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Estimation of required resistivity of conductive buffer layer for REBCO wire with new structure

o AR AR S Il AT B, (RUR)
DOI Toshiya, MURAMOTO Shuhei, UCHIDA Tsubasa, KAWAYAMA Iwao (Kyoto Univ)
E-mail: doi@device.energy.kyoto-u.ac.jp
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Fig.1 Relationship between the distance from the normal
state region and the current ratio flowing in the YBCO layer.
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SUS316 2k ~7-%%, ZDEVARIZNI o X2 MiL7- 5k %
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L7z La-STO/T — 7 & L S 720k RE <, Rk I % 1%
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Ae ]

YBa,Cu;0;

Fig.1 The configuration of the patterned
YBCO/La-STO/tape.
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'--lnnl.......

[

Fig.2 /-V characteristics of the YBCO/La-STO/tape
measured at 77 K by applying electrical current parallel
to the longitudinal direction of the sample.
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0 50 100
J[mA]

Fig.3 I~V characteristics of patterned YBCO/La-STO/tape

measured at 77 K by applying electrical current vertical
to the tape surface.
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1. T. Doi, et al.: Abstracts of 1SS2021, (2021)
(URL: https://www.isupercon.jp/iss2021/program-site/p
rogram2021/abstract/wb/wh1-4.html)
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Superconducting rectification characteristics of REBa;Cu30, thin films by controlling the surface barrier using
superconductor and metal layered structure
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Fig. 1 The rectification characteristics in the REBCO tape from
SuperOx(2G HTS). The inset shows the diagram for the current
and the magnetic field.
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Fig. 2 Field dependences of the critical current asymmetry Asym.
at 77 K in the REBCO tape from SuperOx with after removing

(A) and after deposition (@) of the Ag layer.
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Resolution enhancement of magnetic images of REBCO coated conductors acquired by a Hall
probe array by using machine—learning super—resolution
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IR CRET OB EE OET V% Fig. | (TR T, RAET
77 (RRDB)& fli 4 B T RN =2—F LRy NI —J D
ZFHL T D, RTR-SHPM  CHa7= 5 fif 45 2 o S 4 %
Ground Truth &L T, KRB E AT LVELNDH B O
By REMEEERL., FEICLo TRELIRBT 58
VB FIARIE D/RTA—BERE LT, Z2C, iR Z2BHITIT
Hi 7114 & Ground Truth {20 Pixel =& intensity DZED
SEEMETHD L1 KL SRITTO=2—F /L Xy MNEIZBT
LR~y 7 Da—s Yy NEHECER T 5307V K[3]
LE BIET A S DR THWE, £, Ry by —2 0%
EZTIE 500 MO A T HEiGE Nz,

3. BREGHNIMERSIUER

Fig. 2 \ZBGB M IR RE RS, LICATELTHW:
TapeStar™ O SERHE A | gL TG L H TEG A
(Z[F U & T RTR-SHPM O I 5% F(Ground Truth)Z 7~ 97,
RN EEAEAL, T RIS i 2 T, BRI E ST
TapeStar™ |2 L2 M E B DG EE RS KIFIZ A ELTODEHR
53D,

LR input

Generated SR output HR Ground Truth

Fig. 2 Super-resolution results for normal region (upper) and
end region (lower). From left to right, TapeStar™ image,
generated super-resolution image and RTR-SHPM image at the
same position. The sample was a 4-mm wide 100-m long
REBCO coated conductor.
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Characterization of local [, inhomogeneity in long REBCO coated conductor by introducing

object detection to magnetic microscopy

Somjaijaroen Natthawirot, AZEFENG, A RFIF, S5 85, B H
Somjaijaroen Natthawirot, Takanobu Kiss, Kazutaka Imamura, Zeuy Wu, Kohei Higashikawa
(Kyushu University)

E-mail: n.somjaijaroen@super.ees.kyushu—u.ac.jp

1. Introduction

The importance of spatial uniformity of local /. in
long length high-temperature superconducting wires has
been increasingly recognized in recent years from the
viewpoint of reliability and stability of the applied
equipment as a required specification [1]. By introducing
machine-learning based image classification into reel-to-
reel scanning Hall-probe microscopy (RTR-SHPM), we
demonstrated that we can classify magnetic images
automatically into defect region including local obstacles
and normal region with high reliability and
reproducibility from thousands of images taken from long
length REBCO coated conductors [2]. In this study, we
further extend this approach by introducing object
detection in order to detect local /.-lowering regions. This
method enables us to obtain not only the position of the
obstacles but also the size and its influence on the
positional local critical current over the defect region even
under the influence of intrinsic fluctuation of /. in the
normal region, which are difficult to detect by the
conventional local /. criterion. By applying this new
technique, we have also succeeded in obtaining statistical
properties of local defects, which have not been clarified
so far.

2. Experimental and analytical methods
The object detection model was developed by
adopting convolutional neural network. We trained the

model by using 19 magnetization current images at

obstacles by labeling them obtained from the RTR-SHPM
in a200m long CC. At the end of the training process, the

model had good detection with an IoU score of 0.76,
which was a highly reasonable value for detecting the
objects.

3. Results and Discussion

Fig. 1 (a) shows a typical image of a localized drop
in the magnetization current detected as a defect by the
object detection using bounding box prediction. The
rectangular box indicated the inhomogeneity caused by
local obstacles as an extrinsic effect. By integrating the
local sheet current density across the width, we can obtain
1. as a function of longitudinal coordinate as shown in Fig.
1 (b). It should be noted that the critical current at the
position of the obstacles is still reasonably high value of
272 A. Namely, this type of local inhomogeneity is hardly
possible to detect only from the local /. criterion because
the fluctuation of /. is caused by both extrinsic defects and
intrinsic distribution in the matrix itself. Hence, deep
learning-based object detection is a promising technique

757

300

2904

280

270

260 -

Critical current, I (A)

250 T T T T
0 10 20 30 40 50

Longitudinal position (mm)

Fig. 1. Result of defect detection result and corresponding /e
long the longitudinal position. (a) J. mapping image
recognized the defect at local /. of 272 A. The size of J.
mapping image is 50 mm in length and 10 mm in width,
respectively, so the image is shrunk in the longitudinal
direction. (b) local /. as a function of longitudinal position
in the same image.

to recognize the defect easily and extract the more related
information that is helpful for guiding the process
development of the long REBCO coated conductors.
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[

Fig. 1 (a)Single-layer spiral coated conductor and the coupling
current, and (b)double-layer spiral coated conductor.
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Fig. 2 Magnetization loss per tape of single-layer spiral coated
conductor vs. magnetic field amplitude.
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Fig.3 Magnetization loss per tape of double-layer spiral
coated conductor vs. magnetic field amplitude.
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Fig. 4 Magnetization loss per tape of double-layer spiral
coated conductor vs. frequency.
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3. ERHER
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Table 1. Specifications of pick-up coil

(a) (b)
Height (h) 38.9 mm 69.3 mm
Width (w) 39.7 mm 69.2 mm
Length of one turn (1) 46.73 mm 79.72 mm
Number of turn (N) 132 132
Calibration factor (C) 2.026 2

Table 2. Specifications of sample

Conductor width 4 mm
Conductor length 50 mm
Number of filament 5

Copper thickness 20 pum per side

L_lqmd. Liguid nitrogen
nitrogen or hilium
Insert {
dewar S

Sample

Pick-up
|_— coil

Compen-
sation
|_— coil

N

«
Crvostat Magnet
(a) (b)
Fig. 1 Schematic view of measurement systems.
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¢ ®
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1000 10000 100000
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Fig. 2 Eddy current loss of copper wire vs. frequency.
10°

(J/Im/icycle)

QIT'I

10 100 1000
f(Hz)
Fig. 3 Magnetization loss of the same superconductor measured
by measurement systems (a) and (b).

51030 20224E RPN TS - MEESA



1A-p03

SCSC r—7w

SCSC 7—J L DM EFAFR D EH (2022 F£5&) (3):
ANAZIWEBKRIZEFREFATAD RN VI F - REFHEICEZLEE
Progress of R&D of SCSC cable in Spring 2022 (3): Effect of current-sharing of metal core

on quench behavior and protection of spiral coated conductors
FF K, BEES A, WE W2 OTK)
XU Guangwei, SOGABE Yusuke, AMEMIYA Naoyuki (Kyoto Univ.)
E-mail: amemiya.naoyuki.6a@kyoto-u.ac.jp

1. Introduction

When quench or thermal runaway occurs in a spiral coated
conductor, the current sharing by the metal core is expected to
reduce Joule heating in the coated conductor to prevent it from
burning out. In our experiments, we attached the voltage taps on
both the coated conductor and the core to measure the voltages
along the coated conductor, those along the core, and those
between the coated conductor and the core (shown as Fig. 1).
The hotspot temperature and the current shared by the core were
calculated by using measured voltages.

2. Experimental method and samples

The coated conductor used in this study was the copper-plated
(thickness of the plated copper: 20 um) coated conductor
SC2030 manufactured by SuperPower Inc. The width of the
coated conductor was 2 mm. The core of the spiral coated
conductor used in the experiment was a copper tube, whose
outer diameter was 3 mm and thickness was 0.5 mm. The total
length of the spiral coated conductor was 230 mm, and the
length of the effective section (the section between two current
terminals) was 100 mm.

We prepared two short samples with two different insulation
conditions (shown as Fig. 2): sample A was the spiral coated
conductor without any insulation on the core, the current could
be shared anywhere; sample B was the sample in which the core
was completely insulated from both coated conductor and
current terminals. Each sample was conduction-cooled at 55 K
as the typical value. The normal zone was generated by a small
resistive heater attached at the center of each spiral coated
conductor.

3. Experimental results and discussion

The hotspot temperature and the current shared by the core
were calculated by using measured voltages. Considering that
the temperature between the tape and the core was unknown
after activating the heater, we defined a coefficient a:

_ Tcore _Top
a=—"—r Q)
Tlapc_Top

where Tcore is the core temperature, Ttape is the tape temperature,
and Top is the initial temperature (55 K).

We conducted the calculation by using ¢=0.5 and a=1. Fig. 3
shows that o almost has no effect on the calculation result of
hotspot temperatures. We also calculated the current using these
two models, the results also show that the currents are almost
independent with o, so next we only show the result of a=0.5 as
the example. In addition, comparing between Ta and T in Fig.
3, the hotspot temperature of sample B rose quickly rather than
that of sample A. This result shows that the current sharing can
suppress the hotspot temperature and protect the tape from
burning out.

Fig. 4 shows that large current was shared to the core in
section 3-4, while almost no current was shared to the core in
section 5-6. This result indicates that the current was mainly
shared through the contact resistance in section 2-5 within about
50 mm of the sample.
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Fig. 1 Positions of voltage taps set on the sample.
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Fig. 3 Comparison of tape hotspot temperatures of sample A
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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 6 5
Number of tapes 16 19
Cable critical current 2.08 kKA 2.47 KA
Outer diameter 3.60 mm 4.41 mm
Length of cable 100 mm

Tape structure
Coated conductor width 2 mm
Filament width 0.36 mm
Number of filaments 5
Thickness of copper layer 10 um
Thickness of coated conductor 55 pum
Conductivity of groove 3.0x10° S/m

Fig.2 Frequency dependence of magnetization losses in
SCSC cable with 2.5-mm core
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spiral coated—conductor cable considering current distribution among layers
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Fig. 1 Circuit model for spiral coated-conductor cable with
three layers.
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coated-conductor (SCSC) cables for carbon-ion radiotherapy

& B, S Al (R al iz (BUEND WS Mz (ER)
LI Yang, SOGABE Yusuke (Kyoto University); IWATA Yoshiyuki (NIRS); AMEMIYA Naoyuki (Kyoto University)
E-mail: li.yang.8i@kyoto-u.ac.jp

1. Superconducting scanning magnets

Scanning magnets are important components of
scanning system for carbon-ion radiotherapy. As shown
in Fig. 1, a scanning magnet (SMX) generates
time-changing magnetic field to bend carbon-ion beam
on x direction. Combined with another scanning magnet
(SMY), 2D scanning of the beam at isocenter can be
achieved. Fast scanning system developed in Heavy-lon
Medical Accelerator in Chiba (HIMAC) uses scanning
magnets [1] that operates at high frequency, and
scanning system is installed on a rotating gantry [2]. The
size of scanning system should be as small as possible to
reduce building and operating cost of rotating gantry.

A possible way to reduce the system size is utilizing
superconductor scanning magnets. This measure will
significantly increase generated magnetic field, which
means increased deflection angle of the beam. With
same scanning area, increased deflection angle allows
shorter distance between scanning magnet and isocenter
(smaller scanning system).

2. Beam design and magnet design

We started with beam design of the scanning system.
As listed in Table I, length of scanning magnets and its
distance with isocenter are adjusted to maintain same
scanning area (around 300 mm x 300 mm). The length
of scanning system is expected to be reduced by half
with adaptation of superconducting scanning magnet.

Also, for the reduction of cable usage, iron yoke is
adapted in the designed scanning magnets. Iron yoke is
also helpful in generating uniform magnetic field and
shielding magnetic fields.

3. Coil design and loss estimation

The superconducting scanning magnet operates at
high frequency around hundred hertz, requiring the
adaptation of low ac loss cable. Therefore, spiral
copper-plated striated coated-conductor (SCSC) cable is
chosen as the cable candidate for the superconducting
scanning magnet. SCSC cable has better bendability
compared to other coated conductor cables such as
Roebel cable. And thanks to the striation and spiral
geometry, SCSC cable shows small ac losses in high
frequency magnetic fields [3]. Parameters of coils in
superconductor scanning magnets are listed in Table II.
Note that each magnet includes two coils. And each
SCSC cable has critical current of 264.8 A.

We conducted ac losses estimation based on the
experimental results on SCSC cables [4]. As listed in
Table II, ac loss in superconductor coils are considerably
large (~1.5 kW) and requires further reduction. It might
be achieved by appropriate magnet design that reduces
the magnetic field applied on coils, or development of
SCSC cables with better loss performance.

Deflection angle X

Scanning
area

—__—

Distance with IC

Isocenter
Fig. 1 Conceptual illustration of scanning system

Table I Beam designs of scanning system

Normal conductor
scanning magnet [1]

Superconductor
scanning magnet

SMX SMY SMX SMY

Max. magnetic

0286T 0190T 1.000T 1.000T
field
Length of 04m  07m  033m  042m
magnet

Distance with 8.4m 7.6m 2.8m 2.2m

isocenter
Pole width 90 mm 140mm 110 mm 215 mm
Pole gap 40 mm 82 mm 40mm 110 mm

Table II Coil designs of superconducting scanning

magnet
SMX SMY
Turns of each coil 16 16
Perimeter of each coil I.1m 1.5m
Total length of cable 358 m 483 m
ESt(‘;.r;a;e, dzg; II‘ES 6 Cgb[:e]s 0 362Wm 362 Wim
Estimated ac losses in coils 1.3 kW 1.8 kW
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Research on reservoir computing using time—varying electric fields in superconductors
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Table 1 Specifications of the HTS coils for the WPT system

Coil structure

Circular coil | Square coil

L
Number of turns ! 80 ' 87 ' 80
Self-inductance (mH) ! 23 ' 2.7
Gap between turns (mm) ! 44 ' 4.1 ' 44
Length of HTS wire (m) ! 113 ! 123 ' 140
Inner diameter (mm) 1 100
Outer diameter (mm) 1 800
Air gap between coils (mm) | 120
Critical current (A) , 240
Width of HTS wire (mm) . 4
1

x Type A (Circular coil) R

a Type B (Circular coil)

o Type C (Square coil) R

0.1

AC loss (J/cycle)

0.001

0.1 ]p/Ic 1

Fig.3 Numerical results of the AC loss per cycle in the HTS coils for the
WPT system as a function of transport current.
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Fig.4 Analytical results of the receiving power of the WPT system as a
function of gap between coils in rail longitudinal direction.
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Fig.5 Analytical results of the efficiency of the WPT system as a
function of gap between coils in rail longitudinal direction.
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Development of induction heating device for aluminum extrusion molding using HTS magnets
(4) = Overview of heating test at rated power
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Influence of Racetrack Coil’ s Straight Length on Levitation Properties
in Magnetic Levitation System

R ==K, RHE AR, SR A, R (R S BEAR (B (BRE N K)
NAKAMURA Kota, SONODA Shogo, TAKAO Tomoaki, NAKAMURA Kazuya (Sophia University);
TSUKAMOTO Osami (Yokohama National University)

E-mail: k—nakamura—319@eagle.sophia.ac.jp

1. [ZC®HIZ

ez 1E, HTS 7L ORGSR 5% U7 W 5| TR
KR LV AT BERELCOD[2], 2OV AT AL, HTS 2
AV, HTS 73V BREEPEIR (88) L — L s DA R S Tud,

FATHFIEIZ BT DT IV TIL, HTS ALV ORI
THY, ERLIZANT TETAOFAREIER U, Skl
— B HTS aANVNBRKEITAH T, ZOZE05, HTS =
ANIDIET AR AL — TR B BES T A L
MTERpN, Z2Z T, aA/VOREMEHDL — ATy 78l
LB NARRT A,

2. FLRBLBITETIL

Fig. LIZET VO 2 Rt &7, $kL—/LEHTS 2302
MIOMREE Gap LTEFRT D, SMELICEY Gap 3/ hS<Te~T-45
B, VT ORESERTD RN I ST, SR — VIZBIET D
B35, oF0, $iL—n~OW 5 b0 T,
Gap B ORELIRD, KEKHIAMNELIZEY Gap NREL o7z
Lh, 2SIV MNBImEE DT, S — VICEET DR
NS5, £o7C, gk — b ~OW B IHIEINT 5D T, Gap
PINSL 2%, LA EDS, T2 MBI R LT Ra W 5 |
EHFROR BRI TH S, £, AKFFETIE, $i—L~D
W5 RO EAELCERT D,

Table 1 \ZHMB-FEERT, L—ARNT Y7L OEB
DESE CLEHEL, CITLATE BT~ RBE T L
7o CERIETLREIC, HTS 2NV RO — L ORFT5
MOESHELZ, L—ATv7aA(/L O ETRIE 180 A
ThD, NTIIAREZEN—ADTI2L—a YT W=
7 TdhDH COMSOL Multiphysics®% VN THro7=[3],

3. FRMTHER

T Bt RE B Fig. 2 14, BRI = L B ER IR
B G, T Gap ZEALSETZBORKNFE L THA, G
%0 mmA>5 1000 mm ~HIATSE 728, B Ay# £ 7113 10.0 ke
N5 19.8 kg EFTHEMULIZ, 2L, A NVOEREHEGL
— ARGy NI LT Z IR, AR L AR R O AH A
VERIC L DR &, ERR THRAET DS L — VIR A
LizinbiZ & 2565, 2FED, gL — R AT Dk
ENMAEOET VER L THEINT 500 Thd, LT, 2
AVERRE LR DITE, L — LITIB AT DR B
327280, # EJ1m BICERST-EE 2605,

PLEXY, af VEBHE R T2 TE L2 m EL
77

4. FLoH

ARFZETIE, HTS aA VO E HIENDLL—ART v 75
LLTEETVERZEL, L—ANTv7aAf /VEB O EXEE
(EERDHZEICHH LTz, TORER, K% ETERED
FEEDBIMCLY, kL —/L IR AT D5 S0 845
ZEZEST, HIEOET AIOGIA EL,

Z

x‘—iy

Ferromagnetic rail

I Gap
HTS bulks
i | |

HTS racetrack coil

C

s

Fig. 1. 2D illustration of racetrack coil model.

Table 1. Specimen dimensions.

Dimension [mm]

xX yX z(350+ C) X8 X 16
x X yX 2090+ C) X 20 X 2
xX yX z(60+ C) X 10 X 2
Inner dia.: 60, Outer dia.: 97,
height: 9.7, C.: 0-1000

Component

Ferromagnetic rail
HTS bulk (upper)
HTS bulk (lower)
HTS racetrack coil

Peak attractive force [kg]

.'0"’—
10 (o] 1

1 1 1
0 500 1000
C, [mm]

Fig. 2. Influence of coil’ s straight length
on peak attractive force.
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Development of superconducting magnetic bearing for flywheel energy storage system
— Stability of Rotation —
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Fig.2 HTS coil current and rotational speed.
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Control of crystal array of YBCO film prepared by MOD process
using Zr-patterned substrate
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D R AIFHESNTELT, £, BETANZXIHELEIND
ifi B 778 2 Jiii 7= 2> BA il CUX AR >y o 7m, ARHFIETIL,
TFA-MOD REBCO D R E B LOREE 7 4/ 2 D%

Z4T\N, TFA-MOD REBCO HEBEAMK R+ 15 Jo Z [AI R I 72
J &, EETAVZ DT E JIED 100W(5 GHz, 35 K) &4
HHREMEMNBHDZEEH LN LT THET 5,

2. TFA-MOD REBCO D {ESRLFs JOFEAT

Ry DHIEBLOT 4 NE72E D~ A7 0 s/ ERID 7=
(2, KRiHEiFE(25mm /4 LL_E)D TFA-MOD REBCO 723 238
T&HD, TFA-MOD % W T, 25mm 4D CeOr /N7 7
R-ALOs ik E1Z REBCO D (E#LZ #7072, Fig.l 1Z
25mm 40 TFA-MOD REBCO 5z 7rd, AL a—HT
WRIREEAT L TODID 4 DHITIRIENRE) 7285y 13
53, REBCO BNEMmIZTETNDIENDLND, Fig2(a)ll
25mm i TFA-MOD REBCO DS E AR (T:) 5y
fi% ., Fig. 2(b)0WZ Je 534 (77 K)& 7597, Fig.2(a)2 b, Te I3
BIRTHE—ThdETRIESND, FT2. Fig.2(0)1 0, Jo 13K
BRTY—ThHETHIEIL, 25mm A OFEM B 7o
R KA H 95 REBCO HIENMERITE7-EE 2615,
TFA-MOD REBCO 7o Ry 2 EL, 1.3 mQ (22 GHz, 15
K)Z&7R LT, R \SOWTIL, 2 H BN~ D,

3. EETILADHKE

Fk 2 13T REBCO A T 5 GHz 4 Bt DR~
ANV ONERLAEATO TiFEE JIEA 5.3 W(5 GHz, 35 K)Thb
ZEEWBNILIZ[3]. ZOfEE JEIZ, TFA-MOD REBCO
% A= 0ME 7 V2 Ot E 1B E A1 T -T2, Fig.3 12
BRI S 22— ar RO TREI LR E 7 V4B
FOE W EE YR T, YIab—ariE BRaewic,
TFA-MOD REBCO % = 3645 7 4 V2 Dt e S i D
FHRZITV, Y B RIS~ 2 28 B 100 W(5 GHz,
35 K)EB R D AHEME NS DZEN DT,

4. F&&H

P)— 7B 544545 25mm 4 TEA-MOD REBCO i
MEAFF D, Z D% FHN T 25{E 7 4V X Ot 71 il 1%
100W ZHXAR[REMENHHZEEH LN LTz, 551, 52
BRI 7 LB 2R THE I EOREETT,
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1. K. Sakuma et al.: Jpn. J. Appl. Phys. 58, (2019) 053001
2. K. Sakuma et al., Jpn. J. Appl. Phys. 57, (2018) 033102
3. N. Sekiya, Physica C 530, (2016) 117
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Fabrication of superconducting shield materials for DC magnetic field by YBCO

HSUEE, SR 55, ARERkeE JUNR), H EBRE (&R 1K)
TAMARU Jun-ya, TERANISHI Ryo, INAKUMA Masataka (Kyushu Univ.), INOUE Masayoshi (Fukuoka Inst. of Tech)
E-mail: teranishi@zaiko.kyushu-u.ac.jp

1. [ZC®HIZ

ARG AT — 2 —EOE RIS TOEEI2IE, %
T DR AR T AN B N E LD AN D, By —1
KA &L CUEBRBENE AR Z VB0 D EBRERZ VAL D)
WEIILTWALL2], BIREEEL T, YBa,Cuy;O7 5 (YBCO)
1390 K 282 5B EEBIRIE LA L WA EN DRI
FMHT L, BHAANDOBLE TR A R’HD, YBCO 1HZ
NETIAZELWIAF & L TERIEN TETWDS, o —
JVRMELTHRIH T DIZIITERO A HENRLD @AW ERHE E
N5, T, MR TORGERZ BB LIS A2, R
THHZENRSEEND,

xR A HERESTRERERICIERL, ZhET
YBCO By RZEMAT-MHAERL DS — /LN D VERIZ T
53], UL, BEARRAYRL 11290 T 5 Z & Bk O
iR AMKL R 7 18] CORL 7O FEHEAL B LOHE KSR
BD—DL7p o TN, T, RUFFETITIAR LT YBCO
TR CIERIT A Lk o mE LB I UM KIC K
DS DBER N R A MU T,

2. REEAK

AWFFETIL, HeeD72 YBCO Hiflgs — Mt &4 HEbR
BIZVERIL 72 YBCO AL A Ui 7=, A OFERIZIX
YBCO ¥R (B 5 RVEAT R, BRI 3.8 nm) & PET #i5%
FNz, By ek PET fHE2 vol%C 60:40 [ZIRA L CHE#E

U, 77V —5—% W THERL T ¢V DM B T ULT-44

Ry b7 —hEHWT 85 CTRIDN 135 CT 5 oBLU 10
SYELERL A7 (Resin sheet & 3250) . £7-. YBCO Efd[A)
XY :Ba: Cu=1:1.5:3 DENALDIIE )R A
B N —~a A FR SRR 7=, iR & b Bl A =
—hL T 430°CTIREET D TR 3 [BIRB L5 AL, %
D% T80°CTABEL , 400°C TEEAHRE T =— /L L7z (3 [EIFB L5
[AlEA AR 2 F N E 4 Sample3d 333108 Sampleb L#5) .

