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Vacuum pumping for long cryogenic pipe of superconducting cable
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1. Introduction

Successful tests of the experimental high—temperature
superconducting power transmission (HTS PT) lines around
the world and operation some of them in real power grids make
it possible to construct commercial projects to meet the needs
of large energy consumers. In order to reduce the cost and
improve the efficiency of the line the number of intermediate
cooling stations should be reduced as far as possible. In other
words, the distance between stations should be maximized. It
is necessary to take into account the fact that under certain
condition (for example, submarine HTS cable) construction of
intermediate stations can be technically impossible. The
obvious way to solve this problem is to improve the quality of
the thermal insulation. The generally used multi-layer
superinsulation (MLI) exhibits the best characteristics, but the
performance depends on the degree of vacuum. Ideally, the
number of vacuum pumps should be minimal, and they have to
be located near the cryocoolers. We assume the aim is to
achieve a distance between stations of at least 10 km.
Therefore, the study and optimization of pumping conditions
become very important.

2. Experiment

Currently, we are able to extrapolate the pumping
conditions for the long line based on the experimental data
obtained from 1 km DC HTS cable facility located in Ishikari
(Hokkaido). The design of this facility is much different from
the conventional HTS PT lines because of it was developed to
achieve advanced capability in energy transfer range. Among
other innovations, the straight cryogenic pipes are used
instead of traditional corrugated ones in order to reduce the
circulation losses. The large—diameter outer pipes provide
higher pumping speed and improved conductance. One
segment of the cryogenic pipe is additionally protected by
means of radiation screen being in thermal contact with the
liquid nitrogen return pipe. The vacuum space was purged with
dry carbon dioxide (CO,) before pumping. Several gauges
monitor the time evolution of the vacuum level in the MLI area.
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Fig. 1. Design of the thermal insulation with (left) and
without (right) radiation screen.

3. Results
Time dependence of the vacuum level was obtained for the
period of about two months.

Analysis of the pumping speed was carried out using non—
steady—state diffusion equation
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Fig. 2. Pressure inside terminals as a function of time
during vacuum pumping.

The outgassing rate was estimated with steady—state one
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Fig. 3. Daily fluctuations of the vacuum level in the pipe
under quasi-steady state conditions.

The obtained parameters allow us to make valid
conclusions on the possibility of effective pumping of long HTS
PT lines.
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Optlmal current value evaluation test of Peltier Current Lead with Water—cooled jacket
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Fig. 2. Voltage across the Peltier element as

a function of transport current
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Table 1. Mg and W contents in mass % in MgB, powders A2
milled for different times. The contents were determined by
ICP analyses.

1h 2h Sh 10h 30h
Mg 47.4 46.7 46.2 43.3 37.0
W 0.62 0.79 2.37 7.80 19.2
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Fig. 1. J.-B properties for the tapes using as-received and ball
milled MgB, powders Al and A2. The measurements were
performed at 4.2 K in a magnetic field applied parallel to the
tape surface.
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for different times.
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Table.1 Thermal conditions.
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Fig.1 Thermal procedures,
(a) Conventional and (b) CRCMG.

Fig.2 Top—view of Gd123,
(a) Conventional, (b) and (c) CRCMG.
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Fig.1 Press pressure dependence of powder compact density

in mixed powder with Mg and B.
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Effects of carbon nanotube addition on superconductivity in Y123 bulk superconductors

FL FEl, =% 695, MIRYALA Muralidhar, £ FEA GZHTR)
INOUE Kazuo, MIYAKE Yuya, MIRYALA Muralidhar, MURAKAMI Masato (SIT)
E-mail: k-inoue@sic.shibaura-it.ac.jp

1. IZC&HIZ

YBa,CusOy (Y123) /b7 4KI%, @V ERSNEE (T) . K
RN R O VR LR R AT D, N
BIRE~ 7 %y N AT AR S O RIS E A~
DIEARMFEINTWA,

PV TBAGE AR O REVETR) AR, BETR O YEB) & Ml
HEUIEHE L —DEARNETHD, Erikdtr
Z—L LT, —RICHEBRERTRAERE STV 5,
B IE ORI FRICEKGFE T H 2 ENHFHNTE Y,
PRI 7- D/ HRIZ L - CTEER BB ) T RE <M E
T5H, BT ) A= LD kDT Z— DB AT K
V. J OFRERRBERPMRE SN T[], A—RF
J Fa—7 (CNT) OERIX . ab WNIZBITSa—1L v
ARITEWTE D, @SRBEERIZES W TR Y 1k
DX —ZRDARERSH D mJ, &I R
BT D00 BIREROERA I TE S, ZHET
9 900°C T OEFH SIS TER & 7z Y123 BERG R ORI IS
CNT BT 5 & 5 GG & 5 03[2], IRELE CIER
L7277 RN TR STV R0,

