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Fig.1 Temperature dependence of specific resistivity
increment caused by plastic strain for 5SN-Al.
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1. Introduction

Reduction of heat penetrating into the cryogenic region is
the important method of optimization of superconducting
devices. In the cases of short-range power transmission (PT)
lines and compact HTS applications, the heat leakage through
current leads is relatively large. In order to decrease this
contribution, current leads equipped with Peltier elements
(PCL) can be used. Commercial samples of PCLs are installed
at the terminals of 500-meter DC HTS cable in Ishikari
(Hokkaido). This cable is designed for 5 kA. The inner
conducting layer consists of 37 DI-BSCCO HTS tapes from
Sumitomo Electric Industries, Ltd. with a critical current of

180 A; and the outer one consists of 35 tapes of the same type.

Each end of the cable’s tape is connected to the individual
PCL. To examine behavior of the current leads in detail,
hardware and software data acquisition system was created.

2. Hardware

Whereas each end of HTS tape equipped with individual
PCL, two terminals are equipped with 144 PCL in total. Each
PCL is supplied with two thermocouples. Voltage taps are also
available on the feedthrough and on each end of the HTS tape.
A set of current transformers can measure the currents
through all of PCLs separately. Additionally, in the Ishikari
project a great attention is paid to the protection of cable and
construction elements of the mechanical strains due to
thermal contraction. Two cryogenic load cells are install inside
terminals to monitor HTS cable strain. One of the supports
located inside elbow segment of the cryogenic pipe is supplied
with thermometer and three pairs of strain gages. Four
Keithley 3706A multimeters equipped with five 60—channel
3724 FET multiplexer cards were used. Multimeters
communicate with PC via LAN. Connection via LAN allows us
to read data from four spaced devices.

3. Software

Each PCL data block contains temperatures of the upper
(Th) and the lower (TI) terminals of the Peltier element, a
voltage at the Peltier element (U1), voltage drops across the
braided wire connecting PCL and feedthrough (U2), and
connecting feedthrough and HTS tape (U3), and an individual
current through the PCL (I). Therefore, 144 data blocks are
created after each sampling. Furthermore, we have 72
measurements of the voltage drop across HTS tape. In total,
there are 936 PCL data channels to be analyzed and recorded.
The program part of the data acquisition system was written
using LabVIEW software solution. As mentioned above, the
program has an additional option to acquire and displays data
on mechanical strains, and stores this information in separate
file. Due to the large volume of data, visualization used two
monitors with a resolution of 1920x1080 pixels. Data can be
displayed in different modes, both graphically and digitally.

The volume of stored uncompressed data is about 250 Mb/day.

— 135 —

The output files are written to disk once an hour. A quick
real-time data recording is also provided, allowing fully
restore the information in case of power failure.

4. Experiment

First cooling down of 500-meter cable was carried out
successfully in May and June, 2015. Preliminary results
indicate that target characteristics were achieved. PCL data
acquisition system was tested for stable operation both during
energization test when the transport current achieved 6 kA,
and during idling. No software malfunction was observed.
Real-time data monitoring enables to avoid overheating and
damage of PCLs.

Fig. 1. Screenshots of the program.

5. Conclusion

Hardware and software system for acquisition, visualization
and preliminary analysis of the working parameters of the
specialized current lead array installed on 500—meter DC HTS
PT line in Ishikari was created. During tests, the program
operated without trouble. The system allows to carry out
cable critical current measurement safely for PCLs. Moreover,
the measurement of the critical current of each HTS tape is
also available. The program will be used in the 1000-meter
Line No. 2 after appropriate adaptation.
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Fig.2 Height dependence of trapped field at 25 K
in a bulk annulus (22/40 mm¢x10 mm")
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Enhancement of trapped field on MgB, superconducting bulks
using fine MgB, raw poeder

AR ACHE, MR Rz, B 2 GETFER)
ENDO Yuri, NAITO Tomoyuki, FUJISHIRO Hiroyuki (Iwate Univ.)
E-mail: t2214005@iwate—u.ac.jp

1. [FELoIz 25

MgB, ¥ T.=39 K LW O B LAY O Theb @\ Vil E
HIABIR AR OB EE A THY[1], RE-Ba-Cu-O SR (RE: TaBulks %0
T LT A RIS R LB TR b —L Y B AR O 2r —5—8ukd
LIBESHEG ORI ZAG IR O B J, = !
EDILNSATRE TS, B OFERTH 2 ISR T2 2157 A
DRI DI RAE TR L MgB, BB SV 2RI i ox
JFEH A3 25 nm FRPE D/ L7 THIFERE A e K72 D28 §_ 1L
A L72[2], ARFETIE, # -V A X L5 o Bk 2
&S RS OB DI BN T DI LR HREL oL
7
2. EBRAHE op s

