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impregnated with subcooled liquid nitrogen
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Fig. 1. Schematic of the sample.
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Fig. 2. Measured thermal conductivity of subcooled liquid
nitrogen impregnated PPLPs.
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Fig.1 Schematic Illustration of Experimental Equipment
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Fig.1 Cryocooler and pump system of CASER-2.
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Fig.2 Pressure loss and temperature rise in the
circulation test of the 5" cooling test.
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Comparison of coolant circulation when using the straight pipe and corrugated pipe for a long DC

HTS power transmission
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1. Introduction

Efficiency of power production, transmission, and
distribution, improvement of energy quality become priorities
in the field of electric power industry in the 21" century.
Entirely advanced technologies including superconducting one
should be used to meet the growing needs of the people. In
particular, HTS power cables allow increasing the level of
transmitted energy to several GW at voltage of 66-110 kV.
High performance cooling subsystem is an essential element of
the entire HTS cable system. Conventional easy—to—use
corrugated cryostats or straight crypipes in order to facilitate
the circulation of the liquid nitrogen can be used. The pros
and cons of both approaches are discussed in the report.

2. DC HTS cable line length limitations

The maximum theoretical length of the DC HTS line can be
determined in terms of power losses. We can assume for
estimations that the energy loss in the line depends on the
following factors: energy losses in the converters; heat
leakage through the current leads; heat leakage through the
cryostat; heating due to hydraulic friction in the cryostat. The
first two quantities are independent of the cable length. The
heat leakage through the optimized current leads in the case
of long line will be comparatively small, which makes it
possible to ignore this value. Losses of energy in the
converting equipment may be assumed to be 2% of the
transmitting power. Heat leakage through the thermal
insulation of the modern cryostats is at the level of 1.0-1.5
W/m, and the frictional heating is estimated to be 0.1 W/m.
The sum of the last two values should be multiplied by the
refrigerating factor, which is equal to 12-18 at the given
temperature range. Therefore, the power loss in the range of
13-29 W/m should be considered. We assume an average
value of 20 W/m. For a more efficient energy transfer let us
limit the total loss at the level of 3%. In this situation the loss
in the cable line should not exceed 1%, and then the total
amount of specific losses is about 30 W/m.

Transmitting capacitance, MW 100 300 1000 3000
Maximum length, km 50 150 500 1500

Let us now consider the limitation on the length of the line
originates from the cooling system. Typically, liquid nitrogen
(LN,) pumping in the space between the cable jacket and the
inner surface of the cryostat is used to cool HTS cable. It
should make maximum use of the working temperature range
of LN,. Because temperature range is limited from below by
the freezing point and from above by the boiling temperature
and the critical temperature of HTS used, the temperature
difference between the inlet and the outlet, A 7, in practice is
equal to approximately 10—15 K. In this case it is easy to show

— 128 —

that under the condition of A 7'= const the dependence of the
pressure drop A p on the length L is close to a cubic, and on
the specific heat load ¢ is close to a quadratic:
Apoc L"g", where n=1.75-2

The same relationship holds also for corrugated cryostats.
In principle, there is no limitation on the transmission range
originated from the cryogenic system, but long line will have
to include a large number of intermediate pumping/cooling
stations. This can raise the cost to an unacceptable level. To
define the maximum length that can be achieved between two
intermediate pumping/cooling stations we can take as a basis
the geometry of the real project to be embodied in Russia. The
cryogen flow rate increases with the cable length under the
fixed temperature difference. It will cause additional frictional
heating, which should be compensated by additional amount of
the circulating cryogen. A kind of positive feedback forms and
at certain length the abrupt unlimited growth of A p will be

observed.
2 - — 0
— Corrugated cryostat | :
— Straight cryostat : :
15 ' Cd b LT

Pressure drop, MPa

[t
ol
i

Cable length, km
Behavior of A p as a function of cryostat length in case of A 7°
= const, namely 1, 2, and 3 K. Straight cryostat [.D. is 60 mm,
corrugated one is 60/66 mm. Cable O.D. is 40 mm in both
cases. Heat leakage through thermal insulation is 1.2 W/m.

3. Conclusion

Several kilometers’ distance DC HTS power transfer can
be embodied wusing conventional corrugated cryostat.
However, it is necessary to apply straight cryostat in order to
achieve best hydraulics of the long transmission system.
Increasing diameter of the cryostat bring to nothing all
advantages basically because of problems with transportation.
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Test apparatus utilizing GM refrigerator to measure the thermal insulation performance of

multilayer insulation
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Figure 1 Test apparatus utilizing GM refrigerator to measure
the thermal insulation performance of MLI
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Figure 2 Schematic diagram of 70K heat meter
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Table 1 Specifications of selected vacuum bottles

Manufacture X Y Z

Bottle No. A B C D
Aperture diameter Da mm 44.0 42.0 78.0 41.4
Bottle outer diameter mm 56.3 58 88.1 59
Depth D mm 115.5 146.2 84.1 163.5

Aspect ratio Rd (Da/D) - 0.38 0.29 0.93 0.25
Height mm 128.6 154.5 93.4 181.2
Capacity Ca L 0.20 0.30 0.27 0.30
Weight g 97 102 155 181

B4 2124 b /L No. A DIRIREFRDOFRELLR (= LN, i
/AR Ca) LEMEARQ W OBRE R, SR AR QIX
WAL ENEN X DI S<IEEEFL, R = 0.18 T
0.68 W T, IEFWiH L HEER = 0.96 TDOQ = 1.42 W DK
48 BRI L 7=, F2ITRA0.16 ~ 0.19 OFEPHIZHIT
%, R kL No. A,B,C,D D AMAEE QEZTRT, fix b ik
PEREAMBEALTZ AR RV, 7 A7 R RD 2N S W D
ARV No. BT, BYUZAEQIX0.35 WTHoTz, A ML
No. B & JEMRAREANHELL L TV 5 No. D DWTEERE DFE 1T,
REHEIRDBERE AT OENTELLEEZDN
D, 7B, FHUMIE R OEIRIT 20.3 ~ 25.8 COHPH,
SJEIL 1000 ~ 1024 hPa DI TH - 7=,

7.4 K TR 1 W OWEMERES R S -/~ o
AWBFETTTIRS TR . Z OB S s L,

— 130 —

BmEIRE 77.4 K LTFICHEIT 5 BEmEEGR E LT,
AR B No. A, BIS EOD BHREERTRETH 5 LT 5,

4. FEH

TR DECEHR 5 FIELZE 7R b L OBMZ AN ik A IR R 22 55 D
HEREBEHRD, T b DEZER hLas, B/Ng
FETmASh L mIBEEERE Y — L7 FEOH
R 2 77,4 K LUF ISR R 2 50 7 W B RE
aHT L EZEMBES L LCHEMTE 2 Al L 2157,

plastic bag
/" plastic plug

thermocouple
vacuum bottle

vacuum space
platform scale

23238 g

Fig. 1 Ilustration of measuring device of liquid nitrogen
evaporation amount in a drinking cold vacuum bottle

1.6
1.4 L ]

1.2

g 1.0 ®
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®
E 0.8 . . .—_—-.
=06 9@
Q
T 04

0.2
0.0

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Remaining ratio R (-)

Fig. 2 Characteristics of heat leak Q and LNz remaining
amount ratio R of the bottle A

Table 2 Measurement results of liquid nitrogen evaporation
amount A M and heat leak Q

Bottle No. A B C D

Remaining ratio R 0.18 0.19 0.17 0.16

Evaporation amount AM g/h 9.89 5.08 23.27 10.76

Heat leak Q W | 068 0.35 1.6 0.74
SE 30
1. N. Saho et al : Japanese Patent Publication No. 2009-174804
(2009)

2.N. Saho et al : Japanese Patent Application No. 2013-147131
(2013)
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Development of a 100m long EuBCO+BHO coated conductor with high in—field property by
IBAD/PLD method

