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Temperature dependence of Young' s modulus and damping of metals
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Fig.1 Schematic set—up of a vibrating reed and block diagram.
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Fig.2 Temperature dependence of Young’ s modulus.
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Specific Heat of Chalcogenide Superconductor with Quasi One—Dimensional Structure
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Small shoulder is seen near an arrow.
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Fig.1 Temperature dependence of resonance frequency
of Aluminum sample.

2. EBREE

Vibrating ReediEZ AW HIER K AKX EFig.2 (2
R, BIROFIRERNOOE G AMEIR O ERENLBOE
AR Z B, T 7 TR ITHED J1 TR NS,

2
F= lEO(VJ S
2\

ZZC, VIFEIE, SITEMEFE, OXEMmR— Y7 U
Thbd, TOEEBEREICRE L —V Ry 77 T35 o
IIT T D, EZAT, EBRB/ VIR ELEE LSRR L

i kit

-~
W\ g

Oseillator

Oseilloscope

Fig.2 Schematic setup of vibrating reed and
block diagram for measurements

— 101 —

TEIRME DT ¥ N—NTRBFH R a2 E> THERREZT-T
WD, ZDORE L—Y Ry 7 I FEFHIT v —SHTRREL
A7 A 2@ CTHIE TEDIITLT,

3. BIEHER

FEHISUS304 THY, PIEREIZXZIR ThHDH, KEHK
PR L B2 R T O HIREUR IR B O R 28k A Fig. 312Q
EORHIZA % Figd ([ORT, PIET —HDIEHOENRKE
< HABMRIEIEE 27203, HIRE L, QELHICKSE
KR H TORERF O HBREFER I > TR A>T
HIDNTHZ D,

2005 e
SHydrogen atmosphers
2003 X\acuum
2001 e o e e
_ . . KX X
N
L 1999 R
=
i
L B KX XXX LA LA & ¢
1997 -
KX
1995 g e
0 a0 100 150 200
time[min]
Fig.3 Time dependence of resonance frequency
at room temperature.
170
% ®Hydrogen atmosphara
150 Kvfacuum
. .
120
l e oo . .
L ] x e e X e
110 . X .
fe] X ; L ] . [ ]
*
a0
70 K% x *
¥ X % X
50
0 0 100 150 200
time[min]
Fig.4 Time dependence of Q—value at room temperature.
SEH

1. KFELeR, HFHA-HP—IE-WHBAE, N HEHE
p.123 (1993)

2. T.Shigematsu et al.: Abstracts of CS] Conference, Vol. 81
(2009) p.229

#5831 20104F FERKFRI T2 - AR



1P-p05

BIKANY ) L TDH

AR - Wtk

— R F/Fa—TDEREBREIVERIaL—2T3Y

Experiments and Simulations of Creating Carbon-Nanotubes in liquid Helium
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Influence of the magnetic regenerator material quantity of a 4K G—M cryocooler
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Development of novel refrigeration system with multi pulse tubes (Numerical simulation)
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Vibration isolation using a pendulum for a ultra low temperature cryostat
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1. Introduction

Conventional design of HTS cable cooling system
presupposes application of cryopumps to circulate liquid
refrigerant. However, they are powerful source of heat load
and possess a number of other disadvantages. Alternatively,
thermal siphon effect can be used. The new 200 m HTS DC
facility in Chubu University is equipped with heaters to affect
temperature distribution, and 4-5 m elevation difference
provides conditions for natural circulation of LN2. Preliminary
experiments were carried out to investigate the behavior of
LN2 flow under local heating.

2. Experimental facility

Construction of a new experimental facility at the Chubu
University was launched in 2009 and completed in Jan. 2010.
200 m DC cable using Bi-2223 HTS tapes was manufactured
by Sumitomo Electric Industries, Ltd. in accordance with our
design. The facility is equipped with several enhancements
that distinguish it from all the existing ones. In particular, the
current leads are equipped with a Peltier element to reduce
heat leakage; smooth cryogenic pipes instead of corrugated
ones are used in order to reduce hydraulic friction and
pressure drop; terminal units are made movable to
compensate for thermal contraction/expansion of the cable.
Automated measurement system read data from more than
500 sensors with a period of 3 s.

3. Pressure drop

LN2 flow in crypipe was characterized by Reynolds number
within the range of 9000-20000. The pressure difference
between terminals as a function of flow rate was measured.
Results are shown in Fig. 1. Smooth curve exhibits the
theoretical estimation; it agrees with the experimental data
reasonably well and can be used for design of long distance
power transmission lines.

5

Pressure drop [kPa)

] 8 10 12 14 16 18
Flow rate [L/min]

Fig.1 Pressure drop as a function of LN2 flow rate. Smooth
curve shows design values.
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4. Heater experiment

The crypipe is equipped with three compact heaters with
capacity of up to 350 W mounted at the upper surface of inner
pipe. The temperature distribution was measured by 7 pairs of
platinum resistance thermometers located at different
distances from the inlet. Effect of local heating on the
parameters of LN2 flow was studied (Fig. 2, 3).
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Fig. 2 Power and temperature of the heater HT3. Boiling of
LLN2 begins at about 80 W. Heater temperature drops
suddenly due to heat transfer coefficient increases.
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Fig. 3 Temperature of LN2 before and after the heater. The
distance between thermometers TP62 and TP72 is 12 m.

5. Conclusion

The data obtained confirmed our understanding of the
behavior of the experimental facility at different heat loads and
allow design a full-scale LN2 natural circulation experiment.
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1. Introduction

The SMES can be used in areas of high load variance such
as sunlight and wind power, requires frequent repetition of
charging and discharging, which causes the SMES coil to
overheat because of excessive AC loss [1].

To overcome this problem, the system was designed as a
toroidal type. By arranging the superconductive coils in a
toroidal format, the leaked magnetic field could be greatly
reduced, and the perpendicular magnetic field applied to the
superconducting wire surface was reduced to significantly
reduce AC loss [2]. However, it is difficult to design or
manufacture the cooling structure, and structurally weak parts
may be created as it is structurally complex. Therefore, this
paper intends to analyze the temperature distribution and
thermal stress of the designed cooling structure in order to
determine its cooling performance and structural stability.

2. Design of cooling structure

The SMES coil is arranged in a toroidal format with an
inner radius of 162 mm and an outer radius of 599 mm of 28
double pancake coils. A conduction cooling plate is installed
at the top and bottom of the toroidal coil to maintain the
toroidal shape and cool the coil.

The toroidal coil was cooled by connecting the conduction
cooling plate installed at the top and bottom to the coil
conduction plate contacting both sides of the coil with the
conduction connector to remove the heat generated by the
coil (Fig. 1). The 2nd stage of the GM cryocooler contacts on
the conduction cooling plate to cool the coil, while the 1st
stage cools the current lead and radiation shield. Such a
cooling structure minimizes the cooling path to increase
cooling efficiency, and serves as a support to maintain the coil
in a toroidal shape and as a guide to position the coil during
assembly.

| Conduction connector |

[ Coil conduction plate

Fig.1 Conduction coil cooling structure

3. Analysis

The joint resistance of the double pancake coil was
measured to be 120 n Q, while the contact resistance between
the toroidal shaped double pancake coils was measured to be
120 nQ, while the contact resistance between the toroidal
shaped double pancake coils was measured to be 50 nQ.
Based on these measurements, the internal heat generated by
the coil was calculated to be around 4.3 W at an operating
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current of 960 A, and the conduction heat radiated through
the support bar and sensor line from 80 K radiation shield
around 1.4 W, making the total heat load to be processed at
the whole 15 K domain to be 5.7 W.

Based on this calculation, four levels of coil load in 0710
W ranges were used as the condition for temperature
distribution and thermal stress analysis. When the coil load
was 10 W, the heat load of each double pancake coil was 0.357
W. Assuming the insertion of an indium sheet between the
conduction cooling plate and the conduction connector, 100
W/(m.K) was used as the thermal conductivity for the contact
resistance. Assuming epoxy impregnation between the coil
cooling plate, conduction connector and coil surface, 0.05
W/(m.K) was used as the thermal conductivity.

4. Results

The temperature distribution of the designed cooling
structure was very uniform and the thermal stress analysis
indicates that geometric deformation and maximum stress
were within the structurally safe range.

(b) Deformation (c) Von Mises stress
Fig.2 Results of analysis

(a) Temperature

5. Conclusions

The conduction cooling plate was installed at the top and
bottom of the toroidal coil to maintain the toroidal shape and
cool the coil. Such a cooling structure not only provides
efficient cooling but also acts as a support to maintain the
toroidal shape and as a guide to position the coil during
assembly.

