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Current transport characteristics of REBCO coated conductors in high electric fields (2).
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Je distribution and in-field J. of 1mm wide REBCO coated conductor
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Current-carrying characteristics of 10 kA class high-temperature superconducting WISE conductors
in external magnetic field
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Reduction of Heat Generation due to Contact Resistance
Using a Critical Current Measurement by Pulsed Current Circuit
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Fig. 1 (a) Current-voltage characteristic of a REBCO tape and
contact resistance between a terminal and a REBCO tape at 77
K. Inset shows pulse current waveforms with a current of 160

A. (b) Contact resistance dependence of burnout current. Inset
shows photographs of the burnt REBCO tape.
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Table 1 REBCO tapes investigated in the present study

Symbol Manufacturer Crystal axis parallel to
the tape axis
A Fujikura [110]
B Superpower [100]+[010]
C SuNAM [100]+[010]
D AMSC [100]+[010]

3. RERHEREBIUER
Fig. 1IZHRAL L7 e SE i O —#hE AR ORI ERS
Ra2RT, ETT—7 ADBERERITERFIEN/ NS L,

1.02

0.98

IO

-
—o 0.96

0.94

0.92 - REBCO on SB 8D 7
77 K ——A

-0.5 0 0.5
A, (%)

Fig. 1 Normalized critical current as a function of uniaxial
strain for four kinds of REBCO tapes
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Fig. 1. SEM images of 1-8 mol% Sn-doped Y123 films.
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Fig. 2. Relationship between J: (40 K, ~4 T) and
doping levels of Sn for Y123 films sintered
at various temperatures.
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Fig. 3. Relationship between J. (40 K, ~4 T) and doping
levels of Zr, Sn and Hf for Y123 films annealed in
flowing oxygen under different conditions.
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Table 1 Basic parameters for analysis

Critical current density Jc 1.6x10% [A/m?]
Reference electric field Ec 1x10* [V/m]
n value 21
PM residual flux density 1.2 [T]
Relative magnetic permeability
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Fig. 1 Schematics of the analysis configuration

Fig. 2 Analysis model of SMB
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Fig. 3 Hysteresis loss in the process of decreasing the gap
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Measurement of the effect of levitation gap fluctuations

of space—based superconducting magnetic bearings on rotational loss
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Fig. 3. the SMB spin down data
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Fig.3 Temperature increase during 2700 A operation.
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COMET magnet and Current Lead Box energization test results
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Fig. 1 COMET Superconducting magnet system
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Upgrade of the remote monitoring system
for the SuperKEKB QCS and Belle solenoid cryogenic system
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Fig.1 The remote monitoring system
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(Server & Data storage)
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Examination on reduction of screening current—induced magnetic field by current
control method for REBCO coil system of Skelton Cyclotron
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Table.1 Specifications of UBSC coil
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Fig.2 Maximum and minimum screening current-induced
field on the particle acceleration surface
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Completion of all of double—pancakes for ITER Toroidal Field coils
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Fig.1 Cross—type Josephson junction.
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Fig.2 Overlap—type Josephson junction.
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Fig.3 Normalized critical currents of cross—type
(dashed) and overlap—type (solid) Josephson junctions.
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Fig.1 Switching probability vs Input current
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Fig.2 Timing Jitter vs Slope of amplified current
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Comparison of solid phase shifters of pulse tube refrigerator
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1. INTRODUCTION

Comparison with double inlet and inertance tube, gas
driving displacer, linear motor driving displacer and moving
plug could be called solid phase shifter for pulse tube
refrigerator. The fundamental of their moving is compared
theoretically from their moment equations.

2. STRUCTURE

Figure 1 is the schematic of the pulse tube refrigerator.
The displacer could be operated with or without linear motor
and orifice.

14

11 12 13

|
vi 25 i |

31 ': i .
T OpEE 260 2423]122) 4
28 |

Figure 1 Schematic of pulse tube refrigerator

11. After cooler  12. regenerator  13. cold heat exchanger
14. pulse tube  21. orifice 22. displacer front space

23. displacer  24. displacer back space 25. displacer rod
26. displacer spring 27. displacer buffer ~ 28. Linear motor
31. compression space

3. THERETICAL COMPARISON
The governing equations for the displacer are
mi+Cx+kx=iB+F

F= %DZ[@ ~ BB~ By) + (P, ~ )]

If only consider first order harmonic
X =X, sin(ar)

i =i, cos(wt) +1, sin(wt)
F =F, cos(wt)+ F, sin(wt)

Then
x,Co=iB+F
k—me’ =(i,B+F,)/x,

m is mass, x is displacement, C is friction factor, k is
spring stiffness, 7 is current, B is motor force factor, F is the
force on the displacer due to compressor pressure Pc, displacer
pressure Pp and buffer pressure Ps, D is displacer diameter, S
is rod diameter ratio of d/D, d is rod diameter, w is angle
frequency, ¢ is time, subscript 0, 1, 2 means amplitude.

If the orifice is not opened, it works as an active displacer
pulse tube refrigerator with linear motor. For a given cold head,
there is an optimum displacement x for efficiency. Then we
can adjust current, displacer mass or spring stiffness and rod
diameter ratio to make the displacer move as what we want.
Assume iz is 0 which means linear motor is on resonant point
(if not, i> can be used as electrical magnetic spring). If rod
diameter ratio is 0, the linear motor should input power,
because the pressure ratio of the back space is higher than that
of the front space due to the pressure drop of the regenerator
and heat exchangers, and the PV power of the back space is
higher than that of front space. If rod diameter ratio is 1, linear

motor should take off the PV power of the pulse tube because
there is no energy feedback to the compressor. Then the linear
motor becomes a linear generator. When rod diameter ratio
changes from 1 to 0, current changes from positive to negative.
There is a rod diameter ratio with which the linear motor
current is 0, or the displacer becomes a gas driving displacer.
We may call this rod diameter ratio is optimum rod diameter
ratio. This means that gas driving displacer can get the same
performance as linear motor drive type. Above analysis also
shows that displacer could not move as required without rod,
or rod less displacer is not good enough. Rod less type may be
better than rod type if gas leakage through the rod is too large.
When energy is transferred from front space to back space, a
little mechanical power is costed to overcome mechanical loss
by friction factor C. If there is no linear motor, and the rod
diameter ratio is 1, orifice must be open, it is a moving plug
which generates standing wave for phase shifting. If the rod
diameter ratio decreases from 1, part of the expansion power is
recovered, and part is consumed by the orifice. The orifice is
no need to open if reaching optimum rod diameter ratio. If rod
diameter ratio is less than optimum rod diameter ratio, open
orifice may generate bad effect. A little smaller rod diameter
ratio with linear motor, or a little bigger rod diameter ratio with
orifice is convenient for adjustment in laboratory.

4. DESIGIN METHOD

Above analysis also gives a partly theory design method
for displacer pulse tube refrigerator. The first step is to get
optimum performance with optimum volume of displacer and
compressor with 1D or CFD simulation by double piston
model. The second step is to choose parameters of displacer,
such as rod diameter ratio and spring stiffness to let it move as
required with force calculated from pressures. The amplitude
of the displacement and diameter of the displacer could be
chosen based on manufacture technology. The third step is the
linear compressor design. It could be considered as a displacer
with rod diameter ratio 1. Its volume is the compression
volume from the first step minus the volume of the back space
of the displacer from the second step. Its PV power is got
similarly. Based on voltage and PV power, current and motor
force factor are got after chosen displacement amplitude. After
getting moving mass of the linear compressor, required spring
stiffness of the compressor is got. This method is simpler than
fully simulation method!, which including linear compressor,
cold head and displacer.

For a linear compressor, F; could be considered as a
design parameter of the linear motor, F2/xo is gas spring which
can be increased by piston diameter. It indicates that linear
compressor operation frequency could be increased by a bigger
piston diameter with a bigger dead volume and small phase
angle difference between piston displacement and pressure.

5. CONCLUSION

Displacer with linear motor can move to get the optimal
performance with a matched displacement as we want by any
rod diameter ratio, while gas driving displacer has an optimum
rod diameter ratio to meet the requirement. Moving plug can
meet the phase shifting with orifice, too.
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Comparison of 4 K cooling capacity of two GM cold heads of different sizes
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Fig. 1. Comparison of 4.2 K cooling capacity of two types of
cold heads with SSC-3700 compressor. Initial charging
pressure of 1.6 MPa.
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Fig. 2. Reciprocating speed dependence of 4.2 K cooling
capacity of two types of cold heads with SA115 compressor.
Initial charging pressure of 2.0 MPa.
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Research on the Possibility of Magnetic Cooling Technology using Magnetic Shields
- Evaluation of magnetic shielding ability of laminated YBCO wires -
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R E AR L, ORI RE R LD Tl
T 5,

2. YBCO ¥ DHM S IERFE

EREARE ANV OWENT, F84E T D05 LR T
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= tl tA 04 dv
J=ro (.uro )+a(dt+gra )

J: Current density [A/m?] V: Voltage [V]
u: magnetic permeability [H/m] ¢ Time [s]
A: Vector potential [T*m]  o: electrical conductivity [S/m]
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Fig.1 Magnetic shielding effect experiment sample using
laminated YBCO wires.
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Fig.2 Magnetic shielding effect for laminated YBCO
wires.
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Filling ratio dependence of time variation of pressure inside liquid hydrogen tank
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1. Introduction

The amount of heat that enters cryogenic zone from the
environment determines the economic efficiency of the HTS
devices. Heat flows through the thermal insulation, as well as
through the so—called thermal bridges (supports, suspensions,
pipelines, and current leads). The balance between the heat
flow through the current lead and the Joule heat generation
determines the optimal form factor providing a minimum heat
leak of about 50 W/KA at operating current. In our approach,
Peltier element, which is sequentially built into the current
lead, creates counteraction to the natural flow of heat reducing
the heat leak by about 30%. A further reduction can be
achieved by cooling the current lead with an evaporating
coolant. The experimental study of gas—cooled current lead
combined with the Peltier element was carried out for the first
time. An additional 30% reduction in heat leak was confirmed.

2. Experimental set up
3
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]
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g ] L

Fig. 1. The design of the test bench adapted for cooling
copper conductors with evaporating nitrogen.

