁfﬁﬁﬂﬁ ii

R4y CThotz, Alal, BUS T R BRI TIC

V\Hsr“jjﬁﬁﬁ%ﬁﬁﬁé’] AT TN Lowfi&ib, %@
AN IOV TR D,

2. R AE
Prifioh (Yoroi) BEiEIL, /Su A —FaA A4 EE O 4Ry

Y7 EEIICEES AL BT O REE THERS D,

BN T VIEIR 1% 52 T ToaA X, fisRY > 7 1cd>THl
FRSAL, SHIAHIRY 1L b AR A C RS L D i
ThD, LTe3>C, i a3 201XV, #ith
U7 (outer ring), 5% #& (cover plate) THY, & Fﬁ%iﬁiﬁ
E O E T AL THRD M EEIE T 5, 2

REMEOBEXITDLFEILE 2 v H TE5, :0)&%, fﬁﬁ
A A TRY > 71X R AN E T E SN CWDERE LT, &
B, URNZaA T AN E L izaA L [3, 412 1EL

600
500 [ <
[
= o
& 400 >
o
2 :
v
4 300 [ z
Q. 7]
S 200 t £
o= - @
—BJR w/o reinforcemnt 104 <«
100 L ===-- BJR w reinforcemnt 8
——Wilson w/o reinforcement an)
""" Wilson w reinforcement
= 0= . X . X 0
~
o] Se,
~
gz St e
g 10 L Bk p=8 T
B . ack-u T
= 1 =1500A el
s -15 Tt
"é T 4 %V[ﬁ ITleg)o reinforcement
& .20 =3 Wilspn w reinforcement (b)
110 112 1%4 116 118 120
7 (mm)
Fig. 1 Stress distributions with and without the

reinforcement structure in the coil at 8 T and /,,=1500 A.
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THHEL, SbIcthoaA L ~o AW CERZETT,
FAhaA L, 10 mm gD CVD iE-(Y,Gd)BCO T — 7% H
WCHERIL 72, PNAE219 mm, #2240 mm, ZEH) 11 mm D
BTN —FaAf )L ThD. w7 ELCEE 15mm
@ FRP #)>7, ffis@ AL L CEZ 3mm ¢ FRP &M%
FAIWNTWS, BHEICIE, MM EIOBUHE, Yo7 3, KT
VU HNEET, 300K 23D 42K ETORNAEL FRP T
0.28%, ZIA/LT 0264%EL, Y7 RIZTZNEN 24GPa,
95GPa LR TE LTz, T vV Hild 0.3 L LT, A /WIS
MBI OSSO Y EE A 32— IR E BRI E LT,

3. HER LB

A EOB RIS DO BT RS REW=DIZ, HmHRILT
BT A MAZ I IRER IS DD O JEMEIS D S EINS s, 88
L7 B CIE, A VAMERIZHY 0.5 MPa D12 J5 [Al LRI
HDBEIMEND, ZOENE, B EIOBUERE Y7
RIZE>TEIEL, @Y7 RHDW T EBUEROM B
FAWDLZE TR 2208 A HETH D,

X 11, BRGNS JTENINEE D NS 1546 %53, #iflE]
(2012 FK) X, flmMEE OIS 1 A LR RICAE XD
\ZHELTZA3[4], A [ENEEG 71 OVERGG T1IZL DAL D
ENIACTAVEN :4’»&%%%@%:_@?%@ ICHBREINDES
EREXIZOOREANTE ML, TIBNEG 10510 % &
BT, TR DERI I AL ref[AlTR LT A /Wy
77y7ﬁﬁzb% 8T H1C 1500A DEEEIToTZBRIZXH LT
Wilson D& BJR D i 7% TR E LIRS A2 Vv, 21
B, BRSO HEEEOFEEELSIKETHEL T
5, PR ULI S DT ZEFPEECHY, Yo7 Ea2 v
THELZOTAOMEIL, ERERTHRELNIZOT AOHEE
MQ@%& BJR THRAbSTEL IR B W —F AR 328

Dinotz, ZOLE, BREALAOT a2 B bE 271
Ff*ﬁiﬁi /M E THI 15MPa £720), IcNB I >TH
I T DZEN T,

4. F&6H

DR ZRE T HZET, HHTA L8 (Y oroi) i i
DAFTRN I K O BRI J1 36 Z fRATENZFH R LT, 2 0fk
B, AEE TR EDFONDLZENMHRENT,
ARFEEH VDI TEEORREM BHIRI LT, i
BXEIARTREER D,
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Research and development of the very stable magnetic field coil system fundamental technology for MRI.
— Outline of the project—
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1. 1IZLsHIZ SER
EEFRH MRI BB~ oo AR~ LA =L (ORI —: 55 87 [MUIIR T2 B TRIE(2013),P2
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Table.1 Properties of the epoxy
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AW FRS MPa 25°C/SUS 12.2