To design a more reliable cooling system, further studies
on the thermal load analysis of charging and discharging, and
stress analysis of the magnetic field will be necessary.
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Fig.3 Model for numerical calculation
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Fig.4 Steady state temperature distribution in a coil
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Terminal

Cryogenic pipe
I BE I /

Terminal o) and IG1

Fig.1 The schematic picture of CASERZ2.PG1, PG2, PG3
PG4 are Pirani gauges and IGl is an ionization gauge.

41 Turbo molecular pump

Mechanical booster pump

Fig.2 The pump system of CASER2. One mechanical
booster pump and one turbo molecular pump are used for
the evacuation of whole the system.
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Fig.3 The time evolution of the vacuum evacuated by
the turbo molecular pump.
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Fig.1 A Schematic Diagram of New Test Bench for Heat
Leak Measurement on Cryogenic Pipes.
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Fig.2 Evaporation time of LN2 on New Test Bench.
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BEAVKME [suse+muio®| o086 0.22
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Table.1 Heat leak measurement on New Test Bench.
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Fig. 1 A schematic diagram of magnetic separation apparatus
using pneumatic conveying method.
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Fig. 2 SEM photograph of the cantilever tip attached SUS
particle.
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Fig. 3 Force curve graph of SUS-Alumina (humidity:56%)
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Fig.1 High throughput protein crystallization system.
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REMZ RS biEE LTI sitting drop 3 XK TN hanging
drop IERFIHILTWD, ZIHD FIEICHE LIzt 71—
MMeT AL, (BRI T,

Fig.2 (21X 7 a A 7% FIWTAER LT, M sk 2
RIBLELTHSNDN ~ATPase) Dftfha =T, BUIE, fif
Ea D AL, A R T H D,

VRl —Tarnbid, ROGIENIZRE LA O <D
A7 RS LR REME S TSNS,

AHIFFE (3R Sl A 41 B AR T 50 i U 20 BT B 8 - B 2 B
FEEEMMRAR T 0T TN B BN B
ER AT AOBAFE | OB EZI T TEMBL TND,

SE3H

1. E. Craig, et al.: Cryst. Growth. Des, Vol. 1 (2001) p.87

2. H. Okada, et al.: Abstracts of CSJ Conference, Vol. 82
(2010) p.169

#8311 20104 BERKF i T2 - BB H YR



1P-p20

EsUB

13 K AERZ AW/ BERE/ NIV OEE DS #IZE D e
Enhancement of the trapped field of a small superconducting bulk magnet
using a 13 K refrigerator
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1. IZC®HIZ

BARE ANV IREA (LLF, SAZRAERES) T2 T 24
DRERWIGH R ETHIENTE, MR BT —
B — R EH, AL AT A, w7 Rhar ARy ZY T
IR EOEEISAPRBISN TS, Box 3R EMSG O E
B OO G SEEE LI 2 By GM A A W= 3L
IR EEE A BEL, AN EMRBREIToTE T, Zh
FTIZ ¢ 60 mm @O GdBa,Cu,0, /ST IREHNT/ YLAE
AT TG 5, EUINEES 7.74 T ICBW T L ZEERET
2.76 T OIERIGZ R LTz,

AR TS Om E2 BHEL T, IBERBIOHNEE
IR 2 TG FEBROE R ME T2,

2. RE&

112 13 K MUk % B2/ MRS L o A 18 OIS %
Y, 2 B GM A7 ik (RF273SA, 7 A kit
)AL, 2nd 27— ICRITHRARBER 1T 13 K 2L
T, B\ EIL 5 W@20 K 725> TW5, AJI1E 3 FH 200 V, 14
EBEINT 1.6 kW THD, BT A SIVABRIRE L2
T2 DITHERB D / NRGIZ R Th L, BB ORI 570 mm, i
IE ¢ 87 mm L7 o TUNA,

¢ 60%20 mm @ GdBa,Cu,0,  »NL7{E% 2nd AT —|Z
B LT8Ry R O el C AT, BLZERIEL 7= b imHEIL
72o TNETOER RAIIC, BEBIOHIMES 24 2
RNBEMEIT T, 0B, IRERBICITREa fu—T
(TC-DB001, 74T Kk HY) & R\ iz, BEGEIIN#% oL
IR E DO PN 2R — 'Y (BHT-921,
F.W.BELL ##) CHIEL, &bIChMZm (VL2783 mn»
5 4 mm) ORI 43A & =R TR — vt (HGT-3030,
LakeShore Cryotronics #-8) 2 FHVWCHIE L=,

ERTNEL, OFWIREICTAIET L& P TR 27
ALRTKL, SHICKERBEIGEZFININT AL TR EA
TR (T 30) BAED, QR 2 IO EFIINL CF % %
WD TN, @IRES FIFT L& EFAZEICED, /i
EHOFEEDLILEE X T,
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Fig. 1. Schematic of a small-size superconducting bulk magnet
system using a 13 K refrigerator.
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Fabrication of Bi,Sr,Ca,Cu,0,, films by DC magnetron sputtering

SR ek IE R FiR TR, B8 BRI IR B0,
A BHE, dbA Z(NIMS)
YOSHIMURA Takuya, DOI Toshiya, IZUMI Takemori, HAKURAKU Yoshinori(Kagoshima University);
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1. [ZL®Iz Tablel Compositions of targets and Bi2223 films.

BIFE Bi,Sr,Ca,Cu,0,,(Bi2223)I% Powder-in-tube %% Fi\» Composition of target Bi Sr Ca Cu
TYRRU7ZRA 23 LIS THFZES LTS3, BRARFE Bi, ,Pb, ;Sr,Ca,,Cu,,0, | 2.04 | 2.00 [ 2.99 | 3.38
VRS BEUNEHOT A/ em?® LIRVMEICEH £ TRY, B Bi, ,Pb, ;Sr,Ca, ,Cu, 0O, 1.68 | 2.00 | 3.34 | 3.18
M EAsRDSND, £ TH L IL, DC <7 Rhar 2y 4) Bi, ;Pb, ;Sr,Ca, ,Cu,,0, | 2.30 [ 2.00 | 2.14 | 3.35
27 W AT, SITIONSTO) MR LIz 2 #hfdi L7z Bi2223 Biy Pb, 55r,CayCup O, | 2.15 | 2.00 | 2.06 | 2.71
AR D LA B Bi, ,Pb, .Sr,Ca, Cu, ,O 1.97 | 2.00 [ 1.54 | 2.56
2. RHBLUERAE _

STO &M EIZ DC ~ 7 kb 28y #2748 % T - g
Bi2223 WA VR 7=, FAHGREE 706°C . B3R 43 E 0.33Torr 2 = 3 - e
CEEL, ¥ —7y MUREBRT 5oL T IORILE 2| S 2 ~
{E R FRLRICE ST O LM, Bi2223 Memomiate S| S s {58 g
AR BI20IC 0 -2 0 HEICED X REHFRDBIEZAT> 5| s Is z
720 VEBLL 72 MERRRRE OO ML TR R K VAR S SR L T % | 76 = i 2| p % Ju i
WS T TR 53R (ICP) 8 I KO TRk 2 3 . ?0 ;T " 4‘0 - . ;) .
HILETWRIELT, Fo, BB 13 & B 7 BB SEM) % 2 0 (degree)

FACTEREL RS TL n OB EE (T, ) I Y 5 115 Fig.1 X-ray diffraction pattern of the Bi2223 film.
THIEL,

3 HERLEBR

Tablel |2 872 240D & — 7 M FIVWCTHARIREE 706°C,
FasR53IE 0.33Torr DS N CERIL 7 O/ A Z =~ T,
&Y, ¥ —5 MR Biy,Pb, sSr,Cay (Cu, 0, 12811 T
Bi:Sr:Ca:Cu=2.30:2.00:2.14:3.35 & Bi2223 DAL F kLA T
WHERZFFD Bi2223 WIRAER CEX TV D IEN DD,
Fig.1 IZ#LEK Bi,,Pb, ;Sr,Ca, (Cu,,0, DF¥—4 v T
STO Feb I fERLL7- Bi2223 #iflio> XRD /¥ —>%R1,
BHEISH e — 271331 Bi2223 D 000)DE—27THY
Bi2223 78 ¢ WAL AL WD ENDDYD, Fig.2 (1220 Bi2223
Ml SEM |ZXk DR Bl mifg a7, KA Y H e
R TED, Fig. 3L Bi2223 Wil DIPTSR - IR IR A e 2R
9, ZNEY, A EWERL 7o R TR EEEEIT T m— N T
BDN, Tom12K THDHIED DD, LU N5, AlalfE
BLU72 Bi2223 M 7., 1 Bi2223 AAR¥FFS 7., =110K
T RIBIR METH -T2,

Fig.2 SEM micrograph of the surface of the Bi2223 film.
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Fig.3 Temperature dependence of the resistivity of the Bi2223
film.
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Development of new Bi—2223 superconducting wires with low AC loss (1)
— Reduction in coupling time constant by a central insulation layer —