Test bench shown in Fig. 1 operates as follows. The electric
current enters cryostat 1 through the water—cooled 2 copper
rod 3. The Peltier element(s) 4 operates as heat pump,
partially preventing the penetration of heat through the rod
conductor 3. Then the current goes through the copper pipe

5 to the copper block 6, which simulates the superconductor,
and then through the second same circuit (not shown) returns
to the external current source. Heat entering the copper block
6 evaporates liquid nitrogen (LLN2) in the lower tank 7. Cold
nitrogen escapes through the pipe 8. The heat leak is
determined by measuring the nitrogen gas flow rate. Heater 9
is used for calibration. To provide high—quality thermal
insulation of the measuring tank 7, the heat shield 10 is cooled
by LN2 contained in the upper tank 11. The pipe 8 passes
through the upper tank 11 to prevent conductive heat inflow
into the lower tank 7. In addition, superinsulation (not shown)
is used. If the outlet of the pipe 8 is closed, then the outgoing
through the stainless steel pipe 12 cold gas will enter the
copper pipe 5 reducing the heat leak to the copper block 6.
Red dots 13 show the location of the thermocouples.

3. Results

With standard design of the PCL (i.e. when cold gas exits
through the stainless steel pipe 8), the minimum heat leak is
38.4 W/KA at 85 A. Additional gas cooling (i.e. when cold gas
passes through the copper pipe 5) reduces heat leak by 30% to
26.8 W/KA at 99 A (Fig. 2), which is a record figure. It is
instructive to note that the PCLs have a significant advantage
over the standard cryogenic current leads if the system is de—
energized from time to time. In this case, the low thermal
conductivity of the Peltier elements interfere with the
conductive heat inflow through the metal rod. The efficiency
of the gas—cooled PCL can be increased by improving the heat
transfer in the pipe. In the simplest case, internal finning can
be applied. When designing a commercial PCL, it is necessary
to avoid the use of rigid structures that could mechanically
damage Peltier elements when the system cools down.
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Fig. 2. Specific heat leak of standard and gas—cooled PCLs.
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REWZRAET DA N DRV EFENT CTHBLL., KVEIZ 57

DIZFRPHRE A VTRV T 72856 . A /L EFRP O BN

LKL CTRF M OEE ST 5, il 28R+
=56 O KIE11330MPa% B 2.5, Ffb BER A B LFRP
RN E R -T2 Z LT, EIRFITR 2 BUS N3 AL TR
EEENHEEL A LD B EEMETLIZEE 2 S,

Table 1 Specifications of single-pancake coil

Inner diameter (mm) 560
Outer diameter (mm) 760
Hight (mm) *w/ upper and lower epoxy layers 4.4
Turn number 200

SC
FRP Ag
L v ]
Copper” !‘ \

Polyimide

S

Y

Fig.1 Numerical model of single-pancake coil
(1/720 division model in circumferential direction)

Table 2 Thickness of each layer attached to coil surface

A B C D E

Upper FRP plate (mm) - - 0.2 - 0.2

Upper epoxy layer (mm) 0.15 0.25 0.25 0.25 0.25

Lower epoxy layer (mm) 0.15 0.05 0.05 0.05 0.05

Lower FRP plate (mm) - - - 02 0.2

40

N w
o o

[y
[=)

Stress (MPa)

-19' 0 280 290 300 310 320 330 340
Radial position (mm)
Fig.2 Radial stress at axial center (z=0) of each coil

S35 Xk

1. T. Hattori, et al.: Abstracts of CSJ Conference, Vol. 100
(2020) p.91

2. H. Miura, et al.: Abstracts of CSJ Conference, Vol. 98
(2019) p.132

3. T. Kiss, et al.: “Hybrid microscopy to clarify failure
mechanisms of REBCO tapes in meter-class pancake-coils”,
presented at MT27 (2021)

4. H. Miura, et al.: “Study of the basic properties of
meter-class REBCO high-temperature superconducting
coils for MRI”, presented at MT27 (2021)

5. H. Miyazaki, et al.: IEEE Trans. Appl. Supercond., Vol. 25,
No. 3 (2015) #6602305
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Simulations on Plastic Deformation of REBCO Tape by Particle Methods
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1. [XL®HIC

AR REBCO Wi~ kv MZLD 45.5 T 54 KB,
REBCO 7 — 7 #UIEAPEZETE S ST [1]. ZOFEERLISMNT
b, ZDOVT Ry NERTEEEENBRE N TS, ZL
T, ZOXH 7R AVEE T SRR (2 A2 U Cud "l REIE 23 45 1%
SITND. 20 T B O FE Y T CiEifis 75 REBCO WNifiv 2
Koy ML, BENCIOIEFICRERISHBMEN 5. 20
AR WM ERREIR N AEL, T— TR O B8 A
U=EEB 205, ~ 7 Xy hDOIBRD @Iz mT, ik
BEINEDINTEC DN EHOICTLLERHY, R
TERENT OET ALBEED DI T B[2].

Fox X, VR EEE LT RLT- 1512855 REBCO 77—
TROBEIRAENT TIEE B, RSB IT DM REBCO 7
— ORI T 2AT T2 DT, WG T 5.

2. BRTETIL-BFHEE

IR LIS B R A T RS P R<SEHRT&E D = kT
PEEC €7 /L CIHEIELIZ[3]. VBIEEIEAENTIZIX, RERRBX
OSAPEZETE DRI AN KL T-1EA2 TR I U[4], fBFAT &
WAL T A& TR AYIE BV DO FEA1T57-. REBCO T —
THHFF1E Hastelloy 38X OHOEAHTEL T TABLE [ IIRE
OB IE AR L CRY, SERMMERE L TIRD#H L LT
[5].

AT TIEX 1 ITREND REBCO AR S PEAR AT
Z1T5. REBCO BB OMEHNA 7Y v~ TR ES I, M
~ 7 Xy MNMIEY, T—THE 18 EOMELER TS
1.0 T/min OHET 2 T FTHINSED. 28, 77—
| FEHE T TR,

120 B OfRMrfE R X 2 (s, WRERILT — 7 o
EFMEODIR AR AL, SN ORI Lt BRI
K5, 60 FRGEEF, 7—7 E FEic 130 N/mm® OERES
MIRVEAL, ¥ 3 12RENAHLHIZ REBCO 7— 7 HNIZK
A AW N AMER 5. K IREDE XM THY,
T =7 EM B L OT — 7 L DI S ET T 5.
90 b (SMERESE 1.5 T) TIdT— 71 L B o YRR 23 i
AT, WIHIRRE &3 () X D REIE A Lihed 5. il 5,
ERERTIORME BB SINMEE, T— T O ITmE
IMERRE DRI C 5 A [ KOS BT Ligil T 5.

IR BB L DIRAT i R L b D (4], FhREAI I DB
PEET BN DI, EBRICIESNZT—7 0 S FHrm
DHHSN TS, TS B RET 5.

BEXE
[1] S. Hahn et al., Nature, 570, 496-499, 2019.

‘_‘ 18 deg
= Magnetic force

Clip jig (tape is fixed)

Fig. 1. REBCO tape during magnetic field excitation. A large
magnetic force works to tape due to screening current as
depicted in the right side of figure.

[2] Xinbo Hu et al., Supercond. Sci. Technol., 33, 095012, 2020.

[3] S. Noguchi et al., Abstract of CSSJ Conference, 101, 3A-a04,
2021.

[4] G. R. Liu and M. B. Liu, World scientific publishing, 2003.

[5] C. C. Clickner et al., Cryogenics, 46(6), 432—438, 2006.

[6] S. Noguchi et al., Abstract of CSSJ Conference, 101, 3A-a05,
2021.

TABLE I
REBCO TAPE SPECIFICATIONS, MATERIAL PROPERTIES,
AND SIMULATION CONDITIONS

Parameters Value
REBCO Tape
Tape width [mm] 4.0
Tape thickness [mm] 0.050
Tape length [mm] 45
Tape clip length (both edge) [mm] 10
Material Properties
Mass density [kg/m?] 8890
Young’s modulus [GPa] 182
Shear modulus [GPa] 68
Yield strength [MPa] 800 [5]
Simulation Conditions
Operating temperature [K] 4.2
Field angle [deg] 18
Field sweep rate [T/min] 1.0
t=30s t=60s t=90s t=120s 250.
. e [ E
e <o —200. £
Ze “e S
EREZ = = —e0. g
s = =2 2 5
s :':.‘(. ‘é :'g — 100. Z}
: = % — k> 3
: "0 ... 0.//’/ [ g
H e ®oq . 0.
: 3 s
s S ., S5s
° e -
H . —
s = =2 =
o« oad

Fig.2. REBCO tape deformation of middle part in cross view.
Arrows show magnetic force.

von Mises stress [MPa]

Fig. 3. Distribution of von Mises stress in REBCO tape at
t = 60 s. Plastic regime regions starts to spread from fixed edge,
followed by middle part of tape.
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Comparison of screening current—induced magnetic field analysis methods in No-—

Insulation REBCO multiple coil system
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EHRAZH L., ik (No-Insulation)REBCO i EH =1 /L — IR (R S ¢ 18H05244) 12 L~ 7=,
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BT, WY - Z2 A9 12 1 RS HE EE D SR VB 78, KUICORE Amnbi Cus20nn/side —
REBCO M1 T —7 TR D7=0 | WA E > TS 1
NOERLFEINZ L > TREGR E N EAL 922 L3RS 725, —
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2. AT 0. ot b
ST RIS AT ZE 1 TR - EBR L7 10T ki~ LT e -
5 REBCO 2A/LC. Z OB % Fig.1 12571, Fig.1 NI model pancake coil schematic and equivalent circuit
2.1 3 WRITEBIGIRNT TIE (F IR ERE + &l % Eik) Lci Lt
SERERFE AT 100 F (DR TRy B U f5< 7 L
U5 LENTEY , HIRER AL S B LT 3 fa b | -
W BT [2] T D, 72 Fig.] (ORSADAHT T e e
XRD~ VT ANV AT B OEAE 2 HE % 2)D Msgisc;
I R AR 1 R B LT, 2O R - 1
R R (OROAD I AN LI,
T xp(VT xn)}-n+ l:’—d %f T xn) xR ) xR -ndS' = % n(1) Rseiz  Lscj @ I
N
>y G 0 =Rl =t) @
j=1
2.2 MBI S E s Fig.2 Equivalent circuit in An Equivalent Electrical Circuit
71 5YE BT FAE[BNCH L C, (4] CHRES N 72 Model
TR O S R TFiEEE 95, Fig.2 R JoIz, &
FEEREFHEOA BRI, K@ TRt ok 5 R
A1 23 15 5 7 L CREZ AT LD 3538 « SRR T VN 2475, 1. H. Ueda, et al.: /EEE Trans. Appl. Supercond.,
_®&%Eﬁu BUIDEMEFRIZ DN TRE)D AL | 2 23(2013),3, 4100805
#£ i O RERRIC AW TIFR B Lo, ZHbE A B 2. X. Wang, et al.: Supercond. Sci. Technol., 26(2013),
(2N LY LR 2 &G, 4 B 0D JE 5 11 R e e OSHER 035012
B AT AT LN TED, 3. PSR WSS A L ik REBCO /X0 A —3 -
mo . ;;g g@ﬁﬁ%ﬁ&meﬁ$&®m&&0%
dlg; Al | ReeRsei \ _p T 45— fE TR T, Vol.54,N0.2,103-110,2019
ZM“ dt +ZMSM’ At " R+ Ry o0~ Rl 1o () 4. PO, HAHN Seungyon, %5 3f1: REBCO /<o 4r—
- - ST VORI TR S 5 3t 5 T v S
> Mgcioy T4 D Mycise S84 Ryl = 0 @) HE—,2017 4R BEDCT IR T2 - i A o 2 G A B
= t o~ dt 4£,20,1B-a01,2017
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Fast ramp—up test and MR imaging test using a conduction—cooled MgB, magnet
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ThHY, MEEICEHEERHICTGEHN 224 TRV EIR
THLNVT LD HEZRT 22 MBS TWD, F
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RINDIAANAERA B O LLEADS 10 5 2L K& 703 fE ik
CIEHR ] REZR T M D NTEIE S P AR S I C KD IR E L&
ZNH T & AR A < 7 Ry MTI T & 3 iV
WA[REZRRZ R SN COB[1], 2 TAMZE T, Hb
1355 0.4T DARE G H < 7 3o M BUEL | BRI O &l
lBsE D3 T REDMRREL T2,