HTD MgB, By R(FLE 99%, =150 um)zilf 2 2R —/13 10 15 20 25 30 35 40 45
JL(250-600 rpm, 12 h, Ar FOZ LML 7= 55 d 1A XD 5 Temperature (K)
7327 4 TEHOFUBHEYZR(50 nm, 27 nm, 9 nm, 5 nm)& V7=, Fig. 1 Temperature dependence of the trapped field for
JFRHY A % — R A A A(EAE 20 mm)IZ FE L — il in e MgB, bulks with various crystallites.
R LTt 20-100 Pa D ELZEHZ IS N T 950-1050°C T 5-15 10° : : : :
min ¢ SPS WL AFT 7=, e REINERIE 1000 A LU, HI O e
TN )1E 50 MPa & L7z, 3RO EAIE 20 mm THY | JESIE L T | loKee=t3
8-11 mm Tz, [BEHHREE~ Y X M OTS T 0 A e b
DRESZHT MgB, /L7 &ARHEILI= e, SMERISZ IRV RV e Yl
TRABEMIRS T, /L7 R E P OISy MU IS IR A < 10° O e
— VBT LOIR S O EZIT 70, AN — LV IR o \ T ke
#% D MgB, Iy RO L X AR HTE(XRD) TRMI L 7=, F7z, N 10% | - Bulk 50 2 13;: - ® ] |
b VAL J 13 SQUID B CIIE LR E ATV —=—Buk2r ofar v g
ARMBRD DILIRINE — 2 T A K0 B Uiz, SO Rl —+—Bulk 6 e (m)1 0
FULERME 1 BMBE(SEM)Z -V TIT 572, 10° : - :

0 2 4 6 8 10
B(T)

3 HEREER

Fig. 1 IChEfL T A XD BB ¥ K& FAV =41 7 (Bulk Fig. 2 Magnetic field d.ependence of the critical current
50, Bulk 27, Bulk 9, Bulk 6: #FIiE A A& EKT)D density J, at 20 K for various MgB, bulks.

TR OIR AR TT 27737, Bulk 27 1% Bulk 50 [~
PRG35 1) = L7-, &512, Bulk 9 & Bulk 6 ClIiE iR
D& FAHERES =73, Bulk 6 Tl 27 K UL FOKIR eI <
BTG _ELT-, ZoZEh %, Bulk 6 1 Bulk 27
LIXR A D FEFNFTEL TWDZ LN RIBS D, T
FUZKFL . Bulk 9 TIIARREIGMIZIC T L=,

Fig. 2 1220 K 23813 5443V 2 O S B i B J, D15
RIFMEZ RS, FAKILO0 T, 4 T COR BT ARXE T, DB
£&%RLTB, Bulk 27 TIX B Ok, @S ML J 0
rﬁhﬁ s n=, UL, Bulk 9 & Bulk 6 TiXH Ck#

T JAEIE Bulk 50 E[RIFREChHo7-03, WG MIT J,
fEED T ELTz, Z0 X512, 27 nm KW/ EWESL T
YA RO HRE N2 V7 TR I AE O BEE 72 5 TR
Nigmotz,

Fig.3 124/ UL/ £ D SEM 4% 777, Scherrer DAL Fig. 3 SEM images of MgB, bulks. with various crystallites.
DR L72 SPS # D4/ S )L Dk A5 A X13#9 55 nm FLEE
Tl-o727%, Bulk 27 IZHWT Bulk 50 Ll L L0725 P
AR S APAES DILBBERSIIC, CORRLD, 2 KA ly J N;gamatsu et al. : Nature vol. 410 (2001) 63
%OD?ﬁﬁ@ﬁ%ﬁ)%jﬂ/tfdb‘ Bulk 27 T J fiAsr L7 2. Y. Endo et al. : Abstract of CSSJ Conference, vol. 91,
L#E 255, -, Bulk 6 Tl Bulk 50 <° Bulk 27 L5730 (2015) 3C-a07
A ffe 7oA BRI T 2R S e o T,
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Evaluation of magnetic field correction in ring-shaped superconducting bulk
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WOO Taeseong, SEKINO Masaki, OHSAKI Hiroyuki (Univ. of Tokyo)
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1. [ZC&HIZ

RE F el E V 7 M, WRIRERIEE (77K) T
S E TRWIRAERBELFT S, a7 b
THIRWBEIGIAENFEBLITE 5, AFFETIZY o 20Riam
L L 7z@iRBEE L7 K12 HWT~ 7y b EAERk
L. ZORGRIEC OV TRl A1T - 72,

2. EBRAE

RE 3 iR S E L7 K4 80 mm, 20 mm')iZ) 7R D
INTAEATUN, SHITEIRE | B2 E A LS L7201,
SRV TR, b NIE & R IRE T 72, 2DV
W BEBERAEHAW, Fro 72 L CHEL .,
HEBE~ 7 Ry MNTXOECK 3 T OIS ZEIINL ., 4 i
WAL b UITR IR IR IE S A TR TP S REE 1T, BRI
AR — VBT TR A2 3 LTz, Fiz, U 7N
DOREGEAET D720, SR LA EE T 50, A
T TR, HRIA VA ERL | B EA 1T o7,