SH OB, & BE, WG B2, HRE ER, FUR MRS, MEEU @t (ISTEC-SRL)
YOSHIDA Tomo, IBI Akira, TAKAHASHI Takahiko, YOSHIZUMI Masateru, IZUMI Teruo,
SHIOHARA Yuh (ISTEC-SRL)
E-mail: tomo.yoshida@istec.or.jp

1. [ZC®HIZ

RE,Ba,Cu;0,.5 (REBCO, RE=Rare Earth) #4413, W8T
TR EN Dk~ B~ ORARHFFEN TN, &
O OO EBITIT, BEEFNIZ BaZO; D ALY
VIEOEEBATLZ LIk MM OBRERJI)E X
VR BREEJ)DOMH ERRDENTND, ZhETh
NbiE, GIBCO #ipt~ BaHfO5(BHO) AN AN EHRAF
BT AR TR BRI Th L LA RE L,
EREMCHLZOEMEEZHR LTz, LELARBL, S
AR5 EEEE B L CEBLEZR AT E Z A, 3um &
BT I, om EZREETH -T2, RFZETIE, &b
Dt b 2 &M LT RE fED Eu ~DZEF 247\, JEfE
{b~DFEEFE LT,

2. A

ARFFEIZF T BHO % REBCO(RE=Eu, Gd)#ht 13—
¥ o< L —# —(LAMBDA PHYSIK #:#4 LPX200i, L —%
—JF : KrF, A=248nm)% F\ 7= IBAD/PLD 7:I2 X 0 gl L
7o FEHRICIZ. Hasteloy™/GZO/Y,05/MgO/LMO/CeO, 1
W, [RERDE B8 TH 5 CeO, DQ00)HIZEIT 5
AYITHI2Y DB DEH, Z—5 >y MTIE3.5mol%?D BHO
Z U L7- REBCO BEfSIRZ BRI 72, S, L—
W —JE A 150Hz, BESETE )% 80Pa & L, AR
FER) 860°CIT, ARAEIEEE 2349 3nm/s 1272 B K 9 1T HM %
B S TR L7e, BEEEOBIEIL ICP 12XV FEf
L7z, F72 LIFMRFEIC L 0 HEE L, HIE Lz v dhif
MB uViem BREMEEZFANTRDZ, SHIZERD I
AT AR— NV FEFIEIC KD T L7,

3. EBRHERBLUER

Fig.1 {Z GABCO+BHO # X (! EuBCO+BHO (251} D%
Gt Iy, min@77K, 3T ORRERAFEA7RT, GIBCO+BHO
TR 3 um T I i WIRFTHIZ RS TWDHDIZHT L,
EuBCO+BHO CiZ 3 um ELL ETH LA LA R S i, B
3.6 um T 141A/em-w@77K, 3T D I, in 1525 Z & ITHH)
L7 Fig2 ICENZENDOREFE TR G R L min &8 LT2,
2 3.6 um @ EuBCO+BHO B L OBE/E 2.9 pm @
GdBCO+BHO ® IB-0@77K, 3T OiEFR A7~ d, MAIHIT
RO ER > TR, Yr=v 7RI RE R
EWNRLONRD o7z, ERREOREELZTHND720,
~ Y w7 ATH%H REBCO DOfEEEMEICHEH L, XRD (2
XV a WAL PRI L (a B 2R~ & Z A, Figl IR
9L Y EuBCO+BHO TIFEBRFIC & a #h=R 23901 <
TRV, ¢ #ELFENREm NI LB LM - 72, Figd
IZ EuBCO+BHO £ R D7k — /L FAIEIC L DR ofs F 4
R, DR EbERIChE > TH—RBM RS LT
WHZEBRDbhroTe, KM OBEERMELE LT,
T1TA/em-W@TTK, $.£0 I, 4 % XV 113A/cm-w@77K, 3T
DI min /85 Z LTS LTz, £, BEFRFROELER
X 59% Th o7z, UULEORFE LY, EuBCO+BHO #ikt

Y SR

FTPABLEND R TRERE VA B ORIEICH T2 -
TEVBELTNDEFRD,

B

REFFRIT, Frepr L X— - EEREITRG R REE
(NEDO) b OFEFEEZ T TCERIN-HLDTH D,
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I min@77K, 3T [A/cm-w]
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5

Fig.1 Thickness dependence of /; yin at 77 K, 3 T
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Fig.2 I.B-0 measurement at 77 K, 3 T
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Fig.4 Longitudinal distributions of /. at 77K, s.f. for
93.7m long and 3.6 um thick EuBCO + BHO CCs
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SmBa,Cuz0, EZED BB HFE
Superconducting properties of BaHfO3; doped SmBa,CusO, epitaxial films
on (LaAlOs3)s(SrAlTaOg)7 single crystalline substrates

PR ek, =il W, —9F this, HHE EGK)
WATANABE Shunya, MIURA SHUN, ICHINO Yusuke, YOSHIDA Yutaka (Nagoya Univ.)
E-mail: watanabe-syunyal3(@ees.nagoya-u.ac.jp

1. [XL®HIZ

SmBa,Cu;0, (SmBCO) A O IES; S R M
DO EFEE L TEMR DB BaMO3;(BMO : M=Zr, Sn, Hf)
Fay ROE A8 83 d 5, BaHfOy(BHO) X, [EREERED
Wi B R FE (J) DR F 230 7 IRIRIZR W Tl e =
YO hhEFEoOoOZIERARESRL TV D],
REBa,Cu;0,(REBCO)HED J, 1%, REBCO Oif e [ 1 12
KAET DHI2D  IAT 4y MR ORISR e & O %
KEZT D, T TABFIE T, BB AMEN SRS C
BN R R 2RO SmBCO RO/ A TH 7012,
FEWITIT R B o B IR B ISR S MR N A L 2wy
(LaAlO;)(S1,AlTa0g); (LSAT) (100)HfE A HE AL, Ly
RS G C e 23 o L R O/ 23 w] e 7o AR IR Bl E
(LTG )&z, &5I12, BHO A TLE VDA LZOERM
BOHIEZITO 35 BRGSOV CORMIETT -
77

2. IR LI A &

KiF =%~ L —%—(% & 248 nm)% V7= PLD EI2K
7, LSAT (100) B 5 Fo b (2 BHO-SmBCO 54 /R
L7z, BHO-SmBCO #ED/ERUZ W LTG BT LA T IZak
%, LSAT £k EiC SmBCO MEEA T 2% 2y Lk Fs
2 ¢ FBLTE T A HBGRE 755 (910 °C) T seed layer 2/
L. D% T L0RWEAIEE 7.7P(860 “C)IZLY upper
layer DVESLA4T~7=, BHO FRINTEIL 0 ~ 7.4 vol.%, L —
— LB 1.7 Jem?, $R0RUEE SN 10 Hz, JE
SR & 53 21 400 mTorr &L, FEE1E 350~400 nm &L7-, 1E
L7 RO £ m TR - B EE(AFM), BEEm e X
FRIBIHTIE B85 T ORB S G R X E TR M s 152 O CRE
L7z, Fi2, TubAZ ) —)LxyF 7 L~ BHO-SmBCO
IR A AFM BH9-5Z L1280 BHO T /oy N £ 4
RS -T2,