%72, PIT#(Powder in tube method)|Z THIEEILD MgB.
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FEL7=,
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Fig. 1 1R INmE R EHR <7 2y MNEE AR 1100 nm?>
MgB, AL 2 fil& C Y X — A —nbig b A — T < 7
FohTHD, EHER 168AZEETHILET, B .l
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H5, BTN TA T E—RIZCHEfiLiz, C FVX—rI—7
ECEHDI~ T R NDA LT T2 AT AHTH D,

MgB, = A /L DBUEIZ T BRI BMLEEL T MgB, & 2E R
THUALRTURIT I NEERH U, fEH L7z MgB, #44
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TORMZEELFITHEHELEEBR (Danfysik
Model354) ZfE FL7=,

3. EBRIER

Fig.2 |2 @l ik ol a3, BRIx= A ViR E L
T AR LD | il B 2 BRI Fad T e ¢
R, FERL. RGOS 2A/s FCRD THIALIRE
X 38K BBETHY, A~ Ry hOEFSIRE 25KIZXH LT
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7 o NI B r R EED S/ 72 bt 84 FPIZT 0.4TD
Wess 2 A BT RE R Z M HERR T & T,

LR O 2R B A NMR B oV 208 LT R B 28 )
1%0.2ppm/hr LL N CTHY |, MRUBRIG I 15y 72 b5 22 TE FE % A
THIEEMR LT, F2, B/ A XK RN R+ 0o
RS L~V OV I AT - 7225, Fig.3 (2
T RN NIRDMZ 5 52 & U 7= MRIFHE AL IR MgB,
~ 7 Ry M TR BERZ E G HERR LT,

Receiver coil fqr MRI

C shaped return yoke

Figl. External view of MgBs superconducting magnet

: :584 S
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Fig2. Fast ramp—up test

Fig.3 Example of MR images

4. FEH
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TRz bR LI,
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1. Kodama M et al 2021 Supercond. Sci. Technol. 34
025018

2. Y. Yanagisawa. et al.: Tournal of CSI. Vol. 48 (2013) 0.165
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&0, BAE NI 2oL, {0 INS 2o/, IEF NI 2A/UdZEh
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3O[ANFHENSEEA EF- UMD, AL 65T[A] TR
AL TND, FELWRMERHLRE RISV T B #RE T2,
728 AMFFEDO IR (AR S : 18H05244)12 k572,

REBCO Tape

Overall Width; Thickness [mm] 4.02; 0.09
Copper Stabilizer Thickness 20
[um/side]

lc@77K, self-field [A] 156
Inner Diameter [mm] 40
Inductance [mH] 127
Turns 135
Turn-to-turn Contact Resistivity 294

bQ - cm?]

30K-Conduction
Cooling (CH-110)

1 AT SRAITE Te S LD E AT

Fig.1 Analysis conditions and I¢ deterioration points

Cooling Condition
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Fig.2 Excitation analysis results
& 3
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Effect of Cu—stabilizer thickness on transient stability in insulation

and no—insulation REBCO pancake coils
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3. F&H
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Table.1 Parameters of NI coil for assessment

Parameters |Assumed Values
REBCO conductor
Overall width [mm] 4
Copper stabilizer thickness [pm/side] Case(1).(2): 20, Case(3): 2
Tape I, @77K. self-field [A] 115
Coil
Turns per pancake 50
i.d. [mm] Case(1): 60,  Case(2).(3): 500
Height [mm] 10
Turm-to-turn contact resistiviry [uQ-cm’] 21
Analysis
Iop[A] 345
lop/ 1 [%] 70
Operating Temperature [K] 30
Cooling condition Adiabatic
External magnetic field in the z-direction, B, [T] |10
100
90
0.00045
80
HaMER 0.0004
= 70 0.00035
B o B zEtE _. 00003
g a—L Z oo0ozs
- # o0.0002
ﬁ 50
N 28R B
40 0.0001
30 0.00005 .
: H =
20 1um Sum 20um
10 I
0 |
1u Sum 20um Lum Sum 20um
INSTA )L NIaAJL

B 1 e LEIEIS k92 INS NI =2 A L DI ELE[ 1]
Fig.1 Heat generation of INS and NI coils on Cu-stabilizer
thickness
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2. A.lIshiyama, et al., [EEE Trans. Appl. Supercond. 17(2007),
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3. H. Onoshita, et al., IEEE Trans. Appl. Supercond. 30(2020),
9001187
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Table.1 Specification of NI-REBCO pancake model coil

Ovevrall width [mm] 4.0
REBCO Copper stabilizer thickness 20
Tape [ m/side]
I, @77K, self-field[A] 115
Inner diameter [mm] 60
Turn—to—turn contact resistivity 200107
[Q-cm?]
Turns 50
Coil
lop[A] 350
lop/Ic[%] 60
External magnetic field [T] 10
Cooling condition adiabatic
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Fig.1 Time change of distribution of Azimuthal current
(@ before defect occurred @before opening coil ends
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Development of a 10T class large bore REBCO magnet (1) Quench protection

BEH EE], ®EE RS, LR ORE, EE W, AR ERE A0E HER, RIR JiER (TU27)
FUJITA Shinji, MUTO Shogo, TSUCHIYA Koki, HIRATA Wataru, TAKEMOTO Tetsuo, ISHII Masaaki, DAIBO Masanori
(FUJIKURA)
E-mail: shinji.fujita@jp.fujikura.com

1. [FL®IZ

REBCO ## 1B =B85 J Rt EBEURRIEIC Y, &
Wk~ 7 2y h~OE B HIFF ST D, LL, ==
VX =3 MI RO S B RS~ 7 o N CIE= A VARG R
BTHD. 2013 FEICHx SBHFE L7 K B £ 5T-REBCO ~7
F N CIEREREELTHE O T IR#EE W REICL
TWB[1]. Al [FROFREEAT 10T OK O~ 1y
D FEBLFTREME A T L2 [2].

2. VI FRERET

KAFE ST ~7 2y RERICAEE 260 mm THULEES; 10 T
OV BRI, B350 um JEIEAR, 4 mm i@, 20
pm JEHID - ED N TE U #44 (FESC-SCHO04) & — R &L,
ZHUT 4 mm IEOHT — 7 ZUEE TS ORI 2 E
L7z, AME 482 mm DI VLA —Fad V% 52 Koks)E
L7zaA/VC, ERETIL 300 A, A X275 A% 34 H, &
TR —T 1.5 MJ Llpotz. 1R#RgE2 TRT524T
WEWTREFO I R E S A 4.4 Y ETHUIZAER, 0.3 mm /ED
T — TR B DL T F IO RIEE A WG
BT 300 K AR DT ENTET,

T —7 DI A DR EICOWTRAIL, #ib 0B E L )E

WL TS, ERMOE SIS DR TG R L.

AU, BERGICEESEICIVREREMREEARNTE
DEOHBEIZLS. HRELZORE, 72 FRIET— 72
BRI EL TR TREE IR Z DN E NS DD RGET D
ENHD. TZT, 0.3 mm JEOHT —F HABEE B MRS
DOEGALERMICIE A DR IEA T, RERMICI e
— A= T F EREAREN AT CiTo7 (Fig. 1), #5581
Fig. 2 lIRTI9518, EHoomEIiA b Gab =T
% OB ZEREIZRIZETHoT2. T, AN E D
VGG THY = FIREITTRE Ch L EE 2 b,

iz EL T DL TR E ML L9 h 0, oA VB
BEEMNME T2, FTEDOHSZRAESE DI DICH TR
BRI, LosLAass OERREVIALDOEA,
B B OBEINE ORIV NSWIGAIEERAITIX . di%
JEL T DAY F AU MEHDA, HEFEIZT = FRH#ETED
ZEIIRERT RN T =T ThHHEE ZBHND.

3./ OF 10 T #RaqILtE

0.3 mm ET— 7 ZALE DT EEORMEHWT,
10T OB EIESTTGE O, 70 TR, i
BT T HHMNT, /NORD 10 T oA a2R
VELT=. I L7=#441%, FESC-SCHO04 (Z 0.3 mm JED#HT
—7"% Sn CHEAORTZRIERRTHY, BEEO=HIc7 vFHEa
—FRUVAIRT =7 THaix L= D Th 5. (ERILT-a A1 D
F%ot% Table 1 (IZ/RT. A WIIRNY — 0 T LT- TR
UHHEERD 2 B U —FaA LT, NEIE 50 mm,
SMVERITARBR AL DA 150 mm LA FI22 589127, 2 /E=
ANV 16 EFEEL, 2 B/ U —F a2 B AL O
WEARAL, A7 ISR — LV #E T AR E L. SelkLizaA
NDIMBZ Fig. 3 18T IIKER T To@ERBROM A,
I, n EEBICBIH ThoT-. (RER AN LA OFE
BLOFRHTHE RAZ DD TIXIRIE R 2A-p05 THIET 5.

[Back sidel

or

)N :
{1 sq mm)]
X AL

e [Front side]
Electrodes

Fig. 1 Experimental Setup for quench tests of short samples.
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Fig. 2 Quench test results for samples laminated with Cu tape
on the front side and back side.

