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Development of compact Brayton refrigerator for introducing super conducting feeding system
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fig.2 Size comparison with the conventional Brayton
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fig.3 Apparatus of turbo Brayton refrigerator

table.1 Specification

Refrigeration cycle Reversed Brayton cycle

Compressor/Expander stage 3 stage/1 stage

Compressor/Expander type Turbo
Pressure <1 MPaG
Size 1.86m X 2.7m X 2.0m
Cooling power (target) 5kW
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Tablel. Specification of 5kW-class prototype
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1. Introduction

Cryocooler is widely applied in order to cool down the
temperature of superconductor when using the superconducting
technology in industry.

In heat conduction cooling system, temperature of
superconducting coil as expected cannot be achieved when the
distance between the coil and the cryocooler is large. It caused
by temperature gradient in the heat transfer plate. Furthermore,
the superconductor cannot be cooled uniformly and the cooling
performance is unstable. Therefore, a method for cooling the
superconducting coil with long-distance by circulating the
helium gas was proposed [1].

2. Concept of the cooling system

Helium gas is discharged by a compressor passes through a
pre-cooling heat exchanger which transfers heat with the return
gas, and thereafter the gas cooled by the GM cryocooler.
Eventually, the helium gas is utilized to cool a coil.

3. Configuration of the cooling system

In the cooling system, the inner diameter of gas flow path is
6.4mm. A pre-cooling heat exchanger (helical double-tube heat
exchanger) consists of an inner pipe (inner diameter of 6.4 mm,
outer diameter of 8§ mm) and an outer pipe (inner diameter of 10
mm). The length of single path is 60m (overall length is 120m).

An energy conservation equation was used as a governing
equation for one-dimensional numerical analysis. The helium
temperature of whole path is calculated by energy conservation
equation. The calculation condition is shown in table 1.

Experimental equipment includes: GM cryocooler, cryostat,
buffer tank, pressure gage, flowmeter, helium compressor (for
circulation), heater (coil emulation). The cooling system is
shown Fig.1.

4. Experimental process

Test targets: the temperature of coldhead, the temperature of
helium gas (inlet of cryostat, inlet, surface and outlet of coldhead,
outlet of a heater), supply side and return side pressure of helium
flow path, flow rate.

Experimental process:

1) Evacuate the cryostat. The pressure inside the cryostat is
reduced to 10 Pa or lower by a rotary pump. Subsequently,
vacuum evacuation is performed until about 10 -3 Pa by a turbo
molecular pump.

2) Flush the helium circulation flow path. The overall helium
path is filled with helium ranged from 0.5 MPa to 1.0 MPa when
flushing. Flushing is conducted three times to reach high purity
helium.

3) Activate the circulating compressor and leakage checking.
Adjust the flow rate of helium (0.42 g/s). Switch on the GM
cryocooler and wait for the temperature is steadily. Steady is
defined as the situation that the temperature variation of the
coldhead is smaller than + 0.05K.

4) Targets measurement. Measurements were processed once
per 10seconds, lasting 1 hour.

5. Results and discussion

Figure 2 shows the numerical and experimental results of the
temperature distribution along the helium flow path. The
temperature at 60.00m means the temperature of coldhead inlet,
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60.10m is coldhead, 60.25m is coldhead outlet, and 60.60m is
coil outlet.

Comparing the numerical simulation values with the
experimental values, helium temperature of colehead outlet by
experiment is much higher than that by numerical simulation. It
is mainly attributed to a large heat leakage during heat
conduction between the radiation shield and cryostat.

Future work: Improve the experimental equipment to
achieve high accuracy and high stability. Adjust the boundary
conditions of experiment and numerical calculation. Compare
and evaluate difference in results.