JFE JEaL, B b JRE], SARE AR, MR Fadk LK) ;
e TEA, AR L, A BIE, AR (EAE L)
Motohiro Kawasaki, Koji Nogami, Masataka Iwakuma, Kazuo Funaki (Kyushu Univ. );
Naoki Ayai, Shin-ich Kobayashi, Masashi Kikuchi, Kazuhiko Hayashi (Sumitomo Electric Industries)
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1. IL®IC
Fx OTNV—T T, BEERIZS T DR RO
X OBIRE R OB BAL B GERW HIL AT AD b

Tl U CERL . BT B i 1 R A RO Table.1 Parameters of Bi-2223 multifilamentary tapes
1H ii NE i (N 7STE] S P,

B0 Bi-2203 REBMEAC LOMMELOThbIc oV c L 22/RITE | ACHA | ACHC | ACRC | XMASSA
BAHLCET, 20 K57 HE M B 0 E R LD 7255 fjﬂg;mn]ﬂ e
FAH R O E W B AT BT, SHETIC, YA RN i T*XZM T e S
LT —2 Bi-2023 ST —7HUTKL T, YARNIED P 2% % o G
EAT YA RRRE GO ROV TR 2B n @[:m] T ) = T
HEAToTEEL : ' ' :
2.31E- 11E-04 94E-04 2.68E-04

SR, GEROH — 2 Bi-2223 £ 5T — T IS BT i [;t] 31_0003 80_350 3;170 Zizo
)E_;é"@7457“/]\%3Gl%ﬁﬁ%géﬁﬂﬁbfliﬁbb \1:%]5&:@%7%*1%% L 2 H: 100 037 014 271
- N s P
FhUEL . 200 th AR A8 A LT AR O SR S R P A
BITELT=00C., 2O BAMET B, F1o, RERORIHRE
BT B EICEY, CORRIGIC LD AR ORI A
W5, ! __
2. BT LTSS 5 g

A 1M B 0D 72 00 12 TR sk e A % A L 7 B B o
(XM453A) % B L 7=, 70 7 76 A . i [E 00 B 1 AR b £
(ACT4-A, ACT4-C, AC88-C)[1]&E T Table 1 12”7, =) P

BRI R A S b 0 T L R SR 2 T > 7 3 ; 2 o2 |
V7 A AR KRR F T CIE LT, SRR BB AL z 10 v i |
ik 6 L, WAL 0.1~60Hz ORiFH, BEFIRIRIE 0.25T % Q e
TORERTHRAMELTT> T, @fﬂ’ 5 o]

1 ﬁ v 60 Hz
10 ——

3. BIERRLER 107 10 107! 10°

XM453A D IEE B FHR AR Fig. 1 1R, KRBEFIRIE B, (M

EIRIZ BT DR AR O F S BIKAF LT 4 T A MR DOFE S
HEICE bEDEEZBND,

IR R D JH W BARAFNEDN ST — T IR E RO & E
BaERHUE], TORRE Table 1 1279, #8632, 7
A MEHIFFEELOWOT, B 0L EHEIEOH AL, # sE=H
BRFEEL T oo [ EVARRE YT L D2FRITHAIT HEEZ B
Do ACTA-A B FEMEL LT FE A REEHL A &V A AR YT D25
BT 58 HERMEIE DR CIEmE I XEE KL T
BH3, XM453A (Z2OWTIE, A/B = 1/23 L7220 fEARFESN
g O N SSBHIIS AL TS, ZAUE, PiEEIc LD 7 T2
INEOFEEBRIH SNz ik Ab D EE b s,

Fig.1 Field amplitude dependence of AC losses (XM453A)
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Fabrication and longitudinal uniformity of 1m-long Bi2223 tapes with resistive barriers
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1. oI

T, Bi2223 & IR SRS O A i SRARTE S )
T, BEE T 7 A2 MEIZEIREM 28 A U7 IR IR
O TR oBIsEED TV A Y T
REEDIRRD THMETH D720, BIFOBEE 7@ B2
BT HERBMEZERS 2 2 L3RS TRV, 20y,
BRI BB M % & oy iR BE CIERENIC RIS 5 2
3, N T RRA OMBRHER L O R Bz CoR
SHEND. AFZETIE, I mBEOHBMELZAET DY
THMEERLL, BREREE J OBMETFRSMAE
FOEEF— VR FHKBEMEL (Scanning Hall-probe
Microscopy, SHM) BUz X %@ H i oA 2 J17E L,
N TR O E 1T o 7.

2. EEBAHE

Powder-in-tube (2 X ¥ SrZrO; (Bi2212 % 15wt%iE &
ENVTHMETD 19 BEMEER L. K&MICELR
7= R O W ~TEIINE 3.7 mm, JEE 023 mm Tho7-.
BN, M OEEREREEJ, (TTK, BOHERT) 28t
METFHFAIZEVT 10mm ElF CTIT- 7. JERE RIS
WTCEIR LR ERBICEBWT, SHM (2 X v iEEE Ok
RO Hi &R E L=, SHM 13aEhm L 2 otmic s —v
FTHER SR OBAIEZTT, 3B Loy
fid<y o 7358 R LR —/L#ET O REE R
50pmx50pm, Y 7 FA 713K 0.5mm T, BUBHEIZK LT
ERRIT R OB RS 2 9 5. B e R T Calkl % 77K
WICHEIL, 0~ I, OERBERA2EE L L &0 BRI
%, WMETFIFM - f87 MR 0.2mm FEIRE CRIE L 7.
3. R - E=

Fig. LIZNY 7THH GEY A 2 B) OBMETIHICE
5 77 K, HEMATTO J, 0 &5, J, OFHET
21.2kA/em> TH Y, EBEEREN 7% T OB — a2 H45
A— MUR O TR ERIG 5 Z LN TE .

SHM 2 & 5 B CBASAIEE, & JXKEELTx =
240-280mm, 1% J, X & LT x = 710-750mm D4 40mm £
DOXFCx UCHEMRE L. MXHEcE=4%— LR ER
IIZx LT 50% D EE I #@E L= &0 HOBA B,
Doy Fi% Fig. 2187, KIZRBWT, x FAERMET
B, y HIANIERANE S A 2 3 L, RIS AL & C
HD. @I IXE (Fig. 2(a) TIRHEFFNIIEE — 226
ROHIZ I > TWABR, K I K (Fig. 2(b)) TiE x =
730-740mm (2B THEDNTHER A NG TV 5.

L FECERT D701, Fig 2 OFEENSEH LT
y J7ZE5y dB,/dy D 2 YR T 4347 & Fig. 3 (27”9, dB,/dy I,
BHACBOTRMEFRFMICHENDS V— FEBROKNEX
S VRN B S, & L X (Fig. 3(a) Tik, dB/dy
WM R T NCIEIE e i 2R L TR Y, JEETH
PMIZEEE 2 KE S HETLEINAFE LN &R
D FT, BMIEFTIZEBWTIE, s & kg LCH
DERD dB/dy 1K<, 0.5 TIEHLEICIXIE & A EEHR
RN TN EATRIBEND. Z O N T %8
ALTWRWEFOLZEBM EFETHS. —FH, K L
XM (Fig. 3(b)) Tix, MEXKNIZIBNT I Ofg bR
x = 730-740mm (23T dB,/dy D53 AR H3ELIL T B & T A3
Wit FICHERR X L7z, Z OB TIE, RN TRRZHA L
TR N OREE OELNE IS X 0 @ERE () 2B
TTFLTEY, 25 ORI THEIRIC B CERELEE
W (HOBRURAREE) NEVANEOT 7 X0 MR
LTCWABIZERRBEND.
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Fig. 1. Distribution of critical current density J, at 77K and
self-field for Bi2223 tape with interfilamentary barriers.
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Fig. 2. Contour maps for self-field B, on barrier tape at (a) x =
240-280 mm with high I, (= 47 A) and (b) x = 710-750 mm
with low I, (= 38 A).
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Fig. 3. Contour maps for differentials of self-field dB,/dy on
barrier tape at (a) x = 240-280 mm with high /. (= 47 A) and (b)
x =710-750 mm with low /. (= 38 A).
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Interfilamentary coupling properties of Bi2223 tapes with interfilamentary resistive barriers
in AC perpendicular magnetic field
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1. XL ®IC

o, BBEET 7 A2 MEICERL N T EEAL
AR Bi2223 MM OBHFICBE T 25t 2 D T D
WE =N FETIZ, SIZO; Y T ZEAL, N T OEA
&, BB LY A 2 NEEHIET D2 & T, BAERE
B J, > 10 Alem® (77 K, HEBIRT) ZHF L7z LT,
M TN RE 2R T oA AR, (=127, 1.
WEAEER) A 250 Hz VL kicm ETE Az kAR LD,
ZHUZHE, Fl—HETY 4 7 A ¥ ME DN ELIZERGRS
G LT8R & el L C, R R ik © 40-50%F2 B o T
ERFRI DR AR LT-, —H T, AU T O
IR AETR AT D Z 8, SR ERDERBLEEEXS
LTEETHD, AT, £>250Hz2FT 50T
BRI DN, FEERES N CORURIRRFRME & SR FF
fili L7z, EERAERICESNT, 70 7 A v MG HER
OGRS ORI O ER 2542 LT,
2. EEAK

