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Experimental study of a high—temperature superconducting induction/synchronous motor with

REBCO bulk bars for transportation applications
B OER, R EEER)

GAO Yunfei, NAKAMURA Taketsune (Kyoto Univ.)
E-mail: gao.yunfei.83h@st.kyoto—u.ac.jp

1. Introduction

Lightweight and highly efficient high—-temperature
superconducting (HTS) rotating electric machines show great
potential for transportation applications such as electric
aircraft. An advantage of rare—earth barium copper oxide
(REBCO) bulk superconductors over stacked HTS tapes is
their ability to carry larger and more homogenous currents.
This study is the first in which an HTS induction/synchronous
motor (HTS-ISM) with REBCO bulk superconductors has
been successfully designed, tested, and fabricated.

2. Design and fabrication of HTS-ISM with REBCO bulk bars
Fig. 1 shows a schematic of the prototype, which comprises
a 36-slot, 4-pole copper stator, and a 44-slot HTS
squirrel-cage rotor. The stator was equipped with a
conventional three—phase distributed winding comprising
copper wires with a diameter of 0.9 mm. The number of turns
in the copper windings of each slot was 44. The squirrel-cage
rotor winding consisted of 44 REBCO bulk bars inserted into
the rotor iron slots and two end rings. Each end ring consisted
of three turns of REBCO tapes, which were shorted by
soldering to both ends of all the bars. The length, width, and
height of one bar were 90, 2.2, and 1 mm, respectively.

3. Test results and discussions

No-load and load tests were performed in liquid nitrogen at
different frequencies to verify the performance of the
prototype. We analyzed the differences between the proposed
HTS-ISM that utilizes REBCO bulk bars and developed
HTS-ISMs that utilize a few turns of HTS tapes per bar.

Fig. 2 shows the test results of the normalized speed (N/N,)
versus the input voltage/frequency (V,/F) at 77 K under the
no-load condition. The input voltage V1 was gradually
increased to 200 V and then decreased to 0 V. The rotating
speed lay almost on the same curve with increasing or
decreasing input voltage, indicating that there was no obvious
hysteretic behavior compared to HTS-ISMs that utilize a few
turns of HTS tapes per bar. The load test results are shown in
Fig. 3. The slip torque was dominant. It can be clearly inferred
that the REBCO bulk superconductor utilized in this study
had a smaller 7-value than the HTS tapes used in previous
studies did. At 40 Hz, the maximum output power of the
preliminary design was 417 W.
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Fundamental Study on Practical High Temperature Superconducting Induction/Synchronous

Motor Realizing High Efficiency, High Power Density, and Stable controllability
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1. T. Nakamura: TEION KOGAKU, Vol. 57, No. 2 (2022)
pp. 101-108

2. K. Matsuki, et al.:
100 (2020) 2A-a06

3. T. Nakamura, et al.: Abstracts of 1SS2022 (2022) AP5—4

Abstracts of CSSJ Conference, Vol.

Fig. 1 Schematic diagram of 6 kW class HTS-ISM [3].
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Fig. 2 Conceptual diagram of HTS squirrel cage-winding
just before starting.

Fig. 3 Voltage patern for starting.
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BEIEWNRICE>TERLE PWM EEREIZLP2EEBIGE
FERPE—IDEREIFE
Driving Characteristics of High Temperature Superconducting Induction/Synchronous Motor
by PWM Voltage Waveform Generated by Moving Average Method

R BE, #EE 5 (KR
NAKAMURA Taketsune, GOTOU Yoshitaka (Kyoto Univ.)
E-mail: nakamura.taketsune.2a@kyoto—u.ac.jp

1. [XL®HIC

o2, WIBBEEE R ST —4 (High Temperature
Superconducting Induction/Synchronous Motor: HTS-ISM)[1]
DFEISHE B IRUIAFIERR L HEEL T\ D, — RIS, E—
ZOERENZ 1TV ATRZEFH (Pulse Width Modulation: PWM)
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Fig. 1 Example of voltage waveform generation by
moving average method [2].
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Fig. 2 Example of normalized values of the fundamental
voltage, THD, and harmonic components by the typical
triangular wave comparison PWM method.
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BIEBSRBEED A LT FESRISER L - XE REAEE O BRI O /T

Analysis of Motor Characteristics of Large Scale HTS Synchronous Motor
Using No-insulation Field Winding

I B, M KRS, EEORL, VI GBI A ek (RARHE IR
FUKUI Satoshi, SHIOZAWA Yutaro, YOSHIDA Saiki, OGAWA Jun (Niigata University) ; ISHIYAMA Atsushi (Waseda Univversity)
E-mail: fukui@eng.niigata-u.ac.jp
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E ;’/Lg 4:950 6?%?2?]%2 i}n?/[zv gfi;ﬁi%i%ggg Fig. 1 Schematic illustrations of developed HTS armature and coil.

5% X % Tab. 1 OV Fig. 1IZRT, FABO NLARRE = A v
135 M\——

1
-
@
o

X, TNENRFEECA L F T B R B — R
P BRI S B SR o IR eI L L L,
ETNOENRETHINIER SN TWND EEZD,

3. fRHTHER

FEM fIEATIZFES\UW T, NI 2 A L OB RARHE E]
EHRRFIEIC 5 2 DB\, UITOIH A ORMEELT
ST,

O [FEE TREROZE A OB O AN

@ [EE RO ZE M &R OB R~ 2 5 A ORE

fli (7 V—Z f#HT)
@ A >N— X FRENREO BT BT OB ORI
@ EEFEBRENICE D VT BREEO AL

» ©
o o

o

N
BRG]
|

Torque [MNm] Revolution [min’]
N
(&)

o
3

o

o
=
(=]

Field current [A]
[4))
o
o

490 | | | | 1 1 1

SO, MR LT, EE T ERR A oo 0T e 020 00
JRCBRE) L, EB) R AER T 5 7 ) — T SR O s
R T (A bV 7 Z B O BRIFE IS ST D & 9 £ o[
WCEESHT, MAHELARNE ST L), s so—m6 2151
% Fig. 2 (R, Fig. 20007 £ 510, ZERBamune g S 0af
OHEREIORBEIZLY, RMEERICEDHNRSHDSH O - o = & L o
D, %%Lid‘ S (1-2 %ﬁzg) o AU, AN 25 B > Internal phase angle [deg]
DX X v TPREV (BHET-REHOMEA 207 5 Fig. 2 Example of analytical results by FEM (free-run mode).
APNSWY) T2, FRE T A L OALE TIEE E D22
EREOEBIIZEA RN LILLZbDEE LR 2100 _
%, Wi, EEHEEE~O BB ETHIT 5 72512, dg g o
’%ﬁﬁ@%&:%fj< AR VBRI LT, dq S é “r
BT, SRR E A Xy 5 R LR A [E] ° 201 ! | | |
B &I %5, Fig 3 IZHEESEZ 90 rpm /20 s (90 rpm T— £ % 10 2 timets) © %
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Progress of R&D of SCSC cable in spring 2023 (1):
Overview and cable fabrication using reel-to-reel cabling machine

RNE Mz, B ACHE, Ml B, RSP B CRUK) s iy FEAT, ILEF Bt (el eE ) s S04 Akt (SuperPower Inc.)
AMEMIYA Naoyuki, SOGABE Yusuke, TAKAHASHI Akira, FUJINO Masato (Kyoto U.);
NAKASAKI Ryusuke, YAMANO Satoshi (Furukawa Electric); SAKAMOTO Hisaki (SuperPower)
E-mail: amemiya.naoyuki.6a@kyoto-u.ac.jp
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Fig. 1 Reel-to-reel cabling machine.

Fig.2 5 m-long mock-up cable made with copper tapes.

Fig. 3 0.7 m-long, 4-layer SCSC cable with terminals for
current injection.
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Progress of R&D of SCSC cable in spring 2023 (2):
Conceptual studies of applications
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AMEMIYA Naoyuki, SOGABE Yusuke (Kyoto U.); FUKUI Satoshi (Niigata U.); YAMANO Satoshi (Furukawa Electric)
E-mail: amemiya.naoyuki.6a@kyoto-u.ac.jp
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PHEIND, 4.2 K OB A THEAILRT a7
VN NBTi BRI R~ — U ISR ELSAE 22 ENE
(BN RGBSR TED1ED, K[RmEl A A 1
W RIS DB EN OB AT, i A ml#s - (28 A
LTV T EED TR E AT 2O HEHAL O AT RENED
0D,

HiEE

AWFTEILIST KA ANIE RS T NGB IPMIMIL9EL

DXEEZTT-HDTHD,

S Rk
[1] KA. PElE TSuper-GM (Z351F 7% 83 35 %% 5 K BH 78 O W

2 — RS E IS A % — KR T5 Vol. 36, pp.

104-112(2001)
[2] https://htsdb.wimbush.eu/dataset/4256624

Fig. 1. 70 MW class superconducting generator developed by
Super-GM [1].

Table 1 Specifications of SCSC cables and NbTi conductor for 70 MW class superconducting generator developed by Super-GM.
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Progress of R&D of SCSC cable in spring 2023 (3):
Temperature dependences of coupling time constants
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1. Z. Jiang, et al.: Supercond. Sci. Technol., Vol. 17 (2004)
371

Fig. 1 Schematic of measurement system

RS

Fig. 2 Temperature dependence of coupling time constant
with different thickness of copper plating.
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Progress of R&D of SCSC cable in spring 2023 (4):
Impacts of coated conductor overlaps on magnetization losss
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Multifilament coated conductor
Core Second layer

}
Filament

First layer
Fig. 1 Schematic view of the SCSC cable [1].

(a) Layer #2+§

(b)

Layer #2-~&—2&

Fig.2 Overlaps of multifilament coated conductors of
different layers in SCSC cable; (a) coated conductors
in adjacent layers crossing each other, and (b) coated
conductors in four layers stacked in parallel.

Multifilament coated conductor
(a)

(b)

(c)

Fig. 3 Arranenf multifilament coated conductors of
each sample; (a) single layer, (b) 8 layers crossing one
another, and (c) 8 layers stacked in parallel.
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1. Introduction

Local defects are unavoidable in a coated conductor. If a local
defect exists in a filament of a multifilament coated conductor,
the current is shared (detours) by other filaments through the
copper layer overlaid on the entire multifilament. However, this
bypassing current through the copper layer might generate
additional Joule heat during the thermal runaway process and
might affect protection characteristics as well as the threshold
current of thermal runaway. In this study, we measured the
voltages in longitudinal (both sides of a coated conductor) and
transverse directions on a spiral multifilament coated conductor
with local defect during the thermal runaway process.

2. Experimental sample and method

We conducted the experiment using a 4-mm-wide coated
conductor spirally wound on a 3-mm-diameter GFRP core in our
conduction-cooling experimental platform [1]. The coated
conductor used in this study was a copper-plated multifilament
coated conductor SC2030 manufactured by SuperPower Inc.
The thickness of the copper layer was 20 pm, and the number of
filaments was five. We artificially created a local defect near one
side of the multifilament coated conductor by using a fine drill
bit. The position of artificial defect and voltage taps are shown
in Fig. 1. The total length of the coated conductor was 230 mm,
and the length of the effective section of the spiral multifilament
coated conductor (the section between two current terminals)
was 100 mm.

3. Experimental results

The V- characteristics of the multifilament sample with local
defects are shown in Fig. 2. As shown in Figs. 2(a) and (b), the
longitudinal voltage va3-4 between taps a3 and a4, which were
close to the local defect, was higher than the longitudinal voltage
vb3-4 on the opposite side. In other words, the conductor was not
equipotential in width direction. The voltages in the transverse
direction vi3 and v shown in Fig. 2(c) suggest that transverse
currents flowed from a3 to b3 and from b4 to a4 through the
copper layer. The sample currents at which the electric fields
between a3—a4 and b3-b4 reached 100 pV/m were about 13 A
and 75 A, respectively.

When we applied 120 A, which is about 75 % of the critical
current of the sample without local defect, thermal runaway was
initiated. Results of the voltages and current of the sample
during thermal runaway process are shown in Fig. 3. Thermal
runaway initiated approximately 200 s after the current reached
120 A. The transverse voltages (vi, vi3, v, vis) shown in Fig.
3(b) suggest that before thermal runaway was detected, the
transverse current flowed through the copper layer in the
multifilament sample.
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Fig. 2 Voltage—current characteristics of the sample with local
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Fig. 1 Schematic of a multilayered SCSC cable [1]
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Fig. 2 Schematic of position of nodes in case of a SCSC cable
which has 2 layers and 2 tapes per layer.

Fig. 3 Schematic of network in the model. Only tape 1 in each
layer in Fig. 2 is shown.

HiEE
ARWFFEIT IST RFKADALEFHES T ME S IPMITI9EL
DEEBEZIT =L D THD,

&& >k

1. N. Amemiya, et al., Supercond. Sci. Technol., Vol. 35 (2022)
025003

2. J. Shen, et al., IEEE Trans. Appl. Supercond., Vol. 33 (2023)
4700405

5510500 20234F BT 4%

S



1A-p07

LRI E - AR

1 kA #k/\ILAERZ ALV REBCO M (ZH T4 LOWIE iR ERFIEDBIE
Measurement of field and temperature dependence of I, in REBCO tapes using 1 kA—class pulsed current

12 HEFICRIEKR) 5 KEF BE—BRMTL) 5 /NE 5 (LK) 5 Alexandre Zampa, [ 8L, %EE B EALK)
TSUCHIYA Yuji (Tohoku Univ.); MIZUNO Kenichinro (MTL); KOHAMA Y oshimitsu (Univ. Tokyo);
Alexandre ZAMPA, OKADA Tatsunori, AWAJI Satoshi (Tohoku Univ.)

E-malil: tsuchiya@tohoku.ac.jp

1. [FCHIZ

RE % ¥ X O Bi %SGSR 13 SRR i
TRIICIHIEDS e ENTE /2, ITHE. NMR 72 & DIGH
ICT 42K, 20T LA EofKRE®EE . 20K O HiRFHE
TOFEAT7 =~V ZERAPFEHEN TS, HiIC, &
A — 71— DORFIC X Y | AREEIRHI T O O FER TR
LSEELTHEY, BRI LT 1,000 A BOKEFREE
R ETH D, TNO DM D LHEICIE, /N7 Y
Y VR[], OV REERR) R EBREIN TV B8, K
IRIRIGIS DR & 7= Z22[8 - A HIBE /1 C o KB B E A HE
THb, INETHKAD I N —TTlE, 500A FD N R
BIR L HGE~ 72 vt RHAAE DR KRR o<
NAGREIC X B I FHMEEE A AL T & /2[3], LA L,
4.2-20K TD REBCO ###1 D I, 13X 500 A %2 Tk H . &
MEBOHERBHIETH - 72,

AT T, SV REREMFIET 5 2 Lick ) ERE
B% 1kA IC¥5R L, REBCO M ic 513 % I Ol - iR
IRFFE % BIE L 7z,

2. ERAE

EIE 10 V 3L EIFK 1,000 A RO AV ZERE. &
KT — 2T 249y a vy 27 A(WETEHE DL950). 2
SVITRERA v &7 2y ZAPE T v — T BT, 7
¥ 7 7448 REBCO ##f(FESC-SCH04(40). & 4 mm, Cu
ZEALIEIE 40 yum)D I, ZHIE L7z, T oalhd, HALK
BT 30 T OGRS~ 74 v b ORFEICER
LT\ 38t & FIRETH B[4], SV RAEFRD S RIEIZ 5
ms, EIRGEE L 1 A/ps, BERT1Z 7Y v P ERES
I X o CEE L. BIEMEEET 6mm & L7z, 20 T 4
HnE~7 4%y b, He 7u—2 7442 %y F#HWnT
{EIRBRIES(4.2-77 K, 0-19T) DB CHIE #1772 o 72, #Hl
E7u—7DERY — Nk BB X 25FERE N »RE
LawEs, 2«3V ¥y VR — 72 L 72,

3. RRBERERUER

X 112, 20 K iZBIF 2O @B OETE L CETE
W O WA 72 EEHE R 2 /8 37, BIiR5 IR IL, P58 E
NBFEEL, Z20%—EBFEICHHLL 72, X 1(a)Tld. K
EB ms FEEDOBTOBMABR S 7z, T, REBCO JE
B LU Cu REMBNICHRPEA L. BRASMIELT
ZRERHRICX VFEERBENIRE L0 ELLR
3[5]e —Hi+ K 1(b) TR & 5 i @i T IR EIE DB
BRONT, SR THRBRICRE O NRD o7, T 72, il
B CIXEE ) A X wV BETH 72720, 1 uv B
TOMEREICET 2 ETHRIVELER L, K 2 i,
42-77K TD [, OWESHAF N 2R3, JAKIBE O - R
BT Lo,

WHE BN Y v OB XU DC B E AT LEED
WEE Y OEBILIKICOWTHRET L TFETH 5,

Fig. 1 Current and voltage waveforms in REBCO tapes during
pulsed current at (a) 20 K, 3 T and 1,000 A and (b) 20 K, 19 T,
320 A.
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Fig. 2 Field dependence of the critical current density in the
REBCO tape (Fujikura, FESC-SCH04(40) at 4.2-77 K.
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BV, FERM B TR IE 7 [ O B8 ) TR
SOVA Il Ty TP FELTND Z ERERINT
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JP22H01928, JP22H02019 OfEREHNT-H D TH D,
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Fig. 1. Torsion angle dependence of 1. at 77K.

Fig. 2. Photograph of a 4mm-width REBCO coated conductor
after /¢ vs torsion angle measurement.
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Fig. 3. Magnetic field distribution and critical current density
distribution measured by scanning Hall-probe microscopy
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Strain distribution and fracture in edgewise bending of REBCO tapes

EAOEEGS AERD; BTRERRBOKRR)
OSAMURA Kozo (RIAS) ; MACHIYA Shutaro (Daido Univ)
E-mail: kozo osamura@rias.or.jp

1. IZL®HIZ

M~ 7 Ry MED IS BRI Z MBS spiral AL
pancake ZA/VOFRFHIIZEEAE {;lu@/?EEE’JfﬁEHH BT
PO ANRA R THD, AV, Ty FITIE TR
R SUN %ﬂﬂl\%%‘fﬂﬁ@ffd\é<’9‘"5\ vy F BT D
LEGSEIRITR T 925, 22 TR TiL REBCO 7—7IC

BT DERS BT O i ERAF MO E B 7elllE FIEIZ DN
T@*ﬁﬁf*%?ffiﬁﬂ:'?‘éo

ST OB EITIZEN B L2 D RALE I M TN,

A EI?ED‘%) LT VBB ESEITI3A 2 IRIITE,

JEfE i EEHINS D, — 7 fiEih T D% & I3 1R
FINTIRRDFIRMTE(e )DRKREM NS EC e )E
THERIZENZELLTHMT D,

Fig. 1 Edgewise bending within REBCO tape plane

AR TITHER T DE A &2 DR A EIR~DREZ R
AL T L EMEDOT — 7 2B DETHIT 2R NS
DFFITES D W67 BIREZMRATHIT RO | FEERAITE
& D FCTHF7RE TR BRI EZIT 7, Zhicdy
REBCO 7 — 7 &t i Uiz LT ERERWT 322>, 51 3R
Wr 20 a I E T D ZE AR I, MRAT ORERICIIT TR
T & A RS T CIRA T B — RS e 528 il SRz &b
il 2 DREWTE—R PR ZDZENRIABNITRSToDTHRET
2o

2. EBAE

AR I E S N T ISR LTI IZEL ML
7~ Fujikura #10> REBCO 7 — 7|22\ T EERE a4 H
T 5, T 1LENO CEHERICHIT2OITEHL W=D
brass4ﬁ$§§(tﬁﬁ75§¢g4mm JEZ2mm)IZBEO T, FoEE AT
EDOELZEDIREITIHL O K1O I IHEM T 21T o7, &
BORIRDET —FITHOWTTIK CHERBRAIELZITOLL
BT, FHEOT—FIZHOWTHIR TSI —EREEZRD 7=,
Spring8 BL19B2 THAfA X #j (8 420.01769nm) % FA\ TR
BT e BN EEAT 72,

3. ERfEREER

fifh S BE Ui O R T BB AT RIS D W TR RT AR B IS — SR
ELN[1], ESBIZENLO M BRIFIEIZ OV TRELL Vi
W aAT 72, K21Z<II0>EL A L7 B D2f O 7 —
TIZOWT, BRI e F L7zt o LS lig
FBERO RIS E(e JEAFMERT, ZZTHAh 7‘@*‘3
GACIT T BIC U TR 3503, fitdf o

W38 2 g LB BAT 5, ZAUE K1 %%EB%%JZQ
WCHI T BN eI WV EI D H D70 | BB T el
%fcﬁb‘k%]%_%é’béo

1.2 ————T T T
; B . i
[ B @ ]
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08 F B85~ m ]
g [ S
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04 | e
| O FYsc Edgewise ]
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Fig. 2 Edgewise and tensile flatwise bending dependence of
critical current

FITT—TNICRAETHELEREROELIZONT
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B, FERMNC AR ORTIORESMNFHEEND, 2FIK

R T BT 72 i KRB IETE( e HEVEERFHZ SN E
REICHDHEBZDBND, —HEMEN K e JITTeDHH
RTiE, ESHICAENREBEL TWAEEEZBND, M2ITRT
& R B DWW OBRIARIL B IR WTIZ E A D0, FeE AW
JEFERR T & AU E I HLA DN DN TE AT T,

Fig. 3 Strain distribution within the plane due to the edgewise
bending
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Relationship between nonstoichiometric chemical composition and critical current
properties of Bi2223 tapes
Frli J5— =R Geff, AF HEzIr, ook JAIEFR); RE R, e By, ik 3 (EXET)
SHIMOYAMA Jun-ichi , MIYAMOTO Y oshinobu, KOHEI Ryunosuke, MOTOKI Takanori (Aoyama Gakuin Univ.);

TAKEDA Soichiro, NAKASHIMA Takayoshi, YAMAZAKI Kouhei (Sumitomo Electric Industries, Ltd)
E-mail: shimo@phys.aoyama.ac.jp

1. [XCHIT 2004 FITHNEBERGE Z BE 7 v & 2
L CB%E &7z Bi2223 #47(DI-BSCCO)IX, Bi2223 7 «
T A2 ORI Ko T ZROR A, K4kl X 28
DU A7 P72 R ERFFEOTINE, BH—HEIZEh D
TEWFETH D, DFE Y RBRSFEOUEI AT T2
AR OFEE, BEkd it Ol 2 RJfmictEDd 5 =

ENTEDLDITRY | Hgny RN TR SR s i
JE(J)D 200 A/mm? % H8 % % e RAM O BEEIRHI A HE - 7=,
TN DOBMIT, BB — TN & A B ERG ICF]
HENTWD2, Bl REEEROAEMICRKE REKHY
WERB R HEIZ B LIz T J. DR Tz L - T,
BB A IS O | BRI HIR S5, IR~
7 MREETIL 20 T UL EOWBBIEIAEICHND Z LR TE
573, MRI YL NMR 7 CIRE 2GS AR R S b
1R355(20~40 K), $~10 T $EOBIEERE AT AT L~DF)
FiZix, —BOBRERFFEOUENLETH S,

A LT ET, Bi212 B THRIN TV, B
FT ==L DX ¥ U T OF—"— =7 RAEDEH
EPhEBREINC L DX v V7 R—7 LS kI &
5 BRI K RSO T X 5 A BRI ERE
#23, Bi2223 ZAEMIRIZBWTHLHEN THD Z L E2RL
TE 7, & BICHITIE, AR B E 2 2 7= B %
WCHD AT U, P 721 T2 < Sr, Ca, Cu DFH
i bE 2 AR U 7oA L d0 1 A AR AE e 2E B & i LR AR
W& 2 A, 1 IRBERRERRE T D Bi2223 FH 0y =8 4 i
WE< 5 Z R TEIUE, BRI O B S ETE R
PRI 2 RNBEF IR D Z 2 WL LR 20 X
I AR & BRI DR & <& 2 72 Bi2223 B o
REZEBIEA 720 < L ARRFZE TIEZ D OBM IC x4 2 lEE
T ==V REED T, LR DERABRAELGEDR
BRI VIARICTDZEEZHEBE LTV D,

2. BB HASBMRNELRD 4 FO 121 HE—2
Bi2223 “RJTEHERR I LT, BESRYIE 3 kPa T C_IKNKE
LA 1kPa F.755°C TRA R T =— L& 4FUVESL LT,
53 5 N7 R BR OB AR 3E R5ME % SQUID REHE &
WTRHMIEE L7 & BER A I 350°C 75 250°C & TH
mL, BE, BEERHEETHA,

3. BREER LT TIT X=Pb/(Bi+Pb), Y=(Sr+Ca+Cu)
/(Bi+Pb) & LA G BALA L OFEIE L L TH W5, Fig. 112 4
FEDMEF DA Pb BE#E & EPMA 1T XV 43#F L7= Pb &
i DOBfR, BV 77 K. HOBES T o LM E
MEE )R Ui, ORBEDIETHER LR TY =
0.197 @ Pb-rich AT T &AW TA AR @ v
THY. b0 LEEED Pb BEHNERTHITZ, Bi2212
HAEmO L O PO IREDOR D 2HESBRC LY E L=
7 N ORGER 72 ARG CE 5, £/, 77K O LT
Y BRI R E WA EZ RO TRIER L Th B, FFiC X=

0.25 T

2nd sintered Bi2223 tapes

Po, =3 kPa

825°C,1h +800°C, 24 h
Post annealing

(Poz =1 kPa, 755°C, 48 h)

Jo(TT KYAmm2=
L 170 .~ ]
y X=0.197
130 /’ Y=353
XEOAT6 i .7
Y=363 §* X =0.180

1

Y=373
80 ¢80

actual substitution level of Pb (analyzed)
o
N
o

," standard
X=0.171
Y=353
0.15 ¥ L
0.15 0.20 0.25
nominal X

Fig. 1 Relationship between nominal X and analyzed X for
BI2223 tapes. Their Je values at 77 K are also shown.

50 Y . . .
cooled in furnace
after reductive O nealed
post-annealing ~ down to 250°C
401 —— = X=0171 -
— - X=0.197
Y=3.53
8 30+ i
£ H 1 tape surface
IE criterion : AM=0.1 emu g”'
20+ J
10+ gl

0
30 40 50 60 70 80

Fig. 2 Changes in irreversibility lines of Bi2223 tapes with
different Pb composition by post-annealing.

0.197, Y = 3.53 OaEHE 20~40 K BEB T oRite 25V
T ADIEPMORAS LD B LMK E <, PRk, #i5
HTOR J MM OBRBEPIFEFCEX 2, 2B, bR
BHIRBICRTREAK T THRIEAISNTZ2HF v U 7O
W X — R—=7RIEIZH D, Fig. 212 X=0.171,0.197 (Y
=3.53) OFREHZOWT, BET =— MLV X U T D
Fr— = B —REE I L 72 i O A ml il O 284k
%R L7z, Pb [EMEOIINERET =— I KB RA
WG OWEPHERTE, —HORE OB 2T Y v 2
TEIREE , BES AT YE DT HHED TV D, 4 HITBESG T Je
BB A R 2% v U T IRERIEREHC DWW T hEwm T D
SE Xk

1. I. Chong et al, Science 276 (1997) 770-773.
2.Y. Miyamoto et al., Abstract of CSSJ Conf. 104 (2022) 139.
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1. [ZL®HIZ

REBa;Cu;0, (REBCO)EEDIERLIFIED T, Hi%ER
WA FRIEMOD {E)IFE S E A VT, &R
INRNERCTEXDTIETHD, TOFRTHLTH T —
MOD(FF-MOD)iti%, BA4f7 2 dhld m Fa R cBa2 s
NTEDI0[1, 2], KR AN B ERM & ZB gL 35 T
EMITENT-BELE 2 DB, —J7C, FF-MOD &% W
T ANTEE AT 285 T HHLOD[2, 3, 4], BEE
BIEAM 1 pm LLFTHHIERe, BICHEFE R IER Fo3FE
BRICB £ TR, £ R~ A ITHEA TUWad o7,

% 1X BaMOs (BMO)FHi 1 ZIRIE~TINT DI 1EEB
FOZ AL BV 0 A28, FF-MOD {k12X%
REBCO JEBIHAIZ3UNT 77 K O £73 200 A/4 mm &%
Z% 120 m EOANTE YV AR OMERUC AN L 7= 2 L&
HELB], ARNXEIC, IINT25 BMO F ki1 OyR 41
MEEHZLT, BEYERNICBITDE BRI, #5

¥r=rv7
7w 7')—MOD REBCO ###f g &!
Fabrication of fluorine—free MOD REBCO tapes with BaHfO; nanoparticles
.:.Jﬁ? TR EE, KH TR, kA EE, Mk B (ELELD);
BT WECRAEK,SRIS); [ H 2, w8 (RALK, &6
YOSHIHARA Tatsuhiko, HONDA Genki, NAGAISHI Tatsuoki, KOBAYASHI Shinichi
(Sumitomo Electric Industries, Ltd.);
KANIE Kiyoshi (Tohoku Univ., SRIS); OKADA Tatsunori, AWAJI Satoshi (Tohoku Univ., IMR)
E-mail: yoshihara—tatsuhiko@sei.co.jp
25 B;":fc Efffb
65K, 1T i
t{(REBCO)=0.8 pmt
2 ——BHO5.4 mol%
—a—BHO2.7 mol%
- —o—pristine
E15 F T
3]
z
= 1
-
0.5 |
u E 1 I
-30 0 30 60 80

HAEPEA A LT 2 e B WE T D,

2. EBAE
Ni/Cu/SUS 2352 30 mm D27 R FAR[6] 112, HrfH
J& Ce0,/YSZ/Y:03% RF A&V ZIEICEOREIELT-,
R —< VAT I ERLL 72 BMO (M = Zr, H)F ki1
%%buwj » 37 —GdBay,CusO(GABCOWR IR A& A1 —
WZEVEBATL , BAR R T CTRBER . BaCOs D43 fif, 8
i—gr@%f*aaﬂ:%fﬁE’kat?&&&ﬁ%ﬁotf& [N S
PHA FICCABEZTTH)ZETALE Y AD REBCO J@% AL
7o WG LT~ A7 VBRI 7V VT,
WAL K4 B B S5 T B & i3 B A A B SE 2
H— T OB IERRE~ 7 ok 20T-CSM,25T-CSM {2
VI AT 572,

3. EERHER

AR EIZTH 2 BaHfO; (BHO) T 7RI 113, BIIHUIL
DL ZVFHI LR R, bR 231.6~2.2 nm THY[5], =
NBERAIL T REBCO A {ERIL7-, BHO % 0~5.4 mol%
WL CTYERIL7- GABCO FE(BRE 0.8 um)®D 65 K, 1 TIZ

BIID J OWSEA BRI Fig. 1 1ORT, WThofE

2BV ThH, BHO IMENZVMEE B L A7RLIZ, Fig. 2
(2 2.7, 5.4 mol%? BHO Z¥RMIL7= GABCO BED Wi TEM %
KT, 2-10 nm ORLRD BHO 233 LTRY, /-, Ivin&E
LT L THREBEBEN G BHO BENMINLIZZ &2 H
RTED, INLOFEREDL, WINLTZ BHO NTZ A&
L&, BB INCEOe B E AL, B Hh o
HEpESE B L8 E 2 TS,

T IRLTF RIS OWTH BEE RS ma L CWeiZEEL
Institut de Ciéncia de Materials de Barcelona(ICMAB)® Prof.
Puig, Dr. Obradors (ZJ&#HIW - LE T, F-, KR DO —ERIE
AL KR F 4 BB FE AT I 1 B LRI 9 (Fhmsi o &
—FREE B 202112-HMKPC-0006) (2L 58D THDH,

6 (deg.)
Fig.1 The angular dependencies of /. in pristine, 2.7 mol% and 5.4
mol% added GABCO at 65 Kand 1 T.