Table 1 Calculation condition

Cooling method Helium loop cooling
Mass flow rate m [g/s] 0.42
Discharge pressure [MPa] 1.425
Room temperature [K] 295
Aim of coil temperature [K] 20~40

Compressor (GM cryocooler)

] Flexible hoses

GM cryocooler

Vacuuming port

\
Vacuum feedthroug\

—
Flowmeter <«—  Compressor
Cryostat Helium supply ~ (circulation)

Fig. 1 Helium circulation cooling experimental system

e Experimental values = ——Numerical simulation value
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TILEBETILERD D,
4. FEHESHDTFE
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VBTN AEZRINEE D 2 L CTUEAREET T2 &
IR 1.96 K. URAES 3.86 mW at 2.0 K 3o~
EERMEER LTz, 5%, BRI E SV T 24 I U T O
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Fig.1 Cooling performance of a RDK-101 expander using
a CNA-11 and a linear compressor unit.
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Fig.2 Numerical simulation results of the cooling
performance.
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Relationship between Layered Bed Configurations and Cooling Performance for Room—

temperature Magnetic Refrigerator
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R zE R o Ta bR FEIR T LD, BB
DEFOREREAE N Ba R U7 B IRRE RIS R O RF 72 3 T
OITWD. BITHFIELY, A A (Active Magnetic
Regenerator; AMR) PNIZ % =) — 8 B D B2 B85 DA
Bl BRI FRIE T D220 k- T, BERIAHRE D B R EE
ZRUPERTHZERALNEENTWA[L2]. AIFETIT
<2 (Mn) REaA 8 S UI-BROMERER 1 IR T/RE
BUEARATIZ Lo T~

2. WHEMBIZDONT

ARFZETIL MnFeRuSiP /A% A=, LB e KAE
ZoRTIREZF 2 —iRE Tc'CEMEW, MnFeRuSiP 244
Tld Fe & RuDEABEBLSEHZETH 2 —TRE 2l H
THIENTED., BWHEMERRIE TETHDHEHIF =) —
BENERD 3 HEHOBLTHDHID, TOMOF 2V —iEE
OYMHEAEITEEF D 3 FREO MMM DRTELT-.

3. —RIinBBUERENT

— IR TCAR B A AT 2 N CREMEM B R & 7 D 2R
WA 7=, X 7RNOF R, 2L B R LBk
DO —R LT AN — FRRAEMR N, FRERERIT
Ranz OB L OWEMM IO 452 AW CRHL-[3,4].
AWFIE T, WMEBBIZLZB KRB LT ZMMHBNHDE)
(EIYNES 210

4. RMTEMG

Fig. 1 IZFEAT IO T REMEAT BEHRIEA 7NN D Mn R B4
DFEHREE A7, P 14mm B4R B E S 150mm (2
SEEPRIFR 0.45mm OERIRA B A TR LT, Wi mIES N
B EOF o) —IB T EEE LT, RIESHT Te=1"COME,
R Te=25COMBIEFTRIE L. D L TF 2V —iRE
MRAZE 2 CTREREEBIOESEZEESE-. ()F 2
—IREMINR 1°C, 25 F8H, 4 6mm, (b)%=U—iRFEMNE 3°C,
9 fl¥H, £ FWEEX 167 17mm, (o)F=U—iRERME 6°C, 5
fiAE, A FEEX 30mm, @ 3 WYDOFIETHOWTHRFLE.
WeB A2 EIIN3 2 B 0T 2.0Hz, WL 0.5L/min, HEEWE
EE1X 25°CELT-.

5 #ERLEER

Fig.2 1T Mn R&4 DM fE FREMMEE L B e 1 D BEtR
Z IR B R, e EAE Sy, Bl CRDR e
X7 MEIRSE OB E 2R, FRIET DM B0 F =) — 5 [
FEA/ NSWIEE W HBEA 3 H L TW0D. ZHUTBEY &84
MM BIORG = ey — 28 b & A Sy J/kg/K DEZRVAK
=<, A Sy O/NEWGEIEEAD T 5T TE LB 2 HvD. Mn
FRA GBI A Sy SPHIER EE L B AT DR EVWMEZ RIS
W=, BEE FRIEEITOM B O 2V — iR R 2%
T AN R THHZLIVRENT-. F, FoHFRE
W ED TR A B O % 2V — 1R 2 &> TF 7 MEIR IR
ERBBLZRELZLLRENTZ. T X (La)R B4l o
WTHRBRDE A D RS Uz,

— 136 —

B
ARIFGED ¥ 1L, T2 AR BLARAR - B 1) 1) 1 ik ik =
3 (STimrO R R F BT BA %S : ALCA Grant Number JPMJAL

1408) DEIRR A2\ TITo1-b D Th D, ZICHiF AR 5.