Powder-in-tube £ TYEML L 7= Bi2223 /N U 7 #iks (“//r x
FEL =4mm) Z#EEE LTHOWEIE Ry 7HfIC
StZrO; UM THED - Bi2212 %&E/m ) EAEH L
7o AHEF OREWI 11513 2.7 mm x 023 mm, 7 4 T A
b EREERIT 23% R B, TELIFE DU S 1R C Tl L 7= e SR R
BREE J 1T 1.25 x 10* AJem? (77K HOMAT) Tho,
AR O 13 77K, BRI EE 72 A I TE v
IT T af MR & D{E'J/Euio
3. HBR-ER

IR SURIE T C ORI OB BURFNE L 0, A OfE
GRS £ 12 260 Hz (A E . =0.6ms) &AL O
=P Fig 1ITHEKR T 7 7 4 g (St00u/2B0™Super Siape: 17
MEEWTHED ORFURIE (By) KFEMETRT, gn 2K
ORI BERIRNE Buax 13, EERSRIE TSR T 288 O HL
BERR B, ITIEE—HT 22 LTV, KLY
B 1 105 HZ LR C iﬂi&i&fop LELTIRE—ETHY,
T AT Ay NBREG LGS () SR LT, 70%2
AR > 7 b Lru\ b, ZEY, WERLHICE
ENLEARAT VAL O L, A< EH 105H2 LR T
T fop IRGFETIRE—ETHD Z LR EInd, —7,
g DIEFHMELT £, & SEICHEIFIM L TV D, WESM T

TlX, = AP THAT HIMEIREL Q1% O 12Xk L Tk
O T/IEL, Fig VIR TEEEIEICHE S AR, =

WAL QACRIRT 5 EHEH S 5,

ML EZEBE LT, EEMMURR FICBWCE Lk
O EEGEME (Fig. 2) 1ZxLT, UToXE7 1 v7
AT L & O DOHMEERST. (0=27f0 g T »

T

Qm:Qh+Qc:Qh+qc—Cz (1)
1+(wrc)
Fig. 31T 45 Hz IZ8\F 2 B LMy DIk & 7”7, B> 10
BT, Opld By ICHBI L THER L, FEA M (F240)
&ttixbf 70-80% & K& IR E N TWbD, —77, Q0%
WZEEB L THER LTV 5D, By ~30 mT I b\Tﬁ%O)

7 uxﬁ—/v—ﬁ@ U, fERELTOnE 0v? 2 L E
WML TnWd, UbkXY, 9. OFGRAREE D 50 Hz
W CORIMILEFIR L TN D 2 ERHER SN,
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Fig. 1. Normalized loss factor g, = onm/ZBoszpe for twisted
barrier tape at different operating frequencies fo,.
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Fig. 3. Comparison between hysteresis loss Oy, coupling loss
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Fig.1 Powder X-ray diffraction patterns
for samples with x in the present
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ANE RS, SRl 3R, YT RGEE, /NI M, RESE TR RE fRE, eRE SERE GBTBORE)
KOJIMA Hirofumi, SHIBAYAMA Makoto, EGAWA Masayasu,
OGAWA Jun, FUKUI Satoshi, OKA Tetsuo, SATO Takao(Niigata Univ.)
E-mail: ogawa@eng.niigata—u.ac.jp

1. [ZL®HIZ

HBARE SMES RO 5T — & — O CILE SR8
TS DEE L CWDEN - iR SIS T DR R
PEOIEIRR ML TELR D, BIEET, £k~ 7oV
RIS, A TR BN LD A TR IR IR DRI ZE AV R
BITAT DIV TODAS, HR - IR A R 31 B G
AT TR, 22T, ABFZRILE T R iRA B
LU CIEL - A8 10 T TR L A T R AL B o 7= Stk
(I BB A F T &2 B IC LV M &2 T o 7. BRI X
HHRLOEEIIEAEIRMEO LIS I LB LHER T 5
ZEMTFRETH D28, AL CTIXE DA 7 &y METAME
BT I TR B SO W CR 21T o 7. B S B RE At
EATODIHTZY, el i E AT RE 2R B R I E o
WEEEATO T2, BRI E VALY [R] X [ RIRE 2 E 21TV
ERAPEEDOZ A R HR L OO LREHZT T 7.

2. EBRE

B« AR TR A S B Dl EEG LI R OB
ERIZRT. BEBRENTBEAOKFEEEENEN
[,B, &L, FBEEIREATHMAOKREIZZEZNETN
Lot Bopot &5 A FEBR CIEAS i 1 B8 B it & 22 Wik S 1 B
WS 60.4Hz, MARIERINAHEL TWD. K21 891,
i B B A 56.7A D Bi2223/Ag MM IS KT L CRREIC AT
BEREEINNL, ZHERIRFIZANA R —F BRI LD - 22
HEEIToM. E - RIS BRI AR I FHN 5
E1X, EBKWREETIE, ASAFVEEI—RNL—7%
WSl EEE Y 77 >y 7 aA Vil U Te i IEIZ LD RE
Miz1To72. F7z, BWRERICIVFZ1To7280, B
VT 0 it L2 0D R TS S 0D R 2R 1 UL A BRI 0 I
Ex{T-oT-.
AC and DC mixed
electro-magnetic condition

I(A), B(T)4

IO"S&(’ BOﬂsel

\

Time(sec)
Fig.1 The waveform of the transport current and external
magnetic field in an AC and DC mixed electro—magnetic

condition.
Thermo-couple

. Voltage t:
Spiral voltage lead loop otage tap

Thermal insulation
Pick up coil

Ioctlae

Voltage tap

DC and AC transport current ‘ e
AC external magnetic field

Fig.2 Schematic of the experimental set—-up for loss

measurements using the electric and calorimetric method

— 124 —

3. RIERER

KSICHE BB ER [h. & 30A, ZFiEEERON &
1% 30A JBEL TODEMT, R Z IR OB
I NICAECHRKONRERT . 2O KT
SERE SR OB AR B, e —H A 7V BEAL R SHTZ0 DR
K QE R . HFEE BRI LD REBIIESIRLR Q,,,
Ry mEEMRICIOBREZBERL Q, I/ ICK
HERE Q, ZTNHORIE QL TWD. KEh, 212
OB RIIZ T OB LR AH L T W52 E
WD, FRIZ Q1T 0.005T A BAMMICHRAH AL
TWD. ZHUCHL, RIEEICIVELD Q, XM aEk
TIX—EDfEZRLTRY, MR OIS 5.

A ARG R A EIINL T A S CIEE B OW & iE
[=20A LEEL, BiREEBN [, 22 ST REOR K
Qo FEMEZ R T, XY, BTG 20A LL T ORHTIE
AR TR E B OB EZI T, 1RIERLRKICEVE
LNRESNA. ZHISKIL, 30A LA E TRk
ORISR ESTERET S, ZHUE, B - 28 b 18 8 B it
WX RBEENEOBEFAFFIL TODIRRE CRLE R %
FIL772d ThrETHRINS.