(a) GABCO+2.7 mol%BHO (b) GdBCO+5.4 mol%BHO

50 nm

Fig.2 Cross—sectional TEM images of GdBCO films with (a)
2.7 mol% and (b) 5.4 mol% BHO.
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Investigation of optimal annealing conditions high J,
YBa,Cu;0, thin films with BMO with different shapes

A $RSE, SH L, EEOEGR)
Takumi YAMAMOTO, Tomoya HORIDE, Yutaka YOSHIDA (NAGOYA UNIVERSITY)
E-mail: yamamoto.takumi.x7@s.mail.nagoya-u.ac.jp

1. [FCHIZ

E R B{53E REBaxCusOy (REBCO)I LB =8I & B 15
LTS E 1. RO N TWDS, FOFED—>L LTA
TEr=27% Z—(APC)DBARKRM SN TETWND
$#1Z BaMO3(BMO)% REBCO W23 A4 % J7i%1%, REBCO
WM ORE TR I Zh ESEDTFEE L TEL OFES V—
TIeHEEN TV [1],

M.Miura BT, BBET =— LiZk o Tab—L U AEER
SR AE A /NS T2 L1080, SHHEER Ja O¥
. deta E3SRET S 41TV %, (TFA-MOD)-BMO #s/i REBCO
BB WT, BR2EBET 2 2 212k AT Joom LA
Tesd é?h'(b\é L7>L PLD-REBCO ® BMO 7/ 1 v RNiE
D qES X BRI ORI L 0 B T ARSI N T
wépSL

Frix. Oinzr /ey FEATE & L CTERT 20
PLD % REBCO J& & BMO /Il REBCO & D £ J@ &K ¢
Je DEFMENRM T2 L ERE L [4],

AWFFE T, B2 D BMO ./ vy RIEIR&EH9 5 PLD-
YBCO D Je ] LA AR E LTl Y =— L4k, o —1
VAR E T MOV I DBLED B E LT,

2. ERAE
ARFSETIX, YBCO/YBCO+BHO %JEfK% IBAD-MgO
FEMR FIZ YBCO JE% 30 nm & BHO %S/l YBCO JE#% 30
nm, ZIFH 10 & TER L 7= (Fig.1(a)). BEEITH 600 nm
LB LT D, (R L ToBRE IR ORS S, BARE R M &
X AREPTE, BRI TEIZ E Y Quantum design #EHLD
PPMS % F\ N CREAT u‘_o ak—L AR EDORER p-T

HIEIZRIT D 310 K | 7‘6#&#4@ 05 272 B D
{mf&%@ﬁ%mﬁﬂmwi}%%%@mf E; B & l,
Boo=®o2né&an? £ W RO T7-, F-HE (E'JKE FHEfEL

A= FIo e iE 2 e,

3. ERHERRUER

Fig.2 |2 YBCO fi&, Fig 312 YBCO/YBCO+BHO % /&[0
R 7 =— VIBEIZBIT2 7T7TKIZBT D ISR T %
KT, TENENOFEAKIZ 77T KIZBITAae—L Ak
¢ %779, YBCO/YBCO+BHO /8L, T DT =—
JWRIE400°C) & 77 K @D J&F=2.18 [MA/cm?] (350°C) i 72
DT EMIND, T Fig2 T bz YBCO D%
HIERFEDOMEANCH D, TTKICBITS a2 —L AR €T
YBCO/YBCO+BHO %)@ |z m\f %, 7 =— VIREMK
{pBizoh, K& 725, —F5 YBCO ETIL, 7=—
JAREE &K < iﬁé on INEL 2B 2 ENbD, if_
JMOREFEHFICBIT 2 at —1L U AR £1F 4.5nm LIEIE
FUCMETH 5,

PLD DT/ vy KGR E 7 =— L EFEDENIC c,t
Habt—L ALK & ROWSF I 72 EOBREZ I
3 %7 BHO 7/ v v R&&A L7 YBCO H%(Flg.l(b)é:
DKL N 20 K X° 65 K DKIRICEK T 5 I Rk bR L

30nm || §

Ce0, buffer layer

CeQ; buffer layer

IBAD-MgO

IBAD-MgO

TWo,

Figl. Schematic diagrams of YBCO films introducing different
BMO shapes fabricated.
(a) YBCO/YBCO+BHO multilayer films, (b) BHO nanorods
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Fig.2 J&f at 77 K for YBCO films at different annealing
temperatures. The Inset shows coherence length at 77 K at
different annealing temperatures.
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Fig.3 J&*t at 77 K for YBCO/YBCO+BHO multilayer films at
different annealing temperatures. The Inset shows coherence
length at 77 K at different annealing temperatures.
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Consideration on angular dependence of I, due to artificial pins
based on magnetic field distribution in high—field magnet
i FH S R B (BER)

OKADA Tatsunori, AWAJI Satoshi (Tohoku Univ.)
E-mail: tatsunori.okada.d8@tohoku.ac.jp

1. HREAW

HALKEBFERS £ ~ ¥ — Tk, REBCO #t#f % v
72 33 T AR E < 7% v + (33T-CSM) D% M
LD LA TV 2, REBCO #44 o K% 7 B L 1<
Z, Wl - BSOS THIBEDRE I B LAE
0 (MEMSETMEZ 0=0%cT2) BELLLD, aA)L
WAL ISR AR L 72 B3R LF(T, B, 0) =B B L, /EHA
I I.(T,B,0) BB LRGP EE 2 %, M, &
LI L WAMTEE 52 51655 - AL T 5 I HOUE
MW7 B ~DIEE L E 2 5,

AWHgiTld, 33T-CSM H REBCO 4 ¥ — b & &l
2, BWSAROFM L 1.(T, B,0) WIEZWBL T, &
KRR D 720 D NLE VIR - i offatz HIV & L7z,
2. ERB UM
2-1.BR T, B, ) #lE

~ 10 pm @D 7Y v L 2B L 7z Fujikura 13 Eu-
BCO #Mic B 3 I1.(T, B,0) % EFVUG 11 THMI L
72o 6 K TOMM % &UIC T =20 K THIE L., HLK
SRS v ¥ — 0 25T-/20T-CSM %% &% v T
K24 T OS2 AL 72,

2-2. REBCO /oY —raAIILABEHIERHDETE

RS (£ 1) 252, Biot-Savart HIIC CHERGS DA %
B U 7z, SEE BT IEAM O PR OIMSHZE L 7206 4 mm -
JEAMER/NDBLIR S — MRS S LRI L ., $iHt
2 H WM Lol cEI ¥, 33T-CSM T
& "TREBCO/REBCO /7 — 7' /#fufg 7 — 7" D&
EREEMEL, LTS aAf Mk 2RSS 14 T ¢
RS BPex =33 T 25438 %, ke LT,
NHMFL o Little Big Coil (LBC., 31.1 T <144 T
FA L, BP* =455 T) P 2L 72< 27 %y b i
L7,

3 HREER

HE L7 J.(20 K, B,6) 257 4 mm 18 Fujikura
EuBCO #M oiim% Fig. 1 12x33, 19 T ED
BB FEIRIC OV TR AEIC B T 2% SHE L
7oo T O L BRSO I, KV —F% - &
Y= BT 2 AMEZHL L 72 b DA Fig. 2 TH 5,

# 1 Design of REBCO insert coils used for coil
field simulation for 33T-CSMM and 45.5T-LBCH.

33T-CSM 45.5T-LBC
Bundle type | 2 tapes wound Non insulation
Turn thickness 0.583 mm 0.043 mm
Inn./Out. dia. 34/147 mm 14/34 mm
# of pancakes 64 12
# of turns 193 223
Iop 4574 A 254.3 A
By 3T 455 T

Fig.1 Critical surface of Fujikura EuBCO at 20 K.

B
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Fig.2 Load factor distribution at 20 K for Fu-

jikura EuBCO insert coils for 33T-CSM.
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Critical currents of superconducting films in the Meissner state exposed to longitudinal magnetic fields
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Experimental results of glass particle suspension using a two—stage
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Fig.1 Schematic diagram of magnetic separator.

Fig.2 MPFs ratio by magnetic separation.
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Fig.1 Resonance circuit topologies for the WPT system

Table.1 Specifications of the resonance circuit topologies
1SS type i SP type i PS typei PP type

Receiving power Pr;. (kW) ! 300
Resonance frequency f; (kHz) i 1.9
Self-inductance L,, L, (mH) : 2.3
Mutual inductance M (mH) | 1.1
Critical current of HTS wire (A) i 720
Width of HTS wire (mm) ! 12
Primary capacitance C; (uF) i 30 1 38 1 30 338
Secondary capacitance C, (1F) E 3.0 E 3.0 E 38 E 3.8
Load resistance Ry (Q) i 12.8 1 608 1 13.0 | 46.7

Fig.2 Calculation results of the transmission efficiency between coils in
different resonance circuit topologies for the WPT system.
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Development of 400 kW—class DC Induction Heating Device Using HTS Magnet
for Aluminum Extrusion Process:
Continuous Repetitive Heating Test and Evaluation of Soundness of HTS Magnet
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H1% Fig. 112, HTS aA ViR ES Fig. 212, HTS A L44 )8 Fig. 3 Measured strain in winding of HTS coil in continuous
ISR 2 — P ORIEEE Fig. 3 1R, it 90 repetitive heating test.
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Measurement of self—diffusion coefficient using single—sided NMR with high magnetic field
gradient generated by SmBCO-based bulk superconductor
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E-mail: mb21501@shibaura-it.ac.jp
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B BB 2 EL, SESERREOHEL)F 7 LKA

RO H CHEEAR R O E IR L= T2 d s 35,

JrMIBAEL NMR &1, #A R AECABEEFI AL, #
AIMUOZE M THIEZTTO NMR 24 THY, NMR @ﬁi‘%éﬁ
e HI& CTo D0 OREEMRAT ITITRH TE 20, L,
FOEFVETRE CTELHD, m&ﬁwﬁ%{fot)ﬂﬁurﬂaﬁﬁ&
NMR 3EE RIS TN D, MRS R 2 Y CRIE %
115728, FWELO RESLHEROHIBRA 72<, NMR ZF]HL
7oA T URRIESE, BEEISHBHIFRS TV,

NMR ZFH U780l e, VF o A4 B4
REEO SRS, VAR AlLEF|H LT Pulse
Field Gradient(PFG)-NMR JEMR AL E K L CWD, —J7, 47
JL—T"TILHTS 7L R A7 2 11 O 270 B kg 3 A Bz 1)
THILET, IVEWVEB OO EIZMHH T, 224
EREZE mDHIELTED, £z, AR NMR |2 HTS ~31
IR RIS DL, KA XOGIR DB E KA TED
72D LV ERFE CHIE TE, Mo, HEEHITHERAENICK
VK AR KO E LT 3 365,

PLEXOAMIZETI, SmBCO SV ZREA & V= A
FENMR ZBRFEL, VF v LA A BE ML OO BE AR 2 D 3 T~ [H]
ALY T 2OKIRIREE D H CIEBER O RIEEITV, D
fERERET D,

2. %‘ﬁﬁ;ﬁ

60 mm £%, 15 mm JE® SmBCO %&/NL7% 40K | L(A{Eﬁ%é
mHEIL, /\/VX%&A(PFM) EE O TR R TR 1.3T |
WU BRI, YV AR N E R E, ?UerZa’:iTAL

“EAZ 2.0 mm @737x~%:z4'/v|ﬂ\1 WZHAL, WIEEITo72,

Fig.1 (2 {AIBE i NMR FH RS 58 OV NMR B o8 5
ﬁ%r#

Magnetic field

RF coil

i

Sample

HTS bulk

Magnetic pole

Fig. 1 Appearance of single—sided NMR using HTS bulk.
The figure on the right is a simplified illustration of a single—

sided NMR measurement.

B L BUR B ORI EICIE, A =2 —(SE) Carr-Purcell-
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S(1) 2
In (—) = —§yzG§T3D ¢))

S(0)
S(r) IIFLEERE © ICBIAE BME, v iR R GE
), Gy 1 IFES AR THY, 12 ZALSETEOE FRED

ZAbinn, A OISR ED 25 LT,

3. WR-E®
15, 10.7 , 4.5 M (mol/L) ALY F 0 LK EAHR DR E Hs 5
LU TNIRT,
0.2
0
0.2

15 M LiCl aq.
D =1.25%x10"1m?/s

<
~

In(S(1)/S(0))
T

) S
) 10.7MLiClag. 3
1.2 B . — 5 -10 2
L4 | ®43SMLiClag. D =235x10""m/s
’ #10.7M LiCl aq. 4.5 M LiCl aq.
1.6 4 15SMLiCl aq. D = 6.35x 10710 m2/5
1.8 1 1 1 1
0 1 2 3 4 5

2y*g?t3/3 X 10° s/m?

Fig. 2 Diffusion measurements of 15 M, 10.7 M, 4.5 M LiCl
aqueous solutions.
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BLOFI B L O E DM _EO7-DITAT o7 Kk 2 7p &
WRICEVER CEAR THD, 72, B OHLBRE /NS
RV — L RL 5y R (TakE+ oK) © A CHEHUR D
BIEIZHEREIL TVD,

4. FL®H

SmBCO &/ V7 RA % T 7RI B i NMR 25 1& 4 B %
L, 15, 10.7, 4.5 M ORI BREOHEAL) T LAKIFRIZ D
WCIEBGAIEZATVY, IREOBEVICED B CIEBfR I D%
WERRI CEDZEE R LT, ZOHEER, VF UL/ A&l
PO oA% 4 72 I COR AW C& D,

SE Xk

1. T. Nakamura et. al.: Journal of Magnetic Resonance, Vol
259 (2015) p.68-75

2. B. M. Braun et. al.: The Journal of Physical Chemistry,
Vol.92, No.5 (1988) p.1342-1346
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HTS coil and HTS bulk arrangement suitable for magnetic induction of magnetic drugs for
MDDS in a two—dimensional plane
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1. [ZL®IZ
WRFERIRT 7 T YR — 27 5 (MDDS) OB IZi%
M8 % U TR SR 2 B E THE T 0 ENRHD. 1K
DO H—ORIGIRTI, 48 ETEH )5 M OB ) (B
I BIEFITRKE N0, B ETFI7 IR R %2 R A
BICEERESYE, BT A2 LIIRNEETH -7, ZHITKIL, %
IFHFZETIE, HTS SA/LRERIZ 2 5D HTS /7KL
FHZET, MBS [ ORER SR E L K T 5 7 OB
FIEMETTREIC L=, LasL, CoRSIRIERIE, & EF
F NS BT DHEMEIRA OEFEEZ BNELTRY, 2il0sHs
MENEFETHLITTE RN, Z2C, ABFZECIL, 4
R ETE T W OB AR E A7 10 ORGSR 188 %
FIRFIZSRHLL, 2 RITZEMCORIMEIEA O RFTHIEREE 7]
W9 BREGIR O T IEIZ DWW TR ETL7-.

2. lEWAE

FATAFFECIE, HTS :ww)vw 2 SOHFER HTS 3
VI RE, HTS 7SV 7 RO B it SRk D e M 3K A A 4R 5
FEIR (HTS AV O H L) ST PHIZ R DI ICELE 352 LT,
EE T AOMR S (BRAE) IKBEE T ORI (
LA AR EH LY, 22T, AT, S‘Eﬁlﬂ?%ﬁf“
BRI BR O T IEE R E X, HTS 24 /L ONERIZ
DD HTS S EERRETHZLT, 2 IRITZEM T @mr@a
F D R ER AR A T=. LasL, JEATHFZED LI P%H_
KHTS 7S 7 (% WHE, HTS /\/W{Z'SF‘%EE%E%E
TS B LN TES, HTS 2SIV 2RO NG i & iR fE i A HTS
A VDB R ED Z ST TEAR, F2C, HTS 231y
TS PR AT B R AT REZR 4 S O PUAFRIR HTS 2L 74K
A HTS aAVNICEE T2 525 2 7.

FENTCIE, 3WRITTOAH REFR L (HIE) W=, 4 ERG
L7 HR DR &7 L 2 E i Fig 1 & Table 1 |27,
2B, T CIIRIEBEERS T2 8 D 1 BT VA
L7z. £, Model A, B, D OB _otV) HTS 7SV 2R3
WREBEFEAEIAS HTS A /L D Bl 33 0D el S 4 J@K@z
SINTRIT TR BT LT-. RIZ, Molde B, C D ELELIZ
0, HTS 73/u 2 (A R BE R AR 1 3R A4 J@Mﬁé@fim:/}uﬂ“
SO E BT LT, AT CIE, SR _EZE50mm iz & DM
HHN % RETR R EIR B S T L2 LA EL, MIBR 22
50mm C D z J5 [A) DR HHE £ AL OB / 0z S Rs M 350 B < e
K JIFpi(x B-93B/di) (i = x,y)Z7HliL7=.

3. BITHERBLUEBR

Fig. 212 Model A, B, C & HTS IA /LD &k A -IED,
B3R _EZ250mmo> HTS =A /L DT 2815 2 J7
DR FE ) B LB M SEAN B < TR I ML D43 Ai o
9. Fig. 2(a), (b), (d)XV, Model A TIZ, B34 rf.Cadih
EHICER CEDMER N ELNDHDOD, |0B/dz| M0
LTWW%. —7, Model B Tl, |0B/3z| AR TETWAED
O, BEMEIEANB<BER S OIED HTS aA oL
A eI IR DT e b oT=. ZbiE, HTS A L@ Hls
BB TR S LD HTS SR DR B DIV — T D

RESIZEKL TS EBZZBND. £ZT, HTS 2410 H
DEALIA A RN HTS AR E ORI 2 b7
BB DR RAN B <R I 2 METLTZ. Fig. 2(b), (o),
(d)J:U HTS V2RI B 7 R 2 3% 7 52 & T, |0B/
0z| AR T DL RIREIZ, BaMESEAA ROl B3 1 SRR P RE
TR NI DFOND LN DT,

Table 1. Specifications of HTS bulk and HTS coil.

Model A ' Bt C ' HTScoil

Radius of HTS

bulk [mm]

Length of a diagonal line
of HTS bulk [mm]
Height of HTS

bulk [mm]

Distance from HTS bulk
to z-axis [mm]

Inner radius of HTS

60 | -
- | 120 bo-
20 -

60(\/5—1)5 0 5 -

coil [mm] 60(1 + ﬁ)
Outer radius of HTS

coil [mm] 110 + 602
Height of HTS coil [mm] 20

Fig. 2 dB/0z distribution and magnetic force vector around
the central axis of the HTS coil at 50mm above the magnetic
field source in Model A, B, C, and HTS coil.

SE 30
1. S. Nojima, et al.: IEEE Trans. Appl. Supercond., Vol. 33
(2023) p.1-5
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2. iRES

W, ST BHgiE Si JEtk bICE#EREND, Fi-.
STJ DIEEILAEHTH 100 nm LIEFICHV V=D, BT RL
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etk X BREZDIEZ O A IEF IR EEIZL T E, Z0fF
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%(Fig.1),
100000
10000 | AlKg AlKa
C-Ka (bottom) {TOP)
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o (To
= 100 |
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g
S 10 f

0 500 1000 1500 2000
Energy [eV]

Fig.1  Spectrum at ST]J fabricated on Si substrate
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TLIR DB D AT ZRFE LT,
B LAY MV % Fig.2 \RT, R THETHDS Mg
R T HIENTET,
0.1 oo
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Z0.0006 |\
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: \
Zoowa \ MgK

2
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Fig.2  Sample analysis of GaN
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CircuitsCharacterization of Niobium-Based Low Critical Current Density
Integrated Devices at 0.3 K
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3. AIERER

Fig. 212 27um ATkt L 2¥ a7 YV VEADER
-EERERGE LORY, RO o, FAHEET 3K
Al L AR L 2 & 25, P TT% 0 1.0k
FAOBIEES NI, Thix, EAOHEMO Nb DS 2
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Fig. 1 Package holder mounted on the 0.3-K stage of a *He
cryocooler (the package is equipped with 48 cables).

300 mK

10 pAT_>
1V

Fig. 2 Current-voltage characteristic of 2.7%2.7-um junction.
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Fabrication and evaluation of YBa,Cu;0,-5 probes by the focused ion beam method
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(c) WEFE (d) TA2 37— D AFM 1
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Investigation of High—power transmit HTS antenna using high—J, REBa,Cu30, thin films.
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Fig.1 (a) Photograph of 25 x 25 mm TFA-MOD REBCO thin
film and (b) XRD 6-20 scan for TFA-MOD REBCO thin film.
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Fig.2 (a) Ap and (b) J. at 77 K maps for TFA-MOD REBCO
thin film.
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Fig.3 (a) Structure and (b) radiation pattern of superconducting
patch antenna.
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Development of parallel gas circulation cooling technology for compact
superconducting equipment (1) —temperature control of parallel flow path —
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KANAYA Kazuhisa (Toshiba Energy Systems & Solutions Corporation)
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Fig.1 Flow diagram of helium gas cooling system.
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Fig.2 Temperature and flow rate profile of temperature
control under heat load variation.
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Development of parallel gas circulation cooling technology for compact superconducting

equipment (2) —characteristics of low temperature gas flow meter—
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Fig.1 Schematic figure of thermal mass flow meter
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Fig.2 Relationship between distance from heater and
flow meter error
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Fig.3 Calculated temperature distribution

4. FLH

AAEL7C B Bt OREHN 25Tl . BB X OVF
VAR BE BT oD R BV B A BT HTE T, BAEE %LANT
RFECEDTLN T

SE R

1. N. Takagi, et al.: Abstracts of CSJ Conference, Vol. 104
(2022) p.40

2. Yunus A. Cengel, Robert H. Turner: Fundamentals of
thermal—fluid sciences, McGraw—Hill (2011) p.760

510500 20234F ARSI T - REEAE R



1C-a03

BHY AT A

NMR <45 3y k] 1 A 2% SN HI 2 E
Evaporation Suppression System for NMR Magnets

AR 3R, K& U, il fz, & ER, Ml E—, OhE IRJASTEC) ;

ER CETE, VR A, B OBCE, Ve Thill, R i ABEARET)
Takuya Matsumoto, Hideaki Nagahama, Kazuhiro Fukuyama, Naotoshi Tani, Shoichi Yokoyama, Satoshi Ito (JASTEC);
Tetsuo Miyamoto, Junpei Hamatsu, Masanori Hirose, Takanori Komatsu, Hiroto Suematsu (JEOL)
E-mail: matsumoto.takuya—1@kobelco.com

1. [ZC®HIZ

S VIEN 1 NP | g 15 o N T Rl o I i =X <8
=1l S SYNE SV SE 24 VTN TARNE STNE S TRl = =tASU
NROBHITUA[1], NMR(Nuclear Magnetic Resonance)~ 2
FyMIBEEBIANOHEEANIRIEAN T LAETRIREF %
WTEY, EHIMRH NS ETHD, ZZ T NMR v7 %y
ORIV LGRS 3 DFRFE Tk RIR AR T 0
ZRE PN E A B LT,
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Fig.1 Configuration of Evaporation Suppression System.
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Fig.2 (a) Evaporation Suppression System attached to
an NMR magnet.
(b) Vibration analysis (Fixed with floor, Mode 1).

Tablel Fixing method of the stand and natural frequencies.

Fixed with
M ode number
Floor Magnet support

1 19.0 Hz 352 Hz

2 19.3 Hz 37.8 Hz

3 74.8 Hz 100.0 Hz

4 75.0 Hz 103.2 Hz
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E ~
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1 @
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Fig.3 Initial cooling properties of helium unit.

SEHK
1. S. YOSHIDA: J. Cryo. Super. Soc. Jpn., Vol. 56, No. 3
(2021) p.135-141

1050 20234 AT T - MEEY R



1C-a04

BHY AT A

ZEMAM DESHITRSDEVICEISIBRAE~NDEE

Influence of different winding strengths on multi—layer insulation on the heat leak

PR SC, /R R, Ml B, i YERER (FFEEKR)
WATANABE Hirofumi, KOBAYASHI Toya, KANDA Masae, YAMAGUCHI Satarou (Chubu Univ.)
E-mail: h.-watanabe@isc.chubu.ac.jp

1. [XC®HIZ

BRI ETE OB T HIRIREE (I W E O 7=
122 J& W A (Multi-Layer Insulation, MLD2SHWSIAHS,
ZOWEWERRIX ML O TI7 I KREURFET D1, Bin
TR AR TR AL O W EWEGEZ 1) - &H 5 ML O .5k
EASDTZDI, A A—=F—E VTR 1 IRT 3FEED
B ST CTEMRANBORIEEITV, T O R ik Liz[2], =
nickdE, B 1 o@D il R TV 7 7o MuL ., &
S—BOLKE HE2BINTESMTTEBELE. D —1
D MLI 74V DE#EG AL A— /WIRICEE T 245 A
L @D MLI 7V bm—fgd o & B a5 7 OIE
T 180 P O HITRDIINEE I THE T, (@)&b)
VRRIFREE DBVR A BTZ S7=DITRt L, (IFZF NS L0E 73
WEMZ AT o7, (k)T MLI O&EXFITEENSET
FLESICRDIOM TLEDIZH L, (QIZAMUD @ IF L KX
I EENELRDIIM T L, (@O 2OV TITSMA D
ERNBIOBE KD T DL DT-0  JE M O EHE E A
HEIEBR A BN THETFHLE, 41, ZhEHER
5728, D)DGAEIH LU THMIDREIFEBEXAMITEENEL
72589 MLI i T.L, BYR ABORIEEITo72, 4 EIEE
DFEREHET 5,

2. EBRAE

KBTI —RZ ISR AN A7 - a) A—5—
AW, K 2 IO ERmT, WIRESRZL 71T B
T 3 BRTHY, N EROZ T E TR IR
8 5 NS DEDIR ANEBFS T —RE L 7T, XTI
MLI & .U, FFZ IO RFEER T AREEZRETDHZ
ETEURABZRET D, X, IREEFRF L 7OREE TLL
~6 OENEXICIVRIET D, WIRERL 7 IXRERE O
W& 2 LI FRTE T, SMEIE 89.1 mm THY, - T,
JE£13280 mm THD, HIEITAVZMLLE D 34 8 KFHN-
9B05 THY, Bx(HHIX 1(b)DHIETITo7, milEIFEEL
72 E TIE 1000 X 2380 mm D7 /LI, Tl & AT 7
MEL T, TRIZRDIITEET T, TOBE, —FBNHlO
BOSIMUDEET—HE 340 mm SRICESELE, —H.
A EIDHIE TIZFE YA X (1000 X 2380 mm) D7 AL L%
W% %% 310 mm &L, —J8£EIC 10 mm £<L, KIME
370 mm £TBIETTRBIZRDINEE T2, ZoIHid
BHIEIZED . NIDBAMANZ AN TR A2 B Lo0E T Lz,

EBRTIE MLI 28X TR ER Y VI Bam NI
AT 724 . MLIDND OB T A% 4531238577212 100
eI DL B PR ARREL | SAARARNDEZEREA 3 X107 Pa LA
TICBIE% . IR R R VRIS RE AT L2, r)R
— A =N R FTmZDDERF OO —BREW -1 )
REZrH LML, hr 228, BIEL R
L77, S5 SRR HE 1L BNEE K1 LAV O E i B4 eI il
R — 2 —ICIOHIEIL T, X, BIi& 5 »FT CEVEX
WL R ARIREZRE LT,

3. AIEHER

SME DR EIREA 35.0 CELI-BEOMRIER 2 3 1R
9, FRIZEFR VA &L T, TLAITHZ 7 AN E EOIR
ETHY, TOREN LR LD L EOT —2&ha s
DT ERHE OO T — 2 LU THATIC IV, ZORFO -1
Fi 1L 0.0655 L/min THYH, BRABICHRETHL
0.4210.011 W/m Tdh-o7z, LARTOEEZ H CTRIUZR SR E
THIELAE ST 0.41920.011 W/m THY, S RIOFERLE
—HLTWD, ZOZEnb, 4RO FEERSM O TR
T OBEXDENZLVEVMRE A BEDOEALITE X/ N2 ENR 5y
Moz,

(c) Dispersed overlap

Blank
(a) Blanket type seam

(b) Swiss roll type

Fig. 1 Winding methods of MLI
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Fig. 2 Experimental setup
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Fig. 3 The result measured at the outer vessel
temperature setting of 35.0 ° C

SE XAk

1. H. Watanabe, et al.: J. Phys: Conf. Series, Vol. 1590 (2020)
012059.

2. H. Watanabe, et al.: Abstracts of CSS] Conference, Vol.
104 (2018) p.42.

E5105M  20234F AR 1247 - &S



1C-p01

NI o

Gd2CuO, D RERMETEERTE R E L LB T B Ni, Zn EHENE

Effects of Ni and Zn substitutions in Gd,CuO, on the specific heat

RAAR BT, MR A, SR B — (B 5 BIR Seth (BOR)

MATSUMOTO Keisuke, KASHIHARA Yuki, HIRAOKA Koichi (Ehime Univ); UWATOKO Yoshiya (Univ. of Tokyo)
E-mail: matsumoto.keisuke.cv@echime-u.ac.jp

1. #%&

Gifford-McMahon % 72 & Va2 B D 4 K TOH
BHPEREIL, 10 K DL FOFEBM OLBDO RESIKFT 2.
FOD1=, 10 K LLUF CREAFFIZE WD Y — 7 % 7R 1%
HEZ MM RIS TWS. MERMREZ M ES 570101,
10 K LT CHEAD K EBMEZ M OB R BN THS.
Gd2CuOs DELENT, TnG=6.6 K T Gd DRERTE— A DI
TRIEPERR IO RERE — 2% F . Gd2CuO4 O Cu?*(3d%)
% Ni*"(3d®), Zn*"(3d'0) CE# 3 HZL T Cu O S BREEM R
IRE TN MEFL, NGB EH L2V E R H D, D
EIFRIZ OV TR ABNTOZRUO[1]. Gd2CuOs 23EHTE ST &
THEEORIL, CuO HBeDEE Gd0: BEE 52
LTHD. Gd DEIRE — A MEO K REEMHEF BIIZ, CuO: i
WO R ICEORBENEA BN % 5.2 T D ETHENA.
DT, BN — % Rm T IEE TNC %, CuO2 mNO Cu
ZNi < Zn CTEMTHZLTHIEMCTEAREMERHS. £2T
AWFETIE GdCuOs » Cu % Ni X° Zn ICE#HLT
Gd2Cui-xNixO4, Gd2CuiyZnyOs DRENMELEM I DUV TH

~Fe.

2. BERAE

FEHY KD Gd203, CuO, ZnO, NiO ZZNFNZEEH T
IRBELT- I EL, HiERE AV Tz — iz ks
RBEAToT2. ZTDH KK 900°CT 10 FEBREEXL, KA
o 1000°C, 45 B[ CTRERELT-. RS, fRmEIRE % 2
ElfT>7=. BT 1050°C, 3 FEREERS L, Gd2CuixNixO4,
Gd>Cui-yZnyOs (x=y=0, x=0.03, 0.05, y=0.01, 0.05, 0.1) Z1E
WU BREREMEL T, iR X BREWTIC L DS fRAT &
SEM-EDS (ZX2 RO &1T-72. Mitix, k% SUQID
WA VT 3 K~400 K, FLBEVEZMETITEIZED 2 K~20
K CHIEELT-.

3. #ER

R X BREHT OfE F &Y, GdaCuixNixOs, Gd2Cui-yZnyOs
OFTRCOFECEMIT THEE CThHoT-. U—h UL MENT
TV TRO TS EERIL, AT — L TRY, x,
y IR L TUEEAEZE LU oz, TTHRESICLD Ni o
b x=0.05 T 0.054, Zn OFAKELIE y=0.1 T 0.13 Th-
7=. Gd2CuixNixOs & Gd2CuiyZnyOs D LLED IR FER AT %
Fig. 1 {2787 . Gd2CuO4 (x=y=0)Tik, JITHF9E LRI EE
TNG4=6.6 K THEIL" —2%7RL7=. Fig. 1(a)® Ni EH#:R T
%, x=0 T 6.6 K 7>5 x=0.03 T 5.85 K FCE— &/~ iA
FEEMME T LAY, x=0.05 TOE—ZIR I x=0.03 LRI TH
Stz =7 TOREDOMEIE Ni BEHICI DTz
F77, TN x BEIMZLEW, x=0 D 292 K 55 x=259 K ~¢&
RN 7R LTz, — 0, Zn @HEUEFCIE, TNC X y=0 @
292 K 75 y=0.1 @ 282 K ~MEK F L7223, Fig. 1(b)IZRd 55
(2, INOE GdaCuOa HAEE S, LBMT y=0 L[EICIREE IR
TFMEZRUZ. NI, Zn ZEHBRLIZEBLLORTY, 6 KLLTFT
% HoCuz L0 REARLLEVE R LT,

T T T
1.0 (a) ﬁ -
o — Gd,Cu0y4 [2]
Eqgal _
o 0.8 Gd,Cu, ,Ni,O,
S —C— x=0
=06 ~+ x=0.03 .
@
L
204+ =
[&]
@
Q' -
w o2+ & .7 §A€ 000 T----- -
2l
0 1 1 1
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Temperature (K)
10 T T T
(b) — Gd,Cu0y4 [2]
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oo —— y=0.056
o —8- y=0.1
T
o 0.4 -
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002+ =T -
0 | I 1
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Temperature (K)

Fig. 1 Specific heat of (a) Gd2Cu1.xNixO4 and
(b) Gd2CuiyZnyO4 as a function of temperature. The
dotted line indicates the data of HoCuz [3].
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BEHTIZGACu0406.6 KHHx=0.05T5.85 KE T FL7-.
ZOZEND, BNY — IR TIRE AR CE LI EAUR
B,
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1. [XC&HIC

HARD 4 K-GM BB BW T, 1~1.5 W RREDRE 245
B2, ASITBFIN T~8 kW 7T AD [EAEHE I ME ST
W5, GM B O E 1, ZOEMREE IckD, 13F
HobNS. biubhi, 2 B GM a— Ry (EREE
BRI NOT 4 AT —H% 36 rpm OIEEEETHZ L
T, 2kW 77 ADIKVHE B EHEHEIZ BV ThH, 42K T0.95
W DBREE N AR IE TEAHMA T ERIICRELE. [1]

ZITHTENL, (KHEEEBENKIFET 2 BEB Emasnah=x
RPESER, b ERB R A RRIFEE TR DO R
A—BEHBEIZL, FWafIT/ 7 REGEN3 2] B350
BB R AW 5.