3. R

VRSV K% 2 JBREE LB D L7 OX v 7 iR
DBV 7RI 5 2 D8 B G R LIRS I, 88 20
mm ERIZIB W TR D22 8% 10%LLNIC T DI2iE vy~
8% 13~17 mm [ZFEFHTD2MERH LN 50T, Fio,
BRI B D Z 8T 50 K CRESHRIE A 77 K D 4 512
2HZE Vo RSNV BREERDX vy T a4 5L T,
Wl ) —VEDS 5 1584 k) B3 22 &0tz

Fig.1 12 2 FEOER FIETIER LI L /af v~y
A )b AL T DR A NV AR, HDIA B
DA SARROALE DS E EESNDHI=0 , iR G B OB 135
Bz, —H TEXDTTOEE | BE DT RIOEMRE N
BB BREHESS DMEO R W TATRENE DN S 573, Fig.2 (245
BV x, z T OBERMES 2R 308, BB bi
TWDIENDI T,

4. BHiEE
AWFFEIL JSPS BHEMFEE Bk F3E (24300185) Ak
EZITTHEBMLIZLDOTH D,

SE R
(118 BE 130, 55 80 [MMKIR T M ESs His
£ p.168(2009) .
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Fig.1 Structure of shim coil and manufacturing
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Characterization of (Sm, Eu, Gd)Ba,Cu,0, Superconductors
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1. 8
RE123 (RE : A7 LHEAICF) R/ VL7 NS, Mg IO

SIS B W Th L (B BT D R 2 A 375,

i D K& 72 RE: La, Nd, Sm, Eu, Gd 75725 RE123
MEHT, K& CIEBEZI AV REERIS 5L RE A4
YDA Ba A4 & EHL T RE,,Ba, ,Cu,O, WD [ A
ZIREL, SXYUTIREN FRY, TEERIEE)ME 528
DBHIBILTND. ZIVHDRAARIEFE 43 = T CHfE E =
5&, RE-Ba [BEHIHIS AL, T.0@ IV Rl c&
5. ZOXOREER 3 RIS S 7B T O R a
11955 15% OCMG 1£(Oxygen controlled melt—growth 1) W
S ZOMUIZ, 28R T COEEIERHDD, OCMG {ELhb=
ANHIBZ 72533, RE-Ba @ #3 &03 <72 b1

2. AREW

B OFANT AR LT HI20E, LBED 7.0 EAVR
WK CdhDh. NEG BImEEIT Y B8R ED L BIO T,
DOEPEN . Bt EIZIE OCMG EDRHWLILTND.
LU, OCMG {EIZIX, BEBMERZW, BB DLRED
KISNDHD. 22K P TORMER L, ZNHDOKEETIRT
EHHERHD.

AT Sm LD Nd DD Ba A4 FRRITHT.
12, (Ndy55EU0 155Gdg 75) Ba,Cu,O,(BLF NEG123)?D 5 3(Sm,
Eu, Gd)Ba,Cu;0, (L4 F SEG123)&Y) RE-Ba E#L A3 & 097
LEZHNDHIEND, NEG123 XV SEG123 D773, KHithveE
SHAEDTITRVINEE Z BINLD.

AHFFE T, NEG123 & SEG123 ZFNENDZLER FThD
Btk LT — XA B L, k5282 HINEL T
RN AT T 72,

3. MIRAE

SEG123 1%, Gd123, Eul23, Sm123 & Gd211, 512 Ptk
W Ce0,, BaO, ZIRAELTZ. TLTEMEERE FIFA7-01C
Ag,0 ZIRA L=, IRAHIZ(Sm, 155F U, 155Gy 25) : Gd211 @ Pt :
CeO, =10:5:0.5:1mol%tL T\%. Ag,0O IE 10wt%, BaO,
I% Omol%, 5mol%, 10mol% TorRIL7z. IEAH% ¢ 20mm DIf
HCERL, MgO ZfEfRE G &L TR ESEZ. 20%,
W5 T = — VAL AT 7=, 600°C% 6 BFEIT 2 B D,
500°C% 12 IR}, 400°C% 24 f,300°C% 50 IR T 180 I
MEVIEETITo72. 20, B8R FTWET /, 7.
ZRELT.

4 ARBRRUEER

Fig.1 |2 SEG123 @ JORBFUEAFIEZ R

L OMEIEHTH bmolb A mi<R>TWAD. Zhhb
SEG123 1% BaO, % 10mol%PA EFRANLTH L3 ELARnZE
NTHENDDT 5mol%)>D 10mol%dD [ CHFE T DML BN D
HEEZLND. OmolblHIFEAL 0 [TIEVMETHS. ZIhb
28T OB A, TTK Tl BaO, Z ML 72 WS RERIZ 725
TRWNAREMER B DLV ZENR B X HILD. £z, Fig.2 ITiX

SEG123 & T,Z/RLTCWBA, LEIEFAD Omol%d 10mol%?
TAEHEVE DL/ EN D, SEG123 1230 T BaO, 1 7. &
DE JICKRESFEBEAE 5 HIENREZOND.