HitE
ABFFEIE, BHFAFZE 2B 4 (22760205) IZ X0 FEfEL7-.
10°
/ =30A,/ =30A
g offset m
Qo
[&]
& 10°
© 9
S 0oQ
> 10—4 . Qm
8 ;
Q
10'5 | Lo “‘to‘ta‘l‘
0.001 0.01 0.1
Magnetic field Bm(T)

Fig.3 Loss component in AC and DC mixed
electro-magnetic conditions (/... = 30A, ,= 30A)

C > m
-2
10

)

[§]

>

L

£ 107

37\1 offset

¥ — "

0w 107 o  10A

8 o 20A

= O 30A

|9']O'5 Lol \A\\\\H
0.001 0.01 0.1

Magnetic field B (T)

Fig.4 Loss characteristics with DC and AC transport
current in AC magnetic field

55830 20104 FERKFRAGIN T2 - g &



1P-p28
BEL -

TEE GdBCO O — MEMICH 1T B HEL DO

Evaluation of AC loss in stacked GdBCO coated conductors

A BEwR, RN BE NHEEE HER], ART
CHEEEE K (7Y T) 0 R

Mt ¥ OuNED)

M5 (LK)
MERE GBI T WF5ERT)

TANIGAWA Junya, KIUCHI Masaru, OTABE Edmund Soji, MATSUSHITA Teruo (Kyushu Inst.of Tech)
OKAMOTO Hiroshi (Kyushu Electric Power); SAITO Takashi(Fujikura Ltd.); [IZUMI Teruo(SRL)
E-mail : tanigawa@aquarius10.cse.kyutech.ac.jp

1 [XE®»IZ

WA, BIRBEET — 7% AW B R 8 OwF3ER
HERTTHOLNTND, ZOHE, RS T TALLELK
NREEEEe D, BEEa— MWW CITEEEEDOES
WZHATHEAIEF IR, RO MM L1387 548
KHEEERT, ZNHDERIIA TSI OMEREIC RE B
T B0, EMEICHEL TN ERHD, Tz, RKHEK
AT 2207 — T OERBEICL>TENT D20, 2
2Tl 3 Mo FEFH DS GdBa,Cu,0,. 5 2 — MR IZEB W T,
SQUID W Hita AW TT — 7 IR E IR ZHIN L2 &
ZOBLE DFEWNC L DA KR OBENEFHT T 5,

2 EER

ARG L3 0BHE 7 U7 S I L0 fERLES 7= GABCO
a— MR T, RBLEE T A Table 1 1IRT, M550
mm X 2.3 mm fREDOFEZ T HL T, 3k #1 720
AR ENEL, hoFE #2a, #2b IXEI U BEI0 L
LD THD, 1 HOGEL 3 ROEEIZOWT, SQUID 4
Tt W T — 7 mICEEICR R 2L E0RMED
ATV RERE LTz, Fiz, MM OESHRIC3 KERT
BB LR OT — 7 ORLEIC L DB AR~ AR
& B, % 1.5mT -7 T &2 k&, ZREIUTONTEATY
VADHEAE OV W AT L7,

Table 1. Specification of specimens.

Specimen Thickness d (um) J, (0 T)[A/m’]
#1 1.7 1.240%x10"
#2a 0.9 2.332x10"
#2b 0.9 1.712x10"
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Table 1 Specification of HTS Bulk and HTS wire used in

Number of the layers

Fig. 3 AC losses in the bulk with and without shielding coil wound of
HTS wire subjected to AC external magnetic field.
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Fig. 4 Total losses and shielding coil are plotted against number of
layers of the shielding ring.

FTo, ¥ /URPEREL SRR KO RS, — LR

shielding ring AV ORLBERFT B EN TR,
Bulk GdBaCuO
Diameter 30mm i3
Height 10.0mm P 3 . Ny s
Trapped Field 1.22T (at 77K) Field Cool ARBRIENE, PHIFSE - BARAITC (21560292) DBYMUE ST
J 7.37x10" A/m* (Estimated from experiment THEMELIZHDTHD.
¢ of trapped magnetic field of bulk.)
n value 20 *%Xfﬁ
n =
Wl,re GdBazcu3_()X/ HaSteHOy, substrates 1. O. Tsukamoto, et al.: Journal of Materials Processing
Thickness 220um (with 100um thick Cu layer) Technology, 161, 1-2, (2005) pp52-57
;Fape Wire Width f 505r/nxm 2. K. Yamagishi, et al.: IEEE Trans. on Appl. Supercond.,
I 1.35%10% A/m? Vol.19, No.3, (2009) pp.3561-3564
J. 1.41x10% A/m’
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Tablel: Specification of specimens

specimen thickness d(um) T; (K) process
#1 0.65 90.0 MOD
#2 0.65 90.2 MOD+BZO
1011

TTK #1 #2

1T —e— =

3T —o— &

0 30 60 90
O [degree]

Fig. 1:J.-0 properties at 77 K for specimens #1 and #2.
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Angular dependences of critical current density in YBa,Cu;0, thin films
with splayed columnar defects
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Fig.1 Magnetic field dependences of (a) J. /J and (b)
n-value in YBCO films with various crossed
columnar defects.
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Fig.2 Angular dependences of (a) J. and (b) n-value at
773K forB=1T.
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Fig. 1: J.-B properties at 20-77 K.
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Table 1 Specification of specimens.
specimen #1 #2 #3 #4 #5
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Fig. 1: Magnetic field dependence of magnetization critical
current density at 20 and 60 K. The dotted lines show the
results of previous CVD-processed YGABCO tapes®.
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Fig. 2: Magnetic field dependence of apparent pinning
potential at 20 K. The dotted lines show the results of
previous CVD-processed YGABCO tapes®.
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Table.1 Specifications of YBCO tape
Manufacturing Method | IBAD/TFA-MOD
Length 70 mm
Width 5.0 mm
Cu Thickness 25 pm
Ag Thickness 15 pm
YBCO Thickness 1.5 um
CeO, Thickness 1.0 pm
Gd,Zr,0 Thickness 1.2 um
Hastelloy Thickness 100 um
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Critical current measurements for design of superconducting DC transmission power cables
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1. Introduction

The high temperature superconducting (HTS) cable for DC
power transmission has been studied at Chubu University. A
new 200 m HTS DC cable was installed into a test facility
since 2009. This coaxial cable has two layers with different
number of BSSCO wires, i.e., the inner layer has 23 wires and
the outer layer has 16 wires for the different radius of these
two conductor layers [1]. The rating current of the cable is 2
kA, which is determined by the maximum current of the outer
conductor layer. In order to make the magnetic field line
circular around the cable, the HTS wires should be wound as
close as possible. In fact, the gap can not disappear in making
a cable for the polygonal shape of the HTS wires. The gap
effect will affect the critical current of HTS wire in the cable
and finally determine the rating current of the cable. In order
to observe how much gap effect on the critical current of the
HTS wire in the cable, we have been studying the effect
caused to the maximum current of the cables by the way of the
HTS wire winding [2].

2. Experiment

Three multifilamentary DI-BSSCO wires by Sumitomo
Electric Industries were set parallel to each other on a FRP
(Fibre-reinforced plastic) plate as shown in Fig.l. The
transport current was fed into three wires in series mode.
Each wire is surrounded with one Kapton—tape layer (~69 pm)
to be insulated with each other. Three voltage taps were
attached on each wire. The critical currents of the wires which
were set between two wires were measured with respect to the
gap between the wires on the criterion of 1pV/cm at 77K.

3. Results and discussions

Fig.2 shows a comparison of E-I characteristics curve of a
HTS wire for single and triple arrangement with gap of d =
-2.25 mm in Fig.1(b). The Z, of the wire in the self field is ~166
A. The critical current of the middle wire for ¢ = -2.25 mm
becomes larger than that of the single one. The Z, for two layer
configuration becomes larger than the single one because the
self magnetic field distribution is affected by the magnetic field
from the current in the adjacent wires. With decreasing the
gap, the distortion of the magnetic field becomes stronger by
the adjacent wires, which would lead to reduction of the
magnetic vertical component to the wide wire surface. Fig.3
presents the /, of the middle wire with respect to the gap
between the wires. The [/, of three layer is decreased
drastically by 17% to 137 A. The /. of the HTS wire becomes
maximum for two layer arrangement. Through the systematic
observation of the dependence of the critical current on the
gap will give some hint on the design of a HTS DC cable. We
simulate the magnetic flux lines by the commercial finite
element code (ANSYS) [3]. In our work, we will present the
experimental and calculated results and discuss the design of a
HTS power cable especially for DC transmission.

AR, WR B, n ERER (PR
SUN Jian, YAMAUCHI Shun, WATANABE Hirofumi, HAMABE Makoto, KAWAHARA Toshio, YAMAGUCHI Satarou (Chubu
University)
E-mail: j sun@isc.chubu.ac.jp

wl

I

.

d d d=0.4mm, 2.5 mm,

28 cm
9cm
1.

9cm
2. .3

(@

e 4.5mm,6.5mm, 8.5 mm

d
e L

w3

7. 8 .9

© -4 d=-45mm

8 cm

10 cm

Fig.1 A scheme of the triple HTS wires arrangement

5 T T

O Single

o Triple (d =-2.25 mm)

T T T T T T T

o

o 9|
- o
£ 8
3 4 o ]
2 °
= o
]
2 o N
= o
8 29 [
£ S
]
-] s &
M a
14 d]u 9 i
(u]
e

o 0© 0 Q0 aP® B ORTIFAE[D 00 0@ ITnog
T T T T T

T T T T
0 20 40 60 80 100 120 140 160 180 200

Transport current (A)

Fig.2 A comparison of E-I characteristics curve of a
HTS wire for single and triple arrangement (Fig 1(b)).

190 T T T T T T T
Fig.1 (b) —O

180 E
< 1704 c0 .
b ¢
5 160 1
=
=
o
=
zé 150 ) 4
5 Fig.1 (¢

140 i ]

O
130 T T T T T T T
-6 -4 -2 0 2 4 6 8 10

Lateral space gap (mm)

Fig.3 The critical current of a middle HTS w2 with
respect to the lateral space gap.

