2P-p01

AIFBEEREIRT — 7L OME L RERR T4

I AL

miEF M ERZEEELT

Thermal insulation analysis of cryogenic pipe in Ishikari Project — 4 for optimum MLI

o VERER, #HE B, AU /7 o—U, JER 30, AR a1, bk s, mEEA (PR
YAMAGUCHI Sataro, KANDA Masae, IVANOV Yury, WATANABE Hirofumi, CHIKUMOTO Noriko,
INOUE Tokuyuki, TAKANO Hirohisa (Chubu Univ.)
e—mail: yamax@isc.chubu.ac.jp

1. [ZL®HIZ

WrEh 2 FE ~OEMZNE RS SEMEE (BMBIE) D 2 DD
TR TRAELY, ZEREEMLDZ @ TOEVR
ABIRA 12 FHRDET NERBL, ERT — X DR %
17T, oo MLL O WiEh 2 EEHME | WEOEH
D B0 P A A 7= Bt 7 e 2] % f b i L fig
WC, B A B O ALV EIT 72 [3], ZOfER. AT e
PN CHIALE 21 J8 MLI Tid, 200 AEL ThHLEVE
AED 0.02W/m L FERY | FEERT —&Lid 50 5L F 57
DL DT, — 7 WiE 2 BE CEERRAENET S
VISR I DR ELARY | RS <5720 KO
ETHEED ML PERELEIRAAT N 2\, 2728 /NI T4
FAENOFNT GM B~y R & AFL, ZAUZ MLLZ2B 0
To/NRFERRT MLL IREREEITV, BV A &% LRSS H0F
FelA)&4T > TETNND, ZHUTE ST ML 24357 /12
HKE T VLRI A — Y3l 24T o 72[5], T D5 R,
A=Y DRI > T ML IRENKREERY | BrakRE
\CRETRWBE 5252 LR oT-, — % Fig. 112737,
[RIRFIZ ML D YEIZRE T2 SO BB 2R O DT ENT
ETC, ERRAIERTIE —E T D2 EnboTz,
5 T T T T T

Err = 0.30

EN
T

RTEIANS DERSTRMBR A

: %&Ei‘;l:&ém ’

Cold Head ™~ D ¥E 5t Ev#fi 1%

w

T T = 253.0K

245 250 255 260 265 270 275

Fig. 1 Heat transfer of radiation and thermal
conduction for 9B05 (spacer).
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Table 1 Experimental Condition

Spacer | Nos. of Spacer|RT [K] |Spacertemp|ColdHead [K] | materials
9B05 1 298.2 253.0 77.0 SuUS
9B05 2 298.9 267.0 77.0 SUS
9B05 1 2975 247.8 77.0 Al
9B12 1 298.4 264.2 76.9 SuUS
9B12 2 298.9 268.7 77.0 SuUS
9B12 1 296.7 265.0 77.0 Al
Net 1 298.2 267.3 77.0 SUS
Net 1 297.5 260.8 77.0 Al
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Heat leak measurement of the cryogenic pipe at different surface temperatures
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Fig. 1 Schematic cross section of the cryogenic pipe.
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Fig. 2 Heat leak to the outer pipe temperature.

SE R

1. H. Watanabe, et al.: Abstracts of CSJ Conference, Vol. 96
(2018) p.140

2. H. Watanabe, et al.: IOP Conf. Series: Materials Science
and Engineering, Vol. 171 (2017) 012116

3. H. Watanabe, et al.: IEEE Trans. Appl. Supercond., Vol.
27 (2017) 5400205

4. H. Watanabe, et al.: Physics Procedia, Vol. 67 (2015)
pp.239-244

5. https://tre.nist.gov/cryogenics/materials/
materialproperties.htm

O8] 20194F AR 157 - A8 EY.

I
-~



2P-p03

I 2L A

HTS DC EB VAT LDIRKRIZTAFARAZYEDExEILIZDUNT

Optimization of Termination Cryostat for HTS DC Power Transmission System
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1. Introduction

An important component of any superconducting power
transmission cable system is termination cryostat (terminal).
The terminal provides transition between cryogenic and room
temperatures. In addition to the electrical connection provided
by the current leads, refrigerant (usually liquid nitrogen) is also
circulated through the terminal to cool the superconducting
cable. Moreover, the signal wires pass through the terminal
walls. Given the fact that superconducting devices are
designed for high current, metal current leads have a large
cross section and are therefore powerful thermal bridges.
Consequently, taking into account the need to provide high—
quality thermal and electrical insulations, the terminals are the
most difficult parts of the superconducting line in terms of
creating an optimal design. As far as the number of HTS lines
is small, terminals are designed individually for each project.

2. On the design of terminals for Ishikari project

The key components of the terminal are current leads. The
cross—section area of the current lead should be as large as
possible to reduce the electrical resistance. However, as the
cross—section increases, the heat flow into the cryogenic zone
also increases. Since there is a strong correlation between the
thermal and electrical conductivities of metals known as the
Wiedemann—Franz law, for a particular operating current there
is an optimal ratio of length to the cross—sectional area, at
which the heat flux becomes minimal.

Fig. 1. General view of termination cryostat in Ishikari.

There are many designs of cryogenic current leads, but in
any case, the Wiedemann—Franz law limits their efficiency.
The minimum heat inleak is approximately 45 W/kKA. An
alternative method is the utilization of current lead with built—
in Peltier element. Conducting transport current Peltier
element operates in heat pump mode and prevents the
penetration of heat inside the cryogenic device. Experiments
show that the use of Peltier current leads (PCLs) lead to a
decrease in heat inleak by about 30%.
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One more factor that reduces the efficiency of HTS DC
lines is imbalance in the currents. It is associated with the
presence of electrical resistance at the soldered connections
of the superconducting tapes. These resistances are very low
but against the background of zero resistance of the rest of
the superconductor, they determine the individual currents in
tapes and introduce essential nonlinearity into the dependence
of these currents on the total current. The unique feature of
the Ishikari project is the installation of the individual PCLs
for each of the cable’s HTS tapes. The resistances of PCLs
are relatively large and have little variation from sample to
sample. The introduction of these resistances in the circuit
causes the equalization of currents in the cable tapes.

3. Optimization of terminals

The size of the terminal is determined mainly by the
parameters of the HTS cable (rated voltage, number of HTS
tapes) and the design of the current leads. The disadvantage
of PCL’s approach is the need to use a large number of
feedthroughs and individually cooled PCLs, for mounting of
which a large diameter flanges are required. Reducing the size
of these flanges will reduce the overall size of the terminal.
This will reduce not only the price of the installation, but also
the heat load. Furthermore, an additional economic effect will
give some reduction in the size of the machine building.

Since the potential difference between the HTS tapes in the
cable is small, it is possible to significantly reduce the
insulating interval between adjacent feedthroughs and PCLs.
However, it will be impossible
feedthroughs and PCLs to the braided wires using bolts.
Instead, it is necessary to consider the possibility of using
high—current plugs, the connection of which does not require
much mechanical force and space and can be done with one
hand. Due to this, the diameter of the flange with feedthroughs
can be reduced at least two times.