8000
7000
6000
5000
4000
3000
2000
1000

0

J.[A/cm?]

T=77K
H//c-axis
—— 10mol%
5mol%
—8—(0mol%

2 4
B[T]

Fig.1 Critical current density of the SEG123
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Numerical study to improve the field homogeneity of HTS bulk magnet for compact NMR
relaxometry
B OO, b B, BRRT ST, VR HE, & S (i 1Lk AE)

MIYAZAWA Daiki, HOJO Katsuya, NOMURA Ryota, FUKADA Susumu, KIM SeokBeom(Okayama University)
E-mail: kim@ec.okayama—u.ac.jp

1. [ZLHIZ

VAR, KRR 2B (Nuclear Magnetic Resonance : NMR)%y
SIEIT L R B OKERE - W IE AT I 2h7y — LT
H&h, EE oM EaED BN TS, BIE, EE o
g b D D — 5 TEEORES L, S AMEIZiD
AANDFRRIAHEH TELEELILE RO ONBIRTHS.
ZIT, Hoxld, BEORSNDBESIRE D 1.5 T(64 MHz) L5
DZE[IE)—FEM 150 ppm THY, IAZE FHIEE CElZ TE5
NMR relaxometry & OB % B e LI 2241772 > T
5.

ZHVETOMZEIZLY, NMR relaxometry $HE i~ 27 %k
DRAETHS 1.5 T OHHRELZIAESEHILIT, NE 20
mm, ZME 60 mm, HE 5 mm OV RE BB EICTAD
LIz o], W) —% 150 ppm/cm® 1X8k) 72 LA
AR IEIC L > GERRATRRR2] TH DT L3 37> T, Lok,
RIZHGHARIEEEL T 150ppm/cm® LR TE Uz e
WMz, ¥ A2 VERE T 572012 20 mm L EICRRA 1
REVEDLZENEFELV., 22T, KFIETIL, AT IKDOE
Wi bz AZ T, BBHIEZER OILRE, kLT
DR — Db L& K720 TE DR RN DN TG
5.

2. INEY NMR relaxometry & D E

Fig.1 \ZBA%8 % HIEL T o/ NMR 25 (& OE & X 27~
3. 2/ NMR 24813, @il B L 2RO TR )7t
R HT2L0THY, BEE~7 2o MDD
DRESEFN, BHEITo7-1%, SRS 2 B0 BR<peis
WEN(FC)IEIC LV AEIND. ASnzmilEET Ly
HIE, BEE~7 2y Mo BRO LT NMR fi~27 %y hel
THHT2ZENREE /D72, FEFITTL RINIRY, fii
MIREG L7025,

3. R AELIER

ABFZFE T, JES 80 mm DV 7/ TR EREEE LK
WZRUWNT, UL OFEHANE 28 255K UT- 1 D3 e 5 1
—FEICRIFTHEBICOWT, TNENILRZEBOESE 5
mm & 10 mm &L, ERGEAEMNT IZ LB AT > 72, f#AT
SAEELTC, 0 s THBEYE v/ Xy NTBEEZITV, HiEL—h
0.04 T/s TVHHE, 3600 s #Rilh s OWEGE L7 RO FHIHERG:
BLEL W5, fBTET L% Fig.2 (TR, MR Eo—fFlL
LT, FIES% 1.6 T, 7SIV ZIRONEEEAMED ZED 40 mm
LIRAIOITEREL, N 25 mm 735 40 mm £ C 5 mm 4| 7~
T LS EBORERIEZEM THD 5 mm TOFE S
LTI ORESYE) — E % Fig.3 |ZRT.

WRZPERSET RO FESA 10 mm DOFET /LAZDO
T, N30 mm Tleb e — M B L% i —
JEDN AL T AN 23> TG, ZIUE, SO EROEE AN 2
Uk I itabd R N 277 VY = s L MG S LI A - A [T e
(720172572720 TH D, HHE 5 mm TIENE 40 mm FME
80 mm, =S 10 mm TIEPEE 30 mm A4EE 70 mm DFF /LT
BWCES W, BHMILICAEES TS 150 ppm Z KLz

— 141 —

AWFFETIL, ST IR~ Fy hO L OB E SV D/ VT
EOREECEDEEIZOWTRFT LN, EEORAICE
WL, B LRSI ZR T 50088 L. F2C,
H IV IIRDIEADY 5 mm 235 10 mm OELEZ SV 7 {RIZD
WCRETT A EERHY, 51%1%, EEED VIR~
F FOHLERTO IV ROTEARIZ OV TR 5260
ThH5b.

Room temperature bore

Energizing magnet(SCM)

Stacked HTS bulks|

Trapped magnetic field

Appliedfield on HTS bulks

Fig.1 Conceptual scheme of compact NMR relaxometry
magnet using stacked HTS bulk annuli magnetized by
superconducting magnet (SCM).