ORI D ERAR DO FEITIE X FRIETEEEXRD) Z

We5 s — VR ROREIR, K AW A Z TS EN N Z
1T TR a4 2 B EZ T T VT,

3. MERLEBR

Fig.1 {2 XRD (2 LA E A D[RERS F%& 7~ T, Sample3 35
J O Sampleb (23T, Wb YBCO FRIZHE K9~ EHTE
— I DMBELS L, FER B ERD [7)C YBCO AAERRL THA N
TRENT, F-. YBCOFHDE — 7% FV TR 45 I FE A b L
7ofE 5. Sample3 BE N5 TENLIL 674 F5L 10948 L7220
JEIEAL L 7= Sample5 13 3 L0 YBCO RN L <AFAET HIEN
RSz, 7ok, TOMOERMEL THB B RO EFED
ALY & Cu DEREW7e L DIFEL RENTZ,

Fig.2 (2R L — VR 3RIE OfE Rz~ 3, 163D YBCO
RS — Mg LT, 28—~ A St BI/ERIL 7 el
1] YBCO EZEFCE S — LR ROSRE, SMERRES AN 10
mT TEEGTAHEK) 40 [5E72o7-, F7-. Sampled & 5 Z Lhig
T 5L YBCO Ki N L\ Samples D — VR F X
Sample3 % F[alA%E Fe7p o7z, Mgkl XRD JIE s Fnb
R RBER 0 ZHAED, 25 6 OEND Te ik L5
F[4], Sample3 BLON5 TENZLN 0K BLON86 K &7po

o @ YBCO
:’ A Fes04
O Nio
E N A— § ]V Y5CU,05
o SMm a8 3 o o
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Fig. 1 Results of XRD measurement.
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Fig. 2 Results of Shielding rate for the prepared samples
at 77 K.

77 ZDTEMD, WH DT — LRROEWTIL Te DIFEWD
AL TWDOLEDEEZBND,

PLEJY, YBCO hiT-om FetE ks LUK T-E oo Hi RIT
Ko T — VR %A B CEATENMGESIT,

BiEE

ORI, ESLAFSE B AN BT = RV — R
G BT (NEDO) Offizet H it o A7 KFE 7 ay
I NDFEBEL THRLNTEL D THD,

SE R
(1] faBEER], FmAk, 12 (1991) 31-37.
[2] BT & AD, 25 98 [H] 2019 4F ¥ HFZMKIE L% - B EE %

S EHMEEE 76,
[3] FPE 525, #5101 [H 2021 4FfEHFEZTKIR T - BB E 7
D EAEEAE 117,

[4] J.D. Jorgensen et al., Phys. Rev. B, 41 (1990) 1863-1877.
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Direct growth of REBCO melt-textured bulks with complex shapes
by the Single-Direction Melt Growth (SDMG) method
JuA BEH =R R, AL FES (FER), A B(TEP), T —(F5K)
MOTOKI Takanori, MIWA Masaya, SEMBA Mirei (Aoyama Gakuin Univ.), NAKAMURA Shin-ichi (TEP),

SHIMOY AMA Jun-ichi (Aoyama Gakuin Univ.)
E-mail: motoki@phys.aoyama.ac.jp

1. [FLHIC

REBCO I&AlEERE SV 7 1%, SRS 2 it CT& 7= 08k
NIBEERG & LTSN ST 5, FARREERE /S
L7 1338 . Top-Seeded Melt Growth (TSMG) 572 E124X
FKEND VT FEICHE LIRS ZES L LR
2 K DR E THE T B 72 TR S B SN E T AT AR
£T% c-growth FEIk & R H IR T 2 a-growth FEIK
T & Te, NV 7 OREE ST IANC X > T RE2BaCuOs (RE211) #7
Hi O TSy SROFE RISV NE U, 2 e J)OMe L CHl
PR FFE DY) — RIS 5, T E TR A IR H
— R AR AN © 72 D VR TR NV 7 DR AT RE 72
Single-Direction Melt Growth (SDMG) {4 BA%s L& L C
&7, ARFHEIE, A HETCEORZL S REBCO DOUihiE
E(T)DZEZFIFA LT, @ T, DB O TSMG 7NV 7 &)
PRIZEIY H LT seed plate & L, D LI 17 %
FRE T A — RTINS R R ST D FIETH 5,
2. ERAE

H ARSI GABCO & L < 1% EuBCO &@hkERE v 7
Z[001 T AEAERTE T NS 725 K H IV H L7= i & seed
plate & L. Z® ki YBCO 3 X T DyBCO HEfEA~<1 >
hE&F%E L. seed plate D T, LT CHEME S HEHZ2 LT
PNV BED c-growth FEIEAN 572 D SDMG {EVARIEER /S
N7 BVERILUTZ, 7238, REBCO XL v hZi, TEP #hfl
JRE B (REI23:RE211 = 73)Z Tp, K F &E 572 10 wt%
D Ag:0 % RE211 DML D728 0.5 wi% D CeO2 & F 1
ZFRIRA LT b OZFAWTW D, B4 IR D& % v
THZEMRFEBRE ZDEEER Ly M2 —@7 1 X
(~100 MPa)lZ 2 ¥ %7 L, SDMG 1% CISRIEEE SV 27 2 F
LTz, TXTO/IL T2 T, seedplate 7> 5 )0 BE L
72 1%02/Ar 7 B —H1 850-900°C TOIEILT =—/L %17
W, B I 425°C TREIFMOBBET =— L 21T 72, Hliie
WL PRI R IR IE T T 2T £ TOMSE THEIE, &
— L Fa— I LD EHME L,
3. WREER

Fig. 1 IZ EuBCO seed plate {2 SDMG {ECTHRK L7
DyBCO VU > 7 )L 7 O Z RS, Rl £ CIEREE
VT R DOJERB A B, U > 770 7 ERICHE SRR
B LTOWDERT DRSNS, seed plate Sz DOl
PR 53 % Fig. 2 1T, RIFICEHADIZE AR BN
TR TR A S L TR AT T 0 L SV 7 RIETT
~04 T, VI HNET~0.6 T D KMILHES 2~ L7z, &
T 1T S HIC—EThH ab BHADORITHND Z &
ZARAE LT, Fig.2 OB /370 5> & Biot-Savart D iR
R 2 & THEE LTz, EE S LD IV 7 WEIE B 5y
fii% Fig. 3 (\ORT, HEEITITEER A2 F D TRy,

2NV T DIGIR % SO U 7o — AR RO IR 00 FE i 485 B2 43 AT
PHEE Shlz, SDMG EZ VWD Z LT 7 ko &5
IR DNV Tlo > THEBEFRNAIRETH Y | &
DAV BRDY c-growth FEIKD B0 6705 T & % [k
L7z MR D BB 2 R~V RGN D 2 & %
FREL7Z, ¥ AL, SDMG 7 V7 /seed S OFGHEFA AL &
EIRIEIT Y = — VIR OB & 2 ARG Rt O Kig
BREHENRICOVWTHRET D TETH D,

[1] T. Motoki, Y. Yanai, K. Nunokawa and J. Shimoyama, Appl. Phys.

Express 13, 093002 (2020)

ing bulk

Fig. 1. Photograph of a SDMG processed DyBCO ring bulk
grown on [001] oriented EuBCO seed plate.

-10
y/ mm x/ mm

Fig. 2. Trapped field distribution at 77 K above the surface of
the seed side of the ring shaped SDMG DyBCO bulk.
=

Estimated J / kA cm™2

Fig. 3. Estimated current density distribution calculated from
trapped field distribution in Fig. 2.

B
ARFZEIL., BHIFE(19K05006) DBk 2 Z T 1= H D TH 5,

51030 20224E RPN TS - MEESA



1B-p06

1. [ICHIZ

REBa;CwsO, (RE123, RE : 7 H3HT )TN ERIRE
71K &R DEW T2 AL, @i FIZBWThEv f#
REBCO VARUNEEE SV 7 13 PNHEE % J8 1819 % K A EFIC

D KA & R & < BB 25 S REE O RS T T%U\
TR BAREG AT & O T2 H L NMR 78 E~ Ot S HFE
ENTWA[L], Z® REBCO IAEREEE /L7 OFfLmHS
¥tk BT REERZ AR THDH, LirL, B—0ff
fidelZ X 5 REBCO ERIEERE NV Y DB TIZ ALV O
KEUVIZ Y, B AR KIS AR L, WEHESCHE
WNMETT 5, £2C, B For— ReRAnzRR
2NV BRROWERBAFENITHOIL TN DD KA A CE O
REBFREEOBETAMEL 2> T D, —J, BHHoE
FRBERRE L 7 (2% DB R E A ;5kﬂm#%z5
o ARFZECIE, IR EMIEE O REBCO %/t L /- B =B
AFICERLE, L2L, ZRETIKHMESNTHD L
7 MBEEHEA IR, ¢ BT EATIZE 0 Lie v 7 o
ab HHAIOHDKEZFIR L7846 7T, BARE OV
T v 7 OEFRARHM OHEFEIZ Lo TRV HEEH O
REFEMIRTRBE L o TV, 22T, AT
3L 7 O TRE e RS A TERCE B BT, c s L
TR Z DT TLy7 280 H L IRES IR REBCO %
ML TabENE cBIHFIAIO 3 RICHIZ: PREE OFETRE
m;é@ﬁ%ﬁ%ﬁﬁk@f%%#éo
2. ERAE

H{E®D DyBCO ¥ ﬂ(EAW7%c%’ﬂLT@ﬂ%O
JCEIT L., MEEATL I ERA, BAPRHE
mmo;@@%ﬁgmﬁwYmo%%mbto
Y123 : Y2BaCuOs (Y211)=7:3 OF/LHD TEP RS
R I s B 1) E & BERIRE OIR T O 72912 Ag0
%5 wt% % KEE RO 72 PVB & #HN L 7= EtOH, BuOH
BB Z, R— VI MBEZEITH Z L THEEAA
SY—%RFELTZ, ZOXT Y —52HESEIZEA L,
DyBCO O ElfHiRE L T COEVLEIC X 0 B=EREA TR
R, ZOBULERE . RE/Ba EEIHE D7D 1%0,
KR, 850°C, 24 h TBILT =— /L %M L. fcf%lc BRI
DEEFET =— VIV FRZHL ., DML,
3. #EREER

whE %@20 ZHIr L 7= R HE D DyBCO IR RlEEE /S /1 7
RED 77 KT DRG0 % Fig. 1 12737, YT
HFICEFRBTRINL N & & ik L fifeiio v —2o
DIYRPHGRTE 2, I, Fig IR LI 2L 7 ITRF L
‘CWEOE%ﬁLT%B%%@LK%@%%@%%ﬁ%
Fig. 2 IZ/R9, E—27{F—DIlZ72 Y, YBCO J8% 4
DyBCO & FlEEE /v 7 RIS E B A E 5] LTU \ ZD
ZEMbholz, Fiz, e B MR LT A 7oA A B
TYIO L CREAR FIETEA LSV b8 L
A A Gt/ NRBL D Je-H FilE % Fig. 31 RT, #
AREEELS Jo ZFHIT 2720, BEHMTEYHLT
BEBACNEZITo RO R LTINS, ERAENRK
LB L EBITEAREIZEIT S J B3RENIZ EL
Tro TOZEMNDS, ab I TR cliFHICE 3Kk
TEACAS AR S5 2 L N BB A R BRI 3
HThHDHIENRENT,
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Attempts on superconducting joints between REBCO bulks

by REBCO layer with low peritectic temperature
W R, ook EAL AL Et, Pl E- (EFEKR)
MIWA Masaya, MOTOKI Takanori, SEMBA Mirei, SHIMOYAMA Jun-ichi
E-mail: ¢5621062@aoyama.jp

S5 3
[1] T. Nakamura et al., J. Magn. Reson. 259 (2015) 68.
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Fig. 1. Trapping field distribution of DyBCO a pair of

melt-textured bulks without a joint layer at 77 K.
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Fig. 2. Trapping field distribution of a DyBCO melt-textured
bulk connected by YBCO intermediate layer at 77 K.
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of DyBCO melt-textured bulks jointed at different
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Densification and flux pinning characteristics of Nb;Sn bulk superconductors

prepared by SPS method under high uniaxial pressure
/N EL, NS 2 B TFR)
OYAMADA Takuma NAITO Tomoyuki (Iwate Univ.)
E-mail: g0321028@iwate—u.ac.jp

1. [FC®IZ

NbsSn ABREAR D EEREE SRS He = 24 T (4.2 K) [1]
1E MgBy D Hy = 10~20 T(4.2 K) L 0 &<, BB
Jo DRGSR IEEN R/ NSV, £, BN N L
N SHERIR TR O MK V7 a il cE b L
W ENns, L, NbsSn 2NV 2 % in - situdh TR
L7c8a. FRESRIT 50 YLATITR Y . ZAUTE JOff
WEPMK T4 5, Lo L., SPS (Spark Plasma
Sintering) £ X DMERERE CIXAFAIE. SMAI FTHE
ThHdled, RREAIH L CEEBELT 52 LRk
Dy ZDOZ EMB, FexiL ex—situ SPS ¥ (FIINES 50
MPa) CYEHL L 7= NbsSn BHRE L 7 KORBEH E2 1R 4
PIZOWTHE L TE 7, 22UV 7 OFEHESEFT 80 %
BRETHZRND 3T A TREOKS ML e TH 5,
BEo T, b5 RN BTk ey bm b4 3
SR HDEEAD, 2O NG, KIFETITEEE(L
% B U CHROKRHIIES 100 MPa {23V T NbySn 3L 7
REMERL, ZOMERYE V IEDRHEIZ OV THET 5,

2. EBAE

JFEH R IZI Nb By R (R 99. 9%, Kifk 43 um LA F) |
Sn By AR (R 99. 9% KiFE 38 1 m LLTF) L Cu oy A GRLEE 99. 9%,
RIPE 75 um) | Cu ¥R GRLEE 99. 9%, Bifk 46 um LA F) & A
77o ETNb & Sn ZALFEFRLD 3 ¢ 1 THE L., NbySn
DOERIBERTOMRESEDT2DD Cu % 1 wthdsi L7z,
ZTO% ABILELT 30 3IRA L. Ar RS T 850°C X 24
B OBV 21T > 7=, = D NbsSn AERIEZ 7 L 30 4>
IBE L7721, SPS 12 X W @ 10mm 0 NbsSn »S/L 77 {K % /R
L 7=, SPS BFOLRFHEE & BEEIZ 900°C X 20 43, HIME S
1% 50, 60, 80, 100 MPa T{E#L L 7=,
PERLL 72 NbaSn 2L 7 (K1 X BRIEIHT (XRD) 12 & - CHs AR
ZRE L. WA SR (FC) I TEM 21T » TR
B AFAH L, SQUID B ENT L » THIE L=kt 25V
CARMBR IR B — T VR AWT L Rl LTz,

3. EEHER

Fig. 1|12 SPS# DK L7 D XRD /84— ZoRd, &
DI ZIZBNT S FAIT NbsSn Th 0, R D ERIT
Roinienotz, ZOZ Lot 850°C X 24 KEfE] D ELEE
WZBWT, 432 Nb & Sn B3R L. Aol S
HEEZD,

Fig. 2 \ZRIINE ) & SRR O BfR &2~ 3, FUNE %2 K
EL L ECRERLM ELEZ ERD0 D, B, &
NE TOVERIFZEINE S 2 50 MPa T, FEERHHK 80 %
Toho7ohd, 100 MPa ZFIIIT 2 Z & CHREHEITHI 88 %
FTHEHERE, Lo, RERIIHKRKTH 88 %59
TENLILRABTEEN EOKMPBH D EE XD,

F7o, FEETIEA NbsSn 2L OEFFEREE J. O
PREBREIZ OV THLHIET A2 FETH 5,

1100 MPa © - _
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Fig. 1 XRD patterns of NbsSn bulks after SPS
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1 K. Tachikawa , TEION KOGAKU (J. Cryo. Soc. Jpn.)
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Impact of Ti-doping position on Nb3Sn layer formation and superconducting
properties in internal Sn-processed Nb3Sn superconducting wires

PEBHE SR (A EEAS) , A KRR (R RS, MBS, 23 Wl (R KRE)
BANNO Nobuya (NIMS), MORITA Taro (Sophia Univ., NIMS), YAGAI Tsuyoshi (Sophia Univ.)
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1. [XC®HIZ

Ti (X, NbsSn 44 D B33 LY J. O LA RINTHE
LLTELLmBNTWS, Ti WINE, 8ENS /D &Rl
BRARIZ B W T WL O DIRIGIT R E 2 b, il &
-7 NbySn DJBEKICENABND, ZNETT o Xk
TIENb EA~ADOTIRIMED b, TR X~OEINC L -
T Sn JEBDMEME S AL, NbsSn FEERLOMAMEN B 72 6 &
NDENHE SN TE T2, — 7 THEA XIETIL, Bk
PWHEMN TR ENDICHE 2D BT, Ti WIS %
BIZOWTOFELWEHSMRIAIIZ L A Efrbh Tz,
AWFFETIL, PIHEEA XL NbySn #RUZIBWT, Ti USINEIT
Z Nb g5, Cu RRbf, Snifid L7z 3 0 ok 2R L,
SEM, EDS %5 DM AR 22 218 U C NbsSn J& O ARSI
DEFENEFHARTZ, ZOFRE, Ti % Cu H 25 F Sn iR
T 5 L. KISHREIZ NbCuSnTi @ 4 JTtALEMNTER S .
T Rk LRI, NbsSn BRI S D = &
N BNE RS T2[1],

2. RERFE

Ti IINGFTA Sn s, Nb fE. Cu REAF &8 % 72 3 FEODFK
Bh& HefiF L7z, PEBA XIETIX, Cu/ Sn FHAJEHAZTT D
TAREMLEE N LB CTH V) | SIS CIXIEHEihn L v
M2 D, & 2 CAEBR T, IEEEE 2 TE 50
FALT D72, AMAZS Nb, HFHEIEDS Cu, Jth7% Sn DHLRD
PEHOSHEE & Ue, BAMEICIZEE R I bkt &
LT Cu 7=, #8130, 6mm T, Sn E81% 116pm, Sn :
Cu LbidH0 26ath : Tdathd 72 o7z, LUTFIZERM O/ &5
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Fig.1. EDS maps for all specimens with a heat—treatment at 685 °Cx100 h.
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Fig.2. Comparison of NbsSn layer thickness between all specimens
with a heat—treatment at 685 °Cx100 h.
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[1] T. Morita et al., “Impact of Ti-doping position on
Nb;Sn layer formation in internal Sn-processed Nbs;Sn
superconducting wires”, Cryogenics, v.122, 103420
2022

[2] M. Naka et al., “Determination of the liquidus of
the ternary system Cu-Sn-Ti”,.J. Phase Equilib., v. 22

pp. 352-6, 2001

51030 20224E RPN TS - MEESA



1C-a01

AEH - ARG A

BIEREZEEETICH TS EVE IR E & 5T
Measurement and evaluation of the thermal contact resistance

in vacuum and low temperature condition.
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Fig.1 Thermal contact resistance test apparatus
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Fig.2 Thermal conductivity of bulk sample
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Fig.3 Thermal resistance of R;prqiand R,
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1. R.C. Dhuley, Cryogenics 101 pp.111-124 (2019)

2. BILKEATS, (RILT,46, 7, pp.415-420 (2011)
3. AARCEER, AT REET S 5 f(2009)
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Overcurrent test of BSCCO superconducting coils with liquid hydrogen immersion cooling
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Fig. 1 Liquid hydrogen immersion cooling BSCCO coils
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Fig. 2 Voltage of each coils during excitation by 1 A/s to
293 A in liquid hydrogen
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1. INTRODUCTION

A hybrid model with isothermal and adiabatic for
displacer pulse tube refrigerator is introduced, which can
be simply calculated by Excel. It not only can be a
pre-selected method to supply basic data for CFD
simulation to save computing resource, but also can
reveal the relation between dead volumes and pistons.