AWFFETIE, CNT 2RI L7230 7 IR & iR ahE CERL
L. /9S4 X0kt Z—& LTOHEMAEH
N5 LT, Y123 2L BRER O LB BRI D
mEEXADZ EEHME Lz,

2. EEAE

YBa,Cu;0y & Y,BaCuOs ZE/L L 10:4 L7225 IOITFFEL
721 . CeO, % Iwt% s hIL BURSEEZH O GRA L, &
HIZ, CNT % 0~ Iwt% i L, #EEEIRFED CNT 2 /0 S ' 5
TeOIZ T B B REEE U TS B ERRICTHRA LT, &
WIRA % — #0557 7L AR I2 XY 20mm ¢ DORIERIA I~
S NEEIUT, VR R 1T Nd123 2ffifs e LT, iRk E
HEIZEVIT 577, 995°CAHHRIZIBWT 25h fE b RS ¥,
D%, BIRE LT 572012, 400°CI2TC 100h DEER T =—/L
WLBR A fE LTz,

VESLU 72 L RBAREAR OB 21T, EA T E 1AM
$E(SEM)Z W TIT o7z, £7=. SQUID B aEHE AW, J,
KEOT, OFMEIT> T,

3. HBREER

Fig. 1 IEBREE1To72 Y123 /L7 B8RO SEM
%759, Y123 NIZ CNT B0 Fi L CWAIERFERTE D,
BEASIRIZ I TR, BLRUT ONT 2350409 5032]. I8R5
SH VI RIZEW T, Y123 BAEPNIC CNT A3 45 i
THIENGID Tz, LIL, Jox | Hum DRIZFL TV
CNT WERE RS D28 T+ nm A XETEL A>T
B, ZHUT. RS RIRE NS CNT O —E NSy fif
L. Wi L L7z ATRESES B 2 51D,

Fig. 2 12 CNT % 0.25, 0.5 2 OY 1.OWt %R AN L 7= 50 6H & iR
IERELD TTKAZ I D J, OB AT %779, CNT IR
Lo T RIS I T, J, BB TN 528035
D%, FRIZ 0.25W%IRMNU 72508 T, MERMEUEHZ T
H O TIZBWT J, 28 2 fFREER EL WD, Ziud,
Y123 FFH ORI E L TV CNT S kst & —E&
LCTAZNTHERL, J.23H EL7=b 0 LHERIS D, CNT #in
B% 1.0Wt%E CTHMS L & RS R IC BT J, D
IR T ABOIVZN, 2T EEHZE 2 ©— 7 B BlEInT,

— 106 —

Sofie H[31E. 0.8 wt%LL EDRFEEAREHIIB T, #
Al = k= REREL Q0D Ao
— 7 ARDFFNZHOWNTL, EOIZFEMCRA D LR DH D
23, CNT O—#MB ST SN 7= R FBIZ X~ T, Sofie
LERBED R NEL NI AIRENEL & 2 B,

Fig. 1. SEM micrograph of 1wt%CNT added Y123.
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Fig. 2. Magnetic field dependence of J, at 77 K for CNT-added
Y123 bulk superconductors.
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Mechanical properties of (Gd,Y)BaCuO large single—grain bulk fabricated by compositional
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Fig.1 Schematic illustration of cutting out of bending test
specimens.
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Fig.2 Bending strength of Specimens A and B.
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Fig.3 Weibull plots of bending strength of Specimens A and B.
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Fig.1 Schematic view of the butt joint sample.
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Fig.2 Configuration and photograph of the butt joint.

3. NIV D MIEEERER

Ny haA s MGG EBIZO7-012, MEREFEmRRER Tl
FALIZAY R aqr M7 VEAL, B R a a1 58
ZHY T NVEERLUT-, ABIZTIX, FE-SEM Z2fEHL,
Bt R % Nb,Sn 74T A MIFER CE DGR TR LT,
Fig.3 &, Ny hlas  MNrAmOBIER RE2rT, r—7 Lk
Y — ORI K ERF vy 7 ITALTELT, #UNIIEE
BAINTVWDAIEN R TED, £, A E T To
Nb,Sn 74 F A MKBEAZHIZZ L T2, Nb,Sn 7 4T A hO#LERE
W% Fig.4 \Z5"7, Nby,Sn 747 A1 (Nb,Sn ):) i, ﬁﬂ/—