Table.2 Specifications of the model coil

AFES 150mm

PANES 230mm

B 200 & —>
AR IH A 10.9mH
Bmax at 100A 0.42T

Fig.1 150mm bore model coil
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Fig.1 Photograph of fabricated small-sized GdBCO double
pancake coil (turn number: 30, inner diameter: 50 mm, outer
diameter: 65 mm, height: 10 mm)
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Fig. 2 Example of perpendicular magnetic flux density
distribution in the coil (Fig. 1), obtained from 2D
electromagnetic field analysis
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inhomogeneity of current transport property and determination method of load factor
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Fig.1 Measurement results of local critical current, obtained
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Development of an HTS magnet for ultra—high field MRI (2)
—a small-bore 10 T superconducting coil—
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Table 1 Specification of small-bore 10 T superconducting coils

Coil No #1 #2
Tape width (mm) 5 4
Tape thickness (mm) 0.13 0.1
Tape Ic @ 77 K, s.f. 200 100
Inner dia. (mm) 50 50
Outer dia. (mm) 162 132
Height (mm) 168 105
Number of pancakes 30 22
Turns 8400 5280
Tape length (km) 3 1.5
Operating current (A) 200 153
Central magnetic field (T) 10 7.5
0 T
__ 02 Mc=200A@77Ksf
£ .04 - Qlc=250A@ 77 K sf
3 06 -
w038
§ 1 ] u
E 12 7 O " . O
-1.4 O O -
-1.6
0 50 100 150 200 250

Operating current (A)

Fig.1 Screening field of small-bore 10 T superconducting coil
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Fig.2 V-1 characteristics of coils by using tape A at 77 K
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Fig.3 V-1 characteristics of coils by using tape B at 77 K

S8l 20144F B2 A F KR T4

A



3A-p07

=5 MR SR

24V PJ (2

REMRE OB% (3) — I L ERERBEIL R —

Development of an HTS Magnet for Ultra—high Field MRI
— Optimal Design of Coil Configuration —

Al ek, FOBRER) ; AR SR ERBROR) ; BFA B (R AER)

PR R, EiR SN, PR A, R 55 ORE) 5 il

s FHiE CR)

ISHIYAMA Atsushi, WANG Xudong (Waseda Univ.); UEDA Hiroshi (Waseda Univ./Osaka Univ.);
NOGUCHI So (Waseda Univ./Hokkaido Univ.); TOSAKA Taizo, MIYAZAKI Hiroshi,
NOMURA Shunji, KURUSU Tsutomu (Toshiba); URAYAMA Shinichi, FUKUYAMA Hidenao (Kyoto Univ.)
E-mail: atsushi@waseda.jp

1. [ZL®IZ

T2 X, RIBFFERE 0 o/ ChA SRR EEERY
AV AT AOMFTER%E )T, 10 TH#% (9.4 T) Deha & A
MRI OEEE BEL A0, MRI ARG T, 5850 B
CTE — SRR L CODLEND D, iR E SR
MITT—7RELTRY, a4 /I r—F&&Ehb2
LIMBN, ZZT, Faf VDB, 184 7-0 0B
BIRR A SEL C Y — A2 ER T/ —Fa
AN DI LR EH 21T o7,

2. BB e &N
FE G O/NREADIE, 5 mm &, 0.12 mm JE (BEE

JE 2.0 pm) OB CTELZEEFBEL, IAVNE, z TR
& B BRI ERE LT, AR RO/ NIRRT 1
mm OEEEZET T o IR —Fa )L B ER
JoiEEE LTz (Fig. 1 ), BEFSRIHIUL T O ThH D,

Y 9.4 T+0.2%

B/haA /LR 100 mm

DSV 100 mm T 10 ppm BLF
PLED X575 5o &, B &% BB EL T,
b 7TV XLD1 DO THHY 32 —T R T =—J 7
TIGECRRFHEIT-729, 225, MM T7 17112 0.48 mm ]
b, #5112 6 mm MR CREE AL THRY ., =2A/41E Fig.1 &
7z=0 P& AT 4 RFELT-,

3. FiSY9— ST
BB ¥ — BEIICIE . APy RVEIRIC L AR BAME
o,

B =B,+) &,p"P, (cosb)
n=1

TIZT, Byl TS 3R plIH LB O BEEE, P I3V
DX URVEE, O z b0 MEERL TWD, Y —
ExEEDDLZOITT, R ek /NESSTIUER W, (7 3kenE
HIF BT, 2D LHODTREN TS, L)L, @7 A7
MNEOBIRBEEET — M TiX, C SRR OSEEH
HEIToTh, EMEICHAETERNIELZWNWIEND,
Mathematica 72 & T, FiERFEFTH A TOLERH D,