2. STRUCTURE AND ASSUMPTION

Figure 1 is the schematic model of a displacer type
pulse tube refrigerator. It combines adiabatic model and
traditional isothermal model. The adiabatic model is
used by all the parts of the cryocooler, except the parts in
the isothermal region of Figure 1. An imaginal
isothermal expander receiving the mass flow from the
left is introduced at the position where the expander
volume is in 90 degrees with pressure. This position
could be called as nodal point of the regenerator, where
the mass flow rate is almost in phase with pressure wave,
which can be got by REGEN3.3 for highest regenerator
efficiency. Also, the imaginal expander changes to an
imaginal compressor for receiving the mass flow from
right part of the regenerator.

Isothermal regi
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Figure 1 Schematic of pulse tube refrigerator
11. After cooler 12. Regenerator 13. Cold heat exchanger 14. Pulse
tube 21. Displacer front space 22. Displacer 23. Displacer back
space 24. Imaginal expander ~ 25. Compressor

3. HYBRID MODEL
The pressure P and volume of imaginal expander V;
P=P[(1+ asin(at)] (1)
V, =V,[(1=cos(ar)] 2
The isothermal compressor volume V¢; and hybrid
compressor volume V¢, can be got from
M, =PIRI)WV, +V,py + (L TV, + (T THV ] 3)
Vo=V + V(B P “

DO
The volume of the imaginal compressor for right
part of isothermal region is opposite with imaginal

expander. Cold gas volume V' and displacer volume Vp

PV V.V 2V =V

M, =— (4o ZTn Ty (5)
R T E TRZ T/

Vo=V, + Vo (B 1 P)"™ (6)

The imaginal compressor volume V¢ is the
combination of the compressor and displacer back space,
then compressor volume V¢
Vo=V + BV, =V (N

Py is average pressure, « is pressure oscillation
amplitude ratio, @ is angle frequency, ¢ is time. R is gas
constant. 7, is room temperature, 7z is cooling

temperature, 77 is temperature of imaginal compressor.
Tr; and Vg, are average temperature and volume of left
part of the regenerator, respectively. Tz and Vg, are
average temperature and volume of right part of the
regenerator, respectively. Vuem is after cooler volume,
Vuec is cold heat exchanger volume. M; is the mass of
left part of the isothermal region including imaginal
expander, it will be maximum in Equation (3) when V¢;
is set as 0. M> is the mass of right part of the isothermal
region including imaginal compressor, similarly, it will
be maximum of Equation (5) when Vg is set as 0. Vepy is
adiabatic gas volume between isothermal compressor
and hybrid compressor head at average pressure, Vppy is
adiabatic gas volume between displacer and cold gas at
average pressure, [ is cross area ratio of displacer back
space over front space, K is adiabatic ratio.

Taking the process of Taylor series expansion, and
the first order harmonic is kept, Vp, V¢ and force on
piston F¢ with displacement amplitude xo can be got

V., =V, —a(M,RT, / P)sin(@n)+ (T, / TV, cos(@r)  (8)
Veo=MRT, /B, =V, =T/ TV, —(T,/T)V, )
Vo, =V, +V,[l-al/xsin(wt)] (10)
V,=V, —a(M,RT./P)sin(wt)—(T,/T,)V,, cos(wt) (11)
Vee=M,RT, /R, =V,,. —~(L, | T, )V,, =~ (T, /T)V, (12)

V, =V, —asin(wt)—bcos(wt) =V, -V, cos(wt +¢p) (13)

V.=V, —csin(at)+dcos(wt) =V —V,, cos(ewrt — @) (14)

co

F.=—caP,/x,sin(wt) + daP,/ x, cos(wrt) (15)
VDX = VEO + VDDG a= a(MZRT;" /R'I + an)ﬂ /K)
b= (TL /T1)V10 Vcs = V(m + cho + ﬁ(VbU + Vuuo - Vumx)

c=a[(MRT,/P.+V,, |K)+B(MRT, /P +V,, /K)

d=[(T,-pr)/ TV, V,=Va’+b’ V., =\ +d’

@ =arctan(b/ a) ¢ =arctan(d /c)

Displacement can be got from equation (6-7) or
(13-14). Input power is -0.5daPy, cooling power is
0.5(T/Ty)ViparPy. Equation(15) is basic for linear motor
matching'. Gas spring force on piston is caPy/xs, which
is proportional to dead volume. Taking pressure as
reference, the phase angle differences between pressure
wave and swept volumes of the compressor and
displacer depend on the nodal point position, dead
volumes and input power according to Equation
(13-14). p=0 means ideal inertance tube or double piston
pulse tube refrigerator. To displacer type, it needs larger
compressor piston diameter in virtue of the dead volume
of the pulse tube has to be covered by compressor.

4. CONCLUSION
A hybrid model for displace pulse tube refrigerator
is introduced. Analytical solutions of Vp and Vcare got.
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Fig. 1. Reciprocating speed dependence of the cooling capacity
at4.2 K of three types of cold heads with the SA115 (2 kW class)
COmpressor.
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Joint condition dependency of joint performance in press welding with indium applied to
high-temperature superconducting cable
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Fig. 1 Joint samples: (a) straight, and (b) spiral arrangements.
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Fig. 1 (a) Schematic illustration of Bi2223 insert coil.l’!
(b) Photograph of the joint plate and a bottom heating
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Fig. 2 I-V curves at 77 K in self-field of superconducting
joint samples connecting reinforced Bi2223 tapes
(Type HT-NX) fabricated on a cardboard plate.
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Metal composition ratio control of intermediate thick film layer

on superconducting joints between the high-strength Bi2223 tapes
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Fig. 1 I-V curves measured at 77 K in self-field for

superconducting joints between Bi2223 tapes.
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Fig. 2 Polished surface secondary electron image of the

jointing section of a sample after second sintering.

DR TH D, Y HIT, xR @B ORI R 2 v
TR B OMERIC N T, — 7 VAT RBERSR
HORIELIZ OV T HIET D,

SHiEE
ARFFEIL IST Kt ALEFHE IPMINIITA2 OIEE %
J72bDOTHD,

SEXH

1. N. Ayai et al., J.Phys. Conf- Ser. 97 (2008) 012112

2. T. Nakashima et al., Cryogenics 52 (2012) 713-718

3. Y. Takeda et al., Appl. Phys. Express 12 (2019) 023003
4. H.Maeda et al., IEEE TAS 29 (2019) 46024

#1030 20224F LRSI T - REEAE R



1P-p01

BRaRZERALBRAMNC AT LIZE T ARG EDRE

Consideration of circulation method in circulation cooling system applying magnetic refrigeration
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p: Density [kg/m’] T: Temperature [K]

c,: Specific heat at constant volume[J/(kg * K)]

¢p: Specific heat at constant pressure[J/(kg * K)]

w: Flow velocity [m/s] xr Position [m] Time [s]

k: Thermal conductivity [W/(m * K)]  ¢,.,: Radiation energy [W]
q.,: Heat exchange amount at each mesh [W] w: Viscosity [Pa * s]
§: Cross sectional area of refrigerant transport pipe [m?]
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Measurement of magnetic field density distribution around the superconducting cable core by
Hall probe method
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Fig. 1 Superconducting coaxial cable (20kV-2kA, DC)
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Fig. 2 Layout for scanning Hall probe measurement
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Fig. 3 Magnetic field distribution around cable core
measured by Hall sensor. (a) /7,=50, 75, and 100 A
were applied to tape No.3. (b) Z=100 A was applied
to tape No. 1, No2, and both No.1 and No. 2.

H103181  20224F BEAR R T - BEHEY R



1P-p04

HTS T it i i

WM I Sh= REBCO M DENERREREE 7 M EMMBBEEEHRE

J, distribution and microstructure of REBCO coated conductor cut by mechanical cutting
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Fig. 1 (a) Magnetic field distribution and (b) J. distribution of
1 mm-width REBCO coated conductor.
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Fig. 2 SEM images and EDS mappings of Gd, Ba, Cu, and O
around at (a) y =22 mm and (b) y = 7 mm in Fig. 1.
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Current transport characteristics of REBCO coated conductors in high electric fields (3)
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Fig. 1 Schematic of measurement sample.
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Finite element simulation for evaluation of current transport characteristics of REBCO wires
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Adequacy evaluation of screening current—induced magnetic field analysis

which uses radial division analysis
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Exciting current waveform for reducing screening current—induced magnetic field

in multi—stacked no—insulation REBCO coil systems
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Evaluation on Thermal Stability of No—Insulation REBCO Pancake Coils
with turn—to—turn electrically non—contact area
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Table.1 Specification of NI-REBCO pancake model coil

Ovevrall width [mm] 4.0
REBCO . . .
Tape Copper stabilizer thickness [pm/side] 2,20
I. @77K, self-field[A] 115
Inner diameter [m] 1.0
Turn-to-turn contact resistivity [Q+cm?] 2.0x107
Resistance of connection parts[u€] *0.0121
) Turns 60
Coil lop[A] 400
lop/Ic[%] 70
External magnetic field [T] 10
Cooling condition 30K-Adiabatic

*Experimental value
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Fig.1 Heat Generation of NI Coil (Copper stabilizer

thickness:2 1 m/side, turn—to—turn electrically non—contact
area:5/8 lap)
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Fundamental investigation of monitoring method for detecting the state of health
of no—insulation REBCO coils with defects
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Table 1 Specification of NI — REBCO coil

Parameters | Assumed Values
REBCO conductor
Overall width [mm] 4.0
Copper stabilizer thickness [um/side] 20
Tape Ic @77K, self-field [A] 115
Coil
Turns per pancake 50
Inner diameter [mm] 500
Height [mm] 10
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REBCO Split—type External REBCO Field Coil for Excitation Tests of High Temperature
Superconducting Coils Immersed in Liquid Hydrogen
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Fig.1 Structure and excitation method of split-type external
REBCO field coil
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Fig. 2 Magnetic field distributions in the magnet.
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Fig.3 Variation of background loss characteristics by pick—up
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2) Q. F. Zhang, et al.: Cryogenics, vol. 25, pp. 129-138,
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Rectification characteristics of very high frequency signals using REBCO superconducting diodes
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Fig. 1 DC current-voltage characteristics in the YBCO/PrBCO
bilayer film at 77 K and at in-plane fields of 0.16 and -0.16 T.
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Uniaxial strain dependence of critical current of high-strength Bi2223 tapes with various pre-tensions
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Advanced measurement technique of bending strain dependence on critical current
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Current—carrying properties of double—layer longitudinal magnetic field superconducting cable by
RE-based coated tape with artificial pinning centers
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Fig.1 Experimental results of critical current density vs.
external magnetic field. Inset shows the structure of the
cable to be manufactured.
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Table.1 Specifications of the Superconducting cable.
Number of tapes in the inner First layer : 8
layer Second layer : 9
Diameter of the former [mm] 10
Pitch angle of inner layer [°] First layer : 5
Second layer : 10
Total cable length [mm] 524
Cable lenth [mm] 140

! 40 ———
Fig.2 Structure of superconducting DC cable using
longitudinal magnetic field effect.
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Fig.3 Experimental results of electric field vs. current-
carrying capacity.
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Fig. 1. Photograph of a winding of a CORC® cable and its
current transport obtained by the four-probe method.
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Fig. 2. (a) Equivalent circuit of a co-wound superconducting
cable and (b) simulation for power transfer between the lines.
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Critical current measurement of Bi2223 of the bending and torsion stacked conductor for aircraft
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3. ERRER-ER
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720 1 REFRRELV L EE R EIRILE <R o70, ZIUX 2 AD
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Tablel Critical current of two HTS tapes
Straight Torsion

Ic[A] Ico [A] Ic[A] Ico [A]

201.3 16 202.2 16.3

Bending (60 mm) Bending+torsion (60 mm)

Ic[A] Ico [A] Ic[A] Ico [A]

205.8 13.9 203.3 16.3

B 21T 1 AEBEEOAT I AR, X 3122 AfES
EARBEOEAT Y A #E R, 1 AREARIED R E
iﬁeﬁeﬁf@mt@fpmﬁ: 14 mT~-15 mT 7272728, 2 K
AR IR SRR FE O ZALOWEDY 11 mT~-11 mT LHE5H
(NS gtz LU EDZENBRRBIE N/ NS 721228 T
FE BN <o T,

20
— 15, 2““, 3rd,
g 0
= 10 ] %
- r—
z 5 e/ A

19Re , 2:4Re, 3R :
Rl = 74
) A 2, 3rd
= .5 @/ I /
2 VAV
E -10 /,”i"""/ e
g s el
S -
0 1 Re 2™ Re, 3'4Re
72300 200 -100 0 100 200 300
Current [A]

Fig.1 Hysteresis curve of straight HTS tape
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Fig.2 Hysteresis curve of straight two HTS tapes
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TIEE <72 o7z, F-, EAURE TR 5L 2 AR IRE
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1. S. Yamaguchi, M. Kanda, Superconductor Science and
Technology Vol. 34 (2021) 014001

2. J. Sun et al, Physics Procedia Vol.36 (2012) pp.1290-1295
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Short circuit experiment of HTS tape conductor for Superconducting DC power transmission
(SCDC)
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SUNAM #pt D2 BB DIEEE~20 um THY, EX
T L. Bi2223 b4 K02 v Wrimf i 1 720 AR Ml
705, Fig. 1 [ZIXER - BIEE— 7 LAIEDOER T —Z 125K/
TRIETC fitting 21T oA AR T,

o FittingData_SuNAMO1

T T T T
i I —mi 2% 3 xrmd
current peaked at 3.39 ms y=mi + m2rexp(m3tximd)
Itage peaked at 3.78 ms Value Error
15 voitage p: . m1 | 0.13833] 0.0027221 | |
m2 | 42711 19124
m3 | -0.18644| 0.00017963
=10 m4 | 1.7024 4475.7
2 Chisq|  5.0968 NA |
Y R| 0.99986 NA
£ 1
s e
\ —— voltage
T ———
] ==
>
. Loy
Fitting region
-5
o) 5 10 15 20 25
time [ms]
FittingData_SuNAMO1
2000 T
=m1 + m2/(x+m3)
Value Error
mi -107.27|  0.83783
1500 m2 2875.9 9.3267 |
m3 -2.0277] 0.0055112
— Chisq| 6.0866e+5 NA
< R| 0.99886 NA
t T T
5 1000 1 1
E current peaked at 3.39 ms
voltage peaked at 3.78 ms
500 |
Fitting region K“MN_M T
0 R s PR
0 5 10 15 20 25
time [ms]

Fig. 1 Experimental waveforms of voltage & current of
short circuit after their peaks and the fitting results for
SuNAM HTS tape

4E|Z linear correlation coefficient R > 0.998 TV, EJE &
TR BEN R T —Z DKL BT 72> T0D, 1,
EEX Y7 RIEEET 150 mm ThHd, ZNEITCIZEI RN
1T B DAL H 7 B R TR Z T & TR RO R R 1Y
ZAt# Fig. 2 (TR,
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0.005 - .

Resistance [Q]

0.000 I I I I 1
5 10 15 20 25

time [ms]

Fig. 2 Resistance estimation during short circuit current
for SUNAM HTS tape
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D_“/ Rated current 5kA
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Number and £ 37
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conductor >6.6kA
£ | Number and £ 35
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'Outer 42mm
diameter

Fig.1 Layout of Line 1 and the specification of
BSCCO superconducting cable core
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Fig.2 Current distribution measurement of each
current lead of inner conductor
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Fig. 1 Piping and instrument diagram of
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Fig. 2 Pressure drop of circulating liquid

SHiEE

ARAFFENTRR B RESE DRk TH D [AFFEIFR 1 | A6
L. GFFEREE - B EE Y AT D ETZEEE OO
TSEhE L7,

SE Xk

1. N. Chikumoto, et al.: IEEE Trans. Appl.
Supercond., Vol. 26 (2016) 5402204

2. H. Watanabe, et al.: IOP Conf. Ser.: Mater.
Sci. Eng., Vol. 171 (2017) 012116

3. Pamphlet of Ishikari Superconducting DC Power
Transmission System (I-SPOT).

4. AR 3R ANE TERR 1) ABEREEMEE: AfFHE
. EREE Y AT AEATIIFERA R

5. Y. V. Ivanov, et al.: IEEE Trans. Appl.
Supercond., Vol. 26 (2016) 5401204.

51030 20224E RPN TS - MEESA



2A-all

BT —7 N

ZHRESEEEEE S —JILICBIT5NENMELEAR I NETELS
RBERICRIFIZE

Influence of the magnetic field created by the inner phase on the AC losses in the outer phase

in a three—phase coaxial HTS cable
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Table 1 Specifications of three-phase coaxial HTS cable.

Cable 1  Cable 2
Cable u-phase 49.80
diameter[mm] v-phase 424
w-phase 58.68
Number of u-phase 36 36
conductors v-phase 36 39
w-phase 36 42
Width of superconductor[mm] 4.0
Thickness of superconductor[pum] 1.0
Critical current of each conductor[A] 300.0
n value 30
/7////// \\\\\;;\\/ u-phase
it vt
W I1— w-phase
RN /#
\\\i\\\\ ////j//'{'\ superconductor

coaxial HTS cable.

—ﬁ—v—thase(Cor'ldition 1)
——v-phase(Condition 2)
—@— w-phase(Condition 1)
—O—w-phase(Condition 2

1.0E+00

1.0E-01

1.0E-02

1.0E-03

AC loss[J/m/cycle]

1.0E-04

0.4 0.5 0.6 0.7 0.8 0.9
Current load factor

Fig. 2 AC losses of the v and w phases in cable 1.
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Gap between conductors in radial direction[mm]

Fig. 3 Relationship between gap between conductors in

radial direction and AC loss reduction ratio.
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Basic study of MgB, wire for variable magnetic field
— Critical current density and hysteresis loss —
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1. [ZC®HIZ

MgBy b 155545 TR A C i il B i 22 B &V 7=
MEN RFES =D, TR TIT T — 208 B 7 O L Ehi
BB CHOWO D OR R BRI BHHFIN TS
MeBy FpIE 2 Bl - A AN LS TTRE R 720, AR BRI
M CE DN R R IR O T T u—F RN EZ S
ND, ARFFE T BRI MgB, Bb O LB AT EL T,
T 47 A N B TR R 2 DR W BN E AR AU TRS
Im FREE O ZRIEL, T OR R E RS E B L OB L
AR U7z, 2D DA% T —4 - FE B2 8 TS s Ot
WZETHZEEBEREL TS,

2. ERAE

Fig.1 12 51 &% MgB, #M OWit G- E &7k, MgB, 747 A
U NEATeNUTRIT ND %, 747 A MEOFFFIZ Cu-10%Ni
%, BARE AT e — A2 Monel Z V=, #1748 0.6mm 1230
TIATAMEENTRLE 30um THY, VAR T 13
#C 5.8mm THD, 600°C I TEVILELL 7= 8ih1 & DU -1
$5 JREE SQUID (2L DRALHIE LUz, fAbBE I
IR 10, 20, 40K TTV, 10K £721% 20K OHIEEDS 40K
DRNEMEAEZELBIZET, MgB, DRV f#r &1,

3. #ER

Fig.2 |Z Transport Je D7 4 F7 A MUMELFEE R T, di =
30um BEON 50um (121, RGO 51 584 % 2~3 K‘fﬁ
REAMG L 72 B A R L CHRY, di = 14~20um (Z/RL7E 3 5
ZE RN DI TH D, 747 A MEOHEMEIZED T 7ME&
TGS NT, 728 dr = 30um (2B L, fEk
DERRES AR (dr>100pm) DIED 6 Fi~7 BIFRETHD,

Fig.3 |Z df ~ 30pum O 7 /TR HREAL Elzhﬁ%ma (o
BRSO 9, B20E 20K, BGIRIE 1T 128105
MgBy 7 4 F A MAFESH 7=V D FEFEHE 2| iO.ZJ/cmB/cycle TH
%o ARIRIZF31F D Monel 1L8RfEMEDT=80, ZDBIEHK~D
BTN R T 2B ERHH[2,3]108, AWE OIS
ﬁﬁff%i% RORFOBE 0D Bbhs,

Fig.4 (2 51 MM D di ~ 30um DY 7 LinbIGR7
Transport J. & Magnetic Je, EHIZ di~300pm O HLL MgB2 7
AT A ND I HF%T= Magnetic J[4]0 10-20K TO L E R~
9, dr ~ 30um & 300pum (Z331) 5 Magnetic J. 95k,
0.8T LL EDAERES CIE RS —FL C523, 0.7T L F Tl

dr~30um O Je BIMREEE DMK T 21220 TREL T\,

ZOFERT, MG CEEIND T 4T A MEALDSHE T ¢
FAVMUIZESTE FLTCWA7ZD THY, 74T A MEEH
ST DIFEBFITR D70, JBEEE KA E & T HB13H
BT20ENSD,

SE Xk

1. P Kovag, et al.:Supercond. Sci. Technol. 35 (2022) 055004

2. M D Sumption, et al.:Physica C 378-381 (2002) 894-898

3. M D Sumption, et al.:Physica C 382 (2002) 98-103

4. M Kodama, et al.:Supercond. Sci. Technol. 30 (2017)
044006
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Fig.1 Cross—sections of 51—filaments MgB, wire.
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Fig.2 Filament diameter dependece on transport Je.
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Fig.3 Hysteresis loss on 51-filament wire (dr~30um).
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Fig.4 Je -B -T comparison on magnetic Je and transport Jc.
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Development of 100m—class IMD—-processed 7—filamentary MgB,/Cu wires and

the fabrication of solenoid coils using the wires

REEYEPA, MARBAE, PEiS T (M) ; B3I E, ARZERE LK)
KUMAKURA Hiroaki, MATSUMOTO Akiyoshi, NISHIJIMA Gen(NIMS), HIGASHIKAWA Kohei, KISS Takanobu(Kyushu Univ.)
E-Mail: KUMAKURA.Hiroaki@nims.go.jp

1. [XC®HIZ

MgB: D##F (L5 TdH % Internal Mg diffusion(IMD)iE1
Powder-in-tube(PIT){£IZ Fb~_"C MgB: 8D SR 5 < 72
STPITELY BIEDZDICEW LR S E/DLIENTE
LI FERABM E LTI S TS, Bx X
T IMD JEIZ £ % MgBa b O eSS 722 & DN R R LD
RFgE 2D C & 7=, Alalld 100m ;R OE22 EfL 7 b &
R bz, TREHNTY LA Ragf iR
VE Uihfgatr 247 - 7=,

2. B MIZEDOREH

IZUOIC IMD JEI2XD, £ 1.2mm, £ E230 30m @ 7 %
MgB: 41 2 (BB U 7=, iR O J. & 80 D 72012 B YR
IZiZae 2 (CuH) RN LT, &Ev—A L L TR
WO Cu Z AV, NU TR E L TUIZEM 7225 Fe
W, SN TICIE, A=—Y 0 HEm— VERE,
LNy e —TF—X A4 AMEI 2 LT,
Fig. 1(a)lZ BVLFR % O O X i~ A 7 v CT Bitg 4153,
AU T ORI LD b D Mg Oy —A~D
e U <G iz, Fe 2NU 703 5 JRIA
E LT, IoE e — VI EIE N T Clrm R 4 A
Lo T 7 BB O 6 BIXFRENHEN D T2 &5 % Bl
b, T Tl — VEIEZEK L, AV x2—Y 0 7L
Lty br—F—F A ZMLT 6 BT IR T
LML EITo72, ZHUTE 2T FiglbIZRT L9
W8~ Y v 7 A~D Mg DOV —27 28§52 LTk
L, T AEEREKBEMEEEIE O RN J O¥—
PEbm BT 252 2R bhhoTe,

3. 100m R DEHEOA LD

PLEOF AR, e — VEIEN T A4 L C 100m %
D T M EVERIL T2, ZOMNSIE R & 255
V7 U TEMLELA AT [ DT X EFR T2, FRODK) 65m
FEO#M % HWT wind & react {EEMAHLTY LV /A K
A NVEVERL U7z, BVLER T EZE | 640°C T 20 KT
W, FOHBYT v I ATEIR L, aANLOF#EITLR BN
S A Fig. 2 ISR, Z0OaAvE 10T OBGE~ 7 %
v PIZERE L, 42K, A 7T AR FIcB N TaA v
DR 21T > 72, JETICI T D a4 VDR ABIE
XA VOETEN LA LEIC—F L, Fdh—1E
VA —TRMI L7 A VDR L 2 A Vi b Ef
BLEIC %Lz, X0, a4 3EESIF
EEPFELLIESNTWD Z ENbho Tz, Figd IZiT,
R OFER (n— KT A ) &, A VIZHOR
M CERERS) OREW2ERER I-B FiPE & LT
R L lXaA v, R & B2 1pViem TEFE L T
D, TN D I, aAND L AT O I
DIFEMED T0%FEEE T d o 7=, BREM D E-I F#1ED n i
1% 26~31 THHM, TA LD nfHIZ~16 &7 0 /hE
TEND, AAND [ BNERE LD BV OV
MO LORTYXRICLDEBDbND,

Fig.1  (a)MgB2/Cu wires fabricated with groove rolling.
(b)MgB2/Cu wires fabricated without groove rolling.

