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Fig. 1. Cross-section of the external field coils. The highest field
can be upgraded to 15 T by adding an insert coil.
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Fig. 3. Calculated currents and temperatures during shut off at 13
T-700 mm set-up with a hot-spot model. The delay of shut off
from the transition to normal state is set at 0.2 s.
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Fig.1 HTS coil
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Fig.2 Voltage shift at detecting voltage 0.12 V and decay time
constant 20 s (magnetic flange)
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Fig.3 Temperature shift at detecting voltage 0.12 V and decay
time constant 20 s (magnetic flange)
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Fig. 1 Analytical model of a single pancake coil.

Table 1 A HTS coil parameters

Height (m) 0.0043

Radius (inner) (m) 0.0499

Radius (outer) (m) 0.3824

Number of turns 500

Operating current (A) 500

Magnetic field (T) 0.99665
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Table 1. Specification of NI REBCO Pancake Coil
Parameters Values
HTS Conductor Super Power SCS4050
Conductor width; thickness [mm] | 4.0; 0.063
Copper stabilizer thickness [mm] 0.005

Ic @ 77K, coil  [A] 43

Number of turns 60

i.d.; 0.d.; height [mm] 60; 67.6; 4.0
Inductance  [uH] 432.3
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Fig. 1. Structure of the Detection System composed by Figure—eight
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Fig. 2. Result of (a) Distribution of Detection Voltage and (b)
Terminal Voltage during Local Normal Transition
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Table 1. Specification of NI REBCO Pancake Coil

Parameters Values
HTS Conductor Super Power SCS4050
Conductor width; thickness [mm] | 4.0; 0.063
Copper stabilizer thickness [mm] 0.005
Ic @ 77K, coil  [A] 43
Number of turns 60
i.d.; 0.d.; height [mm] 60; 67.6; 4.0
Inductance [pH] 432.3
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Fig. 1. Critical Current of Each Turn in No-insulation Pancake Coil
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Fig. 2. Current Distribution of No-insulation Pancake Coil during Local
Normal Transition: (a) Azimuthal Current, (b) Radial Bypass Current
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Fig. 3. Heat Generation of No-insulation Pancake Coil during Local
Normal Transition
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—Production of Racetrack Coils for the Demonstration of a Magnetomotive Force Comparable

with the Actual Magnet—
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Table 1 Specifications of the pancake coil

Width of the conductor 6 mm
Dimension of the race track 1070 mm X500 mm
Thickness of the pancake coil 8.5 mm

Wire length 950 m
Number of turns 350
Operating current 250 A
Stacking number for the 8
racetrack coil

ek EATREIX 40 K DLELETEL CHAHE00, 2
PFERB 72 A TEBE ] % R 7232 7E C. BUT OB MERE
TlF 30 K~40 K f2EER =z /L FIREEEIZ/2 B RIS NS,

3. N\ —Xaq)LEE

% EXBE IR IBREE CORAEH LV S TR TH
0. BB AR MR E B O B WA EIR R S A T ITR D 6
no, Foxid, Z— B PTFE 77— 72 AWbHZLick
DEALEBFE | DyoaA N SR EIEM 2 TR S &R
Ko THRENC B T DA UG A A - AL &2 Y, 2
MCMZ T, FfEDar 7~ T, BVl o k> T
HE A 2 BRI S T A M EL R ETT > TV D
(Fig.1), BIRIZEDRWVWTIEDZD | TARFVEZEERICI
RCaAf VEE TR L TR D, EA AT AVER
JRIZIZ =27V "2 W CRY, EHRREBR B W IR
TRIHE &[RRI RRIR CHEEE I O RIBESFE A LN en

BINTND, 5T, BT PERR 3R S =R o 70

EOBFEALPERBIARIZ R TR, SEEM OfAE AW T

— 133 —

B — U RICBHIR NRE T HZ L2 aANFRED LT
FEAELRWIEERHLEZ Y,

B BB R E LT —XaAf )VEWEERC, PTFE 7
— BN OTRFUERBI O, BRI EMERIRICE ST
TRENER B D3RS STz a4 WA C Table 1 IZR 34RO
VI —Faf VEENENRUEL, SMELE % Fig. 2 L:/%
9, WHENETANVRIPED 728 BAR T EAR S M) T4
BOIVTOWAEERNRDE, WDV EA 8.5 mmu
TEEITETWS,