The size of the outer flange depends on the diameter of the
water—cooled jackets of the PCLs. Consequently, the method
of PCL cooling should be revised. In the simplest case, the
upper copper lead of the PCL can be made in the form of tube
through which cooling water flows. In such a situation, the
alteration of the core part of the PCL will not require.

to connect manually
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Fig. 1 XRD patterns of the starting MgB, powders with
different ball-mill conditions : (Left) reaction synthesis at
600°C, (Right) reaction synthesis at 900°C.
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Fig. 1 J. values at 4.2 K and 10 T as a function of sintering
temperature (7sin) for the ex situ processed tapes using MgB2
powders with Sn addition milled at 350 rpm for 100 h. The
addition amount is x in MgB2 : Sn = 100 : x in molar ratio. The
measurements were performed in a magnetic field applied
parallel to the tape surface.
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Fig. 2 XRD patterns of as-milled powders of MgB2 with Sn
addition with x = (a) 0 and (b) 3 in MgB> : Sn = 100 : x. The
milling condition was 350 rpm for 100 h. XRD peaks assigned
to MgB: are indexed and those to MgB4 and WC are denoted by
rhombus and circles, respectively. A broad peak around 26 =
23° is observed for x = 3, as indicated by an arrow.
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Status of MgB, superconducting wires at Sam Dong Co., Ltd. in Korea
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1. Introduction

Magnesium diboride (MgB,) superconducting wire has
attracted more attention for various applications due to its high
critical transition temperature (39 K) and relatively facile
manufacture [1]. Over the past few years, many studies have
been made for specific 1.5 T magnetic resonance imaging (MRI)
[2], superconducting transmission cable, and superconducting
magnetic energy storage (SMES) [3]. For this, a km-scale
length MgB, wire is mandatorily required with superior
superconducting properties and microstructural homogeneity
along the rolling direction. In this paper, we will introduce the

status of customized MgB, wires in Sam Dong Co., Ltd., Korea.

2. Sam Dong Co., Ltd

Sam Dong Co., Ltd. firstly produced an oxygen free high
conductivity (OFHC) copper and metal based functional
material in 1977, and has been leading company in the past 40
years. Since 2014, we have been developed various MgB,
superconducting wires to satisfy customer demands. In 2017,
MgB,

superconducting wire by using powder—in—tube method and its

we successfully manufactured a multifilament

electromagnetic  performance was comparable to the
commercially available MgB, wires in the market, even cost—
effectiveness. A cross section of the 18+°1’Cu MgB,
superconducting wire is shown in Fig. 1. The specifications are

listed in Table 1.

Fig. 1. Cross sectional view of 18+ ‘1’ Cu MgB, superconducting
wire

3. Results and Discussion

Magnetic field dependence of the MgB, superconducting
wires were measured at the University of Wollongong,
Australia, with respect to wide ranges of operating
temperatures (4.2-30K). The transport critical current of
MgB, wires (without any dopant) were evaluated using the
standard four probe method with the criterion of 1 ¢ V/cm. As
shown in Fig. 2., critical current densities at 3 T were

estimated to be 2x10° A/cm? at 4.2 K and 1.5x10° A/cm? at

— 106 —

20 K, respectively. With our great effort, the MgB,
superconducting wire manufactured in Sam Dong showed

excellent performance toward practical applications.

6 10°
10 W 30K
25K
20K
15K
10K
105 4 42K/ 102
&
5 z
< =
e
10k 410’
10° 10°
8 9

8(M

Fig. 2. Magnetic field dependence of critical current (Z) and
critical current density () for 18+ ‘1’ Cu MgB; superconducting
wire at the operating temperature of 4.2 to 30 K.

Table 1. Specifications of 18+ ‘1’ Cu MgBs superconducting wire

Parameters Specifications
Diameter 0.83 mm®
External Monel
Materials Inner Cu
Barrier Nb
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Effect of intermediate annealing for PIT processed MgB, thin wires sheathed with stainless steel

AN T, R SR, L

2 GRYER)

KOJIMA Hirokazu, OGURO Hidetoshi, YAMADA Yutaka (Tokai Univ.)
E-mail: 9BAJMO015@cc.u—tokai.ac.jp

1. [ZL®HIZ
MgBy i3 39 K W) B W EEFHRE A B 3528000 iRk
FIRE QO KIZBWTOR RIS T ABEARTH

b, EDOHP T, RI/KFIREFH~DISH BN HESIL T[],

ZOWE, BANAE A D72 T AR T, MWVEEM 3 kD BT
B, ZNFETICAT UL AL —ZR Cu-Ni > —ZD 0.1 mm
DOHFRDBUES I TET2[2], L2AD, ZOMBRORUEIZIX
RELRIMTEENFENEZRD . IN TR ZDHA ORI 2348
BB METHY . HBER AR 72 R P e -
TWDIRILTH D,

O RIEKFRIR A FELCRIA T 57200 MgB,
BROVERLTHEOWESL 7 B ¥5L . Powder in Tube E(PIT 1£)%
FAWTERR 0.1 mm O MgB, S 2ERL 3224 AL T
FBREAT oo Te, KRBT, M ERIFIZB T AT LR
Y — A ~OFRIBESIOZN R IO 1ERLL72 MgB, ##
Mo 4.2 KIZBITHBEERMEIC O THET S,

2. %%ﬁﬁ;ﬁ

Fig. 11T, PIT {EI2L5 MgB, #M OFERL G 154779, FRi
[Nl /“—Xﬂ'f%éﬂfx 1.0 mm, NEE 0.6 mm D AT L AHH
m(SUSBOéD IZREL, B8 900°C x 1 h DSk CREMIZA4T
o7, BT, MgH, ¥3RKE amorphous B #yRIZ, 10%SiC #5
KEBMUI-MEEFE ALz, ZREIRA L%, AT
PG CFEEL L B 0.6 mm, EE 15 mm @fﬂﬁ%ﬁﬁﬁﬁ;:
AL, TNEAT = — 0 7 I TS k> THediz /< T
L7Z I A A X AR XM T &7V, a1 T 72, #2581
THMIRL B 0.4 mm LR =R T, FRTEESLE R
AT TP R BES AL ER 2 AT 72, T D%, RIRICL TEAR
0.1 mm FTHRBISMITEIT o7z, MMTHEOREIE, Ar HA
FEPR T 630°C X 10 h CEVLERL 7=,

ko
o

Intermediate annealing Drawmg

—

MgB,wire Heat treatment

U

Fig. 1 The in—situ powder—in—tube process with intermediate
annealing for MgB, thin wires sheathed with stainless steel.
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3. ERMHERBLUBE

FOARVERLBRAG S UL, B EDOCER2) R B E I, AT
VAR — A E R A T T, BEAR O EE TR E
EITo T e, UL, ZOFETIHEATV 2= 7 TR X
B XN TIC Lo TRATF UL RS — A AL L Bk
N0, BB ETIN LS AHNH SRR ->T, ZD
720, MBIEERSICTDHHEMNT, FHAFEMAE AL, L

MU, FRIBEHL 72> — A THEAL 0.4 mm FUTI127225 L0
WS L. BB OREE iﬁ%m‘m:oto Fiz, T Lo
TR EL TR T2 62 EX20 cm Ll EE4E
m)&ﬁ%‘%m@w ENE LN,