MZUCIRE S0 (F—T VEFH ) IR T, SN
LT\, ZDJFRIAELT, /\/wa/ho)#*&ﬁz%/\fﬁ%mu
Z T HERE I ~DERE IS 335 265,

— 107 —

Table I  Main parameters of CS conductor.
Nb;Sn filament diameter [pmm] 3.5
(Nominal value)
Number of Nb;Sn filament 8130
Strand diameter [mm] 0.82
Number of Nb;Sn strands 216
Number of Cu wires 108
Cabling pattern (2 +1Cu) x3%x6%6
Jacket outer size [mm>xmm] 27.9%27.9
Cabling diameter [mm] 21.0
Central spiral (id/od) [mm] 7/9

Copper
sheet

—Cable

100 um
—

Fig.3 Micrograph of the butt joint interface at a strand scale.

% i
B

Copper sheet

Fig.4 Micrograph of the Nb;Sn filaments close to the butt joint
interface.
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Stability analysis of 100 kA-class HTS STARS conductors for the LHD-type helical fusion
reactor FFHR-d1
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Fig. 1 Cross-sectional illustration of a 30 kA-class
conductor.
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Fig. 2 Waveforms of the sample temperature in a 30-kA-class
STARS conductor with a transport current of 20 kA (top), 30
kA (middle) and 40 kA (bottom).
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Fig. 1 Interchanging Magnetic Separation System
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BEETE 1S, —BEASR D BEIEIR A B 2700 BRIZIZ NCS-12 O 7
AV, TERR T EEERRZ B 2 BRI NCS—4,
% B NCS-12 & =,

(2)W FEHE A ALER K OV 57 Bife

ABFGETIE, AV — U ALER(— RALER) S PR Je ik AL ER
(CIRILER) D14 BT MAS 53 Ay b7 T Mok A7 a
TAEFRE LTz, Fig.1 I\ BBl XD B o7 a
— &R, RS HEERED TN I, ~ 7 & A MR R
BLOREDE(SS)IERE -,
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Fig.1 Flow Chart of Two Stage Magnetic Separation
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Fig.2 SS Removal and Magnetite Recovery Changes
in 50 d Wastewater Treatment Experiment
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RAay T TN TN LIERRL, HM CHAN THT
X, —H TRIMRITENTET, UL, HIHROMEZEER
TEERI I A 2B LT, AT Moy 7T Nl A
oy TS5 NEBRD EREOU A N KIEER TE DI LD
STEH, JORERICERIGT A7, AR A0
HfE s 27 DB YER T DM ERH DN DN-oT,

(B S7 Bl BE

— B RERSYEETCIE, 2.4 L/min DR AR T SS BRZEHR N
86%, V7 AL AMEIL RN 99.2%L 72 7=, WA KT LD [Elifiz
#(2~10 rpm)D AT B SN/ o7z, Fik 12 L/min O
Lx,SS BRERIT 12~TT%, ~ 7 XX AR T 97.3~
97.5% &7 o7z, RTABIERIEA/NSUNEI MR E R, BT
LB I7Z 572, “BeRIA Y BECI 2.4 L/min O A& T,
$199%0 SSERFER, 99.95%0D~ 27 RZA AL 2N ES T,
TR RS XA ALER I, 17,000 mg/L O SS R
DEAIEPETGIR(SS H127,600 mg/L D~ RH A eEte)
Ty, MRS EED 72T 50 [ [F o EgE K QUL Ak C
&Pz, — T, BIHOEE EHEAKIITEO M B Sk O
REWEENTEY, ZHBIITREMER 2NFE AL E LN
723, BER ST BERR IS, #9200 mg/L @ SS AR L=, HEMT
DK T A~DIEHEDIRANZBET DD, IiH SS 45T 57
OIZ, WA E O EEEE N MBI DI EDIRIBRS U,

4. F£&8H

AL S A 7y N7 T MR ER 72 I R 2 AL A A AT
BLZETHRMTO S0y b F T N EBR D HGER B G737
EICR D EDRIB SNz, B R B x WAzl kb
WA ST BRMERED M) E SRR TE T2, UL, AKALFRZ &L
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T DT ORI AL IR T RSN BLL IR BT L AVRIE
Sz,

HE93IH1  20164F BEAF i T2 - B



2P-pl3

s (1)

KUMEBITORRIZE TIERK D HEAD R LM RN HEEDE Y
Current possibility of magnetic separation application in water treatment
and the requirement for the magnetic separator

AW F, WA R (TS KT
HOMMA Tsukasa, SAKAI Yasuzo (Utsunomiya Univ.)