2. GM O—)LRAYR & [EHE#

HETIE, EHO 2 5D GM 23— AR~y R A X% 5%
WL, 2B HE WO HZEMUTZ. fima— LR~y REbE
KEMMTERTHIN, 2 Bt BEHH X, Pb, HoCuy,
Gd20:8 # 2 BELRILEI G CEHICIVHRELTHD. £
SO LA Table 1 1”9 47 L iX, M X0 2 BkHI U
EYAZXNKEL, EHMOFEELL . —FF, 2 BEEE
2L E EBIFIE RIS CTHD. 2 CHEEMTI, Hnde
YA RETHEEE DB aBLSE, ZOMIT—EE L. T
KT, (N EBHIHELT2kW 75A, —iRELTTKkW 7
FGAD _OEBEL, ERDOXAT M, L ODa3— /LR ~yREZ
NENMAEDIET, 4 O FEIT-T-.

Table 1. Specifications of two types of GM cold heads.

Cold Fist Second Second resgggﬁa(zor
head cylinder cylinder  expansion rrglaterials
o volume volume space fillin
typ ratio* ratio* [cm?] ng
ratio
M 1.0 1.0 29 1.0
L 1.0 1.2 30 1.3

* Based on type M

3. BERETHEHR

Table 2 (%, 4 O EEICLD 42 K DBHRAES I DE
B R ThD. [1] 7ok, IyaNOBIEIL, BONIEIRE
NTOTUART V=Y OBEWEHEEZRT. FAT LR, Wi
DIERERE DG T EH REREENEIHEL TWD. ZOHRK
DO—DIEEM I EDOZENE Z LS.

Fig. 1 1%, HfEfEtrrbE6NT- 2 B H B GIROESE
FeDBIWER B AFE . 2 kW [EREHE CRIEL =D [E )
BN, 7TkW OFNINNELIe> TS, 2, BRI
PWNESIRBZEITIRINL CWDEEZBND. 2 kW [EHFET
I, AREBIETAZECTEEABIE TLTWALO0, M4
AT TIRIFEAEZEN 2, —J57, 7T kW JEHiHE ClI BB
EHPHICBWNT, 47 L OF /NS0, Fig. 2 132 BRE
WEROIENROMITHIERTHSD. 7 kW [EMHETIIZAT L
BTN NE/NENFER LS TS, 20— T, 2 kW
JEAERE TIIRERZENETTEY, #4147 L OIEZRN—B
LINELTenTWB. 12721, BRI IC LA KIRR 1 bITA
SR, LLEDD, ZAT LI, ZA47 M DY A XRREN
WZEDHDEHT, 2 kW & 7 kW OWT N OEHEHECEIEL T
b, X477 M IOEWERRIRERF > T,

4. FEH

RIHINE 4 K WO & ISR 21T - 7. (KBS
RDBRITL, 2 kW LR CHE BB E TSR0 00,
BRI TL, BERICKRERELITALNRD T,
F72, 2 FEHOT— LR~y REIENS, S A XDORENZ AT
L MBI CWAERE R oTo. Zhm, B RN S
HAT LTI, &nimOBERLEIRLD “OOMRDRN,
MIRBENSEEICRESCHF LG L T0DEBE XL TND.
Table 2. Experimental results of cooling capacity at 4.2 K with

four combinations of two cold heads and two compressors.[1]
Parentheses show the reciprocating speed.

Coldhead  Compressor Second stage cooling
type class capacity at 4.2 K [W]
M 2kW 0.68 (36 rpm)
7 kW 1.6 (72 rpm)
L 2kW 0.95 (36rpm)
7 kW 2.1 (72 rpm)
8.0
Do g M (7kW)
60 Lawy BT B A
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I M
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Reciprocating speed [rpm]

Pressure loss [kPa]
N
o

N
o

©
o

Fig. 1. Reciprocating speed dependence of pressure loss for the
second stage regenerator.
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Fig. 2. Reciprocating speed dependence of inefficiency for the
second stage regenerator.
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1. Introduction

In the liquid hydrogen refueling station (LHRS), inserting
the cold head of the refrigerator into the storage tank can liquefy
the evaporation of liquid hydrogen (LH2). This work proposes a
pre-cooling two-stage series pulse tube refrigerator (PTSPTR) at
LH> temperature to realize zero-boil-off of LHaz, thus improving
the safety and environmental friendliness of LHRSs.
2. Structure

Fig. 1 shows the structure and simulation model of the
PTSPTR. Its theoretical efficiency is close to the Carnot
efficiency, with a double inlet as the phase shifter of the first cold
head, and an inertance tube and reservoir as the phase shifter of
the second cold head [. Double inlet supplies part of the input
work to the second cold head and the first stage cooling power
is transported to pre-cooling heat exchanger in the second
regenerator for higher efficiency at LH> temperature. In the 2D
axisymmetric model, the first and second cold heat exchanger

temperatures are set at 60K and 25K, respectively.

(a)

A. Linear compressor B. After cooler C. Regenerator D. Cold heat exchanger
E. Pulse tube F. Distributor G. Inertance tube H. Reservoir
L. Double inlet J. Pre-cooling heat exchanger

Fig. 1 Schematic of the PTSPTR structure (a) and simulation
model (b).
3. Phase distribution

Due to the long computer time, it is hard to let regenerators
reach steady condition, phase at the cold end of regenerators is
used to adjudge whether the working condition is good based on
basic regenerator theory.

Tubes with diameters of 2mm, 4mm, 6mm and 8mm are
selected to simulate the effect of double inlet valve openings on
the first regenerator phase. In all cases, the first regenerator

phase is not good. The second regenerator phase is little affected

by double inlet tubes.

The second regenerator could get the good phase because it
is controlled by the inertance tube. The effect of inertance tube
diameters of 2mm, 4mm, 6mm and 8mm on the second
regenerator phase is studied when the double inlet tube diameter
is 2mm. The phase with 8mm inertance tube is better. The
pressure wave leads the mass flow rate at the second regenerator
cold end, but lags the mass flow rate at the first regenerator cold
end (reglc).

When changing the frequency, the first regenerator is still
under phase shifting, while the second regenerator is over phase
shifting. Matching the phase of the first and second regenerators
is difficult. A circular gap for the resistance element with a
reservoir in front of the first after cooler is added for improve the
phase of the first regenerator, as Fig. 2 shown. If the circular gap
is closed, the first regenerator phase is excellent, but the input
work is from the first pulse tube warm end to the cold end, which
makes the first cold head become a heat pump. When open the
circular gap suitable, the input work is from the regenerator
warm end to the cold end, the in-phase point moves to the middle
of the first regenerator, which makes good phase and cooling

power.

I
K. Circular gap L. Straight tube
Fig. 2 A new structure of the PTSPTR.

When the double inlet tube diameter is 8mm, the pressure
wave leads the mass flow rate by 19.0° at reglc. The in-phase
point is almost at middle of the first regenerator.

4. Conclusion

In the original PTSPTR, it is difficult to get the good phase
for the first regenerator. Adding a circular gap with a reservoir
can effectively improve the first regenerator phase, making it a
potential new refrigerator for LH> temperature.
Reference
[1] S.W. Zhu, M. Nogawa, T. Inoue, Numerical simulation of a
step-piston type series two-stage pulse tube refrigerator.

Cryogenics 47 (2007) 483-489.
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1. INTRODUCTION

Series pulse tube refrigerator (SPTR) with double inlet and
inertance tube is introduced, which has the functions of input
work distribution, expansion work recovery and phase shift.
Two kinds of double inlet SPTR structures, bypass type and step
piston type, are studied. CFD simulation is carried out to
analysis the influence factors of the phase relation, work
distribution and recovery. The cooling capacity of bypass type
SPTR is studied by experiments.

2. STRUCTURE

The structures of bypass type and step piston type SPTR
are shown in Fig.1. Two cold heads are connected in series so
that the expansion work of the first cold head can be used as part
of the input work of the second cold head. In the existing SPTRs,
the well-distribution of the acoustic power between the two cold
heads is usually hard to reach because the expansion work of the
first stage does not always meet the requirement of the second
cold head. The double inlet adds more power for the second

stage and adjust the input work distribution.
First cold head Second cold head
il il

% |
1 RE Bl |

A Bl C1 DI El1 B2 C2 D2 E2 F G H

@ O

BXE Bl ]

1 C1 D1 El1 B2 C2 D2 E2 F G H

(b)

=

Al
A. Compressor Al. Step piston compressor B. After cooler C.
Regenerator D. Cold heat exchanger E. Pulse tube F. Distributor G.
Inertance tube H. Reservoir I. Double inlet valve

Fig.1 Two kinds of double inlet SPTR structures

3. NUMERICAL SIMULATION

The structures of double inlet SPTR were simplified into
2D axisymmetric models in Fig.2 for CFD simulation.
Refrigeration temperature was fixed to be 77 K for both cold
heads, and room temperature was set to be 300 K.

First cold head Second cold head

ABL C1 DI Ao
EILELFUpy 02 ;2 gy H
() Eﬁj]]:[@—m]—n\ G
21
Al BI

(S

A. Compressor Al. First compressor A2. Second compressor B. After
cooler C. Regenerator D. Cold heat exchanger E. Pulse tube F.
Distributor G. Inertance tube H. Reservoir

Fig.2 2D axisymmetric model of double inlet SPTR

The results showed that the pressure wave and mass flow
rate were almost in phase at the middle of the second regenerator
when the frequency was 53 Hz. The phase relation of the first
cold head was less affected by frequency, but more by the dead
volume of the first cold head, the opening of the double inlet
valve and the swept volume ratio. It could be adjusted to the
ideal state by increasing the dead volume between Al and B1.
The input work distribution could be adjusted by changing the
swept volume ratio. When the swept volume ratio was 0.48, the
input work of the first and second cold head was 193.8 W and

147.5 W. The recovered expansion work was 82.1 W, which was
24.1% of the total input work.

4. EXPERIMENTS
The parameters of bypass type SPTR are shown in Table 1,
and the structure is shown in Fig.3.

Table 1 Parameters of bypass type SPTR
Listed dimensions are all given in mm

First cold head Second cold head

Component

After cooler d70 mm, L40 mm d55 mm, L40 mm

Regenerator d70 mm, L65 mm d55 mm, L65 mm
Pulse tube d40 mm, L127 mm D30 mm, L107 mm
"/ Compressor
Double inlet

valves
Inertance
tube

Second cold
head

Fig.3 Bypass type SPTR

The lowest temperatures obtained with different inertance
tubes are shown in case 1 and case 2 in Table 2. The inner
diameter of the double inlet pipe is 4 mm, and the maximum
opening of the valve is 12 turns. Keeping the left valve fully
open and changing the opening of the right valve, the lowest
temperature of case 2 is obtained when the valve opening is 2
turns. The results show that the double inlet has the ability to
adjust the phase relation of the first cold head, but the input work
of the second cold head is still not enough. Replacing one of the
double inlet valves with a copper tube with an inner diameter of
6 mm and adjusting the opening of the other valve, the results of
case 3 and 4 in Table 2 are obtained. When the opening is 6 turns,
the lowest no-load temperature of the first and the second cold
head is 80.7 K and 82.1 K. This result is better than that of the
inertance tube SPTR [1].

Table 2 The lowest no-load temperature

Case  Inertance tube size First cold head Second cold head
1 d4 mm, L1.5m 167.7K 109.7K

2 d7 mm, L2.4 m 758 K 162.2 K

3 d6 mm, L3 m 110.0K 1009 K

4 d7 mm, L2.4 m 80.7K 82.1K

5. CONCLUSION

The numerical simulation and experiments of double inlet
SPTR were carried out. The capabilities of phase shift, input
work distribution and expansion work recovery were studied.
The experimental results verified the feasibility of the SPTR.

REFERENCE
1. M. Chen, et al.: Series inertance tube pulse tube refrigerator.
Int. J. Refrig. Vol. 132 (2021) p.217-221.

#5105M  20234E AP TS - MEESA



1C-p05

INIVAFa—T RO ARG A EDRE

Study on initial design method of pulse tube cryocoolers

PRI SEfE, RAAS i, WD 2RI, 28W %58 (8 L&)
YASUKAWA Yukio, MATSUMOTO Noboru, MIZOGUCHI Yoshinori, SHIBATA Masafumi (Fuji Electric)
e-mail: yasukawa-y@fujielectric.com

1. [ZL®IZ

INRISNV AT 2— 7 W B (PTC) X FHRIZ A WIT W E
Shi, ERIOTIEICIVGEEMEREO R EARSN TEZ,
LU, MM B W CH RO R R — VB> CRERFL .
WS PERE A BT L 728 3 2 SRS B RSN D 551272 > T
7201,2], TR FECTERELCEER T —FE AW, FHET
ERE OFRFEEBRFE LA > TWVDDEREEL IO )
HIRRFHOHE R UAS D3 EE LN EB 2 QD B
FEINITERIEL A KA B N O L& B 9,

2. AEFEGIEY—IL) OBME

3 OOHEY—LERWCHESZER L, —2BiX, 4
PG X AT [3]% Python T s o307/ LA E
DFEY—IVL"CL Th D, PIMIRFIB M TEM IR ORI
IR REAMFIRB AT RERDIB DT, ZOFE
FINEEELZ, 2 DB, knRAT7T7ERABFFERTCREL
72"DeltaBC”[4] T, ZAUFEAE B ISV TG, 3 »
H1X. Gedeon Associates 2MEMLL TV 5" Sage”[5] TH D, =
U —Y R 7 ZR7 B EFRAT IC L D0 DT, 205 B CTied
R 2T =5 Y — L ELTHLN TN,

3. HEY—ILOKBELE

77 8—r—5 (AC) O EFHTfE H L7- £ —#[6]% H]
WCHERY — LD A1T o7, £3°. C1 TOFHHERREE
Fig.1 1239, BB IFEALIZIAV AC 2 AL T LR
ERE COREIERT, ESONMAILE>TNDR, 7L
AE ERSG COE N MEHEDS 50%% 8 2 52T~ T2,

Fig. 2 IZ DeltaEC & Sage 2k A3 EfERAR~T, EHHD
FHAE CHARIR IR LSRRI & b7, 3R DeltaEC
TIX CL ERIBRIZ AC DBy ILAE Bl £ TEET MEL,
Sage TIIHBHIEEREET MEL TS, AN AhE—7
(k) |2 LT, FEREREE AC I COEE T — (Wap) 1T
FHR LS EBREENRDITVMEL 72> TND, [E ) OffastEs
NARDFRLEER TIZE—HEL TCNDDT, BEART—D—
BAEREMT TS, MELTIIRL TR, 2L RS &R
S RBITAIE R, EBREIVDHBEMED 230720 KEH
TEY 406V ER LR -TWS, ZHITCLEREEOME B T
b5,

4. EE

A BIOFHE T OVAE &R COE FE G i, f7
AH) MNEBEZ /0 I B TE VRN ZERBHLNI 8o T,
LB CHHAT UL AT 7 A Ay 2T TEMEL TV A
BY, AHEET VM TETCORNDIENE RO —> T
RODEHERIL T D, Emaea T ML T 572007 H S
FTA—FHE LD TRPBMELIRD, 3ODFFEY — /L TiEE
AVENATIFREN B2 508, SR Et OIS T T& 5%
DX, Sagell[REEND, FHED /T A% T 8IZAIED
ZHITkD TR IR AITEN DT, Th
ICHRIL T D 2013 —EBHIE T —# N AJMEE L T (A
JEJME) b BEE/2 > TLB, £, CLIZE G55 OB MR D
EFIAVICERED D | DeltaECIZFHE DI I TEL | A
LT T NVOERZCTUNENHLIELTT VEFED
LA CTHOEAIEE /NS 72 R OED DB N H VAR &7
ST,

VNIRRT
U_abs U ——Tx10 —— Work ----¢pP —— P_abs

100 200000
B
S 90 [~ 180000
e . —
X
= 80 ® 160000
o Exp.
¥ 70 P 140000
e
2
8 60 120000
I3
2 s 100000
5 \
& 40 = 80000
B ) 9 Exp.
5 30 ExpN 60000
k)
a 20 T i ~EXp.df F 40000
=
2 10 20000
=

0 0
0 0.05 0.1 0.15 0.2 0.25 03

Position [mm]

Fig.1 Calculation results by C1

o))
o

200000
® EXp |e===Sage e DeltaEC
180000 —— 50
w /.__ / a0 ¥
2, 160000 s > e
g. e — R / % g
S 140000 i S
& @ 20g
120000
/ 10
100000 0
3.5 4.5 5.5 6.5 7.5
80
® EXp |===Sage e====DeltaEC
60 ?‘
E /
a 40 =
8
2
20 e
0
3.5 45 5.5 6.5 7.5
Xamp [mm]
Fig.2 Comparison of Exp. and Cal.
5. F&H

KT —HEFAL., 3SOOHEY — LA ERED
W E T2, AR ITE R BROEY LT T bSOk FHEE
To T, WHOWIMR G T A HEEIT O
SE R,

SE X

1. N. Wang, et al.: Cryogenics Vol. 93 (2018) 48-50

2. M. Abolghasemi, et al.: Cryogenics Vol 111 (2020) 103143

3. EHBES AEEME R MW E e E AR
TRVF— B R ORI, KR T Vol.51 No.8
(2016) 403-408

4. J. Clark, W. Ward and G.W. Swift: Design environment for

low-amplitude thermoacoustic energy conversion (DeltaEC).

J Acoust Soc Am (2007) 1-291

5. https://www.sageofathens.com/

6. Y. Yasukawa, et al.: Experimental Study on the Effect of
Aftercooler Configuration on the Performance of Pulse Tube
Cryocoolers, Cryogenics (2021) 103408

[MPa]

P_abs

#5105M  20234E AP TS - MEESA



1C-p06

KT

BIRRREE L /v I ADRERTRETEL TOEA R RENE

Availability of Cernox for cryogenic thermometer as a hot wire anemometer

(A RAIIZEET) e i (WE R BT IERRS)
TAKADA Suguru (NIFS); KAMIYA Koji (NIMS)
E-mail: takada.suguru@nifs.ac.jp

1. [ZC®HIZ

ARSI B AL AR B S AT D& 35 H T,
BARRIDI IR DO E Z A B L=, TR
ALAEFND TN E W ENE I K> TRRR S ITZ, B R OREAA
AT AN TIFADOSLCORICAIT AT AEHE AL TEY,
TREE N N AR T A Z N Rl L I Th D,

THUT-ERIT KR L CIR SR BRI B SO D G TFIEA K
SHWBILTE(1], DL L 7 2T Sz dE R AL
FE 70 F CONBAL TR IRIC D M > T LT BRI
PLa ks el A2 bl k> Ttz 3 B Bl Ty, —
ARG B D I T 59, B 2 TR L3 D ABARIR L FR 5k
RIS D JREBHIC W TR a7 L& 7220,

ATl ZOERFTE G &R U EBL O F 34 i M

DOROVITENL )y 7 AT 58, EOREMHZX LD TH
HIMENI FAM BRI E 2 DL, BB FEhE LT,

2. RBREE

BRI R ERITR U E I~V A AE T 8T
VESITZ TTK DA AT a—Z > T Tbi-, £1°. AR
APBLF 2L —2 e LERFOBAICE > THAZL,
10mFEFE DR IR EE RN TIR SN T8 28 CFRig. 10X9IZIR
JE B A EE U7 3R LA LSS VIA AT, 2EIAENIZ A AT
TINRT 4 BAT DOINBLIZ L > TRIRETIRDONT=DH
IR EF TR EEFHILZ,

ABRZEMIZIL VCR1/4 AT T2 CernoxSD #
A7(T1), ICF70 =7 /VDREIZI->T_T F 7 (T2)E SD
HZAT(T3) . Fulil 12 2 50 SD #A7 (T4, T5) A% iEL
7o 7235, WD B> T4,5 13RI L > TH YL T,

Fig.1 The illustration of the test section
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Hydrogen embrittlement at low temperatures studied by vibrating wire method
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Fundamental study on a helical flowmeter for liquid hydrogen

ok, sl %, i, )il E@EKR)
ZHANG Chengyu, TAKEDA Minoru, SATO Sara, MAEKAWA Kazuma (Kobe Univ.)
E-mail: 219w603w@stu.kobe—u.ac.jp

1. [ZL®HIZ

HERIERE L & b R B PR O RIREN B 2 A2 b L
I ALEBREOBEDVEL T, KRB RLX—DIEHAMRE
HEN T D, Bl Tk, RIS K E B AR T — ANV T 9>
B B AR )~ A K 3 (LH b5 20 K) 2 L4257
Yz MOHEA TND, TDEE WL b ER T~
AR K EZ R T HEM OB KD DAL, FRIZHRAK
KT R ORFER RN AN, Fex X, Fi-ritE
FHEL T AU AR K SE AT S A E B LTS, AR
22 CIE, RO EE Y 7R ANSYS IZBITAEfES 2L — g
UG FREBEOFERE R A R L, ~Y B VELRIK K SR i
RO RBNEC OV THE LT, F72, 3D 7V X — (28D~
U Vi LR AR DO RIEL I TS T D THE 375,

2. EITHR

FEATHFE CIE, IR BIE 1 L O A [0 REfR %K
DBIDIT, ~VARE DR B COAEEL , Bl
WASFEREME | FEIEME O & W2 WAR T, LH, 2 L7256
LN, L7256 O EE O T HOBRE L X— A D EH
DOEE L, LH, L6, MEFHEL CliES T 57
DITIE, bI—HHFERE D E W OT RO RIE I KD ST,
LN, Z L7235 A LHy SR TOT BB~ RKEWD T, +
ST EFE L THRE TED VIR RN G LT,

3. ANSYS [ZBITH#fE>SaL—2ay

Fig.1 IZEfE 2L —ar THERA LAY LR B O
W& X 2R, YA OAAR L, ~U AV R D4 1%
11.6 mm, ~UALFREEONYAE 3.6 mm T, JeiTAFE CHEA
ENT-AVTIVTRBEOHRRLIEIE —HESETEY, ~U /L
BRI T P[RS 6 Bl ~ZE{bS W7o, $£7-, GFRP B
BEEDEXT 1 mm T, O AT —YOKESL 5 mm X5 mm
LRELTZ, ANSYS CFX IZRWWT, —EDIREE I IR
FXDBELENDIE S 54 & 3 E U, JE S5 47 O FF RS R &
SUNT, ANSYS Static Structural 2L, & NE S DZEAL
VAR E DT DL IaL —arZiTo0z,

Fig. 1 Schematic diagram of a helical flow path.
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Fig.2 Strain distribution under 100 L/min of LH; flow.
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with non—superconducting wire using optical cryostat
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Fig.1 Measurement results of each level sensor and internal
pressure of 2,000 L tank.

Fig.2 Principle of the external-heating—type MgB, liquid
hydrogen level sensor with non—superconducting wire.

Fig.3 Actual liquid level by visual observation and
measurement result of MgB, liquid level sensor
with/without non-superconducting wire.
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Fig. 1 Circuit diagram of pulsed current circuit with feedback
circuit.

Fig. 2 Typical waveform of pulsed current with an overshoot and
a dumped oscillation.

Fig. 3 Resistance Ry dependence of Imax — Imin and loe by
experiments. Inset shows optimal pulse current waveform.
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Effect of ball milling on the specific heat of Er powder
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Fig. 1 X-ray diffraction patterns of ball milled Er

powders. The red circles indicate the Bragg
positions of cubic Er.
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Fig. 2 Temperature dependence of volumetric specific heat
for MA samples, raw powder of Er, and SUS316
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Method for detecting local degradation in no—insulation REBCO pancake coils
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Fig.1 Single pancake coil with pickup coil and degradation area
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Fig.2 Pickup coil voltage immediately after degradation under
constant current
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Fig.3 Voltage at both terminals immediately after degradation
under constant current

Fig.4 Voltage at both terminals and Pickup coil voltage when
degradation occurs during excitation
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Thermal investigation of NI HTS magnet by simple analytic equation
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TABLEI

COIL SPECIFICATIONS
Parameters Value
Coil inner diameter [m] 2.0
Coil outer diameter [m] 1.0
Coil height [m] 0.1
Inductance [mH] 100
Radial resistance [uQ] 10
Specific heat [J/(K-kg)] 100
Heat transfer coefficient [W/(K-m?)] 100
Mass density [kg/m?] 9000
Center field [T] 8.6

Fig. 1. HTS coil and equivalent electrical circuit
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Fig. 2. Coil temperature after sudden discharge.
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Fig. 3. Maximum temperature rise plot as parameters of radial
resistance and center magnetic field
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Thermal stability evaluation of a REBCO coil system for the “Skeleton Cyclotron”
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Fig.1 Schematic diagram of the coil system for analysis
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field; (b)Central magnetic field generated by each coil
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Coupled analysis of electromagnetic and heat conduction fields of superconducting cables

under fault conditions
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E-mail: lyu.gaotai22@ae.k.u—-tokyo.ac.jp

1. Introduction

Under the overcurrent conditions that cause a sharp
increase in the temperature of superconducting cables, the
superconducting materials in them will lose their
superconducting properties in a short period of time. In this
study, the fault overcurrent condition of high temperature
superconducting (HTS) cable is taken as the example, and the
electrothermal characteristics of the HTS cable are analyzed
during the transient fault condition and the recovery process.
In the heat transfer model, combined with the electrical and
thermal characteristics of REBCO tapes, the temperature
performance is iteratively calculated considering the influence
between different layers of the HTS cable.

2. Theoretical analysis of fault conditions

As one of the second generation HTS tapes, the REBCO
tape is usually composed of REBCO conductor, copper, silver
and other materials. In the case of high fault currents, usually
some parameters of these materials change with increasing
temperature [1].

From Fig. 1, the superconductor’s electrical resistivity is
obtained from the electromagnetic field calculation model,
while the cable transient temperature can be obtained from
the heat conduction field. Before calculating the Joule heat
loss, substitute the temperature to obtain the resistivity of
copper, silver, and the substrate at the current temperature.
With the combination of models shown in Table 1 and fault
current, the heat loss is calculated by MATLAB. The
temperature behavior of the cable during fault and recovery
can be evaluated by cyclic analysis.

3. Case study

Taking the short—circuit fault of phase A of the HTS AC
cable as an example, the initial fault current is set to 10 kA,
and the fault time is 0.01 s — 0.18 s. The temperature varies
with the length of the cable due to the pressure drop caused
by the flow of liquid nitrogen in the cooling channel [2].

In Fig. 2, the left picture shows the cable temperature at 0
s, and the right picture shows the temperature at 0.2 s. The
temperature of the outer cooling channel increases and then
decreases with length, which is due to the usage of a single
LN2 source in the inner channel.

Fig. 3 depicts the radial temperature distribution during
fault and recovery at 200 m of the cable. Compared with the
constant estimation method, the coupling method improves
the accuracy by about 8% in the peak temperature.

4. Conclusion

Considering the fault and recovery process, the
multi-model coupling method obtains the temperature
behavior of the cable over time and length. Variations in
temperature have a significant effect on the material
resistance, fault current, and the accuracy of loss evaluation.

References
1. D. Kumagai, et al.: Cryogenics, Vol. 80 (2016)
pp.229-233

2. H. Ohsaki, et al.: IEEE Trans. Appl. Supercond, Vol. 25,
No. 3 (2014) 5400505

Table 1. Parameters of Coupled Analysis

Width of REBCO tape 4 mm
REBCO layer thickness 0.1 mm
Length of cable 200 m
Cable rated current 2 kAims
Peak overcurrent value 10 kA
Density of LN2 808 kg/m’
Inflow temperature 70 K
LN2 Insulation  REBCO
Thermal
conductivity 0.2 0.18 400
W/m -+ K W/m -+ K W/m -« K
Heat 2000 320 0.5
capacity J/kg+ K J/kg+K J/kg-K

Layer temperature
T

Tape layer resistance Re,(T),

Ryeco(T: Rag(T) ...

‘ Fault current

Y
Joule loss )
e | €| Fauttconditon

— L MATLAB model

Time interval t | Qyy

‘l

£

Fault analysis COMSOL model

Fig. 1. Coupled analysis for fault conditions

e He e B
L L

Fig. 2. Temperature variation along cable length

0 01 02 03 04 05 06 07 08 09 I
Time (s)

Fig. 3. Temperature distribution considering fault and
recovery process
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Table 1 Superconducting Interlayer resistance used in
the analysis

BSCCO
4.74 pQ

4.74 nQ
4.74 pnQ

REBCO
7.36 pQ

564. 27 uQ
7.36 pQ

Between 1 and 2 layers
Between 2 and 3 layers

Between 3 and 4 layers

Magnetic flux density
@ HTS shield center [uT]
00 - M G oR e

z=26.5 s

. 00 10. 00 20. 00 30. 00 40. 00 50. 00
Time t [s]

Fig.1 Time transient of magnetic flux density due to
shielding current attenuation (experiment:4 layers)

Fig.2 Time transient of shielding rate (analysis:2
layers)

£=20.1 s

v=24.8 s

——

Fig.3 Time transient of shielding rate (analysis:3

a 0 —_—E00
H L —REBCO

—T_

layers)

[
N

5
b
o
] 1]

Fig.4 Time transient of shielding rate (analysis:4
layers)
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Magnetizing operation of a desktop—type, magnetic levitation device

using high—gradient trapped field magnets and its potential applications of a quasi—microgravity
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Fig.1 Overview of magnetic levitation device including
SC bulk components encapsulated in a steel holder.

Fig.2 Time dependence of the temperatures during
magnetization measured on each position: T at the top
surface and Ty at the bottom under the cold stage.