T, FHRTEESI AT B L OVERE 0.4 mm B TOY—2R
H@t o ) — AEEERE LIRS R, BT T M 470 Bidl
% Hy 250, [BEA% 0.4 mm FE T M 420 E7po7=, X,
Hy 470 DL ETHIRASEZDR0 T W2 LA R LTS, %:T‘\
Wit 2 B < 7o D ISR ~ 0D H R BE S AL A3 A U7z, H
BES AR AT T2 Z L TRRBIEM ARG 12720, BB E I
DEL0.1 mm FTMLIDHENTET,

VERLU 7= IS R T IR IR L2 BV A1 T U S v
VT 20 K IZBITA8M OESIETEZRE LS5, 8
(REERBIT ROl o7z, ZOFRKEL T, J i BEd AL
TREEDS MgBy DAERIREE L L THHT LM, TR HEpE I 5
T MgB, A RS HL, Z D% OBRE[E N TUZZ>T MgB, [l ==
DFEB MRS NI-Z L7 ENEZ LN, 2O F ALK
S BB TR T 2 —I2 B W T 4.2 K IZHBHEIL,
B SR A I E L7, Fig.2 12 MgBs, #IFROD -V #E 2R,
ZOFERNLEER B 4.2 KIZBWT5 A L FThHZE
WA oT,

0.38 ‘ .
$0.1 mm I\;’IgB2 thin wire

036 T=42K B=0T

034

0.32

Valtage (V)

0.3

0.28

0 5 10 15
Current (nA)

Fig. 2 Current-voltage characteristics of the MgB, thin wire
at 4.2 K.
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1. [ZLHIZ

REBCO BB E#F(REBCO-CONE— D R I ZfR AR
BoHHZE, FEWROEBRH NS00, FIHHY
2BV T REBCO-CC [Rl+:, FE13BAE O BB LD
BHEASLLAIBEEES DM EAR A RESND. Ll
NEZNFETRBENT-TIEL, SiROBEABULELE AL
% REBa,Cu,0, (RE123)FHDEEH KIAEHHITH DT =— /v
DUFETHLHIEND, FIFBE Tl T rlae7e i, B,
TRRIZR T DA EINOMSL BN LETHD.

TIETHEH I, KB EWIZED REBCO DIRIEA UK
IG-31FHL, AR EA K TSEA2ET, %7
= VAL A R LT R SRS AN OB 2D C&
/2. ZL T, REBCO-CC T EuBCO JFBID R Rk 2,
<y 7 JUFNIZIBNT 525°C DKFER{E AT NKOH)ZE A HT
T 12 h OEVLERALTHZ T, IRRARRISIZEST 7, ~ 60
K OBFEGHEAICKRIIL]. AR T, #A R0y
BEm Ea HIEL, AN O G BGR RO FEA A,
A ONZ KOH DG F 15, OV VD REBCO FUEOMTE
1To7-.

2. REBAHE

Fu,0,-Ba0,~CuO ¥ K, BEu,0,-BaCu0,~CuO ¥y *,
EuBa,Cu,0 ~CuO ¥ KA BE/L 23 Eu: Ba: Cu=1:2:
3HLLIEL 1 2 4 LRBIHITHRE-IBEL, WESL AT
#9 20 MPa JE HJAFIINUEE 0.2 mm OERMAAFRIL7-.
ARG TU, ZOEMIEE, fRifEaFREL7Z GIBCO-CC
McHEA T KOH 285 H T 525°C T 2 ~ 24 h B 7=5Ek

DBEETUBIOIED, FEBMAED Z% KOH 785,51 T 525°C T 2

~ 24 K IMEAL 72308}, KOH 2R L7 B (R A AL 7250}
AR Tz
3. HRRUEE

BTN Eu s Ba: Cu=1:2: 4® EuBa,Cu,0,,

CuO By K OAER LU EM IR & e L CEVLERL 72
GdBCO-CC #E5UEHE, M8 1 30Tz,
1 I KOH Z& H CELEFF M 42 4 2 CIERLL 7=
GdBCO-CC #AEHIIIT D, AN DOERED XRD
B BA =7, BVURRETIL Eul23 + CuO HHTho7-
K23, 2 h DLEOFMILEE T Bu,Ba,Cu,0 5 s (Bu2dDFNIZZAL
L7z, E51Z, 24 h T TR Z2-{r) ib@b Fu247 232
ELTEONAZEN DT, T, ¥ 2 [ITHEAREHC BT

%, AP GIBCO-CC ™ XRD /ﬁﬂmﬁ%&%?. EPRUN
2 h LI EOBEILVER-C Gd123 #H73 Gd247 #H &7 Gd124 fH
\ZEREL =2 D3 o Tz, LU EDFERD 6 GdBCO-CC ##
/\&hﬂ@ TAS FOERE, KOH AU T RE247 41
ﬁxiﬁkéhhtbf)t}:%zgné —77, F*ﬁj‘ﬁmﬁ% KOH
R TR L7541, JVEmBRENR TLEESN
% Eul24 ’fﬁﬁiﬂ:i%ﬁkéhh. AU, B NEAMRELIC
KBRS /) L7 CWNAZ L&/’ T 5. RE-Ba—Cu-O (H{K
B R PR T RE123 N ZE THAHZEND, R E &
KTHIET, T, OFE RE123 FHICE DM EEHA DHIFFC
5.
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£ 2h
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20 [degree]

Fig.1 XRD patterns of as—pressed pellet and heated
pellets in the GABCO-CCs as a function of heating time
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26 [degree]

Fig.2 XRD patterns of as—Ag-removed GABCO-CC and
heated GABCO-CCs as a function of heating time
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Superconducting joints between Bi2223 and NbTi wires using Bi—Pb—Sn solder
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1. [XC®HIZ

2014 4EIZBAFE ST 1020 MHz (24 T) BERGR ILns Lt
DR E R A2, & WNE A LI BixSryCayCuiOyg
(Bi2223) 2SS AY, NbTi-Bi2223 xS A
ST L CTRLT, KABIRIER TR o7z, Fx i, Bi-
Pb-Sn 1ZAIBRERM 2L — AT LA L CTHEA TS
in-situ 3 —RAEERVEZERL, NbTi-Bi2223 DA ICEVAE
A TETZ[1], NDTi B DI AT S B TR L TV DD
DO, NbTi & Bi2223 ORFEHAHMTE LT 572010,
Bi2223 DITATNZLD RIGF/BREHA G2 32k
NEFETHD, mildl, Bi2223 $ ORI ITATZIZIVE R
U CHR ISR E 3L 7D EE Bi2223 #AF O MIlZ Ni
BADOMTEM M- T KB TR DI-BSCCO type HT-
NX ZHWAZET, BTEROMBEEMRL[2], 54,
VAT & IR ZE 2 7ol Bl 2 ERLL, B i
MO BE A R ORI 51T o T,