Cold Hot

|end 150mm end |

I

1T E

 |oBg LR

e | B e S

I |l

6mm 6mm

o RN
D p I I I I |

~ T 16mm T T 17mm " 1
A : ] ¥

! 30mm

Fig.1 Configurations of Mn—based alloys with different Curie
temperatures used in simulations
(numbers shown in the AMR duct denote the Curie
temperature)
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Fig.2 Analysis results of cooling power for configurations in
Fig.1
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Magnetocaloric effect of magnetic refrigerant for hydrogen liquefaction Sm,Gd;-, TiO;
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T HE-ER SRR GATIO 13a T A A M %
o7 VMR THY . Gd* A A& TivA A [ C AR
A AAERA B Z > TB[1], GATIO; /KB HRALIREE T 15
TR ZRIL, KERMAR T e —2{bERd 2
LEAIEERE L2 [2], BEKIERIRE O oW T, %
TIFZELD. Gd % Sm ITE# T2 CRAEEBIREZ T
HIEWTELEVORENH B3], LML, KBRS RIC
DWTIIAHATH ST,

ABFFETIE Sm,Gd -, TiOs DYERIZAT U, Bl - FeEAIE
X BRI R OFHNEI T 72D THE T 5,

2. Sm,Gd;,TiO3[x=0.2,0.3] (D E &4

JERFE U THILE DY 99.9%8 0D Sm,y03,Gdy05, TiO,, Ti % M
Wb F BT DRI 2R D LT R LT, IRAL
T RE TN —F 2—T 255D | HiKIET LA TERICHR
L7z, CEEFREMEE 70 —T 407 — RIS R E R
SHT, BRI, ZVAS LY AT DA RR R B A
i BELEE 2 O BRI, RS P TL A R
L7,

X BREHTIZIY ., SmyoGdesTiOs DHAE N RSN L%
%?&L\ ﬁ‘%%ﬁﬂi@ﬁﬁi‘%?i‘of:o Smy 3Gdo 7 TiO; Giiﬁ%ﬁ%
FNERTE D 0727080 | SiEEh O R ZRE A,

3. Sm,Gd,TiO3 @Eﬁﬁ%%;ﬂ%

WAL E Tl Quantum Design #H520> MPMS (R & 41
EVAT 2)E T ST ETCORALRIEEIT 72, Maxwell ©
B b — 2 b2 B8 H L etk REL CoMRE
PR L 7=, F72. HEVHIE TlX Quantum Design fHL D
PPMSU B E S AT 1) % IV CL & FIiE T 0~5T O
B P LB E 2T o T, LB DR R D= har—%
HHLZ,

4. RERHER

Sm,Gd, Ti03[x=0,0.2,0.3] DB L DR R TFEE Fig.2 12
RT, Fig.2 10| ARIEMCHLB 22 SRBEPE R O IR B RS
BN, BALRIED DR BEREAT VT ATBE
P PR LB E I B W IR GRS I T e — 23
BRIz, Bukis e BE cEon-e— 2 E A% 2
—IREE T.2U77 Sme2GdosTiOs 1T 7,=24K., SmgsGdo-TiOs 13
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XaU—iiE 7 &— T DGR Lo, WP B b
e —EER DT,