3. ERIERLER

BHO N4 ZbEE SmBCO @A (ERIL | B854
PEEFEA L7222 4, BHO ¥sIiiX SmBCO D c 5 LR
(BRI REBE 5.2 52 L3y -T2, Fig. 1 12 BHO
ISR 9 DB R E IR (T,)E BHO-SmBCO J#H5%D
c ®E%/~x7, KXY, BHO-SmBCO i i 12 kb =~ T
pure-SmBCO J#EI% T, (93.2 K)A b <. BHO FRATEN
7.4 vol.%0 BHO-SmBCO D T, (91.7 K)o 2 Lt
~_T0.4~1.5K& FL7=, £/, BHO-SmBCO #/HD ¢ fif &
X BHO BRI IAFIL T O, BHO T/ RASERES L
7-Z&°C, SmBCO M E NI AL, EERI(CuO, H)DF v
VT8 BEAMEL 720 T AMEL 2207285 2 Hivb, Fig. 212 BHO
INEIZK92 BHO - /my N L 77 K IZBITSHE T
W O BT E SN AR, BHO F /0y RO%s
X, BHO #INED 3.8 vol.%E CTITHEFIHIML CWDA,
ZNLL EOFIETIZT T — R — O TIEE —E O
T, ZORERIY, 3.8 vol.% L, ETIXINEDHE NS
(2T ey ROBERDBKEL 2> TWELEE ZHND, EALFN
FERENEE BHO OB L E</25720  dINEN

HN45E BHO F /0y RIZI0E B EIERSND, Lol
HDHEMLL BT E N E A BHO O B2
U7z BHO KRGO R ILHEEHEL RIFEE 2725, 2
W20 TS RSIE RSN A L0 H I EDIA E5 BHO 4y
F OB A, T/ ay RINKR R D EHEL SN D, Fm, J S
1< BHO SIS ISHR L T RSO BNIZHY , BHO UsIIEN
1.7 vol.% D L ERE R AE (3.4 MA/em?) & Hto 7=, Wadhth J, Hebk
EIEMLZFER.B=I T (@ 77 K, B/ o)lcBIF?
pure-SmBCO D J, 1%, 0.3 MA/em® Téh-7-7%, BHO ¥
JNES 0.8 vol%DEE 1.0 MA/em?®, 1.7 vol.%DEE 1.1
MA/em?, 2.3vol.% D EX 0.69 MA/em?® L8385 11 J, 231 L35
ZENFERS T,

93.41

u T
O c-axis length
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g 924}
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Fig. 1 BHO composition dependence of 7, and c-axis

Fig

HiEE

length for SmBCO films on LSAT

B BHO nanorods density
o J@77K
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. 2 BHO composition dependence of BHO
nanorods density and J.f @ 77 K
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AL D — Hik . BB S8 Al B 4 (19676005,
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SE

1. H. Tobita, et al.: Supercond. Sci. Technol, 25 (2012)
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Superconducting properties of GdBa2Cu3Oy films doped with BaHfO3 nanorods deposited
on decorated IBAD—-MgO tapes

A —pk, HH B, —8 #Hioo(AR); S ER, fiik HEAR(SRL-ISTEC)

ISHIKAWA Kazunari, YOSHIDA Yutaka, ICHINO Yusuke (Nagoya Univ.); YOSHIZUMI Masateru, IZUMI Teruo (SRL-ISTEC)
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1. [ZC®HIZ

Nd:YAG L—W =37 - eq A 8 i 1K=
ANTLATHY, PLD¥EICLD REBCO O (ERLZ 30T
ZORFANREIFESN TS, 20 Nd:YAG-PLD JEI250., 1t
KHVSN TSR~ — P —CTIERIS - B[R R
JE DR A O IR A IS A Z LN TETZ, 2T APC B H
N LD R 72D T J, O EE2BIEL T, R FEEZT
JTATURTERIL, ZD%ICT /ay a8 ANT52EaR
Il BT /T ATUREAES T HZETTH /ay R ED
B EEL, Ty R A SRS 9IS T & A,
ARBFIETIE, F /T A7 FELT BaHfO; (BHO)ZEARLT-
FEAIZ GABCO #ifisE BHO #sil GABCO A /ERIL |
NEDOBRERHEIC OV TR, B2 1T-o72,

2. EBAE

BHO 7 /7 AF>FIi% Nd:YAG-PLD {23\ C, BHO %
FE RS —4 e VT IBAD-MgO FEbR_FIZTER S W7, £
D%, Nd:YAG-PLD 5% W CERmEESIZEN EiC
GdBCO A ERL 7=, BHO. GABCO &% (il fwiE 1%
720°CC, BEF Sy EITENZ 430 Pa, 60 PatlL7-, F72 BHO
RN GABCO fFIT & — 77 MEfifivhZ F - CEAfi 2R _E1C
VERIL7=, BHO #RIIEIT 2.1 vol.% Tdh%, T/ TATNE
JEIL BHO 2R T DL — W — S L 2AH R B LS HIET
AN 7, A& il BB 0D 2% 1h1 (31181 0 B B (AFM) &
THIZEL, GABCO MO LI DWW TIE X BREIPTE
(XRD)%, BRAFEICSW IS k2 AW CRIELT,

3. ERAfERLER

Nd:YAG-PLD 4% T IBAD-MgO #£4K 2 GABCO
AR, T, = 92 K, H EBES J, (77 K) = 4.6 MA/cm?
ThHIEERERLT,

Fig. 1\ &I EfiZ1T-72 IBAD-MgO O£ mE a1~
9, BHO I[ZIBHTL 72 — Y — L 28503 (a). (b)) ZEH 15
2UVAL 307UV ATHD, BHO T /T A T RO EITEN
FH272 Jem?, 504 jem® &, LV ZE A BINEEH L THEE
JEREMEEDLZENHERSNTZ, —T7. (). (b)EBITT /T
AT ROESIE 2 nm, BEAANE 30~40 nm &7V AEI KT
Y X AESTRY gV AviESoY

Fig. 212F /7 AT MER FEHUAERLL 7= pure-GdBCO &
BHO ¥l GABCO O J, DREH (K AF %773, BHO % 15 /%
JVARRSTUT- BT pure-GABCO Z1EHIL 7250k Sample
A(15). 30 7SV AR L7 B2 BHO #IN GABCO A AFEHIL
7ok Sample B(30)& 3%, Lt L C pure-GdBCO 5t
R, T AZ DWW TIE Sample A(15). Sample B(30)Z L€ 7L
932 K. 91.5 K #/~kL7=, Sample A(15)TlE, mEIKIC
BOWTREARB(LIZ RSN 72DIZ%I L, Sample B(30)
TIERSGER CIEME F Lz, T/ T A 70 RIc kB 5
Bt ~O BT ESN TR, 2], T/ TATURELTHE
AENTZ Y03 BWRMaABREL, Ths ¢ fifHBIe LU THE
RELCREG T J, 280 B9 D2 lESh Va1, Lol
AMWFSE TYERLL7230B Cl, BHO /7 AT RIckAE =
V7 DRBITMER S AR o7, Sample A O J-B OFERIC

— 133 —

OWTHEER T2, T /T AT RIS R LI K3 AT T
TRNZENHZ Z BN, BT K BalL, REBCO &F /7 AF K
DRgFIAT7 4 MZEY REBCO DOEENT /TATFET
T THERISINDERESNTOD[1], LOLARBFFETIL,
GdBCO EFRILA~a T A A ME&EEFF> BHO #HW27=9
FITATUR BB THifGE R RPN EA, K234 L)
ST=EEZBND, 51 BHO 7 /7 AT REEZHILT-
EfHAR 112 BHO 71 GABCO THIEAERLL 7 DA {mi s
PEIZOWTEMIT, ZBZELTWAD T, Y HEEZ S5,

(b) 30 pulses

Fig.1 AFM images of IBAD-MgO substrates decorated
with BHO nanoislands

(a) 15 pulses

—#— Sample A(15)
10° | A= —&— Sample B(30)
u_ —A— pure-GdBCO
«  TEy
=10k "0\. \'\-\ @ITK, B/l c
g \. ‘\‘
ﬁ. \. \ A
> ]
10* \o \.
103 ! ! ! ! "
0 2 4 6 8