Outer dia. : 88mm
Dimension Inner dia. : 70mm

Height : 85mm
Fabrication Wind & react method
method (H.T.: 640°Cx20hr)
Conductor 7-filammentary MgB,/Cu
(IMD MgB, Diameter : 1.2mm
wire) Length : ~65m
Number of
turns 254 turns
Insulation Silica glass fiber
Impregnation | yyax

Fig.2  Photograph and the specifications of the MgB2
solenoid coil fabricated with a 65m long IMD 7-filamentary
MgB2/Cu wire.
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Critical current / (A
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o

0 | | I L ‘
2 4 6 8 10 12
Magnetic field B(T)

Fig.3 Load lines at 4.2K of the MgB2 solenoid coil fabricated
with the IMD 7-filamentary MgB2/Cu wire. /-B curves of the
short wires cut from the same wire are also shown for
comparison.
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1. [ZC®HIZ

MgB, 1348 REBAREIRO Tl s OB SREE(7, = 39
K)&H L, AR FZCm S Z R LT 20 K T coEM
(LIS TG, Fhx 13T — 7 MgB, B8R 032
FEIZT T, BT E—AEB)EEBIEICLD MgB, D/
BEITH>TETEY, Si K EICERLZ MeB, #
(MgBy/Si)%& 650°CT 60 437 =— /L3 AZETEW R ER
BREE() = 1.62 MA/cm® @ 20 K, 5 DAELNHIEEREL
72[1], iz, MgBo DRI {bA B 5L T SUS304 b i
MgB, Ml ERL | 7 =—/ L U= 3B Cld MgBy/Si skl e 13
F720 L A30.1 MA/cm? (20 K, 5 DFEEDIL L~ Loy
FHZEEWELZ[2], ZOFRITEM THD SUS304 DAL
TN MgB, B HICHEI L TWBZEThHEEZBND, 2
TT7 =— VIR AR HL T 52T, AR ILHE D MgB, i~
OYEB AT 5L %8 270, RIFFE T, R DD T

SRPLECAN 720 SR 1T MgB, TEIRA/ERLL | 650°CC 1 fD,

15453045, 60 237 =— L. T.EBIO L&,

2. EEBAHE

JEX 500 um @ Si HAK 12 BB 235358 4 VTR 170
nm O MgB, WA ERIL 7, BIERINZ 1.0 X 107 Pa £ THE.ZE
Bl&&EAToTo, I nr T 7e—2—% T 270C
WZINEAL ., 3.20 rpm ClE#nSH7-, B JFEHE Eov vy &—
BRI E % | TR A KO RBOR E N BRI LR, &
DIz B DIy X —DIHEFT, AR ENL ETHET
Y Mg Dy 2 —% BT T MgB, MO AL A B G L 7=,
MgB, D ERE | [JF v N — N TR E e 7 —
ZAEAPG)EHWT Nb J@ZK 10 nm pRIEL7-, LT
Nb/MgB./B/Si ikl 2 S 2V 74 BB L1412, Nb &
HEBIT 1.8 pm BIEL 7z, AR 20 mm X 20 mm O KEZD
Nb/MgB,/B/Si #}% 10 mm X 4 mm F&E D REZIZHIWTL .
ZOREHTIZONWTENEN 650CT 1R, 1547, 30 43, 60
T = VELT o T, BER OFE AR ORI E 1L, X BRIEHT
(XRD)ZFHWT 0 - 20 EIZEVWiT-72, iy /o 1% Quantum
Design #EO BRI FFMERI E 2 & (PPMS) & VT, 4 11k
WZEDREL T,

3 MERLEEBR

Fig. 1127 =—/ VR, 1 £, 15 4. 30 4. 60 237 =—/LL
TEREt D T, 7 =— VIR AR T, 7 =— /L ETO
BHO 71X 35.5 KTHY, 1 7, 1547, 30 43, 60 /57 =—/LL
723UBD TU3FFER 37.0 K, 36.5 K, 36.6 K, 37.1 K Tk
STz, T=—UZE-» T TUEA ELTRY, 7T=— VERED
MBS 2o T,

Fig. 2 127 =—/VRii. 1 ¥, 15 4. 30 47, 60 237 =—/LL
TeREBLD L OWHRATIE R R, T=— 3528 T LN
FLTRY, 7=— VEFRCO DL T RIRED L ThoTz,
PLEDOFERNG | MgB, IO e I3 ey =—/L
B R FE B I DD b T2,

3715F -
370 @ o
< 365]
~ 36.0}
355k = = - - = —— - — -

Non-annealed T7,=355K

35.0 : ' L
0 30 60

annealing- time (minute)

Fig. 1 Annealing time dependence of 7; of the MgB, films
grown on Si substrates and post—annealed at 650°C.
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Fig. 2 The J.—B curves at 20 K for the MgB, films grown on Si
substrates and post—annealed at 650°C.

4. Fed

T = VR FERR R TEFE D MgBy B~ D gL B L2 1]
T, SiEAR EICPERIL 72 MgB, O fS ) IS 0B 7R i i
IROT =— VI RE A LT, ORISR, %7 =— /L L2k
BHCIET = — L RIOFBHTIAT 1L 81 ELTz2s, 7=
— VIO LT RIFRE Thoto, 1| BT =— L% 0OR
Bt 20 K, 5 TIZHIT5 L1 0.77 MA/cm® ThoTz, Zhb
DILND, Si AR LIIERLT MeB, MO IED T L
(L BRI IR I AN E N o T,

SE3

1. H. Kambe et al., Appl. Phys. Express. 14 (2021)025504.

2. H. Kambe et al., Abstract of ISS2020, WBP2-3, Kyoto,
Japan (2019-12).
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Study of image processing method for MgB2 multicore wire taken by X-ray CT
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1. [ZL®HIZ

MeBa b D EDY, IR AR OBLE MDD B
TD, RGN T 4T A NDOEDFIL T > TNB T W
Y —— VL T PR EINTND, T THAIIXHRCT
\CEDT 4T A MEE AT ICE A TS, MgB2 #A1E,
BILHFED B 25T MgB: 747 A M Cu 2FEELI-EHER
PORER ST X #i CT I A DNE L ThHEE XD
N5,

2. X#R CTHIZE

NGB — (2 F 2—7 (Power in Tube, PIT) {EICL W ERLE
NZEAE 0.83 mm O 18+1 & MgB: S 25k S L LTz,
B ET LB % D 2 SORBIZHAEL, FhENnE
5mm EIZEWL, X # CT TOREEIT-7-, MESMHIT
2253 fifHEZ 1.96 um, T MR (RIHEA) & 0.4 EEL7z,

3. ERIEIZLD MgB, 745 A MBSOt LAEHT

WEICEVELN X # CT Wikitgo—#l% Fig. 1 1R
T MgB2 74T AR DJFBHD Nb VT ASHREIZ /3 EEL
BESN QOBIEDRER TED, ZhHd CT Wikifg itz —
EACALERZATVY MgB2 747 AR Nb U7 O S fENT2
TV, X B CT $F 07 —F 7 77 bR Gl
TAEAL FIE IR BRI SEE L o T, £ CHIB AL
ORI EAT -T2, SR RO EDE®REZ T BEZ 802
(b2 IS bk SR RAR BT /A X E R E T 570
— U TEEE B A DR DI, ENENOMEE O
HAEITVY, 3 RITET VOMERERIAT-LZA, Fig. 2 DX
ICRMEIRICH D7 4T A MEEDOH N FZHR TETZ, Zhb
OFEREFRHTUIZEZA, WDWT OB IZIBTH MgB2 74
TALNDOWRITHER SR o=, — T, Y—k =V 7T
DONWTHERLTZEZA, FMNELOLNE DM, BULEERTLY
BEVLERS D0, K0V —t—2 IR o WAL
DHEFREHTZ, T, Fig. 3 1R T X572 7 47 A M hiFE
ORI BB RSN,

V==V DIRREBLET HTDICZ Nb NUTIZFE H
L7225, RFTRNC U TH DML, MgB2 28RALH CTnD
OB FDSHERR TEI=, Fig. 4 13U TH O SRS
T2 BB DILE R T D, FHDARNER S AU T R A3 AL T
WAEL T D, ZOREIKTIE, £ 0.9 mm [2b7--> T T
Wz, ZOXH78 ST M OREAUINH 6 ROT 4T AT
THERRS T, £, BVLERIOMM THLNE 7 47 A NMZ
BT MgB: DIRNLZ 720 E DD Nb ST B TS
EHTAMER SNz, WIThh, M N o s cElllsh
7228035, Zb Nb /XU 7 ORI VR R OB A £
NcEpETHLEEZLND,

EiE2
AWFZE R B 0 — 1%, JSPSEHIFE JP19H05617 3 TNZ
JP22H02021 DXL EHNT-H D THAB,

Fig. 2 Three-dimensional model of 18 MgB: filaments
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Fig. 3 Statistical distribution of MgB: filament cross-sectional

area (a) before heat treatment and (b) after heat treatment

Fig. 4 Three-dimensional image of a broken Nb sheath
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M. Inoue, et al., Abstracts of CSJ Conference, Vol. 94 (2017) p. 88
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Evaluation of trapped magnetic field characteristics of pulsed field magnetizing for jointed
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AW 42 Tk, Gd- Ba-Cu-O N7 OMICEELRZ
Er-Ba—Cu-O W& ER45y
RNVAFERE (PEM) ~ORBEFIRDHIET, SRR 50
FEERHI LI,

BEAEHT TTK COMYRBES /3 AT FHIC B AT 72858
B TR TH-E—INELNTZ, AT LD 7R

DEINZED | BT D OBESERIRES DIR A DSBS L.

50K T 5T LA PREM % 1 [BIFIIN- 54, #2650 1.2T @
EWIHERGE NS, PPM % 2 [ B9 5L, #AE

LHEATROM T 1.2T OBEGOMIRITREI LTz, Zhidss

BEREWHELIR O L —B OBEWICENTIEEZLND,

2. EEAE

WA L LT H ARRERID Gd-Ba-Cu-0 LI5S
& (¢ 60mm, Ag9.4wtiSN, PLO.5SwthHRIN) & AV, BEAAF
LL T ErBa,Cu;O, (Er123) & Er,BaCuOs (Er211) ZE/LLk
5:2. Ag,0 % 10wt%h, CeO. % 1wthiE & LT-BEfS (A2 FH L7,
% 38BHX DTA (Differential Thermal Analysis) L. £l
WA TRIREE (7)) ZHELIZEZA, WA D 7,73993°C,
BOMD 7,708 9371°CThH -7,

Gd-Ba—Cu-0 »3)L7935 25mm A2 HL., (110) 1H[E
TR EARDIDICHEYVHL, A mET TR
—/%=D 0.3 I7aETHALCEmICA: B, 2ok
A EORIZES 0.3mm (THFBELIZ#EAME AT, 5
FUBHRIBE IR T B XU 12 C 980°C C 3h 1%%L7‘J& 940°CET
0.5h THW AL, 920°CET 12h M THER S
BEM OLIERMBRE LA Lz, #E .ﬁw IHBRE DT
O, BFRFMHEK T T 425°C, 300h 7a~zlx%ﬁmb7‘_o

PeEEEHT PPM EE O — VR AT — @ E L.
Bt ORI P RITRE v — | g S LS B@*z})
RS E R —L e —%RE LT, HHDOaA
I T o P EERL OOV ABRER LT, TOBR, v
U MEFLOEE LR — VB SHINEE SRR 28U
L77 50KBLNTOK TOI T L ZAEREEA 70 (2[8])
2V AE AT R M E O TR B AT o 7=,

3. ERRIERLER

BEAREORE L (FCM) IZLDHHERIEHIE I
JVH =N BN o b, AREHT B I/ B s
AWML TND, PRM 12X DRI T, e KFINELS
% B, #RR i CRU S I T i K & ENINES B,. 800ms
HOBBHIIR SN TS % B EEFK LT, Fig.1 IZ 50K 5
FOVT0K TOL TNV ADFERETT, Fig.1(a) 1240
70K TIE B, 4T L L, 50K T B3 5T LLETAMIC B
M _EHLU7, Fig.1(b) 75 50K 0 B, 23 5T PL ECHEAERIZES
WT 12T &V RS 2 1o e, F2, T0KIZEB W T
L B3 4T LL BT B OR T ASHER S TZ, ZHUZEVINES I
I B ORI DL DEEEZBEND,

ER R S OBISEHEEEITU,

WA RSE2TLT,

A EIT> T2 REBCO %7370 PRM THERRED
AMERR DS FULERIZ 1> T VARG IMEA T DI EMNE
B VI IRERMNT 2ICIVEIN 0D, LinL, 5|0
FE RN OHEEE OB R NS LB RN 20
PFM REIZHNERB DT TR AT OO BIG MR AL
T2EEZ BN, TORER, BB S vy
BRITREIBIMRALRL TR o 2B 26D,

6.0 14

, (@ L [@® "=
> CIMatrix at 50K 2 : CIMatrix at S0K 0
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Fig.1 PFM result of single pulse at 50K and at 70K
(a) B, depend on B, (b) B, depend on B,

Fig.2 12 50K TOX T )L SV ADFER AT, 5T L EOF
TNV ATERETET CRHEBEATHICR VT 12T &V
IR WIS 2R LTk LT, £/, Fig.2(b) 25 2
B HO DV AERTIE 1 \A &R TSVIORE EFA
MRONTZENTHER TED,
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Trapped field properties of GdBCO bulks fabricated from a dense precursor

prepared by a spark plasma sintering method
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Table. 1 Diameter and density of Normal and SPS bulks

After SPS After Crystal Growth
Sample Diameter Density Diameter Change in
(mm) (g/cm®) (mm) diameter (%)
(Normal bulk) (20.0) (3.82) (16.9) (15.7%)
SPS-600°C 20.3 441 18.0 11.3%
SPS-700°C 20.2 451 17.9 11.4%
SPS-800°C 20.2 492 18.5 8.4%
SPS-900°C 20.1 6.67 20.1 0
1 e
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— ™
€ r \ ]
£ \
— 2L \ - i
% — “‘\\
E 3 \
8 1!
© -4 - } 4
7 Holdin
a S5 E g i
6L -

L L L L L L L L L L L L L L L L L L L
0 200 400 600 800 1000
Temperature (°C)
Fig. 1 Displacement of GABCO precursor during SPS process.
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Fig. 2 SPS temperature dependence of the trapped field of

GdBCO bulks.
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Numerical analysis on pulsed—field magnetization of REBCO bulk
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Fig. 1. (a) Schematic of our bulk magnet system and (b) three
dimensional simulation model
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An effect of OFC plates on the pulsed—field magnetization process
for OFC—plates/MgB,—bulks stackingIll; reproduction of experimental results by analysis
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Fig.1 Schematic view of numerical model
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Modeling of trapped magnetic field properties of MgB, superconducting bulks
produced by MVT method
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Generation of periodic magnetic field using bulk MgB, array
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Development of REBCO coil system for Skeleton Cyclotron (Part 1): Overview
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DINEED 72 ORGSR SRR Al ST & 7228, Ak
BT, 22850 REBCO A VY AT ADHTHE L 725
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N F N —% B &85 Z LN TE, PET A RI Sl
~DIGH e ESBREILR IR  CE D, T (FD 1) L
T. HTS-SC [l REBCO =t A /L3 2T ABASE D72 D Hiftx
Hffo BRI (2022 F£4) O E AR 5T 5,

2. HTS-SC i REBCO OA LY R T LD E AR i
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¥ E DO Tgss 2 583 2 Hifit GEfCEEDR IS & 2 REERGY; DFE
fili & AXIB) . 4) S-High#t 587 (Fig.2) #IGoL7c~ /T
A VR EHR B LI OMENL 2 B LT\ D,

ARy rar T, ETAERICBWC, LAY, F
JEBAFEA 7 Y 2 — LB K OBIE D BRI O S A2
OWTHAET 5, BARIICIE, 20224 3258 5266 T 7E D/
M FEZEHREBCO D A /Ly AT ADOFKEF - 8UE (587T) &%
BREEAMANZR[2]. FEHHTS-SCHD 2 A L AT LD
R — R A v AT A) [3]. = L CEHIa A
VAT KSR L HERCEDTE & RS JTRHI[41IZ DWW T
FNT 5, IO RFE BN TRRTEDT—~v & L
T, MR = A AR W CB R BRI AN R8I & B BEe
N D6 DL EMFM[S]. REBCO~Y /LT aA MBI
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& B i = A AT T 72 B DT < JERDFEAE LTz &
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S 512, REBCO2H /Ny RIVEIR A2 BHR LTz 24 Mz B 0N
TH T OBPITHIEA A Lz & & OEPER 2RI 8)
WZOWTHRIT T 5, Fio, MERCERES D2/ - e
PR L « 22 TE JE % AT ETAR 5 5 72 8 D [l BEARAT 12 F-5 <
SR T v 7T A9]. W o A ST SRR R
G BRAM D 7= 8 O KB & ML B 5 KRFI[10].
FHARHTS-SCH = A MBI 2 ik B ki O 42 L il
I EHIENC X 2 SBR[ NN DWW TR T 5,

Noncirc
sector coils Beam acceleration

plane

HTS-SC
Fig. 1 Schematic drawings of HTS-SC and REBCO multi-coil system.

Air-core REBCO multi-coil system

IEligher magnetic field |

Optimal design technology
Super-YOROI coil structure + Ni-coil technology

[Migher precision of
magnetic field

‘igher mechanical strength

5_ igh Super-YOROI coil structure
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Reduction technology of
Shielding-current-
Induced magnetic field

‘igher termal stability ‘“m]igher current density |

Ni-coil technology
Fig. 2 5-High REBCO magnet technologies for HTS-SC
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Development of REBCO coil system for Skeleton Cyclotron (Part 2):
Design and construction of a small demonstration REBCO coil system
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R RE ) & TR T B R A AL i D B (LY 2 oL §
KA TG, AlEIE, MR A LB & YOROI AL f—’; =
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559) £LC UBSC f I:Tltra—Baby Skeleton Cyclotron) ] REBCO 0 10 20 30 40 50
ANV RAT BEFRE 1] BUWEL-O T, TONEERET D, 7 (cm)

2022 AEEERKIZ. RaA /LT 2T 2% T FeAERESE RS FE
WHRCFBERED A VTR B E MOV TR 3
BRAE1THTETHD,

Fig. 1 Optimized arrangement of REBCO coil system

2. UBSC i REBCO ALY AT Ls

FXEF L2/ SEEFIREBCO~ L F A )L AT L DEE
Jt % Table 1iZ | Witk 3 J OMBEX A Figs. 1,212 BE5E T
DAL N AT ADOEEHEFig3Imd, Wiz s 7 8
Vir—% (DP) a4 /L (SUST—7&4& %) ok S
N &4 VIIYOROMEEIC L VR L Cdh 5, Mbie
6mm, EX0.lmmTH 5, EIRIREIII0K (B EHERER
H) T, WA RF AL (5,4, 2.5MevD3BHE, ik Main Coils
Bt B) 248 LT, WEENAS540A, 483A,382A L
LBREZIT O TETH D[], FlH LPERIT02mEEE L
T2 (EHIEIT0.5m) .

ARFFEIT R BARHF S (18H05244) (TR~ 722 & &4

RN
665.26 mm
S E TRk Fig.2 Schematic of the REBCO coil system

1. T. Ogata, et al., IEEE Trans. on Applied Superconductivity, Vol. 31, No.
5, 4400105, 2021

Table.1 Specification of REBCO coil system for UBSC

Center  Center Main Main Sector
coil #1  coil#2  coil #3 coil#4 coils

Inner radius (mm) 70.00 80.10 283.13 31437
Outer radius (mm) 79.80 80.94 31443 332,63 -
Lower z-coordinate ~ 120.00  120.01 78.79 70.12 70.00

(mm)
Upper z-coordinate ~ 151.00 13501 141.79 133.12 101.00
(mm)
SUS between turns 0.096 0.005 0.68 0.258  0.1125
(mm)
No. of tums/SP 50 8 40 51 60 4
No. of DP 2 1 4 4 2 %

R . g

Fig.3 Photo of the REBCO coil systerﬁ for- experiments
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Development of REBCO coil system for Skeleton Cyclotron (Part 3):
Design of real—scale coil system
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E 51T, EHBY A X HTS-SC i REBCO =X A /L D%
FFFEORFE D TE2[2],

2. HTS-SC F8 REBCO a4 /LD & E1LERE

AVF &bV 7 v b oAcBnTid, RN e —2A
IO 7o DIZ  FREMERYS & AVF (Azimuthally Varying Field)
NNECH D, AVF [T, B — LD REHLE 2 - CHLEE
WCIEE R (FALA S [T 2R5THY . B—
LERBSEDZ ERIMESED, WEROKF2]TIE.
UTORTREIND AVF OIRE (77 v ¥ —F?) % 0.04
L LTRERFEAFEM L TE T,

(B2) - (B,)?
P ="y

2n

(X) = %f X(r,0)d6
0

T 2T, BIIWESE®D z Fmpsr &2 E T, #I# REBCO =21
NVEFHZOE — AHUEFHFEIC LY, E— A ORIEN R <
RNWZEPHA LT, £FDH%, 7T v —F % 0.05 1k
. FRREHESER L, ARRERE Y. kv ERiCEST
DD T IT 4TIV Reaf LB REHIE ATV D,

3. AN RTLDEBEILEREHE

Fig. 1 l% —%5 >y N 5%RMRGE, ® 7 4 —a AL
DIED AVF, BIOGREFIRGDOFE A VRFAET &
kY, 70 Fig 2 ICRGH LT aA Vv AT LD %
N, Fig 31213, et L= a A VoRARSS & SRt
W6 OREFEERT, B, 5%, RitLizaA vo%
ARG E AV TE — ABLEFHE 2 L, ©— 200N
EIRETT 2.