E-mail: sakaiy@cc.utsunomiya—u.ac.jp

1. [XL®IZ

PEAALERZ IR, AL, AR 8 S 7= % Rk
DD, NI STE B A AL Tl Hé0
O TRHTIEEL TS, ZD5EEEI VXU BE, 7 EooHlE, B
SR E DD, BEKGTBECIE, TR REER (Fe,0,) A1
MRS —T 42 7) U TR TN Ko ToliEd %, AF8ETIL,
BHETRR B A IRV B IRIA R B A L - B o= A
MBS K ORI B D YR DUV TRRRTL, W7D,

S X R - RO Sy BEDS AT RE e A T DS, ZIVE
TR O AN BEEEL 720 | KBRS B ClIfiied CIRERR
FIBRZUOMEDAIV T2 0 o7, EZADUTHIIRD, kD 1/5
FEEEDOAMfE (100 1/kg) CTHREEERDIRIES D IOITARD, 22
MACIE I CEDRDUTI > TNDEE X BND,

2. BEILENBEE~NOHROBED G A

SERIENE 1,000 m?*/d 2RV BT L= A (PAC) 500 mL/m* ©
BRS04 108 T 5, kA 20 m/d (OKiE R
SN L hL RS m Ok (FRifE 50 mAALEIERD,
AER 300 HiElisE95&, PAC IRIIZEITAERTC 150 m?/4EL72 D,

—J7. RGMHCORR G B 2 D, BRI 25 mg/L &
TD&, ORISR 7.5 t/ 82722, Fio, HBEEE X
700 L/min “C SS ¥ 20 mg/L (— AR HEHENE) ETHIET D
RE I EEREND,

i DIAR A U R, PAC, BEEH O3 AN
24050 F/L, 100 /kg LUz, BEMIm AR DTN EREE
FLDDNZETNE, (T, DFEEEO W AN EE L7215,
RO BIEO PR (8m ¢ | S 3m, PRIES AT L728) % 2,000
THETDE, Fox BEIROBERTBEZFIAL TODHR T L8R
TV LA HEEEI IR 7 AR 20 m MEEE7 D, B
BRI DA ZNAFNT 2 emX 15 em X 20 m., 60 L &7¢2%, BIfE,
ZD X7 RIS TR, 3,000 75 P CHRYETT
REESNCUD, BUR CIIBER SR D= A TR Y 5
WIS BPEIC LI AR SV, TEE o hifE A HIIRC
EDFRbHDT-80 WS FRNEL72HE5 2 HID,

WGBS U OB R A AT D856, — DI,
A ARRER O BEED o572 @mid b THY L b1k, %A
TIYRERZEMN SR T D KA AL T D, ML T, 1
OO BERFRI AR E T D& 5 (50O MERER EAIRRS DD, Ik
WA 2 T OFBEERAIE 0.5T DXL IR D 4 5055 10
5L L 22 RS0 A4 Bl MERER LS IFFCE D,
SBELTBIRAIER ST L T i, SS R

— 111 —

Table 1 Cost comparison of coagulating separations

C Coagulating Magnetic
ost . . .
sedimentation separation
Initial Settling tank Magnetic separator
¥20,000,000 ¥30,000,000
Frnne Coagulant Coagulant, magnetite

¥7,500,000/y ¥8,250,000/y

Table 2 Cost comparison of biological treatments

Cost Activated Magnetic
e sludge Activated sludge
Magnetic separator
Initial Settling tank ¥60,000,000
¥40,000,000 Magnetite
¥3,000,000
Riinning Sludge disposal Magnetite supplied

¥55,000,000/y ¥3,000,000/y

ERBIEEREDOT T a—F PNHEMNI2bEE 25, TS
(2 & D MERER RIZ XY | SR A EIE ) 2 AN RN T
DINEIINPEAND I XN HEEZ HND,

3. EEBEE~NDHMK S B A

F2lTaA RO EFA RS, AR TR 3,000 m’/d
(1,000 mg-BOD/L) ZTHMGIERRE (MLSS) 2,000 mg/L, 5FEE
far 1 kg/(m?+d), BREUH 3,000 m® CHUER S-S AE18E T 5, 1%
PEGIROILBEERIEE 20 m/d (FAGE iR - 3FHEE i)
LT De I LERS 14 m &, ZORAEOILEHIE 4,000
TMRREEEZ 2 b, Fiz, RENHIE(L0 g-SS/L, 150 m’/d) 7
W DA TR 70 D, BIAKTBTE (80%/K53& LT 7.5 t/d)
DAY T/t LT 5,500 T H /ARG ML,