Magnetic Field [T]
Fig.2 Magnetic fields dependences of J, of the GABCO films

4. F&O

AWFFEClX APC % i #& B LT, BHO /7 A7
RS L 7= 25412 GABCO i, BHO %S GABCO
ZAERLL Z OMBEE RSOV TR, BER LT, 1EflSh
T D B R DS, BHO 7/ 7 A7 Rid GABCO i
WCREREELE G2 W B 255,

Eifz3

ARWFFE D — 1L ISPS BHIF 2 (19676005 , 23226014 }2 T}
25289358) Dk, S NISTECZ i U CTHi = p /L — - FE2E
B & B S (NEDO)Y N B DO EFEIC I E L 72H D T
HD,

SE X

1. K. Matsumoto, et al.: Jpn. J. Appl. Phys., Vol.44 (2005)
p.L246

2. T. Haywood, et al.: Physica C, 468 (2008) p.2313
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Flux pinning properties of GdABCO coated conductors with continuous and
discontinuous columnar defects

LU P, A HE, ORE CERS, RS FHI (RAREE)
KOTAKI Tetsuya, URAGUCHI Yusei, SUEYOSHI Tetsuro, FUJITYOSHI Takanori (Kumamoto Univ.)
E-mail: tetsuya@st.cs.kumamoto-u.ac.jp

1. [XC&HIZ

FERBAR R O F2 I T =AM BRSE I B W L 45
HFCORREREE J, DXL ENEELRD, MG
D J, ZW ESELTEO—2LLT, )\It CDBANBD,
F Iy RDLH—RITE T, B AR ST T M DO
KRNT J, ZTRERA _mkéﬁé_&#f%ém’)\ FEHI
RN TEELTEDOEANRALNTND, 7271210, 55
23— R IEE > O 5 M HIES SR e MK F 957
b RFPHOBIS ST IANCK L AR = 7 A —
ELTIERLZR, — 5, TR D X578 IR T ANTE

BIRE s = TR RN TEDM, B NS — kT
BV LU TR J R HE ifﬂesbt,cv\

AW TIE, BAA RN BT AR =L ¥ — 528k
XEHZET, ﬁ?ﬁ}Lﬁﬂf'{j{ﬁ\'Mﬁ&T@@Liﬁ*ff{j(ﬁ\'ﬁ@%
GdBa,Cu307.5 (GABCO) — MM ITE AL, EDREHE
=T RREIZ DWW TR, A7 FOR R Bl — kot e
VECRITEE O T ORI EL ST E Y = T RS
NHDOTIEENIZEITE B L CGilim 5,

2. RERAE

RURHURHZIZ, 7027780 GBCO = — M (Smm 1,
A IR 2.2um, 1, = 280A) Z VN, 74NV 7 T7 112k
DES Imm, BEK) 40um D7V TN L LT, BAA T T
BB AT NEL Xe 1AV EFH O, @R/ F—
(270MeV) THUKN -2 Z & Crllfie i iR K e s | IR /L3
—(80MeV)’C“Hﬁ%¢ﬁ‘é z J:TT HERAR R A E A LT,
K WE =R F— | HEMBLIERE S, 1XEhE
3.0keV/A & 2.1keV/AT3%>50 Fio. BRI c fH A
<, B EIE 1.94x10 " ions/em* (v F U T By= AT) T
Do ERARERFE OB E IR B I 752 V., J i E S
HHEE, = 1 pViem L5 EIMEE TERL, if_\ JC DFsh

U A BE AR TFE CIE, IR E ISR EL 72 D I eI 2 F
L. Bl c Whod7e 9~ B4 0 LU TRNEEAT 272,

3 BRBLIUER
AEIRIE LT GABCO =1— A OFFFUREE T, 1349 92.3K
ﬂ@ofco INBDFEHT 270 MeV & 80MeV THAHTL7=#% D
LU, %n%“n 89.6K & 90. 6K Tholz, Bm=RNLF—TH
%ﬂ/t VS, MREWZD | A TR D KEWKIGAE
Eizéﬂ“bé“]o DD, niwrvﬂ BT KON, X
DL DB EMMELILSED, ZOBIREMFE DL (LA
JNT, 80MeV THAHL7-308LLY, 270MeV THAHL7-3K
BrOF DR T, MEL 72 o T2 BF 2 5D,
Figl. |2 84K |Z81F%, B=2T, 4T, 5T TD J,/ Jy D1
FEARIFNER R, Jol X H BB D I O TH D, £
BHCBITD0= 007 MO — s Z il 358, 270MeV THRES

— 134 —

Lz BHE~y T o 7B UL D @i Ch e — 2% ko> T
WHDIZHL, 80MeV TS L= EHIRE OB %425
BV OENRKEL, B=5T TIEE—INELAETFHELT
W20, ZAUE 80MeV TR L 723D FEIR K Fl A3 A difoe
THDHI20 ., c BT mOMBNGHN=HTELE 2 HhD,

F7o, 0 = 90° MO — I & T HE B = 4T 2B\ T
270MeV THAH L7- 3Bt O — 27 O BIE 3 17.6°ThHDIT
KL, 80MeV THES L 7= 3o BRI 20.9°8 | TR JAWE
— I THDHI LD DN T-, T T, OZETIN A, R /K
Maz B A7 828D, R 7R BN 7272C

II7ev kB 2o,
1 T LU
B=2T ——270MeV
03+ —4— §0MeV -
270MeV
N
\O

0.06 - 270MeV 4
3 80MeV
= 0.04
'\o y J
0.02 ¢ i

A

270MeV

-60 -30 0 30 60 90 120
O[deg.]
Figl. Angular dependences of J, at 84K
for B=2T, 4T, 5T

HiEF

AMFZEIE B A ST 7E B JE B oD Ji 5 A I 12
FERLT=H D ThD,
SE X

[1] N.M. Strickland, et al.:Physica C 469 (2009) 2060.
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Study on temperature scaling of ac losses in EuBCO superconducting tapes (1)

TR FE—RB. JIE B f@E SE5h,

Izumi Teruo, Shiohara Yuh (SRL)
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Reduction Effect of AC Loss in HTS Coil by Applying Tilt—winding Sections
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Fig.1 Schematic illustration of magnetic flux distribution in HTS coil
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Development of Next Generation HTS cyclotron :
Trial manufacture of Noncircular YBCO Pancake Coil

MEl K&, A4 KK, & £, 7% B, Ed /R, £ & £ K,
Al Bk (RRE RS R s ORBORE:) S5 B, BE \ER (FHEN)
UMEDA Hirotaka, SAITO Jun, ARIYA Yuta, KARINO Hiraku, MICHITSUJI Kenta, WANG Tao, WANG Xudong,
ISHIYAMA Atsushi (Waseda Univ.); UEDA Hiroshi (Osaka Univ.); WATANABE Tomonori, NAGAYA Shigeo (Chuden)
E-mail: atsushi@waseda.jp