ARWFFRO0—E TR AL S (18H05244) (2K >7-Z
LEAFLT D,

SE Xk
[1] T.Ogata, et al., [IEEE Trans. Appl. Supercond., vol. 31, no. 5, 4400105
(2021).
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Fig. 1. Azimuthal average magnetic field in the median plane of
HTS-SC coil system for acceleration of 40 MeV D™

Fig. 2. Optimally shape-designed HTS-SC coil system. Blue,
green, and red coils are, respectively, the main, the sector, and the

shield coils.
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Fig.3. Ideal isochronous field and coil-generating field with error.
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Development of REBCO coil system for Skeleton Cyclotron (Part 4):
Evaluation of screening current and electromagnetic stress in real—-scale coil system
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Bz X0/ N D& R E A FBLTEL— T, AR %258 : 2
BB D ER T E LSBT B, S5IZ, REBCO kD7 g L 5
— T TR T 5 K&/ AR RO T30 i 256 ¢ £
NHEMIBRICRINT 2B BRAET B, ARE T, 2054 £ g
BE AT T2 FHLR S LR (7 mhmy O R RHEE 252 & z
ﬂ/f/V:/X?A%j(‘T%ﬂ:, ?ﬁTﬁﬁ?*ﬁ(liD%Yﬁiﬁfﬁﬁ:’%N% g With screening current 3
O L RIS NIV TR =0T, 20 R4 2.5 i) 10,005
%&%Téo 0 0.1 0.2 0.3 0.4 0.5

Radius (m)

2. BWETIL Fig. 1. Azimuthal average of screening current-induced field
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J R RS 5 A4 Fig. 2 (R T, ©2F—a L0k £ pros
FRE TS LT, R B RS 0 2R 22 25 (LA RS A A%, g edser 10
He% 0.3 m THOK 6.5 mT FREETHY, REFHFOFZER E)N < st
TENUT, E—2ERICLBER T T F—%EL T2 DRSS - ilﬁm
TR, F77, 1z FROBGM I OB S a2 R, Zi B — Sector coil — et
AU BREIFI RIS OV T, Y ARG T5, L .
(@]
<HEE> I?c)égius (m) 10

2%, RWFGEO— TR BRI S (18H05244) 124K Fig. 3. Cross-sectional view of current density in HTS coils.
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using magnetic methane fermentation
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of magnet field source of the system.
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Fig.2 Particle size that can be captured in the separation tube
( @: without magnetic force, O :with magnetic force).
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Fig. 2 Equipotential lines (blue) and isobaric lines (red)
around an insulating circle (2D fluid model). The insulator
boundary is isobaric.
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JECIX, SRR LW/ 4R ik T 5 Ag/REBCO il H
L, REBCO OWED %A X 3EICAET 5728, 10
K 7 BEEFIRE (T £ ToBMKITRIR R 2
FEAR L 7=

2. EBRAE

AGEBRTIX SuperPower #1184 (SCS4050-AP), 7 <7 F#k
i (FYSC-SCHO04) @ 4 mm g REBCO ###4 2 4 v
72. Fig. VICRBRE OMESRK 273, BRI 2 3B 735
NOARERAIL, =& ZHWT 1095 K I~ 7. JEf
WHFROWEFELE LT, av4% 7 h7u—7 CIL
(Current Transfer Length) 4[4,51% F\ 72, Zhuiddass £ m
Wavx2 7 v oa—T72HWCERE 5 %2, BRDS
REBCO JBIZHisif T~ 2 iy ORMmEN ZMESTH 2 LT
BRI EZ RO D FIETH D, FIHIEM» S e 12D
% WA BRI EEEE (CTL) & U, B, EfEfiEhr ok
7 JE HRHUR L MR A O BIGR > O E kBT 2 B L
7-.

3. EBHBERALUBE

Fig. 2 15 b= BRI RIR R E 2 8T,
SuperPower, 7 27 LB O TENEIL 915K, 94.8
K C REBCO DR N B Sz, fid & LT, 10~
80 K & TIFIRIE D _EFIZxt U TRMEM MG vz —F
T, 85K DL EOFE T, AMIC BRI A/ENE LN
7o, ZOFENTERCH OIEPFTEROEE AT 22k T
IEAN TE WL D TH S 728, REBCO OWitHs fE i
BEIEOFEMICREREEEZ L2 TV D AREERE 25
1%, Ag/REBCO FETITIZIWT, REBCO DFEFHRZ
JENIFAET 5[6]. £72, REBaxCusOrslLd23 84014 5 124¢
W, TeAMET L, §>0.6 TIHMRENT D Z L[7]08HE
SINTWD. B THWZ#4 O Ag/REBCO FLm i
W22 DX D REEFRRBOSANFET IR, IBRED EFIC
eV, FRFERZ BB RS B EIER U, EMIETEO
BRI N o e EZ D EINTED. 5%, Bt oWr
MHfBIZEIZ X 5 REBCO N OEEHR A OFHAR, HARER
HE?D REBCO ODRFEIZxT D IPUEOZET 72 Eoyitic
BT 2HHENLETHD.

4. F&O

AWBFETIE, REBCO #4400 Ja BHEH IR 02682 %F L
REBCO OWVEIZFE B L, Te £ TOIREMRAFNERAM % St
Lz, ZDORER, TN TR BMERED ERAES
e, 2 ORSRITERIEPIER D %) 12 REBCO OPPENR K
IR 52 DAl A RIS L DT, 51k, O
REBCO JEN Dl /KR & W 5 BLUE N HIFZE 21D T
FETHD.

BEE

ARFZEIL JSPS BHIFE: 20H01884 DBAkI L TN IST Ak
HANEESE IPMIMIITA2 OXEEZZ T -0 T, £
72, AWFSEIE ALK 74 B AR S8 TR & SR i 8k
BHFGEE v 2 —C B 5 FEAFZE (GREEE 5 20H0205,
202012-HMKGE-0202,202112-HMKGE-0202) 12 X ¥ 32 &
nizbLoTY.
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Basic study of low resistance joining method for REBCO tapes
for transmission cable application (2)
IR BS, SUAHF (PR
KATO Seishiro, CHIKUMOTO Noriko (Chubu Univ.)

E-mail: ts22001-7481@sti.chubu.ac.jp

1. XL &I

ERBEEOIGH o —fFl & L CPIE?S 0 Th B &
EiGH L2 BIREERE I ET . A ZEEHO T —7
LNOBFEEHIEL T2 fFohch ERAIEL L
T, BLERMOBEERH 5, FEHE LTHVS DI
7 — 7 AR 10 km HETH LA, HEHEE
BSCCO %C 1km 5, REBCO T3 100 m F2ETH %
70, HEOBMEEHL RS Zickd, # 2T,
HREEEZ DT IOV IR CE T E 2 0 EHE T
Hb,

BREZH WX EBEMcEWTL T LLTERARD 0
B o7 — 7 3B  cBfmEER R ERk T Ak
Vo B, T =7 AN TR E O A v 4 b TS E
kanzrzo, 2nE L RN LR 2 S T — T %
EEY — AT ERAODEITAFERT 2 kS — Kk
IfThNT & 72, Z DBRITINENC X 2 5L E U % vl HelE
BB B0, FEOEIEIZA 7 (PbSn &) H 5\
Pb 7 V) — DK@ XA R EHENS, LA L, PbE2H
W= B D FERRM MR EL R E L TH Y E %
o Z MG ERECLRE L -Ft 25 2 -0 E, 30
Y3, #ZCfxlt. REBCO #ifficow<, HET
PO AEEFERL RWEGFIEICO W COREEIT-
TWw3, SN NE TIrbN - BT RE S &,
AR & T o [ L\ TG 21T o 2285 R &
W5+ 5,

2. EBRUHER

AP o MaicH 72 o T, REBRCHMAL 2
REBCO #i#t o #5:® % Fig.1 1IR3, LRIk 4 217- T
W72 R A B AR O S E AL E & A b e EINE 3
2L ko CHEHBILEESRIT ) HikcoEa® Hig
L7z, IEBIE G OBAR S R IEARORE LT, £7-%
DI, 2 L AT 2 &BRME OB S itk Lick
BInd, 0o+, 7 —7 (NILACO &, JFx
100 pm, fE5 mm) ZHW/7 v 2BE2fro72, %
DFEE, VeV 2RI 7 © VB8 0.1 mol/L. 4T
7130 MPa, 10 M cBEXIEPIE R DKL o 7,

e\ T, SuperOx Japan # GdBCO #itt % H w724 %
RA 7807 — 7 L RS CEAERA LA I L2,

W 2RI OB 215 5 -0 HAEMAICEH L
HEITo72, T2 F TCOERTIIMEINTEIZE T L 2%
FAWTRAHFTITo T z8, &EEm oL 2Pk 3
7o, MESERESE L FL b X 240 L3, maEhE

BRPEALZBLRIFICEEL, ILEEAZIT- 72, i
iz b 59 200 °C, EhiE7var—n (8§74 0
)T X BMETHASMPa R ETH Y\ EBROFHFEIL 0.1
L/min TH 2%, T DEMFTHEAIIEYIL 7z, L EDFHET
PO I N BIEERM O MR B R % fig2 ICRT,

TN DA L 72 IRERRM IC D W CE R R TRIRE
SR TP RIS X D AT oI 2 HIE L 72, IRPTil
ERED I T-REIFEEEL 2cm & L, —2DaRHT > & Z[EH]
TEZAT - 72, BIJTH % KiE L = 0HE U 7o, SRS

TOEEHEORPUHIZHE IR CTIIRE 23R o 7225,
MRS RIS CIRIRPUEIC D A b N7z, AR TR DK
Wl % R L 7254513 50 °C 1 mol/L 7 = Vi 10
MIRET S L TREPEE L, B %KL b T 100 cN -
m D kL7 TS EFMTEL, £FEFAFHKT T 10 4
il 200 CTHMEANL 726 TH o7z, % OIKYUEIZ 54.6
nQ-cm? & 7 5 72, & OREDHEREH (Sample #1) % tablel
IR S L 72 BmER A — 7 — 28X A7 %
WS LS E OEGETIRYUE 70nQ s ecm? X D /N &
WETH 2, L2l FLEHETDH ok (Sample #2)
Clitable 2 1CR$ X 512 217.4nQ + ecm? & 72 0, [ESAE
DYV TNRBIOEPKE KTz,

B C IR TR e o TR o 1) | e OF, W5 o A I E
KX 2P O BRREOWRZIT> T Wb EIATH
%,

AEEE 8um
—~{ HRREE 24m ‘

~{E®(~27nA)

60um ‘

Fig.1 Schematic illustration of REBCO superconducting
tape

Fig.2 Photograph of joined REBCO tapes

Table 1 Resistivity of joined REBCO tape
(Sample #1)

Joint resistance(nQ) + cm?)
Current
. forward reverse
direction
1 55.2 60.5
2 55.9 52.8
3 45.4 57.8
average 54.6
Table 2 Resistivity of joined REBCO tape.

(Sample #2)

Joint resistance(nQ) + cm?)
Current
. . forward reverse

direction

1 218.4 214.1

2 218.7 214.8

3 219.5 218.6
average 217.4

5510301

20224F PERFIR T.57 - AR

Ay
EAY



2P-p04

BRIAKFZANBEER TR T REBCO £E4EADEAFEN)
REBCO ###t R/ \ 15 )L ER

Development of REBCO assembled conductors for liquid hydrogen cooled high-temperature
superconducting generators (1) -Spiral Tests of REBCO wires-

AH B KB EFR R ZiHE, IRERE. BEE(ZZEH)
IKUTA Shohri, OHYA Masayoshi (Kwansei Univ.); MIURA Hideaki, HATTORI Taisuke, TONOOKA Shun (Mitsubishi Electric)
E-mail: shohril231@kwansei.ac.jp

1.IXU®HIZ

F—Ry = a— IV DOERIZEAT TREKEDBREETE
FU7 600 MW #REIBBEERER LK T D, TDED
6 kA SEOREFREEIINEL L) EEARD REBCO ##4F
2R ESEARDG - BLhERM OB R FEE Uiz, A
FETIXENRE 50 pm DFFAL & VT ANA TIVERERE 4T\,
ANRAZIVEYFIZIT T DR BT (o) EDMER R E ML L
FAERIZOWTIHRE 75,

2. 600 MW fRFEEFDRET

Z—ry heF B 600 MW FRFEEHDF R & B EE
692720121 6 kA FRDKEFREARNINEL 2D, 6 kKA D
KERE 1 KOBHITHTDIXRETHY , BADK %
RDEEEREEMNBELLRS,20K, 5T IZ8WT
6 kA DBEEEFEEME 70% THRT/ZDIZIE 8,571 A D Ic
MBI 2D, — IR AT E Y AV TIE, 77 K, s.£0
Ie £ 20K, 5T/e D Ic DILERIZ 42 {5 THB7-H[1]. 77K T
TR I 132,040 A 2735, SME 6 mm DESERERETL
THYIELEM | KHVICHEERIEEEE T L.,
B 5 mm D74 —<—IZ 18 DG % 6 BHEEIZTSE
BEREPHEFKE—TYINDERLRD, SEIFTA—~—
4 mm IZXFF D Ie MERROBE 21T o7z,

3. fiRbT Ak

Fig. 1 {ZAEM ANA VTR BEET VER T, EE R D
TA——IIRUT, ANAINEYF & L, G OERE%
tn FAAYRER L UT, BEEE 2 AENCUTES T2
BADHITO T ey 2 L TOFHERTRD, BEEBDE
ALBEERMEOMRROBRL2ING I HRREE B U,
Fig.2 IZEMR CRTERZ R,

J4n2(R +t)2+L,°
Ein = -1
J4n2(R +to+t/2)2 + 15

4, EBRAE

NATOAERED 50 um, FAAYFED 20 pm DFFM %
FAWT,ERE 4 mm D7A—S—IZWHUTANTIIINRHERS
EWEUIz, AN IIVERITRIOD Ie BB U=, TA—<—IZ
M5B XMITTANASIVERITED I ZHEL, A5
JVEITRIED Ic % LB U CHERFR A EH U=,

5. ERER-EE

Fig 2 IZ AN VBT D Ic $EFRE Ry NORT, /T
FERCIZERLY EREIZANATNVEYFHRRDIZE Ic
FEFRFRN LR U, RIEERIL, ATV EYFNENIFE
B & DR EDF vy TR RY AFAIZEIIN I S ERE
S DMER I N2 D L HEE T 278, BT EECHEY
%o ANATIVHIFIZE D Ie DIRTFISERINT, 74 —<—
£ 5 mm I UTERE 50 um DR CTEHEREFTX S RE

N H5, FBETIE, BEEBE 2 MU TEX T 2RED
Ic BRI OWTERET S,

6. T
600 MW fEFEEMD TN 2 BEE(L T 5728 6 kA
DK EFRERDFAF %A Uz, ERE 50 um DR T
ANATVEREBRET O AN TIVEYFITN T D I MR
ERGEUAER, 74—~ —F 4 mm (I U TE Ie DIETIE
RBINGD o7z, SRITEREDELR SRR TANAZI
RERE TV, BIRREDDDT —AR— A5 EET S,
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Fig.1 Wire cross section and calculation model of wire strain
for spiral bending
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Fig.2 Comparison of experimental and analytical results for

former diameter of 4 mm

BEE

ARRIL, EZMEREREAT TR —  EEHMR
A FAFHERE (NEDO) DB AR 2 (JPNP20004) DFERES N
7=EDTH5,

SE R

1. S. Fujita et al.: IEEE Trans. Appl. Supercond., Vol. 29
(2019) #001505

2. D. C. van der Laan.: Supercond. Sci. Techonol., Vol.32
(2019) #033001
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Fundamental Study of Rotor Cooling Structure Using Dilute Gas in Air Gap
in Fully Superconducting Rotating Machines
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AKASAKA Kazuki, TERAO Yutaka, OHSAKI Hiroyuki (Univ. of Tokyo), OKAI Keiichi, TAGUCHI Hideyuki (JAXA)
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1. 08I

H—Rr=a—F INITANT T, HiZEOHERICB W
THEBOBEZ D H 2, HEHE—& oEmtEElD?
Koo N pHc, SEBEREKROBEHI I N TV S,
L2 L. [BEE T & HE D Z2 N Z U EIRERS 2 3% 2 400
ERH D MEOEMELDIEE o T3, 22T, W
HEEZ LT 27027 X vy 7HOGETAD
BRI & SR EMEE %2 v 72 A F 0 ¥ #1702 BLkE
WZOWBTHRE L 72, BUEMRNTTI3ERILIRGE & BRIk IC B
U 2 MR- REOMRE 2 F T % 7o, BIREREENT Y
7 b COMSOL®%ZFIH L, FERELEZ € 7 )VICIEEF IR
REBMINT 2 1T > 72, ANEHHE 13 [AE T~ D R % St i
e L OEBRER L D EREL R E2RET 5,

2. RE&

FERIEE O % Fig. 1 1I038¢, KB E F A3k 5
FEHAOCTREAH L, BEZTIIAED 212 & 2 EERH
il ot V=712 & B MERIMES ORE R /NI T
Bl-d, HHMNIZEZRETHIL, 230K ZTHHAIL %
BNV T LT A ZFEAL T, ITEABBROBSRNTIT I
0.032 MPa TH o7, ~NYU LN AHABOMEET-EE
REZASIRE Y v 32 HWCHlE L 72,

3. fRITRM

EIRREETIEAY 7 AN 2 DXRIEE 23, Bz B85
RN & L7z, EBREMICADE TRBNENIZ 0.032
MPa & L. #HHEIEF 230 K, ~Y 77 A0 RER I 1%
WIRERRED 77K & L CHis-REREZHH L 7,

Z0—777, [MEREE I B WL TIFEEREED T E F L
LIS ZZE L., IR TRE O BB X B HEL %
J& U 7z, Sd—E AR o BVzEE 13 BB B R B o B[ 1] %
v, BRESRME 2527, BlEEE AT A—F L, &%
BRI 81 2 [liE R 2 HH L7,

4. fER

Fig. 2 12 RSO & B REE O TR R 2 iR L 72 b @
Zad, BRI D IR E RS T uawnERRR
RBIZB VLT H IR LA 80 K £ TihHl i, ok
BRE D FEA A% O AZERE b BE -2 01w
T WAL LEEZIOND,

S o ISR O TR R (Fig. 3) X 0. [IEEEE 1Y
MEE2 2 ETRFICE DmHPMGES NS 2 L230Hh
72, L L. IS 1000 rpm DR [E[HET-2R0 A8 77
K ZFTHRHAISNTH B3Iz L, 10000 rpm F TN X
2 EREDMEIICER L, 79 K TICRT 251 E %o
7z, 1000 rpm Rpi3EIEIC X D K de-4 W/m® DEDE
U3 dDizx L, 10000 rpm DR 0.3 W/m® D34
CTwa 778, 10000 rpm DR IFJEIRIC X 24853 K =
WZ EIC K )P TFRIBREN LA L2 EE2 605,

SEXH

1. M. Fenot, et al.: International Journal of Thermal
Sciences, Vol.50 (2011) pp.1138 -1155
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Superconducting magnetic bearings simulation
by FEM analysis using a coupled H-¢ and A-V formulation

Wk A, R HEE, SRR, KRR 12, BOE RER, RVR g, Rl i GRR)
Satsuki Okumura, Takemi Onoue, Yutaka Terao, Hiroyuki Ohsaki,
Yuki Sakurai, Tomotake Matsumura, Nobuhiko Katayama (The University of Tokyo)
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1. (XIS

R AR Sl A2 (SMIB) 3 s TR TR AR DN G FAL D [ E 1
LK ITEA D E ENDAME T THERSND. BV IEDIIRIC
LU BRI 22N, IR, BFdy, AAV T A
ThHHEPFFEEL TET NS, ZD72D, 7744 —)L
RFRIRA 7, N TR %12 SMB 2 W52
ERRREIEIVUTA. SMB ARG A BRI X RIRHE KR e
BB R TP EL, Rl sk st 7O e H
FChD. AW TIT o ZRICES IS 72 YBCO 2L itH
TEEARD [ TE LV 7RI A A LSRR R CRERR S L
BANHE T THERRS A1D SMB Z % G2 & U C 3 IRe BB fifdT 21T
W, ZOERFFEE RS T 5.

2. R Fik

H-¢ EE A-V EEM BB DT V12 LT
SMB 1T BT BEIEEHR KISV TR 21T~ 7. Z Okt )7
1R CIL K INE A R0 DO BEEA S 73 & Te 225 fE I8k
(FEIG A)& A BB AR (FEI BT TWD(Fig 1). F7=, 3
BAM AR A28 3 A7 F T TR A1 T> T
5. ZOREANILL T 0D THD.

ATy 7 1 ARZER(FEEk ATBIZIWT gik( ¢ R AT —
RT3 )W) TR ARG A S8ka— 2 DMED ER L AT
179,

AT 21 H- ¢ 1% AW OSSR SHES NS B
ZATH. HEERNEGER BB\ T HiEE AW THEES
TN ATV, Z OO 22 (s ANZIW T g iEE AV
CHBTEYBIROEDR T RITZ1TD.

ATy 3 AZE M (FEIR ATBIZEBW T A-VIiEE W TGRE
TEfRAT 2175,

SENT T G2L L7= SMB /35 A—%% Table 11Z7RL, fiE#HT
KIGOIMEA Fig. 2\ T . SRNTIZIZILA L 2l —a
Y7 R T7 COMSOL Multiphysics[2]% V>, #HEEARD
E-JHPEL LT nfEEe7 V2 L TV,

3. BTRR

SMB D [RI#ET7-23H ) ORI L A T FE O |-
NEBEBEEROEAT VA REFIH U=, e KiZ BT
757N THY, | RKEATV AT 1.9 W Thb. F7=, [[]
fr 1N A S E) ¢ 2@ FE O B EE RO AT v A &
(Fig.3) & mlds 1 OB RE A H L. BEERoe AT
U AR T HANE R S IR BN 280 IR L SO LT, =
PRENE N TR I IR AEL TND. 0.8 005 1 Bk
T, AR 3.38 mW THY, P-P EIZHK 1.05mW OE
FRNECTOD. IRETREROFEITH 1.48 mW ThHb. K
FETIHER LN EHEO BRI OWTHRET 5.