P —F A VAR TOREETED MR OO RN E
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-V #M% Fig. 3 1R,

Heat transfer members
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Heating
- € at 120°C
Polyimide tape

oil wi
Coil winding Assembly of the coil Fusion bonding
Fig.1 REBCO coil fabrication process using fusion bonding

REBCO r.oaled conductor

[

Fig.2 Picture of the pancake coil
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Fig.3 [-V Characteristics of the pancake coil at 77 K
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Development of REBCO HTS Magnet for Maglev
— Mechanical Vibration Test of Full-scale HTS Pancake Coil —
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2. A )LARMIREE

ARBRIZHTZN, Zo 8 = a0V G HREE TR
T HOONMIELEEZRIEL -, RS E L, v —F =
ANVENXRTHY PP ORINERITIRET S LN2 f#, ~a—
AEET — L& B TCERE T LR T DRSS
L F) DT 2 B AR B L OGHIEC AR DA S
N5, (Fig. 1,Table 1)

Liquid nitrogen

| [ T |Bath
| v 3

< Berrfl
Vibration arm LI.?UId
(GFRP) nitrogen

Pancake coil
I_ (fixed by spring)

Il E=

| | Mechanical vibrator

Fig.1  Cross Section of Full-scale HTS Pancake Coil
Mechanical Vibration Test Device

Table 1 Specifications of Mechanical Vibration Test Device

Dimension of liquid nitrogen bath iii%??;i?mm
Capacity of liquid nitrogen 1650
(liquid surface height 100mm)
Maximum displacement of
the vibration arm 16.5mm

. . EMIC Inc.
Mechanical vibrator 9514-AN/AS
Range of the vibration frequency 5.0 ~ 3kHz
Maximum vibration force 300N

3. HEREH
HU AT, N —F A V3T E IREV AT 578,
EEER T 2513V E 7 — AT, BEEL T

— 134 —

T DD T —ADREIZI R —Fa A VOB &I
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HEECITRRLETREEZD 10 {50 1 mmeL, #0iRL[E
BTN 1 0D 4 HUR ISR (4 BRR) 255 18 HEIELT-,
FINRRE, A2 SR P ORI DI RN B EfEIC
T 2HER DD, DT, HIE(L L7z FEM €7 /UiZk
DE AT 21T, FRSNDIREIT— R i KN,
T—FELSEHEEL ., K S OIREINEE &3 LIz,
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77

%72 Fig. 2 LU TNRZ DIREVEHED Y +— 5 —T7 — LK
T RIPEOAR T RO A ORI Re D %
b2 AEUT5A | IRE, IRENE— R 8 OIRE R Ik
EEUDM, 18 HIEOEFREEL CTNLOR I E LA 4L
UAZEid en T,

ZORBFERLY A BRIEUEL /o — % a A LT FERE
FIYE OB ZE L5 2 T, BEMECHEITERED S
{EIXFEAET T, IOV REEHERF T D LB LTz,

Acceleration
[m/s2] 5

Frequency
(vibrater) 60
[Hz]

Fig.2 Vibration characteristics of Full-scale HTS Pancake
Coil (after 180,000 times transformation)
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Normal zone characteristics in a REBCO insert coil induced by quenches in an LTS outsert coil
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2. EBAE

Table 1 |Z/R T 3G LA FFOTARF T 5 REBCO v 7 /L
It —Ra LV EERIL, Fig. | DITEE O EEN 1%
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FATC, WIHATEEE 10-50 K AZx LT 5 T bR e ik B A
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3. ERHERRUEBE