WAk oREKREELLR®D S5 7= SmGd,,TiO;
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1% GATiOs & He Sm,Gd,, TiOs [x=0.2,0.3)13BEEZ5{kAS 5T
TR 5%, 3T TITK 10%, 1T TITK 20%88 L 7=, ZDZL
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Fig.2 Magnetization of Sm,Gd,- TiO3[x=0,0.2,0.3]
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Fig.3 Entropy change of SmGd;TiO3[x=0,0.2,0.3]
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MO IERA % 28 ik LI F T DB R E B/ C
RN, BHEORE EF A5 S48 B
RREERVS D, T2, EW SR E 2 F7> REBaxCusOy
(REBCO) #BAR I T — 7 MM 3R R Rk C oD i i 23R
ESITRY, TR I T OIREE | FEIB R, SR
FIINA 5K TF 20, &R OO TIEEITHIZ &I,
IARCIFE OB DIHFELL RV, T T, B a7k
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Fox 1Ty 7T T a0V RV IRE 25-77 K 2B
TREEAER 1- 12 o #E53E] REBCO ABImET — 7 fjf D
ZFARLDOPEEAT, A5 AZ BRI R difg 23 2
BB Be CHIAL AT ZE CRIBRIR IS — A D~
AL =T =TT DEIRHEEA SN LT,

2. M TR A

B ILA Tablel 1R T, Zha 1-12 AFEEL, B
V7 7 adg )V ikE G TRE L, S LA R E S
Hz AT 25K-77K £CTHHIL, R 27— 7 IicxI LT
EZEIINLT=,

Table. 1 Specifications of EuBCO+BHO tapes

Width Smm
Length 60mm
Thickness of 0.7um
EuBCO+BHO layer
Tape Thickness 106pm
Critical Current Ic at 77K 200A

3. EERHER

FREBRENTIBUNT, 25K 12I81T DA W 2 DI 7 A R
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EINAECLFREL TUIHEBREENEZ 2 DND,
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4. F&O
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Fig. 1 AC losses of EuBCO+BHO tapes at 25K
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Fig.2 Penetration Field scaling of ac loss of EuBCO+BHO at 25K
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Additional AC loss properties of Y-based superconducting parallel conductor of several

2P-pl0

different contact resistance
S BB, =, are e RS
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Furukawa Takuma, Miura Shun, Iwakuma Masataka(Kyushu University)
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EEZ R EOOPAEL, RO ETHIEEZITV,
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2. EEBAHE

Y77 o7 af EIZ LA R R R ORE I, W5 E KA
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PEZ 7R # CBLAL, SR RS B KIZ 72 2 J8 e 5

LAFTRADIDTZRY | s AEGT R IZHE1T 5,

Rw

Je= 7 k'd L

TIT, widHE, d (3RREATHERRE, L I3PERR THD,

3. HEREEE

U AR ERET R =1.0x107°Q | () ALY £, =0.61 THD
B O AR K OIS IR KA Fig.l ITRL T
B, ZIEY, [ BEENDICONIERRLRRETO 1 A D5Z
WAV NEL 72D A, BAFIREBIZ DD X n EET VAR
TELTZ 3 RAEAEMEE L — L TRY, HHRET LORY
PEDHER ST,

WIZ, SEES BRI Z N T 1.5x107 Q. 1.0x107° Q,
3.0x107° Q. THHREHI OV TR LD ERER %
FINRES 0.02T LU CRIELZRE RS Fig2 (oRd, 22T,
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4. FEO

A FE AR DA AR 2% Fe 72 D iR AR HLOFREHZ D
THIEL, n fHEET VERELHBEME LKL, Zhbid
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Fig.1 The dependences of the additional AC losses on magnetic

field amplitude for the situation of various frequency
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Fig.2 The dependences of the additional AC losses on

frequency for the situation of various contact resistance
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Highly sensitive measurement of AC loss characteristics of short and straight HTS tapes
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1. [ZL®IZ ample
TR ARARE (HTS) AT 0 A8 i H8 I A5 o e S LTI 7B 1