Table 1 Specifications of REBCO tape and coil

REBCO tape

Type FESC-SCHO04-FPI  (laminated  with
0.3mm thick Cu tape)

Tape dimensions 4.1 mm X 0.47 mm (with insulations)
REBCO coil

Inner diameter 50 mm

Outer diameter 146 mm

Coil height 166 mm

No. of turns / pancake 93

No. of pancakes 32 (2X16)

1; (0.1 uV/em) at 77 K 44.5 A
n-value at 77 K 24

Fig. 3 Appearance of a 10T class test coil with a small bore.
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[1] M. Daibo et al., IEEE TAS, 23 (2013) 4602004.

[2] S. Muto et al., presented in M727, THU-OR4-704-04
(2021).
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Fig. 1 Results of Current - Voltage curve at 30 — 77 K.
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Fig. 2 Temperature dependence of critical current (/).
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Fig. 3 History of current, central magnetic field and coil
temperature during loading test up to 500 A.
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Fig. 4 Current dependence of the screening current-induced
magnetic field at the center of the coil.
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Core diameter Multifilament coated conductor

Core Second layer

First layer Filament
Fig. 1 Schematic view of SCSC cable.

Table 1 Specifications of analyzed SCSC cables.

Cable structure

Core diameter 2.5 mm 3.5 mm
Number of layers 12 9
Number of tapes 39 38
Cable critical current 4.56 kKA 4.45 kA
Outer diameter 4.74 mm 5.17 mm
Length of cable 50 mm

Tape structure
Coated conductor width 2 mm
Filament width 0.36 mm
Number of filaments 5
Width of groove 50 um
Thickness of superconductor layer 1.75 pm
Thickness of copper layer 10 pm
Thickness of substrate 30 um
Thickness of coated conductor 55 pm
Conductivity of groove 3.0x10° S/m

Fig. 2 Side view of an analyzed SCSC cable with 2.5-mm
core diameter.
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Measurement of thermal stress of cryogenic materials for aircraft
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Fig.1 Resistance of Mg-Li alloy.
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Fig.2 Strain at each weight of Mg-Li alloy at room
temperature.
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Fig. 1 Waveforms of voltage & current of short circuit
experiment for SUNAM HTS tape
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Fig. 2 Time history of temperature and resistance of HTS
tape (SUNAM)
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Effects of introducing superconducting fault current limiters in electric propulsion system for

aircraft
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SAITO Hiroki, TERAO Yutaka, OHSAKI Hiroyuki (Univ. of Tokyo)
E-mail: saito.hiroki20@ae.k.u—tokyo.ac.jp
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Fig.1: Conceptual diagram of the model considered in this
study
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Fig.2: Analytical model of a superconducting fault current
limiter
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Development of induction heating device for aluminum extrusion molding using HTS magnets

(3) — Overview of the heating test —
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1. [XL®HIZ Transmitting Torque Thermo Sensor Load Detector
A2l Licl s, BUES 2 137 /LI 42kNm(max) —] \ C bress S00KN (max)

DT NI Ly MR EZFEL TWDH, ZOHKE T, T _

HTS oAz E0A KR LBk T A Ly 2 aldn ng)i())onlml'l @ Billet I Press Cylinder

SHDHILET, TARE Ly MMET S, ZHETIS, HTS =77 A

2y ORI, B OT ALy FOEF - BIEHEE I 5 Temp-l l Load

PHRZFEML, ZhOaflAabt, AR (22 kW EE)

TOMATRHERDTE T LI, TAIE Ly MER - [l Rotational Specd Controller poplied load

B OB T ek BR OB 2 92,

2. FISELY FOBE - B jE Aminumphyicalproperty

TAIE Ly Ml P CRESELE, TAIE L YN

BTV RS A R OV [ i B8 L e S L 7 7 S PR IR 7R ) Fig.1 Billet grasping system
A, FERICKTT 57 L —F DSR4 T 5, ZHICEHTL
TARE Ly M RRESH 572012, BREFLD 7 LI Ly Me 8 s Transmitting torque or 7%
(5 )% 52 DD D, 7 /VIE Ly NI B 2 e R 7 o Grasping force / 1 oo
A0, SME R O~ DI EASA, 2070 6 1 2
TAIE Uy MLV IA T, 2O s L0 [ElER L2 Ts + \ y T 40 %
ET ALy NGET IR ELT, 0 SR SR Py
ABEDOHRRIE, B RINEHES) 400 KW, [EIER5E EE 900 min™! e - ' % £
THoHD, FIEEENV 2T 4.2 kKN'm Thd, ZhaeL T & 200 &
o M BARET 2725 O BEHLEF 77 (€L Ml 7 1 O *T 1 100
£177)% 500 kN EHRUEL, SEERRGE A FHML 7z, RO K YT ]
KBV 21T, FERICEDHPA 7 490 kKN IZTHI 6.3 kN'm & A N
HTEEMEFRLIZ, ° . EIZO d ti ¥ *
7, IIBIC LB FRIC Y, T AL Ly MO A , o wsedtime &) ,
KEAETFFBIL0, O LI E CThHD A6063 F D Fig.2 Transmitting torque of grasping mechanism
BRI E ER LT, o0 w0
3. MNETHEtER 3 Billet surface temperature (Degrees Celsius) T 700
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\
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Fig.3 Pretest of heating using 22kW motor
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The Critical Current Measurement of the Nb3Al and Nb3Sn Stranded Cables Made by an Ultra—fine
Strand with 50 um in Diameter
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1. [ZC®HIZ

EERRANAES D NbsAl #A4 & NbsSn Bk 2 FHV N 7= I S0
Kia RS a A VO KER T — 7 VORI ETT-> T
WA [, 2], BMAMREBREIC T 5 2 & TR AT
WERTFOND T2, FNEBHBINL LI RERT—7 L
TUT TR TR -TOARIECEDBEEA LD
SUERHIRFTE 5, 4RI, B 50 um O NbsAl & NbsSn
DANZ Y REBRBINT. L, BEHRR CEGLEL L =412
[EAE 15mm, 20mm, 30mm > 3 fHEHD G10 A B LB E T
T, IR~V 7 A (4.2K) T 18T BLF OFMBRES T o
ER B E R R e s 3 5,
2. WIEY L L EhpE

WES 7ML, B0 um THILL 1 DA MT o K%
FAWT, TR O NbsAL r—7 L & 49 (TXT) Ak D
NbsSn 77— /L% FHE L72.NbsAl & NbsSn #7— 7 /L0
otk Table 1 129, A MZ7 Y ROBRIIEHE & HIC
50 um T Y, NbyAl {Z40 um DFEJ 7 4 T A2 b, NbySn
E3umD 7 4 T AL M 19RKY A A FLTIMETH 5,
il DA DHRIT | THDH, A T2 REITHEGE
e L TWiwn, WEMAY U REeEF TRV E—%
Fig. 1 (Rd, &7 Ud, EAR CRULEI IR L&
—IZEBE AT T, S A SRR e LT, SR
BRSNS G10 THERR & 417= ¢ 15 mm, 20 mm, 30 mm @ 3
FEFHO RNV —% W L, o7 RE 42 i L
7o B 7D OK) 100-130 mm XEIZEES v 7 %
BT LEHMmER & L7z, JIEH A & > K% NIMS s@figidsy A
T—arO18 T YV /A RigfHa (D52 mm) O F
AF A2y FRICHIALT, 4.2 K TI8 TUTORET
TEY T LEEITS T2,
3. EBRAER

WE Lz Frai#goss Lo (1.0 pV/em 248 & nflE (L
WTBR) 2R U, SMEEIINELS & ORfR % Fig. 2 1TRT,
Fig. 2 XV . NbsAl & NbsSn 7 —7 v ®D I 1% ¢ 30 mm 7> 5
o 15mm IZHNITERZ /NS5 EHbn A b, i
2 & BEGIE NbsSn 77— 7 LD INBEE T dh - 7=, Z AU
NbsAl D J528 NbaSn K 0 i O BB 3D 7aun &y H 5
1THRZE L 2564 5 (3], NbsAl 7 —7 LD nfEilE. ¢ 30 mm
OWPETIL 20-114 TH Y | FNBEEL ORI & & ITH
L, 3-ATfHITE—2 L 20tk, BT 2[5
R, —J7. NbsSn 4 — 7L ®D nfElE ¢ 30 mm O HIE iR
T 8-28 TH V., IEBIEORA L & HITHIN LigiT 5,
i & HICHFIC LY o HEKEICE T 5, 5%,
HIFEEDRRDY T ARAL—2 L LT, L0
72 R E ORIl 21T > T TETH 5.

thiFZe L e ¢30 mm #hiF o 7Lk 2—THIEL
72 NbsAl & NbsSn 77 —7 /L0 50 um & k5 > K 7, & Non—Cu
Jo DRESMAENE % Fig. 31TRT, #F722 L & ¢30 mn
FOREN —FHLTWAEZ LD, Wi#H & HIT ¢30 m
FTOMFICE DB 720, ATIZRBITAHEDA LT
v R I & Non—Cu LIZIFIER LT, TNENH2.2A &K
2225 A/mm* T o 7o, IR L AN O & & 12 NbySn
=T IV ORFEIT NbsAl OF I E#EZ D Hm 27 LT
Do

Table 1 Parameters of NbzAl and Nb3Sn cables

Parameters NbsAl Nb;Sn
Strand
Manufacturing method Jelly-roll process Bronze process
Diameter 50 pm 50 um
SC filament 40 pm X 1 3 umXx19
Cu/Non-Cu 1.0 1.0
Cable
No. of strands 7 49 (7X7)
Heat treatment 800°C 10hr 650°C 240hr
8 Sample holders

Fig.l Measurement stand and sample holders.

—&— I ($15mm) A - n($15mm) —&— I ($15mm) — A - n($p15mm)
—&— L ($20mm) -5 - n($p20mm) —5— I (¢20mm) -3 - n($20mm)
—©— I (p30mm) -O- n(p30mm) —&— 1, ($p30mm) -C - n(p30mm)
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o Nb,Al - Nb;Sn
50 TAEE 3 100 250 —%\DEQ 3 25
\ 00y
40 80 200 ‘\ D P 20
= = ] e
Z39 60 5 150 |\ o, 153
L 4 %
5,
20 40 100 4 = 10
§593E L S R
B-—p
10 20 50 5 .:#ﬂ..ua}.,c, 5
[ k"
0 0 o e S
0 5 10 15 20 0 5 10 15 20
B(T) B(T)
(a) (b)

Fig. 2 Field dependence of /. and n-values of (a) NbsAl cable
(7 strands) and (b) Nb3Sn cable (49 strands) at 4.2 K.