REBCO =A/v? 40 K B 5 F OB EIL 303 A
Tl o7z, Fig. 2 12, AN EROEE R ER TR L LIZ%
Sy EIREIED 40 K 2B BB OISR A 7R
T ARSI B W CE P L @B IR W CISMAlsE I O
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5D, Fig. 3 12, REBCO 21 /W2 R DWIHIRE 40 K., £
FEINHL 431 mQ T3 2N T IRE O = A L N EE S D
EIRATIED BB e 7R, REREATIV AZ R E
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INSWE R EBIRE T O ZEN DD, Lo T, BEMNFHELS
AUTZBRIZ, BRI NS WEEIR I 3B W TH B R & Do 7
EBEZBND, YA X, Fix OSEMFITRT 5 FERFE IO
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TG SRR 0TS0 SN BEGIE WTR O FARE IR DT

BRI Y ARBT LI RIC DV T 5,
Table 1 Specification of a single pancake REBCO coil.
Inner diameter (mm) 96
Outer diameter (mm) 156
Height (mm) 4.1

Number of total turns 101

— 136 —

= Voltage tap'(50 turn)

ﬁpi (10 turn)

Fig. 1 Picture of asmgle pancake REBCO c011 6 Voltage taps
are soldered to measure /. at each section.

12 T T T T
REBCO single pancake coil
40K
[
3
N V4 _ ~
w 1.0 -
£ e -e- 100-50turn
= - -0- 50-10turn
-0~ 10-5turn
-4 5-3turn
-7 3-1turn
----- 100-1turn
08 1 1 1 1
0 1 2 3 4 5

Backup magnetic field (T)
Fig. 2 Backup magnetic field dependences of /. at each section
of the REBCO coil normalized by the coil /.

1.2 T

' initial temprlature 140 K
dump resistor : 4.31 mQ

o -
(e o
T T

Resistive electric field (mV/cm)
o
(22}
T

0.4f -
o2F [ TRl i0-5tum yee ) ]
0 e I -
0 100 200 300 200
Current (A)

Fig. 3 Hysteresis loops of resistive electric field and current at
each section in the insert REBCO coil during a shutdown of
the outsert LTS coil.
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4302005 (2014).
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(2014).
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Fundamental Study on Gene Transfer utilizing Magnetic Force and Jet Injectors
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1000 [ms]
Fig.1 Diffusion of liquid ejected by jet injector.

needle injection

Fig.2 Fluorescence observation with and without needle.
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Fig.3 Luciferase activation with and without magnetic field
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Test production of the low voltage, low loss cryogenic DC charge circuit for the
superconducting coil using multi connected MOSFETs
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Fig.1 Experimental circuit
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(b). Charging current due to the Hall element and power
consumption.
Fig.2 Charging current characteristics at the time of the
transformer primary and secondary voltages of 80V and 0.32V.

SE 30k
Y. Kondo, et al, IEEE Trans. on Appl. Supe.Vol.19, No.3,
pp2337-2340, JUNE 2009.

HEO1MHl  20154F B2 A F R T4

RS



3A-p03

PESE - PRIRIGH

B FRBRE/ VOB O e s 1% 0 T

Estimation of trapped field performance of a desktop type superconducting bulk magnet
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Fig. 1. Photograph of a desktop type superconducting bulk
magnet system.
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Fig.2. Time response of temperature at a cold stage
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Fig. 3. Comparison of toral magnetic flux and maximum
trapped field
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Development of a liquid feeding pump without contaminations using bulk superconductors
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Fig. 1. Schematic illustration of a superconductivity
rotational machine tested in this study.
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Fig. 2. Stiffness as a function of a displacement in a horizontal
direction between superconductors and PM.
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Fig. 3. Displacement of a shaft runout in a horizontal direction
as a function of revolution speed of a levitated PM.
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Liquid hydrogen storage system by magnetic levitation using HTS coils
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Fig. 1. Liquid hydrogen storage by magnetic levitation.
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~ Levitation coils

Fig. 2. Magnetic levitation for 40 m® liquid hydrogen tank.