KL HTS MM ERR T2 L CHERETHD, AHFFETIT,

JE BRI HTS B4 O 2 FERERE L ENINIRE D 2 it H8 21 Cancel coil

DOEEEACER DD, BIES T AR NEEITHAET

ZRINTOEK (Fro D) OEBUIC OV TRETLZ,

IBHIT, FOFERAES LRI E I > 2B HUINA ~ 7 % b

ZERIL  ZPBRIEEA TV, I ERE IZ OV TRET LT,

AFRERTIE, ZORRIZHOWTHET D,

Pickup coil

2. TRBLBERETYUEILERYIBERD AR Fig. 1. Schematic view of split—type magnet.
ARWFFE T, BB RMEIIE Y 7T v 7T a2 v ikE v

T, F Y BB AR S D720, £~ o MR o

FARH ORMBEAMI LTz, ZHUZ, <7 1y PRI AL Dl B0 ot

ERAIEZERIAEDRE OB B /NS T B0 DL T = e o o- ]

BHD, SHIZ MEIZHNDE I Ty Ta by as & o O

Nl Ry MR 52 & C, HIE BB O AL ol o-

*a%ﬁ%%f&i&b, “«?’V‘/‘E/Vﬁ@@ﬁﬂﬁﬁ%ﬁfﬁﬁéo FDTHIT § 0 - O 48.7 Hz, single core wire magnet

OIS IRPTEIN AR~ Ty M BT R (R, <0 5 45.9 s, stranded vire magret 3
0.001 0.01 0.1 1

3. SHERENINEER A~ Y vk External magnetic field [T]

Fig. 1 13BUR OSMEBESEIN ~ 27 2o FOSMBIK T D,

EM DA T Y NED 9 DA (AL EHT g Fig. 2. Measured apparent loss characteristics.

JV)IBED ., EAL 0.3 mm O Cu FRO 7 KRRV E VTR Table 1. Parameters of solenoid coils.
BRLI=b D THD, o 7 NBHIIRRI R T 2O~ 7 Ry Solenoid I Solenoid 2  Solenoid 3 Solenoid 4
k ':F' '[:‘%B L:*ﬁj\]«\ %V7Q/V%7§$j‘ﬂ:fi¥5<$jmgﬂ:ﬁ W—ﬂbﬁﬁ Wire diameter 1.0 mm 0.85 mm 0.70 mm 0.30 mm X7
jil_'lﬂﬁkg qzﬁ:fjil_"ﬂ @%EEQﬁ%EWJH'C%éJ:ﬁ 12725 TCl D, 7 Wire form Single core  Single core  Single core Stranded
%\ :0)77;‘?\/}\(‘&1\ 110977‘)703/1)/]/0&‘77“5?\\)}\EF‘:IL\(C Coil inner dia. 32 mm 32 mm 32 mm 32 mm
TR Yl SN SR g P O ) R o VA VAT A p = A Coil length 100 mm 100 mm 100 mm 100 mm
AR Total turns 453 580 659 485
Layers 5 5 5 5

F A A 4 N L Inductance 2.14 mH 3.40 mH 430 mH 2.42 mH

4. }:gaj ébiﬁl%?%?ﬁﬁ%f;;%z:;itii;@{EU/’JE_"(F: Central field 0.1 T@172A01T@144A0.1T@12.0A0.1 T@I15.5A
. N =] (=AY | =]

RThHs, ONT Fig. 1 ITRT=7 Ry A LEEOH] 5.0 5.0
TEAEC. OFNTHMR 1.0 mm O Cu HH CERIRLI-FERIC - ——-
VERIL 7z~ R b L T2 L E DRI EE Th D, RO
FAVWEZET, =7 2 BRI DI E TR L DRSS O
TEZE A~ D BB SN THF v B A0/ NS o Th
DEZZ LD,

I

$26.0

5. BRAHEMOMIRIEET v ILEY DIEBOER

< oy NERR B OB L L% v B LK O B Jos |18 185 | a5
FRITHOWTIRB72012, Table 1 1R T RO 7B 8 D Frp X
DIV IAREERILTZ, F7-, Fig. 3 {ORTIHRE VI T Fig. 3. Alignment of solenoid and detection coils.
A XLV OFE L2 DA E DR ERERL T, & 10
YRRV ERIE L, E 8