2. EERAE

Bi, Pb, Sn DM EIEFTEDEN L TEH &, BEL, E
ZE5| E LT A OBV T 52 L CRIBEIXATZZ A
% L7, Bi-Pb-Sn 1A 77 & Bi2223 #44 (type HT-NX, ¥X&
BL)ZHTAHERPICHEEL, EXF T T 400°C, 1h kO
4h, INBRERNUBEA R AFT o7, IR~V LT, 4 W+
FEIZED -V BIEL H RS F CORRERE () 25/
bl L, BRUEEBE 1uV TEFLE, £, 1ZAEHE
BEEYEEL SEM IZLAHEE R oOWmBl e 41T o7,

3. MERLER

Fig. 1 ITIZA TSR ZZE % T 400°C THEA LTZ3B D [ 4y
Fiz 73, Pb 2% 30~70%, Sn A% 20%LLF, Bi A% 20~50%DHH
BRI CHER £ 28 190A UL _E&7p o7, 23U, SK LA ED T,
%0 Po-Bi BN TEMH THEID EE 25D,

Fig.2 ICIZATMEBRR O R D 3 30D -V Btk &7, 3
BB QO A IRIEHIZ LU S, PbIBEMEL2DITD
H, 100A DL F ORI CIE, LT/ S<RHEmIcH D,
FE-SEM (2 X286 St O Wrim e oig, Bi2223 7
FARENTATE R IZIN ST, Pb 2R LT LB MTE
TEL, Pb IENEOREHIEENZER->TEY, Bl
SNADIEBEDME DRI HELRSI NS,

HIREHI S/ NSV P 20at%. Sn 30at%, Bi 50at%kH
T A TS THEA LB -V $5 % Fig.3 (=7, AHIE
WZBWTE, IFATEARRICL BT 2R EL, e —4al
D Bi2223-1ZAZR D 1-V Bt A4 2 A BNZREm L 72, +18
1, ARBROSE TRIETIN AT THBA, — X, 130A i
FCHIERENTERIRIEZ R Uz, 4%, &% O%A R
DOFBRBIZZAIT VY, Bi2223 @ -V EHEDIZL X DR K%
ZEHAL, (b T2ZENTENIE, AR 2F0E ik
P EH CELAHEMENH LA RIBLTND,

BiEE
AL IST RFtZAEFEZE JPMIMIITAZ DX RE
ZFTbDOTHE,

- (1-V)

2
%

L)

at.% Sn

Fig.1 /. distribution map for samples joined at 400°C
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Fig.2 I-V curves of the joint using several PbSnBi solders
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Fig.3 I-V curves of the joint between each Bi2223 and solder
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1. [FC®IC

NMR7Z2E DG~ 7 2y MNEHIZBWT, 57255
FAL D FTREME % K 6D TEEL) % = IR B AR AR A 0 3 F 23
SN T0D, —J7, 2RHDIG AT KA BT —RE
RNROENDT-0 | 13K D 4 g RARIRB = E /A LR b
W3R FRAB G ORISR OB R U B L2 5T
%y ZO—FE LT, NbTi-Bi2223 B im B A HMTTH D
in-situs — AERIESEE S 4L, WG T IEIC KB REHE S
DGR BT IS TWBIN, 72721, KA ERE—F
TEHECIR IR ;Jié?riﬁlm‘i%’E&ﬁ%ﬁﬁﬁfﬁ@’—%ﬁﬁ
BILRDT0 | MRS 351 2 R M I BR K1 O f# B 2
KRR REIRD, I CTAMIE TIE, KB LK E R
FEIROBEEE O /[ T LAEITOZEITHRER L7,

2. EBRAE

#EHZ, PbSn /& %41 L7- NbTi-Bi2223 ¥4 Th D, Fig.

LR TIC, BEAMAES 1.68 mm TUIMHL, ZDHi%
Eﬂ BMIEIZ IR T 5o e Ao, BIRIZIX, B
TNV S KIZETHAIL, MRS OFEHE. LR
ROHEFH T BT, BAHOBBEERE AL
7

3. HREER
SR S ENIN# D 7R B e R oA &2 I E L 7= D % Fig.
2R T, REHICHEAR A RSN TOBER 2355 T
V%, Biot-SavartHl| O Wi R AR Z 212 kY | IS E Ik
VAT L 76 B A Fig. 2(0)IRLTWD, EIINAF &R
MDA EEFEAND-TIf M & 1B L TWAZ L3000 Nb-Ti
WM ENEDBERITRTHIEEZDLND, — 7, Wik
TEIRIELBI-2223 844 D53 TR IR0 TNBIEN DD, &
IREGIZEB R D OB R FE DN/ NS WA, it
BERDIBRENENZEICEDIDE T THHZEE R, 7B
BEROMIZ10 mTE20 mTOI R ZFIINL7ZG4F THEE
fiZAT>72, ZORHT BN R U R R E 2 U T D4y
P EE L= D% Fig. 3G:ﬁ<LTb\éo ZNDEFHERL
7zFig. 3(d)x o5& NF OFEBITIZIE R EDLAF LT
W53, Bi-22238 44 D43 TR iDmeﬁﬁ%<7‘goﬂ\éﬁé%
BoDD, LA EDIHNT, RFMFIEIC Lo TR EEGE
@%i%ﬂﬂfﬁﬂ%%%ﬂﬂﬁﬁ“élkfﬁ'@%\ P NAND AN Y 220
TITH MBI IR ER 23 Bi-2223 7 4 7 AL MY ITIZ L AH DT
M) }:75:%)]&5? ST, ZOLD K R ES O35 T O 4
L% OT O ADYUGEIIRESHE R TEDLO MG T

%Zoo

HEE AWFITIL, IST RFALSAIEFZE IPMIMINITA2 DK
BaZFT %ﬁmbﬁ%@f 0D,
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Bi-2223 NbTi

(a) (b) (©

Fig. 1. (a) Schematic of the original sample, (b) that of the
sliced piece, and (c) its photograph for the measurement.

Magnetic field B, (mT)@s.f.

24.0
0
-6.1

16X10°

(@
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Current density J (A/m?)

®

Fig. 2. (a) distribution of measured magnetic field, B, in the
remanent state at 5 K, and (b) the corresponding distribution of
current density, J. The position of the Nb-Ti wire and Bi-2223
tape are shown by red circle and blue rectangle, respectively,
inside the J map.

Critical current density J, (A/m?)