Nb;Al (No bend) —S— Nb,Al (30 mm)
=€ = Nb3Sn (No bend) =[F - Nb3Sn (30 mm)
6

Nb;Al (No bend) —S— Nb;Al (30 mm)
=& =Nb;5n (No bend) =3 - Nb;Sn (30 mm)
000

[n] 9
5 [ &~ 5000 |
z £
) 4000
= 2
T3 S 3000
E =3
&2 @ 2000
1 2 1000
0 0
0 5 10 15 20 0 5 10 15 20
B(T) B(T)
(@) (b)

Fig. 3 Field dependence of strand /c and non-Cu J. of (a)
NbsAl cable (7 strands) and (b) Nb3Sn cable (49 strands)
measured with no bend and $30 mm bend at 4.2 K.
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How effective is the addition of Hf and Ta to bronze-route Nb3Sn wires?
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NbaSn RS~ Hf « Ta WSHIE. B & HERE LoD NbaSn fi
BRI A BRI HHIE TE 5 & H 2 & T NbySn #ib4 B
TR W TCIEFICRERFEHE 2> TS, ZNETH
BERERINTWADIE, Tl —A v Fa—Tk
[1]. IR A RIEL21ICB W T TH DA, fif b b i34
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Z TV DO HE TN 1 2 ik NosSn Sk 2 /ERL L |
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AT AT T OBER L0 LEANC 22 0 o WEF 2N 7
o3, 41,

2. BERAE

FHENNEIF & T, Cu-14wt%Sn 38 LY Cu-14wt%Sn—
0.2wthTi O7 v XE4, 7 — 7 EMIZT Nb-4athTa-
Lat%Hf, Nb—2at%Ti-lat%Hf Z 8 L7z, Nz Tl Nb, Nb-
0.8wt%Ti ZHEA L7z, TN HDOEMZMABDE, LIF
DOHEFMREER LT,

(D Nb/Cu-14Sn-0. 2Ti: N-C14S02Ti

© Nb-0.8Ti/Cu-14Sn: NO8Ti-C14S

® Nb-4Ta-1Hf/Cu-14Sn: N4TalH-C14S

@ Nb-2Ti-1Hf/Cu-14Sn: N2TilH-C14S
AREOIR. Ti 27 1 > ZANCEIN L7tk 7 a o bt
@I Ti % No fNTIRIN L 7=4Ek 7 1 o XA, @i Ta-HF
% Nb ANCERINT 528 Ti N2 7 1 o ZEbE, @i
Ti-Hf % Nb AN L7 7 v o R Ok Td 5.

BURSEERIL, AMENEE=9.8,/5. 4mm D7 1 2 R
SR 5. 3m D Nb b LS IE N dny REBAL, AT
— VB AT LY ©0. 8um E THIER L CIERL
U 7o e v i B R BB 2 il U 7=, iR e . ELZ2 R C 685
~700°C X 100h OEILER % fifi L, NbsSn J&g & A S w72,

3. ERFERLER

Fig. 112 ffil& L TN-C14S02Ti & N4TalH-C14S @ 700°C
EVILE% 12 351F % NbaSn Jig 00 EBSD kT~ v 7 (il dki +
JEAR) &bl d 5, F7-Fig 210, bl oRE kiR
Wk R+ 5, ZbDOREEL D &, 7T000CTIEAe
BB CRE AR RIRIC R & =R A B L2 0,

Fig. 3121, NbySn JEOA LRI (JBEIIZIZHHG) %
L7z, 205, Ti 270 RSN LEERO T
o AL (N-C14S02T1) DEIERTROEIT TRE L Nb
I Ti & HE 230N L 7= N2T11H-C14S 7300/ N SV Vi &0
L7z, —H T Layer J. Q14T |%. N-C14S02Ti 23 i <
(2020A/mm?) . N2TilH-C14 (1760A/mm®) & NATalH-C14S
(1740A/mn®) 2MEIER U T, NOSTi-C14S (1370A/mm*) 73
BHIRWEEL 2o Tz, DL A7 1 RIETIE, Ta-
HE RN D 2 TR 72585 R L D Zh ST L B 72 s
>77,

ZORRE R AICHTZY | Ta-Hf OBENR SR
T2EEZDIVIE. Ti WO RENI Y K& 2% 5%2 L
TWDDOTIER VN EEZ TS, TR EORICR

NRAEN FETHE T 27 0 RRMICRINT 5 2 & T,
Sn JEEEREN /)3 EIMIIC B3 > T D (FHUC LD JEER
HRLTWD) EBXxbND, 2RI V—7TOHf
TR E b~ LA TH D, MdhOZAERIL, BTN
IZ1E, Nb R OB A RV — Sn JEEURE) /) D52
BEZTDHEEZLN, ARIOERTIE, Ti WRINZHEMN
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[1] S. Barachandran et al., SUST, v32, 044006, 2019.
[2] N. Banno et al., Scripta Materialia, v199, 113822, 2021.

[3] N. Banno et al. presented at MT-27, 2021, Fukuoka
[4] T. Morita et al. presented at MT-27, 2021, Fukuoka

N4TalH-C14S after 700 °Cx100 h. Contrast indicates aspect ratio.
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Fig.2. Comparison of grain size between all samples after heat—
treatment at 700 °Cx100 h.
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Fig.3. Comparison of NbjSn area between all samples after heat—

treatment at 700 °Cx100 h.
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Pb-free Superconducting joint between NbTi and Nb3Sn using high-temperature-
tolerable Nb-alloy superconductor intermedium
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HTZEREETH DL, BERHBIBRE LR E
725, JTHE, NbsSn #AABRFE Tk, Nb ~D Ta-Hf ¥INT
NbsSn FEEERIAMM L S5 Z ERIMEIN TV HE N, £
5 Li=—EDAFFED T, HE TN Nb BEARAEREZ O & D23
FERTHOHRE LNz ERERMIh Tk, Z5L%
I D, FFEDILHEE Nb IZHSIIT 25 Z & T, Nb IZER
MitPE 2 FEL S, FNIUT Lo TRFR S 7 2 2 2 T NbsSn
& DOBILEEAS N ARETIZ ARV E B X = 2 L NARE
ORETHD, SHIRMEDO N &2 12Hh=0 ., A
AR 4A-6A 5D Nb JE P DOER ILHE A TERIN LT,

AL N 2D B, FEORWHDET— 7RO
BEAFEE LC NbTi/Nb &45/NbsSn M= B2 2 /EHRL L
Toe A7 v 71 E LT, EFT N BET —7 DL NbsSn
e OBEEEE Lz, BALBORIIC, NbiSn BROZLE
{LSRZALZBE R THRE L, I Y 7 T8 & W & e
F9 5, RSO Nb EBNFTEH LI2IREET, £k Nb &
LT —F DR T, T L AT S, F D% 685°C X 100h
TEVAUEE L, JmIC NogSn J@ &2 AR S ¢ 5, AT v 72 &
LT N AET—7 Db 5 —HDORE NbTi #é & Bé
BOFEMZFIA LTI AT 5, A LILORIIC,
NbTi BROHI~ F U 7 A2 b FFRTHRET 2, £z Nb
BT —7TEI, T VAT L, ZHIZEY | HAEHIIZ Nb
BA AT U= NbTi/NbsSn B{REHES N EHR SN D,

3. RERFERLEER

WL D7D Nb B4 685°C X 100h (BLIRAY 72 NbsSn A=
Rett) Rt D Cu 4478 Nb BU T — 7D [-BHit% Fig.
LIRS, o 7=5, NbTi £EHERE (NBS) OEVILERH
ORELRT, BB LB T, W b L IE Hf
PRI Nb 7 — 7128\ €, BVLERE & 2k 7 L-BRFER R
DILTZ, T AVIEHE AR S BB U 7 i B AL 23

MEFF SN LK D, 72720 W OBAIZIEENIEEKX
X REERBGOW BIXH N0 o T, HE OBA I
Ffiss 1. 15T £ Tm kL7,

Fig. 2 (213 Nb-3at%Hf NI & 28630k 0 1-B ik
Z 7%, Nb-3H/NbsSn #:4 DHEE 0 IXIZIF 100% THHME
DXL E Do Tc, —77, Nb-3HE/NbTi B24 TIdks
HORERELOERRLNZ, XFRCT AF ¥ Uit Lo
T, BPEDORWEE TIZI N 7 4 T A2 McEEHD 7 5
v I IMASTND Z ERNHEREINZ[2], T VATREROEK
BN SHOMETH 5, BIRBEIEIC L A EGIHEE D
FERIT, ROEE (2B-a04) ([ THET 5,

AFFRO—EBIE ) S T, RFASAEEZE. IPMIMITTA2 OXIEE

RIEDTY,

[1] N. Banno et al., “High-temperature-tolerable superconducting Nb-
alloy and its application to Pb- and Cd-free superconducting joints
between NbTi and Nb3Sn wires”, Journal of Materials Science, (2021),
https://doi.org/10.1007/s10853-021-06585-8, Open Access

[2] N. Banno et al., presented at MT-27 (Fukuoka).
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300 | — A— Nb-2W tape as-drawn 1
—A—Nb-2W tape 100 h/685°C
250 F .
< 200 ]
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0
00 02 04

06 08 10 12 14 186
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Fig.1. [—B characteristics of Nb-2W and Nb-3Hf composite single—
core tapes with a standard NbTi wire (&0.6mm) [1].
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Nb,Sh / Nb-3Hf

200 |-

NbTi / Nb-3Hf 4

Fr 42K

07 038 09 10 11 12
Magnetic field (T)

Fig.2. [-B characteristics of joint samples with NbTi/Nb-3Hf,

Nb;Sn/Nb—-3Hf and NbTi/Nb-3Hf/NbsSn [1].
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Joint resistance evaluation of Pb-free superconducting joint between NbTi and Nb;Sn

Ak B INIMS), 5 158 (NIMS), W ANIMS), L1 1= (NIMS)
KOBAYASHI Kensuke (NIMS), BANNO Nobuya (NIMS), UCHIDA Akira (NIMS), and KITAGUCHI Hitoshi (NIMS)
E-mail: kobayashi.kensuke @nims.go.jp

1. [XL&IZ

NMR 72 DK BRIELREITOBRE ~ 7 2 b T,
NbTi & NbsSn DI RITA T L ABIRERE S I
HILTWD, LnL, SRITEREEAME LU T A A FIBRE
TRY, REBELABEREHESHIN OB N REICEY EE
AL 2> TG, ZRETIC, Sz E ERWVIZAEEZ AW
A TELIRESNCEEMN, KW Bo R0 L D7D EAL
IZIEE S TR, ABFEE, Balf iR BENT - RITATZI
bV | @IEMHED Nb BB S-S BN E T 58 L
WEEA THENC DWW T, Fox 28BA%E L Ii@B RGP - B R
A RE ORI A LT 2E E 212 W T T o 7o e Rtk
DOFEMZ2FEARE ROV TS5,