Fig.3 Time dependence of the trapped field and the
temperatures during de—magnetization with a constant
rate, +0.1 K/min.
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Fig.1 Composition of rare earth muds
and their magnetic properties.
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Fig.2 Results of separation experiment of simulated mud.
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AV Ry A2 a hry (HTS-SC) | DB % i
T &=, REEE TlE, 2280 REBCO A L AT LD
HTE—LMNBICHI L e D2 A SE D 2 &
BTl > TN D, BRI DOBALREDIERRTENEE B IET 5
VBN, W g =2 b &85 Z LN T
& \PET Al RI BLE S~ DG e E SRR IFFTX 5,
*9° (£»1) & LT, HTS-SC i REBCO = A L AT
LD 2023 HFFIF T OFHFRI O E & 55 5,

2. INBUZEEEF REBCO aA LY RT LD ERET- 24k

HTS-SC @ 12 A4 — L O/ EFHHET L THD
Ultra-Baby-Skeleton-Cyclotron(UBSC) ] #E#f#% (N1) REBCO
A AT A(Figl, Fig.2)& kit ®fELTZ, UBSC DNk
WL TR F2E L, BV L EEE 200mm EL7=, Fi
HTS-SC TIABRICADLETCH =T —2 8 bEET
HHRAFTH) TETHDH, £Z T, UBSC ThilE Bl (K
540A) 3B S B = 3K —% 3 Bk ] 48 L5 idE R
FREL, B — LI B LR DR a8 B S D720 0
Y=o Afa ) I —a )L DGR E R
F bR e L7, FLTEIUC S X% REBCO =1L
AT A (Fig.2) #HELT=, GM Ml & B 2SR 28N
ICRRE L, R SRR 21T > QD 7o, GM G H]
B2 Bk o TSR EIZITV, #10 H T5K LR ETEEL
T2o IANHNOIRFE TR NTIEW E IS N 2R E
FTHIENTEIZ, ZOH%, RFHICELD2AVIRES 30K LLT
IR B ERBR AT > TV D,

3. EHIE REBCO T4 LY AT LD ELAEHL AT L4314 510

AHFFETlE, HTS-SCHIREBCO~ /L F A )L X5 LB
FEDT= D DHAFHAT & LT 1) SR D= 0D 2 A
NAfHERERE (YOROI= A AA§iE) . 2)F BB & mEL
ML EA 2 NL - 2 Ei Al (kR = 1 )V EBEIR) . 3)m
F& B DR 2 38T 2 Hifl GEMGE I X 5 RIEERESG O
FAMG &K . 4) 5-High#E A il 2 1E > LIz~ L F aA L
PR L EIF OfENLZ B L TV 5,

Atvar GUOHEE) T, TPAREE (20 1)
TR % A L2, UBSC M #E#ifx REBCO =11 /L
OWH - WERBROGFHREE LT, (2D 2: 2A-a02)
TaA VRO 2 A Vil EE & AR — VB TIT LD
W D2, B X O — EBREEINEIC 2 - 7214
D & — DNNE I ORGSO AT ORERE R GHERER & o
#2) &R LoDk 2 A VREE ORBEVIZ DN THE L
LTW5, (F£04:2A-a04) TiX, RO 2 A i
R L7 O O ERS T2 SEMEATAE S & & bloHlid
L. YOROI 2A Ui DO Rea B LT\ D,

(#? 3:2A-a03) & 1P-p05 Tl&. #E#fAfx REBCO =1 A
DR E T R IE & L CEME M o&ERKE B W

Fig.1 Schematic of NI-REBCO Coil System for UBSC

T e
k e C".‘::!.'.T_ A
Fig.2 Photo of the fabricated NI-REBCO coil system

E LU THZICER LEREF L OIS < Bl st E
% DROFm sy BIE RN Tk 2422 L., ®5eL Lz
T AL NVDOERMER L ORBICL Y, IBREFHEOR
WPEDORERZAITH & & BIZ, 2A-a03 Tik, Miafk= A L
Bl OBEERIBIC, 1P-p05 TIRERCE RS I TN Eh
EHHLIEEZEE{ToTWND,

Ay g s xkho (20 5:2A-a05) Tk, HTS-SC
DOEZEFMBEO—B L L CGRIE L 72 8##% REBCO =
A NV E AW ERBSE ECR A 4 )R (HTS-ECR) D%
At BUE - PERERBRE R 2 WM T 5,

T OO L LT, 1P-p07 TiX. HTS-SC A=A /L
AT OB L EMEIC W TR L7 fE 3 2 3l LT
5o HTS-SC A Ny AT Ak, HEED B 2 [Flil 4%
REMEREIG AR ME a2 AL (Afvaqrbtktr ¥ —a
A) & AVF BAEHEMEEZ ¥ —a L bk
(Fig.l) » AHETIZ, ZOXIRIAAL NI AT LDN
D1ODIAANWIHERBELTZEED AN AT A
RO BN « B IRIE O & ST |2 23 X 5T L C
W5, F7o. 1P-p04 Tik, Mk REBCO =2 A /L D4
PEOEEHEL LT, aA O—EICHiT- 0% 4E L1k
A NVEFEBLIOE Yy 7T v Faf VLV BHTS
FEOFIEE R LR A2 RS T 5,

AT O—ERILFHIFE FHAZIFFES (18H05244) (2K~ 72
LA B,
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Development of REBCO coil system for Skeleton Cyclotron (Spring 2023): (Part 2)
Cooling and excitation characteristics tests of 1/2 scale demonstration REBCO coil system
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1. [ZC®HIZ - upper coil
HELT B A~DH RIS ND a % E F IR IR OBFZEN -
DB TG, Fhx HEEL TS o S RICUAL 1.
FRFEAVEEL (55um) | BRI 2R D AN D Tr AT 5 L
WNTED, LU 7.2 BRI EZ0 | JEePN e
WTBEHIEE COEPENR RO BND, 2T 2NAL OLZEMIAE
HAEL . A8/ Cm i R (£ R o8 IN) 72 g [ ia s
R VA7 ahmy (HTS-SC) J &R LTZ[1], L
C HTS-SC Z#FEE 570, SHIEHEWARE , mEBisE,
REMA LR TEE, BRGNS EERGYS) & FTRE S T A M RE
ANALEAR OB R BMLA CT& Tz, AMFFETIE, YOROI =
A VAR SRR T [2] & BEAE gk (NT) = A /LB (312 L= lower coil
1/2 A — LN SEREE 7 /1 [ Ultra-Baby-Skeleton-Cyclotron system
(UBSC) /] REBCO A /LI AT b i dH4]- BAEL (Fig.1) . Fig.1 NI-REBCO Coil System for UBSC
HAE BERBRETT> TV, ZORPRERE W5, Lo o

2. UBSC F#E#:#% REBCO O/ /LY AT LD BERER

A 1E L7- UBSC HIfE#uf% REBCO =2 A /L A7 A (Fig.1)
W, BIESRE LT, BERE 34 2D . BEX v (26
x| AR—AEF (U8 . OT AEE (80 ) &k
L7, Fig1 T, MiFEaA L, ClTerZ—afi,
Sixkts ¥ —aA v, Uk ElaAvEET, IR LT
W WA Tl A /WE L L RFET 5, BIFE, 30K (&2 A 00 20
LNOIREEITTIK UNICRFACTX72) REAKI T i i =
160A (GEFHEREERT : 540A) £ TOBERERZ Eht L7, e B PR
2-1. AL TEIEEEDBRIZ{E Fig.2 Voltage waveform (lower coil system)

Fig 2IZB i _F5H-5R0.07A/s TRID L 9 I PEERIRIC b L
TWo bt D Filrr%—aA(CL1), EaAn
(ML1,4) &2 2 —a1)L (SL1) D4 i b £ O E s Fa
R, Wik A L ThHDHI0 | BIRA LR R IT 1A
WO EFRDTEALD, Tz, BILE —EICLdbEb LIED R
BB NEDT-0 RO IR EE R EBHIS -,
2-2. E—LIMREDOHIZE S DOBRZELL

Fig. 2& 7 U EERIFOFL3 (a) DAL B IR B SN — /L FH+
CHIE SRS O 2 LA Fig.3 (b) IR 97, Z2Th,
Mt A VBB O TRV BFAEL TN D, R—/LV 3
FE, B O EICRRE L THY, TN ERIRSEHZ 828D,
v — 2E OB 0 A 2 B E TED IR > TND, ZD
FER L BUBEMRATIC LA RS RO i3 H # 975,

AFIED— IR FAEIFIES (18H05244) (2K o722
LEAELT A,

b1
Times(s)

SE Xk

1. H. Ueda, et al., IEEE Trans. Appl. Supercond., Vol.29, No.5,
4101105 (2019)

2. T. Watanabe et al., IEEE Trans. Appl. Supercond., Vol.25,
No.3, 8400204 (2015)

3. S. Hahn et al., IEEE Trans. Appl. Supercond., Vol.21, No.3,
pp-1592-1595 (2011) R 200 a0 co00 so00 Lo o

4. T. Ogata, et al.,, IEEE Trans. Appl. Supercond., Vol.31,
No.5, 4400105 (2021)

Magnetic field(T)
Current(A)

Times(s)
Fig.3 (a) Position of Hall probes, (b) Change in magnetic
field on beam acceleration plane
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Development of REBCO coil system for Skeleton Cyclotron (Spring 2023)
: (Part 3) Coil voltage waveforms during excitation of no—insulation REBCO coil
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1. [XC®HIZ

M oA VT R (2 8 7 1) S5 18] O il 5 VS R
NN DT80 Eifiig=A /L O M EE T ko AL L
DTN D, Fox 1d, Mk A VR ORVEENEE &
U7l R AR L OB R 2 1T - CEIZ[1], A ENE, 75
IR Fi] oD i 2 B B9 & U C LB R AT 0D AT HE 5 < M i i
REBCO =A /v FEFREH AT 7 00T DA T BA%E
L7z, 22T, B LIz e s 5% VT, a4V E L
(O B UZRHERE R L T8 R AR BT o> K & SN R o6 I
WA AT T B O N TE R LR R 2R E T 5,

2. EBITR
FRNTRHERIT, SEATIFSE[2) TRl - ER S Iz A Lo AT
LTHD, WK% Fig.1 12, 24 /LEE7T% Table.l I[ZR7,

3. B FiE
3. 1 RITHR COBHFiE

PEFRDFFMT FAE[1]1T . FEAM[R1 B H DL TR A i AT &
KD KB RAICTES W2, FIREFE L EH S EfE
282 3 WoTIERIRIEERIGMAT3] D DL CH D, X
QIR T E B RO JE F METE R | 2L B
BPERIARAT B LTI Tl B RA B 5,

fod af (' xn)xR 0B,
{Vxp(VT xn)}-n+ am L) e ndS' = FTa (1)
N
dIBj RreiRsti
ZMUT“'mlei = Reti(lop — Isj) ()
=

3. 2 REYHEINFIE

A BIHTTZ AT BAE < $E 532 DR 1) 43 B IRl B R AR AT 15 )

T, Fig2 \RT IS —FaAf Va8 5 s E
L. Z51Z REBCO 7— 7R F M &35, 4 Bl O T
(Fig.2, Fig.3) TiZ, A M 7 5% REBCO 7—
FURFH N 10 43EILTZ, £ LT Fig.3 IR TIDICHERIC
EAMENEE A R0 Y T, K HERIZOWTRYILHORAB)~(5)%
EEFRICOWTHENTIHETHAFRERERHEL, 4
PRV OIERI LS E R D D, 72721 NG IL S el ¥
TR, @) ITR T MBI ZEHE N COELEFR O
A O, R(G)TNE T MBI FEREN TRV OBIEOKT
&%, WHTER AR ADBE B, KF2= 1P-p05 T
WET 2,

total_ num di R.R
6j reiflsti
M;—2 4 loi = Reiloei 3)
& ij dt Rrei +Rsti i cti‘cti

div_z

Z g; + Ieei) = Iap [€)]
i=1

IetiReti — leeieyRetivr) = 0 (5)

4. BITHER

FRNT#E % Figd (R 3, RN FIEICEY, Mk
REBCO A /L DJhEE AU LD R B/ it i B B T 3
BC&ET o, Fo, B MEARTTR N KR ERDEHBLEID /)
7o TRY, ZOSIZHOWTH I REBCO A /L DF
BEFBTETWDENZD,

Table.1 Parameters of coil

Width [mm] 4.1
REBCO layer thickness[ um] 2
Turns per pancake coils 154
. . Numbers of Single pancake coil 2
Flgl COll S_yStem Temperature [K] 40
schematic diagram Coill : 0.525

Base coordinates of coils [mm]

uopoeulp [EIpEY

Coil2 : -4.625
Width divis] I
—_— il
&4 wle & ¥ ol Lw ol Radiall
1 3¢, D 3L, 3 3L,
Res g2 £n, R 2 ReZ F R, Rez g,z R
.'.II T= -'.II M
Ly e S he—1wle Sy wle
q 3L 5 Ftg E) 3L Radisl2
Ra oz 2p fas guz g \Ra= pz # o
. | P L &
Lar——#le Jhar— 14l by 1#le
7oA g FLe 9 BL pajias

RaZ Ruz Fg, PoF Rz 2 TS Rez 2 g,

Tape width direction

Fig.2 Image of the
proposed method

Tape width direction
Fig.3 Equivalent circuit of NI
coil in the proposed method

60

experiment
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Fig.4 Analysis result

RIFFEDO—ERIL R (B S:18H05244) 12k~ 77,
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1. S.Ueda, et al., IEEE Trans. on Applied Supercond. Vol.31,
4601405, 2021
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3B-a03, p150, 2018.

3. H.Ueda et al. IEEE Trans. on Applied Supercond. Vol.26
4701205, 2016

4. BF 1M R 1.7, Vol.54,N0.2,103-110,2019.
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Development of REBCO coil system for Skeleton Cyclotron (Spring 2023)

: (Part 4) Strain estimation of 1/2 scale demonstration REBCO coil system
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1. [XC®HIZ

R RE A VR Y 7ahay (HTS-SC) D EBLIC
M C, MR A VBT YOROL = A L Afishig 4
WHLE 12 27—V O FEGEE T /VIUBSC (Ultra-Baby
Skeleton Cyclotron) F§ REBCO A /L AT L& HIVEL , #ith
FEAf KR AT o TWVB[1][2], IANT AT ATIHEaA L E
M (M) AN A AE DR TR > TRY, &
BRANZAT D BlE )T R T 7 NS —Tldde v, RFEE
TiE, OF BT — U THIE LT aA VERORE a5 b fifiT
LOFETHRE T2, 7236, BUFFEO—EITFTA FHRITSE S
(18H05244) [k > T=Z L2152 95,

2. Ultra—Baby Cyclotron

2T A Zabar D VFa )V AT LD
W ORESLIZ AT T A L A2 D B R HA I DV CTHREEEATH 72
¥, REBCO ###4 % AV CEIE A S i B s/ Nl < L Faa
N AT DEWELTZ, EOMSKZR 1 1R d, B R
1320 cm T 7% 5 MeV ETHIHRSEHZLEAELE, &
R ERGS 2R T2 4 XFOBEAL a2V E AVF
(Azimuthally Varying Field) #JEm9 2 3 xtOIEME LI
—IAVPBIER S TS, % 21/11E YOROI Hii&E THiTH
ENTWD, wILF ALV AT IR T D ER 1L - T
HELHOT HETAVBREFEIZOT AT — &R E L TH
ELT, OFTAF—VOREZR 1 IR T, RFD“SU” I
bErE—a g EERL, KIIT#EE TRV, FERIC
TrsH—aA 3 “SL” iR TlERIL T 5,

3. EERERLEIER

30 K ETHEILI, 120A ETHEIBELIZEE DO A
EDOFERD—FIELCTRIA—a/VORER 2 IR T,
O T3 30 K ETHHRILIZRESZ 0 LLTWD, [AIRFRHHID
AR ERE R II RO N T DI®, K1 DT _RTOOT %
HIEILTE TR, B 120 A ETHRWELTZ, hix i
WEL CWDDILBIRORED =0 THD, X2 0 bhinbk
N, BZH—aA)V 5,6 TILERE T 0.001~0.002% D55
O, Br7F—aAL 6 OEHHAIMETIZFIEOT &
0.015% 3 F8 A LTz, L FIEMER O O B3 E AR HE~ 10
FHEERENZLITRD,

EETC, IV Fa VT AT LAERBEI LI &K aA L
NIRBR T ARG AR LV EM I ZFEL, Z kT ARERE
B X DI ST 24T -7, REBCO At DR EREE (g 6
mm, J£X 0.1 mm, AR, Hastelloy 50 pm, #BEEE 1 um,
ZEALSE Copper 40 um) OBEMAIIEARITEEL T, #
PR LU TR 24T » 770 D TA L DR BT S D EE
#H, YOROI #3E DR AR L IOV TIE, Y B8 45,

SEH
1. 2023 FHEFKE T 7 8E

FARMERETAE 2A-201 (2023)
2. 2023 EEFEIET 5

;‘.g,_
HEE A IEMEEEAE 2A-202 (2023)

Sector coil
Main coil

Current lead

() (b)
Fig.1 Drawing of Ultra-Baby Cyclotron and (b) Top
view of sector coils and arrangement of strain gauges. “SU”
means upper sector coil.

0.02 - + 150
L Current ]
i 1 100
001 | - ]
S i 02
£ 0.00 _ bod 0 8
g ET ] b
A : sisL + 50 2
-0.01 -+ ]
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0 5000 10,000 15,000
Time (s)
(a)
0.02 -+ SL6-B - 150
[ / Current
i 1 100
001 - NW W W ] .
S Wi 0 =
£ 0.00 M i ERAARARC S B I
~ r [ ] =
oz N SL6-L N T -50 =2
001 | SUBR su6-L;
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0 5000 10,000 15,000
Time [s]
(b)

Fig. 2 Experimental results of strain in Sector coils. (a)
SU5 and SLS5, (b) SL6 and SU 6.
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Development of REBCO coil system for Skeleton Cyclotron (Spring 2023) :
(Part 5) Development of NI-REBCO coil for ECR Ion Source
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1. [ZL®IZ

Ry e CRCUN I 13 A N O/ 4=d N =LY e
HFR R O—EREL T, /MBI G REBCO a4/ L%V
EHRBEE ECR A4 JRHTS-ECR)DBEFEIT> T,
MEaAVAE, L—ANT w7 BIa A )L 6fE DR SDaA
AT /7 VEREL, ZNBDOaAf )V EREIZEIB T8
(Zd&o THEHaf%k REBCO A /L DA D T COMEREZ #
iELTb\%S AKFEFIL, EIRE BECR A4 L TROBIR & i

WG AR | $UELI/ N oA LT 2 T IO
IR ZBRTELH (TTK) MERERBR OfE B O W T 95,

2. INBY REBCO aA L7tV TY

#HE0 REBCO AV [ARFIZEN A8 E L Tl
L7- BRI A VDR BR 3 B 45 O T COMREMRGEE
1To7=8, /N REBCO A VERUEL, a1V T v T V%
SERR ST, BUELTZ @IRAB(RE REBCO aA VT w7 V%
Fig.1 IR T, Z0aAn Ty 7 NZ4Eo M EaA L L6/H
DL —ANT I BRIaA U ABRER S TERY, N EIUE 12
mm & 6 mm @ REBCO #ff&fE>TV\5, MfEaA it 4
R T A DT T XA~ FTIADI T — i EED T2 D
HOTHY, 37— )VEMEEN TS, L—ART v 7 Rla s
INIA A RO ST R DT IAD EATH T2 DRI A %
T 27200 DL DT, 6fFaA/VEMETIND, IT7—a (/L L
BRI AL DEEFERTIT 20~30 K OEEIEE TEREN
500 A LL & 250 A DL EZ#IFL TV,

3. HTS-ECR D#415E% 5t

KETRDOBGFE — LR HeP' /48— E B L.
HTS-ECR DRI AG 2d% 3 U=, i B o7 i o
A% Fig.2 1T, B RO 2.45 GHz & He* A4
AR D 10 GHz DD~ 7l B COELEZIEE
L. REBCO =A /L Db EIEDO IR % 88 ) & MRRET D,
Fig. 2 ClE. BUWEIE 10 GHz Ik L= 5 —REE 546 T
FRARIT 2.45 GHz \ZxHELTiids A T o, sl :,t%zh%“
NOEFYA7abo LEBECRBSZRLTRY, EF
FERRE RN DDHEZATHBHBIZI~ A7l %:ﬁ
ANF—FG T AFAEF &R, BiRlose—s
., IO — o aELZEIC i~ Ao
WD N TR N KIZ725[1], Cannobio’s Theory (ZJL5&
HTS-ECR I 18 W O~ Aruiiz A X755, E1 0k
KREFNAX =TT ODOEFBE—RTENLTN 12 keV BX
W30 keV ERAEL LI, KEIRAA L E —LOERBHIFFT
x5[2],

4. 77 K BB MR ER

#YEL72 REBCO aANT L T URRIKEFIZRLT
TTK CTHEERREZIT o7, 4EDIT—aA L 66tz A
IEENENESNCH L CRICaAVERZBE T 589

2L, S5 —aA L ITIE 90A, 6K /L 1T1T 60A ECTERE

BEL, FaA VO AT—H - EoEELeERIE LT,
IANDI BNIVED IS 2 FR BR L Cb i 7~ [A] 7 I 1 i
PR R LI 72 B L D AR L TRY | FARER
REOERBIL RO 2T, £ 3 R OB — LRIz N T
HEEIFZEL T, ZOEIRETIL ECR A4 PRELT
2.45 GHz DEHRT—RICHBEREE ALK TEHDOT,
{EL7= REBCO :4’11/7”2/7) WIAA R EMA LT
EREIRN CEDMEREZ FFo TWVDEE 2 HND,

Racetrack sextupole Coils
30 turns x2

- il i N
Circular solenoid M1 C|rcu|ar solenoid PC f
106 turns x4 103 turns x2

. Circular solenoid M2
S Coil Assemble 68 turns x2

Fig.1 REBCO coil assemble of HTS-ECR.

1200 Simulation result from l
Opera-3D
900
Filed configuration for 10 GHz
=
E
o f
]
2
300 f
0

Fig.2 Designed magnetic field configuration of HTS-ECR.

SE Xk

1. M. A. Liberman and A. J. Lichtenberg, Principles of Plasma
Discharges and Materials Processing (Wiley Interscience,
2005).

2. R. Geller, Electron Cyclotron Resonance lon Source and
ECR Plasmas (Institute of Physics Publishing, 1996).
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Excitation Test of Superconducting Magnet in 230 MeV Isochronous Cyclotron for Proton

Therapy
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1. Fim

B AR R X R R T IBIE R DI AT 2%
HERRT B H R B — Al R INER foc&m% D /N
b, BEALAHEA TEY, Zhu _Mmf&m IRWVICEBRL
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Development of a 10T class large bore REBCO magnet (3) Quench tests of a 10T class test coll
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Measurement and evaluation of AC loss for EuBCO coil
winded by split wire having artificial pins with liquid nitrogen boil-off method
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Microstructure observation of multifilament structured MOD-YBCO film
on Zr—patterned substrate

BEA K #, Guo Zimeng, % W, FWH 7& JuK); faAR B, K E— (NIMS)
FUJIMOTO Hiroki, GUO Zimeng, HATA Satoshi, TERANISHI Ryo (Kyushu Univ.);
MATSUMOTO Akiyoshi, OOI Shuuichi (NIMS)

E-mail: fujimoto.hiroki.779@s.kyushu—u.ac.jp

1. [FC®HIZ

YBa;Cu;0, (YBCO) #4122 e 2k DKk 12 1%, YBCO
JE N OIE 5 M ORGSR OB B REPA A D D~ VT T 4T A
MERF R CTHD1-5], Fex 137 la~ L TF T 4TAMED
FEEL T, TR O FE S Bl m O W AR LB R E
JE OFE BRI Z Rl TUWND, ZHETIT SrTiOs(STO)H:
W ED—HIZ Zr Z U2 RICHERE 3528 C, YBCO %
STO ETIFAELML, Zr ECIEBLMAELANDIED 33> T
B, FIZT Ir IR R — =0 7 U el B YBCO %
L, STO k& Zr EofEfEdmoEWERIH Lz~ v
T4TAMEEITH TS,

AEE T, Sum ED Zr B _EICIBIT5H YBCO DK
HHfk % FIB-SEM THIZEL | Zr /370 YBCO JED NSRS
DFFNTHE R A 7R T,

2. EBAE

FEMIZIE STO (100)Z& AV, 8 5 1 m O Zr ZRfRkIZ <&

—=2 LI, MODITIEY :Ba: Cu=1:1.5:3DF2%)
VIR AR, B R IZ AR a—E 703 K TOBEA 3 [H]
ML LT=#% | 1053K T 150 43y DABEA i LT, 1551725k
B2 FIB-SEM 2T WK T8I ZITV, Zr N 7O
K ORI 1T B 2 1] & W ) D #& S AR O E MO W TR
HLZ,

3. HBRLER

Fig. 1 I13ERL7-RB £ E O KB T4 THD, ZhED
B OP IS 5 m FLEECE NG ROmSIRET
IV RTARDENPERES NIz, ZOFERNL, 2V N ARD
TR A 5w m gD Zr B Y355 2615,

Fig. 2(a), (b)IZ. Fig. 1 IZBITA5umlgd Zr EK O Zr N
ST D Wi 0 /)*\'65?‘1212%5 Fig. 2@z
T Zr NUZIZERTHE, BN 20pm A, TN
4.5 um BREOEE THLIENBERSINT-, £ Zr 7D
IR 2380 . NERIZIE 7T0nm FREE O ZE RN 2R S,
FMR L Zr XL 7O FEIT 220nm FREEDZE RO AFAEL B2 X
iz, F2 YBCO JEIZEH §5&, Zr R Z7H ED YBCO i
FEHE LM ANE L, 200~430nm e B DR -3 Hig 22
. ISR DI M AN TN EMR RSN,

Fig. 2b)IZHBV\T STO B _HIZVER 458, IFEA 580nm
L DO —Hk72 YBCO BEBNEIZSH, JFf‘ofocH%@i\%ﬁL
180nm F2HE DR T- MBI ZR SN, F2 YBCO fEHIC
130nm FEPEED T ARD NSRS 100~350nm fif@
%Eé;t@ URRAMBLER ST, Fig. 2(@)Eb)DOFEFNE Zr & STO

B2 YBCO OIFEEA T 5L, Zr EDJ573 280nm
%%EE<7‘M@\5:M%7\75@7”:0 FZC, fEs kRO Zr
L STO = YBCO EDOZEA{LIX Fig. 3 DI~
ZLINTED, Fig. 3(b)? YBCO N D ZERIE MOD D7 at
AIZBVTHIBRAS YBCO ~fkf b3 DB AU DA%
AEICERL Qb EE 2 BN5[6], 72, Zr & STO Eo

Fig. 1 SEM image of the YBCO film surface
On Zr stripe with 5 z m—width

Fig. 2 Cross—sectional image of the sample
on Zr (a) and STO (b)

(a) Before crystallization (b) After crystallization
Fig. 3 Schematic images of YBCO on Zr and STO
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Direct fabrication of large ring-shaped REBCO melt-textured bulks
by the Single-Direction Melt Growth (SDMG) method
oA AL Al S, T FE-EFER)
MOTOKI Takanori, SEMBA Mirei, SHIMOY AMA Jun-ichi (Aoyama Gakuin Univ.)
E-mail: motoki@phys.aoyama.ac.jp

1. [ZL®IZ

REBCO AREEE /S 7 13 I8RES A e T& B 7208
BEEEAE LUSHSN TV AR, S5 IAVHRT
DERPBIFFEI N TS, BRIEEE V7 X%, Top-
Seeded Melt Growth (TSMG) {EIZfRFE SN D07 EHEIC
BB LR A A & LIRS & B IAEEEE TE AR
Sha7H, B ENMRZEIZHET A Y v IR SV 71
BEE O MFRR V7 O FEZ BRI T L C/ER
SINTETo, 2 ETEHLIL, SME—FTRORITHE R E
DIELT U, RS B — 6 L RSB © 72 2 SRR RS v
7 DB RN A REZR Single-Direction Melt Growth (SDMG) %
R LG LT 020 KRR A T cR O R D
REBCO OEGHBET)OEEFMA LT, & T, OBER O
TSMG 7SV 7 ZHCRIZET D LT seed plate & L, Z D L
W72V 7 BB T AN — R TSRS AR & 5
FIETH D, SDMG iEEH WD & FERIZ Y > 7RO
O RBEHEIRCTH > THEEERMNATRETH D,
2. EBAE

A A4S kA8 EuBCO Y RIEE[E /XL 27 A [001]1 5 AL 0SSR TEL
FHINZ722% £ 5810 U7 i % seed plate & L, D |k
IZAME 25-50 mm, PNEE 1025 mm DV > Z TR L
72 DyBCO % L < 1L YBCO BEfEAR~L > FZFRIE L, seed
plate ® T, LR CREGERE S ®5 2 & TUL7 2408 -
growth fHI 75725 SDMG £V » 7R SV 7 B HEE
B L7-, 723, REBCO ~XL v MZIE, TEP #HLEA K
(REI23:RE211 =TT Ty 2K T S 5729 10 wt% D Ag:0
%, RE211 OFHED T2 0.5 wt% D CeO2 % Z N LR
AL bOEHNTWS, TXTO/NLT 2OV T, seed
plate 225 8]0 B L721%. 1%02/Ar 7 2 —H1 850-900°C T
DI/ILT =—/LEITV, 425°C TREEFHORET =—1 %
1Tolz, WKREFKIZIET T25T £ TOMGTHAE, V
TN ER O RS S o3 A0 A RN L 72,
3. HREER

Fig. LIZ/ERLL7= 7 2DV » 77 OB E R, W
FTIDO )L T b TEREE R 1 BRI X 0K 15% I L7
BV TR EHRLCRBY 7 7 v 7 ORAEREITRD
niznol, SME3S mm FTOY T 07 THE, @
e A R T & % DyBCO %, #ME 50 mm O RAEY
V7V Y T, NMR HBIE T 5 &5 2 b D IR
D YBCO ZZNEHEIN LTz, Fig. 2 IZ 77K IZBIT5H
DyBCO VU » 7 /\v 7 N D15 & 5 R O HERES: DAL &
R, VBRI % A X CHME 28.7 mm, AR 7.9 mm, &
Z 11.5 mm O#Dy3 /S IZBWT, U ZHILNZENWT
1.8 T % x 2D T\ MRS MR T &7, Eio,
HME 50 mm OBRNGIER LI KBEID Y o 780 7 #Y1-
Y4 12OV T BB GIICHE — ek TR S TR Y |

U v 7 L TOR KRGS 034050 T Thote,
LIZ, TNHHYL-Y4 ZRET 52 L TY »7HOESK
18 mm OFEPH THIERIE S 1 T 22, KDDL
TS IRANFRETH D Z & 2 5KGE Lz, 7Y A
H#T 5,

[1] T. Motoki et al., Appl. Phys. Express 13, 093002 (2020)

[2] T. Motoki et al., Supercond. Sci. Technol. 35 094003 (2022)
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AWFGEiE. NEDO REEF v L >3 2050 (22M1C01Y) D
BiEZ b0 Thb,
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BEV R | R |

#Y1 #Y2

Fig. 1. Appearance of SDMG-processed DyBCO and
YBCO melt-textured ring-bulks fabricated using ring-
shaped dies with outer and inner diameters of 25
mm and 10 mm (#Dy2), 35 mm and 10 mm (#Dy1, 3),
and 50 mm and 25 mm (#Y 1-4).

20

T T
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Fig. 2. Trapped magnetic field distributions along the cen-
ter axis of ring-shaped bulks, #Dyl, 2, 3, at 77 K.
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Critical current properties of RE123 melt textured bulks with different crystal growth direction.
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1. [FL®IT

REBaxCuzOy (RE123, RE : A7 L JACHE ) TR IR E FRIRE
TTKZHZDEN T AR L, B35 F IR W ThE A7,
RE123 PARMEERE L 27 (XN % B B3 2 K AERIZ LY
KA % B 2 5 B OIS ATRETH VD . RE b
VAT LARH ENMR 78 E~DIS AN STV B[,
Z D RE123 ARIEEE NV 7 O — %) 72 (RT3 5 Top-
Seeded Melt Growth (TSMG) {5 TYERL L 721 7 13 0AS &
DD ORI X T, RS & BEERSER R
FEIRIC & > CTH 72 2D a-growth FHIK & c-growth fEIE N IAF
T 5, —H. Fig. 1 IZRT X HITERT 2007 L0 adk
TR (Te) D W EERL D RE123 YARMEEE /XL 7 % seed plate
WHW— Ik dh k& S % Single-Direction Melt
Growth (SDMQG) E[2][31i%. R T 2 /L7 BNHL— D&
JREFIEOHRN S0 | BT A IR L TH-E L
7 HHBIMERCBERTED Z L BHETH D, AT
I, 2K c-growth & L < 1% a-growth fEIRD AN 572 5
H— N XA >0 Dyl23 taRlEERE SV 7 % SDMGIEIZ K Y {E
L Z ORISR R O 2 3240 L
TW5,

2. EBAX

AHFFECTiX. REIZ Dy #3# L, TEP #L# Dy123 ¥k
W% U C AR IR AR T & B TR B 17 E oD 7= 912 AgO
% 10 wt%, Dy211 #7 ¥ ORI D 72 D12 CeO2 % 0.5 wi%
TRIN L 7= BiEMA Y R 2 100 MPa O —Hili 7 L 2|2 L W =1
v MREL L, 2NV OEEALD T2 D285 H 1050°C, 2h D
SO RVARE R 238 A Uiz, Feuv T, AR~ L > &R
T 23(001)if F 7213(100)ifH @ Eul23 seed plate LT fE &, 2
Ly M OBPERSERRIEIC 2 D X ) IR R RHEE %
BEL, HREBRICE WD CTERIRRE N IR Y —
U CHE B E T T2, 5O IAREEE L7 % seed
plate 7> 58]0 i L7=% . Dy/Ba EEZ XK T 5729 1%0:
LR, 850°C, 24 h TEILAR A M7 =— /L &21TV, R
O &iEH, 425°C TORERFMOBET =— LD+ U
7 R=REAEE LT, 15O BB ORGS0 AR
BT, ac WFEEH OMAIREILE & S HgeEihs
DENE I 0 L 72/rake> SQUID #EREHT L %
WAL MER AN 24T > 7=,

3. BREEE

Fig. 2. (a) |Z ¢ MR REIRO 057257317 (all c-growth
bulk), Fig. 2. (b) I a #ilipR kD A2 B705/31 7 (all a-
growth bulk)?® seed plate 2>HDFERED F7p B/ alBHI %
T% 60 K 23135 I DRESG KA 53, all c-growth bulk
D Jo 1% seed plate 2 HOFRRAEKFIED K EL, all a-growth
bulk [FFET A BRCREEREICR D220 I Z7RLTNDTE
Mo)rolz, 7z, all a-growth bulk DA Je OHERHES 5
VY, ZRBDOZEMNE all a-growth bulk TiE, EEHEICHE
IRHAREASTE RSN TIEY., all c-growth bulk (2= T I bAE
BB W EDRRR ST, #IH Tl R S R DN
Jv 7 OV 5 CBOIFLRR O AR &I PR BE R R D&
WZOWThiRm T,

SEXH
[1] T. Nakamura et al., J. Magn. Reson. 259 (2015) 68.
[2] T. Motoki et al., Appl. Phys. Express 13 (2020) 093002.
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Fig. 1. Schematic illustration of the SDMG-processed
Dy123 bulks with entirely a- or c-grown regions prepared
on Eul23 seed plates.
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Fig. 2. Je-H curves of Dy123 melt-textured bulks, at 60 K .

