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Fig.1. Schematic drawings of (a) double pancake coil, (b)
arrangements of heaters and voltage taps, and (c)
arrangements of Hall probes.
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Fig.2. Experimental results of current distribution.
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Table.1 Specifications of the sample coil
CoilA  CoilB

Conductor length [m] 53 53
Thickness of conductor [mm] 0.225 0.230
Coil height [mm] 4.24 4.23
Inner diameter [mm] 94.6 94.6
Outer diameter [mm] 169.6  169.1
Number of turns 126 126
Inductance [mH] 2.91 2.99
Total inductance [mH] 10.3
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Fig.1 Time dependent behaviors of the induced current and
the magnetic field
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Fig.1 Simulated results for the 37-turn uninsulated REBCO
pancake coil: (a) central magnetic field, (b) coil terminal
voltage, and (c) temperature of the coil.
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Fig.2 Simulated results on current flow and temperature
distribution in the 37-turn uninsulated REBCO pancake coil
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temperature contours are represented by white arrows and by
color gradation, respectively.
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Fig. 2. Time transition of the axial field at the coil center B.,
power supply current /p and terminal voltage V.,

BIROHIMIES T, FULEEHIRN 2.8 T BREFTREL:
STW5. [FSED YBCO /87— oA /L DO FBRfE FL b 1<
—HLTEY, TS RIIZL THHEEZLNS.

Fig. 3 IXEJEMND 200 A DEIRE UL TODREOE 5y
Fizk Rl TS, ISR ALTZEBINL, T— 7 HOBE
% 8 7 NS IR o TtV DD, AV OEHO RIS
DT TR & ISFRIL THRIVTW S, RIS BRI HNT
T, 2O TIET — TR ORI AL L0, S
VCHRRHEDL R, AV INEL 720, SERIEFE [ B KEL 2> TCNDD
EGFIND. 2D, aA)VDIEHDOFREEIZ R ZE L8 E
B IR ISR TR TODZEN 5.

) \\//
W, | N

Al

Tyl
00
i

s :
&8 B~ i
- 1 o S 0
P nnowing” 1 -/Ourﬂowmg 165 e NR— 04
— ) 2 160 . . 3.00
L) 2 155 - ~ ~ 275
) - 150 /s O\ 250
PERN L v §E VARR 22
'II\ S lE /NN B

\ z B
B3 I\ iz

Fig. 3. Current distribution of the transport current / and
bypassing current [, The transport current / flow in a
circumferential direction. The bypassing current /; flow in a
radial direction.
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Experiments and numerical analyses on charging characteristics
for no—insulation REBCO pancake coils
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Fig.1 No-Insulation REBCO  Fig.2 Equivalent circuit model

pancake coil for an NI REBCO coil

Table.1 Parameters of No-Insulation REBCO coils

Parameter NI20 NI40 NIGO
i.d; o.d. [mm] 60.0; 62.5 |60.0; 65.0 |60.0; 67.6
Number of Turns 20 40 60
Ic (@77K, self-field) [A] 54 47 43
Inductance [ HJ 51.7 198.4 432.3
Characteristic resistance [ @] 186 360 534
42 35
=
'

E; 36 30 g

T 30 52 25 ‘g

€ Y

g 2 il 20 8

@ L S r] s

= LI B

S8 15 &

= B, -8 10 Als @

3w A20As 10 B

= b a5 AJ';"‘ 3

| wrent 4 -3 10 Afs <

26 205 O

0 . 0
0 2 4 6 8 10

Time (s)
(a) Experiment results
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Fig.3 Results of charging current and axial field 5,

Table.2 Experiment and Simulation Results

Ram charging delay time[s]
rate[A?s] Experiment Simulaton
20turns 40turns |60turns |20turns 40turns 60turns