2. EEgAE

Fex OBEAIPRTMEEE X, B2 AV CEE DR
JEATRBIA AL | BIIBOR L TSP FIML TV 5,
ZD REHIFAL—7 CTHDHLEHHY, NbTi, NbsSn %
HEfAAIND 2L THEA LT 1 AR L — 7 3B 2RI 7,
NbTi-Nb-3at%Hf #25674% 2 {#, NbsSn-Nb-3at%Hf #5755 2
B 4 HMOBEEZE AL TWS, #ATIEOFEIZ DN T
V. AR IS CRIAS N QD70 BI85, BN HNIS
HHEE O TODR, A EEEERR cate T R
BENIZBITBIRE 2T 0.1 K FREE 572,

BAEIL. FEa LAV CREI~FES NI E K
DHWELEF— Ly —THRHEL, Vaa@® = A +
Bexp{-t/(LIR)} C7 4T 4> 7§ HZETRIEERHL R ELCGE
fliL7ze ZZTLABIXT7 4T 4 T NTA—F— LiZHCA
VHEYEATHD, LTGRO SZRIE 0.47 uH % v,
Bt ~FEIN-ERIT, AL B —2IELTROT
W5, BEEIPTREM I AR 4.2 KIZBWTERLT,
Fio, BEETIIH U CTATICHUNL 728655 Ch R ER A 2
177,

3. fEREER

Figure 1124.2 K, H C#E3 I 301 D BEHiIRO= I E s 5
ZRd, WA EE R Tnjeced)® 17 A DBHINL TS 725
R, BRTORECTHRANERDHRTEZ, LoL, ~56 A LU
FCERFBEE ISR RAELTRY, O L EB A
ToZEBIRIBLCND, BEAEE LITHIYS 3582525 1 I
Mtk DR BB 52 A FBRE TS -7,

Figure 2124.2 K. B O35 Tinjecied ~49 AIZBIT DHS
HHUFEAm RS AR, 1000-3000 BOEFITET —Z 1%
BT AT AT DAL TR BRHUL, 82X 1014 Q72
7o ZOfEIT 4 HOA R TOEFHETHY, Hf IR Nb %
LT NbTi & NbsSn ORRZEHEA NRELL TODT LA MR
T&T,

SR, BSOS IPTRHNAS R B A E IS
B2 RBOFE RSN THHETH T ETHSD,

BiEE
AL, IST FkASAIEFEIPMIMIITA2]IZE -
THESNIZHDTT,

20 T T
4:2 K, SF
/ injected ~$6 A
. 2 i joint /, ~52 A
S ] g eSS A :
é : g
5 ~49 A
g
o 10 . ""'33 A
5]
2
&
= ~17 A
£ 5
0 1000 2000 3000 4000

Time (sec.)

Fig. 1 Current decay measurements for a loop sample with
NbTi wire/Nb-3at%Hf tape/NbsSn wire joints at 4.2 K in
self-field.

14.08 .
14.06 42K, SF__|
% 14.04 - "",fnjected ~49 A
5 1402 -
= A =0.33+0
(=} L [ B =13626 + 1 63e-05 .
] 1400 L loop =4.7e-07+0 ¢
E R_loop =8.18588e-14 £ 1.12e-16
G 13981
v
T 13.96 g
E e
{354 R=819x10“Q

13.92 L ‘
0 1000 2000 3000 4000

Time (sec.)

Fig. 2 Evaluation of circuit resistance for Iinjectea~49 A
measurement at 4.2 K, self-field.

SEHR

[1] N. Banno et al., J. Mater. Sci., https://doi.org/10.1007/
$10853-021-06585-8, Open Access (2021).

[2] K. Kobayashi et al., IEEE TAS 30, 9000204 (2020).
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Improvement of critical current properties of superconducting joints
connecting the reinforced Bi2223 tapes

OB RREE B JoAR B Tl E (FFEN) KE R/ (NIMS); RE 6, Ui

AL (EHT) ;

s M7, I B ((EAET)
NAKAI Ukyo, INABA Hayato, MOTOKI Takanori, SHIMOYAMA Jun-ichi (Aoyama Gakuin Univ.); TAKEDA Yasuaki (NIMS),
SUETOMI Yu, YANAGISAWA Yoshinori (RIKEN); NAKASHIMA Takayoshi, YAMADE Satoru (SEI, Ltd)
E-mail: ¢5621057@aoyama.jp

L lZLwic

Ag ¥ — A (Bi,Pb)2Sr2CaxCus0,[Bi2223] £ & # #1 (DI-
BSCCO® My L@\ i S BT RrE & N 7o BN H . 20T
B D E e s AR B 2 F Ok A IO RERA IZIGH S
TWBR, —J, JST RS AIE ¥ T, LTS, Bi2223,
RE123 @%n‘ﬁﬁ%ﬁﬁu BB RES Ltﬂ<0\ 59T 1.3
GHz(30.5 T) NMR R4 DOBAFE R #HD 5 TE Y | Bi2223 ##
MM OERN R TFHETOBGERES BN OMSL A MLE L
2o TWBHBL T E TICH 4 1L, Bi2223 Lhsam i HE D
O XD HsEM 722\ Bi2223 ##44(DI-BSCCO® Type H)
M OBRESES RS, Z R OBEA BV THIO T

FEHN AN ERE EH L2, — 5T, BEsREe
M EEER B ER AR Tl MWERIC L > THILL

72V NETRE Bi2223 44 (DI-BSCCO® Type HT-NX)Dffi Ff 28

ARFRTHY ., Type HT-NX S NI B A HMF Ot

NEBMEETH D, £ T, ARBISECILERE Bi2223 Mk

@ﬁ.mﬁ'% EIRRRE DM EAE A E LT, i & e bR
L LS TROXFEOE#ELEZ R AT,

2. EBRFIE
BEAREOERIZ, DI-BSCCO® Type HT-NX ##E4[121 &,
~4.5 mm" x ~0.25 mm’, I (77 K, self-field) > 170 A 17> 5 4E
BTz, MM CTh D Ni 4T — 7IHRE T Z @l
FTZLITE Y, B EICFR o7 Sn B E T MITER D E
WLV BRE Uiz, B8 & 2 H % B2 L7z Type HT-NX #
M BRI L T~0.4°D M FETHFE LR RS
TATAY NEBHSE, TOLICAT V=2 F L,
A Z U —i%, EAETAER Bi2223 RBEK K, Bi2223 HAH
* *kFﬁ BOTH )=V TH )=V EMIZ, AL
ZEVIRE
ﬁ%n/\zoﬁﬁ”@/\%:%ﬁk L. Ag il 200 MPa ©—if
ZFL AL, Pox=3kPa FT. 810-825°C TEULIE L7~

TERL U 7285 pUBHTHR IR ZE 3R T T CIELHi MU o142
WT EEERE 21T o 7o, BEE ORI (S0 BB E 1%

OB 2 L SEM IC L W EIZ LT-,

Fig. 1 2 Type H #5435 & O Type HT-NX #bf ] O #2534
KD 1V Rtk R 3, Type HT-NX S4F [ 04 CTrxAk
REMFETHERL 72120 200vb b8, fi—#~7 L 2 - —%k
BRI X DM A HNT, Type H S oA L HE~
TIRWEEA L Loz,

Fig. 2 IZHERIRE A X TIERIL 7B &3kl LV it
IR, 815 °C DBERLT 100 A FOBEEBEARENELN
Tro ZOZEIE, BERRIRE A BT AL THEA T RIE O Bi2223
FEAR SR LG SR O S NS LI & R L T
B, FE 3 TIIRBE O A FLTH OO W TR WG & 1 S i
EDOBIRIZOW T T 2.

Eirza
ARHFEIE IST KRt SAIEFZE IPMIMIITA2 OXiEE %
O THA.

FTHZLICEVRARLIZ D TH D, ZDK,

4 T T T T T

Bi2223 Joint

810°C, 24 h + 6 h*, Pg, = 3 kPa

3 | “Intermediate pressing
under ~200 MPa

——Type H
——Type HT-NX

0 1 1
0 20 40 60
I1TA

80 100 120

I-V curves at 77 K in self-field for a
superconducting joint between DI-BSCCO® Type H
tapes and that between Type HT-NX tapes, both of
which were heat-treated at 810 °C.

4 T T
Bi2223 Joint

Fig. 1

heat-treated for 24 h
Pgz =3 kPa

T[°C]
21 ——810
——815
——820
——825

77K
s.f.

100 120

10ta .- ]

0O 20 40 60 80
1A

Fig.2 [-V curves at 77 K in self-field of superconducting
joint samples connecting reinforced Bi2223 tapes
(Type HT-NX) heat-treated at different temperatures
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2. T. Nakashima et al., Cryogenics 52 (2012) 713-718

3. H.Maeda et al., IEEE TAS 29 (2019) 4602490

4. Y. Takeda et al, Appl. Phys. Express 12 (2019) 023003
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Development of partial diffusion ex-situ MgB; bulks by low temperature sintering through flat rolling process
A B, ek &R, T E— (FF¥KR)
KOIKE Wataru, MOTOKI Takanori, SHIMOYAMA Jun-ichi (Aoyama Gakuin Univ.)
E-mail: ¢5620050@aoyama.jp

1. #5
MgB: BRERIT, ERM AV LN THW Ao &R

RN & Lo~ EERERSESs He & NPT Hie 3K

BB B Je DSBS CRBMICET 5, B HPEER

BB OWEIII XN Ry = T2 —Th b
R DOEE L, OF D MgBa il db OFHM L A EE A fgdt
D—2&L75, IHIT, ARERREOEINT KL 56 J 1k
WX FHREROLELANTH D, ex-situ EITBERL D MgB:
IR ZM BRI UBERE 92 FIE T, B — 7 ikaFr
DEHERIRDIGEOND, T O FIE TIOR8 & 03 =25
TR Lo R A R SIS 72 2 &L s

JALDMNE & 72 %, BUE, JATHIRIC BV Tl R RrE e
FERBHT I W TE Je D3V S LTV 2 2300, M BRI 1T

BWT, @EERBIBERIZ L D2 E&E Y — A8 &£ OIG AR
&R B T, BERRIRE OIRIB AN VETH B, U EDT

BN D AL T ex-situ IRIZ L O ER L7z MgB2 /3L
D JAb, 0. BB O & JE S — A & OIS
il o> 7= DITHERRIRE 600 °C A~DIKIR/ILE B & LT,
VNG @E@%%&LT EEEADEDDEET LA
R E 2 IEIT A -0 0 B mNERir-, ZoF
VBT ex-situ I#ETHV 72035, Z1ET 900 °C LLEMNTH
ST BERIRE Z K< L CHIERRNERBEICENS Z &R