(a) all c-growth bulk, (b) all a-growth bulk

[3] T. Motoki et al., Supercond. Sci. Technol. 35 (2022) 094003.
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Metal addition effects of the Mg Vapor Transportation (MVT) method of
MgB, superconducting bulks
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HBIREAEHE MRI 0V =7 B—& —H— 7 K B i
ERRRA L 7S HEN TS, MgB, B8R T &
BRFURIE 7, 39 K)LABENT-IR — MRl O RAH G,
TRIARIKFE7R Y THEITTREZ: 10-20 K TOMEIENATRETH S
TG ST TERE IR AR A RCBER Y — VR E DI
JARHIEN TV, Mg DEJRZRK A B ISy MIRIRE
5 Mg KAHEEMVDIERIIX, /6RO in—situ IEFEL G
L Cris - SR MgBy » L2 (BRI 5 2 LN RE T
Do MVT JEICED MgB, 2 b7 O R LIS Tl 5
LR AN 952 TR R OB R E v = 7 Rtk A7)
T HZENREDO— D THDH, KWL T, kDB IR
I - FREEC MVT ¥ MgBy 2N & G d5Z8x HrYEL
T, BIRALYMZ Cu ZRA T 5B IR R AR FL 7z,

2. BERAE
Premix ] MgB, iy RETENAL 772 B F KA/

0.375 : 1.25 TIRELIZMERIT, GlE5 MgB, lIZxt L TE
JUEE 5% C Cu RN R BT CulRinL 2 iy Kz
BEA 10 mm, JEA 2 mm OFPERIRIZERTIL ., B XL vhe
L7z, BURL v 750C O Mg 2855 HA T C, LB
F'%Wtéﬁf?ﬂ&&ﬁ%ﬁm MVT i MgB, S0 %457,

BONTZ L IEEHI R L, X BRAEHT(XRDIC L0 AR %
SEM\ EDX AZ KOBAIALAE, (b7 fR A T L 72,

3. HERLER
Fig.1 IZfERIL72 MgB, 2L 7D XRD /& —r %o,
XRD DY —77/n6, FAHELT MgB, 23 ALL THY, Al
ELT MgO BINRINAJE Bk DL A& (Mg.CuMTETEL
TV, Fig.2 12, 750C T 3 h BULELL 7=30kkD MgB, /3L
7 Wi T ORANFA AR S EDX $R 3 HT O Ra 719, EDX #5341
DFERLD | BEFINEFBF TS L 7 DRSO EE T Mg
DI+ 372 DAL= DI L, Cu PINERERC
IRIZHTZ> T Mg BMER L TODEE 2SR SN, 20D

fERIEL ST DESLIR % OE A RATS o T2 KOG
A3, BVLIRIRE[ DY 3 h OFEF Tl EEIRINEUE TR 70%T
BHoT=DITHI L, Cu BMEREN IR 92%E K& L Lzz e
E—H LTS, £, CulREFCId sk /e FLE DK
XD R DB HI(Fig.200), AL FFRE DT LI A
Fig.1 @ XRD /3% —2THHITZ Mg,Cu THHIEN 537>
7oo MERIIFREHZ BT MgB MIER UG B 23RSz,
CuiIMc L= m OB EL T, IRINLTZ Cu k Mg 23
BVLERIR JE 2BV TRIEBIZ A5 2808, Mg OFLHGH
FER B LD RSHEEITRBE L I-ZENZET BN,

— 68 — #510500]  20234F FEAF KL T4

4. fEH

MVT ¥ MgB, 7NV 2 ZkET% Cu BN R E ML=,
MVT JE7 a2 223 T, Cu N Mg O, MgB, 42 Ak
FOSEAEE LAFDZEAVRIBE T,

Fig.1 X-ray diffraction patterns.

Fig. 2 EDX Linescan : (a) undoped 3 h, (b) Cu doped 3 h

SE Xk

[1] J. Nagamatsu et al., Nature 410, 63-64 (2001)

[2] Y. Sanogawa et al., J. Jpn Inst. Met. 83, 9, 341-345 (2019)

[3] Hiroaki Okamoto, Desk Handbook Phase Diagrams for
Binary Alloys Second Edition, ASM. (2010)
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Effect of precursor powder ball-milled using stainless—steel media
on trapped field of Ag—added GdBCO bulks
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1. [FCHIZ

REBCO #BmE IV I Ea L 7R M sfilE 3 A TR CTHY |
HH EAINMR 3, =2 BN T 7T IR =28 ~Di
ARSI TS, REBCO 3L D HERE I FRoma
TERRIZIE LA EBAMETHY , ZAUIIHON7: RE211 Zff

FTHIEPNAENTHLILNFHNTWD[1], ATEDOZFEERITT,

Fxix G211 DR — VUV BWTAT UL A% VD
ZETHAME E R PR BT RGO N LML
72[2], REBCO 38k 2 2RI h 3o H7-8 | miilal O
T RMICIRINT S Ag Z2ETRINE T, A7 20%
D B AL T2, EESD REBCO 2SIV 7R A s T I 3Rk 7R
FEDBLSENS Ag DFRINISLEAR ] K THD, T TR
TIEAT UL AIZEAR— LUV LT Gd211 By R &L
7= Ag ¥R GABCO » 3L DYVERLES LU IZ DV Tk
5,

2. EEBAE

Gd123¢LGd2111%Gd,05, BaCOs, CuOZ i JH L 7= [E AH 5 s
EICROERIL72(900°C24h X 2[A]), 1EHIL7-Gd21 1By RITE
BEAR— DV ) — b TR LT, R—
IV DOEREBIOR— I~ LT oA NRAT L A%
AL, R — LA R1T3/8 inch Thro7=, MyFEAF13200rpm-
lhe L7, BHN AR Z100wts[Gd123:Gd211 = 3:1 (E/v
F)1+0.5wt% CeOot1.0wt%h BaO,+10wth Ag,0&7pbkoff &,
BALEHE ., K& TBuffer <L MMt L 7= TSMGIEIZ LY
AgiRIMGABCONL 7 ZAERIL 7=, Fig. LIRS S AE SR
T BRE LTSV 2713400°C DFRsE 1 ClesE B LA 4150 h
1To77,

B O FEAMMIL, Hall 35 7% AW i g B Lo
SQUID A G WAL E 21T 7z, EEFLEIREE
IR T — 2 L0iEiER Y — B F LB W CEI L, F
7= SEM I K APHIRL AR BL 22 21T o T2,

3. WEREER

FIDIZ Ag I GABCO 2L 7 Dk Sk B St o ik b &
1T-72. REBCO »N /L7 OVERLE RE FRIC L DG IR E DO EN
ZRIA L TR R 21 TH720 . fd ik & IS BT AR S
RBJE T DSV IERNZ R E 70 B B2 2 LN HIBIL T
W5[3], F7-REBCO(Z AgZHSINT DL E i ENME L,
FEFE S DS T0 T KIRDT0D They DERENLVLETIT25,
Fig. 212 73,=1040°C., 1045°C, 1050°C, 1055°C CYEHRIL 7= Ag
RN GABCO 7V DAV G B AR T, Th,=1040°C, 1045°C
Tl G123 DNVERE TR L, fEdb kR R Gd123 &
ERE LA ER AR AL, — 7. Thaw=1055CTlZ
TERE SR L . 4 RLL 0D GSB MHEFR ST~y Thax=1050°C
1% 4 RO GSB MHERRSNIZZ EMDFEAE S NAR L TV
Towe CHD, FT-FEFE R UNADD DAL KB IRNZEDD
Tru=1050°CI1E Gd123 AFERTIERT 272 7., ThD,
PLEX0FRRE S Mg-NdBCO BEBH L2 AAH FHLT- 335D
Ag BN GABCO 7LD T 1 1050°CHTEED IR
HPHTHDHZENS DT,

EOFE ST Ag TR GABCO /L7 OAERL I TRE #7015
o ha— U RERINDZEEZERL, EHT2ERE D
FH¥E, BRI NOLEAT LI S E2 R B LT uiE7s

B, 2 TERIGAREFN O 7=6 . STHR[4]% 5% Buffer
LUy hOMEE Ag-free ELTHREREARIToT2E2A,
Trax=1055CIZ I CTHFEAL S 1LVl 37, Hhss il AV VEi B
TH—RID Ag T GABCO 2L 7 DERLZ R LT-,

AT, ol b ST SRR Sl DT ERLL 72
Ag TN GABCO 7NV OF R ek « B e A i
45,

Mg-NdBCO (seed)

Buffer
pellet
O
T T'“ Yb,0,
g i H B B— 70,rod
E’_ Al,O, plate
- 1015°CN_ASd*Ag-
et ! ; i 975°C
75°C/h: 75°C/h  0.5°C/h
/ i : é 100°C/h
RT >

Fig. 2 Appearénce of Ag—added GdBCO bulks fabricated at
various 7. (@) 70ma=1040°C, b) 7,,.,=1045°C, (¢) 7,,.,:=1050°C,
(d) 73,:=1055C
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Trapped magnetic field properties of GABCO bulk
by waveform controlled pulse magnetization at 40 K
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— VBRI I TRIEL,

3. MERLER

60 K & 40 K IZBWT, BFRICELI-= L —|{Zx LT
2V NI BT DIE UT- e KRR R R EE % Fig. 2 12
~97[2], 60 K TIXPEM 12X L CWCPM, %L CNFB-WCPM
o R W R e L A I A N e T R o AN 2 ) [ B
5o LL 40 K TiE PFM & WCPM ORI AR R 72 RN 7S
9 NFB-WCPM (Zd» TR EZRIMIERL R N ED T
e RIRICHITD NFB-WCPM BN PE S BARE RS
iz,

40 K (28115 NFB-WCPM TiL 1 ED/ YL AEREIZE -
T/VIHULT 3.7 T OBBESHRHE 2 2R LT, Fig. 3 1R
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1. M. Watasaki, et al.: IEEE Trans. Appl. Supercond, 23
(2013) 8201604

2. A. Caunes, et al.: Journal of Physics: Conference Series,
1975(2021) 012018
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Fig.1 Schematic of experimental setup.
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Fig.2 Maximum trapped magnetic flux density on the
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~5.8 T O3V AKES (32 ERERT: 10 ms, 427XV ANE : 100
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Numerical simulation of pulsed—field magnetization of REBCO bulk magnet

with c—axis inhomogeneity
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Measurements of Young’ s modulus of GFRP pipe using foil strain gauges
for low temperature
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High—sensitivity measurements of various materials at low temperatures using strain gauges

M B, A FEa (FEKE); Al Bh, 88 FE (SCT+h); o /ERES (RS
KANDA Masae, YAMAMOTO Mina (Chubu University); IWATA Yousuke, KOINUMA Hideomi (SCT, Inc.);
YAMAGUCHI Sataro (Chubu University)

E-mail: kanda@isc.chubu.ac.jp

1. [FL®IZ

ek, B — VI BROREIRE TV T TE, &
DIz Fe S DB =V RbBEESNT-, FFICRIRTES
—VMEEITHE, TEDOE | DM BT O 1H R
ESNDI=0 ., [BEOE LT BT OE | 2SS 2% ERND
By FZT, 4 STFEHAER FHWAZ L THEWT O MBEMED
TR LRI BT LWEH T DB T I SRS D LA 58
TN—TDRBTHD, 45 dHE TR — VRO
FERENFRETHY i EDHFFEICIWT Mg-Li &4[1].
B 7 7 AT 210 Uiz, ARBFFE T, BT AfHETR
{7 ZAF 27 (GFRP) DRI CTOEIS DR EZEITV, T
73 (MEMELR ) ki, FMIE CIEEIRSTRIAER
REETT Cldled, ATy 2 ERIEEFCREEZE X THE
L7,

2. EEBHEH-FZE

AWFFETHVZ GFRP (G-10) O X1 90X20X 0.3t %
ERLT, 3EHOIE, B — v (Rt FnE Y, KIEH
ATV AN A E S —Y KFLB-2-120-C1-16, 7 — Y%
Ks=2.01) &7 — i A B AR CEE LT, £0%., =i,
77 K TOWSGUEEZ T VY PRI TIEe<, 4 S 7-eHlE TR
WL, EHEZE 1 mA LT 7 HrETRIE LT, 1ERDOAIE S
X, EERIRICES — DL EPTE 2 S2OEPLTT VY
DI ER I, H BN 0122580 AP IR L,
T us S REEEY, B —VEHIELTND, HrLE

BT, EBRERE AL EELIR, £/ — Y THREEZED,

AIAEEIRICKV I D EES 0 ICHHEL T, i IR DT
EOEALIE T EHRE LIz, ZOFHLWEIEAFSIZET, BIE
RHMODIRIEDS 4 (51272 o7, AFBRTIE, AR TRFEZN
AT, MR S H LT,

3. EERER-ER

1|2 GFRP OEIR IR TOES — I HGTRIE R R4
RT, ZORBETITIE IENT TRz, ZoEPiEITE
TIHMTOE E72%, Fo, W HICED GFRP OFEA R H 3
5= (D) BE L,

AR
F=K5X€ Y]

BB, EMELRNEEZMREOE S — P OEFED
ZHAR[Q)], W E CTOES — TV OBRPUEER[Q]. BIELZ
B —VOT Uy K& D, K 2 ICE Bk T 58S
AT, SHIZ, frEE W[N], RS OLES —VETOHHE
Z L[m]. WriEifR%Z Z[m3]1E LT, 2 (2) St MR %k
E[Pa]zRD 7z,

WXL
T ZIxe

ZOfER, A, AL GFRP Ot %% 28.6 GPa
Thol, U EOERENL, RN EEZ N 52T, [H
DT ZFHL, BERITENNTWDIR 1 a2 RO DL T BE

25, WERDFETIITES — ViR o B & E T

()

DB DTN, AT DOHT LWGHEIFIE TR, MEHMEICE
=D uIEZ DB IRTI8 D,

Fig.1 Resistance of GFRP.

Fig.2 Strain at each weight of GFRP at 63K.
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Temperature and pressure dependance of thermal contact resistance of the metal-metal

interface in vacuum at cryogenic temperature.
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Chilldown time reduction of cryogenic equipment using fluoroplastic coating
— quenching experiment in liquid nitrogen
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Surf®, 14.5 pm) after quench experiments.
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Experimental estimation of heat dissipation from a stepping motor at 15 K
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Table 1 Specification of stepping motor

Dimensions 56.4 mm x 56.4 mm x L.39 mm
Mass 0.45 kg

Step angle 0.9 deg.

Holding torque 0.45 N+m

Table 2 Two phase coil resistance @ 15 K

Commercial Developed
A phase coil resistance 41.9mQ 1.8 mQ
B phase coil resistance 40.3 mQ 2.1 mQ
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Fig. 1 IZHEBRERELRT, ATV E—F—|IHAD
SUS D& (¢ 25 mm, L40 mm, t0.5 mm)®D 2 & FEEZ->LD

— 77 — #510500]  20234F FEAF KL T4

FITHRBEEN TV, RO SUS OMEAERALEZOL,

E—H =N HRE~EDNE X NDOTEN, T—F—L& 20K
x%~~‘/“F'a'i@%ﬁfi%&?ﬁ%‘fﬁ%ka%é 2T B0 DEEIE
PUALL TERI LT, E5IC2 20K 27— 1%, B EAE D 20K =
— VR A RICEERISILTRY, mEIShb, KBTI, 20K 2
F— IR IT 15K &7 5TV V=, Lakeshore 8 DT670CU 0 2
o@zm)#tﬂf PREAL, 1213 —4—D EH . b5 1 o
&izonT— R LT, EEREFICIT 20K 2T — DR
ZAGITIEIEZRL, L= - T, B—F— LEORE v —
@iﬁ)ﬁiﬁ%{%u\ T — & — AR OB LD BIfRE K
Oz, ZOT-HIT, B—F—FERERRF T HET—H—a 1)L
Ee—4 —IRPUREL TRV ESE | ZOREELE—F—
B EHOBRERIEICIDRD TRV,

Fig.1 Experimental setup

5 EERHER

F—X—% 40sec/Fl5 CRIRS WA OFER%E Table
3R T, IAN LDV 2 — LRE(GHR) 13— — D [Elis
FEEIZE DL T —E T, AT L T i E i O R &
590mA LESKISUCIVEFHFE SN, B MmO KITKIE
WCWELT-ZENTND,

Table 3 Total loss and copper loss

Total loss Copper loss
(mW) (mW)
Commercial motor 17.42 14.31
Developed motor 8.36 0.68

6. £&H
#1 SRHRIZRI1/20E TR LT,
#2  (40sec/[EHRARED) MK (B 1X52% LIRS A7,
#3 BB O BNEIERENEEZLND,
#4 5% BBELFRIUAK COEREITI TETHS,
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NbsSn EBRpKIZ5 2 % Hf-Ta & HI-Ti DiFMNshE
Doping effect of Hf—=Ta and Hf-Ti on Nb3sSn layer formation

CREF(EHE, FE7K #, B (NIMS); S (RE R, NIMS); 48 5 il (8 R)

BANNO Nobuya, MORONAGA Taku, HARA Toru (NIMS); ASAI Koki (Sophia Univ., NIMS); YAGAI Tsuyoshi (Sophia Univ.)
E-mail: banno.nobuya@nims.go.jp

1. [ZL®HIZ

NbsSn 4~ HE BN, Nb NI ER L1k & [RIARIZ  NbsSn
JE DG AR AL O THERE SN TWA, L LR
5 HE I RIZ SN T, WHEM L OB /R S5 7e
ELBROESN R EIZHOWTIZ LN ER T
2N, AAFZE I, HE W0 NbsSn BRI 61T 5 Sn #LHK
EREN S DEZEE . Jp B TNT HE-Ta ¥H0 & HE-Ti #RAND NbySn
JERRIC 52 BB A2 TR D728, TEM 3 L OVASTAR & A
T BT K o T R AR BLES - S SR AL 21T o T2,
ARFZECYERL L 723N X, T/ BR b AE O BT HIBE EE 1
< IRIEHEE 2 HE IO ERBN WD EEZ BRI
Do

2. EEBAE

F 3 Cu/Nb B DA LK (BRR 1. 09 mm) Z/ERLL |
FEIEL CTT—7HR E LTz, ZDOFRMIT Sn A v %06 L.
550°C TOTARBMLERD DB | 685°C X 100 h (D EALER % ffi
L.Nb & ORI NbySn Jg & A plk S 72, Nb &4 & LT,
Nb-4Ta, Nb-4Ta-1Hf, Nb-2Ti, Nb—2Ti-1Hf (at%) OHHLAL
DIV T R % T — 7 VIR THESRL L 72, NbySn FH D A ki
FRICKX W% 5.2 4 Sn—Cu 1o Sn Fb R [1]1349 25 at%
&L,

TEM BIEI i~ 2 72 0, K3k 2 R I HE WA A CREIMT
il Z BEEMTEE L, FIB T NbsSn JBA GV EA LI H L
T2o TOWEAHE (M ETI7 M AT 72200) (xh L, STEM
FLRRLZS - STEM-EDS |2 & A e obr (i 2w « JEM-
ARM300F N #E A 300kV) 38 L ONASTAR v AT AT LD
REEMT (4L« JEM-2800 HEHEEE 200kV) 24T -7,

3. EERERLER

Fig. 1ICaREtofilrm (/) & TEM JHEEID FIB (&
HUI0 H LEBOBHTOA A—T %59, Fig. 21213 Nb-
4Ta-1HE % RV 72308 NbySn #db)Eg > STEM-EDS < v
Taard, HE ITBBZOT 7 4 =7 4 —E<, TNET
HE BRfb (/7 HTHD I L b~ L fEhi s T
WA, AVERIGURCIIesE o223/ & <, NbySn ftidh
JE O HFIZEBEE DT ) B OFTEIZ R b o7z,
—J5. BEIEERD bR E DD, HE, Ta, Cu 25K
SWTT LA ETER L TW5D Z L SR S iz, Ti-
HE FAGREN Tl £ L THE & Cudfbahi ThH -7,
Z 9 L7z Cu-Hf {LEWIT NbsSn BT —IZ4 B L T\
LT TR ERPICER L O AR R LN,
Fig. 321X, #MEOBMR L, Ti-Hf 38 L Ta-Hf #I0
D 2 LD F STEM-ASTAR FEHTIZ & % NbsSn J& D& 7
N~ v FZRd, Table 11213, 4 kBl b BLARAT D
FEREFE LD N BAIGEWVIOT — 2 OH4B#) , £
RIIZ, Ti BN E D B Ta IO S5 AN SRR AL S
HEmMAR LN, 52, Tiy Ta TIIWTHOHAEIC
. Hf ZBINCHINT 5 Z LIk » T, FEdhR oL
DHER S 7278, Ta-HE FRINT & 0 58 VHIMES B B,
FATBRARIZEBY | F 7 BbNE & A EAFTEE T, i
RHE ISR NBEN TS EEZBNRD,

ARFIED—EIT A HIEN A B 7 BT iR B [ o
WFFEBIAIT & 0 FEfi S A7z (0341203-A),

SZ3#k [1] N. Banno, “Low-temperature superconductors: NbsSn,
NbsAl, and NbTi”, Superconductivity, vol. 6, 100047, 2023.

500 nm

Fig.1. Transverse cross—sectional SEM image of the sample (left) and
an image of cutout section by FIB (right).

alloy.

———

Fig.3. STEM image and IPF maps anlalyzed by AST
1Hf core sample and (b) Nb—4Ta—-1Hf core sample.

or (a Ti-

Table. 1. Grain size results analyzed by ASTAR
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Sn S ¥LERERE N T TD NbsSn BRZAL

Formation of Nb3;Sn layer under high Sn diffusion driving force

EH A (B R NIMS) ;A B |l (KT L5 58k (NIMS)
ASAI Koki (Sophia univ. . NIMS) ;YAGAI Tsuyoshi (Sophia univ.); BANNO Nobuya (NIMS)
E-mail: kouki0204@eagle.sophia.ac.jp

1. [ZL®HIZ

NbySn B IZE1T 5 — A0 72 85X Nb/Cu—Sn JEHUK
IS EDHDTHY, SnIEHURE) 11209 SIZR T, Snik
BERE) ) MRV A (Thab b7 nr k) LEWEE (F=
— 7Y, PITIE, WERIEHGE) (23 Bd, Sn JEHUERE) /)
1% Cu IRINELRVFEBIANH D23, NbsSn DJBIEDOHE K, K
OSSR O L B &L T Sn JEEBEEN HICE H LT
RFZEEAE 13D 720, ARFZECIE, Sn—Cu N Cu & %%
10at % LA T AR Lizakkh 2 F VS, Sn ABZERT 3%
VO (Fig. 1[1]) 235 NbsSn JBIE A im Lz, Nz T,
Sn ALFERT U VIO R REMEE T <5720, Sn—Cu &
LH~D Zn, Ge KON Ti INEITWEDOREBE LT,

2. ERAE

AFFETIE 5 EEORBAIERLER L, Sn X%
(a)Sn—10at%Cu, (b)Sn—bat%Cubat%Zn, (c)Sn—bat%Cubat%Ge,
(d)Sn—bat%hCubat®Ti ¥ HLBGEID pure—Sn &LI2T—7
Bp (RS 0.18mm) # FHEL ., Ar WAE ALTZHTAE T
650°C X 100h % T% 8 B4y (F LB L 7o, BULERTZ DOFK
BEOMFEEWTE . & OVEVY NbySn & 03 HERS AL 7= 5B CldhE
ST T 12 35 1 AR AL 22 (FE-SEM) 21T 72, F-1
FESRRIRI I H DR E OB ORGSR 22 D ETHE LT,
FERR AT I E =R — 438 X B4 el (EDS) 12 LT 77,

3. EERERLER

Fig. 2124300 650°C X 100hZILER 1% D Il 1 B EL A 1<
T, (2)-(C)D3>DFEHI BT NbsSn B HETRS L,
BIEIZZFNZFH 111 pm, 10.70 g m, 1.29 £ m THY, 10%Cu
IINEEI D b JE VY NbsSn EOSERLE AL, Zn IRINEUEFCE
U WESOJE D HEBS Tz, Ge IRNMIFUEFCIL, NbySn
JETRRIFE NI D DTERES LD JBIE DT, (DD Ti i
IERERCIE BRI TH D NbySn FHAFEFESALT . NbeSns FHET
DL T, ZNETOMETIE, M Sn OHHITIF
NbSny FHETOFR LN RN TE LT, TNEITI A
B’L=,

Fig. 3 1% Sn—10at%Cu, Sn—5at%Cubat%Zn (23T BT S
7= NbsSn J@ ORI W CTH D, W& LD Nb S Tofg
A7 efE AR (ZE) & NbeSns 230 i L TAE RS VML K 7
bl () D3RR T E D, MRS d L O SE BRI X L
ZFI124.5nm, 136nm CTHh-7z, —H . NbsSn BHNIZIIT B
A7 Bl SR B O /R X E A1 10:9, 2: 1T
BV Zn WHNTIS TGRS & 8 O FIA A8 I3 248 )
NRONTZ, PIT I ERF 22— 715728, Sn HLELBREN /1 A3
BUEOSEITIE, LIRSS E A IR 52 e iiEE S
TWBN, Zn IRINSENE L ET HATREMER B D,

WINIERICEDII LB DE T, HZSn—Cu i
D SnALSERT L NV EE Z DT T ESATER ),
R OBAIZIL, Sn—Cu i D Sn bR T L 721
T, TEEANNTLD NbSn, =2 NbeSns ~0D Sn {L2ERT
U NVDOEEBL RGN ERHHEE 2 HND,

Pure Sn
Sn diffusion
activity |

Tube-type

PIT
(Nb/NbSn,+Cu)

——— — RRP

Sn chemical potential

Bronze method

Nb3sn

Higher the Cu fraction,
lower the Sn chemical potential

Fig. 1. The schematic diagram of chemical potential during
Nb/Sn diffusion reaction.[1]

-

[N | m

i K""“’ . ||:,.-:-. e Fad 10um
Fig. 2. The microstructure of N-S10C (a)., N-S5C5Z(b). N-
S5C5G(c) and N-S5C5T(d) after 650°C X 100h heat treatment.

3 .[a) N-510C
¥

: ] ==t o
i o 10um

; : ¢ ;
Fig. 3. The fracture cross—section of N-S10C (a). N-S5C5Z
(b) after 650°C X 100h heat treatment.

S5

1. N.Banno, Low temperature superconductors: NbsSn,Nb;Al,
and NbTi, Superconductivity, Vol. 6 (2023), 100047
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BERETEM 42 PbMoeSs EBIZEA D/ L VMR EL TOH AT EEME

Potential of hard brittle material PbMogS; superconductor as a bulk magnet

A K, Nig B2 (CETFKR)
KANEKI Daisuke, NAITO Tomoyuki (Iwate Univ.)
E-mail: g0323045@iwate—u.ac.jp

1. [ZL®HIZ

PbMogSs BB E R ITBIEMM EL CTEISHENTWD
NbsSn (ZH~_T_EMEE RS B2 51 T(4.2 K)[1]EEME
THHN, WEHEECIR TR EOMBENLE R Lo
WFIEM T TR, Eie, BT R O ERLEFE OB
PR IR K T b ER O LD T I I > TGRS
BPEAME T A2 ENMESNTWAB[2], 7T T 1L
IR RERIM T AN LRI END, I T.UA D R
R TCENEASNVIBEARELTOISHICHIFFTED, /</1/
IS DRAEULE BT RERDIER G 1 TH A A%k
B ATIIRER KRB, 76T, RBFFE T, E
HE 28R A& VRO T T PbMoeSs 2 L7 IR A VERIL |
F DR ETFFEND SV IR O A REMEIC DWW T AT
2o

2. BEBAHE

JECRH R Pb(99.9%),M0(99.9%),5(99.99%) % {5 & & kb oD
Pb:Mo:S=1:6:8 TH&EL B/eD5M4 T CE AZITo7-, Ak
Z B 7ok ALT-30B Quartz tube Sample, Ar ZXPH&  TA
T UL A(SUS) BE A LB Ar/SUS Sample £L72, €D
B A% 450°C-4 h,650°C-8 h D ZERFEBERL L CHITEE(A
(PbS,MoS,Mo) 157, ED#%, EDOHIBEIKREZ M- IREL
7% EAL 900°C-44 h DOFERLATTV PbMogSs FZ 172,
BoNI-BRIZEZE K TEUINE S 50MPa., {f-HHEE L
] 800°C—20min, # A AP AR ¢ 10 DL THE ST A~
WEfEE (Spark Plasma Sintering: SPS) (280 L Z7{kLT=, 3.
BEOFEAM 34 s O [RIES X BREPT (XRD) 2 i, feAbHIE I
1% SQUID B REH 2 V=, B AL BRI blE T —
ZI0IRERE — T LA W TR L,

3. EERHER

Fig.1 12 #BD XRD R — %4, T_RTORET
PbMogSs DE—27 3R TE 7273, Quartz tube sample TIZ AR
MM OFRE DR TX ., Ar/SUS sample TIEARHZRE —I72

RTETe, ZHUTH RIS R TE 2728 SUS &}iﬁﬁ
LIEWEEB 2 DD, 22T SUS EO#ibZBL<T2H 12, R
BRI hE SUS ORI Nb AL MAf A L7230k - VRS
L7= (Ar/Nb Sample) , Z D5 & Ar/Nb sample TiL SUS K5
LD RIS E SR A2 U2 LI L0 Bl B AR i o /b 7
U PbMogSs MERITX 72,

Fig.2 |Z&RBIOBUL OIRE A% 7R T, Quartz tube
sample [ RFNLLFRREL TNDT20D T, ﬁ“fﬁ?bt&%i
BiLD, Ar/SUS Sample 1XSRGMEA RE /20307, MR ITHE
PEDHERR CET72d SUS ERUGLIZZENRB 2 HID, xﬂf(
Ar/Nb sample (F{AFE Y4720 OBAL O MEN K EEERIE
B —TTho7l=, ZIUE Nb Ry V=2 TSUS &
DRNIGEHSZENTEZDEST 25, LML, TXTOR
Bt TP Eim AR ToH D PbMogSs D 7 #J 14 K JD
RV EMB, Pb,Mo,S DML B2 T AL
TWNDHEEZEZBND,

Fig.3 ’iﬁ{ﬁ%%&ﬂjbﬁ Quartz tube sample & Ar/Nb
sample @ 8 K (ZBIFD [ OBIGKRFIEE T REIRT,
Ar/Nb sample @ jL X 4X10'A/cm® THY | B nEEt
WHEeNIIAD LTz, 20T Quartz tube sample XV 7. 235

WD LMEENTZEEZD, Ll B8 LI
LLTEMET AR ZIE 1 T=H 10°A/cm® L CTHHILMHA[E
BONTZ JAET—HAUZE R, §6oTH%IL SPS LD EVILEE
TR ORI S5 2 R R L R R A W) LS bZ8T LD
it EESE5FETHD,

ZDT LD PbMoeSs BRERIT . [ EASFEBLCEALTM
TAIFEAE VLUV EA LU TR Al ReL 725,

®Mo OPbS APb

Ar/Nb Sample -
o - - 2 h::m “[( ~
— bt ~ | S
3 ‘_.wa\ L.AJLJ\\___JLJ U\J‘
> | Ar/SUS Sample
‘@
o o N
kS
Quartz tutpe Sample
I |
fi
L he ke W
10 15 20 25 30 35 40 45 50
26 (deg.)
Fig.1 XRD pattern of the indicated PbMogSg samples
0.2 T T T T
ZFC —
ol i
-0.2 | i
S
E 04T o Quartz tube Sample T
S .0.6 - —=Ar/Nb Sample 4
g ——Nb/SUS Sample
= -08¢ g
=
1L i
12r 100e
14 6 8 10 12 14 16

T (K)
Fig.2 Temperature dependence of magnetization for the
indicated PbMogSg samples

105 T T T T T T T
—e—Quartz tube Sample
. —=—Ar/Nb Sample
10" E
Filling factor 64.1%
&
5 3
§ 10° L 4
=°
10° | ]
Filling factor 65.1% 8 K
101 1 1 1 1 1 1 1
0 05 1 15 2 25 3 35 4

uH (T)

Fig.3 Magnatic filed dependence of /. and filling at 8 K for
Quartz tube sample and Ar/Nb sample

S& Xk
1. ¢ .Fischer, Appl.Phys.16, (1978) 1.
2. AR — - IR TS 14 (1979)51
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MgB,/ N\« T'1) v FiRM DOiisEM & BT
Microstructure and transport property of MgB, and YBCO hybrid wires

AL e, RAE with, HR A CRMER) ki B CGRIER G

OGURO Hidetoshi, Ohashi Katsuya,

Yoshizawa Y uki (Tokai Univ.); AWAJI Satoshi (IMR, Tohoku Univ.)