References

1. M. Hamabe, et al.; Abstracts of CS] Conference, Vol.82
(2010) p.89

2. H. Watanabe, et al.: Abstracts of CSJ Conference, Vol. 82
(2010) p.91

3. http://www.ansys.com/

136 — O3 20104 EBRALIR T2 - RIS



1P-p40

&4

w7 —7WV (1)

5

66kV RIFBEEBHy—TIILDEREHREEELT-

REBCO #EEHM DR B E B E 4T
AC Over—Current Characteristics of REBCO Coated Conductors

VR BERER, B2 9L, £ OJHE, fEHE R, Al Sk ERBERT
KRE EF, K —h(EXEL); Kig &, il & ISTEC-SRL)
KOJIMA Kentaro, MOMOTARI Hiroshi, WANG Xudong, UEDA Hiroshi, ISHIYAMA Atsushi (Waseda University);
OHYA Masayoshi, OMATSU Kazuya (Sumitomo Electric); OHKUMA TAKESHI, MARUYAMA OSAMU (ISTEC-SRL)
E-mail: atsushi@waseda.jp
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mm 1§ Clad JEHGRM 2 V- 4 8 GR% 51 &) THME 22 mm,

Fig.1 Simulation result of current trace in each REBCO

i3 g 13 PPLP JE& 6 mm T4M 34 mm, HTS ~‘/~—/1/]<‘)§&:t 12 | 000

4 mm 1§ Clad FEHGAEHZ 2 J8 (5K 45 A) THEL 1 i 200

37 mm, H> —/VNIRGEE T 4 JETHMED 41 mm ThHD, E T sample 1 Upeak vs. 70/7c0) \

31 meTd, ZOF—T U315 kA, 60 Hz, 2 s DZE 0.8 || —m— samplc 2 Upeak vs. Zetrco) 700
PR EEFE DS PRAVIZ R EAR T O 45 8 I D B i T &7 3 dl:jb 51
BrLiz, L Clcb B AL D4 FRDSEBR T D BT 5 ¢ |08
Wtz Kb Tz, fENTHG KA Fig. 1 ITRT, 0.4 | [ == sample 1 Upeak vs. Tman) || 500 5

| == sample 2 (peak vs. Tmax) EéP

3. ERAE 0.2 o) 400

BRI VMR DR LA Table.1 IR, LT 6 A 5
OMMILT R CHETFH T THY, ZELEEL THRE LE %50 100 150 200 2502
DAY TEINIZbDTHD, Ipealk [A]

FBRIE GM BRI LA RE M AN G AL, S Fig.2 Experimental result of Ic/Icy with AC over-current
WEASEEIL IR EE L 77 K TfTo7, FEBRCITERA 12 800
Ui EB R T AR B LT, RBRFIRILLL T 0@ ThD, ’ | | |
I Lo (1 pV/em H¥E) Z07E 1 poevttecesfeaneqentatestotyse 700
QBTHOL 74}, (Fig | BH)E [ ELL T N e e MM
(3)] %{EIJ';:E’L/ ] {K@ﬁﬁ%ﬁﬁwh = * | sample 3 {(Repeat count vs. Tmax) é._]

SEIOFEEBRTIE, LRERIZ +2A BREORRENEGEND = 0.6 — S - —— 500 B
72,2 ALLED KT OBLISN D ETRIRBEID [y 2 Flaon =
%L i), QD FIEERDE LT, BESLOMET 0.4 | ||| “ =

I [ EEELTEQ), Q)DFIEZ 30 B LT, 0.2 ”” ” ——{300
4. REMEREELED 05 s 10 15 20 25 30 35 ¢

Lo & L DBR% Fig.2 1T, @EFEKE L OREfR% Fig.3 12 Repeat Count
Y, Fig.2 &0 [, 23 235 A LLET L oA LBlllsniz, Fig.3 Experimental result
Fig.3 &0 [, =210 A T% 30 [EL&EL T ki@ SEXH
Inote. AT R — 7 LA AR A ENC L AT 1. WANG Xudong, UEDA Hiroshi, ISHIYAMA Atsushi, et
ZLTCUVPETHD, al: Abstracts of CSJ Conference, Vol. 79 (2008) p.90
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Characterization of superconducting wire for DC Cable used in the Railway
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BK, AR 8, V7T LT0X, BH B @ERTT)

FUKUMOTO Yusuke, SUZUKI Kenji, ISHIHARA Atsushi, Miryala Muralidhar , TOMITA Masaru (RTRI)
E-mail: yfuku@rtri.or.jp

1. [EZC®HIZ

— AR TERAR O E i B X M O BT 1500V THY,
BURDOEE AT ATIE, ZEITHES 2~3km FREZEZ
HLEEBOANEMELT D, — 5, MEEMEHIE R TR
ERERENMFONDT-0 ., $HEHOXREr—7 VI
L7856, BER TEE | BEIROHIRA MR cE5,

PRERAF T, BEREXSE DB AT LOEERE
Bz L C BEEr — 7 VA EREERCEA TS
PEMBEEXE S — T VOB EIToTND 2,

2. &3
EHEEAIITESERDRNZGAEOR#ELL T, B
it B SR T SR S R S LT B,, E?ﬁi@%ﬁ@l@fﬁbii@%ﬁ
FROVERE b HEE RGBT 50kA, ZEEF 3X 10°A/sec, F
JEWFEE T 25kA EEHHILTEY, ZNHLDERSHEEEr—
TN THIRENRH > TIRLRW, Lo TA R, &
BRI RO, BAET RSN CO LB E B 2>
WC, A ﬁé{}m%*‘%%ﬁbt/\/l/x SR A FIINL ., B ki
DV TRHiL 72,

3. REEAE
FEHR L BIFE T RS TV 180A % Bi Zfibt (Type

H. Type HT(CA50) . Type HT(SS20)& L7z, #kBR 75T, 4
FEEIRAAEELTZ 100msec D/ VULV ANEZ LD/ LV AE A
EEAACELINL . £ ORI T -V it Atk L, AR ER
FREDOHIEN ALNDETHDIKL T,

4. RERHER

I, R AW 2 B AR 57290
(2, 2V AEREE 10 0.5 55 P CHIEE T, F
HAEFK 1IRT, Type H & Type HT(SS20)128 W\ Tid, £ 3.5
fEOBIRAE TR L7235, Type HT(CASOIZ I TITHRI 5 5
DFEVAE W2 MR L7,

/N 1 NTENC TR oY [ i T Y o SY RN 03 Y=
AT FEWAED DB FEIIC SV A E A B “I'Cb 27z, Type
H? -V 8O E K 112, 7SV RAEREE 1, %X 2 12w
9, Type H BE O Type HT(SS20ZH W\ TiE, I, ® 3 L4 E
D7V AEFRTHIEN RS T-, F7=. Type HT(CA50)(Z>
WU, L FREO B RIZ A DN 2 Tob DD FIR—MA
DHPEN I DT,

HiEE

ARWFFEO—H 1%, B2 H AT IR EARAE (ST O BRI H 1/
NR—va Al HHAEE S (S /) IR DIFFERRE [k it
REGE S AT DERAI BB T A /R —ay | O RE =
AT,
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Table.1 Burnout current value (0.1sec pulse)

Burnout
Sample No. L[A] current value [A]
Type H-01 181 626
Type H-02 174 603
Type HT(SS20)-01 190 661
Type HT(SS20)-02 190 661
Type HT(CA30)-01 194 966
Type HT(CA50)-02 196 977
50
45 l}
40 r
5 35
=
S []
£ []
- []
o
E /]
0 /]
5 f— 1pViem /l
0 —A
o 50 100 150 200 250
current[A]
—lc =—1.5lc —2lc ——25lc —3lc —3Ic+10A
Fig.1 Current—voltage characteristics
(100msec pulse, Type H)
220
200
\ —
180 'ﬂ‘
E 160
=

140

120

100 T T T T 1
200 400 600 &00 1000

[=]

pulse current [A]

typeH-01 ——typeH-02 —— typeHT(5520)-01
= typeHT(5520)-02 ===typeHT{CAS0)-01 === type HT(CA50}-02

Fig.2 Change of I, by pulse current

SEH

1. M. Tomita, Y. Fukumoto, K. Suzuki: Abstracts of CSJ
Conference, Vol81 (2009) p.95

2. M. Tomita, Y. Fukumoto, K. Suzuki, A. Ishihara, M.
Miryala: Abstracts of CSJ Conference, Vol82 (2009) p.21
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Current—feeding test of a 200 m DC superconducting power cable test facility

el @, R s, IR BUE, fROEE, IVANOV Yury, 54 SEIR,
fREH His, 28 1, (hE F, 1hA ERES ()
HAMABE Makoto, WATANABE Hirofumi, KAWAHARA Toshio, SUN Jian, IVANOV Yury, YOSHIMURA Kouji,
FUKUDA Shinji, SUGINO Makoto, YAMADA Hideki, YAMAGUCHI Satarou (Chubu Univ.)
E-mail: hamabe@isc.chubu.ac.jp