5 0.18 0.90 1.73 0.25 0.84 1.60

10 0.22 1.13 2.10 0.30 1.04 1.96

20 0.24 1.31 2.40 0.35 1.24 2.28
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Planning of the Static High Magnetic Field Facilities in the Next Generation and Constructing of
the Cryogenfree 25T Superconducting Magnet
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Mechanical and in—field critical current properties of REBCO coated conductors
and electromagnetic force test
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RO [ (1T K, s.t)EARIRBES T [ OB A RRT 51 — 600 1 he
o, BT 225 2 CHBEHiZ AT - 7. BT I ¥
B ORI Ag (6~13 um) / GABCO (2.0~5.5m )/ CeO, 2 400 ¢
(400 nm) / MgO (5 nm) / Y,0, (20 nm) / ALO, (150 nm) / = K
Hastelloy (75, 100 um) Td%. #HEEE(GIBCO)L PLD ~ 200 |
(pulsed laser deposition)iEIZLY AL 7=, (RIECTORIEH [ -
ME B EEE T F LI Yy DA T(400 um 1, 0 Y ' : s :
Lem U, PIERMFIT | em fHBRE L. SEHIEERHIC 0 2 4 6
IOBEIL, 6200 mm AT D 3T <7 %y hiT 4 S50k GdBCO thickness [um]
DRIEL. Fig. 1 GdBCO thickness dependence of [ at 77 K, s.f.

Table 1 |ZRULIZEREHZOWT L(TT K, s.f)&e—flELT L 3000 [
(20 K, 3 T)DHIE 5 B% Fig.1, Fig.2 |R$. Fig.2 13083575 E
1A O RS (B/ /) T %, Fig.1, Fig.2 &b, [ 7 2500 ¢ .
(77 K, s.L)IIBEEEELOMENIERIGIT LI THLDIT : ; e
XL, 120 K, 3 T)IFHEEE B L O BAHEE ChodZEn S 2000 ¢ L
MERSIVD. Fz, ZOZED DR ORI /131 = soo b A
ORI L TEEA LI FLTWRNIEEZRL TN, f : P

¥ 1000 f .
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Fig. 2 GdBCO thickness dependence of Z at 20 K, 3 T
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DRBEDS [ (77K, 0.6 D& £ (20 K, 15 DOFIBEAH1Z = o |
EDERENTZ. 20T [ (TT K, s.£)E0b [ (17 K, 0.6 z - g 8 "
T) Ol MMEREHESETO [ OFHHEERE N LD RIEE L 400 F ® 2 aa
< g 9% a L
ns. r_‘—_'_ 3 ) A %
Table 1 Specifications of samples ! 300 c
Sample  GdBCO thickness (um) L (77K, sf) (A) Length (m) ¥ 200 ;
A 20 513 350 S i
B 24 600 500 100 [
C 3.0 658 150 E
D 35 656 50 Y
E 4.1 724 20 0 200 400 600 800
F 45 692 50 1. (77 K) [Afem-w]
G 5.1 801 50
H 5.5 937 110 Fig. 3 (20 K, 15 T) as a function of /(77 K, s.f.)

and (77K, 0.6 T)
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Transport properties of Nb—rod—processed CuNb reinforced Nb,Sn Rutherford coil in high fields
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Fig. 1 The transport property of the Nb-rod—processed

CuNb/Nb,Sn Rutherford cable with the prebending treatment

at 4.2 K and 14 T. The cable quenched at 1452 A.
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Fig. 2 The strain as a function of the transport current for
Nb-rod-processed CuNb/Nb,Sn Rutherford cable.
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REBCO insert coil for a cryogen—free 25 T superconducting magnet
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Table 1 Specification of LTS coils

L1 L2 L3 Lda L4b L5

Conductor Nb,Sn NbTi
Operating current (A) 851

Inner radius (mm) 150 186 229 273 301 314
Outer radius (mm) 183 226 270 301 311 356
height (mm) 540 628 628 627 628 628
turns 1440 2046 3205 2740 1235 5853
Maximum field (T) 13.8 11.4 8.4 6.8 6.2 5.8

Field contribution (T) 2.4 2.9 2.7 1.9 0.8 3.2

Table 2 Specification of REBCO insert coil

Tape width (mm)