E-mail: h-oguro@tsc.u-tokai.ac.jp

1. [FC®IC

MgB, . FEFIRE 7.3 39K[1]1Th h ., T Tlciistit
INHRFETINT WS, MgB,#bfid, TL3EWZ £h
5 BRI BN TV B2, EERE SRS B bME
b, MG COEREREE LOMRCOPFIRTH S,

ik LT, YBa,Cu,0.5(YBCO, Y:RE ¥ 7134+
BOLHR)E, B EFICE L BT JREDENT
WA I EBRMSNTWwS, BifElX, coated conductor &
L CIEHICE B IRE EE OE OEM DB S 10T 353,
AR AR ISR 2 R 8 B [2],

Z2Z7C, ’ADINV—7"TlE, YBCO & MgB,® 2 >
DORBIREARZHAGDE T, N TV Y P EREL
TWw3[3], Z#ud. #MEllC YBCO, Wi MgB, # it iE
T3 2 LT, YBCO DREKIERINE % FIH L CoHBES
Z IR L . MgB, WU 22 A 3¢ 5 2 LT
b5, KFEECIE, dibloWRE2EF 2, BEEEOITLHE
AT £ 5 BIBEE O T E RO THET 5,

2. EEAE

NA Ty P OEETE%E R, MgB b, Ex-
Situ Powder-in-Tube %12 X ) fE#L L 72, MgH, ¥p R (E 1
7 4 )L A8 & amorphous B ¥y (Pavezyum #) % | €)1
M 1:2 TiRG L, BEZSRFHA T 630°Cx10 h o # L%
7w, MgB, Z2fF# L 7z, 2o MgB. %, &5 mm, £
Z 0.5 mm., £ & 50 mm ® Nb FI12&®  [BEDS 3.5 mm
DITic7 2 £0n — )V EIERIC X 2 FIEIN T2 1T - 7%
#%. B 40 mm YW L 72, AHHlICHA S % YBCO ¥
Fid, Y.0,(FCHiHEEL . 99.99%). BaCO,(FIGHfiZEs
99.9% ). CuO(FIEAiFEH . 95.0% )% . € N[
Y:Ba:Cu=1:2:3 TiEA L. 900°Cx4 h kB E. 930°C
x24 h OARBEE # TR L 7, MgB, 8% /85 mm,
J£Z 0.5 mm, £ 50 mm ® Ag &FIZiD, MgB, o
JADIZ YBCOMIRZRBEL 72, 2 z2HE3.0mm T
JEIEINT.% L 72, % D%, ABVLIEER B2255 5 T 630°C
x10 h OERIERA % /ERLL 72,

EELL 2284 770 v R MgB, 8o if L <. 1 B
2k AWEBIZE, B L, EPMA 12 X 2 oEST 2T
Too Fo, WERBRIC X ZEAEROMREZIT- 7,

3. EERHER

1 I BVULPE B R 0 B FIEM SN SR 2 R, HuD
D MgB, B I BRI & ¥ —Th o7z, ZHUIKL,
BULEI# D YBCO iz iz 8BHEN% L Rosnt:,

X 2 12 MgB,it5i#64r. X 3 121& YBCO # D nsE ot~
Yy BV 72 ZNZIURL fo, Fi Lo, B
oh b, ZNLSOKY, TEIyEY I THD, X2
DFER» S, MgB, o5y ic% { DgEPH I ik,
ZhiE, MgB.fEBRFICIEAL CL EoBELEEZ SN,
MgO DL AT 2 eNEZ NS, ZUd, Mo
LZDHLDDIERTICORDBIAK E 2, X 322515, Nb
& YBCO oEfimAIic, Nb OBB{LYIELIR S 1
TR ERToT, 2D EHS, YBCO 25
T T Nb L L2 £ &2 50, YBCO 3%k <
W3 Dol REREEZ D L, REVUEEM
I3 ais 4.2K 200 A DLE, B IE 150 A B

THY, YBCO OMEER I L >TELT 2 EEZS
N2, #%FYHIzIZ. EPMA OfESR L b YBCO 2393 L
TWVLBETITOWTHEHL L HAT 3,

HiEE
AR, BACKEEIEAM RIS T SRR 5 8 s Sk
et v ¥ —O#E(202112-HMKGE-0041)D — & L
TiTb i, KR O, B R AR YRl
KO, G R ET R — R R (W% 2 — F
NIFS22KIEA023) D {E% %2\, FEML b DTH %,
SE K
1. J. Nagamatsu et al., Nature, Vol. 410 (2001) p. 63
2. 7. Zhang et al., Christ. Eng. Comm., Vol. 21 (2019)
1369
3. K. Ohashi et al.: Abstracts of CSJ Conference, Vol.
104 (2022) p. 78

Fig. 1 A backscattered electron image of cross
section for hybrid MgB,-YBCO wire. The left and
right photos are the heat-treated and as-drawn
samples, respectively.

- .
b N '.‘t."?%
e S "'?"’“"ﬁ’i’

oy et 2L By
3“"“'-‘*’*'5@?-" Dirfde

Fig. 2 The elemental mappings for YBCO layer of
heat-treated hybrid wire. The upper right photo is
the backscattered electron image.

-
ol

Fig. 3 The elemental mappings for YBCO layer of
heat-treated hybrid wire. The upper right photo is
the backscattered electron image.
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Er-Ba-Cu-0 #BIZEESMEZAL V- Gd-Ba—Cu-0 EESNIILYBCERKRDIES
ER4F 4 oD il 10

Control of joining properties of Gd—Ba—Cu—0 joined bulk superconductor using Er—Ba—Cu—0O

superconductor joining material

ik BN, R, SRR G2 TR, Bl Rk GRAIR); [ fadde, SOt EE (ZIH TR

Takemura Kento, Sudo Masaki, Sakafuji Masaki (SIT); Yokoyama Kazuya (AU); Oka Tetsuo, Sakai Naomichi (SIT)
E-mail: na21104@shibaura-it.ac.jp

1. #%&

RE-Ba-Cu-O (RE : # TJEHILR) /S 7BREERO KT
(LR IV AERICHE LT V7 OERAZ BE LT, /AT
LA AW AT OFEREHEHRFIL ., BEEHOBRE
Fethorm LA LTz, BFTEREIL RGBS S %
IO THD, BB FA RS e CHEA RO ER
ZMICZ L TR O R L TELORT RH O

DAL T, BIBEFFMEDOIR T o7en b LA LTz, Fz.

FATHAEICIRBEA AL (110) JFAaswEy <Y, (100)
J7 16 CHE AL ERIARAT A3E FP LB 8 R e S B L L Qi
MR EEERZHD DL T BESNAZ AR LT,

2. RERAE

WA L LT B AR Gd-Ba-Cu-0 /L 7R
& (¢ 60 mm, Ag 9.4 wt%FRAN, Pt 0.5 wt%ERA 2V, #4
# &L T ErBayCusO, (Er123) & EryBaCuOs (Er211) %E/LtL
5:2. Ag;O % 10 wt%, CeO,% 1 wi%iR & L= Hefs A1 L
7o TRABHTIEE (DTA) 1T&0 225 0 aL &4y fR IR S
(7)) ZRELIZEZA BHEAHI O T, A3 993 C, #EEHM D
7, 73 937 CTHho77, Gd-Ba-Cu-0 /LI b4 H M
(100) MRl EFE=i% (110) A 2258512 4 mm %)Y
HL, A MmET v 7 == 0.337n FTH AL T
SEIHFEEL 72, ZOMFER R L ORICES 0.3 mm ([ZHFEE
L7tz /i, BEARBTRIAIZE AT 960 °C
T3hfRFFLIZ#, 940 CETO.5h THHL 920 CETI12h
T TE IR RSB 528 T A O IR A R L
Hliz, HBERBIIBEE{OLD BEFHEKITT
400 °C. 100 h 7=— % ffiLT-, a8 REHIBE R~ 70
TFFAY (EPMA) (21D ab OIS LUK A2
{ToTz, Fo, BEARENSEAEEZEE . 2 mm x 2 mm x
1.5 mm (2725592 PIV LT SQUID B4R #H 2 KB E
W (M7 BEO J-B) ZFlL, LLTF, #46 M (100)
i [E 12722 532 (100)/(100), (110) & lE 41272 53kt
% (110)/(110) &FEFT 2,

3. ERIERLER

Fig. 112 (100)/(100) 3:XTN (110)/(110) OHEEHHAREIZE
FERZIRT, ZOREND (100)/(100) [ZBWTHEEAE
L TIRAT N E AL R AEL TV W e MR LT, F72,
Fig.2 |2 50 K IZdiFAHAH0, #63, (100)/(100) 3K
W (110)/(110) #E&REID J-BER7, 22T, Gd Matrix)
1% Gd-Ba-Cu-O 2NV 220 H L7238}, Er (Joined part) 1%
Gd-Ba-Cu-O »VL7 LRVEGM & B i THEA R [FIER
CEMEESEERB ATV LERBTH S,
(100)/(100) 1% Gd (Matrix) & Er (Joined part) @ J—B D4
BCBIFDIERN T OMEERL TWDIENDND, ZHUIBIE
WEFEL—7H Gd Matrix) & Er (Joined part) &V MELZ
RIFT2720THY, BIF B RESA N EIN-I 2R

T JEATHE TR (100)/(100) 1345 A H AL TRAT 23 2<

BAEEET (110)/(110) 12552V, HENDRE
B R 13-0.5 ‘C/h THY, AFFED-1.7 C/h LOIEH,

J— 82 J—

W, D78 | trapping—pushing FEEmIZLD ., RE211 Ki+
YR &I, AL TR N £ poTc B 2 b5, Z
FUZED, R EEE LRI 528 T, mirns 72 @
(RE RN BB EE ST N AR THHIEN
RIS T, *TBRAGIC (110)/(110) TiX J-B 7% (100)/(100)
DF) 65 $Z7RL TV e, ZHUTES O TR E RIS
WL 5.2 DHBEPFEEL QOB A REE RN E 2 b5,
(100)/(100) (110)/(110)
l

-

A

=
o
=3
X
=
5]
o

juior

Joint
Matrix! part! Matrix

|
'l.

PR =T

LB~

Fig.1 Comparison of EPMA measurements of
(100)/(100) and (110)/(110) of the joined bulk

160000

H/lc-axis e Gd (Matrix)

2 Er (Joined part)
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o0 6—O0—0—0—0—0—6—0—9
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80000 |

J. (Alcm?)

40000
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Fig.2 J—B curves of the matrix, joined part, (100)/(100)
and (110)/(110) at 50 K
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JRFTERREEE OB RSB G TR B E L D729 |
AL (110) JFmAAEE) E ST, # il k&
FEEEHIEHTHZET (100) HHTHEBESINDZ LR LT,
Fio, AWM EE LEFTE SQUID TIMEi45Z LT, #41H
OB 2 E BT CE DI LRI ST,

SE K
1. J. Yoshida et al.: Physica C: Superconductivity, Vol.

378-381 (2002) pp641-645
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Characterization of short DC superconducting cable
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YAMAGUCHI Shuhei, HAMAMOTO Takuro, KIUCHI Masaru (Kyushu Inst. of Tech.)
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1. [ZL®HIZ

— RIS — 7V OGS EROFHEEE L CE RN
M TENHWLND, ZOFIEZ, F—T VEPEA—IL
P EEHSRWEA T, BEEE IS — TS E R i
D0, BT RO — 7 VT, Bt TS E
M OBHROIXSZOEEEZIT T A —Iv 70, A
DERNFEOEH/REIE-BIER L0, T72DE, i
BE S —T7 VO EREIELGHIT 22N TERV[1],

ARG TIL, RE B2 —MEMER W EROBESE 7 —
TNEERIL RIAE SR T CEERREITVER- BT
R LTz, ZORERIZR LT, #HIRIOIXG > X IR A
THBEEr — 7 VOB OBRSA M BT T LT
HEL, XD XN EIR-BLERE~G 2 B OV TR

~fz,

2. EROBEET—JIILOEERK

FE&50mm OFEROyr—7 03, HRENTWD
SuperPower - ONE 4 mm O RE HRa—MRA(I.=113A,
n=25.5 @77K, self-field)% 8 BLHWTIERL 7=, [EAR 10 mm
DR—TRIr—T7 VORI HTLT, 10° O LETEHEEOT
Too BRI —T7 VO SMELE Fig. 1o, Bt 11X
i ER 30 mm T, FRERIZ 30 mm OEEGR &, r—T L
FHM T RWS DR AEATIC — H S, 20 LIZEF 8
SOEENG 2RO 72 (Fig. 1(b)), BERBRITIRAKERE
T, =7 N ~DEFREELE 3A/s TITo7=,

Fig. 2 (2, LT Vs & Vsa DEJ-BIEFEZ R~ T, K&
TS AR LRI AR e et L FI X RO ER AR
L OO AR S HERR TE 528, 900A BL g CITER-&
FEERIEDSFE ST HEINL , 2 S OEEIEFIC LS RS T
725, ZZCEMA R A EREEMEE. = 1.0 x 1074 V/mé&
E,=1.0x 1073 V/mTRETDE, Vas TIL 894 A L 978 A,
Vsa 1 590 A & 904 A L720) | ST D&, T 72 b ikhT
DIFENZEVI N KRESBRDZEDDND,

3. BBEES—TJILOFMERET IV

I T —7 NV OENR-EEREE Fig. 3 (287 %A=
KET N TEXD, ZOHE DT —7 VERDEE Va2,
FE A TR T DRI L > THETD BT Veow,i EVeoe,is
et D RN £ T O, TRAETIBEY, | Bis
R CHRATHELY, nEETT V) OB EL T
2
- Viotal = Vd,i + 2pr,i + Vcow.i + Vcoe,i

i=12,,m €Y

TET, Z2C, miTBEGHM O AER T, #oTJE
SNDEEVIE, BV AT — T M OBEDAELT

Vij = (Vd,i + pr,i + Vcoe,i) - (pr,j + Vcoe,j) @)
THZ2LND, UTHEW T T AU OB T % BT 7286
DOFA, jiI~A T AU OB 2T T T8 OF: 5
ot

4. f&Et

SN IS TR B A DRSS 30 mm OB EHTZ I E
L. 0.40~120 pu QO#FATHLZ LML, #6-T,. 22
TIXZ DR OBEGIEIUEE 7 4T 4 T RTA—=Z LT
FAWCER-BIEREOMNT 21T o T, TR R% Fig. 2 ©

FEMCTRT, ERAERLO —BuI I BRI K/NBELR
(CED EBRFEROIODBRADBENELLI LN DND, fif
Wr FEOFMR, I b —7 VEOBURITY B #5217,

SiEE
RIFFEO—H1T, B2 E w8 4::21H01872 2>HD8h
AT CEmELZ,

ZE Xk

1 M. Takayasu et al.: MIT Plasma Science and Fusion Center
Reports, PSFC/JA-16-41, 2016.

2 G P Willering et al.: 2015 Supercond. Sci. Technol. 28
035001.

oo MEET
&iﬁﬁ!. 10mm TRESTMIER, 30 mm

o o e
-k = - = *
EEE

(b)
Fig. 1 (a) Appearance of the prototype cable. (b) The
schematic of voltage taps installation.
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Fig. 2 Electric field vs. transport current.
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Fig. 3 Equivalent circuit model of superconducting cable.
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Analysis of current distribution in the inflow section of a superconducting composite cable(2)
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TAKAHASHI Masaki, TANAKA Yoshiki (Fukuoka Inst. Tech.);
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1. [FC®HIZ

EREEARAS LT N =T A EOAKIRHIM B B kD
BWAGRIL, BEGEEEE 7R S OREG T A ARG
M E B RAa IS T0D, EEEROBHIEIZB N
T BB ~OEFRTEA O AT O R PTH72258 B3 i
LipoTND, T x IXEE], B E RS LSR5 DR
DEFREF (1-E) FrtE 0 Ik & O R ER AT D5 S
WA L72[1], 4Bl BRI & 270 28RO ST AT 23
VD EEVE A3 AT & SR OV TR ZE R AT I L 15D 2 & &3 7
7=

2. EE&
BAEBER~OBWTHAET OB DA E2 T D720,

SuperPower #£:> REBCO #4412 10 pm D#fiz=—7 47 L
T EERERE L CRENEEIT 7o, FOME X%
Fig. 1 127”97, 1@ 2 mm Ok % 50 mm O E-X28)0 H LA
L TW5, B 70D A LT E NI, $i2 OB E
ASEFRAVA B TFOGRE A LT O T 1~ i H 55,
SRR e M Uz R D A @ STANI=E7 70 i il AR VA = A VAN
V2, V3 LUTz, ZEBEMTICHBT5 I-E FetEalEL . A
RO B3 AR 2 et L7z, REBCO #M O RGAE DL 46 A
ThD,

3. EBRRUMMHER

BAYED I-E FetE% Fig. 2 1R, VL I3RS B it 7
WL Ch AT | BREEE ~OEIIAN 5 Tk
AR BFM TERANTEEL TWDIENSND, BT
5 1 mm Bz V2 T BPIRPLAEIZE S LTV A, VL
KON V2 O Z 0T EORBLE, 2 E 4107 pQ/m
4.23 uQ/mTh-o7z, B 725 15 mm fEiL7z V3 T,
KB COIBIPUIMER TERD -T2, BT RRE DR
IZEDFE RNV E R ETEHUITTETWRWD, HHEEEICE
TEDKERFDIFEILCNDEZ ZHID,

T ARIERREE A EERICHEGE T D70 A IR ERIEICE
DIFATEAT o720 FENTICH BT VI, TR O RS RIS/
F L7 2 mmxEE 50 mmx/E 7 1 um @ REBCO 4 A9
LIBTEER O ELE O EEIZ, JEX 100 um Ok A
FATERTFLICET VL ThD, ZOET /MK L TEIRA
HDOEEEC LS TI-E FFENRE D INTEALT D0 %
N EROBIEHNLITIEREAS DY, FNEH VLT, V2,
V3 LT, ARREEMATICES I-E FiPE% Fig. 31”7, fi#
BTNz 8T A= Z T BB L 13 B B8 AR AR A 3
SHDTHHT20 , ERINTIT B L TWARW D EVERIC
ILFEIEROIRD BTN ool

A BREFRIRHT D45/ 3T A— 2B D D T2 E D%
XY ARFRT D,

B

AWFFEIE, ENLHFIERFE A AN B = L % — - FEE TR
4 B 7% #% # (NEDO) O Z5 3E 3£ ¥5 . F OV 2 JSPS B} #ff 2
JP22H01928. JP22H02019D 5k RAFHNT-H D T D,

Fig. 1 Schematic of a measurement sample
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Critical current properties of REBCO thin films on Zr—patterned substrate (2)

Bt B, W Rk, B AR (R TR

FAA B (NIMS) ;S b B (F ] k)

SHIRATSUCHI Yuichiro, SAKAI Shuya, TANAKA Yoshiki (Fukuoka Inst. Tech); MATSUMOTO Akiyoshi (NIMS);
INOUE Masayoshi (Fukuoka Inst. Tech)

E-mail: mem23111@bene.fit.ac.jp

1. IZLHIZ

A THE R IR A 1T Téfii;uﬁé%ﬂ?%iﬁi TE
RETH D, YRR IR M TR O b 23
HHILTND. fﬂin‘%ﬂ:@jﬂi@ DL LT, RN
SrTiO3 (STO) Al FICHRRDEJE (Zr, Nb %) /37 —=
U7 ULANY T E LTHERE S, REBaxCusOy (REBCO) %
R Loy BT 2 FESIRE STV 2 [1][2]. Fex 1ZATIE],
8 20 um DAY v hZ WL 3% — 2 & W Zr ZTEAL
L, REBCO % pils U 72 50RO il LB i g M 2 2 AR
AR — VBT RSB B (Scanning Holl-Probe Microscopy,
SHPM) |Z X % ifi N S BB (Jo) /oAl & s
Ml & > A 7 L (Physical Properties Measurement System,
PPMS) |2 X % B A LllE & 0 F~7o i Ric >V Tl
L72[3]. AL, MESum DAY v hoF —2 TR 7R
D Zr Z R LT RIC O W THRE T 5.

2. EBAE

AR THEM LB OERFIEA Fig. 1 (2R
REBCO #[EZx “EIT L5\ T7@eERbl %
HFE L C STO et LIz zr N7 TR L. £ 0, M
M 12 REBCO WiliA <L A L—F —ZKEEIC TR L
7=. Zr N> 712X > T REBCO ENESMIZEES T
WD E TR T D720 ?@Tﬁﬁﬁ%@ﬁ?ﬂ/\%ﬁ% SHPM |
ot VIE L7e. Bkl iﬂ(&ﬁﬁzﬁﬁ%ﬁﬁb\t SRSy AWk P

W AT D A - B N— LD BﬁF'EJHE%ﬁ*u\TﬁV\m Je
’\%ﬁ IONTHRDT.

3 WERLEEBR

Fig. 2 [IZL—HF =B L v 1567z Zr N7 OFIR
MERERATT. &S 03 pm, HEIEK 5 um D/ 7
ﬁ)ﬁ/ﬁkénfb\é &Z])Eﬁﬂ T 7.

Fig. 3 1 SHPM (T & B l%E T & N 72 R BES 0 AT (a)

N Je 537 (b) OFE R %R/ T. {E'Jﬂif'%r'ﬂixﬂi y Bk
LCENEN 10 um, 50 um TH DD, 5N 5ER I
L’CQW{E%@%??OfZ%%%%LTL\7. %72, Fig.3
B W THBIEREI O G, BIERIE Zr N> 7 ONLE
BRI CTH D, MRS ME D &, Zr N
WALIZ L T OOMERIEDTER L T\ D 2 & AR
T&E BALOMAICENTS, Zr N7 2EBERE L
’)@H@Ea{um MR TE., ZNHOfER LY, Zr N
LW BEERE I EECETWA EELLND.

%’vé%%éa I, PPMS |2 L 2®5H Jo FrEDfE R Sl
ODNTHLHETLHTETHD.

B

ATFE TrER Lt N ZDVERUTRR O — T NIMS
WARZ 7o RUIZTITo 7. £, AWIEO—EIX
NIMS @ Joint Research Hub Program &% %, JSPS FHuff#
JP22H02019, JP22H02021 DXRICE V6N HDOTH
5.

— 85 — $5105M]  20234F BERFNIR T4 - S

Zr

_—
/ S Sum / » /
Expose & Develop Supattaling
Zr Bunk Zr Bunk REBCO

NS

Lift off Pulse Laser Deposition
Fig. 1 Schematic of fabrication process for REBCO thin films
on a bank-patterned substrate.
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Fig. 3 (a) Magnet field distribution and (b) Jc distribution of
REBCO thin film on a Zr bank-patterned substrate.
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Basic study of fabrication process for YBa,Cu;0,.s round wire by melt growth of BaCu,0,
Bk B, NE FE IR
GENG Zhihui, OGURO Hidetoshi (Tokai Univ.)
E-mail: 2CAJM009@mail.u—tokai.ac.jp

1. [FL®HIZ

YBa;CusO7-o(YBCO) i IR B A B 13, R AR TR
IR~ R Ml KA ISP EIFFS TS, LL,
AEERNRE O B PEND | RE BN FTHEZR ST MG L O
ab [ 7 AN IRESNAD LW 2385, Z0T=8, 77 H3E%
RS E AR L, W EREE W CEL LT — 7k
DO DMERLE L, BFESITUNND, EZAD, T— R
Tl BB B ROR SO ORS G OFE0 B
BRAIZEHL, HIBESIZTI N E WIS FIEL TD, £ D7
B, YBCO #p O FAME ARSI QWD Zol& | FLbt
WEBIZ B W TR 2L 3720, IRRERBEN D D5 Sk %
1THZENBZLND(1],

SR VERLURF LI, &R IS R A2 A THSI
EINT.4% Powder in Tube(PIT){EAHZENFHETH D,
YBCO EDORiNEZEE 2 TaBE LU CREEEHZ L1072 D,
ZDLE SROFEIT 961°C T, YBCO DS TéH5 1000°C
JOIRWEVO RSB, D72 | s DIV BaCuyO,
[2]& Y,BaCuOs(Y21 1) &R 52 LT, YBCO Dk ihhiz P
SFHRESEHZEN, — oD HELLTEZIOND,

AWFZETIE . BaCu,0, & Y211 2~ T IR AR (G AL
EERTHZ LA BRE LT, (ERL T 2RSS T L7
% . BaCu, O, DRVl R ZFH L, YBCO Zipo<pk RSt
HIEEHRLT, EREtT-o72,

2. BERAE

YBCO FLARF I, PIT ik ERIL /-, JFEEL T,
833CU508 & Y211 ig‘f}‘jﬁb \fCO

Ba3Cus05(5BaCuyOo+BaO) ¥y K DAERL 5 154 719, BaCOs
(Fnyeatisesl 99.9%)E CuOFnyLHlisktl  95.0%)% F /L b
A Ba:Cu=3:5 (2725 0 KRAF THE, IRE L%, K&
H1Z7C 850°C X 24 h DR KESX | BLZ2H12C 860°C X 24 h DA
BEXARR T, SRBHAERLL 7o, B 121X, DD CuO &
BaO 2NEBH IS AR L= 2 & MR ST,

Y211 MRDOVERITIEE R T, Y.0,(FOEHZETRL, 99.99%).,
BaCO;(FGffiddd  99.9%), CuOF LS 95.0%)%E
JVEER Y:Ba:Cu=2:1:1 |72 5 I KA TR EL, IRE L
%, 900°C X 24 h DARBEZZFE T, Y211 Z/E L7,

BaCu;Os By A & Y211 #y K% E /L A BasCusOs: Y211=7:9
W72 B EHTIRE LT, 10wt%Ag.0 & 0.5wt%hCeQ, ZHINLTZ
%, EAL 5 mm, JEE 0.5 mm, BE 50 mm D Ag FIZEED T,
Z D, EAEN 0.8 mm LA FIZ/ARDETHlin— LV EEIZ LD
JEMEIN T&21T -7,

BRI DOBVILEL S 23 1 IR, 1005 6 T TORM I,
Ar HTAFPHRNZIBNT 3 B Tl miRE £ CHIEL, IRE
LRESEDLID 1V REEREF L, 2L T MBESEEE LD

Table 1 Heat treatment conditions for samples

Oxygen partial Maximum Cooling rate tc
Pressure temperature 900°C
Samplel 0.10 atm 900°C -
Sample2 0.15 atm 900°C -
Sample3 0.20 atm 900°C -
Sample4 0.10 atm 930°C -
Sample5 0.15 atm 930°C -
Sample6 0.20 atm 930°C -
Sample7 0.10 atm 930°C 3°C/min
Sample8 0.10 atm 940°C 3°C/min
Sample9 0.10 atm 950°C 3°C/min

Zizar ba— L LT 3 BEBVLERL 7=, 7 25 9 FTORE
M. Ar H AR T 3 BE[ETC 900°C FTHEL. 1
BRI EF LTz, 2D, & 1 OREIREET 10 4 THIREL,
5 o MRFFL, 2 1 OFEFE Y EIZar he—/L LT, 2% ik
[3]12&E|ZL T, 3°C/min OHET 900°C FTHHILZ, =
AL, 5 CHRERERIC, f AR TEDEID R T 5
72 ThHD,

ERIL7= YBCO #b11d, =S MBI IA Fx, WFEE
. S FIAREE I S LD AT o T,

3. EBRERBLIUBER

11T, REGLIEORA W OB AR L, X 212,
EVILELL 7B T R OB S AE A R LT, X 1 & 2 2 bhif
He FIEITEREL ORI E D> TNDZEN 3D o7, ##
B 105 3 FTOBEFERIY, 900°C DA IARILIZAE T
RSN T FAUTKIL T, $i6F 4-6 TIT-7= 930°C
AL OGA . WAL BT, 900°C TIARRL 72
Mol IREL T, Ar HATEULELL 7= BaCuy,Oy DFHSEA
900°C T THA=OIZEEZHND,

B34y FEDZEALICEIL T, 20%05 10% ETELEE T
b, MRk SN0 T2, FI2 T, RE S ENE W
2L BaCuyOy DG F 5728 #8F 7-9 13 10% DRz
SIETCEGLERL 7=,

FRA T 5 9 ETOBEGE NS, BB LR T 13iER T
X7, Stk BB A DT, R SRR ORE T A S
A FERRE O T AR MERNHDLEZZTND,

4. Fé&&H

BayCusOs & Y211 % FHWV T ZAERIL | BT oy R b
72— /L2159 BaCu,Op DARWERLSEF] L T, YBCO Oyfh
REDRFENEIDE R ET LT, S RIORE RN, $RE D
T BaCusOy AT ZEMA[RE TH DL EN D T,

Fig. 1 Cross sectional view for the wire before heat-treatment

Fig. 2 Cross sectional views for BasCusOg + Y211 wires
SE 3
1. Y. Ozawa et al.: Abstracts of CS] Conference, Vol. 100
(2020) p. 153
2. T. B. Lindemer et al., Physica C, Vol. 255 (1995) 81
3. T. C. Shields et al., ] Mater Sci, Vol. 35 (2000) 6105-6110
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Reversible motion of quantized flux in a 2D superconductor using the AFI method

i 3k, bW K, ANEE ER L ERELD)

FARF Pt (I T3 5 R A A%0)

WEN Qian, UEDA Tenma, OTABE Edmund Soji (Kyusyu Inst. of Tech.); MATSUNO Tetsuya (NIT-Ariake)
E-mail: wen.qian457@mail.kyutech.jp

1. [XL&IZ
HBIEEARRNICB T 5 E<OEBRBRIIARTHLLOTH
0, BRAREEET Vicko TR EN S, 2721, ZOAH]
WELRIIE YV R T 2 UL COMEMROER), LI/
HRRNE Y RT U VI BIAT L& L ZHNLTROM
TEEXDORLEEHRBITERL TS, THIVUE, RO

NEIVNSWES  TOEEINE L < RT Y /LIRS,

BAG )3 Al 3 L Fe o T (REAURR O W WGES)) | i FUIREEE T L
LJ:%);:EL biﬂ<fotof<é;&75>?*ﬁéﬂé

AAFZFETIL. AFI(Affine Integrator) ¥ fE 4y 1E(11%2 WV
. Gizburg-Landau FFERZEMEE, B LSRR E 7]
TR A BN AN 537 I BULPE -1 1)) T G EE 2T g I Nt =
HELTITD,

2. ;tEAHE

F9°, KIFSETIL TDGL HFREXE M35, TDGL
FHEAL, G-L FERACREREK AL 5 L0 THD,
G-L FERAUCH LU TR ET 28564558 2x5L  LLTD 2
K&72%,

allu+'*V’1! + iAV + e*A)*Y + a¥
(G +ieve) RV e g
+BIPIPY =
dA 1
v(—+VV)+—V><V><A
at Ho
+ ihe” (P*'VY — pvy*) @)
2m*
ez
-—|¥PA=0
m

I Ty EVIZENENYEADREELR ., VIZAN T —RTF
X IVTID,

BT, AFLIEZ HOWT, 2 OB E BG4 RT3 2,

FEAACIE, z‘~5f—/<3x~&@:%@k%é%ﬁf§\ F—
KRG A= B DN AR I TR T D, AT, Ko
REZZEH, BHOZER Y O iE@%ED EINE
X EHOREITRRTD,

Fig. 1: Visualization and simulation of 2D superconductors

3. HER

Fig. 2 1%, UL B, = 1.0 O T CBRAREKRIZIE
RN A T T, B LB 2% 1.7 sin3/2m, 1.7 sin13/
8m. 1.7 sin 14/8m, 1.7 sin 15/8nD L& yillli 5 [6) O B, & 2T
TNFLL T, Boax \HRBAL SNV W5 04 T D, Wil S

(ZHERU TR | R IR ATRSIZE > THIINL . £ D%
ﬂﬂw\@‘éo
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i - 17sim138r
s oF - A7sintdlgx
o . il 5 o
= 175158z g |
-1 N .te‘
o [ e ]
B o
Bl P
g O 7
2 #, ]
I .
E
E
= e |
3 -
F 1
L
-10 0 10

Position x

Fig. 2: Magnetic fleld distribution of a superconductor
passing a sinusoidal current under a magnetic field.

Fig. 3 (3B O SR B DB TER U e L& DR
BRNOWR S DOEALTHS [2] o (@ITHEARHRD AT iiE
BOABELRG G OFESREET WS TRTHD,

(a) (b)

Fig. 3: Change in magnetic flux distribution in a
superconductor when the demagnetization process turns
from the critical state to the magnetization increase. [2]
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Analysis of AC losses in MgB, wires due to externally applied rotating magnetic fields
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AL T B LRSI, BIE LT Fig 3 (ZHAIL AL
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1. Hypertech Inc., MgB2 and NbsSn brochure rev 10, Jun.
2019.