1. [ZL®IZ

KRR TIE 20 m SRR E B EEr —7 NV CTOE
Bl L1 IC ST, 200 m OBIREE RSB —7 LD
FRRAEEABMEL, 2010 4E 1 A X0ERZBMBLER], Zh
FT. A4 3 HETO—F HOBRHEIRBRICE Xz, 8 ALY
[0 B OBERBRE TR o7, 22Tl KRBT COR T
ERBROME, BLXOERBEMRICZREREEEL TR
DI —T NDA T T2 ZRNTEDFE RN DN THAE T
2o

2. BEHER

Table 112 200m BB{ZE B FEEE S —7 NV FHERIEE Ot
kA RS, AREBRIEE ORHEO— DI 2T 39 AL T
V% DI-BSCCO®#MF ((EAE TH) 1 RFDIZERI—R%E
B L CWBENRHD, TLT, ZOBIRI—RNH0EE A
PRS00, ~LF o ERY—RPCL)ZE AL T
DM, D=0 — BRI D O BRI —RE AN THD
[3], 27z, $ETEY — R O3 1x PCL LB IHIEL,
IO EBRBBENARIIREEIC /2D, FDT=6, — £ HDBRE
B CIISRE IR — N IcEER S 7z — RO OB E IR
eI, ZOZLIZRNT D7 F NI AL, 2T,
BBV —F OB mQOSMBIR A B+ 524 TE
WERT AW T2, WERBREI T/l ZDEX /7
MRS, T VEE A THIE LI IRIR E RIR
BES T7.2~78.9 K DEX|T, 1.5 kKA £ T, #ZEREEDEE
W CE,

3. =TI ALFHERAE

HREE A —7 L OF] EDO—DI12, IR =R —
\ZLDBIITREN RN S5, FHIARFEFHEE O G IL, B2
Wr A — ALY OSME ICREME IR THHEME B 6 mm) -fi
LTWAED, 2O ENRRENWIENIEFTES, 22T A
BB EREBEESETBADr —T A Z IS
VAREPE LT, ALERE I [FEh 8 O IZmE D RS
T 2 B9 T AR (bipolar) | O @ 8 TlEA L& 720 Al
S BRBTD MM O —BOHRICHEET D H T
(monopolar) | DIBFELIT/>T2, TDORERE Fig. 3 1IRT,
Bipolar DA LA HICLST 0.016 mH FEEETHHA,
monopolar D& 1E 10Hz LL F O RE I EIC LT 0.37 mH 2
JEZ o Te, o T M — B OB E LTSS 2D 200
m ABRE S — T WCE 2 DNDR = AAF— QI

Q= LI*/2=28.8k]

Lotz Q IXEIO ZRITIBIT D03, RER TITHE D
BRI HRIC T D REMED D DT Sk, SHIZKEW T
DA 7 AEZATIRD T ETH5D,

SE K
1. M. Hamabe, et al.: IEEE Trans. Appl. Supercond., Vol. 19
(2009) p.1778
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2. M. Hamabe, et al.: Abstracts of CSJ Conference, Vol. 82
(2010) p.89

3. T. Kawahara, et al.: Abstracts of CSJ Conference, Vol. 83
(2010) 1C-a09 (this conference)

Table 1 Specification of 200 m DC superconducting
power cable test stand in Chubu University.

Current DC 2 kA at 718 K

Voltage DC *=10kV

Cable structure Coaxial, bipolar current feed

39 DI-BSCCO®(SEI) HTS tapes
(23 tapes in inside SC layer,
16 tapes in outside SC layer)

SC tape

72 Peltier current leads

C t lead
urrent leads and 6 copper leads

20 4 = s11 * S1-10 : : 2000
o 812 A S1-11

S5H + s1s5 o $1-13
S s s16 N S1-14 1 1500 3
E 10 o 8§17 s 81-15 51
o [[ o s19 o S1-16 o
8 11000 §
S 5| g
()] —
£ o o o]500 =

Olsgenfdscrencanas BESEE

-5 I

Il Il Il Il

0
0 50 100 150 200 250 300
Time[sec]

Fig. 1 Current feed test up to 1500 A. Here, LN2
temperatures in the cryopipe ranged from 77.2 to 78.9 K.

1¢
T
E
3 Monopolar
)
(&}
g
S 011
>
kel
£
<
Q
©
(&} Bipolar
001 L
0.1 1 10 100

Frequency [Hz]
Fig. 2 Frequency dependence of 200 m superconducting DC
cable under DC 400 A current—feed.
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Inductance for conductors with triangular or polygonal cross-section

ERRE

G- &=L B:15))

TOMINAKA Toshiharu (MEXT, RIKEN)
E-mail: tominaka@mext.go.jp

1. [FL®IC
KB DFBEFNC DT, A= 5 8] 0 FE i 40 A 1L
PUCEDD, B r O E 5[0 OB A6 1, 1

DAL Z IR ATREDEE ZLND. TNT, BB oE
HBEERIZDEIL TEBEROB AT IH A, BEREIOM
fm"/&“&&/xb SWHERNOER S EF R TED. LA
ST, AVF I AFFEITELSENE B bSO,
BEE T OB TIE, EETHS. (LEWEO 2 KoTER
DEC, HEAL T IZAFEIZBWT, Fig.l (TR T857%2
Eﬁlﬁéifz&i%ﬁlﬂ%ﬁﬁ@%b‘%Wﬂ:’)b\f@%‘/&‘ﬁ?‘/
ADNH (R ITSH EAHTHS1,2]. BEIC, AC KW
FH AL Z B AET 127 O 22 S ) BB - ST
FEROAREFRE L[], ZOARE W= BUEEHE IR
DD ENDNY, BUE, HEOELSEOMTEZEED TV
5.
2. ZAM TOEMZM RO ETIHTERR

AR ELILAEHEORS 1 OOR JORWEKRFE O
HAVE 72 AL, IFRRDIINC RS,

LY

”1(1 2L 1)

2 qu 2z 2z 1)
ZIT, R 1M PR FERE T, Fig.1 IR T 557 N ATF,
M AEOMOEEFTOEEE, ¢ k=1,2,-N), z
(1,2, ,M)Ti‘%ﬁ“éz WDIDNTRDHND.
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6= kit

r
[(Z/‘rl /) (§k+l gk)* :—r(z

5 T
_Rd N0 )|
e g e e |
o [ ’I_]
(GRS NCHEFA S = WV
L& g me-¢) | |
L (Zl+1 j) (é’/x+1 é’k) LL ( )J§ Sk JZ =z, J(S)

3 B TEHEROERER DA DO

Fig.2 IR TIOREF, EHE, MEOUERNLMLI
HOALH o2 AL, ZNbENEILTE = A EIXNAR
Eyﬁ@ HO, fHEAV X IHZ U ANLRDI-EL LT, A
ROBEEMEZF T, Fig.2@IZB Wi, 2EIEL CoMqm
1ﬁ2: LI EROEGGEROFMWHFEOMIT KL, F,
Fig. 2(c)0)|j‘?#‘—¢'x 9mm, 5% 11lmm O BRICRUVNT, a5
() °F- ¥ B B R,=10.356mm (5 % € L < o B F fE)

R,,=10.349mm (72 S EITOREFROME) L7320 LR L
7”_. 7L, BUR, B0 AR ERIIX S AEMEO R\ VE
{Z!Sﬁ%%ﬁiéﬂf:%é\%ﬁiblob\’C@?r%@%é}ﬁ(:ob\f
M- TND.

IR, (22T, A(gk, ckﬂ, 2,2, VETE B Cpots 24 123D
AUTINTEFEINTIEFERITTTHDER, A W)
Jiljf\, B %ﬁﬁ“t@)f@ﬁ?ﬁ“ﬁ%f, Mathematica TOEAE
HEAORBELEDbNAZEL DR, ERBROXDEM2Z
LTIy, MBEORBNZIEE S TUWRY.

4. FL0H
NWAMEOE W =ZATEIEZ AR RO R ERIZ O

TOAEIHEADNNT, BEETZOS Y TCHAT,
L1k, BIEOHE, ZO%OIEHEZHRFLT-V.
y
Y, AZM:ZZ’ZM :zl
1 I G
* ALr=03-C)
G &

@) (b)
Fig.1. Schematic view of two parallel conductors with triangular or
polygonal cross-section, (a). Cross section of two parallel N-sided
polygonal conductor of the vertices, i, Cy, ..., and Ex with Cn+=C;, and
M-sided polygonal conductor of the vertices, z;, z,, ..., and zy with
Zm+1=21, in the counterclockwise order (b).