0
(a) (@Self field (b) (

@l0mT

(d)
Threshold
:12mT

Fig. 3. Distribution of critical current density, Je, at ~12 mT:
(a) remanent state, (b) 10 mT, (c) 20 mT, and (d) reconstructed
Je map with the positions of the NbTi wire and Bi2223 tape.
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1. [ZL®HIZ

IZAE T2 iR R G THY, A E O
UG Tdob, LTI 7V —DIZ A DS FEmRA B R S,
SRR EMZR TR TS LT AT OB, Ni RNz &
VA S OBAEOIH[2]7E | IFA LTI O R ER
ORI B3I TE e, — T, SHITEHLLZIX
NIEEEMEIOBFFEEL T ARFLA - mRUSIZA IO G4
BrOBA%E(3,4], I—AR>F ) F2—7 (CNT) - IZATFES
MEOBIFEBI2E XD RIS U T, k& R EAMEHIA
TR LEL TUERICHERBEIN TS, Fx1T#E
EEMA OEIEHEGH DIXATEEL T, h—R T ) F =
—7 IAFEEAMEIBIO, BEBEKOGIATEESHE
DERAEAT-T=DT, WET5,

2. EBAEBSLUHER

CNT LEBEEMER, BH . IZATEEOENEITR 2V,
FFIZ CNT 1. B E D=0 | AL E1TH MR D
Do 2T, BAREA B ZEONANO ® SG101
VACNT (E£& 1 - 5 nm, R mRE 800m*/g)% HW T, fHEE
KR CT105 M O B 21T ~72(6], T DK, BF
W2 =T (SUNBONDER USM-IV., BT 7 /(kK) ) Z v
TR —2ZDIIAT ., BTV /L2 —#186 (Pb40Sn60 % Zn.
Sb., Al, Ti, Si, Cu i) AV EREY, HAMEIE DL
Wi oT- (Fig. 1(d), F-@BEZEMEHEL T, NbsSn (Fig.
1(a)), YBayCu30; (Fig. 1(b)), BixSr,CaCusOg., (Fig. 1(c)),
MgBy (ZDWTC, A CHEF I EHZ CTERWEEDA,
MgB, LA CIHIRSY HEMEL /DT D bh o7z, ZOIE,
TEBAVEIXIZA 72 ORI TFL . KR-19RMA (almit), Pb )
— T A2 SngeAgosCugr TIEIBMMEN S EL W20 DD >
720 BIRAINIZITIE, 7707 AEL T IRATEIN B T2
DUAMIBLIEDIIATE 7T 7 A JS-E-15X & W\,

(b)

(d)

Bi,Sr,CaCu,0g,, CNT

Fig. 1 Synthesized solder composites
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Fig. 2 Current research targets of our solder composites in
conductivity and electrical capacity planes

3. F&H

CNT [IREBEETRAE, REVREE REREEE, &/
T L WS T RHE R O R OB T D, RAYFIZ IV HEfN
TEHD TRBEZEL R O0->Tn5, BEBEEEATIOIIH
B A & DINTTEDL TV NS % OFETH D, RIS
R ZERIRE CONMAEE 2L, BAMEILL T SR
BEMEHI AR TH D, ZHBDO JFIZONT, A ElDFE
BRI AU 0 R R % {5 7 07 5 IR T REZ2 2 3o
Too TNEFIAL T, 5%, IRE, JBIRE TR T, @B
Ao LE BT T ETHA,

IRBIOWMIFEIX JST RKADAIEFEE U T BV xR
Al & BARHAT LRI E 7 NV — 7 LU T Tz,

SE Xk

1. HPEH . HARIMA Technology Report p19.

2. K. Nogita, et al.: “Inhibiting cracking of interfacial Cu6Sn5
by Ni additions to Sn-based lead—free solders”,
Transactions of The Japan Institute of Electronics
Packaging (Trans JIEP), 2 (2009) p. 46-54.

3. “Low-melting—point junction material
melting—point particles uniformly dispersed therein”,
United States Patent 5,317,191 (May 31, 1994).

4. “Multiple Alloy Solder Preform”, United States Patent
5,427,865 (Jun. 27, 1995).

5. B ARG A —R T ) F a—T I IATEEEM
BFFER 2009-519136 (AFH PR 21455 A 14 H)

6. [ RATE R O ORUIE J5 15 1 RFBH 2015-105439

having high—

£598Inl

20194F PERF IR T2 - BHEE

I
-~



2P-pl2

A vy 1E REBCO &8

BEERS / EIRPEES (1)

BIROEBHI TV O3/ MIEITS

ESHENOER

Reduction of joint resistance in mechanical edge joint of

stacked REBCO conductors with copper jackets
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BRI vy NESRE AT~ 5720, HIRE
#FyEY 7 =7 COMSOL Multiphysics ver. 5.4 AC/DC
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VAR AT 24T 7807, Fig. 11 ‘+ﬁﬁs+zs_)f¢o FHRARR
ITERDOEMR ) Ty ¥ VaA MERT Y (82550 mm) &
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— AV DA AR BT A AR U T (AR IR 2 3R T,
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A — BB 3 pQm?, A — 8 vy MEI T 11 pQm?
LR ELT, FBBEE — AT aA BRI P 2
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ifﬁﬂ?«#ﬁ&fﬂﬁ@tﬁ%h’fﬂ@ﬁ é@%/\ﬁ:&iﬁm
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H:J%'Fé_vi» 100 pm 735 600 pm £ T 100 um F'é%fﬂté%:
TR OB TSRO HHIT o7,
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Dy NESIZHAEA D ~OF 513 k&0, i
FOTHL AL CTHINT 2, S F CiHEShD 857
REGERCIIELICHE N Z <720, IR ICITER IS

— 12 —

FROF BB R AT H26, REBCO M OR A0 4%
XD AIREME DK E 2D, BIRRR R ICE 22 E L R SIE
OT BRI ERAREDTD, Sy Ma & Ao 8
AEROEBITEEICRDEEZLND,
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A M I DA IERHLOIRIR RAWGE T 57-0 1
EBRHIToT0, ST v o OB RO EEPI~DOFEBICHE
H LU CRFBZFTO ICIT ARSI OIS & &2/ &5 440
ERHDHTD, RIEBRCTITIRIBEELEL A Uy LS [2)5E
AUz, EBROFEMZ OV, SIS THRE T2,

Indium (100 pm)
< /

(a)

Copper jacket |~

10xREBCO tape ._ ¥ - Cross section

v
X
© ,

Copper Jackel Copper stabilizer L_‘
(0-2.5mm) (100- GOOum) y

"~ Solder
Copper stabilizer (20 pm)
(100,200 pm)

Silver (7.8 pm\ ~Solder |
REBCO (2.0 ym) (2.0 ym)
Hastelloy (100 pm)-"|
Copper jacket | !
(0-2.5mm) 5.0mm |  Contact resistance
(1.0 um)

Fig. 1 (a) Schematic view of the mechanical edge joint of
10-layer stacked REBCO conductors,
(b) cross section of the calculation geometry of the joint with
a change in jacket thickness and (c) with a change in
stabilizer thickness.

160 . . 0.004 ® Change in jacket thickness

140 -40.0035 (Copper stabilizer : 100 um)
%' 120 L ] 0003 E| & Change in jacket thickness
o - - x (Copper stabilizer : 200 um)
2 100+ +0.0025 x
8 - £ ®  Change in stabilizer thickness
o 80 .002 % (Copper jacket : 0 mm)
2 R
% sof 1 0.0015 g ----- Bending strain X R
S 40 J0.001 g
- E E o

201 -10.0005
0

T2 3 4 5 6
Total thickness of copper [nm]

Fig. 2 Joint resistance in the mechanical edge joint
depending on the total thickness of the copper, and bending
strain as a function of copper stabilizer.

SE Xk

1. S. Ito, et al.: IEEE Trans. Appl. Supercond., Vol. 23
(2013) p.4802408.

2. T. Nishio, et al.: IEEE Trans. Appl. Supercond., Vol. 26

(2016) p.4800505.