1. [ZL®HIZ

2 IZFERL D ANBEDT- O O AAINELRE LT,
INEL SR e EERE OB EE Y A 7ubar ORFEE L
TW5, BRETHBEEY A aba OBE&KIE, Fig.l 12
AT I, ERFERSRAEROMBAT v haf L, &
FFNZERIS A S O (AVE) R AESEAT2DDANRLT)L
oA —af VBB AR LD TS, £, ThbE2E
TNV AT ATHER A LIk, v s MEICER,
K TT~OPEIRNES @V AR R RO R E 72> TWB[1,
Fig.1 (2338918, AVF AL T 0872 —A T Y haAf L d
4 FOIEMAPBAT V) haf M IO SN TD, ARFFET
X, FEAFEDOR AT NI 2 —af L OBIFIZIAT T, JiT
1772 HIMAC E[RIZE D H F7 (400MeV/n, 30nA) D& iEEE
B Arubar ORFEFITHELNZIALD 250 1TV
DORIEIZHONWTHRET D,

i, ANFFRISRIEE (T A) TR ERL A3 A
TR E TR INE 2R D HARF AT B2 | ICB W T EMIL
-HDTHD,

2. AL DFEMES LUV EER

AT BN TSR] CE &SRR EH AT o T I
rabay f{ARAT N2 —a VO RERIHREL TS,
SHIELI-aA VL EREET L O TE Table 1 12753, A
FBRCIEEMRBIC USSR A2 AL, 5%
DERIEEFAMCHNDZLE LT, 7, BB OfE %
Table 2 127337, BAELIzaA /113 Fig.2 DEHIZ 4 {DHE 1
X3 CHY, Fig.3 ORI CTIHENTZERS THD, Fig.3 DK
BB EYER LI=b D% Figd (1 d, £LTCZZ T, Yoroi =2
ANAEERIEBEH T EEEL TWA, Figs [ RT LD
(2, Yoroi aA/VIXEREINTL > THMU DB LTSN
NV, ZDAME ETFOE TS T HHEL>T
Wb, 2O, RRIEOIEMEaA BTy, ETE%E
(FRP) THeAIA T L 35, AER, AV DR ER%
FHi 7=, PIEFEROFEMICOWTIEY B RE T 5,

i, BUBHEEAT T Super Power ¥ YBCO #bf i@ 4
WAL= D& L,

2
&

Sprit Main Coil-system Spiral Sector Coil-system
Fig.1 Schematic drawing of the Conceptual design of HTS

cyclotron
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Table 1 Specification of Real and Trial

Real Trial
Lengthwise [m] 1.24 0.359
Lateral [m] 1.33 0.180
Inner diameter [m] 0.053 0.017
Height of 1 coil [m] 0.13 0.004
Maximum experience
field [T] 8.9 j

Table 2 Specification of Real

Super Power
Thickness [pm] 160
Width [mm] 4
Length [m] 24.6

Fig.2 Contracture of
Spiral Sector Coil

Fig.3 Structure of
Trial manufacture

FER ]

Fig.5 Contracture of
Yoroi Coil

Fig.4 Design drawing of
Trial manufacturing
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1. H. Ueda, X. Wang, A. Ishiyama, et al.: IEEE Trans. Appl.

Supercond., Vol.23, (2013), 4100205

2. S. Nagaya, A. Ishiyama, et al.: IEEE Trans. Appl.

Supercond., Vol.23, (2013), 4601204
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Development of a conductively-cooled high-temperature superconducting coil
using a non-reinforced wire (2)

-Evaluation of heat transfer property on ¢ 300mme-class prepreg moulding coil -
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E-mail: manabu.aoki.ek@hitachi.com

1.%#% &

AR EREEE o VOERBER L4 B
EJET I 32— MNLAZRWIERET © 2~ 2 R/ & IREE
A (LT, FERIEISERAD) (1] &2 W8 EE = A L%
% LT\ D, ZOFBEOOE D& LT, Moo iy
DY 2 — VRO RTIBRICREFEIND 2 A LI E
BREVATRE R = A VBB S A TN T2 2 & D 5,
AWFFETIX BEEIRIEE DS AR L 720 oA VERERRE S
W7D 7V VT R EEE & T o RERAE 2 A LV
FrEt Uiz,

2. R LB R IIREEE

T =R % Uiz IEss b B I T O EFH B L O
IE G TENCBMEE RN E N Z L6 (2], A VEREOGE
Hix=mA AL M OBMREICHRF T2 b D &5, 7z
LT =7 RIS <RSI D v r—F%&a
ST, A VHUGER T TSRS 2 0 T =2 A VTR O HE il L
’PICEVRENPLES N T LE S, 22T, AR TIE=
ANEY VA RRICERLBEICT ) L7 v— &
FEANT 2 2 & T oA Ll AN E R 5 Bk s & B
L7z (Fig. 1) AMEEZEAT 2 Z & TEROFIFIC T2
BBAECDZN, 7V TV T o— 2N LEME -8R
D 2 A JVENT RNAREN T 2 BRI S A B S 1L D, iRk
HRRA O W & FEEED S B U7 BMAE SR AR
JEERW N7 LT L7 & #9386 [W/mK] T v A% &
REL->TWA,

AR T BRI RS E L LT Y 7L 7 Nc =R
X URIEE R A MW= 2 0 ¢ 300 mufk = A L& FREL
20K E TIREMH L7 BERBRICEBIT D a4 LERBO
HEFEBALD B % OAREMEPEZ F1M U 7o, 38072 = 1 VARAR
% Table. 1 127”9,

3. HERHER LR

EHAE 200 A DR ERBRE Fhi L7 fER, 2 >ofE=
A VDB OWEEFE T B v 7 ZAHRBTIREE R O E
R T D 9K DAT & KA < [AEORYRER %
REELTWD EHERIL T D (Fig. 2), 7272L, WEIMO
TARIBRECOREIZEL T ) 7L 7 OJ M RN
DR E Y BB E OB A K E N B
RIS NS, Zhud, BEy &R E ORMIC TR 5 4
JER TSN DBIIEEFRICKI LT, 7Y 7L 7o — b T
fili 9~ 2 AR TR B o & BHRES & OBl g2/~ S0
ZENFREREEEZ TS,

— 138 —

4. F&o

FEMLTE B 2~ 2 R & IR RS 2 O s A
Blaf L OBERIMEEREE L LT, YL/ A RIRICERL
BN Y L7y — Naf AT 52 & T, A ¥ R
FREFAFEOMMEGRLRIFTH L 2T D8R %
& 300mmAkERAE 2 A NV DB BT, ShOFE L
LC, WHEHIAR > & OBAEIRBLOME & | BiTERR O
PR & o T2 B I 72 58 BT R T D R R 0 FEATG
NoHDHEBZTND,

SE

(1P —, fth 3 4. [KIR T2 Vol. 47, No.7, P422

IR, fth2 4, 55 81 BHLIE T « HEE2AN
BEE, P 1

Prepreg Sheet

Cernox 1,

Heat
transfer
path

Bobbin (Aluminum) DI-BSCCO-TypeH

Fig.1 Structure of coil windings and setup of
temperature sensor

Table.1 Specification of Test-coils

Test-coil(1) Test-coil(2)
Molding Prepreg | Epoxy Impregnation
Diameter 307mm

41.9mm X 31.8mm
8turns X 84layers

Cross-section
Number of turns

Superconductor DI-BSCCO-typeH
26
I. Epoxy Impregnation ll Prepregl
= 24 ngMn i|_Winding_| Bobbin
o 22 T
5 1
= 20 L
S oqo (... L SO U T .
b= 18 | \
= I -
16

14
Cernox1 2 3 4 5
Temperature Sensor

Fig.2 Temperature of Coil windings(Current 200A)
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Development of a conductively—cooled high—temperature superconducting coil using a
non-reinforced wire (2)
- A calculation method for the temperature during energization —
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Fig.1 Differences between magnetization losses given by
eqgn. (2) and eqn. (3)
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Fig.2 Comparison between experimental and calculation
results on temperature variation at the position of P
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Current flow mode of an uninsulated REBCO pancake coil
~ Effect of cooling condition on the current flow mode transition ~
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Fig.1 Experimental results for the dry wound uninsulated
pancake coil.(a) Axial magnetic field at the coil center vs.
power supply current. (b) Coil terminal voltage vs. power

supply current.
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Fig.2 Experimental results for the paraffin impregnated
uninsulated pancake coil. (a) Axial magnetic field at the coil
center vs. power supply current. (b) Coil terminal voltage vs.
power supply current.
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Experiments on Turn—to—turn contact characteristics of no—insulation ReBCO pancake coil
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1. [ZC®HIZ