(a)
Fig.2. Divided cross-section for the confirmation of inductance
calculation by Eq.(2) or (4). It results that the numerical calculation by
Eq.(4) is simple and better than Eq.(2).
e P
[1] T. Tominaka, Abstracts of CSJ Conference, vol.82, p.31 (2010).
[2] T. Tominaka, J. Phys. A:Math. Gen. vol.39, p.6045-6055 (2006).
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Winding technology development of Y-based HTS power transformers (4)
- Shunt current uniformity and short-circuit current withstand -

o ¥, Ak 753 OUNEDD) s a B, i & OUNRT) ik H(T277)

HpTERZE, BTALA, MidEz—, MR @i (SRL)

OKAMOTO Hiroshi, HAYASHI Hidemi (Kyushu Electric Power Co.); IWAKUMA Masataka, TOMIOKA Akira (Kyushu Univ.);
SAITO Takashi (Fujikura Ltd.); GOSHO Yoshihiro, MACHI Takato, TANABE Keiichi, SHIOHARA Yuh (SRL)

E-mail: hiroshi_a_okamoto@kyuden.co.jp

1. [ZL®IZ

RBFERE 70 27 N AN T LR BEEE S H R
T BRFE ) 00 EE A T AR B AR B T, R RAb & A
B OBBEMICL BHLA TS, K7y =7 B %
HfsEEELEL 3 FH 20MVA (66/6.9kV, 175/1,674A)
TIE, ZUCERRO ERBTL 2kA B TR EBIE O B
IXEROK 7 LD, KEIRIEEDTO DL B
BOFIBER AL 2T DT, BB FEO KL E
T ThD, BIEan Btk —ERMOFHER GEEER) I
i % HI21%, BB 0L EAIRIEE & D87 & O
RS ORELALETHD,

A A, 12 J& 2 M QRO B oo 28 il B sk ds L OY 400k
VA BJEZROEREABRICOWTHIE TS,
2. ERAE

12J8 2 W IERNERROERR L, BARNEE ¢ 350mm, 48 ¥
— B H 24 THD, Fig. 1 [T BHR (UM% ¢ 0.4m, &S
1.0m) DAV Z R, RIREFIBE T, Bt FVEERIW
BB LD MR Z T L7z, 24 FRROBFRIEIX
= A% —aA )L CEM LT,

400kVA ZEEZROARIL, BAE, EE 6.9/2.3kV, &
58/1T4A, b A B —F L A 169 Th D, ZESERRITY T2
— IR 2 R (66K) 1T HI LT, Fig.2 1% 400kVA %8
JE#% (OME ¢ 1.0m, &S 2.3m) DAVEEZ R, EEREMKE
AL T, KB ERDT2DICEE L IR
% FEENLAH 0 B CHERE LTz, A B IIC LDl M2 iR
F 572D, BEROHI#% T, BIELRERMOUNA L E—F R
FONENE FVREE ML,
3. EERHER

HRALBBRT, ELFEE (oK 1,120A) ICK B S E MR L
MR I% AR BB I 3 K 800A,,  ETEEL ., Bt aiE
BT, Fig.3 1% 800A,, BB 24 FMT DB ITER
TRt BIRSTROAT YL 88%~114%ThH -7z, Eif
YL 1%L FAEM L, KEREEROEREREY
—{bF BERNL FIED L TET,

400kVA 22 [E 25 D BLHEFRBRIF 0.2 FYRDIC I 1T H— B
FBIEL YRR EIEL Figd (ORT, BREHIC—KEE
10N T L, ZIRERIXER D 6 (FREELR-o72, 0.2
ROB% L BRSEEL2WV DL, BUA DL EL GRS
B HCPUR Y RN R D B CH D, SRR, &
FROY%ALE —F L ABIOEN FV RS BRATE i L
BALDI IR 3o T2 Z L DB FR O A ME 5 KOV A% B A
EMPRREETE T,

St% . BROKETRACEMIT, BERBMICEDERY A
ADET L > THIET D,

HiEF

AHFFEIT, BFEEFRE T o= N Ay Y LR EE
B IR BT DA 5 (PR S AL FE AR BITBA €)1 & NEDO &5t
FRICIVERM Lz, & LB AT LK (K B HE O34z
WCHEZRLET,

Fig.1 Transposed coil.
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Fig.2 400k VA transformer.
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Fig.3 Shunt current rate of strands at 800A,,,,s and 77K.
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Fig.4 Voltage and current during the short-circuit test.
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Study on the response of a REBCO superconducting transformer to fault excess current
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1. [FC®HIZ

BB E AT IS AT /N R B, &
AL VST BN BN DL ND T ENBIHF SN TS, BRIl
X — - EEE AR A B 7 (NEDO) O T4 hw AR TR
R SR AT BRZE | TR, 66kV/6.9kV-20MVA FROFE
EARERORREE MERR ORI Z B L 1D, FREB A
EgE U CEALT 251003, BARK COEKERICLD
R BN ZDEAGERE DN UL BEL 72D, F2 T, AWFZET
1%, 20MVA kOB EG L ELR OB CX o/ VA=
® 6.9kV/2.3kV-400kVA FEOIBEELELREAIEL, Kk
1R D FTHE Sl P e L 7= 22 R A RIS L0 | iR R RIS
KD M DA ZAT o 72, SBIC, BT o — %
FAWT, IR E O R R LT,

2. FRET-RE-HER

Al BB LB EE A LR OHARE Table.1 12
R, BB EIC AW BRI, e F
fFiFL7= REBCO #THD, ZOHEMEET N TIL, EikiEK
IRV BRI, FIRR IS B A SRS T A Z & CTREE I
2 BHZE, IHIT REBCO MM FHEL LA EE HINEL T
Do ZORE R TIEIRFED BT CEIROAS, SR A
fil 3BV BLEDLDITRIESI R A H T 256 LRIEO L
2RHN5, AAELIZ S E R, MHEERRCEmE AR
AT, BREHED THAHZEE MR L%, 28GR R AT
ST, FRERBRATZICER VT, -V R, BIEEEROA
B AL IR S T2 2 D BAE BTS2 528
NHK=EWZ D,

Table.1 parameters of superconducting transformer

- | =
[EES BAAH
TEREIS B 400kVA
ER I 6.9kV 2.3kV
TERS R 58A 174A
TE B I B 60Hz
YA —H LR 15% (400kVA FEHE)
BRI B AL 1A 3A
2— 576 192
TEfSIE 66K (Gl HNIE IR ZEH)
FhT g 1175mm X 4T 1020mm

X B X 2284mm

HiE 2800kg (M3 H47)

3. iR

TR — YA BT U T [ 5 AR K O T R
Bra—RICEDEEMAT 21T\ BEEN ., SHRIEE, ¥E
BRI G DR Z b2 R H LT,

RIS BRI 1T 51 B O Z k% Fig.l (TR
T BIPDREAIND IO, FEERAE R LB AT R 13 I<
—HLTRY, = —NIhz S ThotEALND,
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WA, B OB EZ A Fig.2 17, T1, T2 1ZFhEh
—R, USRI CTRERGESEINES I, IR BRI
I TH D, A E RO CHRE T A2 TIRE LA
MzoENTWBEEZBND,

Y, FEERPES, RIEET LORMELRE TS,

1000

800 —calculation | _|
\ —experiment

600

400

200

current[A]

0
-200 J

-400 - ’

-600

0 0.04 0.08 012 0.16 0.2
time[s]

Fig.1 calculation and experiment current

100

95 |-

90

% 85 ,\//""/\/\/
3 Y4
5
2 a0 Wi //
£ i Y
75 - J"

A

65
0 0.05 0.1 0.15 0.2

time[s]
Fig.2 temperature of winding

S

AWFTRNET A NI D 2R ) H aR B AT BH 38 ) 0 —
L LT, ISTECEZE U TUNEDOM LD EFELZ T CTEMLT-
HOTHD,

#5830l

201047 BEAK A T2 - TR

PN
F=



1P-p47
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Design study of a 500kW REBCO superconducting synchronous motor
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Table 1 Design parameters of the Superconducting motor

Rating/speed
Rating voltage
Rating current
Frequency
Number of pole
Inside diameter of stator
Outside diameter of stator
Direct axial length
Field coil
Minimum critical current
Rated current
Tape length per a pole
Operating temperature
Maximum magnetic field in the gap
Armature winding

Number of turn per slot

500kW/1800rpm
440V
700A
60Hz
4
360mm
700mm
210mm
Diamond-shaped coil
292A
230A
1510m
40K
2.06T
Copper winding
6

Fig.2 2D FE calculation results of magnetic field

distribution for field coil cross section
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