2. BF EENED>, FEF b EESRERE R T O RS L RO L
WA, IR T, 21 %8, 6 5, pp.348-353, 1986.

Rotating magnetic field:

in(2i+1
B("-J T Bm Ei:[! Ji{EH! (i:.:izz+|:;:),) (Tl
k;:Ratio of superimposition
w: Rotation angle frequency[rad/s]

Vacuum
@-formulation: V-V =0

Superconducting filament

" H-formulation: V x p(Vx H) = —o

ar

Fig. 1. Analysis model and method for a single filament of
MgB: superconductor

Table 1. Analysis conditions

Filament radius 26.2 um

Vacuum area radius 0.25 mm

Critical current density 3.15x10° A/m?

n value 25
Amplitude of magnetic flux
Parameters density: Bm

Rotation frequency: f°

g

g 8 & B
E 5 &2 2

Hysteresis loss [pJd/(mecycle]]

W

sssss

ok L I . . .
o 0z 04 oG 0a 1 1.2
Amplitude of magnetic flux density [T]

Fig. 2. Relation between the magnetic flux density Bm and
hysteresis loss when applying fundamental rotating magnetic
field

[T5 harmenicsl3rdvSthi |
fitting

Hysteresis loss [/ {m- cyclel]

oz s88’

o

005 ol 015 02 025 03
Sth harmonic superposition ratio

Fig. 3. Relationship between the 5th harmonic superposition
ratio and hysteresis loss when the 3rd and 5th harmonics are
superposed
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Numerical analysis of AC losses in multifilament MgB2 coils under a rotating magnetic field
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FFole. Nt Gl /37 A— 5% Table 1 IR, fEHTET L
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32
W, = e fABu] e Q(1) (D
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0.01 T OLAITBEE MR BTN 47 A ML T
WA, 0.1 T & 1.2 T OEAIIEBEEMERIFERL N7 4T A
HFLETHNL TS, S KEINMBLR T 2/ NSUVMEE B E
LI T L AR BE DR BN K ELIRDZEN D5,

F7=, Fig. 4 ([T ZEIIIL THB2R DL A8 4R 2 D
REZE ka2 . I KRFINBEREE S 0.1 T OGAE 1.2 T
OB EITFE—EITHERB L TOB23, 0.01 T DA I3IETIL
TWD. ZHUTE DT T AL NI H AR iR B 7 S
VEDRES S e RIS AR FE I L TR EV DD TELEE 25
nah.

4. FEOLESHRORE

MgB, FA NAESFRELTET VAR, A8 R AT
wAToT. FRCZ OB OV THEL 7. 414, 3 &
JLETVTHEIRL , @ERF O A CRER OB OV THEE
MiAAT9.

Fig. 1 Model built in COMSOL.

Table 1 Analysis conditions

Parts Scale

f [Hz] 0.156

A 36

B, [T] 0.1,1.2
J. [A/m?] 3.15x 10°
7y [m] 262x107°
Q) /4

Fig. 2 Magnetic flux density distribution 7 seconds after the
application of a rotating magnetic field.
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Fig. 3 Time dependence of magnetic flux density

a0 E
E 0.0025 0.01T |353
ot I WSS, ... 8| K.
£ 0.0020 e e
E 50
K, 00015 S
2 e
< 0.0010 150
a o
3 0.0005 105
o 0.5 S
< p.onoo B
= z : . . . . 0oY

3 q 5 ] T a a 10

Time [s]
Fig. 4 Time dependence of AC loss
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Current distribution characteristics of an armature coil

composed of two types of racetrack double pancakes
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R, RO 10%I12 ES>TEY, BRALIZE
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AT, REBCOABARE RN % T Ha 7 07 518
IR=A A Z AR 2 FIN U= BR D B 45 T & I B L7, M
BRI R/NFEFHDOREBCOaA V% AW TR R & 1

Long axis:190mm
Short axis:150mm

Fig. 1 schematic diagram of current distribution
measurement armature coils and details of each
coil.

Current [A]

—trand 1 =——strand 2

Fig. 2 Current distribution of each strand when a

30A current flows in 150Hz through three—phase.
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1. A. Takashima, et al.: Current Distribution of Armature
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Supercond., Vol. 33 (2023)
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2. EBEEEAOHME

Table 1 & O" Fig. 112, A B L7 BEERM Ot
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Table 1. Superconducting wire specifications.

Manufacturerer SuperOX Japan
Type REBCO
Wire width 12 mm
Thickness ~0.1 mm
Citical current 5300 A

at 77 K, s.f.

(b) Bulk
(15.4 mm in height)

Fig. 1 Superconductors for the experiments

(a) Stacked
(14 mm in height)

DC Motor

Electromagnetic Clutch
Torque Meter

pPM1

Superconductors

(a) Experimental setup

Bulk
Single Stacked
3 Stacked

S 1800 rpm

Time (s)
(b) Rotation speed as a function of time
Fig. 2. Experimental result of rotation characteristics
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1. A. Patel, et al.: Supercond. Sci. Technol., Vol. 31, No. 9

(2018) 09LTO1.

2. A. Patel, et al.: /EEE Trans. Appl. Supercond., Vol. 25, No.

3 (2015) pp. 1-5.
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1. Y. Sakurai, et al.: Proc. SPIE 10708, Millimeter,
Submillimeter, and Far—Infrared Detectors and
Instrumentation for Astronomy IX; 107080E (2018)

Fig. 1 (a)Overview of SMB, (b) 1/24

numerical analysis.

model of the SMB for

Table 1. Specifications of analyzed SMB model.

Rotor (PM)

Width X Height 12 mm X 14 mm
Angle 15 deg.
Remanence 1.27T

Rotor (Iron yoke)
Width X Height 5mm X 10 mm
Angle 15 deg.
Relative magnetic permeability 1.00x10?

Stator (YBCO)

Width X Height
Distance from rotation axis
Critical current criterion £

34 mm X 16 mm
294 mm
1.00X10*V/m

Jc 3.30X10% A/m?
n 21
Constant of Kim model 5, 0.35
0.52} | gap=10mm
0 | gap=4mm
-3 gap=2mm
048
0.46 ‘
E 0.44 ‘
w  0.42
o
0.4 ‘
0.38
D.BG,I N i =
0.34 .
0.32 L

-5 0
Angle [deg]

5

Fig. 2 Distribution of A B for different gap distances.
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Fig. 1 Schematic drawing of the cross sections of the designed

Rutherford cables with Hyper Tech MgB: strands.
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Fig. 2 Maximum strain vs. twist pitch in the conductor for
DP2 R&W coil.
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Fig. 3 Test results of /. of strands exposed to various
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After heat treatment

Before heat treatment

Fig. 4 Observation of broken Nb barrier with X-ray CT.
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Fig. 5 I dependence on dimple depth of Hyper Tech wires.
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Excitation test results of REBCO filed coils immersed in liquid hydrogen
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Table 1 Specifications of test coil (1 pole)

Width of REBCO wire 4 mm
Effective length of double pancake coil 200 mm
Turn number of double pancake coil 100
Number of double pancake coils 3

Rated current 100 A

Fig.1 Hlustration of test coil (2 pole)
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Fig.2 Excitation test result of test coil immersed in LN2

4 . 200

L
1)
(=]
Current (A)

Voltage (mV)
" o

N

y 4 :
0 10 20 30 40 5&
Time (min)

Fig.3 Excitation test result of test coil immersed in LH2
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Evaluation of the properties of REBCO rotors for induction motors with air core
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Fig.1 Set up of pick-up coil with round cross-section and the
squirrel cage type rotor sample. Three pick-up coils were
mounted to measure three direction components of magnetic
moments due to induced currents in the rotor.
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Fig. 2 Frequency dependences of magnetic flux linked to the
pick-up coils with round cross-section under rotating
magnetic fields. Three plots represent three components of
magnetic flux, U, V, and W. The solid line is the theoretical
curve.
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Fig. 1 Experimental setup of the measurement.
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Fig. 2 Turn number dependence of the current distribution ratios under

a frequency of 400 Hz in the single-phase coils connected with the no-
transposition or transposition connection.
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REDEM OEYREL | B D SSHRAEE LT, T
TTANYY ML DEETIR AR TEE B B L, WrEA B s
BLORE—XZEHOQ), BEE LT DHRENID D0 DHEE
B G L 7 BB A Q) BB L7 /PR L
@), BEBEBEaANVENME EHE, NI THE®RE 1o T
ETMELT, BT, BEEaA VISV IREa T Ty
MM+ AT L (T AR L — ) OB E DT A
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BA DA T 0T 7 A WAZHUNT, Fig2 (SERBR B LR i fig
W a7 R, AN AN L% N ICE ALZRWE S
SR 722 8 CHER S DB TE G AV OREIL, Wi —
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BEIAVIVEENRENVIERENFEBL TCWDHEEZT
WD, Fio BEE LI L BT L T
RNV EIZSIHTED 100K BEFTHHENS, Zhb
DRERLENM DAGENEF M2 5 J8 U T B AR ATt F 0, BB
AN ST DB ENT T T 7 AR B0
D, EREZRRL VR RRARBI IR IOV TR L
R —E T DR TE =, 2T, WRIZH HET AT
WNY i Ay e Al 2 [ SRy e

Fig.3 12, frEHT AT AN E A L7256 0 S5
REBNIIRNTHE RAE R T, AT ANIT DENEIZE AL
72356, BEEI AV ORERK T Fig.2 12 TR
725 TS, AT T AN W32 LC, AL
B NRaAL T T NRE DB SRR EST-T- L
Ezbid, BEE LTLAEIZ DN TH A TET AT A
XS HDMEES I, ARBIEIREIL Fig2 JVHIKTFLT
WHZENDND, Tt ANV BOREFHEZZ B LT3
EFRAT BN TH, 2O DRSPS BELcE TRy,
SMB D&Y — /L EL TOENRI T T L a T 5280
TEEEZ TN,

4. FLoH

T AN LEE LT SMB OE\EIKHEE T L 24
L., HHNBRA ERRE R RRFEL 7, F8F B, Wy
EN[BlHRT KA SRR A S AR L LT A O e D
RICAEFFFRIZ OV T IR E 5,
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Fig. 1 SMB schematic drawing and thermal network model.

Power lead anchor

300 —
i, Calculation | ™
1 -~ coil
250 1— ::‘\ K T +— results T —-= ulk
& e kT | e invessel upper
T 2001 \“\ K T Experimental | ::“
2 o1 results . bulk
£ 1504 + il 1 — & invessel upper
a8 LT Yy 7 o T Ensa— [
£ F - 1 y
2 1004
o 3TN
504
0 50 100 150 200 250
Time{hours)

Fig. 2 Cooling profile of SMB without helium gas.
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Fig.3 Cooling profile of SMB with helium gas.
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FEFREA R CRYES N ARG A VBRI AL (07 Ak
{EFFAF 2 2) DEHEFIAAT> TV VD, FRIE TR 5
FRFFEORTEIZIE B Uz, USRS 2 CrIiEBa A sH N
SNBSS (BDNTTE) BEK, TV T AL T L — R g
U CHEEI R Tl ME S22 A Z 8N TSN DD T
BB, Fio, ZORRE IR IR EL BRI OB L7 FRET
HHN, ZZITEH LU T Thi = EZ5i 3 07e< | BGHIELED
FEHET — 2SR QOBEBZ TODDLEEH TH S,

SHIZABIZECIL, ZAVDAEREA D Bk RIS (HEF
ANIVTCND, ST FOREFRIE B2 IR hRIC WL 1F
LAEDBHABINT 25 TORWDINERR T D, ~ w7 AftED
AR RSB AR F D5 [EAb7a b Hid RS D
ZETHDHH, ZOMRBRRIKRIaDEN T EARA S EE DS
(VIS T UBAEOODRNEEZ HIND, EARR ST BREE T, 18
W BRI DT AHECIHRES DD O TH D, Lizh3> Ttk
PEIOBREBREED PRSI, MRS LBl RS
WBZEDORIFORFI TR0 DEEZ NS,

ZOIH7BURITEES | Mgb oo A B LoD, B4R
TR T AN T DI DWIFEEA O L E LT,

2. RBHHBLUREBRAE

F WSS TIZH1F% GFRP O E DM a4 =R
(RT) SRR HBIRE (LNT) Tio 7=, EFEEHT G10 8
WRTHY, HTAEREEGRIIN 65%THD, BHTAW
FEREE (ILSSIEEEIR T 49+3.8, IRIRERIEE T 80+2.9MPa
OB THD, ZOMBEK 1 IR I B EWI R &
BRI EL . ZOMEORENGER 20mD AT | 720
JEEEK 0.5 LT, FBIESOMKIN A RIE LR IEZESH
REECRIE L=, BERIMIME Fmel, erF"*ﬁ%{ﬁFHL
7o PERFCIE, FREBRA
&:FE#JZ%EWJDL\ Z DI
Fa—ELLTERIT
B 7 O Ay R B
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Fig.1 Shape and dimension of
tested specimen.
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Fig.2 Dielectric strength under shear stress obtained at Room
Temperature (RT) and Liquid Nitrogen Temperature (LNT)
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Fig. 3 Dielectric breakdown path
at LNT.
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Current—carrying properties of the 20—kA—class HTS STARS conductor and prospects
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1. [XL®IZ

WO T T <A FEREEE O~ 7 2y M AT
HRE W E R B EE (HTS) Bk L TN E D #7053
HHOHAIK : STARS, FAIR, WISE OBFA#IT-> T\ 5, =
@ 5 5, STARS (Stacked Tapes Assembled in Rigid Structure)
BRI LK 0> REBCO #ipf % B A g L T e bsir
— U TN, Ml E L — e — AR LT AT UL AT Yy
N CEIZE Tt &R R I BN T D, T—7
JERk > REBCO MM FEHTIEZHR U SOHRNL & AFLTUVNRUY,
VANV BE G FFHR ~Om# A2 $H I LT 2005 4E 56
FEIRD, 2014 H(21F 100 KA BRAEHERER A (2K ~3m) T,
IR 20 K, B485 5.3 T (W31 d~300 mm X)) 1238V CEHE
fiE 100 kA ZEERLLTZ[L, 2], BITEIL 20 KA R CHEM /s
ROBRFEHED TVB[3, 4],

2. 20kA#R STARS Eik6mEHUTIL

20 KA #% STARS ERDFRER 21T 9 729, E£Z 600 mm,
3 =DV /A RafLBRTER LY TV E
RIVE L7, BROWHIXEZ Fig. 1@)ICRT, 12 mm 1§
REBCO ###f 15 Hafifg L. L E(bptr— v 7 2
TULVAY Yy FOMIEA T b T =T BB THNE
ML LT D, B LT EIR O ER ) — F4E
R il & A B L. 2N & K D R S AR R IS &
B iz, I o iE Fig Lb)ord, ko
ERIT6mM TH Y BRI > THRY 72T =—7
WZA~Y 7 DT A Z G L CRIBHR A Z 1T 7o, REBRIEE I,
ARTET00mMm OBEEY V) A R~ xy hEaHL, ¥
VT NBRD LR > TR ZENIN L 7=,

3. 20 kA RS ESIMEBZE STARS BADHRER
%1 BlOmHARRER Tk, S5 8 T, IRE 20K T
ERER 1I8KA T TLETEIBEBCTEX DL L 2R LT, £
7o, AMERRESS 8 T IZR W CHEHEE 21TV, AT < Tl
TE LT3 DR BT o 7 VER ORI L CHEEIC
END Z ENBI S, ZUTE LT — M E
ELEREBEIMICLAHBELEZOND, BRENDL T
B O PR A WEHE I LT F a y M5 & iR
frlieoTEHY (Fig.2) . Mg LIzl A 27 & v
ADEICH &S EHEBROAOIEAUIC L - TEMEN
IZHATIRETH D Z L 3o 72, 55 2 [0 AR
TIIAMNBSGE v O G CTREBROREEZ T2 25, 8
T O%E L AN THEREBEOREEHENE | HHE b K&
WZ ERBEH LN (Fig.2) . BIE, INL0MEEEZER
BNCHAT N, FEY I 2L —Ya &2 T-o T 5,
—J7. % 2 [FIFRBR CIRE 40K, i 6 T 12\ Tl A&
MREEIT -T2 L 25, 7 = FOEEICEG U TR A S
DIRT D bz, ZOBRICERER OO0 7 =2 F
HIFE A 100 mV, 100 ms THMF TV, Z O TITRE
KO A BTN IZE L BEICR Yy P ARy b
BELLTELSRVBET-AHREERD 5, R E L TR

— 101 —

MO FRE NS LTz EHEE STz, T D, IBE % 20
KETTFmEZ A, THEDOBT, 18KA £T1KASDE
M 100 [F O R LA 1T 9 Z L Ix &z, 7 =
FAZ L DHREIR T ORMEIZ S\ T, 7ol H L
BIZHEMER 2R D TETH .

@ (b)

REBCO Tapes
Tig Welds .
/ 225 N Bi-2223
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7
N —[.___ — 1 Current-lead
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h \ i, Cooling pipe
inlet
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Electrical Insulation
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STARS conductor
Fig.1 (a) Cross-sectional layout of the 20-kA-class HTS STARS
conductor and (b) illustration of a 6-m, 3-turn solenoid sample.
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Fig. 2 Observed residual magnetic field, when the transport
current reached zero, as a function of the ramp rate for
excitations with the external magnetic field of 8 T and 0 T. For
the 0 T case, it is considered that the circulation current reached
the critical current in some tapes at a high ramp rate.
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Development of Strand Trace Measurement Inside Cable—In—Conduit Conductor Based on High

Resolution Rising Temperature Detection Initiated by Selective Heating of Strand Cross Sections
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1. [XC®HIZ

KB D~ 7 Fy BRI —T A arPy Ml
IR (CIC EAR) NERFASITRY, BV 38 LK AT
I, MVHHEIREMN R EORMEDD, BEEIEER~7 3
VT FAEAED B AR L 72> TS, EASK 0.8mm DAETE
BRAREEERE 1000 AL |, ZEICRO GO 2ERIL, =
OV RASDOIEANIES TEMESNAD T8, WO FARE &
DML, SATFERNCIERIFRE R DI ELILC, Tk
DM IR E DRI BT AR B THD, ZhE, FEhf
DALHE DB ABARTZT Tk, BULER% DR AN BN
fais 71, SHICHEBERO BRI DEROBELFNES
{bZBIER T, #5Z ITER B OFAYFHEICIX, ~7 %k
DRI UIE THDT=0, T ETOEK -~ 7 Ry MR
BITELER AT AR &UT 7 (W&R) 21T T4,
IRBLER R | R EREAT), YT 7R &TA VR (R&W) E D
AbEZ2DND, O, BIEEOBHBIOER I
SOFEMEALEDOHEWE T D RIEOMWNE, 5HO
Ala~7 Ry ARICESTEETHD, HRITIZFERO
BlE 2 BER R CHEEL, EACBEEREOHEEETIT-
T2HFEL 50301, 1000 A% 25 NbySn EAKD PN R
B @& DRNE L, FIUTEE DN =E BT D E B AT 12T
bh T\, FZ TR )L—7"TliL, ITER TF &EKD
SULTAN > 7 V% W CREfl72 B R E 52 AT RR I
DEEEBREIT>CND,

2. SHBIDT=6HD CIC BikH TV #fiE

KT DA Table. 1 1RT, ETEMANEE
HZE5| &L, RO TR U2 LA, [E 6 CHRERE
EREALLIRNEDINTT D, RICEAREFHMIZ 10mm OF
I CATAAL, RIROIWrEZ % HE 5, B0 1mm
Kl T D720, YW R 2w Gt b LR o
AEIXIEIFE SIS R 70D, — 7Y 7L i W ) (10mm)
DFERBECEIIRESEALT D720, FRIWmoOmm - T
DF 2 DN EEFFETILENDD, TRV EFELRET
J7 LTI THOHC 3 TN IE BN 2D

3. HRYIMEALE ORI E R IE

BHIFINET, FHRYIMHEFICES 0.8mm LA FOE
EIIN 70— 7 2R A IR L 24 ¢, e — 7 B HI A A L
TNEBEEZRIT->TE2], LA, ZOFEITRAR R L

Table.1 Specification of CIC conductor sample

Specification of CIC conductor

Diameter (Inner / Outer)[mm] 38 /43.8
Num. of Strands (Nb3Sn / Cu) 900 / 522
Cabling Pattern (2sct+1Cu)x3x5%x5+corex6
Twist pitch (1% / 2% /3 /4% 45/85/130/250/450
/last) [mm]

Ave. Void Fraction [%] 33.5
Thickness of Pieces [mm] 10
Total Conductor Length [mm] 200

— 102 —

B < (19 38%), 7O NbTi SBARBEIR TOLB T, KR A
R0 Nb,Sn R TILTE 2R FFEII R AIRETZ 272, TDT20,
IRFATE B 2T DR U i ~D ANBZ LD R Eh 7
BBIOHEBREEBES FRORE FF%, Kxtm o
Wi |2 Y —3I A%« 7 "2 —7 (0.6mm X 0.3mm) %4 C, IR A]
PHEFIRIEE CORELLRFESL « LR RIREZE dT 2/
HIL TR L, 10mm EORBHENGDHFIELFHIE LI,

4. REROBMELER
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Fig.1 Temperature rises of strand cross sections over time
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Fig.2 Time constants of the temperature rises for No.4 and
5 strands.
ABFFEIE, QSTIRIBIFED B AT TITh T,
S E Xk
1. H. Bajas, et al.: Supercond. Sci. Technol. 25 (2012)
054019.
2. T. Yagai, et al.: J. Cryo. Soc. Jpn., Vol.75 (2006) p.250
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On-site insulation reinforcement for JT-60SA superconducting magnet
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MURAKAMI Haruyuki, TSUCHIYA Katsuhiko, KAJITANI Hideki, NAKAMOTO Mio, KOJIMA Atsushi, YAMAMOTO Satoshi,
ONISHI Yoshihiro, KAWANO Katsumi, HAMADA Kazuya (QST)
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3. JT-60SA ER D Z RN
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BIfEIL, ﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁ@fuwvw\"/‘/Ifft%ﬁ%:
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SE

1. H. Murakami, et al.: Abstracts of CSS] Conference, Vol. 99
(2020) p.65

2. H. Murakami, et al.: Abstracts of CSSJ Conference, Vol.
100 (2020) p.29

3. H. Murakami, et al.: Abstracts of CSS] Conference, Vol.
101 (2021) p.23

Joint cylinder
(Wet wrapping)

Cable extraction J
(Casting)

DAELTZGAEOBIENFREIND IO, HTAT 4T Fig. 1 Insulation reinforcement
Table 1 Advantage and disadvantage for each method
Method (1) Prepreg (2) Wet wrapping (3) Casting (4) Plastering
Required X Large OSmall X Large OSmall
space It needs space for Workable if tape can be | It needs space for mold Workable if resin can be
press jigs and heater | wound assemble plastered
Applicability | AApplicable as long X Not applicable OApplicable O Applicable
for complex | as press jigs fit Tape is slipping if there
shape is tapered surface
Insulation (OHigh (OHigh OHigh AThere is risk
quality Work quality can be Insulation work can be Work quality can be It is quite difficult to restart

checked before
heating for curing

restarted if wrapping
quality is not good

insulation work due to short
curing time

checked before resin
insertion

Curing time is 48h

Applicability | OApplicable X Not applicable X Not applicable O Applicable

for large It is difficult to keep Risk for resin leakage or

material tape in proper position air pocket in resin

Working /A\Not short OShort /A\Not short ©Quite short

time Many work steps Wrapping is quick. Double curing (Casting Curing time is several hours

and wet wrapping) because of accelerator
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Short circuit experiment of HTS tape conductor for Superconductmg DC power transmission
(SCDC) - 4
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YAMAGUCHI Sataro, EGUCHI Miho, IVANOV Yury, KANDA Masae, SAITOH Suzuo (Chubu Univ.);
Akira NINOMIYA (Meiji Univ.)

E-mail: yamax@isc.chubu.ac.jp
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Fig. 1 Short circuit waveforms of voltage & current for
SuNAM tapes (upper), and voltage/current ratio and
current (low)
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Improvement of energy use efficiency of renewal energy by DC microgrids using SMES cables
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[1] K. Higashikawa et al., IEEE TAS 29 (2019) 5402204.
[2] K. Higashikawa et al., IEEE TAS 33 (2023) 5400405.

Fig. 1. Conceptual diagram of a microgrid using SMES cable.

Fig. 2. Output power fluctuation compensation behavior in
various cases (see Table 1 for power supply configurations for
each case): (a) power supply by PV on a clear sometimes cloudy
day, (b) power demand, (c) power supply in total, and (d) power
difference between supply and demand.

Table 1. Availability of supply-demand balancing and energy use efficiency in various cases.
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Evaluation of current—carrying characteristics of superconducting current conductors using

scribed RE-based coated wire
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Fig. 1 E-I characteristic of the coated wire and scribed wire.

Current terminal Conductor section
e -

25 mm 50 mm 25 mm

Fig. 2 Fabricated current conductor.

« Experimental /

—- Fitting curve

1
I[A]
Fig. 3 E-I characteristic of the current conductor.
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The effect of external magnetic field perpendicular to the flat face of superconducting tapes
constituting parallel conductors on current distribution between each tape
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Magnetic
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Fig. 1 The magnetic flux density distributions and the
electrical neutral line in each tapes in the parallel conductors
composed of two tapes. a and b represent two cases of current
distribution, non-uniform and uniform, respectiverly.
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1. A.Kobun, et al.: Abstracts of CSS] Conference,

Vol. 104 (2022) p.62
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ZOREINE, [ESTFFEBR R TE N = kL — - FESEH A
A B HAE (NEDO) OZFEEB O REONIZHDT
7,

Race-irack coil F—

Fig. 2 Numerical calculation model of the parallel
conductor. To consider the effect of transposition, electrical
connection between each tapes in upper and bottom conctors
are changed.
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Fig. 3 Current distributions between three tapes under external
magnetic fields, a and b represent results @0T, 1T, respectively.
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1. [ZL®IZ

B B AR, T4 AT L A R B, B A
TR T NT U MMENRARE OBEIC EEM— AR
FEENTND, TOHTRN—AMNIEL L IbN A/
R ANAT VR LA THY, — R, B LIXZER T
100~200°C, FREFRERFTIZE 10 SRREE CTIThid, ~—Rb
B RWFIF O EZ B F 52N TE, RTY—
FIRISeA > 7Y = NI CA L 7R L TR &S5, EiE
{bt% DAL= AN, BEAVT R AR | BB ST - AR ) B
etk ARV AR ZEN BN TN D, BIRE 2 —
ARDBAFEIZED B CHEIEOBREE AT, 2T N
ARIBTHBEEA L —a X7 OB EL CTHEA T
HIENTEL, BRARED A = A LE, — I, BHIE O
{LIHEIC Lo CE BT 7 — A LAl L . EREE N
LoHEEZBND, LTe>T, Bi@tEiEs M LS/57-9012
13, 747 —[R L& TEXAETIESTHMLENRHY ., G
KEL, T4 T —DEME NS BIR T AL E N H D,
RS T, AL R E B RS R E L THIHS NbN
REMRE NN o= AN EE S5, o, 20—
MEWTOISREL T, BRI R 2 6 35 B S AB AR

DOFRNEEAT o7, IO, BIREER~DOIEAER5729,
NbTi #E/ X K /NbN ~2—2Z/NbTi [ S R & s EL

FERHEHIATE LIz Tl ¥ 5,

2. EER

NbN B i~ — 2T, NbN & By, =RFHIE. 5.

fEALAL, FIREEA A Fr L | FER I OIF Y — T TRES
L, B— LUV TIRML T — ISz, Fio, AR
VX B 2 1 (Quantum Design, PPMS)Z VT, 4 Ui
FAEIZEDIRFE 2K 75 300K O CHIEL 7=,

3. MERLER
(DNbN BB RE AL FZR—R R E

NbN H{E#E % JEX 100, 200, 300, 400 u m DAFEAZ /L
~A7%HWT, A7V —HIRREIZEY SrTiO; (001) B i
FERRITEBAT LTz, K& 180°C, 20 43 DINEME(L 1% D~—A
FDEEIE, Z4LFH80, 150, 220, 300 2 m Tdhr->7=, NbN 2
— ARDULHERITH 25% THHILEN 53D 72, F1-. XRD Hl
TEDREGE, SrTiO; (001) Bk S FARK D (001) , (002) FEIHTE —
7L NbN Ol —27 & LT, 72, Bb%O~—2hD
Wr i SEM 28I L SrTiO;(001) Bk S Fafk F i NbN ~—2
B L, SETFRO NDN 74 Z—3EIZ TS, <D
4T =BT DT 4T — LB QDI AR LT, Fig.
1 IZJEE 400nm D AKX )L~ A2 % FIVNT SrTiO; (001) BLA b AL
W EIWZ2A7 ) —EHIR#% B L72 NDN X — R M (g 5
300nm) DHHTR OB K FIEEZ R, BRMOIKEE TS
BB R ENE R R, ) 16K TIERPIRO LN RS,
9 10.6K THPIRN Vel BInEE R ZEN NS
(1,
QBEMEBnER

AT TR 72 SrTiO; (001) BEAE & Fabk B& V., [
HRELTHNT LR TR RAT UL 2 A LTz, AZ
U= AZIZ0E . 6mmX 140mm DR E R EERL - E S

— 108 —

400 u m DAT UV AREE LTz, FlRl#:, ~*—AR% 180°C
DOFMRIFIZ 5 3L, N—AREEAIRREIC T 5, KIZ,
i PRI L AR RIS — R T 8IS L, B SERE AL
770 IT, ZO B STIEA 180°C T 20 4y Msilpsw -, #RHiR
DIRERAELRE LR SENORIEETE B
BRURENEZ R L, F 15K THATEOBLAAED K9 11K
TP/ IR, BEEERTIENDho7[1],
@NbTi #E/ Sy R /NbN R—Z +/NbTi SERE/ VYRR

KR RIEBL A= EHIRIEICED NbTi #iFE- <
K/NbN /NbTi #EE—/ Sy N2 R L, HCPUiE O E
RAFEMEERE LT, ZORER% Fig. 2 1287, 15K 255 10K
DOFEIE TIPUEAFELNITIE T 5D NbN ~— RN,
7.5K TARMITIE T 201 NbTi BEOBEEB kK
T5, 2 DOBEEELR P HERSNTZ, ZNHORE R, B
I ET S AMERE R ICB W T, ISR, BimE
AL — N — B H TN DIRD 3 DD B
il IR D,

2600 -

Resistivity

0 L L L
0 10 20 30 40 S0
Temperature (K)

Fig.1 Temperature dependence of resistivity of NbN paste
(¢=300nm)

40

w
>
T

Resistance ()
[
=]
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Fig.2 Temperature dependence of joint resistance of NbTi
film/ NbN paste / NbTi film

B AW O— T = RV — PRI A B Rk

# (NEDO) OBz EviThii:,

SE3H
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1. [FC®IZ

Ag ¥ — A (Bi,Pb)2SrCaxCus0,[Bi2223] % & # #4 (DI-
BSCCO® U)X\ B S AR & B 7o M 5L 20T
HB O m G 5 AR I 2 5 Ok 2 BRSO IV B
TWBHE, i ETICH AL, fissb D72y DI-BSCCO®
Type H - O BARERE G HAN 2 ML LB, S HIZNi G
47 — 7 MR TR E Bi2223 44 (DI-BSCCO® Type HT-NX)
MICBWTEHNRES L 24T 2 BEEHG OBRREIC
D LTz 2 & AHE L CE M, 2513 ST RkAE Al
EHFEDOL ETHOLNZERTHY . ZOFETIL, LTS,
Bi2223, RE123 DA ## & B AN HES L7k AER 1.3
GHz(30.5 T) NMR #A41 GE#RIRE 4.2 K)DOBHF 3D S
TW5, FrZ, B3 Bi2223 MM A TITIEMm A
FIETORGESEAFINOMESL AN MIA L 72> TV DB, K
e CIImEAHMONIEZ S HICED L L2 B E
L. 2NECTERL T BEEZAHETE L &I, £V
Fp R G A i L 72 UL PE o s i A 4 Al B (( DI-
BSCCO® Type HT-CA )35 L TN 2 7 o L Z4fis#( DI-BSCCO®
Type HT-SS )Bi2223 ##1Z%f 7~ D BRSSO BT I $ L
DRI R T2, A [ENEER & 72 AR [ 0D B2 G0 O B
W77 K TOHEER I DBRIZ OV TR ERE, B2
G L OWERT, HIRRKFOBEEED CTRET D,

2. EERAE

DI-BSCCO® Type HT-NX #i#f [l O # A AFR Tix, £ TR
JENEL E BRI XV iR A & T — 7T L IXATE R E
L7z, ZOMMEERONARE(~ 0.4°) THEAHE L 121 A0
BIRE T 4 F A bD 6 FIRELAZBHIEEDOLICRAT
U—%MT Lz, 27U —Ii3 Bi2223 (B R, KOZFD
ABE AR R 4 Bi2223 B R EIRA L, =%/ —L &7
X ) —IVEMZ A=V INVEETHIETHELEZLD
Th D, WO, FHHE DR RRIRICHEAE DY T
BEEE Ag HTUATE, —Hi7 L AT, 3 % OAr KUt
Hi. 830°C, 24 h T—RBERAATV, HRE—dh 7 L 21
3 % Oo/Ar K. 820°C, 24 h T WKBERLT 2 2 L12 kb
BAREI AR, T L AR OR A B R L,
~ 150 MPa & L 7=, DI-BSCCO® Type HT-SS #t#f. DI-
BSCCO® Type HT-CA #p4 B O#EA 3R b [A] U 515 CIER
Lz, B DN EEHI W T, BRI IEIC L ik
RE R T CHD L&, Wim & T O SEM #2121V
BEA I OB R 2 7~ 7=,

3. EEHR

Fig. 1 1248 R DI-BSCCO® Type HT-NX b4 ] 082 &5k kh
D 7T KNZBT D LV FEERT, /A XEREDD, 7
BMERSEWES LERL, 4B H~80ALIE, 55
3FREIOHES I 13 100A LI LT %, Fig. 2 {2 DI-BSCCO®
Type HT-SS #M M DB EFEL D 77 KB 5 1V Filk %
Y, A LIX60 ATRETH D0, M3 Eb-Th
ARG G DR T & T2, T 3 b 5 &~ DL Y

— 109 —

R S0 t3E D o0 RiE T L 0 BRI RSN A
DY IHMERFERS T LA X SICEERSIEI
TEHZEMS, BUE, 70 AOKELEZ#ED TND &
ZAHTH D, Y AL, DI-BSCCO® Type HT-CA #4714
B RBIOMAIRCEEREIC OV T LG T 2,

Fig. 1  I-V curves of superconducting joint between DI-
BSCCO® Type HT-NX tapes measured at 77 K in self-field.