L

Loy
, o b a
L ) - 1{ . C. { |

P
Sarvvaalaliy b=
R

Fig.2 Scaled schematic draw of SCM and modified single
HTS bulk model with various ID, OD and thickness at
center region.
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Fig.3 The calculated field homogeneities along 5 mm in

the z—axis and r—axis directions when the thicknesses of

center part are (a) 5 mm, (b) 10 mm and various ID and
OD.
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Trans, Appl. Supercond, vol. 21, no. 3, pp. 2080-2083,
2011.

2. S.B. Kim, H. Kitamura, D. Ishizuka, D. Miyazawa: IEEE
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1. [ZC&HIZ

BREAR O BREFRAT TIE— I~ 7 A7 TV R L
(RN =R SO0 S E e N = Vg i VA D@ A/ AN A N TN
U TR FR AR MK 7 GL AR b b THN B
B B EHE O TFIEEL TUTHRERIESL FDTD IEA WS
NDD, WT OG- EIZB W TH BT O RHE 3 ot
{EDFRED — D E7p o TUND,

AW TIE, TNV BAREAR PN 00 B BB it /0 A
AT At G U, B S O RAT A W1 ) 007038 2 512
FSIRIBZONW TR T T2,

2. BHRITER S RE
AIREFFEICLY~ 72y o T Azl b LU i
RKOLHZEIZ ATy T — L/ MET D (B4R
) ZE LM TH D, IVEHEMIC R —a i/ IMET D
A EL T, Badia HIZED 3L — g/ MEIE[1]3850
BRI EDHOINCDRIE LA L F I 5 A% RO T TV
F =D IRNEIRDRNE RO TOD, AIREFIELTFRLF
—he/ MR A AR IR SV 7 B8R AR o S i 7R AR AT L2 0
AT 28 MUTH AR L2 B M L L TR
DD R 1 DBLE DI R R F — D3/ N T
JOICEIF DTSN TODEL THAETED,

height z

radius r center

Fig.1 Schematic drawing of distribution of shielding
current in a disk shaped bulk superconductor. (Cut
view) External magnetic field with z direction is applied.
Current distribution is determined to minimize
magnetic energy.

3. MANZENEZS
R OFIRITZE Sy BRI S E A= VX — e
TRB IR ESINTWED, K1 O BBOI 3 AR R E 7
SR VAR O ARVA " A VAP NS (4 o2 1135 A Y 1A b/ ==t 8
WX =D/ N2 DI RE SV TWD AR T LN TE
2o
BB E iz — =%t E T OB e e et &
WD INZHFUL U TRIRET V2B X DI ENFEEIC D,
- EEFURREE T TSI, IR E TSR
B DR E D, v B
0.3 LA FDWoY LT E Tl I3 85,
BRI L V7 BBARER ORI > TR, 8
TRELTWA D, LAV RED NS IR TR LT
TRLITED,

— 142 —

7R L D7D BINRFEALT, EER T v /b2 kY
FETEDLRT v ILIRTHD,
ZOIIC, FEEMEEIER R O AT IR L CGEEIT 2
ZLINHREERD,

4. MIFERERAWNETIVY(2

R, BAETRIR 1B A AY Y 27 V— ik L CTaD
NP TIEETE T 528 C, ARSI TR i O KT
RIS LTz RS EE FRATT 23 W BRI 70 B, 22Tl FEIEMETLA
TR BASE S 7z MPS(Moving Particle Semi—implicit){%%
IRPEIZE | PR SV B AR BRI 31T DR R I A 1
oM —T EREHRRUTEGE T OWT, R 5%
WG ORL-FE AAER ESVEWIRIBIC BT A ER =
HIE—ZONTELELT),

1> 7 W5 IS NS5 v — 7 B
AR L TRE R R R AR D, LT2A > T 2 RS
FEAESNT LS [ RECTH LM, ZOHES LM ERE) v 7R &
[PNUNEZ8 S SR S-Sl AL AT RV A Iy > R Al e EER R ES
(RN A 729 B D D, D B I LA R =R/ F
— UL LiBIO MyE A - RAEAZ IR AETDHE,

U= t0,17+3 Lm0, L
T2 ij 2 i
M, = M ﬁ’ cos Ods ds , @)
47[ cl,e2 X

LERBTED, 2 ROHEREE 2 5EHEFF O AR
W, P O O B 120 N (bSO xor
=2k

Fodv (3)

dl
ERBTED, &Y TR FIZKLTHOD G EK
ORI RENDIRNGAER, =V F—F/MEEh L 72 5,
F7-R 3 0L ICHERMO et 2R X —0D
BIMRICREBL L 722 & T, WM IFNRE X FIZBNTH,
T RN X B MU DR = L X — D B/ M S
BBt H 2 LB T E B,

5 F&®H

BREE A BT O L Al & FEEHE
PEIEREMEFR OBARGRIA L L TR ) Z LN AREIC 2 D
ZLERLE, ARIZET Y VB EDEED 3 RouE
KRB EREETT NL~DOIEZDS L, SESE#
(B BRI G O 2R B 5 TETH 5,

SE Xk
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Effect of scribing for magnetic relaxation of REBCO superconducting coils(2)