— 7 BER G RO DR IEMEBIRIED Y56, RIS CiE
#i5L . MLSS 1% 20,000 mg/L (10,000 mg/L ¢ Magnetite Z &7 ¢)
TR 2D 85D, BeAIOBEMERRINEIT 30 t, 300 77
L7325, REALTEMEGTRE IATNGIED AL U TRAELZRND |
SEAOVFIRM B N AT 70 By BT DRRA Y AR
LEEIIRN T A F 40 m BT 5E, 6,000 T CRYERTHEE S 2 5
N5, BEEBEIBEDLELIAD e IEMEIREIT T =072
AR THEIRAV T BN ZEAT T2 DT D | ~ 7 FEARDH 3D
TR ST HEEE DO VI AN RN T HZ LI 5 T b,
4. FEh

AWK BB C IR LTS M B IR VA T ARG IR D L=
ADERITEDZEN DRI/, BEERSKBECY , Ry
HEEE O AN T AL T a AN HF CE 5 i RENE
D%, HEBRAN LORR B X AR MERER FIZkoT
DRI S5 TR L7 D ARSI,
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A dewatering effect of coagulated sludge by application of magnetic separation

B BZE, ESE PRER, UL B (FENE )
SEKI Masayasu, SAKAI Yasuzo, WATANABE Tsumugi (Utsunomiya University)
E-mail: sakaiy@cc.utsunomiya—u.ac.jp

1. [ZL®HIZ

BUE, IRKFIHEN T B L 2K LB D 12T
BOREIL Ry BERIT, YEM RN D8 E T ny 78
TRBEMELIRY, BER D BEDSE I CED, BER D BEE IR
DARFELARDIZNT T/, Rk B LD RS LT 15 e BN
TELRENDHD, AHFZETIL, A OB E A EHERK
IHEL, BONARHEE IR AL L LR LTl 2 A, 2fF
L EORHEE NSz,

B SRR K AL BRYE TUE, IR AR DU X IRV AR 20 % I
FREREE R ) THREEAI CHRMESETC, DB 5L
TAKREECT D, — 7T, BESIVIZIBTRIRIRNE - DK 2%
CREHN - fe ke ALSy (BRST) SD . BER A BlEHR 13455 BlE RS (2 A
ML THBEREKFNLFI& LT BZENTEDD, Lk
BB R TOBER OI5 R E BB TED, BE, Bk
N AL QD34 Y A % O BlEER T 2R R Sy i
BRI BEL {5 R E — KRB & EF=obig,
AL — R —TCHPESETHEIRZRIL T2, KHPNBEEIT
Sl& B2 EICHBANE FT 5720, 1FEALEZRILF
—EMHETHIERL, —EOPKENYEFCTED, ST
S~ Ry bR—=Z T, ZORKFICEAF]
BEEBRICERLE,

2. RERAE

BRI AKEL TH AU 2RI ST, BEL 500
mg/L ELT-bO%E A, TR EL T 7 R E AR,
B TEEERZEIML, LR BEC R B e L7, &
7, BB KIS E o TREEAIA RN, BEZRIELLNAS
BB 7o s R RSS2, BT kDRI LA E
L% 30 Sy MEL, @5 FEEERI O LRI & O RS
PRt Uiz, SRR T~ 2o b —%E A LT, L
HERFEKIT 100~1000 mg/L D~7 FZARE 20 mg/L D)=+
VR RERIZRINL, BRI S DR K I~
TRy hN—% 20 RIRESYE, 5l& B, v~ Roh
—If B L7 ay I OEKRFEE Uiz, iz, 1AV LL
SR ORREBEAKIZ W TH R ET LT,

3 HEREER

EEEETE R ST BEL B\ T oy 1R AR IS DS B A~
i R% Fig.l (7, @ FRERIEMOS S, /=4
R TR RIS UL R - e RO R e b OB RS
SOz, uEEE L 20 mg/L THo7-,