4 FLHESHBDBE
SMB DET VAL, ISR EAT 7. FRZTF B
EHROBURICHE B Ui, 4%, [BIEERHCIR T B R T

FAETDIERBRFEEINT 5. £, EBREDOIED
T T TFETHS.

Region A
Permanent magnet and
other magnetic materials

2

Boundary

Region B 72222

Superconductor

Fig.1 Schematic of analysis method

Table 1 Specifications of analyzed SMB

Critical current density Jc 3.3x10% [A/m?]
Reference electric field Ec 1.0x10* [V/m]

n value 21

PM residual flux density 1.2 [T]

The relative magnetic permeability of 100

steel yoke

PM (radius X height) 12x14 [mm]
SC (radius x height) 34x16 [mm]
Yoke (radius x height) 5x%10 [mm]

Fig.2 View of analyzed SMB
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Fig.3 Hysteresis loss in superconductors
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1. A. Arsenault, et al., IEEE TAS, Vol. 31, No. 2, 2021
2. COMSOL Multiphysics® Version 5.6, www.comsol.com
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Behavior and effect on storage efficiency in no—insulation bundle coil
with defects for SMES applications
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1. [ZC®IZ

HBEEE S TR E (SMES) 121X, EF M CTRE OB
FELE N RE ChHAE W ST F 3D, LLED—FT,
T IR BE AR D T RSN EWIFREL HA[1], 2>
WU, BN E b 5 B AL 0D T 3723 A Ree g
kAL (NI 24 0) 2RI 4528 T, SIS E b a2 EB]
THIENARRIZIRDEE 2 BID, Tz, SMES (X8 J1H%eR
THDHID ., REBIRARA L HZ I H L ARGTNEE LD, FD
7280, T &2 TR O A% REBCO #ib a5 &3k kL T
BT A (S RV NI A L) OFFICHE B LT=2],
FLTAEN., 2O/ RL NI aA VRS E T
DX RIVEIRN D53 A EIPRR A~ D BT DN T
FRAT A ZAT 7= D THAET 5,

2. W AE

fENTIZIX, PEEC &7 /VIBJ&PRIEL TYERK L7z /S RV NI
ANV HOEAEET NV E W[4, Tt RELT-aA Lo
LT, R 60 mm, Z— B 25 D LT N —F L
T, RIHALITNAERRD 12.5 #—2 BIZLD 30%I725
JONTEE LT, e dE i, R AE 100A, B/ ME 80A (D=
AT, FEER L 3s 225 18s £T 3s BTN 21T
7~ EREESESUEIX 49.6uQ «cm? (ERIEM4]) L LT,

3. EEBHER

IZUDIZ, N RV NI AR FTHAE RN E U T B iy
JENRA~DF B JEH DRV NI aA /e el Uiz
WP TR F —DEI B Naegradation &L TRDT, FlRAIT,
Table 1 (2T @Y, EOFHLEFBIC IV THIFRRZHEHR
99.9%LL_ETHY, /SR NI A RITH IR ECT-5E
Th, IR RA~DEE T LA LRI LN DT,

BT, N RV NL AU RETB LS TR SR
NERNOBFTAAINCOWT, B E 3s ELIZFED
FEBBARAEYE 0.75s BE IS5 8 7 By A% Fig.1 12,
BRI MER A% Fig.2 (IR T, £, Fig.1 [ 3JE M
BHICEAL Tk, WRISER TRl LR S0 d
% 12,5 Z—r BAHEEREICTHENT 2805 L THODOITKE
L., SMAIZERR T oI L . D% 515 5L
TWa, RIZ, Fig 2 IR TRIFAERICBEIL T, HAidsR
REIOBRITIABRDO T HBREN, BATHLOHS 125 Z
— BT ESICERE OR S MBERO FRRKELARD, F
RO W EIRILRA T B ENTHH L TWD, T,
RFEH k0D 12,5 #—rBI0LNRIOZ—Tix, 41k
ZBET B I IR DAMAISE AR~ D B ORI A3 %
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Table 1  Storage efficiency in each charge—discharge cycle
Charge—Discharge cycle Storage efficiency
Ndegradation [%]
3s 99.955
6s 99.947
9s 99.947
12s 99.949
15s 99.995
18s 99.995
100 r
90 F
— 80
= =10 (inner strand)
g 70 = = =10 (outer strand)
‘;5* 10 (inner + outer)
S 60 r
50 b —=="" Tss
40 P ~
30 1 1 1 1 J
0 5 10 15 20 25

Number of turns

Fig.1 Circumferential current of NI bundle coil with defects

0.6 1 Ir (between strand)
= = =1Ir (between conductor)
0.5 B - S oy
L= -
Cd
— e
=04t
b= 7
S e
5 s
So3 b _--
L. -
0.2 1 1 1 1 J
0 5 10 15 20 25

Number of turns

Fig.2 Radial current of NI bundle coil with defects
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D HTS ASAZE (LI, 2SOV 24K) Z[all il U
LA E AW, MR AR B4R, BEE A LVIRA
X0 K& 2B Al A RS I RIS OV TR LT,
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455D 1 =T NEHEHUZ. MERO SV M
1 EHOR YRR ASTEY, JEJTIH0O K E 72k E iy —
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DESITELNELZ. 7270, HISaA VDT o _XT7 R — %
—EELTETD, IANVDEEN 2 FHIRDEAIIEaA LD
B MESE 2y LT, AT I L= v 7 (ke HTS =
AVDFEIEE Table 1 1R, OG- EIRBE

WL I DAL B ST ENE R 30mm, 20mm SL7-.

ZuzxtL, ARSIV RO R EB S IV IR &
FLHDZET I A, SRR 2 (EOLDOEET VB, BEMN
2EDOLDETET IV C, HPEREEEID 2 EOLDEET VD
LUz, T T, B 10mm UUNICEAZERS T L%
TEL, ZNHOET I HF0 LS Smm BfEdL7- 80
TR R B A A L7

3. BWRRUER

ET VA, B, C, DEBEE LI RAZ BT D L)
H5mmBEAL LB F 1T DR AU AL O K& X & Fig.212
9. Fig.2XD, 2<30mmD 8% CTi, Sample B, D&%
U ERELTD) 282k, VIR LRSS UL EORETR
BN A VENDZ LN DT, ZHUE, 22RO IMEN
K&ELI2 D LR PEIR OB 7 AR SN KR EL72D, HEf BN
VEBRE AU FE (HTSTA L OVEDREHUE BE &30 7 16)) 73, g
FHIE E28TIIRELR DT LT, MRS S IO
BRI E 22 T/ NS D EB 2 6ND. Ll LD,
HTSZA L LR TT DAY N fE-D [ &K 00 2 3L 7 K Z (5] i
FICEOE LT B AR A WA Z LI X, EEE )L I
AE WL LI IR 22 R E IR AR & 1
DLWy otz 51%1%, 7Lk EHbIOBEN =47
B2 TH LD RE BRI AL A ED DI LI s
FEAEPR (HTSTA L« S TR) DR KR ESITOW TR
THTETHD.

Table 1. Specifications of HTS bulk and HTS coil

Model A B C D

Outer radius of HTS bulk : R, [mm] 30 60 30 60
Inner radius of HTS bulk : Rou [mm] 1

Height : H [mm] 20 20 40 40
Width of HTS coil : Weei [mm] 50 50 25 25
Ampere—turn of HTS coil [ X 10°AT] 2

Critical current density : Jeo
[x 10°A/m? ]

n value 21
Kim parameter : By [T] 0.4

1

Top view

Side view H

z
£y
oy

Fig.1 Schematic illustrations of an analytical model.
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Fig.2 Simulation results of the absolute value of magnetic

flux density gradient at 5mm away from the central axis.
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3 FED
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[1] K.Ohyama et al.: IEEJ Trans. FM, Vol. 126, No.7 (2006)
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Acolotropic Rotor
ferrite magnet ferrite magnet

10 mm 10 mm
20 mm N 20 mm

Fig.1 Schematic of a motor using Aeolotropic ferrite magnets

Acolotropic

Superconducting bulk Aeolotropic

ferrite magnet
11~12 mm . 10 mm
N PR [ ] S 20 mm

Fig.2 Schematic of a motor using Aeolotropic ferrite magnets and
Superconducting bulk

35 mm

T 54.88

30 e .
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Fig.3 Magnetic field distribution of an Aeolotropic ferrite magnet
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Fig.4 Magnetic field distribution of a superconducting bulk
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Characteristics
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Friction stir welding (FSW) |

REBCO tapes
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d6mm

Stacked REBCO tapes

Voltage [V]

Fig. 1 Cross-sectional structure of reduced-size FAIR
conductor
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Fig. 2 [-V characteristics of reduced-size FAIR conductor
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Fig. 3 Magnetic field distribution in cross section of
reduced-size FAIR conductor (1.5 rotation/m)
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Fig. 1 The cross—section of a superconducting magnet
with active shielding in the first quadrant.

0.48E-04 0.54
0.273

Fig. 2 Magnetic field distribution of the magnet
cross—section in the first quadrant.
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Fig. 3 Displacement distribution of the magnet
cross—section in the first quadrant.
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Tablel. Analytical Model Specifications
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Fig.2 Average Magnetic Field in Circumferential Direction
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Fig.3 Average SCIF in Circumferential Direction
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Suitable condition of magnetic activated sludge process
and improvement of the process for high loading operation.
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Normal-zone Propagation in Helical Coils of Large Helical Device

A AETE, BAE i, #0 EHA, 8 &M, =F FAT(NIFS)
IMAGAWA Shinsaku , OBANA Tetsuhiro, HAMAGUCHI Shinji, YANAGI Nagato, MITO Toshiyuki (NIFS)
E-mail: imagawa@LHD.nifs.ac.jp

1. [XL®HIZ

KEIAY BV E (LHD) DA~V AV aAL[1]TlE, 1998 Fh»
5 23 AR OIERIZ BT 26 [BIOFRELEFEIBHRIS LT
Do FMET NI = N2 EAUM B BARE IR O I D Fx
Bl i U7 EAR 2 B U2 2 e B 8 8 46 85 (2 S 5 MRS
BRI, 25 BT ANZO AAERE (B BRI S0 EHE 2
PR RS FIRANAGEE) L, BRI O EETE 02 V
FTIHIERE TITEIREIZEE LTz, ~U b aA Vil
51, M, O D37 a7 REISNTEY, ¥inEmEoRcE
RN TERELOVTINELEZD, 1507 0y s THiE
EOMBIE T DRI, DT ay s DT AEEITITE DT E
BIEDRAESND, &7 0y ICHREND 8B I IR IFN
BICE S TRESNBIRDIEND, NTUABEESITHIE
(X0, Db VW NORIRLE & R E 352 L h3 Al B
Thb, £z, 2001 FEICBVTT T2y Ty T af sk bE
BNZE T, NIV IANETFIFROEREMESCEEEED
FHAIATREL 225 72[2], ZHETOBMT — X Z 8B, HimiE
AN B HLZEVEICONWTERT D,

2. NSURBEHBACAT LA

AT VA OEE K% Fig. 1 1 R$, HI & H2 D250~
VANAANVNE, %%, 150 F—2FT DD, M, O 7 ey 7125y E
EhTRY, FC7 ey ZEERNERISS L CTEINICE RSN T
Wo, 72U F RO, %4 O7 vy THI & H2 DZEETE
(NFTUREBE) ZFHBIL TS, 1 7Ry TORREMEIFICES
STIEM 7TavIIZAELDNRTURER e/ L ey DD HEAREH
HHLRR Y VRlX, Vi = e - eyda THZHNB[3], ald, ~VAL
A NVWITE N O EBRALE 21T 1 7 ay I OVEDRERS
XTHM Ty OVELRERG D THh D, ald, 95 b5 1
& BiXEDFITHRIUHEFE (0.69-0.71) THY, 13 FInHED2
JE B i3 (LA E1X 13 511 H) T/HEL, FRTHEVA, 0.81 X
DHE, 3 B UBIIEOIZE <D DT, fizand 0.7 df%
ThiuF 1 JBE, 0.8 ILFHETHIIT 2 B B Ol THZER
DAL LB T HZENFTHETH D,

3. Evo7yFaqLEal
AUI N AAVER, BRSO EMET L=

LZECM AR ESITEY, HREHMaE T 28ICI3E
WMELNY TN D, ZOBOBIGELE A~V LI LDE
FHBNCEHEE LI T T af M E>TRET5ZE
28D, FAREEOFEAENL B AR EE 2T 52 L2 Al e
T D, 2000 FDEFAY AV NVEBROHIZ, Fig. 2 1TR7T LI
~UBN AV EFITRaAZ VA T30 EY YT TEARAIZ
BE LT, BT v 7 a0 0BT 10,000 T, FMEIE 109
mm THD, B LDBRELZFTHIE T 720 Hl a1/ L or
V7T T ANV IO AAE O H2 AL DYy 7T 7 2
AN EBIN-EEBEA 50 Hz Yo7V 7 Tl sl <
WD,

4. BIREGBEETONT

Y77y a ) ORERZRIERTEELT 13 BB OFR
BRFEOE A% Fig. 31T, 13 1] B IXBFRASIE 7 M D
BETHDLHN, B F MM L2235 SO Cr e 4
LU MERE ThHD, EAE 7T 7 af O 5L~ ik
FMDK) 172 THHZEDD, AN FEFI) DE L%
BRELTIZZ D005, BTy 7 a Vo, 15 m 5

WeDBENA DI N AN OVEDRESS % 59D DR AL TE &
LTWHDT, ELL0EALFIRERIFEOR AL, HI 211
DH10 B2 —TRILHBITED, [RIFERHL Iy TF 22T,
AUIN AN DE EERE BB E TILELFE R E->TND,
I P CRARERIE N RAEL, I EEAE0iEE ik
THIENL, BT o T a i llo TG BZ K E T&T-
FFHTIL, AR ARHEIOYAICHBL TS,
77T af N DR RKERDGA L 7T T a,
VOB HRIERE AR DD ENTED, (CfFH L 1L
T LBR VB HY, BRSO R —T AN T RL, KR
WON—F 25 ERITIEL 25, Fig. 3 5, FinBIRE DK S
IT#10 B2 — & FEMF L THDLZEN 0> TWDN, [
REE N i E TR DB AT Tl AR, £, 13 HHOGIBOBRE
OARFBAE LA E IR A 2V ETRIALE O 4 & 5 O (LERNJE
80) SIS AL, B TR S B AR DT TR, FAREAR TR
DB LA LTI IR R EE 7210 e, AR iEL B> T
HLEZBND,

VT v T A CREBENTARTEE NS IHEED K
FLOT, FARBEB ORI ¢ 25083 1L, EIRER
THLNEEIRTI ORI A b BIRGU Ve B3R T 52

Helical Coil (HC) HC Valve Box - HC Case
Iggi?r Shaping HC Outlet Tank 7149 \
Inner >~__2.--~ \ || L3T21 )
Vertic: H- ,I. V;;gl
Coil o
H-O
o
Pick-up\yj
Coil

18

) i\ I pure Al | E
B

= ¥ - 1
\ Cu “NbTi/Cu
Spacer

. 3900 - 80 K Shield

Fig. 1. Cross-section of the LHD cryostat. The pitch of spacers
between conductors is 55 mm, and the wetting surface fraction
of the conductors is around 0.5.

Fig. 2. Schematic drawing of pickup coils. Only the pickup coils
in the upper halves at the 5th and 10th sectors are shown.
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Fig. 3. Pickup coil outputs for the 13th propagation of a normal
zone. The numbers of the figures represent the sector and
poloidal position of the coils.
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Fig. 4. Estimated resistive voltage for the 13th propagation of a
normal zone.

Table 1 Propagation of normal zones in the LHD helical coils.
The 18™, 19" 23" 25" and 26™ propagation occurred under
subcooling operation.

No. Mode H-O/M/I current (kA) Coil Position
Ist  #l-o 11.25/ </ < H1-L1
2nd  #l-0 11.29/ </ < H2-L1
3rd  #l-0 1142/ </ < H2-L.2
4th  #l-0 11.46/ </ < H1-L1
5th  #l-0 1133/ </ < H1-L1
6th  #1-d y1.258 12.02/11.82 /11.08 H1-L1
7th  #1-d_y1.258 12.02/11.82/11.08 H1-L1
8th  #1-d_y1.258 12.07/11.87/10.98 H1-L1
9th  #1-d y1.258 12.06/11.86/10.96 H2-L2
10th #l-c R4.1m 11.16/ <=/ < H1-L1(R) #10 bottom
11th #1-0 y1.258 11.71/11.57/10.93  H1-L1(R)  #10 bottom
12th  #l1-0 11.04/ < / < H1-L1(R) #10 bottom
13th #l1-0 11.15/ < / < H1-L1(R) #10 bottom
14th  #1-d 11.30/ < / < H1-L1(R) #10 bottom
15th #l1-c -11.08/ </ < H1-L1(R) #10 bottom
16th #l1-0 1111 </ < H1-L1(R) #10 bottom
17th #1-c R4.0m 11.00/ < /<  HI-LI(R) #10 bottom
18th #1-0 11.45/ « / < H2-L2(L) #8 top
19th #1-d_R3.65m  -11.75/-11.35/-11.35 H2-L2(L) #8 top
20th #l1-0 1117/ </ < H1-L2 -
21st  #l-o 1121/ </ < H1-L1(R) #10 bottom
22nd #l-c R4.Im 11.06/11.00/11.00 HI1-L1(R) #10 bottom
23rd #1-o0 11.53/11.40/11.40 HI1- L1(R) #10 bottom
24th #l1-0 -11.37/-10.97/-10.97 H1-L1(R) #10 bottom
25th #1-d 11.80/11.75/11.20  H1- L(R) #8 bottom
26th #1-d 11.72/11.67/11.18 H1-L1 -
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Fig. 5. Resistive component of normal zones that stopped within
one pitch of the LHD helical coils.
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Investigation on current distribution and stability of NI REBCO pancake coils with
different number of bundled conductors
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1. [FCHIZ TABLEI

MEH8%% (No Insulation; NI) Rare-Earth Barium Copper SPECIFICATIONS OF REBCO TAPE AND COILS,
Oxide (REBCO) /S —FaA LD hlgdhett, B2 ek AND SIMULATION CONDITIONS
Zlh EXEH29H1Z, REBCO #ikZ U R LL CEREN Parameters Value
7=(Multi-Bundled; MB) ZtA/LAMBERESCTB[1]. MB 2o Number of bundled tapes > 3 P

JNIZNFECTHEE > OO N 2 ESE A LN

ificati f coil
WHETHY , B EMELHERES LTS, LinL, AU R Specifications of coils

B BRI DEE L D EH A LA bI=BL on v, od. (] o oo
TWDDDFERIZRRFHI M E S TV, ZZTARMZET Number of single pancakes 6
IBEROKELD MB AV INERO B/ 5 2 D5 8% Contact resistivity [u€ - cm?] 70.0
WAL, LEMDOERICOVTHRAELE. Inductance [mH] 56,3
o BIFEE-ETI . Conditions
AT I, TR BT T2 05T L TR X Operating temperature [K] 200
4y B 35 A 7] % (Partial Element Equivalent Circuit; PEEC) Exterm.ll magnetic field [T] 14.0
WA AN TN EET LT, E7, BONERNDE Operating current [A] 900 13501800
HELAR 53 124517 B B 2 AL, A7 IR 96 15 (Finite Simulation time step [5] 0.001
Element Method; FEM) (Zd> TR 2457 spu1 sp2 -~ spia spis spi
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LS, 6 O NSl — R VRS b & % g —
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TOAA AN TIANIMADT —TF 75, Tapel~4 EFES. 100
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Fig. 1. MB NI coil models. s - “ % o o0 o
o [ ©
3. BHER Zo0
1 Fedo 720 450 A DIER N FENS E HHRBEICB VT,
E25 3 S HDIA LD Tapel kA EEiEBIE, %2 S w0
EVEA R L. RETH BB % OB A La X 2 e
(R WO A LY Tapel [CHiNDEIRILE EEHT S
WL, ZUCHET 27 — 7 IR L TV, 2 sk 0
A /LTI, Tapel DEWDEEAL 2T Tape2 ~, 3 B3 ’ “ T e ” - "
RvaA )V Cid Tape2 & Tape3 ~1240 7 o850, 4 B Rv 005 b en e e o
IA)LClE Tapel OEIRITINZ, Tape3 OEILS 8 & it D 00Ls =[Ok = = O = = /r =

01s = (e iy

AT T Tape2, 4 ~EHRHEL TW5. REEINRIE 958
Tape3 OEIL 450 A [ZR LD B B4 21T Tape2,
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THT =T ~LBFREB T TR EN AR OZ LD B EHE

Fig. 2. Time variation of current distribution in normal-state
transition test, (a) 2-bundle, (b) 3-bundle, (c) 4-bundle.

BTE. L LT =7 HHEHELL T, B0 LM 1. J. Geng, and M. Zhang, “A parallel co-wound no-insulation
BT =T OB THY, FHEEBEIITIL>TSBRLAM N REBCO pancake coil for improving charging delays,”
DT, 3 BNV L TWHEE XD, Supercond. Sci. Technol., vol. 32, Jun. 2019, Art. no. 084002.
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Current Behavior Simulation of NI REBCO Coils at Turn—To—Turn Contact Resistance
Measurement by AC Current
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1. LI

M6 %% (No-Insulation: NI)EHBREINT 23, 8 w1 BE55 it A 1
M7= REBCO ~7 Xy hCIALEEMHILIAH TW5. NI
REBCO ~7 %y hMIBRELZLIL S5, @A ENE
Db B S AR T DI ENTESD. NI HINO B2 E
P, AERNCEEEEEB O B OR 7 T RIS
HFHDC, PR EMEEIRET DT A—H L TH— [
BB N R /o TG, & — U BB HC R 1%, 6
ek e i L CRON BRI ERE N DRSO DD
NI THA. L, HEWHE CIIEERE B E, 4+
G DN BT HARDL T CEEAMBT A I E 35 Z A3 N
Thb. T, AT EICLHE ST MU E Fik (LFAC
1B) BRI, YR B oA mEL, ASIER
K ORI A VEEED Heine 2 — o bt 2 ko 2 51 Th
B, IIVET, Bia R FTHIEMTHhNTETERY, Y
TRIABR MBI O RIS NI o TETNA.

AFEFTlE PEEC JEIZEY LFAC HEOZEMZ B iR it %
1TV, BB S A2HETHIL TEBROZ YK RNEVIET
IR — U T BEMIRSUIE DR O F 2O TRFT LD TH AL
T5.