WA R, shE WioF, Vel B, S SE, SR8 B STERA/ LK),
FoiR BERR, W %, &% B (GSTERA/ISTEC) ;& 2, 48 HE4T (STERA/ & +-EH)
TSUKIGI Yuki, NABEKURA Kohei, SATO Seiki, YOSHIDA Koichi, INAKUMI Masataka (Kyushu Univ.);
[ZUMI Teruo, MACHI Takato, IBI Akira (ISTEC); TOMIOKA Akira, KONNO Masayuki(Fuji Electric Co.Ltd)
E-mail: tsukigi@sc.kyushu—u.ac.jp

1. "IC&)': . L s . . Table.1 Parameters of EuBCO superconducting test coil.

UL MRI I~ 7 oy b O i iR B AR AL O B 3] — _
RSN THIY, FHTBLBAIY AL E MR LA AT fEIC725,  Winding type Solenoid (19 turm/layer, 6 layers)
UL, MRI =~ 2 5o M 2o [ - IR L2 T — D Height of the winding 102 mm

N z Z\/ —lemE IR IRIHY ppm( B Inner diameter of the winding 80 mm

B) =2 R B LTRSS BREN LT REBCO MM IZFK Outer diameter of the winding 81.8 mm
SNOERBIICLOBADINEEIT DL E D, A Bobbin  GrRP

g Y DAY s e N agnetic fie 14 m
RS TIEL =Y = A7 AL TIZLY 4 RT4TANINL 1. of the coil at 77 K, self field 140 A (Criterion: 1pV/m(average))

L7z REBCO #i#t e F O NIT AbaA V2 AERIL | iy 1 of the coil at 65 K, self field 300 A (Criterion: 1uV/m(average))
DFEAERER O ZAL 2B L7z, BRI 2 =T
AbAANOBLHRERE B REST DI T v TF 7 1.007 [l ]
AT A MU DR O HHI RN R A RRE LT,

1.0968
2. RER - 2 1.0966
IBD-PLD #£124Y 5mm 0§ 30m & BuBCO #iAt 2 1R oy
L—P—RITAE LN A R T 4T A MM T L =, 1.0964
TANIALDFETEE Table.l (ZRkd, ZHEKAETTRAAY
FA+& NbTi-3T M~ 2 % MRIZELE L, 65-TTK D7 1.0962 ...
I — VARIK A TEIEAEIL T 0.5-2T O/AT ARERAH)
L7z BT FARIA N ATy T RICEBE L=, B H 0 50 100 150 200 250 300
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Measurement and analysis of the relaxation of magnetization in REBCO superconducting coils (2)
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Table.1 Specifications of REBCO superconducting coil

Conductor GdBCO
Tape Width 5mm
Tape length 100m
Inner diameter of coil 78mm ¢
Height of coil 102
Number of turns 19
Number of layers 20
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Fig.2 Observed variation of the magnetic field at the coil
center of the test coil
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Analysis on the current sharing properties of the oxide
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Fig.2 The bridge voltage and the co—winding voltage.
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1. Introduction

A 200 m HTS dc power cable test facility was constructed
at Chubu University for performance evaluation in 2009 [1],
which is called as the CASER-II. We have performed six
cooling cycle tests on a 200-meter high temperature
superconducting dc power cable system located at Chubu
University for performance evaluation. After cooling down to
liquid nitrogen temperature, the cable was kept below 77 K by
circulation of coolant liquid nitrogen through a cryogenic
system and then dc transport currents are applied to the cable
for the current feeding tests. In this report, we will present the
current distributions and the critical current measurements in
the 200 m HTS dc power cable during current feeding tests.

2. CASER-II cable

The CASER-II cable system has a liquid nitrogen
circulation system with a cooling power of 1 kW at 77 K. The
HTS cable is cooled by liquid nitrogen and mounted into a
thermos vacuum insulated double straight pipes. The HTS
cable has three layers in a coaxial structure. BSCCO tapes
from Sumitomo Electric Industry (SEI) are used with type of
HT-CA (I, = 160 A, 77 K). As for DC power transmission lines,
the bipolar current is transported through the coaxial cable.
Each tape is connected to the current leads separately as in
Fig.1. All the physical signals are obtained by a 600—channel
measurement system [2].

3. Experimental procedures and results

In the summer of 2014, we started the sixth cooling cycle
test on the 200—meter cable. After cooling down to liquid
nitrogen temperature, we applied a dc transport current to the
cable. During the current feeding tests, the temperature
difference along the cable is less than 1.5 K. In the experiment,
three dc power supplies with maximal output current of 3.72
kA are used in parallel [3]. Since HTS tapes are separately
connected to the current leads and each [-V curves can be
obtained. Fig. 2 shows the measured waveforms of current and
voltage for HTS tape No. 1 and the inset shows responding
[-V curve. The critical current of tape No.l is 196 A. We
found that the critical current becomes larger than 160 A
resulting from lower temperature (775 K) and magnetic field
interactions. Fig. 3 presents the current distributions for each
HTS tape at the total current of 1 kA and 2 kKA. The unbalance
current distributions are observed between the tapes, which
would affect the property of the HTS cable.