5

Tape thickness (mm) 0.13
Operating current (A) 135
Inner radius (mm) 48.0
Outer radius (mm) 139.9
height (mm) 393.6
Turns / pancake (turn) 438
Number of pancakes 68
Coil current density (A/mm?) 111
Maximum hoop stress (MPa) 461

Table 3 External resistances of REBCO and LTS coils

RH RL1 RL2 RL3 RL4 RL5
3Q 0.1Q 0.3Q 0.35Q 0.2Q 0.15Q
1000 : : : :
- S0 ——HTS
800 5T' D -—Ll .
Wit )
TN N L3
20l ON AN L4 §
\E:j \ ‘<'~\\ \ —L5
5 \ /0
£ AN
£ 400 | N2 RN 4
<\
200 AN B
NN
ST —
0 I I I A e
0 2 4 6 8 10
Time (s)

Fig.1 Current variations of LTS coils
with single conductor

and REBCO coil wound

1000 / \ Tz~ T T T
b\ ——HTS
800 [y ‘\;\_\ -—1LI §
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2 600 |- R . -
= \\ \ ‘t.‘\
5
£ SN
3 400 |- AR .
\\' N
200 | AN .
I
0 L L |t eII o e
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Fig.2 Current variations of LTS coils
with 2—strand parallel conductors

and REBCO coil wound
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Cooling system for a cryogen—free 25 T superconducting magnet
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BWBENT 5, ZOEROBA M EHEERRE S Table 1 1R
T ZOBRAMNOHEEITS2E T oE LT,
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HTS 2A/VOEEN LTS @ 1/15 T, AR BNV 72N 29T
b, FHHZOYMHERFRH% Table 2 1Z7R7,
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EATE NI R LR DML LT, FhEREA R LT
BNCTA NN S D5E DA R E R LTz, HTS 21
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CENZZ LR AN 2 T BRI 23 51 <720 | Wi ANV 7
TEDLEMBHEELIANBEIAT — P ORI OIRE 2B K EL
BB AANBENAT — IR E N EL R D, DT
JVBHIAT — IR L& 0.5 g/s T TRBIESY, 8 K
FEEE T2 D, ZHUT BB CaA VN EROIRE #EE M A T
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5. F&&H
25T-CSMAI IR D ARG Z L, LTSaA /L% GM/JT
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LRGSR AR LT, PG IR X128 ThoTo, Fio, &%
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2-stage GM 1-stage GM
compressor

cryocooler  cryocooler GM/ JT cryocooler
Heat exchangers
HTS coil
coolin\g? stage

LTS coil cooling
stage

Thermal shield
\

Fig.1 Schematic figure of a cooling system for a cryogen—free
25 T superconducting magnet

Table 1 Specification of a cooling system

Heat load Operating Cryocoolers
temperature
HTS Coil | 10.3 W 10 K Two 2stage
GM cryocoolers
LTS Coil | 4.4 W 43K Two GM/JT
cryocoolers
Thermal Two 1-stage
Shield 154 W 0K GM cryocoolers
Table 2 Calculated cool down time
Cold mass Cool down time
HTS Coil 130 kg 4 days
LTS Coil 1900 kg 12 days
Thermal Shield 380 kg 8 days
25 100
20 80
15 60

10 /// 40

5 2nd stage 1 90

coil cooling stage
------- 1st stage
I

2nd stage temperature (K)
1st stage temperature (K)

0
0 0.0005 0.001 0.0015 0.002 0.0025

mass flow late (kg/s)

Fig.2 Calculated Temperature of GM cryocooler and HTS coil
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The ac—losses of HTS coil in 25T cryogen—free superconducting magnet
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Perpendicular-field loss (W)
>

51 .
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Fig.1 Perpendicular-field loss estimated from the
magnetization at 4.2K for B//c.
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Fig.2 Perpendicular-field loss estimated from transport J,
(B,0) at 4.2 K by slab model.