Fig. 3. OHP embed HTS double pancake coil.
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Developments of HTS levitation coil cooled by heat pipes
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Table 1 Parameters of a test coil and heat pipe

Test coil Heat pipe
Inner radius [m] 0.075 Length [mm] 225
Outer radius [m] 0.237 Width [mm] 95
Height [m] 0.0065 | Thickness [mm] 2.5
Turns 440 x 2 | Thermal
Current [A,] 300 [C\g,r/‘i‘;g]“my 1000

1910°

1810° L
1.710° L
1610° |
1510° |
1410° |

1310° |

Density of heat generation [W/m?]

1210°
0

Fig. 1 Profile of heat generations in the test coil
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Fig. 2 Temperature distributions of test coils, (a) Heat pipe,
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Fig. 5 Magnetic Field Variation with Current as a Parameter
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Development of HTS Coiling Technologies
Common Core Technologies for HTS Coils (3) Development of High Z(B) Long Coated Conductors
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Table 1 Typical Z. values of EuBCO+BHO(3.5mol%)tape

I. (B//ab) I. (Bllc) I, (min.)
77K, 3T 178 166 141
65K, 3T 584 411 569
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Fig.1 I.distribution of 94m EuBCO+BHO Coated Conductor
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Development of HTS Coiling Technologies — Common Core Technologies for HTS Coils (4)
— Suppression of Shielding Current in REBCO Coils for MRI by Scribing —
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1. M. Iwakuma, et al.: IEEE Trans. Appl. Supercond., Vol.25,
No.3, Article No.5500206 (2015)

2. M. Iwakuma, et al.: SUST Vol.19, pp.350-358 (2006)

Fig. 1 Photograph of a laser—scribed 4-filament REBCO tape.
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Fig. 2 Variation of the magnetic field at the center of a test
coil wound with a laser—scribed 4—filament tape.
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Fig. 3 Variation of the magnetic field at the center of a test
coil wound with a non—scribed tape.

HiEx

ABFFEIE, i S A VAR EA B R 7 m P = 7 b D
—ERELT, BRI PEEE MO H KRR IEBR S A D Z&
FEICRFERLIZH D THD,

HO1MH 20154 EEAFRIL T4 - B EA R



3A-pll

HTS 214 )V P]

HTSHBEEa/ LR IO 2y F—HEEBBEMORRE (5)
— RV SAEVTHBMIOES 45 —

Development of HTS Coiling Technologies — Common Core Technologies for HTS Coils (5)
- Improvement of scribing technique and characterizations -
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Fig.1 Optical microscope
photograph and SEM
image around scribed slot.
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Progress in the development of an HTS magnet for ultra—high field MRI (2015 spring)

— Project status —
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Progress in the development of an HTS magnet for ultra—high field MRI (2015 spring)
—Test results of a conduction—cooled REBCO magnet with a room temperature bore of 200 mm—
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Fig.1 Two—dimensional axisymmetric drawing of coil positions

Tablel Inhomogeneous magnetic field over 100 mm DSV

Name 72 74 76 8 7210 712
Value (ppm) -1.27 6.70 30.0 -6.84 0.54 -0.03

Unit coil #B

Unit coi»I.J[ﬁtA i

Fig.2 Photograph of a conduction—cooled model magnet
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Fig.3 Time dependences of magnetic fields at z = 0 mm and 100 mm
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Progress in the development of an HTS magnet for ultra—high field MRI (2015 spring)
—Test results of the impregnated no—insulation REBCO coil—
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1. [ZC&HIZ Table 1 Specification of the test coil.
S— kR D7V R A AR TR, 7Ty 7 AT Tape width (mm) 4
T— RPN K ELIRDEH — U B OREFE AL D720, E BT Tape thickness (mm) 0.1
R EILTZ REBCO =A /L0 B AR 722 (R (B E D[] Tape length (m) 8.3
BE) BHIFFSILTWDI, 2], — 5 ASEMAG A ARET S Tape I, (77 K, s..) (A) 110
EABEVUSREE R T BT A VT EIRSITNDIEN Inner radius (mm) 50
FELVS, UL, IR0 L5 7ksikb & 235 6 B R Outer radis (om) m
PFIDKEL IV RGETERLRD AR H D, 2T, #ilE Number of turns 48
R L (UL, &R AER A L) 2R AEL T nductance (D 10
W E A ERRAE IEL | B ET AT LR AV E Coil I (77K, s.f.) (A 16
VEAE LA Ll EE 23 AT REDMRAE L7, ANFEER TIL, g [ B2 fin Coil ncfvalue’ 29

I ADIOIAT ST 2 T T OBEWTTREROFE R

L IR ETCEERBROMSRIZOWTHET S, (%) Coil Ic is defined as 107 V/cm.