/N DAL R FHE A Fig. 1 & Table 1 12”9, &
DI, e bR FHRIT) 35, £-¥ie® Table 2 (T3, /3
=% aA D 1 mm ZEfREEE LTSS (With 1 mm
gap) L& B LW S (W/O gap) Tld, FHENS 2~6 kD
I M KEL RIS, Lo T B EHRCIE, S — [
DZEREBETHIENEETHAIEN o oT, Fiol 1
mm DZE[R %L [E LT ol {LER EHRE D 12 IRETORH )
—FEFHMIE, DSV 100 mm THLEDRKFRZED 1.771 ppm
THY, 72— AR TE TS,

4. FL8
A[al, PP 200 mm D 10 T #&35)— B3 A oA LDk
FHIBRL T, MBS — AR L7035, B E F 22K

— 183 —

S EEbRE 2R AT, =M DOX vy T EEE S
HMENHDH L W) — AT T AR5 D FHE T IEIC
HEEEZILIVENRHDZENHLINC 2T, 5%, SHICHE
W& T NET L E L OB EE I ICEIROS RN TODD
LEE B LI R OREGY) — A3l 32 T E Th D,

.
.

300

200
£ . 1 Coil 3
é 01
" 100 Coil 2
| I:l Coil b | |
0 100 200 300 400 500

7 (mm)
Fig. 1. Cross-section drawing of 10-T class small-size model magnet.
It consists of stacked pancake coils with gap of 1 mm.

Table 1. Specifications of optimally designed 10-T class small-size
model magnet

Coil 1 Coil 2 Coil 3 Coil 4

Inner radius (mm) 143.766  159.540 100.000 100.000
Outer radius (mm) 176.886 310.260 406.240 219.520
z-position (mm) 1.860 55.627 160.082 190.428
Length (mm) 48.000 96.000 12.000  72.000
Current Density (A/mm?) 100.000
Turns / Single pancake 69 314 638 249
Number of single pancake 8 16 2 12
Conductor Length (km) 26.000
B, (T) @ center 9.382

Table 2. Coefficients ¢ of Magnetic Field
Order n 2 4 6
With 1 mm gap | -1.380x107* —1.783x107* —2.322x10
W/O gap 1.138 5.059x10 2.406x10°
Order n 8 10 12
With 1 mm gap -3.716x10° 1.467x10" -1.418x10°
W/O gap —4.747x10° 1.960x10” -1.624x10°
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Table 1  Specifications of 10-T small-size model coil
Coill Coil2 Coil3 Coil4
Inner radius (mm) 143.766 159.540 100.000 100.000
Outer radius (mm) 176.886 310.260 406.240 219.520
Length (mm) 48 96 12 72
Current Density (A/mm?) 100.000
Turns / Single pancake 69 314 638 249
Number of single pancake 8 16 2 12
B, (T) @ center 9.382
300 —
Coil 4
200 —
E [ ) Coil 3
" 100 - Coil 2
L[] gent ! !
0 100 200 300 400 500
7 (mm)
Fig. 1. Schematic drawing of 10-T class small-size model magnet.
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Fig. 2 Coefficients € at DSV 100 mm of 10-T small model coil
including the (a)symmetric and (b)asymmetric winding error of Coil 1

to the midplane.
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Table 1  Specifications of 10-T class small-size model magnet.

Coil 1 Coil 2 Coil 3 Coil 4
143.766 | 159.54 | 100.00 | 100.00
176.886 | 310.26 | 406.24 | 219.52

Inner radius (mm)

Outer radius (mm)

height (mm) 48.0 96.0 12.0 72.0
Turns / Single pancake 69 314 638 249
Number of single pancakes 8 16 2 12
Transport current (A) 288 288 288 288
4P Unit: mm
1000 1 coil 4
1000 T
Coil 3
15954 Coil 2 190.428
160.082
143.766 Coil 1 |55.627
o) 186 r

Fig. 1. Cross-sectional drawing of 10-T class small-size model
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Fig. 2 Numerical results of magnetic field generated by screening current.

Table 2 Coefficients of Legendre polynomial and homogeneity at DSV
100 mm of 10-T class small-size model magnet.

Without screening current | With screening current Irrggludlar

n Magnetic | Homogeneity | Magnetic | Homogeneity [ Magnetic

field (T) (ppm) field (T) (ppm) field (T)
0 9.406 9.376 -3.0x 107
2 [-51x10*] -55%x10 |-1.0x107| -1.1x10° |-9.5% 107
4 [59x107° 6.3 1.7x107° | 1.8x10° | 1.7x107
6 [-71x107| —7.5x107 |-1.5x107*| -1.6x10 |-1.5x107*
8 |-15x107 -1.6 —53x107| -5.6x1072 | 1.4x107°
10 | 15%x10° | 1.6x107" [-23x107| —24x107 |-1.7x107°

Total -5.0% 10 -9.0 x 10°
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