FRTH DR, AENIE b, BVLBFTEE L & SOs:
O DT ’.EJF7\/;<?§ o — L ERE TR Z BN L,

&5 HBERIRE OIRIRL A HEs LT,

2. EEAE

MgB: /3L 7 OVESLIT MgB2 HyAR(7 /v 7 FALZEEL, 99%,
#100)(Z/0 8D B(Pavezyum £, K& 250 nm)% MgB, : B =
1:0.5 DE/ALLTERA L, SM1 6 Mg LS & 545
JEB ex-situ VEPNZ X V1T o 7o, BARMIZIZ, —S&E 7 LA
L 7= SUS316 T Mg(#100), MgB2 & B DiE&#, £ LT
Mg(hiE | mm)DJETHEE L, &5 Wz VAL TE L
7-#%. ~2 GPa OEE—H7T L R L —LVELAHE LT,
BE—H 7 L AR ORENE X d 13~1.03 mm THYH, 72—
NVEREIZ X0 . REHE S d 25 bV REC~0.85 mm £
THITL U7z, BMAET A S EE N, 600~800 °C TITo 72,
ORAAE AR T SEM B22, E{miE s MElT SQUID REHFHZ H
W2 R LRIEIC X 0 3 L7z, J IR b e A7 U & A DIg
S YESE Bean £ 7 /L& FAWTEH L7,

3. BRLEER

Fig. 112, BERkBER 2 48 h (Z[EE L CHERIRE & RN
’foﬁibt FEEMTIZ LY d ~0.85 mm & L7k
tMUOK BT D Jo— HFEMEZ RS, JEIEZ L2500 LE

W&o TROGHER M L L. BEAURE 650°COFEHLE W J
ZoR L7278, BERRIREE 600°C DBl o0 i S dE i e e 1335 L
<HIE L7z, Fig 2 1B TEBINGEIO, BEAIRE & &
K =2 T NEE Foomx PBRZERT, FIEZHE L TV
TR WNERBECIEBE AR DA T IZEY Fp, max 2METF L7223,

JESE TR 2 0N 2 72 3B Tl IR BE Rk 12 & %5 Fp, max DK
NI S, d ~0.85 mm F THEIE L7254 I IRIRBER
T LA Fp, ma DA LT DEA D 62}%710 FRTIX
600 °CRERGAE DRIMIE B UEORAR & | RFEFE Mng
2SIV ORARERHEIZ OV T HRET D,

&3
[1]S. Mizutani et al., Supercond. Sci. Technol. 27 (2014) 114001
[2] W. Koike et al., abstract of CSSJ conference, Vol. 100 (2020)

p.145
10°

" .
Mg, ,B, ]
MgB,:B=1:0.5]

d~0.85mm
——800°C, 48 h 3
——750°C, 48 h ]

700°C, 48 h
—e—650°C, 48 h |
—e— B600°C, 48 h

mHIT
Fig. 1 Jo— H curves at 20 K of MgB: bulks prepared by
partial diffusion ex-situ method with additional

flat rolling process.

6 T T T T
| MgB, —e— without flat rolling |
| MgB,:B=1:05 —* d~0.90mm
—o— d~0.85mm

4]

=N
T
I

Fy max (20 K) /109 N m®
N w
T T

-
T

Sintering time : 48 h |

0 ¢ 1 1 1 1

550 600 650 700 750 800 850
Sintering temperature / °C

Fig. 2 The relationship between the maximum pinning

force density Fp.max and sintering temperature of
MgB:> bulks.
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DyBCO ¥ @hEEE /L 7 O SR L2 B8 L 72 ismh 7 v & 2 ORET
Investigation of melt-texturing processes for improving
field-trapping properties of DyBCO melt textured bulks
i R, TR BRI AU Eie, WA KRE, fEE B, T E— (FER)
MIWA Masaya, MOTOKI Takanori, SEMBA Mirei, TOMIHISA Takuma, SASADA Rempei, SHIMOYAMA Jun-ichi
E-mail: ¢5621062@aoyama.jp

1. EU®ic

REBaxCu3zO7.s (RE123, RE : A7 LHATH) SARLYEIs
EIRIL Cu-OLsSHICEBEARTHMEEZ A L, BER KBRS N
0.07 FHEICH VT I0 K B 2 5 @\ SR Te &k %
FIRE 77 KIZBUT 5 mWERAEREE 277, Lol
HOWBfEEae—L AR, KERBRN - KR
PR, ABRED d PRTFRIED T2, FER RIS R B i
RIFUTTFEE L 20 L KD J TR D Je I~ THRD
TR, F94E S ORIREZ (A8 2 Tk & L C REBCO ATl
BERE L 7 BPERSBESE ST & 72, REBCO % BRAy Ik
e bRm LR 2 E L THARESES Z LT
HIDRREER /L 7 1T H— B A A 2 O KRIUHRL B
BT ENTE D, TORD/SIVITNEEEET S
KINBTRIT IV KAWGA BB 2D B OMHE S ATRE <
BV | SERIBIRER A & VO 2B E NMR 72 E~DIGH A
HFF STV B[1], REBCO IARIEEE NV 7 O HERE5RF
PO EIZiEE JAb e KEUEREI TH D, bz, %
WESGRR DRI AR & 72 2 ffHRREIG o0 AT 0 FEBLIC IR, FHAk
WZELN O BEWEE e EN RO bhvd, £ 2 T4HH
WERBICHWE RV OB RKE B LI-RENEERE 7 o &
A DA & T,
2. EBRFE

AWFFETIL, RE IZ Dy i8R L, Dyl23 : Dy2BaCuOs
(Dy211)=7 :3 DE/LED TEP #LERA IR Z iz, =
DORITHERIIBREE ] E D 7= 912 AgO % 10 wt%, Dy211
M OAMED 7212 Ce02 % 0.5 wt%iRII L7z, Zh
Z—dh 7L ALY 25 mmg DXLy BRI L, &R
TREEVLEL 21T - 7% . Nd123 HiER A fEmasm s LT
Ly b EEHRRICE S, JEKEMAXOESIEE AW T
Y ERBIREE D & O B IFRIDOBRA TR E S 7, 7
ik . RE/Ba [EIA4H] D 72 1%02 &5t H, 800°C, 24 h
T|ILT =— V& E L7, BREKIHE COREBROT =
—VEITO, BERBAHIEL 7, ZH0REHIRL T, —
NI a—7 % TR 3 A & F1 -~ SQUID W%
FO TR LIITE KB 5B R 2 3Rl LT,
3. BREELE

B Rk L7 DyBCOVARMEERE /v 7 OIMEL % Fig. 11RT,
ARIRIFRDO T 72y b TA UBRR B AMEHIT LY
UiEh E CH— R AL VOfEEmBRE L L 9 IZRZ 5,
L22L. Fig.2(® FEFBEEIZROLND K512, &K
BRIZAMEEIE SR EN KR EL 2D 2 LI L - T, 4E
b OBERDOEETELEO Y 7 v 7 BELCTND T
EWNGhotz, I T, REITHWE RNV OBKE R
8 L7 R E ' 1 & A Db 2 3 A, IR 0%
Ho D —EIRE CREFHMAR T2 Vot R L2 D &
T Fig. 2b)0 FRFFBEEIZA LN D L 5 Ieumil £ TiF
LAE T Ty DV DyBCO IARIEERE SV 7 DB RLIC
B Uiz, 20207 O, 1 THSETHAITHER LTZ 77K
W23 BRGS0 A & Fig. 3 1SR, 2L 7 R KA,
2 X DHIRRIG R OBGEN AL O N =Y FIEHiTR S

SADOMEEIIE S SEORMMARE N ENG0oT,

HEE IR 2V RO KRBUYRICANT e B B T T —F
L L TIRAMIEE REBCO & L=/ L7 B mEES
DRI ONTHHET D,

BER
[1] T. Nakamura et al., J. Magn. Reson. 259 (2015) 68.
fiti l& ;; L
5 mm

Fig. 1. Appearance of DyBCO melt-textured bulk grown

from a Nd123 single crystal placed at the top surface.

Fig. 2. Appearance of the polished surface of the DyBCO

melt textured bulks grown under temperature
patterns of typical slow-cooling (a) and constant

temperature (b).
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Fig. 3. Trapped field distributions of the DyBCO melt
textured bulk (Fig.2 (b)), which exhibited the
maximum trapped filed of ~0.5 T at 77 K.
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ex—situ SPS ;ETYEEILT= Nb;Sn BBIZE/NILVIKRDEERE 1IEDFEIZR TS
BRENBLUVVIETRDRMHE
Doping effects of various IV and V group elements on flux pinning properties of

Nb3;Sn superconducting bulk fabricated by an ex—situ SPS method
/NIRRT, NS 2 CETR)
OYAMADA Takuma NAITO Tomoyuki (Iwate Univ.)
E-mail: g0321028@iwate—u.ac.jp

L. 1ZL®IC
NbsSn BBAREIR D EEE S He = 24 T (4.2 K) [1] Nb.Sn | ' T !

13 MgBy @ Hy = 10~20 T(4.2 K) k0 @< WA E R - ® o an 3da;/°dT' J
J OBEBAED NSV, E72, RIFERRDZ LD DE g aceed precirsar
IR RO SV 7 A 2 AFTE 5 LIRS = =y on © o]
B, JATIREL D By FT LREC KD ERLI L ) 2 N}J NG § w e
JHREHNTIL KICBWT L5 TofiEsgEen o [T @ @) M AT
72[2], F7o, FEOPERITENT Cu M L7 ex—situ = B ‘ 2 at% Ti i
SPS 1 NbySn /3L 7 128\ T. 10 K T 3 THROHIERSE Y 6 . ' added precursor
B L W L03], AU CudRImc L 2 Nossn £ 5 b N/ A S W N S
DIRHED =T % —F7, Cu OHIZ NosSn BBRERIIC € L 1 at% Ti
BWCHRIVE L OV RIERZRNT 5 2 & CRIGERN r Bl  added precursor -
PRI BT 5 Z LB SN TS (1], L LT Ti, Ta, R T awmn ]
HE OFIMTIEZNDHOTLEN Nb Y1 MOET s Z & " I contained precursor |
T Ty BoWMA BT 2, Fio, Zr TIERE SR OMMIC X Y ! T L
D LB ET D], 2O ED, ARBFIETIL SPS T 20 30 40 50 60 70 80 20
VESL L 7= NbsSn #3/L 7 DGR E > 1 DRI 5 Ti B 20(deg.)
KO Ta DFEINIRIZ OV THET 5,