Fig. 4 123 v R AR ORERE AT, P2-C2 DRt = © 8
AV DAERITBN T, VB TER LI L JARH 2 | [oromm ;
%L AR DIERAEIN TR RN, S 2 ' Hoossmm o
BEOBE DX X BTN FRSRNP-TZELHIZ OV T, 2 |2070mm
BERRTF THD, ZNHOH RETENLIZAT Uy MO~ < ©0.30mmx7
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Fig. 4. Measured apparent loss for solenoid coils.
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Study on AC loss characteristics of HTS coil assumed to be used in power electronics devices

ViR gumk, WA B, SEIL A, I RS (IR K)
KAWABATA Shuma (Kagoshima University)
E-mail: k2669508@kadai. jp

NISHIO Ryoya, MATSUMOTO Kensuke,

1. [XC®HIZ

HBAREHE IR O IR R O BLE S, /NI —x LTk
=7 AR A O FARE A NV B FIRB GRS VS EE X
T EDREDOIRR Y| FESEIS Y B~ DBREH D
A ATREMEIC DWW CORBIEATIZEITEE TH D, AHF5E
Tl N —x L rhr=/ 28 O HEZEEL HTS =
AN DAZAR R i A EE ¢ 522 BgEL T
Do BT, TR KLOWPEIZHWDIRAEE F A
FIBITBII DI ERE DS EEL K >72, T Dk, TRIKEHER
FEEANT, x OFKETT HTS o7 va )L dasi
BREFEEZRE LT, ARE T, ZNHDOFERIZONTH
HI2,

2. RARBERRREICLDIRRBLRATAH X

VR OWE TR S R 7T EE T To72, Fig. 1
[CARFEBR TRV IEIC I DB LI E S AT 2O
W X 29, PEMERIET D701, b—X A3 5
KA EDOPEMMN LB EE R L, T O R D/ "3
EERAWTRELEXEE N L2, RiEROHETHDS
NP EMICH IEE LA T A CERB AR E
MHEEEZRDTZ, ZORIERBRIZ SR LE ORI E /I
11272,

3. MABRARZDAEREDNNE

AR RARIEIEIT ., MPEE R DR A BN DA
ZRODITIETHY PRI DL TH L OR B2 i
(CHETEDHRBHLD, PIEREE LN LB R ETH
%o T TABITETIL, WIEREERFHEDT-DI, WIKEFR D
AR B ESIMNZ D720 DI RIT OV TIHERRTLIZ,

ZORER ZERIEE RO EEOREREGET DL,

U—REEW L DR RIBR AR 556 & b3 Z & A3+
ERDDDEUR MG BN DD EN DT, Fiz, FEEL
BOIELOXEEIMZ D7D DRI E R IRLH AA—H Dl
Bl 7 & B AR D R TE 7z, BO NI AL LTI
G BRI E R AR COMRERBROME R, Fig. 2 [T X
N, BARARIE AT 30 mW R E T T, 40 mW DL E
DAL E N TEHHE BB W TE,

4. RE AL EXR TR K BIE O R

B A VIZIINER 40 T, JB8, X — 2 EEx T2
F—XaA VRV E 0D, ZOIANVERUTIL, BAL T
MR 4.1 im X 0.21 mm, ERSLEER 116A(@TTK, s.f.) @ Bi-
2223 T—T M EMEH LI, BB L ~ ol LU
SRR EINA~ 7 2o NGB BT HBREIEIL, BN ER
DEE, NRU—TL s ha=y RS EERENC X5 5 I E T
THD,

Fig.3 1%, /XU —=L7hn=7 R EEREN A KA 5 o KR
[\ }E T D, FEVR A B L OIS Fr H 7V P RIENLEKY
BAEREIBIZTZ 7o 7ar Pk — b En s,
FEXHFR H 7V PRI D IGBT $ilfHl D728 D PWM 15513,
S EREERE Y DLOREBRE S54RI HIEIC
FOERKREND, Fig. 413 100 Hz, iRz H EIFHERE 2 msec