AV REHRFEAKIZ 20 mg/L O ) =F R E 45 T EEH
L= 7315 AK 100~1000 mg/L M2 THEMET vy 7% A RS
&, v R IMN—TRER D BEL T2 E D53 BEG IR D SS R
% Fig. 2 1R LTz, =7 REA MR SS IR EE TRk 200
g/L ORKEIHEIRBELNTZ, TR EETIE, BETay 70
BEPRKLZEAERIUTZD, 32k TH 10~20
g-SS/L ETLMRM XA, MK BETIE, M)A
AT B ST vy & KbE1& EiF A7, KIZT
DETL, 1FEAE T RAF =2l b EE X, ThFS
HEIZ LT, DA VR E TR 10 {5 0B B TRE Dt CTE 5
ZERDYoT, v T REAANREEZENSEHE, <7 RZ AR
EETBEEIEOA SS BEITHNT B, B4V ORHNE
RIFKTL,
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Fig.1 Coagulation Settling Curves
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Fig.2 SS Concentrations of the Separated Sludge

BRSO Bl CIIEE 7 0y 7 B BB EENE I T 572~
TREANERINT D, Bill, ~7 RZ AN 100 M /kg TAF
HIREELARV(AER DK 1/5), LI SBEE DT =0 7 Ak
OARFNHIEEA LR E S ee o], — 75, RISEMEREDIL
Bt LR Sy B B & b3 5 L, BT, ThEh o 5
N FHEND, 72720, o 55 HfE D= AR
ITE I TR,

ARFEERAERDD, MK BRIV RIS 25 EIE 200
g/L ETHEMESH, K5 80%ETHAKSH TWAZEIREN
Too THIROD BRI B I LIRS IR D K&l f =2 v Lo
ARk, EHEREYS, BKBA RS T =0 T aRb R AT D,
MRSy A A O3 AN, LB Bk EREOa AN
EhETHEBEINDIRETHY, MK BEEANIVEF] L2
BAREMEARIR ST,

72, R B RASHICHATAEES, LMy HE
BIRD 1/10LL FETHAIN TN, /IO K%
HNTE, BKIANEH]THZENTED,

4. FED

BESRBE S B I8 DR Sy B B DA =2y /b b X
(X, BEERILRE D BEO ILBAS LK S B2 A 7m AR L
B RETHDLIENVRRSIVZ, R BEHTIZLA L =31
F 2B T RRAEGIREGO NI, SHITHKT D
GabI/ OB EZFI A TE5LE 26N,

5930 20164F AT T4 - EHEEA R



2P-pl5

<74y MRV

BRALMBEELIERDREREZZRL-BRSRIFIEDHEN (2)
Analysis on the current sharing properties of the oxide
superconducting parallel conductors in consideration of the I-V characteristics(2)

AHIEKRER, AT,

ERERRER, T HISET, PR JUIN R 5F) 5 FOSRHERR (AIST) ; ‘& I 52, 4 BPHEA T (& - EHK);

HONDA Shotaro, FUKUMOTO Yusuke, IWAKUMA Masataka, YOSIDA Koichi, SATO Seiki(Kyushu-Univ.); [ZUMI Teruo(AIST);
TOMIOKA Akira, KONNO Masayuki(Fujielectric)
E-mail : honda—s@sc.kyushu—u.ac.jp

1. [ZLoIZ

FRA L B A A % B S IO R R R ~ 7 R M
T 570 KRERR BB LI THD, BIEDEL
WA 1, # G OBLIAMEZ R 2 57290127 — 7 T4k
THY, PEROMBERITE A C& 7, KEREELTDIC
I — 7 R E DA DT I FERERE R LT b
W, L, BICREE L7200 Tl BE R oA & 7 20 2R
TUAREN T WHARAL, RFREADE KT D, 22T
L CHEMOMBEE ANEZDIEM A 9222k,
MDA Z B A ENT DUENGD, Fx XD
NETY RBIEET — T Hb CTHERR L TZ BR300 513 AR 12D
W, B — R OBAEPIE 0 EET M SGEE
FEORER 7 e — KB B L CEM D MO 217> X
7o A ENIHTZIT o OBESGIRAFIEE B BIC AL TE AT

277,

2. BUERRHT

REBCO M ITHRN & i L 72 SO F A E R R L, VL
JARAANAE N Z AT ONWTEET D, R ER S
TEORRFZ BB ARHTIZ LI~ T, BT, T ETITHIA
L CWAEGEARAN FIEE T L TVOB, R 3 Ko
B BBROHACALEIEZ AR OHEALE IR A F
KO BV —REOBEMIEHT Ry &, BEE RIS DR
W7o —H Rurs 25 &IV b &, ZElimI#E 1T Fig.l TF
Sh, B FRART0)RERD,

Ly, 00— Rurss H Ry |—>Il
N
M1z I,

ITotal M3 LZ
>

M23

—/WLrRﬂTss H_ Ry |I$‘

Fig. 1 Equivalent circuit of a 3-strand parallel conductor.