559811 20194F B2 A F I T2

A



2P-pl3

| 7 EREN B! R BR £ S35 % AL V- REBaxCusO, #RMD =

Y RNV

Rtk eaBem(2)

Three-dimensional crystal orientation in RE123 powders by a linear-driven modulated
rotating magnetic field (2)
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N RZWERKTH Y | Fig. 1(b)iXENE S 1m0 & R Wik
X Cd 5, Dyl23 & Erl123 CTRALES R 5720, BRE
CuOy [ & A H I EL R S (o 2 $hiE 7 Al B S
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WG DOIRNMET T2, T7hbb, v— MROBEHZR
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Fig.1 Schematics of cross-sections of the arranged permanent
magnets for (a) Dy123 and (b) Er123.
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Fig.1 Apparatus for Bench Scale Experiment
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Introduction of magnetic separation to a methane fermentation

~ Space saving and cost reduction by separated treatment of high concentration wastewater
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THASEEIRZ ALz, MBKIETE TR & IR 0 B
BB A LIBIRD AR T LM Lo TR A IZ RS, AL
ARIEH A3 Uz, B BEIE Y =7 A Mz (4.0 mm)
BN EFER T A CEE 4.9 cm M8 10.0 cm) EAZL— 3
BAY ., BT A B LUTIGIRIZAZ L — NI Lo TSN
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BEiED 2~3 [HDATMTELD 6 kg-CODq/(m*: ) DEFEEA
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F7-. BHEYIRERY 90%IZELT, LLEEKD CODe, EEE,
COD\ . SS % Table. 1 |\ZRLTZ, ZOROEBAFTND
5 m® DFUSHENHIUT 30 kg/d D COD, B 2L TX | 1
HAOEE o 28K 0.1 m® 1) 23 kg ® COD¢, [0 4
THAHETEDEEZOND, RET o APKITIR A HEK
HC 230 mg/L @ CODc, 7225 A3, ff BIALERIZ L~ TPk
KHFD CODe, RA7H T3RRESIATZ8 62 mg/L £ TR
T %, TS T OPEKZALEE 952 L2 TKIE
D NIEMEE TR L HEER C& D,
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- 0.1 m¥/d
230,000 mg-COD,/L
Y

Process | 10 m3/d | Activated sludge | 100 m/d
Process —> Sewage discharge
(120 m3) <600 mg-COD./L

90 m¥/d

- 0.1 m¥/d Magnetic methane fermentation (5 m?)
230,000 mg-COD¢,/L

Process | 10 my? ~ 100 m?/d
B —> Sewage discharge
<600 mg-COD/L

Process
©

Process
C 90 m*/d

Fig. 1 Process wastewater of a food factory

Wastewater

0, [I_-> Biogas

Scraper

Treated water

Magnet drum

Fig. 2 Outline of bench scale equipment

Table. 1 Performance of MMF

COD¢:  CODwin SS
JF/K (mg/L) 6,000 4,000
ALER 7K (mg/L) 1,600 400 200
FREFE(%) 73 90

AR EROFE RIS AZ L FEREEL LT RAFZREER
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REFF TV TR LS LB IR o Tz, 3l OREHER PR
VBIEPAS WL TR D B SR E DL ETHY 5| &k
WTIBIRDOER BiK, GT I N TFROa AR E L0 D, fk
{EAS 2 FEREE TR 5 ) RO AL PR ] O Jel s 4 S
Do LA EDZEMNS | Wit AZ 38R LD FHE KL ER D
BHAR—=A MEAAMED RIAENT,

S& Xk
1. S. Eda, et al.: Abstracts of CSJ Conference, Vol. 96 (2018)
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Design study of a superconducting magnet with active shielding for a rotating gantry (2)
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f Mdgncuc flux of dipole coil

1 Magnetic flux of active shield coil
Fig. 1 Concept diagram of a superconducting dipole magnet
with an active shield coil.
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Table 1 Parameters of dipole and active shield coils.

Coil type Dipole Active shield
Number of layers 60 25 — —
Number of turns 6954 3000 — —
Inner radius [m] 0.09 0.25 0.3 0.35
Outer radius [m] 0.21 0.3 0.35 0.4
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Magnetic field [T]
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Radius [m]
(a) Active shield coil’s radius is 0.25 m.
Dipole coil’s current is 247 A, and shield coil’s current is -336A.
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(b) Active shield coil’s radius is 0.3 m.
Dipole coil’s current is 217 A, and shield coil’s current is -249 A.
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(c) Active shield coil’s radius is 0.35 m.
Dipole coil’s current is 201 A, and shield coil’s current is -201 A.
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Fig. 2 Magnetic fields of the magnets on the mid—plane at
each radius of the active shield coil.
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Self-field measurements of the JT-60SA CS1 module
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OBANA Tetsuhiro, TAKAHATA Kazuya, HAMAGUCHI Shinji, CHIKARAISHI Hirotaka, IWNAMOTO Akifumi, TAKADA Suguru,
MITO Toshiyuki, IMAGAWA Shinsaku (NIFS); MURAKAMI Haruyuki, NATSUME Kyohei, KIZU Kaname (QST)
E-mail: obana.tetsuhiro@LHD.nifs.ac.jp
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JT-60SA H1.YL /AR 1(CS1) L 2— /LD H K O
BB E | ZRLE B PEET(NIFS) & &R H AT AT 42 B
FEHEREDN LR CEFEL 72, ARBRIL, CS1 BV 2— /L DL
PeZ e+ 5729, JT-60SA HEE ~DHILEE DRI, CS1
YV 2— /% NIFS ([ZHgit L i To 72, AsEIETlE, CS1 £
2 —/)LOEFEBRHCHIE L B CRIE OfE RISV TR
EITD,
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CS1 Y a— Ui, NbySn HMRDIRB T —T oA ey
Do NERE W 6 HD 8 g A —Fa Ll L HD 4 @
U= XA NP DERSILD, &AL, BT
FEIZED, STV, ke CS1 BV a—/LOFEM%E
Tablel |Z759, F7-. BV a— VO if K% Fig.1 1277,
3. F—ILEFDEE

CS1 &Y a2 — VO HCGHIEDT-HIZ, CSI EVa2—
D EHICAR— VB FEHRE L, F— /LB FOREFIT,
F.W. BELL BHT 921 & Lake Shore HGCT-3020 THV ., #41
FIMESNTWD, Fig.1& Fig.2 [2R—/LFF OB E X%
RY, CS1 EVa—/L REIZHVT, AEE 60°, 140°, 260°,
340°DALENZENE NS DR—NVFHET% ., BIF N> T
SMMEICELE LT-, AR ClE, CS1 £ a— L DHii(z) 7]
OB eSS EREL,
4. BEHBAERRE

CS1 EV 2—/L~EE 6K OB RE~IT LZHHE1L
“IRBE T, CS1 BV 2—/L% 20A/s T 5 kA £THELL . 300
AR—LR L, 20 A/s C 0A ETRELZEED B i
ZHIELT-[1], Fig.3 1T, Bils= THRICBITAE CRSEOE
(L&Y, MEEMMEIT 0A THHN, HAE CHIE LI
BME 2 IZHEFEL TV, 2 TOR—NVEFTHIE LS
TR AR A FRAT L, AL E ISR DR E A R DT, &
DFER, FEEEOHEFHIE 90 715 269 B THHI LB
(27 o7z, BB OFHMIL, X B #5325,

B

AHFZEIE, JSPS BHFE: 15K05974 DB EZ T -6 D TY,
SE XMk
1. T. Obana, et al.: Fusion Eng. Des., Vol. 137 (2018) p.274

Table 1 Parameters of conductor and CS1 module.