SE
1. S. Yamaguchi, et al.: Abstracts of CSJ Conference, Vol. 80
(2009) p.272
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2. J. Sun, et al.: Abstracts of CSJ Conference, Vol. 82 (2010)

p.90

3. J. Sun, et al.: Abstracts of CS] Conference, Vol. 91 (2015)

p.108
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Critical Current Properties of HTS Twisted Stacked—Tape Cable
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S5 X Temperature (K)

1. M. Tomita, et al.: Abstracts of CSS] Conference,
Vol.90(2014) p.25.

2. M. Takayasu, et al.: IEEE Trans. Appl. Superconduct, 23,
no. 3, 4800104, 2013.

Fig.3 Calculated temperature dependence of I,

— 149 — 92 20154 BERKFRIR T2 - BHEA R



2P-p19

KBTI —T N (2

EREXKENEBRICHTHIBREE 7T —TILEAIZERSND
BERSLUAHY AT LDORE

Study on Superconducting Power Cable Structures and Cooling Systems
for a DC Electric Railway Feeding System
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Fig. 1. Structure of the superconducting cable model.

Table 1. Parameters of the superconducting cable models.

T e ectica! insuiation

Structure 1 Structure 2
Radius of go-flow (mm) 23.0 36.5
Internal radius of return-flow (mm) 35.0 47.3
External radius of return-flow (mm) 48 68.5
Diameter of the cable (mm) 139 180
Heat invasion (W/m) 1.36 1.96

— 150 —
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Fig. 2. Pressure drop of superconducting cables.
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Fig. 3. Temperature distribution of go—flow and return—flow
in superconducting cables (Structure 1).
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Fig. 4. Temperature distribution of go—flow and return—flow
in superconducting cables (Structure 2).
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1. H. Ohsaki, D. Kumagai, and M. Tomita: “Thermal and
Cooling Characteristic Analysis of a Superconducting DC
Power Cable for Railway Application”, IEEE Trans. Appl.
Supercond., Vol.25, No.3 (2015)
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Coolant Behavior Analysis with Short—circuit Current Accident
on 40 m HTS Cable for 66 kV Transmission Lines with Cooling System.
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Coolant Temperature and Pressure Simulation on Short—circuit Current Accident in Practical
Class HTS Cable Considering AC Loss, Dielectric Loss, and Joule Loss at Intermediate Joint
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{EEWI FRHEIZIF R DT RS AT AOYLFE LW SR A BB LT T 21T T 1 Th D,
KT AR EL THIFFSILCND, L, FERFEITHE T
AL, BB BB O L MR N LB R R THDH, Table. 1 Specifications of the Model Cable
T2 1L EIRBELr — 7 VO EARIRFE N OGS EEOIR JE « £

IR ' TS i Symbol Quantity Value
D& T DRI 177 AOPAFEEAT > TET2, ABR r Outer radius of Conductor Layer 12.38 mm
FETH, JATHFFEIC I W TR L2 fiftr 7 e 7 7 A[2]IC AC ’ . . .

O SR - A o NS e SR A 12 LT AT ry Outer radius of Dielectric Layer 19.95 mm
NG L 1t g e e Outer radius of Shield Layer 22.09 mm
TusT 2 NT, EHMR Skm HEH S —7 LI 66kV "2 : .
I B TR ESN AR KK ER 31.5kA-2.0s 2NN rs Outer radius of Insulation Layer 23.21 mm
PO DIELEE  JE NI AT 7 D CHET S Iy Average inner radius of Corrugated pipe  53.50 mm
2. EFIT—TIL DB &M Sco Cross—sectional area of Former Layer ~ 282.82 mm?
AKIFFETIE, 3km O =R SRR E S — 7 L% Ssh Cross—sectional area of Shield Layer 192.69 mm?*
RREL, B EICIVEBELS S — 7 VNSO /34 TLNzl(t) Inlet Temperature of LN, 70.0 K
RO, BRI OWIE JED R e T o, P|? Inlet Pressure of LN, 500 kPa
=7 AT N4 R O 434X IR DI EBMA

R L L TR,
aT 0*T

V|9 Inlet Flow rate of LN, 60 L./min

- L 1 L, Flow >0
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N = 3 = A 2 e —=> Heat flux
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Review of conductor and joint test results of JT-60SA CS and EF coils
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2007 4EEMND 2014 EFEICEDY, HARR A IRFZERH R
1 (JAEA) LBzl R FFE T (NIFS) 23 3 [/ T, JT-60SA
HULY L /AR (CS) = i (BF) A L FEAR J OV
OMRERHN R 1T~ 72, ARBRTIE, 4 FEHOE RS
I, MR T RO T VA, NIFS skt 4 iy
TR L7z, AT T, PERERT MR BR O FE I DV Tl
HT D,