-1

Ij] [ioly +Ry+ Ry joMy, joMys Yy
lz = inZI i(A)L'_) + RN + Rm‘sz i(l)Mzg VZ (1)
Iy joMsy joMs, jolg +Ry+ Ryres! LV

F, B FRBOBAT 71— BT Rurss 275 RIS
SEEH OBERES 0 BT 7 L CELT 5L, QR TRS
ns,

\Y In—l
Rursx = 7= Ve (Ic_n> 2

PEAERHT R ICIXFERIE A Ve,

— 113 —

ZZT Fig2 \ORT IS, BB LA BAL LT 1e-B-O%;
PEEBRL, HHER, FF—2D Ie 2Rk, Q)FRUTMAL,
KHEMR N X2 T EOHR T 0 — P Rurs 238 HL, 37T
DH—TRLADEDZEICEY, R ROBIR 7 o —HHT

Rursx &L72,
R f4 B,_,
0

Fig.2 Magnetic field distribution.

3. fER

n=10 4 Tc 7% 1204, 100A, 80A 0 3 #EHE 30 #— > 3 JED
VL) A RaAf iz 150A zi@E L= & & Ok
LEpFFEE Fig. 31T, @B TS v ¥ 7 X2 AN
T ALV ERSTESPREY | ARBEWIT R DIFE, T
DIEHOEOREEZ T, BRSRERT 5 Z &3 bn

5o
0.367 I

—&—Linel

Ke —F—Line2
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Fig.3 Frequency dependence of branch current ratio.( n=10,
1c=120,100,80A, It=150A).

4. FEO

REBCO Mt % EMREL TUWFEREHERL T A5 A #EY)
BB R LA HIE L ADNRT o A ol=2LTh .,
REBCO ##f OBERFM:, T720Bnfl, lc 1IZIXH &R HD
LETRT NI ET HIEN Loz, FEMIZ Y B %
#95,
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(50T *500A/mm?-5GPa)-REBCO #EE&EIA/ L AT LDBFE
Development of (50T =500A/mm?+5GPa)-REBCO coil system

Al Bk, FeIFE B, FERE BE(ROQ) BN BR (LK) sAEm vEs, & 8 (R 1100 ;s Al RE &R (PEED)
ISHIYAMA Atsushi, AGATSUMA Ko, SAITO Takashi (Waseda Univ.) ; NOGUCHI So (Hokkaido Univ.) ; UEDA Hiroshi,
KIM SeokBeom (Okayama Univ.) ; WATANABE Tomonori, NAGAYA Shigeo (Chubu Electric Power)
E-mail:atsushi@waseda.jp

1. [XC®HIZ
EFH DI, LiA A EMEERET A ITHEE (600kWh/

m’) ZAHT5H SMES HlaA Ly AT ADBEZ A E L
T, WEEL R HBEE oA L OBERMAREEZ . REBCO B4
OEMZBE LTS HEICLVRE Lz, TORE.
AR 50T LA, BoRE (7 —75571) 5GPa Ll L,
TEREHERE 500A/m? LB & IZEEH O TRENE
BHDLZERbrolz, TLTINOLEERTDHZDOD
W 2 A ARET & LT 1) FREEA 72 msmoi b i
ToFEM, 2) EBEREEL L REEEmT D HEMDO
FH, 3) HEL T HAPEARE (10MWh /4% GI #k~
100MWh /4 E Gl #%) 26T 2 aA v AT LiKEED
72 D% FH R LA ORESLIZ DD THRFT 2L U T,
ANl OB WS35,
2. BiELT % SMES RHOHE

BERDOBLEDHMT 7 — K~ v 7T, SMESITERFRH] (B
AL « KB AITECER (B 2 I EBHEMER) Vo @
S THo=M, BEEE T HSMESHAER TR,/ EAL
(B Z N ZEATEHE(L) D BREFHEAL (BRI EO )
F CSMESJE H O N KIEIZIERKT 52 L2k b
(Fig.1),
3. 5GPa, 500A/mm?, 5T&LTF-1R#L

[l — DOWrEEAL - ~HE % A9 % REBCO #4614 Ot H & )
ELT, BEERDaANAEEZRDO L) ITHA L,

- REBCO 7 — 744 : 8 6mm. JE & 100pm, MR - 8
B - 2 U8 ORI E,

s oA UE N A 300mm. 500mm. 1000mm @D 3
FEHEIZEE, 24 V| S 0 100mm [Z[EE,

A VE T B AL ERFET RV X =[(1/2)LF/
EARATE A MR LEFAL L. 60kWh/ m®, 600kWh/ m®
LB EE DB, A NNEERD D (6kWh m’
I NEDO 7r Y=k T4y N ULRBEEE
FEZREZABASE ] 2008 4E~2012 4R (25 1) B FEIEHH) .