HIRAYAMA Tadashi,

DEXD,

HTS b 2R ok

BB L HE RO Tho, MIEEHIZIE

PWM 15 ST REN DS DN D, ZNODOEMEIE DS &%
B ARSI TE DS FAHONTIE, B AR5,
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Fig. 1. Schematic view of AC loss measurement system using a

nitrogen boil-off method.
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Evaluation of superconducting joint between different kinds of superconducting wire
R >, MR EERCRHEXR)

TAKEWA Hiroyuki, OGURO Hidetoshi (Tokai Univ.)
E-mail: 8bajm024@mail.u—tokai.ac.jp

1. [FLHIZ

B NMR Cl, (RIS & IR AR SR D l— wire—l
W5 2RI T B ENE 2 HNDH, KAEHRE—RTOE
RO B R E BRI Z W Th b, BIETIL, ﬁ ﬁ

MOD £/ L7 iK% - A 38 R R AR AR B [ &
DR Bi2223 #b [H L OB /2L DR — O IZ 815
B DMT oI TOAIL, Lol BRI SSE R 1 Tl
HEDRDIRN, AW TR, FrICRUEBLS R S IR TED BiPb
ZlEIETMIBWT, I LERIR (T TE AR

EERFIUTZ, RFEOBSERM S E O T, a2 RER
MOVaRII COBRERAT- O TEOREREHETD,

Fig. 2 Schematic illustration of the BiPb solder joint
for a Bi2223 superconducting wire and a Nb3Sn wire.

2. ERAE
REBCO coated conductor Z VT, f{#/ 2Bk A a4
BI-OIZLLF O EBREAT 572, Fig. 1 (R LI MR Tk 0.01 - - - -
EERR Uz, 97 M RE O HERICE> T2y T 7L
Too ZO% . SROEE HIZHTEOWFED YBCO By (TEP i) < 0001 y
LERR—ANERE LT DZBAA LT, IR T X EF 5
L. AT TH0 50 K ETHTVY, 100 mA TR CFT i y
o7, BBHIMEH . SEM IS TRIZETT -T2, g
ARG O M7 5 ORI O, Fig2 107 L 1
T XA TRBL A ERR L 72, #4113 GABCO, Bi2223, D?E-’i -
Nb;Sn, NbTi & v 7z, £9°, Bi & Pb % 350°CT 6 h THIZEA 1
L. MRS, Z 0%, BT ETEMILT BIPb IR AL, e
B LT, ZOBE, A LTSI, i AR 13 4R 0 200 40 680 80 100
— 2 ARIR B ERM RS2 R ST RRETIT - Temperature (K)
7z P 4.2 K(LHe EP)VC?ﬁ’\ I ET 15T T Fig. 3 Joint resistance for the various ratio of the
o7, FEHIMER . SEM IZTBIE AT o712, YBCO powder and the Ag paste at 77.2 K.
3. WEREER
Fig. 3 1Z REBCO coated conductor [l D~_— AN
X4%, 77.2 KIZB1F% YBCO #oRk L LB RHHTO BFR 0.1
%%, YBCO %ﬁk@% BN HEEKIBTH ML T ' ' ' ' '
WSS, TOWS CRER L7200 | SR~ —AMZ YBCO 3K % 80wt% 0.01 ¢ -
Y/I‘ﬂﬂbf_&%fﬁﬂi%ﬁb\ 7.81 X 1077 Q L:fcﬁoflo Flg 4 LZ E 0001 | i
BOWL% D IR 12 1T A B RIRIL O L (LA R T, ZOHEND 5
YBCO &X@iu/\ﬁ\t 2T E, BB A TRAHH T "90.0001 ¢ -
IS BN DD LD o1, ZOBRIZBIL TR g 100l ]
RIELTVD, BlEFEBEL TV TETHS, b
2 FLARRE TR - Sl - SO L 2 KD RERIC R L g 107 T
HET Do 1071 ]
10°® - - s - -
Pressure 0 50 100 150 200 250 300
‘ Temperature (K)
Wi re Fig. 4 Joint resistance as a function of temperature for the
Ag sheath Ag paste joint of 80wt% YBCO powder.
Ag paste
Ag shoath S
wire ZOBIFEO— L, BHERFA A=V 7B Fee 2 — &
WEBEEZTTOET,
1 Pressure
SE Xk