II DCCB II I
2. AMIVETHSSVEMHEBRER
RIELIZ & R AR A L OF LA Table 11TRT, A2  Redictanch
505 AFHIEThB, REBCO BHIZBRINEANL (K pove R ®
DOEML, TARFURECER LS, MLz =A Supply )
N Fig. LIRS SRR IAAAS, A% R CIRIA Shune Resistance
HIUT=, BE DT £ CIliEL I % . IO RrHE (DCCB) — n |
2900, B, I, B OBER AR LT, BSORE, 1DCCB] - in LN,
AL LD LA — L 3T o 7, BEBOBREIY Impregnated no-insulation coil
NOIFHI TR R E S & B AL IR HU 2% Table 2 1277,
VR CER 2 O VRIS HEILL 7. JE R R Fig. 1 Schematic drawing of the test circuit.
HEROEHfFAANTHHENTND T1~T2 1 Qem? [2]
WKL S EERELI- B M=o AL ClE 108 1 Qem? T Table 2 Results of the sudden discharge tests.
Bt Charging current (A) 10 20
Decay time constant (msec.) 286 285
3 BEARERRER Characteristic resistance (u€2) 734 736
WEWEBR O BB RERA EM LT, AL R E R Contact resistance (uQcm?) 108 108
AL T 7= 1 B OBETIE, 42 A107 V/em
) ET, A/ 0 1 22 & BAF A TR RS 1L, % Istrun - O2nd-run
WIZ 40 A(6X107° V/em F129) 20D, 1 A $oEifEZz E5A- 1.E-04
SHI=EZA VI FREITR 2 ICR AN DAL, 1 EIH O B
RTINS VRSB 46 A(10° V/em 5E g LR
) DK 1.5 58705 68 A(3X 107 V/em A1) ETERET - 1E-06 |
DI BETHIENTEL, &
o 1.E-07
4. FED S 1E08 |
GRS AV EFYEL B AT o 7ok 3 JE o
RIEAEEHIRIE 108 1 Qem? Tho7z, £, ilikEH P < 1.E-09
AR E AR LT R BB ET B 10 100
B SRAEREOR 1.5 554705 68 A(3X 107 V/em FA24) T Current (A)
BETEHIEEMR LT, 5%, 8B H T oMLz Fig. 2 V-I characteristics of the test coil at 77 K.
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Progress in the development of an HTS magnet for ultra—high field MRI (2015 spring)
— Numerical simulation on screening current in small-bore 10-T class superconducting coil —
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Fig. 1 Schematic drawing of small-bore 10 T coil and location of ) ) )
the experimental and numerical results, respectively.
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Progress in the development of an HTS magnet for ultra—high field MRI (2015 spring)
— Optimal configuration design of highly homogeneous field REBCO HTS coils—
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Fig. 1. Optimized configuration of 9.4-T REBCO magnet.

Table 1. Specifications of optimized 9.4-T REBCO magnet
Coil No. #1 #2 #3
Inner radius (mm) 104.027 | 104.530 | 100.000
Outer radius (mm) 143.827 | 158.730 | 193.200
No. of turns per pancake 199 271 466
No. of pancakes 8 16 32
Distance between coils 2.002 59.862 206.950
Operating current (A) 199.951

Table 2. Coefficients and inhomogeneous field

Order Coefficient & Inhomogeneous
field (ppm)
0 9.4044 -
2 -0.00137 -0.3650
4 -0.6378 -0.4239
6 -192.45 -0.3210
8 -4.8227e6 -20.0315
* DSV: 100 mm
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