2. ERELBEHERROLR

TP, ER RN ET BN L — B DB AT
BEAYUEFHHR ECRIET 5. EBR TS REBCO >
TN —X e a )V DR R LR T . ZO3A/VTHR
&3 10 A, JEHEEAS 10 Hz O B4 @ B L 74 L3
1(a)Td%b. LFAC JEDFE XD, NI REBCO A /LD
R HSHUIE L 142 pQE725[1]. #iV C, PEEC ¥E[2]1% AV T
Ralb—varl, ERERICERASTZ(K 1(b)). ZORFOHE
it PTERIT 103 Q- em? THY, HPUEIZHF 35& 120 uQ
TdD. PERD LEACTE TSRO =R UE DS, U5 T
ROTHPUEE B L2, EBRIER R TIE, BiEEE
W\ AR L2 BLER TX, AL H I ARGy DIFAE DR
bND. LOFEICRA 35728, PEEC JEICKVER A%
TS,

3. XREREAROERS M

L(O)DE A BT DEF mER A 2 1R T, &
W LR ENZ BN T, J8 5 BT FEAL TV D812
PCED. WU EE B OEIRA L, BRIF I E

TABLE I
CoiL AND REBCO TAPE SPECIFICATIONS,
AND OPERATING CONDITIONS

Parameters Value
Coil inner diameter [mm] 60.0
Coil outer diameter [mm)] 62.9
Tape width [mm] 4.0
Tape thickness [mm] 0.144
Turn [-] 10
AC frequency [Hz] 10
AC amplitude [A] 10

MEWRTHE, ZOLHkh— b= AiE s E LT LE
A=, AL H YR ARGy INE LD, TV IS LT Al 1E 7
WZOWTOMRF D METHS.

BEXH

[1] S. Noguchi, et. al., “Turn-to-Turn Contact Resistance
Measurement of No-Insulation REBCO Pancake Coils,”
IEEE Trans. Appl. Supercond., vol. 29, no. 5, 2019, Art. no.
4601605.

[2] R. Miyao, et. al., “Thermal and Electromagnetic Simulation
of Multistacked No-Insulation REBCO Pancake Coils on
Normal-State Transition by PEEC Method,” IEEE Trans.
Appl. Supercond., vol. 28, no. 3, Apr. 2018, Art. no. 4601405.
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Fig. 1. Waveforms of current and voltage when LFAC method
is applied to NI REBCO pancake coil in (a) experiment, and (b)
simulation.
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Fig. 2. Azimuthal current distribution applying LFAC
method.
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Investigating of the measurement accuracy of the contact resistance in NI REBCO coil
by LFAC method
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HifEHTC RO B H IR peont S, LA F O TRDTZ,

Req (feour) %

N-1

Pcont =

(Din + Do)/2
=)

{WXZHX(

ZZC, Req(feould, AT MBI (EA A5 7 520 2) DME
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3. ERBLUEE

Fig.3386 X UFig. 41 I E B L OFRMT L 7-NIFRBR = A /L D%
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Lo,

Fig.1 NI test coil

NI test coil

Table 1 Specifications of the NI test coils.

Fig.2 Analyt.i”cal model of

T Width w

REBCO wire 1 Thickness 7 (um)
1 Critical current /. (A)

Inner diameter D;, (mm)
Outer diameter D, (mm)
Number of turns N
Winding tension (kg)

Contact resistivity peond(uQcm?)

(mm)
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Fig.3 The measured and calculated equivalent resistance of the three test
coils by AC current with 10 Apeax.
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Fig.4 The measured and calculated equivalent inductance of the three

test coils by AC current with

SE XM

10 Apeat.
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The Effect of Non-uniform Contact Resistivity on The Thermal Behavior
of The No-insulation Coil with The Local Degradation
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DTWITDOVTRET L7, R LY, EMERROSHHIED
5ZLIL&%, a2 ERORRELBELREOE, &
L TR EU~DEELXAE L1,

2. BWETLVLRUEBRAAE

LETATIESRBEEEROBERERIL O 30 K IZH1F
DHGIRTF ]2 R L, BERTZ1T> TW 5, BRENH
BEATIY, ZRTTAREBEERMEEARER 2 AV, ERENH
&, AAMILANTEROHANY OFEOKIEEEE L7z, BiTIC
AWz Y R7T— 78k, BEEQAMILDET, RUBITE
% Table | ~R9, FEMIETIERRYDEY 5 2EOHE%
BAT 175 pQ-cm?~1422 pQ-cm?[11& L, EBIEA
FTICDTTHEDE LTz, BT TIE, HLEBOERRAERES
ABEOEED 20% DEE Lz, TIMILOEEHERTEIL 6 Fl
L7,

3. BER

Fig. 1 ICZ% LB % & DEMIRIME O NG — A iEHR o A L
EEMIBEMENI Y —ThH D ERE I ILDEORAEHY
ARY, BEMIEREORY—AEBEI M L ORMBLIF DR
HEIE, HEAKREADICONEXRL, EMIERRAY—
DIFEL Y KEL D, ThiE, EMIEREIV/NE OWEHRTIC
KERDTAIND Z & TRAENEART D-HTH D,
RTEDS 2765 BRBEICHIT2LUEDEEIL 37.8 K
LUFThY, BEEFEIZEDT—ZIZHEVWTH SIKUT
THD, I INEEOEHMIEINMEDOINY 5 2EDQEHHL 14.4
nQ - cm3~129.6 pQ - cm?, Fig. 2 ISR LCHBARD 1 % —
VOEMBRNERAZZE LZHBEO A LEEORMEDOR
MRS % Fig. 3 1SR T Fig. 3 & Y EMIEHFEA 10 mQ - cm?
DIFBETIE, MEERTHRORREN 233W THY, TDHk
HERLBITRAREICE -7z, EHMHIERNE 1 mQ-cm?LL T
DIFETIE, MR TRICRAEHN D LT 7=, EAER
KOKRNIBEH LT, BEEEITEMIERICORT 2E
TROE, RUOSHIFIFEAETLLED - T7-8, ERIEHR
DREIDNZDEFFRHIEDEL R -T-EEZIOLND,
HELY, EMERNROSEATE—cRDI LT, a4
ILEEOERBIIDEOKRE S ICHAIL TEALTWLZ
EMNBLNE R ST, Fiz, SDCEBEEOEMIERED 10
mQ - cm? A B 555, HILBICHITIRABNEL <X
L, BJBFEICEDZZEEBESHMIC LT,

Table 1. Specifications and analysis conditions of NIC.

Number of turns 100
Critical current at 0 T, 30 K [A] 1133
Divisions per turn 10
Tape width [mm)] 4
Tape thickness [mm] 0.16
n value 33
Coil i.d. [m] 0.5
Excitation rate [A/s] 2
Excitation time [s] 235

=)

Rt 1.75~142.2 pQ - cm?
Ret 5.14~138.9 pQ - cm?
Ret 14.4~129.6 pQ - cm?
—— R 36~108 uQ - cm?
— = = R 48~96 puQ) - cm?

[

o

--------- Uniform contact resistivity

Heat generation(W)
[ w

0

0 100 200 300 400 500 600 700
Time(s)

Fig. 1. Transition of the heat generation in each no-insulation coil
with different distribution of contact resistivity.
49turn

50turn
) Degradation

No-insulation coil  Contact resistivity(R ;)

(100turn)
Fig. 2. The location of the degradation and the contact resistivity to
be changed.
40 T T T T T T
35 k
. Max. 80.4W —— R 200 pQ - cm?
= 30 s .
< T eeee Ree 500 pQ - cm
E 25 L ct = i
‘g 20 | Ree 1 mQ - cm?
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o5 b
8
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5 F /,—\\..‘.-‘-‘ 4
0 il L L n
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Time(s)
Fig. 3. Transition of the heat generation in each no-insulation coil
with different value of contact resistivity around the degradation.
BE XM
1. M. Bonura, et al., IEEE vol.29 no 5 2019
2. Tao Wang et al., IEEE vol.25.n0 3 2015
3. Selvamanickam, V et al.,, Superconductor Science and
Technology25.12(2012)

51030 20224E RPN TS - MEESA



3A-a05

LR - RE (2)

Bi2223aM /L DEARBZRDEHREIZDLNTOHUERRNT
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n(Ic/l) = n(0) + (n(1) - n(0))(Ic/D™ (€8]
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Fig. 1. Sketch of LH; cooled 5 T coil with HTS tape conductors.
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Fig. 2. Equivalent magnetic field normal to the tape at the radius
of 0.11 m of a Coil-A double pancake coil.
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Fig. 3. Terminal voltage of Coil-A double pancake coil. Lines
show calculated results, and symbols show the data of A5 coil.
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Fig. 4. Calculated temperature of Coil-A double pancake coil for

the case of m=0.8 with heat transfer between turns.
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Table 1 Specifications of measured samples.

Straight samples
Sample name STF1 STF5
Number of filaments 1 5
Copper thickness per side 40 um
Substrate thickness 30 um
Tape width 4 mm
Sample length 130 mm

Spiral samples

Sample name SPF1 SPF5
Number of filaments 1 5
Copper thickness per side 40 um
Substrate thickness 30 um
Tape width 4 mm
Core diameter 3 mm
Spiral angle 55°

GFRP core (D=3 mm)

Coated conductor ta

Fig. 1 Photo of a spiral copper-plated coated conductor
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Fig. 2 Measured dynamic resistivity of four samples
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Investigation on voltage behaviors of insert REBCO coils
for ultra—high magnetic field generation
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Insert NI REBCO coil
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®

Outsert magnet

Fig. 1. Simplified lumped electric circuit of insert NI
REBCO and outsert magnet.
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Fig. 2. Waveforms of voltages (red: total voltage V, blue:
conventional inductive voltage V¢, inductive voltage due

to coil deformation Vy).
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Fig. 3. Time-transient hoop strain. Every pancake coils
linearly expands during charging. Stress simulation was
done with 1-D finite element method.
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Shielding-current-induced field analysis of a 2T conduction-cooled high-temperature

Superconducting MRI magnet using T-A formulation
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Table.1 Analysis results for changing n-value and current load
factor.

Current load factor [%] (n value) 14.57 (33) 19.43 (33) 29.14 (33)

Maximum value of shielding-
. 27.79 27.08 25.81
current-induced field [mT]

Shielding current
o . 0.13 0.16 0.21
magnetic field attenuation [mT]

Current load factor [%] (n value) 19.43 (23) 19.43 (33) 19.43 (60)

Maximum value of shielding-
. 26.85 27.08 27.31
current-induced field [mT]

Shielding current
0.18 0.16 0.13
magnetic field attenuation [mT]

r (radial direction)
#5-2 #4-2 #4-1 #5-1
#2-2 #2-1 -
32 m;m 2l#1-1 #m
L N
65mm
An axis of symmetry A

center z (axial direction)

Fig.1 Schematic view of MRI magnet [2].
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Current road factor 14.57 %—»
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Fig.2 Analytical result of the shielding-current-induced field
when current load factor is changed.

51030 20224E RPN TS - MEESA



3A-a09

HTS 24 )V - fift#t

HBEIFH—E(0.1ppmZ BIIETUIVTHED MRIBEZ AWV =EHEREH B

Test of shimming calculation with magnetic field interpolation to achieve very fine homogeneity of
+/= 0.1 ppm using MRI magnet
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Fig. 1. Predicted homogeneities on 20-30cm-spheroid
surface. Target magnetic field is scanned with three
minimum iron piece units.
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Fig. 2. Shimmed result using 0.036cc Ni shim pieces at last
iterative shimming operation. Obtained homogeneity was
0.016 ppm in the MuSEUM fiducial volume.
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Demonstration of MgB2 coil system with liquid hydrogen indirect cooling
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Table 1 Specification of 3-DPC

Specification of SMES 3-DP
Strand Material MgB:
Strand Supplier HyperTech Research Inc.
Operating temperature 20K
Stored Energy 10.5kJ
Inductance 58.1 mH
Rated current 600 A
Maximum current 1.2 kA
Magnetic field 12T
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Fig. 1 Experimental result of time and
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Flux pinning properties of CuO double layer superconductor
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Hidekazu Mukuda (Osaka Univ.), Susumu Sasaki (Niigata Univ.)
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1. ZLC®IZ

SRR AR AREAR I IV T CuO: 1 2SR B3 L oD 22
BERoTREY ., BEMREROBMKIIRE, MRE =
VT HERESCEE R BRI, B IcRsTT AT ey s
JEORES X v V7 R=7REBICEIZFINTND &
HfShTW5, #ilskE LCEmE F CRIGEZ R H
T Cu-O 538 % Fr DB R (S1,Ca) 14Cu24041 A3 AT 5 41T
W5, %72, REBaxCusO7-s(RE123)Tld CuO #Hi b R xiE
WHFG LTS Z ENERM SN TEY, REI23 ORERY
NS WERIIBR RIS Z OFFEC /2> TV 5,
RE123 OB W 'E CTd b RE2BasCusOis.s (RE247) <0
REBaxCu4Os3(RE124) b1 4 72 R —/L F—712 L 0 90 K &
DFBIRE Z 7R3, RE A Pr DA ITIT Pri23 28 Tlg
KT =—NE+GITo THBEBEENTNRV, 25
28 Fig. 1 IS did 2 7R U7z Pr247 720 13 BR R & 4 7ol
(5= 0.6~0.7)T Te~20 K #& D)V 7 OFAREZ R LZE D
EEAEm SN TED, &
WD BCu D NMRHIEICL Y,
ABEIRRE Tl CuO: M1 8
EPEIRRE CRBIZEICHF S L T
WRWZ ERB LN o T2
[1], Pr247 Tix CuO —HEHAH
BEMEZESZLNS, 20D
BABGEEZH-S TS &&
2B R D, bEFAIHOD 1
WL 72 Je TR 1 0 B AR 1 &
BRED L C UV AR — %R 72 S R
(EWHABAREAR & (X B 72 5 HT A
TeWVED BB NIFFTE B,

DEOEFOL E, CulO
HEBEROBBO 5%
BARE9 D 72 DI AR IE T
Pr247 BAREAR O BERE (KR
FRHOWTHEREYE = 7Rk
AT, Fig. 1 Crystal structure

of PraBasCu701s.
2. =B

Pr247 B X O'Pr ¥+ b D 30%% Y TEE L7 (Pr,Y)247
BERER 2 T BEEHE N, 950~965°C THERN 2 Z LIc L v 1k
W7z, BONTEERRBOBRETBIEEIT ArR
WHRTT=—nNT5ZLICL VAL, REOMER
O ZEAITERERE, B, & BRI AR X #n
PRI, BB SQUID BETRE % VW= BEL RIS
X OFEML 7=,

3. HERLER

Fig. 2 1% Ar &JiH 500°C T 12 h 7 =—/L L7z Pr247,
(P1,Y)247 122 T 0.2 Oe DL T TRk L 72 ZFC-FC i
{EDOBERTFETH D, 2D OFEHT Ar X+ 500°C
fHECTT7 ==/ 9252 L1248V 20 K BOBIRE L RIET
SERSCBEMEICHY T 2 K& A K BitE 2 or 3, 7238, miatet
Ed 300°C THRRT =— /L LEEEA, B8z Rrail

— 106 —

ok
—o— Pr247
Ml —e— (Pr,Y)247 7
g
s -1t ]
53
<
H=0.2 Oe
ZFC
2L 1 P - 1 1
0 10 20
T/IK

Fig. 2 ZFC-FC magnetization curves of sintered bulks of
Pr247 and (Pr,Y)247 annealed in flowing Ar at 560°C for
12 h.
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Fig. 3 Dependences of Tc, Hir at 5 K and width of
magnetization hysteresis, AM, at 2 K under 10 kOe on
annealing temperature under flowing Ar for a (Pr,Y)247
sintered bulk.

0BT EERMERL TWD, BIREN O FC Mk o
SAFRA L IBIREARDBERE IR & LR TIEFICKRE WD LT,
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(Pr,Y)247 BEfEED R /N2 AW T~ Te, 5 KIZH
B AR AW Hie & 2 K, 10 kOe TORELE AT U &2
DIFAM O Ar KT =— VIREIZRT 28 (b &R LTz,
T == VIRENE, OF D EEBRFEEN DR VIEE | T
DL TFITHARTRE L He MET LAM BRI/ E < 72
HE0S . — B B EEERICB T T VX —
RF—7REBICHE L2388 b s, 5% ¢ il
f) U 7= BERE RO D /E RN B Y A, BTR 72tk
LIRS TETH D,

SEXH
1. S. Nishioka et al., Appl. Phys. Express 15 (2022) 023001

51030 20224E RPN TS - MEESA



3B-a02

v¥r=v7r7

JwkR7')—MOD iZZEAWL-AIEE A REBCO 4 DEAH
Development of fluorine free MOD APC doped REBCO wire
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1. [ZEHIC

REBa;Cu;O(REBCO) D /ERL kD ¢, AHE R
WA RIEMOD JEIFE 2 E A VI, @Rk
INENEBLTCELFETHL, O THLT7vFR T —
MOD(FF-MOD)iki%, B2 2 shfd s i cf8a 2k
N TELI=D[1], KA e BERM %2 EBL Al gel 32 T3
MiIcER =Rk EEZBND, — 5T, A 72 K
REBCO 44 DFEF> 77.3 K, H EMEHD £ >200 A/4mm 1§%
AL, 22, 100 m LRI RALLTZ FF-MOD D # & 4
Bl Bk, ERITIZE STV,

Fio RIS P ORHEYGEIZBL FF-MOD VEIZ3BW\W T
L= T —OE AT AR EILS<HDLD
D2, 3, 4], BEEREELN 1 pm LUTFTHHIER, EiR
NECHFERIER LT E->TRY, ERM ~DOTE M
HEA TR, A lEl, FF-MOD &2 R % BRI 5
FEBLOM LT 2B AOBFHIIY . Lum Bl DR
(LBIOM E RIb 2 ZBL T 0EE R LT,

FF-MOD {EIZ LD BRI 2T 77.3 K D 23 200
A/4Amm 1EZH 25 120 m DA TE L AR O ERLT AR
LD THETD,

2. BERAE

Ni/Cu/SUS 2>55%5 30 mm g D27 R FAR[5] Bz, H[H]
J& CeOy/YSZ/Y:03% RF A/ XV FIRIZE IR 7=, B
FERZL BB FFIE AT CL VR —~< a6z kb
VRS 7= BaMOs(BMO, M=Zr, H)F /hi &I T=7 v
7V —GdBa;CusO{(GABCONWA IR A X A2 — NI L&A L, 12
FEPFK T O, KRR IRPHR FICTARBEEZITHOZETA
TE> AY REBCO BERIEL, BiGT Lix~Aru7 Uy
PR LY T A W T, AL RS B A B R T
W} & R R SR B AR ZE £ o 2 — AT O SR I AR (R 8
~ 7" vk 20T-CSM,25T-CSM (2 XVl &1 T 72,

3. RRER

GdBCO+2.7 mol%BZO ™ 120 m MM A /ERL 7=, Fig.1
IR E R P OWEEICIVHELE 77.3 K OEFHF RO
Ie 3%, T1.3 KO 73 218 A/4mm B THY | Fz,
EFFHEN—72 o iz aTHZEMNRENT, Fig.2 12
77.3K, 5T, 20 K, 20 TIZRBIFD I DRE5 A BEAREIEE R,
ANTEVEL GABCO #A1Z% LT 3.4 mol%BZO WA TIX
A BERRIR T INT [ D1 LA TR T -, Wi TEM 8122
OFER. GABCO JBNIZ TR 6~10 nm O BZO ki ¥
DAL TWDZEN Tz, b OBIGA EARGFEORE R L
AR TELRTHILT, BINLZBZOKZ T F AL
o TNDEEZBND, £72. B/ /c IZBIT5 20K, 20T @ L
28 194 A/4mm WEEETHILENSH o7, B TND T
Wi, T R H A XD REIC L SSITIR IS
PRI O EN RIS,

ARRIZED, FF-MOD E08 AT ADBEEBRM O
VERLZ T ATREZR R IR THHZEN S | AR AN KIR R
SRR ICEN DB EGM O BE(LB I TX 5,

— 107 —

250
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=
5
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Fig.1 Longitudinal / distribution of
FF-MOD GdBCO+BZ02.7 mol% tape
350 B.’:fc B!:’ab
——34mol%BZO_20K,20 T i
300 | —« pureGdBCO_20K,20 T ;
——3.4mol%BZO_T7T3K5T &
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Fig.2 ic—B- 0 properties of
FF-MOD GdBCO w/ and w/o BZO
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F R TERIC O W TH BERiEm e L TVl EEL
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Puig, Dr. Obradorsfl, BRE (EH =L ET, Fiz, ARk
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(Tt 2 — 3R REE 5-202112-HMKPC-0006) (2 & 58D
ThD,
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Effects of impurity doping by various metal elements for Y123 thin films
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2.0 T T T T T T
1. [XC®IZ Y5Ba,Cu,0,Cly 59 40K, ~4T
RE123 IO MELT D> Tihd 7 v 7Y —MOD ik P O ey A

. BRI R A AT 5 5 M A R R TR B U], _18F e 1
W E T O/ B E DO TIERLG 22 LN TE D0, e | oA:450-250°C, 24h
(B ANTORRIEMA IR T TRILICH EARTFET <., |
BB, LU, MO TFHEIC AT RE123 HIRORERBME B =)
e AR =0 T A= IR TR Je MRV E o
WVIORED DD, TN FE TR A 1T, JFERER~O CLEIMZ LD 0.5 1
A% 95 BaxCuz04Cl2 (Ba2342) A3 RE123 O fb B [ 2 e
L 2 $he BN G DN DS IER T 5L b, Rl 4 Hilc
JB LRI 57 L TR R AR S 38T 5T LA W %5 i0 15 20 25 30 35

HELTEZ[2], RE123 ¥EREER 2NV 27 1238\ T Th 2 8N
95 & BaTbOs 23 /N7 NIZy# L, s J.3m 95
ZLEBRREINTWA[3], £ YI3 I Praimindsdly

Doping level of Tb / mol%
Fig. 1. Relationship between Jc (40 K, ~4 T) and Tb

doping level for Y123 films
temperatures.

sintered at various

YAMT Pr M EHRUSSBE RS RV ERK S D, FRh—7 & 92

YO.gBaZCu;OyCID 20 '
P 1%L T O | AR —7 B BT 0 AR R e 7 Pop 5 10 Pa(O, /AN, 1
—e—760°C

0 J BELETDHIERHESNTND[4], L EDOEFOL L,
AT TIET7 v F#E 7V —MOD 1EI125% Y123 RO BT
FetEotEE HE L, B BALAA RS 8 TR L7z BRI
ZRAV, Cl ERHEBWM = Tb, Pr)OILEINZI R4 R HHY

—e—780°C

w
[=]
T

—e— 80

0°C
QA 450 - 250°C, 24 h

T onset 1K
Cc
&

R ~T=,
2. BERAE 86 |
fARREE Y:Ba: Cu:Cl=09:2:3:02, Rl
M% Y123 T 0 - 30 mol% ClA L7tk Z(Cl, M)FEEsn |  H=100e
Y123 JFUBHE L, 2 SrTiOs(100) B HE AR _EIc AL Y 21— 845 1 2 3 2