EIRAB B A A= No-Insulation =2A /L DOHFFEER %
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WEEOR b, 72 FIEDAANVEERIATORT, @
B TE PRI KO REEN AR REEDS R B LR D FTREMED B D,
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J& TR AR L B 18 AR D BR AR L 7= D CTHiE 575,

2. EE&

No-Insulation ZA/V&EIRBEL 7=, EIRAERL, a1/
A B ECIR BB I T D oA VN O BRI (8H) 2L
THEAESND, ZORHIRAETHIEGT RIXUZTE A AL
PR KB THHERE T, Bty (1) t&7
ZENTES,

Loy _§op 3o R (1)
R = coil  _ R = ct
‘T ; ' ;“Zﬂan

R, (3 E EZARIKHOESMETHY, Ly 1F3ANA L Z IR,
T IERFER, w,IX REBCO T— 7 #f DI, R &rldiZ—
H )& AR g - Th D,

BRI 60 X —2 DA s 20 X—1FORVERE, 60,
40, 20 Z—2D 3 DD LT NN =T JUTONTAT
7=, BIERTRBRIC Ao AL O T Table 112777,
NI-20 2135 — M 20 DALV DZETHD, EIRIERTRTE
DL B, ZE LT, NI-60 =A /L O E#& % Fig. 1
VR, LR OB B IERTRTOE CEB(EL TWA,
FEEFERLY 20A, 30A EBHLEOEETHRICIDITHES A
BT DHIENDLND, ZOMSEOWRNLRE U R ELRE
Table 2 TR T, BEEEKITL — BOHE NN > THEML, 2
HITANALE I ZAD EFIZE DD THD, RIZ, HE
BEVBE Uiz 0 @ BB fil ) BRET R OVER m B pt
EHEE Table 2 (R T, 2A/LE—4 N AT 5, B
PE R, RmBEAIRYTESE, HEER, aA A E %
VA% Fig 2 \TR$ . AL F VB AT NE— D 2 Tl
FeFIL, B Rl HhT K O E 37— BTl
Z oD, oo AT EAE X 720 OB U ISR E IR RE OB
fil I R EERAE T8, FiH U MiEEiisiio 3 b

Table 1 Parameters of NI HTS single pancake coil.

Parameter NI20 | N0 [ NE6o
IReBCO conductor
Overall width; thickness (mm) 4.0; 0.063
Copper stabilizer thickness (um) 10 (5 per each side)
1. @ 77 K, self-field (A) >100

Coil

i.d.; 0.d.; height (mm) 60; 62.5; 4| 60; 65.0; 4|60, 67.6; 4

Turns 20 40 60
1. at 77 K, self-field (A) 54 47 43
B, per amp at center (mT/A) 0.41 0.80 1.17
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T 1.3%THY, S EIDOIH7 /N VR ERIZBW I FEHE
BT E I Z — B LD TIRIE —E Th o7, F77,
S B D I TE 2 HNDEKO 72 LN E WA T 5
ZDRBITFRE TN L AR LT,

3. FLHH
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MEEMERT DTN TET, S RITBEN LR OREaA v
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Fig. 1 Experimental results of normalized Bz vs. time

functions from sudden discharge tests NI60

Table 2 Key parameters of the three NI coils from sudden
discharge tests

Parameter NI-20 | NI-40 | NI-60
Inductance, L (LH) 51.7 | 198.4 | 4323
Decay time constant, 7 (ms) 277 552 810
Characteristic resistance, R, (L) 186 360 534
Contact "surface" resistance, R, (uQ2-cm?) 716 | 707 | 713
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Decay Time Constant, < [ms]

Contact Surface Resistance, Rm [pQ*sz]
Characteristic Resistance, R [uQ]

1
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Fig. 2 Characteristic resistance (R,), contact surface
resistance (R,), decay time constant ( ¢ ), and coil self
inductance (L,,,) as a function of number of turns
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Additional AC loss properties of REBCO superconducting parallel conductors (1)
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REa A VRICUTZ S AR A T DN s fid L fe bk 2
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25, CNETHEBMOBEREEEL U RREET LV ER
TEL T, A NI FEEE ORI B LA 2 REL T n
EETNVERAL, BB FIERE A BN GG O
REER ORI SV TR AT,

Fig.1 A transposed two—strand parallel conductor
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Fig.2 X2 ARAHERE LG DOV JARaANEE, Z0
B ORHNLE THDHRT %ﬁ%iﬁzw&b DTH%, x
@u%rawﬁu%ﬁ LN
MR K AET B,

W

Fig.2  2-strand parallel conductor wound into a 1-layer
solenoidal coil
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Fig.3 Equivalent circuit of a 2-strand parallel conductor
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Fig.4 The property of the interrupting current
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Study on the current sharing properties of Y—based superconducting transposed parallel
conductors
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2. ERSRLEOFHEE
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TETIENH KD, Fig2 12 n=1, 3. 5 DIFD [V FiEE7w9,
FIA TR D EIREIX, Fig.1 DEIFEE LD,
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IZ = _}Wle _va2+R».-+Rm= Jiwflf23 V
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L72%,
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EIZISE - F T LS TRT 21T 72,

3. BB RU n ENERSRLICRIFTEE

T, B BRROBRER Ic 2. 100A., 90A., 80A LL . il
WA 100A, n il 5 L7, R 7 e —{KHa2E B L= Ei Y
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Screening current—induced magneticfield for a double pancake coil wound with a
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1. [FC®HIZ

REBCO =t A /L CIERTE TR L > T, (1) O
D ATV AR ()T ORI O (i) O
LOREMIZ KU 7 b ((VBEESA OE 7 EOREN
EULD, ZHOIERBINICRE N DL S — 2
PME L XD NMR, MRI, RS2 & OBER 2BV T
By TH D[], —J7 T, Bi2223 b o miE L
[2] (>500MPa) X°> Bi2212 #ikf O i FEAK[3]70 &
MRS DR BN D I A Z R T ROBE SRS
B ORHED RS BB E LYY, REBCO = A /LTI
T, WGBTS & POARBIIRIR T D Bl 2 B g L7
AR, Fo@EAENERE I D Z &2 i,
AWFSETIEL, REBCO = A )L OMERMEB ISR Z D b DDk
ABEHZ B & L, A2 T4 £ 2 27 REBCO il TF
Wz NE 3 BT D ERTEE TR & 2R & BB ARAT
TEEL L. OO OBRIIEE 2 RE LT,

2. BERAE

SuperPower #1:f4> REBCO #i44 (SCS4050, 1% 4mm, JZ
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FHMIZHR>T, Wy X—TlEEr ANDZ LT, BrE
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27 T4 T &L TR0 REBCO #4f &, it =
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A VDFEILE Table. 1 IR T, ZThHDaALE20 A —
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3. EEREER

WRCETRRES O & 27 Y & Z—T7% Fig. 1 \ZRT,
Coil-A & Coil-B 123U\ T, +50A 75 0A FTE-50A )
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TR Uiz, —75, 1B A OEMEEBEED 40 A 2B 5
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LN \OGEIE T, i TR TGS ORI R BEE IS H S
b TWn5b, 72720, Coil-B IZBW\WTIX, A7 T A4
Tz ko Taq o nflRn 7ICETEHALTEBY, =
NONERCERS B A2 5.2 TWDAREER S 5, =
DR EED . BRI L LT oG 217> 72,
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IA VD n EDERTERES DR E 25 2 52081
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o2 O EORFE T, LTS/Bi2223 NMR fA 41230 T,
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14372 NMR JIENATRETIH 5 Z L N3 ->TWWb, 2D
BLENS . REBCO = A VOB RIS % Bi2223 =1
JVERREEICETIRBT 2 2 &, A7 T4 0 7t
BRDO—2>OHLZTHA D, FETIEBI2223 2/ LD3E
Bt B L IRATHE B b bW T, A7 T4 £ 2 REBCO ##
MofREHZ W THERRT 5,