Fig.1 XRD patterns of Ti—-doped bulks after SPS
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Superconducting properties of CaKFe,As, bulks

fabricated by a SPS method from precursor powders synthesized at low—temperatures
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1. [XL®HIZ

2008 FIZHKRIN-HRBEERIE. 5L LEERFEIS
HoZ DM DB HISIEANSEFIN TS, 2122 &
[FZDF 7. Hy BNEAEISZHERATOHRED
HEDHONTEY., TOHEEFIERELRAILTHS J~10°
A/cm?ZB T[], Bh% JALEEERTZEH122 %
DEREHORBELICMAT, HFit-LBHEIERETHONT
15,2016 FICERFLYIRE STz CaKFesAs, (CaK1144)
X122 RERMFDOBEEFEZFOILICMA. EHLEY
THDHEWND 122 RICIFEVNEAZED[2], LOLEAL, &
REENETTHII L BHMDL—AMTHHIBERIG
TEHE. BBETHBRIIIELREDHELRZIAZ TS,
FERIFINETIZ 122 RBEXY 1144 RIZKBNIVIBAD
BREETO>TETVWEN., LEEOBENSTRASRERRS
BBIZESTWEWR], SO ESLEICH L, |FiE, AN/
FIAIILREEFIALE: CaK1144 D HEBRMEHEHIZER
HEEABENRESNT-[4], FCTAHETIE. KRS
BGEIZKY &R LI-RIBRIAM R MD SPS A T/NILIKREE
BL. ZOBCEHENS/NILIBARIEDATREEEART-,

2. REBAHE

Z4E R CaK1 144 KR X B {KA TR Ca, K Fe AsFALVTE L
T:oArEEIEI’fu’J“EI TRy IRPTIhODEHEFEL, R
—JLSILREZTL A EI0 mm, RES mmD AT L A/N
47’(:Ar§'ilﬁl—u¢nmu_1§z ENIBEE T o1, BV (T
150°C/hTHEL . 600,700,800,900°C T1 20 R{RIF T B L

TEBEEOREILEITo-. BON-ZHE R ERHSSPS
SEERAVT/NILOBEERILE, PSEHIZIAZES . ENINE
#5150 MPa, ;8L —k50°C/min&L7T=,

HH ML, HRBOREICHER X EEIFT(XRD), &
1B SQUID ERHAZRAWTIT = BBREREE J 1L
AL BT —2LVIRERE—ETILEAVTESLT,

3. WEREER

Fig1 [CBHRBR—ILIILINSA—FTESEL. 600°C12 FfE
DEILIBZE L 1= CaK1144 BIERIAI R D XRD /88— %R
FTEBAIRILFT—HU/NELY 600rpm2 B DO RE TIE
CaK1144 QE—YIIRER SN 21=H EEIRILE—%F
L TLKE CaK1144 DE—IAHIRL, ZDEIEMNEZ T
LKTEMNFERTED, CNIEIRILF—DBEMIZHEL, Filk
DAN/TEHILREETLTWNSZEIZHET 5,

Fig.2 [Z 600,700,800,900°C T 12 BFREIERLEF 1T o1 CaK1144
AIER{AIRRD XRD /R —U%FRT, TRTOHMEBET
CaK1144 ME — MR TE, CaK1144 E—VBEILEE L
FIzfE0sR<AR o =, LAL 800,900°CE I TIEERHETH S
CaFesAs; DERBICHEST- MR T NN REELZCEIZKYBH
DAFEADERL ., 900°CEHF TIIE—IRENBET L=,
CaK1144 NELLILEWMTH A EHFEET HE. A iNF
DEENSEBREL 700~800°CHARBETHDIEEZ D,

HETEBIERAM KB LY SPS NILYDRIEBIEE ST
DEFMEIZONVTHRETHFETH S,
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Fig.1 XRD patterns of the samples normalized by the intensity
of (103) peak of K122.
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Fig.2 XRD patterns of the samples synthesized at various

temperatures.
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An effect of OFC plates on the pulsed—field magnetization process
for OFC—plates/MgB,—bulks stacking: experimental verification
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1. [XC®»IC

MgB, BRI LT & O BN R Eph oL T T — (a)
2TV —TD T 2N I LT M T B35, BRI
FETI% 20 K LA FICBITF DB CAVINSL , BIC R 22872 ® Yoke ®
MRICID, 2070 EBPICT Ty I AV Y T 5L
TG EORERBEREL 2> TN, FRED > Th

L3 A E(PEM) TIE AR ORE LN REWTZD cooling
MgBs 7L 7 DR IL R % Tl b LS TV, L. m
Fex OWFGET NV —7"ClL MgB, Vo7 3L L R Sk % Brass
L. Uo7 NSRS Yoke 245 A LT- ARG 230 ® ®
T, PEM{EIZ LD MgBy 7SV 7 Ot BE & L Cldde im0 1.61
T ZERk Liz[1], Yoke
ARl D222 TId, RIEI Th - 7= MR E R DN R 15
RRVEIC G 2 D50 B BN L, IR E R IEE H O AT
BEWAE L, [2] BT, MRS O FEER LT 0
LG K&, BRI DA N2 BB IE T (b)
TSN TS8R SOz,
AR ZETIE, BT [E = TS ST AT R 54 J2BR AT
FET D, T3

cooling

2. EREAE

IRBIECIERL 7= MgB, V77 L7 (4h4% 60 mm, AR 20
mm, FHS 9 mm)2 KE RIS EEREEL TRV, 202
KD MERR B (FM% 60 mm, NEE 20 mm, HS 0.5 mm)ZY
TNV T ETFHICEBEYT, INHEENE L, w/o Cu

plate. w/ Cu plate EFF5%, ERETA /L LT AT Yy haq /LA Fig. 1. (.a) Experimental setl%p. around the bulk and the
£ 72 mm. AME 124 mm. & 35 mm)A IV CAMEBREE A magnetizing coil. (b) The positions of temperature(T1-T3)
EIINL . ZDOWNERICIT IS Yoke 238 B LT, ~L2ITER and trapped field measurements on the bulk surface.
RNAE =% N LTI — VAT —PIZ[H E L, GM(Gifford 60 | : :
McMahon)@ﬁ%(:ioT?ﬂﬂﬁfﬁfﬁ TS =20 K ifé\fﬂbfco W/O Cu plate o T1
AEREP OIS X VR EOR— o TRIELE, 50
F REREIL 076 pm DIOA - AL B EITESS i
T T2, VBRI V73R, Fo 0L MR SR S 3
W 2 fEPET(T1,T2), BEdRa/v A —Seimic 1 fEFn(T3)a% &L 40
7z, Fig. 1 \ZEBEEOBIK X L7 RE DY T % x
R, AR ORI AT V2 K 4 mm TR — ~ 30L
N EERTHIETRHIEL,
3. EBRRE 20 e

Fig.2 IZw/o Cu plate, 75 = 20 K, Bex = 1.0 TIZKIFAH T
1OWE EF- ORI FEEZ TR T, BEROR A EW L 100 é 1|0 1|5 20
IVXFEEAL I KIBJE T = 55 K ThoTz, ZHUSMRHTIZEY Time (s)
/oNFT —F IR — BT 5, FRTIE L7 RIICAE Fig.2 The time evolution of temperature T1 at 7; = 20 K
KRBT HIE TR IEMEZR IR E L ABIITHZE 03 ok after applying the pulse field of 1.0 T.
5, ZHUCKY, MR SRR OB B R I B 2D
SRR TR RGE T D EM A BEL 72D, S &3k

% H %7 ClE, w/o Cu plate, w/ Cu plate DffEHEREIGFF [1] T. Hirano, et al.: Supercond. Sci. Technol. 33 (2020)
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T AT ETHD, [2] T. Yoshida, et al.: Abstracts of CSSJ Conference, Vol. 101
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Relationship between trapped field performance and soft—iron yoke on bulk magnet excited by

pulsed—field magnetization
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2. EBAHE

Fig. 1@IZ, HFREIANZ T T T2 7 BT O RERRER
5y OMREE, e OMRERT — 7 AT e BE = ANV D FEEER T,
PSR ERRERT — 7 THEEL IR Lo THsY, BBk
NATF—VOEIDI—21%, ¢64X20 mm D/3—A P 2—
N, BBEAAZIROAT CThHRE B 03— 71 3#kEk T
HD, AFETIE, Efoa—2% Fig. 1OIZRT ¢ 64 mm
TRALDRIRDZTAATIER OB O, [FX(c) 127”77 ¢ 64 mm
CTHEH 15 mm D7 B AR CIERAD R7p %53 — 0 BELTZ,

FEBRIL, JEE 2 mm @ SUS3I6L o) 7 %A 7= ¢
60 X20 mm @ GABCO » L7k (B ABLERED) %, 2 B GM %y
U (RM20, 7717307 8) D—) )L R~y RO Seiil S BEfE L 72
P T NAT—VICEEL, 20, 50 KIZHEIT S, FiREICE
T 3.9~6.2 T O/ YVARE (37 EREF 10 ms, 2791
& : 100 ms) % 1 RIFDANL, 308F3E i O RGBS & K ONRE D
R L2 E T2, s, 2V EZIDIL CREMRSE f
(FEFE O 4 mm) O E S AZREL, FT—
ANDIRE R R R T2,

3. WRRUEE

Fig. 2 1220 K50 K IZRIT DR B0 HINBG KT
PEATRT, =T RFNEE, AR VBES THOBE R B 5 KA
2L, FOHERHEIIR, I —2ZRNEVIEE R R X
WA, 20 K T t47 &30 2%, 50 K Tl t47, 30, t20 DFEN
DIMEVIERL IR ST2, TNEDOFRERNS, I—7DE AT
TR RESE BT HIEN RSN,

4. FEH

KAWL, TR MR L > B DR E(h A X5 &
ZHELT, 2SILIREA DL ZERED BT WS AR
$IA—IIE AL, TORINRERREIC T TR EE A
LTze TAAZTROT =728 N TIE, £ O ESIEES
DREINIREEETLHIENRENTZ, B, 7oAflg—
ZIZOWTHEREZEITHTHY, 32 BTG EH
HEITDHTETHD, 7035, AL ISPS BHifF#E 20K04449 D
Az b DTS,

sample
stage

vacuum
chamber

Fig. 1. (a)Schematic of the magnetic pole part of bulk magnet
when setting an exciting coil. (b) Disk—shaped yokes with different
thickness. (c¢) Cross—shaped yokes with different thickness.
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Fig. 2. Comparison of the total magnetic flux, @, as a function
of the applied field when using t47, t30, t20, t10, and t5 yokes
at 20 and 50 K.
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