Conductor
Strand diameter [mm] 0.82
Number of Nb;Sn strands 216
Number of Cu wires 108
Jacket outer size [mmxmm)] 27.9x27.9
Cabling diameter [mm] 21.0
Central spiral (id/od) [mm] 7/9
Void fraction [%] 34

CS1 module
Number of layers 52
Number of turns 549
Inner diameter [m] 1.3
Outer diameter [m] 2.0
Height of coil winding [m] 1.6
Weight [t] 18
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Fig. 1 Top view of the CS 1 module. P1-P4 show the position
of Hall sensors.
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Fig. 2 The position of each Hall sensor on the module.
B4-B26 show the position of Hall sensors.

[)""I""I""I""""I""

-0.0005 ;‘r MMWMW

£ 0001 | WM#
£ g Ll ]
(ﬁﬁﬁw Y
£l - _ T ]
: 0.0015 W s A e ]
] L gt
£ .00 !’T o ——Bl4| ]
2 - —BI6
= —<—BI18| ]
20.0025 | ——B19| ]
—R20| ]
£.003

PO ST T [ SO TN TN [ SN TN T TN NN TN TN T TN T T TR T N NN T T Y ]
0 100 200 300 400 500 600
Time [s]

Fig. 3 Selffield measurement results at 260° after the degauss
of the CS1 module.
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Co-simulation of ITER cryogenic system

gl #E= (TER); JER =2 (NIFS); A4 R (NIFS); David Grillot (ITER Hf#)
MAEKAWA Ryuji (10); TAKAMI Shigeyuki (NIFS); INAMOTO Akifumi (NIFS); GRILLOT David (I0)
E-mail: Ryuji.mackawa@iter.org

1. Introduction

To evaluate the complex plant processes for ITER cryogenic
system, the development programs have been launched to
build-up dynamic simulation models for magnet system (TF
and ST [1], CS [2] PE/CC) as well as Cryoplant since 2011.
Four magnet models are being integrated to perform global
process simulation, while Cryoplant simulation has been taken
place as implementing the results of integrated magnet
simulations. The final task for the dynamic simulation model
development is coupling two independent programs, Cryoplant
and integrated magnet models (see figure 1). Co-simulation
is a methodology to run different simulation models in
parallel/simultaneously and exchanging/sharing process
variables in a collaborative manner.

The paper describes development of co—simulation programs
which required coordinating the parallel simulation. The
benchmark of co-simulation results will be presented to
understand the difference in the plant processes against the
fixed boundary condition for the integrated magnet model.

2. Simulation model and boundary condition

The process boundary for the integrated magnet model has
been fixed at the Supercritical Helium (SHe) supply, 4.5 K with
5.0 bar, and Low Pressure (LP) return, at 4.5 K with 1.3 bar,
which connects at Auxiliary Cold Box (ACB). While
Cryoplant model consists of 3 helium refrigerators, Cryoplant
Termination Cold Box (CTCB) to merge the refrigeration
power of three Cold Boxes (CBs) and 5 ACBs to implement
the dynamic heat loads from magnet system. Thus,
Cryoplant model includes up to the saturated and subcooled
Liquid Helium (LHe) baths in ACB. The regulation of
subcooler realized with dedicated cold
compressor unit installed at each ACB. Process control of
Cryoplant simulation has been designed to handle substantial
dynamic heat loads [3]. Each Warm Compressor Station
(WCS) consists of 4 LP and 2 High Pressure (HP) compressors
and one of LP compressors is equipped with a Variable
Frequency Drive (VFD) for capacity control.

The boundary/interface, exchanging process data or coupling
points of two different models, is defined at the
saturated/subcooled baths in ACBs. Magnet
computes thermal energy dissipation at the baths, while
Cryoplant provides their temperature and pressure to couple
the plant process information. The coupling is only defined
at the ACB levels which also minimize the number of process
data exchange for co—simulation.

pressures are

model

3. Configuration of hardware and software

Co-simulation set—up is shown in figure 2, two Personal
Computers (PCs) are connected via TCP/IP socket for
® serving as a
Master, whereas the PC with EcosimPro serving as a slave for
The simulation is defined such that the

process data exchange; PC with Visual Modeler

communication.

— 118 —

EcosimPro® is acting as a server while Visual Modeler® is
assigned as a client.

EcosimPro has a feature to develop standalone model, as
running “Deck Wizard”, which generates C/C++ function—call
based interface program: Application Programming Interface
(API) (SAE ARP 4868). It basically obtains information from
the deck DLL, initializes the deck, tries to set some variables,
runs the engine and obtains the values of pre—defined variables
after the simulation.

The model is operated by co—simulation engine, the package
in Omegal.and® application, which also includes Visual
Modeler®. Each module in Omegal.and® is connected via VM
Space for exchanging response.
InterFace (I/F) program for Visual Modeler® and EcosimPro®,
namely “VMCOM” and “ECOCOM” have been developed to
co—simulate the Cryoplant with magnet process simultaneously,
as coupling independent program at saturated/subcooler baths
levels. The data exchange of coupled process values are
conducted with TCP-IP socket written by C program.

commands and their

wes! WCs3
Cryoplant 25kIV x3 CBs

Cryoplans Termination Cold Box

L]

Buffer Tank

cres I THe bath
J
LHe Tank
4.5K, 5 bar SHe Supply
Floating LP for Cryoplant model Cold Compressor
Fixed at 1.3 bar for magnet model
| [m
St LHe heat exchanger
Z B E i o
I ) <o
Cold Circutator
=R
ST-23 kI CS-17 ki TF-12kIV =) cP-skw
PF/CC-7kIV

Fig.1 A simplified Process Flow Diagram (PFD) of ITER
cryogenic system.

Magnet model He Cryoplant model
simulation simulation

Network
interface

Network
interface

Ethernet

Fig. 2 Hardware setup for co—simulation.
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Evaluation on Behavior of Cryocooler—cooled No-Insulation REBCO Pancake Coil with a Defect
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HAMANAKA Mai, ONOSHITA Haruka, KIMPARA Tetsuro, YOSHIHARA Yuka, ISHIYAMA Atsushi (Waseda Univ.);
NOGUCHI So (Hokkaido Univ.)
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#1 Witk REBCO /o7 —F A /L DFETT
Table.1 Specification of No-Insulation REBCO pancake coil

REBCO Tape
Overall Width; Thickness [mm] 4.02; 0.09
Copper Stabilizer Thickness [pm/side] 20
Ic@77 K, self-field [A] 156
Coil Small Large
Inner Diameter [m] 0.0400 1.00
Inductance [mH] 1.27 72.7
Turns 135
Turn-to-turn Contact Resistivity [uQ * cm?] 29.4
. . 30 K-Conduction
Cooling Condition Cooling(CH-110)
a defect of 1/8 turn a defect of 1/2 turn a defect of 1 turn
E:w%cm M ;IHDP Mane: ;D'éﬂm
1IR3
Fig.1 Temperature Distribution
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1.  S.Hahn, et al.; SUPERCONDUCTOR SCIENCE &
TECHNOLOGY, vol29, issue 10, 2016.