Fig.2  I-V curves of superconducting joint between DI-
BSCCO® Type HT-SS tapes measured at 77 K in self-field.

SHEE
ARWFIEIE IST RfALSAIEFZE IPMIMILITA2 O XHE %
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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. U. Nakai et al., Abstract of CSSJ Conf. 102 (2021) 47.
5. H.Maeda et al., IEEE TAS 29 (2019) 4602490
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Resistance evaluation of superconducting joint for Ni-alloy reinforced Bi-2223 tape
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TAKEDA Yasuaki, NISHIJIMA Gen (NIMS) ; NAKAI Ukyo, INABA Hayato, YAMAGUCHI Sho, MOTOKI Takanori,
SHIMOYAMA Jun-ichi (Aoyama Gakuin Univ.) ; KITAGUCHI Hitoshi (NIMS)
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1. FL®IC EVME T o7z, PIETIE, r=3.5ks £TIZ 10A LLEDM
ez 13 IST ASRttSAlEFE R vy = MU T SR LIS N AN R o S a/a = Rl E= AWl gV e € ) 213 1100p DES I
A TR A B S BT O Y NMR S8kE S ER A~ JObEL, EIRATER (Loop/le) DEDST-T2DIZ, R HFEIK
29245 ||ZBMW L, 1.3 GHz (30.5 T) LTS/HTS NMR <=2 %> 7257209, 10) AR END, 24 H IO ERE R LR, Ni &
N1,2]1D K A FEFE R E B9 572012, HTS @REHES SR Bi-2223 MM MO BIRERE G OIS~ T R Nk
B OB ICHYMA TS, ZRETIZ Ag ¥ — A FADFREVEIC OV TR 5,
(Bi,Pb)2Sr2CarCus0, (Bi-2223) % LN #Af (fE A 7E T 41 il
DI-BSCCO®) % W38 HE DI LI 3IL , i
BRSEI (L) SARWEERAHAT (R) & FEBILTZ[4],
TERD Bi-2223 HZEHEA B ISRV TIE IR O
BB Zfd > TUNE2Y, 1.3 GHz NMR ~ 27 %oy M3 i 72
Ni A4l Bi-2223 ##41 (DI-BSCCO® Type HT-NX [5]) 7%
oD, Fexld, ZOBMOMBMEIEZRETHZLTHR
(REHBE DB TELIEEMELIZ[6], RIEIETOART- =
[7.8]ClE, SO RIER S O 1 7 L F IR E R L TS, Fig. 1 loop—t curve obtained by current decay measurements at
AR, LREOFIET 1 AROHIRAM O WA G S 42K and B=0.2T. Exponential decay curve deduced by
T HZETIERLIz NV — 73RO A TA | EItR=HNE fitting data points at # = 2-3.5 ks is also shown.
ZEDRHIT L 7255 At 35,

2. EBRAE

1.6 mE D 1 AD DI-BSCCO® Type HT-NX Djisiiz, T4
NG L CEZTIEB4,6-8] TRIZEREAL, 3 BEREOL
—7" (B 100 mm) FEZERLTZ, B OA ¥ 72 A(L)
L FIR OB O SREND 1.4 pH fRE L RS b,
BRI FIETRIELZ 77 K (RINERIZIET) 0 O
TOHER L1 1 pV EHETH) 100 A ThoT,

BRI E T, Fhx ASBAFE L 7o BE A IR IR 2 & [9] %
JANTI T o7, BHIIR T A — 7B (loop) (X, L—TF D
HO B E LA L& O TRERRIICHE S LT, o
T LR VR AT B A DY T B R H AR [10]% VTR
HIU72 Doop DIFIE] (1) ARAFMEZ TR ~77, Toop < exp(—Rit/L) |2
lhoop—t HIBRET AT 4 7[4,9,101F 52T\ Rj & AL ST, Fig. 2 B dependence of R; at 4.2 K. Each Rj value was deduced

0-1 T OeYs (B) XA AT H M4, 10[ICHINL 7=, by fitting data points of ¢ and Jiop in current decay
measurements.
3. HRLER
Figure 1124.2K, B=0.2T COMERFATT, 908 oy~ HIBF
13233 ATREET. 1= 5 ks I BT AERIHEIL02 A UL T °h ARFFEITIST ARt A E FZETPMIMIT7A246 L TNUSPS

577, B=02T THEHEE 1D hoop LB, 233 A FEEE DK FHEFRIP2IK 144820 SR AT TbOTHD,

ﬁ\aﬁ(}lhﬁ)ﬂ/“—‘ &Uﬁﬁﬂfc:&ﬁ%ﬁﬁ‘%%%ﬁa ZD [loop li %%Xfﬁk

1.3 GHz NMR ~ 7 % O iR FHEIAE T 1,2] SRR Th D, 1. H. Maeda et al., IEEE TAS 29 (2019) 4602409.
1=2-3.5ks TOT AT A 75 Rj=5.6 x 1074 Q LRAL 2.Y. Yanagisawa et al., SuST 35 (2022) 044006.
BTz, ZOMEIE EFLO NMR ~ 27 3% h T HTS @ Rj B3R 3.Y. Takeda et al., APEX 12 (2019) 023003.

i (<1072 Q) [1,2]% FlE>TW5D, 4.Y. Takeda et al., SuST 35 (2022) 02LT02.
Figure 2 (2, 4.2 K, B=0-03 T {235 Rj ® BKAF AR 5. T. Nakashima et al., IEEE TAS 25 (2015) 6400705.
T WDTROTE T, A Toop 13 233 A FLEETHY., Ry 13 6.Y. Takeda et al., IEEE TAS 32 (2022) 4301005.

) — e X 7. U. Nakai et al., Abstracts of CSSJ Conf. 104 (2022) 80.
—2.35ks TOT AT (> ft, 577, B<0.2T Tl
1=23.5ks COTAYTALTDORMB2TE BEO2T T "'y b al. Abstracts of CSSJ Conf. 104 (2022) 81,

TN - <1013 P 2 N LS '
BB Le> hoop IZEDTL R < 1070 Q &7 MG %u& 9. K. Kobayashi ef al., IEEE TAS 30 (2020) 9000204.
B BISITz, —7B=03TTILR =69 x107"2 QL 10. K. Kobayashi ef al., [EEE TAS 32 (2022) 6601404.
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Measurement and evaluation for critical current of joint between Bi2223 tapes fabricated by
multi—junction method and for persistent current of its coil
SR P (ELR)

KANAZAWA Shintetsu (MIT)
E-mail: shintetsu_kanazawa@muroran-—it.ac.jp

1. [ZCoIz D NMR 2B IR BN TODEHESU R D AT RENED
NMR %70 & O A BRI vl RE7 e Bi2223 b o (A
BBIREEA T, MW RBRE 10 2QREOEKEIBLIN
FRBED B WG e SNBSS TND, Fhx BMERL
T2y FRRs R 1] CIE, Bi2212 AR KLY Bi2223 #ib A4
L. &SR LG A @< 97120 Bi2223 23 Bi2212 |2
SRR T DIR LA CMEV T 2R H D, D7, #
AREO R EIRE T Bi2223 FHO S VA RLEREE M H+5 C R
OENEWEE DN, BEHBEOIES &Rl Ik
BIOHEA TIOIHRIREFRPAPNICILELZ LT LV, Zi
%ﬁ’%‘ﬁ%bibc‘:bf:jﬂfﬁivﬂ/?“/“’v‘/%ya‘/Y£[2]T“E§)U\ #
Bmlichbi CEAT 52 kfiﬁ@]fxbﬂéﬂzmﬁ%ﬁa“é%/\
RENVERIT DRI ED, 2R XD, BV E R AR
B EER T AN E TS,
INETHBELDOYNLF v rar OmaREERL,
TRCEFERO M ENRGIL, B OBSGE TTK TR
50A FLE DG FUETEAHE ST, ABFZE T3/ N A 1z
BWTAEDOEAZITV, TTK THEA MO R EREaA L
DK EFRO EEREHLZ D7,

2. RE (a) (b)

Bi2223 7 —7 i, EAE LMD DI-BSCCO Type Fig. 1 (a) Bi2223 coil with a joint having 4 junctions (b) picture
HT-NX (RVAIR T 1L Mz ) ZE R LT, BB of one junction wrapped by a Ni sheet.

77 K, BB T 170 AFRETHD, AV OEEITS 7 v
=X)L THY WL 50mm, X —2 803G 22 #

—LThD, PEADORMLIIEL T, Bi2223 #ikf offiskbtr &1% [ ™S 1=50A  peasured at 77K ]
AEEBREL, FHEOH Ag REICUE, A HHEIZ A L00umit .
ke VT Uy aEE VLT, F#1TRLZEVLEE

REMEUT, BT LR DTV Bl T 1 R R
FrL7c, BMLERIZ 0D RS IE @ JIE TR THY | 100°C

—_ —
S w
S (=]
T
)F
S
)
[
>
|

S
=
s . L,% Q95 T T T 1
LUFIZ/2 o THBIRO B 2 R fi LT, /ERL 7oA L &85 o [z 94 ——— o= |
A i 1oL R S
1 Bi2223 BH IO A OIER A 5 302 g1F — fiedwin 10" ]
< IVF Vv ar O 4 38 = r 590 1o 20 . 21 )
r <
< IVF DV ar OFERIRR 3h X 4=12h ol s , Time (h) . o
HEE ORI (C) 890 0 10 20
PrfFIFH] (min) 1 Time (h)
3. EERERLELD Fig. 2 The magnetic field of coil center.

3/])/1/0)35% B@Eﬂﬂﬁ 5 H EB&%T@UEUL_F% E§1%¥
77T K T50 A Tholz, ZAUL, Bkt Co4H DA LRI U = . . .
BB T, :,4»;?/ 2B 50$A l//\“/lj;gﬁfﬁ“éé?f::k AWFFEIE JST RAttSAEFZENEREESIRM A
Lh, UL, A CIMMH ARSI it 0 OB E B NMR L ERE X AR~ Ot 2 R
o< . WE R OB LA M AT Ll s o7e,  IPMIMITAZ) DBIRESITT,
B SLETE N Fido o Lo Tunany, B E R B4 ) E Szt
@”é_ TEEL SR KA EBIROBIE 2T T, AL oA

DIME BT 50 A LU, ZHb kA E R E—RIcL [1] Xinzhe Jin, et al., Supercond. Sci. Technol. 32 (2019)

035011

o EI s F 2127 o D2 =5 N
7;(%2 [&i%’fb\ggﬁ) ;{;1 ;j;ﬁ);ﬁ jj;gjj{g;%mg [2] Shintetsu Kanazawa, IEEE Trans. Appl. Supercond. 31
HT5EEATS, Thrh, 22 WIRGBHEIC 25 A Lo (202D 7000104
7o ZORED | RPN R LIZESIC 107 QRRETH
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Analysis of burnout phenomena caused by the connection structure between REBCO tapes and
current feeder in WISE conductors

G R R B U I R RS, SR ;
DIEGO Garfias-Davalos (GRABIFR) ;/NEFSHEER ., FESE (BZRl &)
NARUSHIMA Yoshiro, HAMAGUCHI Shinji, CHIKARAISHI Hirotaka, YANAGI Nagato (NIFS, SOKENDAI);
GARFIAS-DAVALOS Diego (SOKENDAI); ONODERA Yuta, BABA Tomosumi (NIFS)
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1. [XCHIZ
R R B (HT S AR D) VUG R AT~ 27 o b
D1 H % B 12, WISE (Wound and Impregnated Stacked
Elastic tapes) K[| DOHFFEEHED TS, WISE AT, B
MFERE HTS 7 —7 M 2 BB FTE DA VIBRITE S
ﬂ‘?bt@fb CERBMAEE U 7 TER-EET L0, A
W D @Ok e~ 7 2 MR DN REL T E DR DD,

2. WISE 8{AERI4—4 —EBDFE

WISE B {RD @ E BRI T, BT —F — i DOiE
J& REBCO 7 — 7 IZBEMN R AU Z LT BEICH A ST
B[2], BT 4 — & —HEEE W B U(X 1) F R R B 52
FELTZRE S, T = 20K, H 54 TIcBW T, 1= 19kA

THIRT 4 —4 —H80D REBCO 7 —7 3B L72(X 2), LA Fig. 1. Improved current feeder structure using
LR DR AT P I HER AN | AR R EAMRTZ AL T the integrated support board structure.
7231,

3. BRI —F—EDERBENT

L7 4 — & — 8 O T E AT A A R R E
(ANSYS) TEtHE L7-#E J., fif@ L7 REBCO 77— IZiiii
AT EIRAE DS FER — 12720 | HRAT 3y Che KB IR E () 271
L7z (K 3), ZONrE L, EBRCRERL- @i —£+2, &
M7 4—%—& REBCO 77— %k 1% U 7TuADEHD
FEE—VEDS R TR R S L O R —VEa A A L, B L
72 REBCO T—7" D —#m o7 — 7 — KU 0 Dl B i
T Z T IR ERN R AT DIy o FRB NI AT L%

ZBID, YL EOFERDG, WISE SEARIZI T AR BIGHE, Fig. 2. Bumed REBCO tape. The root of the
EiiT (— A —& REBCO F—7 L OHEgbE iR+ 51, left side was burnout to torn off.
DThHEEZBND,

4. FLH

WISE E{RIZIW T, Bt 74— & — i o HEHE R E 2 B
BT o=, F1-. ANSYS ICEA BB E AT DO HE NG,
B ATICB W, B8 REBCO T — 7 ICHiALIA T B
WIEY)—CTHLZEDRENT=, ZORERNG, PeliiEiE IR
ERDHAHZEDRBEI T, A% OMBEEL T, itz U
L, BRORE —ZHETHIENLETHS, HlZ1E, &
7 4—4% —& REBCO T — 7 LDkt DA —kE 129
HET, BIOD A Y] — LT DN TED,

AW FEIIAZ RS B E e T T HL(UFPPOO)IZ LD SEHE S 41

77

SE 3

1. EEBIE— fih RrEFHS 6749541 5

2. Y. Narushima, et al.: Abstracts of CSJ Conference, Vol. 103 Fig. 3. Current density distribution inside the
(2022) p.115 current feeder, with the maximum current

3. Y. Narushima, et al.: “Characteristics and causes of voltage flowing in at the base of the REBCO tape.

observed at the current feeder of high-temperature
superconducting WISE conductor’, Journal of Physics:
Conference Series, Accepted
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Statistical consideration on local [ inhomogeneity in long REBCO coated conductors

based on ML image classification
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1. [FL®HIZ

FRo REBCO M ek BlERER (L) X, 4T
Bz 6hle—EHE TR, ke 2R FIC L > TEE T
%o TEEMELE LT, T O FEROMR T OREE
LT 5 EICBWTmO TEETHIIZHL 2 Nb LT,
FEFSITHEH SN TR, — RIS, B O#EH
7o LA ORI IE, IEHA & O T BRSNS < AThi
THEY LOVEEE BN EEREND, L LARRG,
EBAT OBE FAH 2 T AL — MO A K 113 HEF
PECEFER R D D22 DO NDE IO T e RAED T
DTV, Fox ld, BATHFEICBW T, ERM O
[RESSHBEEC L > TRFT LK FEL & 5195 & 3R,
2B X > TRIBE R E 53T 2 Tk & iEr Liz,
AWFFETIE, AEENTRE R 2 O T RIEORAEICONTE
DIRFF TR 2 M U, KRG 0 BREED 5546 <0 K Ma$E EE 4y
AT DWW T,
2. £R REBCO #&# OEHFH K TR & RFERH

AMFFETIE, iR IBAD PLD 7£124% 200 m EDF—
TR BRI E LT, Fox OBFEE TR LY — LK
R S BRI ER IS LY T — T N OB E R O 45 AR
HIEAFLT, EBHIZ, UskER i~y 7 IR LT, =8 &
WCHEIE ST T VRS, BT LK T AL 3 B H
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Fig. 1 Example of automatic detection of local Ic drop realized
by ML based image classification [1].

@)

(b)
Fig. 2 (a) Position of local Ic drop and (b) probability the
spacing between them.
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[1] N. Somjaijaroen et al., IEEE TAS, Vol. 32, 6601504, 2022.
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(b) Tt/ < RE A B K

Fig. 1 Conceptual diagram of commutation between REBCO
tapes (a) Conventional method (b) Proposal by conductive
micropath.
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Fig. 2 The current dependence of the voltage in the REBCO tapes (a) without and (b) with the
conductive micro-paths. The horizontal axes are normalized by the critical current of the bridge part
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Inductance Influence in Current Distribution for Simple—Stacking HTS Conductors
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1. Introduction

For high—current High—Temperature Superconducting
(HTS) cables, a non—twisted and simple—stacking design
approach is under exploration at NIFS, making use of ReBCO
tapes [1, 2]. Simple—stacking is mechanically robust and
simplifies the manufacturing process, intended specially for
DC operation in fusion magnet applications.

An experiment for a short and straight (length: 1.3 m)
simple—stacking HTS cable, confirmed stable operation under
the worst—case scenario of non—uniform current, produced by
current feeding from one side of the five—tape stack, and a
numerical calculation was performed for comparison [3, 4].
Though this result may suggest that a longer—length HTS
cable in a magnet could be also operated stably despite the
non—uniform current formation by the inductance variation
across HTS tapes, it should be confirmed more quantitatively.

2. Magnetic Field Decay in STARS

A 20-kA—class STARS conductor (length: 6 m), 3—turn coil
experiment has been performed, confirming stable operation
with 18 kA, 8T, 20K, under 200 repetition cycles, with a fast
ramp-rate of 1 kA/s.

A non—uniform current formation due to the inductance
variation among the REBCO tapes was inferred by the
observation of a residual magnetic field, suggesting circulating
currents that decay inside the conductor, with a dependence
on the current ramp rate. In the second experimental phase,
additional magnetic sensors were placed to further investigate
the magnetic field decay (Fig. 1).

3. RL Numerical Model

A numerical calculation for the current distribution was
developed, accounting the inductance variation among the
stacked tapes and mutual inductance between them.

Under a magnetic shielding assumption, the magnetic
field was computed according to the current distribution
computed (Fig. 2), getting insights for the current transfer
among HTS tapes, source of the circulating currents expected
to be the cause of the magnetic field decay.

An additional HTS solenoid experiment is ongoing, to
explore the circulating currents in an inductance—enhanced
case. Plates that compress the HTS can be used to modify the
contact resistance between them, to explore additional
scenarios in how current can redistribute among HTS tapes.
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Fig.1 Magnetic field measurement for STARS conductor.
Maximum current is 18 kA, no background magnetic
field, temperature of 20 K, and ramp rate of 1 kA/s. The
magnetic field decay can be observed to last for around
100 seconds, after the input current is zero.

Fig. 2 HTS solenoid experiment (30 turns, diameter: 100 mm,
length: 625 mm). HTS tapes follow a helical path carved in the
bobbin, while pressed by plates (in orange, some plates hidden
for visibility of HTS tapes). Current leads include options to

feed the current in a uniform or worst—case scenario.
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International SCDC Power Transmission and Proposal of Its Standardization (1)
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Table 1 Technical issues for realizing the SCDC power
transmission
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[1] S. Yamaguchi et al: Abstracts of CSSJ Conference, Vol 88
(2013) p.23.
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The stability of inter—layer contact resistivity for intra—Layer No—insulation (LNI) REBCO coils
with conductive epoxy
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Fig. 1 Schematic illustration of the test setup
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Current Behavior and Thermal stability of No—Insulation Coils with Parallel HTS Conductors
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Table 1. Specifications and analysis conditions of NI coil.
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Fig. 2 Temperature distribution when the external magnetic

field is reduced

by 1% in Model A.
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Fig. 3 Sum of circumferential currents in each model when the

external magnetic field is reduced by 1%.
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Effect of magnetic field distribution on recovery current of a superconductor
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Heating of a stagnated normal zone in a finite field

Heat transfer
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1. Sketch of the heat balance of a normal zone.
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Fig. 2. Magnetic field in the test facility in NIFS and normalized
temperature profiles of a normal zone for Tc of 7 K.
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Fig. 3. Recovery current of a conductor for LHD helical coils.
The solid lines are analytical solutions, and the solid circles are
simulation results with a one-dimensional difference model.
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Fig.1 Correlation map of MgB, wire fabrication parameters
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Critical current properties of MgB, polycrystalline bulks starting from B-rich MgB, powder
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Improvement of strain tolerance on MgB, wire with using both SUS and Monel.
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Fig. 1 Visualized images of crystal structure of MgB, [3].
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Fig. 2 Transport /, properties at 4.2 K for MgB, wires [1].

Fig. 3 Size anisotropy of crystal grains [1].
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Development of HTS Accelerator magnet (10-1)
—Overview of the present progress—
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Table 1 Design parameters of the special sextupole Magnet

Parameter Value
Bore radius 40 mm
Coil length 200 mm

Yoke radius(inner, outer), length
Normal sextupole coil
Coil width (inner, outer), height

150.5, 195 mm, 200 mm

38.6, 83.6 mm, 8.8 mm

Number of turns 121 x 2 turns
Sextupole field gradient 211.7 T/m?
Operating current 250 A

Max B// on the conductor 245T

Max B_L on the conductor 1.39T
Inductance 72.0 mH

Skew sextupole coil
Coil width (inner, outer), height
Number of turns

73.2,102.0 mm, 8.8 mm
36 x 2 turns

Skew sextupole field gradient 23.6 T/m?
Operating current 250 A
Max B// on the conductor 1.09T
Max B_L on the conductor 0.63T
Inductance 10.1 mH
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Fig. 1 Photographs of the special sextupole magnet before (a)
and after (b) assembling the end plates
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Fig. 2 Ic & n-values of 2 tape x 3 layer REBCO cable at 77 K.
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Development of HTS Accelerator magnet (10-2) —Excitation Test of a Special Sextupole Magnet-
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Normal sextupole coil Skew sextupole coil, iron yoke

—

REBCO coil 4 REBCO coil

(normal)

b~ Iron yoke

Fig. 1 Normal and skew sextupole coils and iron yoke. The
normal sextupole coil is installed inside the skew sextupole
coil and the iron yoke.
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Fig. 2 Excitation test results of the normal and skew sextupole
coils at 4.2 K. The maximum current and ramp rate are 250 A
and 1 A/s, respectively.
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Fig. 3 Inductance measurements of the normal and skew
sextupole coils with a ramp rate of 1 A/s.

Table 1 Joint resistances between coils at 4.2 K

Coil #1-#2 #2-#3 #3-#4 #4-#5 #5-#6
Normal 0.17pQ  0.14pQ 016 uQ  0.13puQ  0.17 uQ
Skew  0.58puQ 0.6l uQ  0.65puQ 043pQ 0.63uQ

Normal sextupole coil Skew sextupole coil
100 300 T RO A
50 250 o I 250
= Current

= 0 1 200 -20 S 200
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-100 1005 > g0 1002

=0 i P Current o

-200 L] -100 - e o
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Fig. 4 Dump test results of the normal and skew sextupole
coils at an operating current of 250 A.
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Development of the HTS accelerator magnet (10-3)

- Magnetic measurement of a special sextupole magnet -
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Fig. 1.
sextupole magnet. The magnet is energized at 250 A. Closed points:

The axial profile of the sextupole component for the normal

Measurement. Solid curve: 3D calculation.

K3iuayZa4 vollE L @RXOWSERITH L. kD
KA —< VB, FORDPAF 2 —WAaAD DD TH 2. fithhix
R =20mm 2} % 6 WiEE T IS § 2 LGSR T O Th
2. MAERIFIEMOMEHREEZ RO L T 2. BIHERIEEL 5D
WHd 250A TH 5. / —< LA IO TiE Allowed multipole T

— 127 —

HBn=9 DRIV EHNTRECD, ZNTH 4x 107 UFT
b5, Fl, AF 2 —WHRICOVTIE, n =4 DESH 4 x 107 %
ELT0B LD A,

T T
* Measurement
—— Calculation

T E
R=20 mm 3
1=250 A

A; (T)

o o
o o
S 8
2 3
A U A LR LY

| |
905 —200 -100 0 100 200 300

z (mm)

Fig. 2. The axial profile of the sextupole component for the skew sex-
tupole magnet. The magnet is energized at 250 A. Closed points: Mea-
surement. Solid curve: 3D calculation.
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Fig. 3. Multipole coeffients for the normal magnet and skew magnet
at R = 20mm. Left: The normal magnet. Right: The skew magnet.
The both magnets are energized at 250 A. Blue bars and red bars are
the ratios of multipole components to the sextupole component for the
normal component and skew component, respectively. The white bars
with blue and red line are the obtained coefficients by 3d model calcu-
lation for normal and skew components, respectively.
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Development of HTS Accelerator magnet (10-4)
—Fundamental study on REBCO round cables for accelerators—
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Sample #1(1 layer, 1 tape)
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Sample #4(3 layers, b tapes)

W Sample #5(5 layers, 11 tapes)
Fig. 1 REBCO round cables made of 2 mm wide REBCO tapes
and 1.8 mm diameter stranded copper core.
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Fig. 2 (a) Magnetic field dependance of the REBCO tape /. at
4.2 K, (b) lift factor of 4.2 K /. relative to 77 K Ic.

Table 1 REBCO round cable properties

External magnetic field (T)
(b)

# of #of  Cable diameter Cable /, Cable Je
Cable  pavers  tapes (mm) @ik @is K T
(A) (A/mm?)
#1 1 1 2.05 51 24
# 1 2 2.05 106 51
# 2 4 225 170 67
#4 3 6 2.50 238 77
#5 5 11 3.00 496 111
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(a)
Fig. 3 (a) I-V curves of the sample cables #1-#5 at 77 K, (b)
cable diameter dependence of the cable Je at 4.2 K and 18 T
calculated with a lift factor of 1.58. The plots are samples
#2-#5 and the lines are two estimates calculated by a REBCO
tape I. of 50 A at 77 K.
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Fig. 4 (a) Bending test apparatus, (b) bending radius
dependance of the normalized cable I at 77 K.
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DC & AC MgB2 wire High Jc Nb3Sn wire MgB2 rotor coil for 2 MW high speed, 15000 rpm motor
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Nominal Cooler
input power 45W 80w 160W 240W
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RIBEERE 40K
FigipErE (FR) 120,000(goal) 200,000
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Helium Liquefier
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Y | PNES
TF 2 R

EWHNNS ST aARMYEL
HRAFZNEET D LN AIEE

FE71.0MPaG R 32~63L/h 79~108L/h 153~233L/h
OIREERICEE 50Hz (14~29L/h) (34~ h) (76~115L/h)
( IRELNFAE L IR 40~63L/h 79~107L/h 143~216L/h

60Hz (18~29L/h (33~49L/h) (69~106L/h)
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SBEAR [/\XF0O-®] 75/50um \ \
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Dudatl

FAMES 0.11-0.13 mm

EkAE 2-12 mm ‘\

m BRRSIAI>7PYVD
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| 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 !
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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

B+t (AIR LIQUIDE#) HOY—EVZZREALTVLET,
Fle, BIEHRZS|EHIEHICTY - UF— Rt REmkiiZEBICHAREZERTE I,

JA—NIL-x—4y N&TT /AT —58
T661-8558 EEEBIATmIROAI4-3-23

TEL : 06-6429-2148 / FAX : 06-6421-6001
Web : https://www.airliquide.com/jp/japan Email : webmaster-aljp@airliquide.com

BEI7 -U*—RSEASH
https://advancedtech.airliquide.com/
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SUMITOMO ELECTRIC

Bi-2223 WIRE (DI-BSCCO®)

® Type HT-SS Type HT-CA Type HT-NX
DI- BSCCO REREE (EBYREE ER3mEMEAVE
%) %) ISEEER 7]
el EARU— K STESTY &N L
W _ _ AFILR Cuis Ni &
(B2) (0.02mm") (0.05mm") (0.03mm")
- 4.2+/- 4.2+/- 4.5+/- 4.5+/- 4.5+/-
T 0.2mm 0.2mm 0.1mm 0.1mm 0.2mm
- 0.23+/- 0.23+/- 0.29+/- 0.35+/- 0.314/-
= 0.01mm 0.01mm 0.02mm 0.02mm 0.03mm
ST SR 130 MPa * 130 MPa * 270 MPa * 250 MPa * 400 MPa *
77K, Ic #E355R 95% d d d a a
;l}:éﬂé‘;ﬁfgﬁg; 80mm * 80mm * 60mm * 60mm * 40mm *
f:figi:rmﬁ% 170A, 180A, 1904, 200A
* £E(E

DI-BSCCO® #R+4Hrm
Type H, Type G
Type HT-SS, HT-CA )

Type HT-NX

DI-BSCCO® Type HT-NX

e-mail : hts@info.sei.co.jp https://sumitomoelectric.com/jp/products/super
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EEMTICHENIO L TWET, MELEEN O BRBICTHHK T I U,

GFRPIDIL & GFRP/IIL & IVTSIMIG PEEKID L &
[Rtt-T15) [(RRE XA
T230-0061

T664-0837 EEEMFATINIESTEIEF12E
TEL:072-771-6132 FAX:072-771-6112 Email: shoritsu@arion.ocn.nejp HZ)|| B EHFERXAHFE1ITE 7S
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E-mail : denzetsu@arisawa.co.jp

LoOIH 100 ERDICH UL RDELE.




MRV VRE SRR IS0 TER 4 BIERED /B ERE DN S BBV VEREITEYT

4KGM
IR R

HEO5 UHE10 UHE15
TS SEBEAE
RIS [FazEe]
77K
20K
10K
4K
<10mK
TRERS TR —5— DSAARS T

BREZICAUTE 07’(7|'7R/7 &U‘E *%%Eﬂl‘:ﬁ':

S5t - BB - RS - H—EXFTEEHITRHELET

AT WRIIRFrEHRIE1222-1
TEL : 0467-85-8884



TPG-21047-9312-0

NJYY LBt ERE

m BIFEOISMARIY MMEERDIIIZZLCEDANVTAORADRIEDEIFET T o
B AUDADBMERBUERNARZLLRD. BEIFIHICKZMAEENAIHETY

DS V—-X

GMBEREETIL
B TRG-375DS TRG-340DS
FEHEEEN x1) 18 liter/day 10 liter/day
&R 348 200V ,50/60 Hz
&N x2) 13.2/15 kW, 50/60 Hz

BEK %2),%3) 14-20L/min (28°C)

AITFIAGLI)) | BIEEE : 10,000050E)/5
YRR : 10,0008505/£8
[E#EHE : 30,0008505)/£8
% 1) 300KONYI LB ZRZERUIISEERDETD,

%2) AEH, EHe A OBRENDET,

%3) ZRIATEIIGAIRETT
x4) TR T ENKEBIZBANCEVET,

PTSU—-X

JOVAF1—TmmEET IV(IRIRE))

B TRG-330PT | TRG-305PT
(NMRHA)
BktEEEN x1) 6 liter/day 1 liter/day
EBiR 34H 200V ,50/60 Hz
R Eh 7.7/91kW | 6.6/7.5kW
i &) @50/60 Hz @50/60 Hz

BENK x2) 7-10L/min (28°C)

AITFIRAGLDN HIEIEE - 10,00085R)/E %3)
REREE 1 20,0008FR/5
EfEB% 1 30,000050/£

% 1) 300KONUI ©AARZERUIIBEERDET,

%2) TRG-305PT(FZ2 /5451 S IGBIHETY

%3) TRG-305PTCIIESENF A
TRG-305PTET I X4) HHREFEEEITRIBENCEVET,

-BEVEDE-

REHEEIRTNST T2i21-vh Hnasgm s
T 142-8558 R #EBmIIIX/IMU1-3-26
TEL:03-5788-8610 URL http://www.tn.sanso.co.jp Email U04200@tn-sanso.co.jp