CBONTRERNS BRNRKBS & 7 — 75

(GPa) , MM EALE & (km)2 72 v OIFET RV X —

(MJ/km) ZFHEL, K72 v b,

P B ERE B A Fig 21~ T, HALERRY 72 0 o AT
B (kWh/m®) L @EEREE (Amm?) Z2/37 A —
ZLLT7ay LT3, BHPOENL600kWh/m®, A
Eli%60kWh/m®, OFZ6kWh/m*> Th 5, # LT, i
FN—FBLEDOT T v "B aA LNEI00mm, 2F BN
500mm, 3% H731000mme L= & X DFERTH D,
4. BIE2EREI 3-H0Da1 LR (Fig.3)

1) FEBERR 72 B o B A L L A

HT 85 5 600k Wh/m?® « &AL SOTHER IS L BE & 72 Db

WRERE O BAZME (it~ — 7 )5 JJBIR>5GPa) %7 V) 79

DD DER - S & 35729 [YOROI= A LA

& O EERHRARD,

2) EEREE & HEWIZELE WS 5 Hf

Ve 25 JE 600KWh/m* B R \C L BE & 72 B & BB Bk
(500A/mm?) & EEY L ElL (BT 2 A UR#) O

FHERD LI D7D, TR = A VBT %

A Lz TBMESIRPIHEEN ) 2Rt 5,

— 114 —

3) EBEE = A LS AT L O R FH
FRIN DA RIS UTZSMESH 2 A Ly 25 &
O EELEIT Y, ThbL, BHOF TN
—X A NP DRDEFR AL N EEFNERAE DR
IANTAT A (hag XS -~ LF VL4 R
HE) ORFHELE ET 5,

ABRZEE, B EPREA BT 2FURSE (16K14220) 12X %,

SE 3
[1] S.Nagaya et al, IEEE Trans. on Applied Super-
conductivity, 23, 3, 4601204, 2013]
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Fig.1 Increase of the range in SMES application
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Fig.2 Hoop stress vs. Energy per tape length
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Fig.3 Development of magnet technology for 600Wh/m’-SMES
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Design study of short MRI magnets in length
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1. [ZL®IZ

MRI (%, A7 RICHK L K E 7228z WT, @)
— RS R AT HEETRINTWD, T, BEE
<7 Ry b OEEZELTHFIIEHL 2> TND, BhiEEZE
FULSEDRRELT 3 BLLE (/1% 2 BLL L, =
ANVE 1 JE) DL EREICTAEPRESNTHD(L], 4],
T 2 & T AUX T RALHR D DI DN TE L LT
DOTHETD,

2. BEETEETIL

Fig. 1(a) (&3 <7 Ry L EO(EE OB IZTFTE
JHMABR B FURE P LET 2R oK FICEATD
BT RsE Bz 13 (1) ORI Y o RV DL EA T
FIhd,

B, = Zﬁ:o CnPn(cosﬂ) (1)
I n
G = l;_of (Pn(cosa) - CosaPn+1(cosa))(n +1) (?) (2)

ZIZT PIEn ROV RVEAETH D, Fig. 2(b) (R
P2 R, MR L o MR R EICE T IS TN A KRBT J, 708
DAL TNDET Dl FOFRME BT ZVIFEA T D kg
LD — 5513 (2) & J, OO TROLENTE
5, Lo T, EWBIGE — EE 13572121 0 RESNOFE S
TERFES NSRBI J DA% RO UL,

3. ER MRI %5 ®yhE&E

ZREILIC KD ERAL DO REMEGR LA TDHEEE X T,
TG ERAETHEIANDIREEZHFTE L, BB, 77
TAT V= IVREEFIZ WIS — VR EICHD, | BOEAE
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Fig. 1 Schematic of one turn loop (a) and cylindrical model (b).

Table 1 Conditions for calculation.

Center field 1.5T
Homogeneity < 10ppm @450mmDSV
Inner diameter of windings > 900 mm
Length of magnet <900 mm
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Fig. 2 calculated surface current densities,
(a) one layer, (b) two layers.
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