Table. 1 Physical parameters of test coils

Parameters Coil-A Coil-B
(Normal (Scribing

conductor) conductor)

Winding 1.D/O.D./C.H. (mm) 30/36.5/8.9 30/37.5/8.9

Number of 1 1

double pancake coils

Number of total turns 54 53

Length of conductor (m) 5.6 5.6

n value 25 7.5

Coil critical current 50 16

for 1 uV/em (A)

20—
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[=4 c
o 10} 3-
» &
2055 20735 0 50

Cail current (A) Coail current (A)

Fig. 1 Hysteresis loop of the screening field (Experimental
results). (a) Coil-A. (b) Coil-B.
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Fig. 2 Effect of n-value on the screening field (simulated

results). (a) Non-scribing. (b) With scribing.
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Table 1  Specification of Double Pancake Coil
Superconducting Tape IBAD/ CVD- (Y,Gd)BCO
Wire length 52m

Insulated tape width 10.2 mm (maximum)

Tape thickness 315 pum (maximum)
Inner diameter 219 mm
Outer diameter 240 mm
Height 30 mm

Insulation Low-temperature-curable-polyamide

Number of turns 34 turns/coil

A
' (a).,
3 mm : | .
* I (b)
28mm | (c)-..
1
Imm % I (d)‘l
1
10.5 m!ﬂl
I
]
Double Pancake Coil :
536.2mm
i
- e
[]
0
1
1
1
LTS magnet !

Fig.l1 Schematic drawing of experimental setup and
arrangement of Hall probes

Table 2 Coil Constants and Magnetic Field by LTS Magnet at
Measurement Position

Position (a) (b) (c) (d)
C. (G/A) 6.794 4.574 0.8942 9.894
B., (G) -246.2 -59.33 -73.22 -261.5
i I:]
i i .
I»
i I
~100 50 wﬂu.“w =0 100 n-lﬂ gy

() ()
Fig. 2 Experimental and numerical results of the screening
field as a function of the DP coil current. (a)-(d) correspond
to the positions of Hall probes as shown in Fig. 1
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Development of current lead prepared by the TFA-MOD processed YBCO tapes
(Assembled superconducting current lead and its transport performance)
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circumferential directional distributions of trapped magnetic
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Fig.1 Fracture strength at room temperature of MgB, bulk
samples with different packing ratios.

Fig.2 Fracture surface of bending test specimen with maximum
fracture strength of Sample 63. Bottom of figure corresponds
to tensile side.

Fig.3 Fracture surfaces of bending test specimens of Sample
92. (a) Specimen with maximum fracture strength and (b)
Specimen with minimum fracture strength, respectively.
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Fig. 1. Bulk diameter dependence of trapped field at 20 K at
the center of bulk surface for the MgB, bulk samples with 10,
20, 30, 40, 50 and 60 mm in diameter and 10 mm in thickness.
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m0.2-0.25
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m0.1-0.15
0.050.1
m(0-0.05

Trapped field (T)

Distance (mm)

Fig.1 Trapped flux distribution of 30 mm diameter Y-123 bulk
at liquid nitrogen temperature. Note that the maximum the
trapped field value reached 0.41 T at 1.2 mm above the sample
surface and around 0.45 T when it is measured directly on the
bulk surface.
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Fig.2 Superconducting transitions for specimens cut from

various locations of single-domain Y-123 superconductor
prepared in air with IG process.

200 : : . . T

150 B

at 77 K, H//c-axis
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g
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50
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Fig.3 Field dependence of the critical current density (J,.) of the
Y-123 sample IG-processed in air, measured at T=77 K with
H//c-axis. Note that record critical current density of 175
kA/cm? at self field and 77 K was achieved for the first time in
Y-123 system.
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Fabrication of tri-axially aligned high-T. cuprate ceramics by a colloidal process in high
magnetic fileds
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N wbe=

a

Fig.1 Two different types of modulated rotating magnetic fields.

(a) unidirectional rotation type, (b) oscillation type.

(a) (b)
.

Fig.2 Pole figure mapping of the (017) reflection for the
magnetically aligned Er124 ceramics in MRFs (uoH, =3 T, 2
= 20 rpm) with (a) the unidirectional rotation type and (b)
oscillation type.
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Effect of fluctuation magnetic field on trapped magnetic flux of HTS bulk rotor
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Table 1 Specification of HTS Bulk and HTS wire used in

shielding ring
Bulk-A GdBaCuO
Diameter 34.55mm
Height 10.46mm
Trapped Field 1.164T (at 77K) Field Cool
J 6.84x107 A/m’
n value 20
HTS Wire Bi2223/Ag-sheathed
Thickness 0.32mm
Tape Wire Width 2.8mm
I 64A at 77K, 0T
Je 7.14x107 A/m’
Min. Bending radius 25mm

— 183 —

‘A Bulk-c
H SC shield ring
Bulk-D i Bulk-B
i Bulk-A
Bulk module

Fig.1 Illustration of the rotor module.
Shield ring

l

Bulk z

D/2: 17.2mm

AR1 %T h: 8.4mm

1D/2: 25.0mm ‘ ‘
OD/2: 25.32~28.2mm

X]_Thi:2.8mm
AR2 X Th2:2.8mm
<] Th3:2.8mm

1.0mm
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1
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|=—0—— Noring
—Dl_ HTS ring] (ARZ%

0.7 |
0 100 200 300 400 500 600
Time (s)

Fig. 3 Time evolutions of B,/B, of bulk
with and without shielding ring.

IHZEAEEARE T, REEZRFFTCETCWHIEN DD, £
7o, = VRIS GE X, 600 FVRIINEESL T 25%
L EBUD L TWBZEN 5.

PLE, FEIZOWTIE, B BIZRE T 5.

HiEE
K521, ISPSEHIFE 24560325 DBk A 5% 1T 7-H D T
5.

SE Xk
1. K. Yamagishi, O. Tsukamoto, J. Ogawa, D. Miyagi: IEEE
Trans. Supercond., Vol. 21 (2011) pp.595

H88Mm 20134 FERKFRIR T2 - BHEA R



2P-p31

g (2) / NMR

TREK RERABEEMN AT IVHEAL AT LD A ZBESE

Cryogenic system of superconducting toroidal magnet for the TREK experiment
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Table 1. Cryogenic load and required parameter for TREK.

AT @ 4.5 K 15W
ENART @ 80 250 W
HL R — R A & 0.3 g/sec
a—/LR<v2 @ 4.5 K/7T0 K 2.7 ton/0.65 ton
WHEIELSE ID./ BlE 12 mm /60 m
WA/ B R CRHVRIRMIEER /7 g/sec
VR H /i A~ LHA /35 g/sec

Table 2. Brief specification of helium compressor.

A—Tp— /R AL LR /HE250SG-M
Compressor type Screw compressor
S 9.9 kg/cm®
kg /) 210 kW, 6600 V
i L 50 g/sec
FANA R — A 1 &k -5 ke \L—X4

Table 3. Brief specification of cold box.

A—Tg— SULZER
1l TCF50
g2 —e TGL, %% gk —e Ey
LAy 20 m*
Y7y —F— a— LRy AN : 201

iz
wiol ey iz

ae
>z

CV106 m—
[\ D ¢

cpis2

(to comp suction) 3 ] |

f g
|

R Cold box

CL cooling line L

ci-| e+

Two phase flow cooling channe Subcooler

ANAARAANAAAAARAAAAAAAXAAAKA ARAAARAAR
AMAMAMAMAMAMAMAMAMALAAAMAALL
70K heat load

Cryostat for superconducting toroidal magnet

Fig.1 Schematic flow diagram of TREK experiment.

SE 30k
1. Imazato J., et. al., IEEE Transactions on Applied

Superconductivity, MT17, p366-371.