NI RO BT L1244 (U2 1T > 1, ZOBATLINEE 3 [Pl Doping level of Pr 7 mol
ML S AEBE DK 300 nm (272D IS ITHIBIL 7= % |
2 R BERARLIE CABERATL T = — T O
ZHETHILET, (CL MFEAIIN Y123 A ERLT, 155 20

Fig. 2. Relationship between 7. and Pr doping level for
Y123 films sintered at various temperatures.
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Fig. 11T (CL, Tb)IHMEELD Tb I EE Jo(40 K, ~4 T) S
DBIFART, 820°C HERTIL Tb % 5 mol%LA LRI 7wk &%
BIC Je AVAEIE F LAY, 760-800°C HERLTIE 10 mol%BL =,
OB Tb VRIMBUEHZ 35\ Th & Jo 2 HERFL 7=, Fig. 212 s}
YERIL72(CL, Pr)ZLASNERErD Pr #ShNE Tomset O RAR AR
o WTNOBERREAFIZBNOTS PrifsIIEOHKIZHEN Te o} H/fc4

A L7, BE IV R SRR ETOmET =—/1
BT HIECL o TAH— =R =7 IREBIZH LMK LT Pr
WIS ETR—VRERBD L, RiExx )7 R —7"0%
REIZIT DWWz ATHEE B 2 B D, Fig. 3 12 Pr & &

1 2 3
Doping level of Pr/ mol%

Fig. 3. Relationship between J. (40 K, ~4 T) and Pr doping
level for Y123 films sintered at various temperatures.
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1. [ZC®IC

4 12N E T, Vapor-Liquid-Solid (VLS) s % v
72 YBaxCusOy (YBCO) EJE#EM O mnf i 7 = A2 B L
THREETeo>TE, VLS BMIXEEE N L TRk E T 572
., LPE JERERIC K FOD 70 liAE B L TODZ & A fds
L7z, [1,2]

AWFFETIL VLS EREOBEE s EE [ L3570,

VBRI o 2 L ARSI R G A BEZRA A BRE & AV,

WE R B Tt 21T o7,
2. BB A&

ARFFEI A= 3EHT, LaAlO; (LAO) Bk Ty Ak i
VLS k% VT YBCO I /ERIL7-, 1XU®HIZ LAO L
IZ Solid JELL T, YBCO % HARIREE T, = 850°C, BesE /)L
Poy = 53 Pa, JEE 200 nm CTYERIL 7=, Z D%, Liquid B&L
T Ba;Cuy040(BCO) % T, = 850°C. Po =200 Pa, E/Z 50 nm
TYERILT=, &2 Vapor L LT YBCO % T, = 940°C. Py
=53 Pa, BE 1.4 pm TIERILT-,

YBCO ORIEE 1.6 um (28 T Au A4 03 LAO FEK
FCEETDINCINETORFER)D Au A4 FE, B
WX —B LA A B E ARG LT, ZORR. %
NENAA UL Av’t, BT RLX—% 18.0MeV, KA
AR EA6.7 X10' jon/ecm? & —EE LT,

ARG KR X, PPMS (Physical Property Measurement
System) Z v \Tﬁomlﬁlﬁ%{ﬁ CIVRIEEITV, I H I

FHERIEUET 1 nV/iem ELT-,

3. ERHERRUBER

AuAF UGS T.0% mw ELIZRER. Au
A SRS To=90.9 K Z7R LDz T, BEHKIX T,
=87.8 K Z7RUHY 3 K BB T L7c, AfEREFRIEIIR= 2
NX—AFVREHNTLD TAR T AL ESNTEY[3]. A
EKEBRTO T. DK TH., Au A4 FREIZIY YBCO 128115
FE RSS2 EE 2 BD,

Fig. 112 Au A4 FRETAI OENIRESIR 35 J, D2
bR, PEREIFZENEN 65 K XN T77 K &Lz, 2D
R 77 KIZBITDH EM%T CBITD AL, Au BETETR
£ 0.97 MA/cm? Z7RULT=DIZXRTL T, BN IS T OIK T IS
59 0.78 MA/em? ThD, —F ., B J X% H0E A
SV MEZ L2720, 65 K IZHB W TR CORESE fE
THRREBED J 308 LUz, BLEDS, AuAA T BREHZE
STHEIENA~D N T =0 7o Z—i8 ADSREBINT,

Fig. 2 (2 Au A BRET AT OREEEEIINAE FE ISR/ 45 J. D
vz, PEIRE K ORI ZNEI 65K 3 T LU,
Au AV OREHIAFEAE TR TOAEIZBNT
WREATICEE A J. OIEMA L QOB ZENHEREND, J. D
B/ Ml J.min 32 F R 0.23 MA/em? K O 0.31 MA/em? &7
L7z, —J7. Bllab ITETD J, DL F ARSI,

— 109 —
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Fig. 1 The dependence of J. on the applied magnetic field. (Au

irradiation vs no-irradiation)
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Fig. 2 The angular dependence of J. on the applied magnetic
field. (Au irradiation vs no-irradiation)
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Measurement of critical current in high magnetic field in HTS tapes using pulsed current
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1. FUsIC

RE % & & O Bi REIRABEEHA I, ITE NMR 5k
L= 7%y FDIGHIZT 42K, 20T PSSR,
P, 20-40K OHIRFER TOE 7 4 — < v ZEHIFEH
ENTWB, E5IT, HBA—H—OMBIFIC X b HE
IR COMM OERARER I PRESMELTED,
FHRTT 1000 A O REFEBNRTIENIETH 5,
ERFER O L EEICIE, NI v PR Il E R
26 D RED H[1]. U Falkbh v —[2], 7SV AEE
Bl EPREINTV S, ZNETHRAD I N — 71@\
SOVZEEIC X B LM EZFFELTEY., 77TKB L
CHAHSTONEZ BT h>TE L,

AL ClE, BSBEEE < 7 2y b &L 2B
EHEEZ HAAOE T, WS R RERR, OV A EENE
Ziro7,

2. ERAE

10 V B L& 500 A BEO OV A ENIRE, #

EES, A a2 a—7%2HwT, SuperPower #h#I
REBCO ###4(SF4050-AP, 4 mm i, L =120 A)® 77 K
Hos P coBmEEREZHE L., BREOEE
1210 V., SR,V RMEIZ T ms, RAERIZ 120 A,
g | i 0.4 A/us & L7, BT -RIHEME 8
mm & L7z, RIZ, BESHREIEICAT T, 20 T A
B~ 7% v k. He 7D 294 F A%y b EHRD S
WVAETIC X % LHEEEZ HAGDE 4K 5 77K,
0-19 Tz} 3HHBD REBCO BB & O TR
BSCCO ###4(CETS-2020-052, L = 180 A)DEFLELIK
TEDOMEZ T 72,

3. EBRERRLUER

Fig. 1 12, 77K. 0T <¢ REBCO bt L 2@ L 7
BROEMRE L OBEEDWIEEZ R T, BItZETFZERICH
U7z, BEZ, BRFLNIC X > CRBIE T TR RR
140 nv @%ﬁﬁgﬁﬁﬁ A L 7t BRRLIDIEE S &
0.7 ms FEEE LB 46 pV T—EEhkol, &
AT, IR IR I IR Odfin & OFEEME R 3%
AU 7, BIR—ERICEESEML Tuan I Ehn 3
BUC X BIREERICK S LIRTR W L2305, &
ik s IR OFELE T IIIRPIMEEE L D RE L, & b*ﬁ
B HEICIIFFEEL 2 WiE T 2 B OE AN TH
2EEZoND,

Fig. 2 12, 20 K. 19 T I2<C REBCO bz /L 2 i
L7 BROERE L VEBEDOBIE 2T, \iimiRiE, 0
T OFEHE & FREIC 140 pV BEDOFH ﬁ’lﬁ@ﬁ:i} U7, %
D%, BR—ERIZIE 100 nV OEHEEBE & 50 uv
DEFIRIPEL 72, @ omwma;cotf&%)iloo nv

DEEDIREHAE U 72, BEDIRENL, BHEHEEDRE T
bbEEZOND, IREFEYIE 200 Hz BRETH b . HIE
7u—7" 1 mm FEEOREMIIRE) ToHTRES: 19 T I
MU T 0.5%DMIGLEED D 2 EIRET 5 & RED DI
20 WWREEOBRE L&D, FHHIEL D 1 NS o,

— 110 —

X DR L AE T
Ao,

4, HEREE O T SRS P HE C o EHARE D
JERIZ DT oEL, KEFHER OFEADFEICO
THETL2TFETDH 5,

FEEIRE D M 2302 CH 5 &

140 - 1100
120}
~ 180 —.
Z 100} 3
= 80 160
& 8
g 00 140 E
> 40t ©
sl 120
0 . . LO
0.0 0.5 1.0 1.5 2.0

Time, ¢ [ms]

Fig. 1 Current and voltage waveforms during a current
pulse at 77 K and O T in a REBCO tape.
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Fig. 2 Current and voltage waveforms during a current
pulse at 20 K and 19 T in a REBCO tape.
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Table 1 Resistance and voltage values.

Parameters Values
Voc 10V
Vpulse 0.1V
Vi, V- +15V
Rsense 10 mQ
RNFB1, RNFB2 1kQ
R; 10 Q
de 1 kQ
Ratt 0Q
(@) —
V+ test
R
V 7%
DC
O 4 H’FT {
@D
Vpuise Ryrp:
RN'FB] R
Y/ /4 /// /A //4
b " . —
(b) 30 ‘H ‘{ o
r Crpp =10 pF
25 - z Loy .
L =200 T Nwe—
— 20L E Jsin ' _
= £ 10
— b ]
£15¢ . ]
> 6o 05 10 15 20

Time, ¢ [ms]

_ 10_ u \ '

max

st n _
I N ]
0 o)
(00 ) ool l 10 100
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CLPF [HF]

Fig. 1 (a) Circuit diagram of pulsed current circuit with feedback
circuit. (b) Capacity of Crpr dependence of /max — Imin. Inset
shows pulse current waveforms with a Crpr of 10 pF.
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Fig. 1. Current density J as a function of external field at
different electric field criterion Ec, characterized by
four-probe transport method, SHPM and MPMS-based
pick-up coil method.
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Fig. 2. Electric-field v.s. curret-density characteristics at
external field 0.1 T, by four-probe transport method, SHPM
and MPMS-based pick-up coil method.
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Long-term reliability of LHD poloidal coils - pressure drop changes over 24 years
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Fig. 1 Interannual trends in friction factor over the
twenty-third campaigns for the six LHD poloidal coils.
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Fig. 2 Mass flow distribution between double-pancakes of
the IV-L coil.
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Fig. 1 Numerical simulation model of LHD conductor.
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Fig. 2 Simulated joule heat density at 20 ms after heating.
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Fig. 3 Comparison of numerical and experimental results.
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Fig.1 Overview of WISE-U conductor
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TN = LT

Fig

.2 (a) End of the WISE-U conductor removed from the current

lead. HTS tapes on the positive side (left) are still intact, but those
on the negative side (right) are burned and cut. (b) Aluminum pipe
on the negative side. The notch can be seen.
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Fig.3 (a) Voltage V" and (b) resistance » of current lead against
the supply current.
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Fig.4 Previous WISE conductor (Upper) and developed WISE
conductor (Bottom). The WISE conductor is firmly anchored
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Evaluation of Voltage Distribution affected by Transient Response
due to Power supply voltage in JT-60SA CS
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Fig.1 Measurement results of power supply voltage on the CS
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Fig.2 Voltage distribution between layers in the CS
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Voltage distribution in degraded ITER TF coil terminal joint
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Fig. 2 Analytical model

Table 1 Distribution of pinin the numerical analysis

Pin [Qm]
Case Al A2 Bl B2 B3
1 88x10° 88x10° - - -
2 10 8.8x10° - - -
3 88x10%  10' - - -
4 ; 10 88x10°  8.8x10°
5 - 8.8x10%  10°  8.8x10°
6 - 8.8x10% 88x10% 10
7 - 10" 10 8.8x10°
8 - 8.8x10%  10% 10"
9 - 105 88x10%  10'

—Simulation
o Experiment

——Simulation
o Experiment

0 100 200 300 400 500 600
x [mm] x [mm]

Fig. 3 Results of the numerical analysis and experiment at
room temperature: degraded region is highlighted with
gray color (left case 7, right: case 5)
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Development of superconducting magnets for LHC luminosity upgrade (16)
— Construction of 7 m—long prototype magnet
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Table 1 Design parameters of MBXFPI.

Coil aperture 150 mm

Field integral 35 T'm

Nominal: 5.60 T

Nominal field Ultimate: 6.04 T

Nominal: 12.11 kA

Current Ultimate: 13.23 kA

Operating temperature 1.9 K

<10 with respect to 5

Field quality (R0 =50 mm)
ref”

Differential

4 mH
inductance mH/m

Stored energy Nominal: 340 kJ/m

Conductor Nb-Ti/Cu cable
Magnetic length 6.26 m
Magnet mech. length 6.76 m
Radiation dose >25 MGy

Fig.1 7 m-long coil after curing
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FEREHERE A DN TERL LTz,
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LHC SHELT » 7 7 L — REFE D126 D B — L 55Hf
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BRI Z0,

SE Xk

1. M. Sugano, et al.: IEEE Trans. Appl. Supercond
Vol. 32 (2022) 4003407

2. K. Suzuki, et al.: IEEE Trans. Appl. Supercond
Vol. 32 (2022) 9000407
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Development of superconducting magnets for LHC luminosity upgrade (17)
- Test results of 7-m long prototype magnet
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Fig. 1: Traning history of MBXFP1.
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Fig. 2: Variation of bs measured at the magnet center
for the model magnets and MBXFP1.
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Fig. 3: Measured and simulated MIITs.
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Development of HTS accelerator magnet (9-1)
— Fabrication of a skew sextupole REBCO magnet —
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Fig. 1. Schematic image of a REBCO tape used in this work.
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Fig. 2. (a)(b) Impregnatlon procedure and (c) appearance of an
impregnated coil.
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Development of HTS Accelerator magnet (9-2)
—Development of Liquid He Free Conduction Cooling System—
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Fig. 1 Capacity map of the GM cryocooler.
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LI_/Hyper Tech MgB2 B BER - BzEa1IL

Kk EHyper Techttld, 7TV —2ar PRAEARICEHOERLEMIB2IREZIREWLVLET,
F=MgB2 TILFI4SAVMREFERLIZVL/A F‘:u»r)binx;r&u%vﬁ%‘! £T9, NbTi. Nb3Sn.
MgB2, BSCCO. (RE)BCOBEEARZRA-EAMNBEEq/ILBLTREETEET,

’4»/

4 4"’ \
7~ “/s Q:: ]

DC & AC MgB2 wire High Jc Nb3Sn wire MgB?2 rotor coil for 2 MW high speed, 15000 rpm motor

RE— LR sunrowir | SAIMETEK

SUNPOWERI[IGel2 5% IRERH B - B RERF AL 2 -EfRFEH
ATF—2ay L= =S LA —F A HEDREMAE S H CTEELTLET

*E SUNPOWER ttl%. 2UU—E R,y RE—) 5 HittDH RN
S J)—5—T9F, EEEDEVHENLGRI—)ITIVOURUAE
Lryolel D Iitiuk BEMBLTOET, $0 0 — DIV U= 7T H—E R 1L, 71—
EXNVRA—)T IOV DRERDERET. FARR V., BEETH
IELET . CryoTel @4 EHIIEBNI-1ERE, BERE. mEZEHF->TL
9,

I T
DS Mini MT CT GT

Nominal Lift @77K 1.8W 5W 11w 16W
Nominal Cooler
input power 45W 80W 160W 240W
BEE 1.2Kg 2.1kg 3.1kg
RIEIERE 40K
bRl (RER) 120,000(goal) 200,000

BAAEE URL http://www.nikiglass.co.jp

CRIEZHMHEA=

. _ o TEL : 03-4218-4700 FAX: 03-4212-3423
REX#t  T140-0011 RIRERS KR AH5-26-22
KIREZT T592-0002 KM= ATHFH&KS-16-8 TEL : 072-242-7611 FAX: 072-242-7622
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Asymmetric mode
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Vertical and rotational
movement stage
Cryocooler
® 10THMIEY IRy FE— REE

® SATIENMHIEY IRy NE— RiBEg
(COE RO IZHOE (Z=0)Hh'S 20mm B E))

® hHFIRNER/IRICHIZ ichCBEL SN
TH Ry NIA LR

® FRZEBIF<IB6KNSI75KETDRESIE 1ot insent
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Vertical field
magnet

300°
e 300MKZEXTOREICHINT D°He 1 Y — b scattering
angle

® +180° @EAM. + 15mmEREAEOREH T . S .
N R - e Minimal aluminium in window region
HEU?: Eab—y3avA5— to reduce neturon absorption

HARMRIEE http://www.naccjp.com nacc-c@naccjp.com

< BAA-FHFrry T IFO0-NKREH w25 1007

RREXM T141-0032 RR#mlIXKIE 1-6-4
TEL 03-5434-1600 FAX 03-5434-1630
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Helium Liquefier

| 2T RS —E R

oIS LS BELER
FLLE OB
o A =4

LT 5 AR

ASINEL, S =T AR AMEL
HRBMET HIENATEE

FE 1 1.0MPaG 15 550 p 32~63L/h 79~10 153~233L/h
DIRFFRIEEES ™ (14~29L/h) (34~50L/h) (76~115L/h)
€ IPRLN TR L 40~63L/h 143~216L/h

(18~29L/h) (33~49L/h) (69~~106L/h)
HIBE % (mm) 1,300 % 2,600 1,600 2,600

A
CRICRERH) e 113

#1:1.0MPaGEL L& ATRE,
LRE I MH AR DE DT,




Fujikura L 77— X ERBEERHM

B
> WORY NERISELUESHEMRE - SiER
ESp LTS

> JOSHBEOFERIERIM : IBAD - PLDE
> AIE)%AE&D&@~%M%T@@%$

B RiEE

ZEIE [flsH> =] FEAI20um
REEE [Ag] 2um
HBEEE [GABCO] 2um / [EuBCO+BHO] 2.5um
fifEfE [MgO, etc.] 0.7um
SBEAR [/\XF0O-®] 75/50um \ \

\

Dudatl

FAMES 0.11-0.13 mm

EkAE 2-12 mm ‘\

m BRRSIAI>7PYVD

w#E | RHES (EEEIR| ZELE ERFYERTE [A]
| ol [ i

FYSC-SCHO4 0.13 > 165 68 ATE>RRL
FYSC-SCH12 12 0.13 75 20 > 550 1,104 ATE>RRL
FYSC-S12 12 0.08 75 — > 550 — ATE>RRU
FESC-SCHO2 2 0.11 75 20 > 30 257 iRERERE
FESC-SCHO3 3 0.11 50 20 > 63 497 AIE> ™
FESC-SCHO04 4 0.11 50 20 > 85 663 ATE>
FESC-SCH12 12 0.11 50 20 > 250 1,990 ATE> "
FESC-S12 12 0.06 50 — > 250 — RIREE !

*1 HRIRFEBIRM (FL12mmIBOMHRH L TEDF T,
*2 ALEARMBE - BB CHITIRIRY h7TUT - 3> AR TOSEAZERELTEDET.
*3 Ic@20K, STEISZEETH D, REDMREZRILET D2EDTEHDEEA.

BXEStTJI0S BEEEEMMEE TEL 043-484-3048 FAX 043-484-2472
T285-8550 FER{EEM/AIE1440 E-mail ask-sc@jp.fujikura.com

m www.linkedin.com/company/fujikura-superconductor




@aAirLiquide

creative oxygen

HELIALGEELTWET,
SNCEEBAD? AIR LIQUIDEZ

ISVAOMEBFEY IV - JO— FHRFZI[OEEICHIIL. HBERKRIK=I -
SOIWLICKDIT? - UF— RHFRIIETNcDH 19025F, 5FED1907FICIEIELHH
ATORFRREEENRAI— LT, cTTTERETORER ERFTmXN/ DI\DZEEE

LTEmBELENRORmEEHFHLTVET,

HELIAL SL ML LL XL
Capacity 20 L/h 100 L/h 200 L/h 500 L/h
range to to to to
with LN2 85 L/h 175L /h 400 L/h 600 L/h

Comp motor
rated power < 90 kW < 160 kW < 315 kW < B0O0k W

BH%t (AIR LIQUIDEtt) &#D54—EVEHFEBAULTVET,
Fle. RILFRZS|IEHITHICITT -

@ AirLiquide

creative oxygen

HAI7 -U¥—FSAEH

U#F— Rt REmkiizBICHARFEZENRTE I,

A=\ X =y T 7/ AT — 8
T661-8558 KEREIRMAEEFOE4-3-23

TEL : 06-6429-2148 / FAX : 06-6421-6001

https://advancedtech.airliquide.com/

Web : https://www.airliquide.com/jp/japan Email : webmaster-aljp@airliquide.com
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SUMITOMO ELECTRIC

DI-BSCCO

Bi-2223 WIRE (DI-BSCCO®)

Type HT-SS Type HT-CA Type HT-NX

RERZBE RBVREX ER3 @MV
) A4 SRR
TR ERU— K ITRYh EHT-T N ey
fHsEAA _ _ AFILA Cu&as Ni &&
(ER) (0.02mm") (0.05mm") (0.03mm")
- 4.2+/- 4.2+/- 4.5+/- 4.5+/- 4.5+/-
~re 0.2mm 0.2mm 0.1mm 0.1mm 0.2mm
migEa 0.23+/- 0.23+/- 0.29+/- 0.35+/- 0.31+/-
= 0.01mm 0.01mm 0.02mm 0.02mm 0.03mm
TSRS 130 MPa * 130 MPa * 270 MPa * 250 MPa * 400 MPa *
77K, Ic #1353 95%
;%?ﬁ,gggg; 80mm * 80mm * 60mm * 60mm * 40mm *
f:f i‘éét“mﬁ% 170A, 180A, 190A, 200A
DI-BSCCO ##44 M *2EE

pi-Bscca Type H, Type

pI-BscCo Type HT-SS, HT-CA |

DI-BsCCO Type HT-NX

G

e-mail : hts@info.sei.co.jp

KR

DI-BSCCO® Type HT-NX

D
=

LEh XA

N = |

a4

https://sumitomoelectric.com/super/
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HBA) 181P ¥65,000 1/2P  ¥40,000

SIR/BICOVTOSMUVEDYE - EHiAHL

T104-0061 FEE FRXEBRET-12-4 KEFALENL
TEL (03)3546-1337 FAX(03)3546-6306

E-mail:info@meihosha.co.jp HP: www.meihosha.co.jp

KEBEIRBI T,

ADVERTISING AGENCY
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