2. T.Wang, et al.; IEEE Trans. Applied Supercond., Vol25,
nod, 2015.
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Evaluation of effects on thermal stability of operating temperature
in multi—stacked no—insulation REBCO pancake coil system
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1. [IC®IC Table.1 Specifications of NI REBCO Pancake Coil
Fox TEm B E L, SETE AL, MR, & Parameters Values
WA /ML, EREEREEALD 5 DO A &4 Tz Tape width[mm] 4.02
ANALFEIROWFFEEAT > TN, FRIZ, METE b LB REBCO Copper stabilizer thickness[pm] 20
HILZEACIE T K OBHRIZH DD, 2 WL TELHET Conductor Tape [c@77K, self-field[A] >80
LTI R AL (NI A L) SRS CUVND, 2D NI =2 NI Double i.d:0.d[mm] 60:69
JUENMR ~Oi# A FEEL TRFTSNTEZD, Fxldey Pancake Height[mm] 10.0
MRI il REBCO ZA /L~ ZEL T %, LA, MRI Coil Turn per pancake 50

& NMR TiEaA L OEEREEDE) DT, RO DN KEL
HRDFREMDN B D, £ZTAHEIX, MR A Multi-Stacked
REBCO ZA/UZ NI A L% W= L EOZEB Z D720,
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R E U L E DB OV TEN S0 - Bas R
WraAT o720 T, ZOFEREIRED 4.2K OLEOZEH) & LLEE
LaBbHET 5,

2. MRATHE 2 B

A BIOHHT T T= AV ORLE Table.1 1237 47 Fig.1 Partial Element Equivalent Circuit Model (DP coil)
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wZFNEI Fig.2 & Fig.3 [IRT, 100
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U R T AT L EDOBEERA NSNS TH, Fig.3 Voltage Traces (@4.2K)
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BRI 0T, AANVEN T HIRBLUIECT S T O 1.  T.Wang,et.al.:IEEE Trans.Appl.Supercond, Vol.25 (2015)
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Reduction method for irregular field caused by screening—current in REBCO coil wound
with copper—plated multifilamentary REBCO tape:

Analyses of electromagnetic behavior under current control
AlRFIEAR T, FEERE, fEHE B AL S (RRERE) ;
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Hinako Ishizaki, Satomi Ueda, Zenta Inagaki, Atsushi Ishiyama (Waseda University);
Hiroshi Ueda (Okayama University); So Noguchi (Hokkaido University)
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Reduction method for irregular field caused by screening—current in REBCO coil wound with
copper—plated multifilamentary REBCO tape: Effect of current control method

OB, FRE ER, Al SR (BREEA) ; M s (LR); o B AkmER)
Satomi UEDA, Zenta INAGAKI, Atsushi ISHIYAMA (Waseda University);
Hiroshi UEDA (Okayama University); So Noguchi (Hokkaido University)
E-mail: ueda.satomi@toki.waseda.jp

1. [FL®HIZ Table 1 Specifications of REBCO model coil
F# 13 REBCO MEH A /L% MRI CHLERR 28120 Tape width 4 mm
THIEE HELTZFREAT > TER, ZThHDIS Tl Thickness of REBCO layer l um
RFHI A - 22 I B RS B DR % <D Z M BRSNS, L Inner dimeter 50 mm
L REBCO A1 7T — 7Ttk % L T D78 M e i 3 B Number of turns 50
BCHESI, R END, ORI O Number of pancake 8
FIEELT, BGDZEMY)— 4% L1F % REBCO #ip Ofif Operating current 200A
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Fig.1 Screening—current field (Normal excitation)
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Reduction method for irregular field caused by screening current in REBCO coil system for MRI:

Optimization of current control method
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Fig.1 Schematic drawing of 9.4T-MRI coil system
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Fig.2 Current pattern by demagnetization method

Tab.1 Temporal stability of screening—current—induced
magnetic field at center

Measuring B10% B50% B80% B100%
time[min] | [ppm/h] | [ppm/h] | [ppm/h] | [ppm/h]
0-30 -8. 33 -6. 18 -3.90 =70.3
30-60 -1.53 -1.60 -1.04 -18.6
60-90 0. 05627 -0. 979 -0. 690 -11. 4
90-120 0.727 -0. 690 —-0. 535 —-8. 45
120-150 1. 07 —0. 485 0. 441 -6. 74
150-180 1. 26 -0. 329 —-0. 378 -5.63
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Critical current evaluation of REBCO coil with artificial pinning centers
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Table. I Specifications of test coils

Conductor width [mm] 4.1
Conductor thickness [mm] 0.1
Conductor 7, at 77 K, self-field [A] 167
Number of single pancake coils 4

Inner diameter [mm)] 50
Outer diameter [mm] 70
Coil height [mm] 16
Coil [, at 77 K, self-field [A] 56
Coil n-value at 77 K, self-field 24
Total number of turns 184
Total conductor length [m] 17

x0.1T
J ° 0.2T
% 0.3T
- 0.4T17

9 05T

A 06T

45 -30 -15 0 15 30 45 60 75 90 105 120
6 [deg]

Fig. 1 Fitting results of the angular dependence of the /¢ at 77K.
1.0E-07 =
773K, self-field
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T 10508

g O Experimental data

o Ic=56A n=24

E [ == Calculation

“ Ic=59A n=20

1.0E-09
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Fig. 2 I-E curve of coil I; and calculated /c at 77.3 K.
SE
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Development of Double Pancake Coils consisting of MgB2 Rutherford Cable
- Characteristic evaluation of prototype coils
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Table.1 Specification of a prototype pancake coils consisting of

MgB: cable.
W&R R&W
Strand
HyperTech Columbus
(30-NM)
Diameter (mm) 0.83 1.13
Num. of filaments (-) 30 12
MgB: ratio (%) 20 12
Cu ratio (%) 13 11
Conductor
Type Rutherford coaxial
Diameter (mm) 5.06 x 2.86 $4.21
Former (mm) Cul.0x32 Cu ¢1.75
Num. of strands (-) 8MgB2+4Cu | 8 MgB2+1Cu
Coil
Inner Diameter (mm) 200 250
Outer Diameter (mm) 269 303
Height (mm) 5.06 4.21
Num. of turn (-) 10 5

Fig.1 Cross section of MgB2
strand (HyperTech :30-NM) and

conductor

S5

Fig.2. Cross section of MgB:
strand (Columbus) and

conductor

[1] T. Hamajima et al., IEEE Trans. Appl. Supercond. 22

(2012) 5701704.

[2] T. Shintomi et al., [EEE Trans. Appl. Supercond. 22 (2012)

5701604.
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Fig. 1. Schematic illustration of the high-frequency magnet
prototype.
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Fig. 2. Temperature rise in different flow rate of refrigerant.
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Fig. 3. Capacitance and both ends voltage of every capaci-
tor bank in different quantity of capacitor bank.
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