— 154 — H88Mm 20134 FERKFRIR T2 - BHEA R



2P-p32

g (2) / NMR

ILC BEAGAFEICHTB5E Y AT LOEFHIKR
Present status of cryogenic system on ILC central region
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Table 1. Calculation conditions and analytical systems.

ILDYL./AR |SiDYL./AR
HLORES (T) 3.5/4 5
A4 JVNHEEE (mm) 3615 2731
I )V (mm) 3970 3112
J1)VEE (mm) 7350 5586
iR E®A) (KA) 22.5 17.72
BT R IVF— (GI) 2.27 1.59
E/M (kg/kg) 13.5 12
T a— )V () 3 2
£V a—)VE (m) 245 2.793
BRI 4 6
a—)V R A (ton) 168 130

R B HTD LT OEIME D ERENS.
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1. 1LUZRBA, > KA E hESs 51 | International Linear Col-
lider(ILC) -B¥%E- {1 T%, Vol.48 (2013) No.8 p 409-414

Cable Chain for ILD
Several kinds of flex tubes are
installed in the chain. Distribution Box

Cable chain for SiD
Several kinds of flex tubes are
installed in the chain.

Marco, Oriunno (SLAC)

Fig. 1 Overall layout example of central region in Japanese
mountain site.
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Tabale.1 Specification of bulk superconductor annuli

Inner diameter (Expect resign layer) 47 mm (45 mm)

Outer diameter (Expect resign layer) 87 mm (80 mm)
Height (Expect resign layer) 22 mm (20 mm)
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Fig.1. Trapped field of multi layer bulk superconductor annuli
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1. Introduction

To solve the energy crisis the superconducting technology
attracts many interests of the researches especially for the
electric power transmissions by using HTS materials. In the
recent years, DC superconducting power transmission system
has been mainly studied at Chubu University because of free
of AC losses [1]. Presently, a 200 m HTS power cable system
has been installed at Chubu University for evaluation of power
transmissions, in which a coaxial cable is used. Fig.e 1 shows a
photo of this cable with it
arrangements. Unbalanced number of HTS tapes are used for
the inner and outer HTS conductor in consideration of the gap
effects on the critical current of the tape wires in the cable to
avoid degradation of the HTS DC power cable’ s performances.
In order to optimize the structure of a HTS DC power cable,
we focus on the performance of HTS tape wires for the
superconducting DC power cables through by the critical
current measurements under different layouts of the tapes

schematic tapes winding

arrangements.

2. Samples and experiments

BSCCO tapes are used with cross sections of 4.5 mm wide
and 0.35 mm thick same as those in CASER-2 power cable.
In the present experiments several HTS tapes were used and
set up to simulate a cable structure used in the DC power
transmission and distribution lines with a two—layer structure
by considering the winding effects and gap effects [2]. The
tapes are insulated with each other and the critical current
measurement is performed at 77 K. Different currents are
applied to the tapes using two power supplies. The critical
current of the middle tape is measured against the gap
between the tape edges in the same layer for different current
in other tapes. Their critical currents are measured by varying
the space gaps between the tapes in the same layer. The
experiments show the improvement of the critical current by
optimizing the tape arrangements due to the correlated
magnetic field interaction by the applied current in the tapes.

3. Experimental results and discussion

Fig. 2 shows £~/ curves for single and five tapes conductor
with different gaps. The transport current in the neighboring
tapes are 120 A. £~/ curves are different between small and
large gaps and the critical current becomes larger than that of
a single one. As shown in Fig.1, the tapes for HTS conductor
are helically and crossly wound between each layer. To involve
the winding effects such as twist effects and winding directions,
the critical currents are measured with different arrangements
as the inset of Fig.3. The measured critical currents of middle
tape increases 10% for 2 mm gap in the five parallel tapes
arrangement and thus the critical current of BSCCO tape is
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improved when there are gaps between the tapes in the same
layer. The improvement of the critical current of BSCCO tape
in the cable due to magnetic field interaction between the
tapes can be obtained by optimizing the tape arrangements.
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Fig.1 The coaxial power cable in the CASER-2 and its
schematic tapes winding arrangements
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Sahara—Solar-Breeder Project in Algeria
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1989 4, KB HBEOWIIEE ThHEMFIZIY . GENESIS
(Global Energy Network Equipped with Solar cells and
International Superconductor grid) FFHNHEESILZ[1], =
AL, SRS M DD R IFARR KB L3 e S AT DA gk
EL ., 2O O 28 f i sk i TR L, HiER
M CEN =N =2 LI LI DO THD, Z2TD
AT, BITEOZN RO KB EONRAFEHLTH, miid
BEOTFED ASFRE TR E AU, RO =¥ —
B2 HEEITND,

IHIT, 2009 4, FREOIT KRB EMOFEEZ2D ST OfEHS
HEL TREEOBIZEEND VT (SIO)IEHL, T
B KR KIS I B AT DEE AL, DT RILX —
AR TR-CUR ML T DL LI, MU= RL¥F—T Si02
b Si AU KB O L FEEZTT729, Sahara Solar
Breeder 1 (SSB 1) Z#AE L72[2], 20 SSB 1B Clidmb
BENBE T, MBS ~DEK T ~1000 km & DK HEEESE A%
FChY, GENESIS FIHi[FIER, BB ELREOEANE
FNTWD (Fig.1), 97bH, 20 SSB FHEIE /TS
HBRBUE 2T L —2 IO L | EERICFI T 528%
FELLZ3HECTHY, ZDIERDTZOIZHAARET LYY T D
HHFFEE T, BARMIZR D 5 S BERED TQWB[3],

1) I ATEFCDETHIREOWEEIR CTH-T- D
(SIO )& BT~ KIG A EL ~L ORI D ST D E TS
DVIRIERR T KD a2 A T HB g & R AR
FHINAEPEDT ANT T MERL 2) IbIRIZ I 1T 24 Fl K B
HOVERE (B3R, MHANE) OE RN T —FffFE—F7—7Y
— & — K DR | AT KBS L OO R & % 3R D $:
TR, 3) WO O oK W R I VR (ME K AR b . WD D
b7 &) ORGEE E LIRS | 4) =30 ¥ — O K- (K48
Kt PR L CORIRBELE S —7 VA7 KiEIZE
THME RO EXROPER, 5) T 7V DT R/LF¥F—T.
FHE RO,

PR BBR I E 2 —TliX, Z0HH04) YL TE
0, P EEO A REMEE TG T 272D T Y =T A S
KN CHEFIR LG A BRAA LU 72,

2. BEEXENHTOERE

SSB FHENZE T A EE U/ B COMMIX., Ik
BCTHHZEDIINZ, XIBRBEE TOBERLIETHD, L
AZETHD, Tihbb, BRENDL, T, BIRRENOHE

BT — T NVEE ~ ORI BUR AT 5LV DD,

WA EE Y — T VBT OIMLERSDHEE ZTND,
D=, TY YT AR E AR T — 2 B A
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2) DRIGEMD R ORES T L7ebT VY =2)T YA
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THERR L, HirP iR ORI L EHE 2013 42 9 A #°-&
VBRLELTZ (Fig. 2), AEDLZA, 1500 mm D SNETHIL
IEAMRIREE T2 26°CREE T ETHAHEWIFE RS
BTV,
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72120 P AZRFOALEITHAELY 100 km FREETHY,
TATIPBNNLETZ A TR, EVIORTER D D5, ZD
72D A BITFATROBN A ST Th AR DI E 2 Bl hi
TOMENRDDHEE LTS,
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Fig.1 Model of Sahara Solar Breeder Project [3].
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Critical current measurement of stacked HTS tapes surrounded by magnetic steel
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Fig.1 Arrangement of the HTS tapes
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Fig. 2 V-I characteristics for critical current
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Fig.3 Critical currents of HTS tapes
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