2. AREE

ARFRER T, NIFS 23ETAH 32 KA ERGRER L &, O
HRRE RERBR AL 8 2 B o, RAEDEARRRBR LS T, Ik
TEIC THRA - e KISEHS 9T BREE T C, IR{EM AN LSRG EI D2
OO AN UK I LT3 BN ATRE T D, P RLE (AR
TEE T, RN 20kA - Je RIEES 8T BB T C, IR{EMENC
KIS L= RS T HETH 5,

3. BAMEREFT M ER

KRG BRAE B A FIV T, CSEF B{AH 7 /L D43
BRAATRLRE (Tes) & & 22 MR BR 21T~ 72, Table 1 I24535 (K
DALEEE Tes PIERE R O—E %27~ ARBETIL, Tes & 10
wV/m EEFLT-, CS EAL EF BRI, ZhFh, B
FHUZ Nb,Sn & NbTi LI —T LA ar Pk
(CIC)HHETH D, HKY TN ORIE, B TERENhS
WAL 2B L C, CS EIRIIA~TE VIR, BF EIRITT
ryMBIRELT, BRIV OAREE, 1.5 m B ThD,
Tes MIEEFT TG H, CS+EF KD T RIEA BT
DHIENTET,

CS AR TIE Nb,Sn Ffa 35, 20729, HBHEFIR
KrOBS T, M ONEEREOEREICL T, BRRICENEL,
EIRMEREO AL NSRS NT-, 2T, CS ERHER I,
4000 FIOMDIKLIEESE 1 [BOFIE - FFHEE T2, £0
FEL, EAMEREN S L LRI LA TR TE T,

Table 1  Overview of the conductor tests.
Prototype EF-H EF-L CS
Strand NbTi — — Nb;Sn
No. of strand 486 450 216 —
No. of Cu wire 0 0 108 —
Cabling pattern ~ 3/3/3/3/6  3/5/5/6  3/3/6/6
Sub-wrapping w/ w/o — —
Void fraction 30-32% 34% — —
Jacket outer 28.0 27.7 25.0 27.9%X27.9
size [mmxmm]  X28.0 X27.7 X25.0
Sample Racket — — Hairpin-shaped
configuration -shaped
Test conditions
Current 20 kA — — 22.6 kKA
Magnetic field 62T — 48T 80T
"Tes
Requirement 5.82K 6.14K 751K
Test result 6.2 K 621 K 724K 875K
(before **the cycle)
8.85K

(after the cycle)

*Tcs is an abbreviation for current sharing temperature.
#*The cycle means repeated electromagnetic and thermal cycles.

4. PG EDETmSER

CS+EF W {REEG OB BT EA1T > 72, Table 2 1C
BB O FEM S S S0 — &3, CS pancake $5#t
{213 Nb,Sn #RBRIA] 12244582 Butt joint FRAHHAL, &
DM OB T IR A L2807 vy 720 LT 3%
Lap joint FHAFH L7, WEEZITIE, 2K 1.5m O~
AR ET Ty MR OFEGE T T L OE R, RIBER
WEBREEAF AL, 2K 0.5m FEOUTRIROEEGE 7 1
O E TR AR E 2] LT, £, Bketh oL
EWEIT LR, ~T RO Y7L (CS pancake £
fo0) IR R SUTE A~V ML 8 m A ATV, ZOMoBEs
BT IATHAR AT D N TIRIE S H U, BT E O
&, CS Terminal (Type B)&FRE, 9~ COHE B Tt 2
SRAE(5 nQ)Z R T2 L3 TET,

Table 2 Overview of the conductor joint tests.
EF Prototype  EF Pancake EF Terminal EF Feeder CS pancake CS Terminal CS Terminal
(Type A) (Type B)
Joint Type Lap joint — — — Butt joint Lap joint —
Jointed cables NbTi — — — Nb;Sn NbTi/Nbs;Sn —
Sample U-shaped Racket-shaped U-shaped Hairpin-shaped =~ Racket-shaped —
configuration
Test conditions
Current 20 kA — — — — — —
Temperature 42K — — — 70K 42K —
Magnetic field 2T 3T — 2T — 4T —
Cooling Bath — — Forced flow Bath —
Joint resistance
Requirement - 5.0 nQ — — — — —
Test result 1.9 nQ 1.9 nQ 2.1 nQ 1.7 nQ 2.1 nQ 1.2 nQ 16.8 nQ
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Current-carrying characteristic of 100 kA-class HTS STARS conductors
for the LHD-type helical fusion reactor
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Fig. 2 General view of a 30 kA-class STARS conductor
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Multi—scale Stress Analysis and 3D Printer Aided Structure Investigation

for the Helical Fusion Reactor
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Fig.1 Cross—section of candidate designs of a superconductor.
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Fig.3 Correlation between the shear stress and the normal
stress in the insulator of the gas—cooled HTS type and the
CICC LTS-type superconductor.

(a) - (b) (©

- w

Sy S

Fig.4 Photo images of the 3D printer models used for the
feasibility study of segmented fabrication of the helical coil.
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