881 20134F BERKR AR T 4%

A



1A-p07

T4 VERHAL

400 MHz (9.4 T) LTS/REBCO NMR # B IZH T 5 ERERMIZDER TR
Screening current—induced magnetic field and shielding effect of SC shim coil field for an
LTS/REBCO NMR magnet operated at 400 MHz
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Fig. 1. Hysteresis loops of screening current induced
magnetic field as a function of coil current for (a) the
LTS/REBCO magnet and the REBCO innermost coil,
and for (b) the LTS/Bi2223 magnet and the Bi2223
innermost coil.
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An effective radial superconducting shim coil under screening current
—Hysteresis effect of shim coil field due to screening current—
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Fig.1 Hysteresis of the magnetic field generated by the X-shim
coil for (a) lgg: 0 A, (b) Irg: 10 A, and (c) Irg: 20 A. The
dashed line in each graph is X-shim coil field at room
temperature.
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Fig.2 Memory effect of magnetic field distribution.
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Investigation on Reduction of Magnetic Field generated by Screening Current in REBCO Coil
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gﬂl—;&bm TR SR TE FI L7~ NMR, MRI, HESE7 Table 1 Specifications of HTS double pancake (DP) coil
EOWZEBHENMTON TS, EiEEEEaA LTI, Mk _ Design

BEEBRM DT — T IREL TWATD, MW Inner diameter 100 mm
BI\TFHEIN, FNUCEo TEUAREE AL O Outer diameter 120 mm
\CREE KT, FAERIEOZE MY — MR R 2 e Height 23.0 mm

IR A REME DN S D, T4 X, TV E TICIE ~WVE TS Number of turns per DP coil 50%2
Gy A R TR ST -5 TR L, SRR L T Number of DP coils 3
RO AT TE7-00, 4[E%, RE RMEEIALD Width of tape 10.0 mm
PEANWVE GRS I TRAE T DS~ O BHIECMR L O 5% Thickness of REBCO layer 1.0 um
B R TR I KA L 7=, Thickness of tape 0.2 mm
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i3 ZE T, EASWEREME 2008 KT THS, L
L, BB ELERM T T — 7 IREL WD 0, KIREE
B DX AANITER D, BIE, T— 7B T,
VINTF T4 TAROY A AN RIEON R PR CEL T RE
LC, fi# L, FEfEERo YA AR, Roebel ERD72 L 34
ZENTWD, KBFFETIL, Table 1 DOFEeD/ S r—FaA
NEFELT, 10 mm EOREZOEEMAVZHO, 10 mm
IBEOHE 5 3 EILIZHO GEFRIE 2 mm) TEWZHOIZHL
T, FE DSBS LT BRI FIEOZ VT, A~
T2 Uiz, AN ClX, RE REEEEMITEE
g QWi 7 AR MERIEF I RENZEDD, B E 7
FIENZ DWW TCEBS N THDEE T DT vz,
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FE T A~WE RO X R AR SIS Tied o Fig. 1. Numerical results of current distributions in winding tape.
ERETRD ATREMEZ7RIRL TUVD, 150

ol

——Non-Scribing

MR ST T, MR b S 2 Ui~ 5 Scribi
=——5-Scribing

WVEEVEZMEALD, Fig. 2 I[CHEERETA /L HLOME~NE
(;lhﬁﬁxi/%@ﬁg{-f%ﬂ“?‘" AL T2 2 LI k> TEA~WE R
LRSI TNDZEN DD, FRIZ, BEEW Ense
(ARFRENIZ L), WAWETRIES DML N BRE 2722,
T8 FE WIS A~ FE I S B S AU FE S i R R AR
MO LV BRI 212725720, fifMb T 2281285 7C,
AR — RSB T=0ITTRANDIE~WE T INH SNDT=D L5 %
Hivd, -100

Screening field (Gauss)

708, AWFIEO—RIERMIIE G FHF4EB : No. 23760260 -150 L
BXORAERIIEC:25420253) (1T > 7= L a4 5E T 5, Transport current (A)

SE Xk Fig. 2 Numerical results of magnetic field generated by screening
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Current transport characteristics of HTS pancake coil taking account of
asymmetrical critical current distribution along longitudinal direction
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Fig. 2 Schematic diagram of analysis model
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