Fig. 1 Schematic illustration of the Ag paste joint for

[1] K. Ohki et al., Supercond. Sci. Technol., 30 (2017) 115017
coated conductors.
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Superconducting—Joint for REBCO-CCs by KOH as reaction auxiliary agent
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FUNAKI Shuhei, TAKATA Aya, HATADA Natsuki (Shimane Univ.); MIYACHI Yugo (Shimane Univ., JSPS Research Fellow);
YAMADA Yasuji (Shimane Univ.)
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1. [ZL&®IZ

REBCO & EEF (REBCO-CC)DIF IR T = — X
WY, SLEEERC BT~ 7 Ry Mel Offx 7205 I
WS T2 RE N e S CnA. L LRSS, REBCO-CC D —
EORIERICIRA NS HZE, Ei-E RO BEERH1HD
ZEMD, FHAEBIZB W TREBCO-CC A, £/213 B0
BRI EOBEEE SN VLB RESND. ZDOHT,
%< OIFFEREBEIC LY REBCO-CC [Rl D #E 8 A Hifr oo
BAFEMHED DI TED, ZNETORE T, #ARICAE
U7z REBa,Cu,0, (RE123)D# KRIBAMHI 2D DFERT =
— BB THHZ LD, FIH B Tl T rl§E72 25 15, B
5, TRICBITAHAHTOMSI AL ETHLEEZ LN
2.

— 7, BEEE ) CBEE M R BT DM R e LT,
RE123 %° REBa,Cu,04 (RE124), RE,Ba,Cu,0 ;s (RE247)7)3%
FHAL5. RE124 1345 db A& IE oo —E o Cu-O SHITEERIL,
eS8 RRAE U SR EMEE AL, SDIT, Ca 7ol
HASHR—VR =T F52ET 7,08 90 K T 3252808
HMoNTWA[L]. 2L, ZNETHx TRk E7 T
AIZFHNBZET, 7, =90 K ko> RE123 K& TN RE124 % 600°C
FEDOMKIRE F CTAR TEAI LA ME L TE7z[2-4]. S5t
DOHFZERERI CIE, ATIEICLVEEE KB DR Eul2d %
450°C TERLIZBILHA[5]. S FEY, ZOfEdhE K TEICK
S>TEBNS RE123 } ) RE124 1%, BFET =— /L R Tl
BN AR T ZENHIFFTED.

INBHDOTE TN, ARFECIIKEBR L E T Ty 7 A
UWZER SR KR O M RE123 KON RE124 OIRIE R R RS %
FIM LT, REBCO-CC [fl+ DB EEFES R .

2. EBRAE

Eu,0,, BaO,, CuO JFUEP K &4 8 E/L b2 Eu : Ba : Cu
=1:2:4 DI E-RAL, JEX 0.2 mm O~y
20 MPa THIE - B LT, PReE 4 FR 2 L7- REBCO-CC @
RE123 J& IR Mg A, 16 HIZL0H) 20 MPa D+
SEEIINLTZ. ZihvbZ, Kigt Vo A(KOH)Z AT L
FHOIERITELELINENT 52T, KOH ARUCEDIERIRR
JCHEA L.

3. MBRRUBE

112, KOH 8% 26.3 g B OIFORME =174 g/0)&L
T, RATIZEWTH25°C T12 h BV Z LU= BHZ BT D,
A EA 1 L7- REBCO-CCs, #:4E#84+? REBCO-CC, #2
GHREO T EEMSEERT. KLY, #5540
REBCO-CC IFEMVLIRFT LA 72 90 K #koD 7, %" L7103,
PO ER% I L7 REBCO-CCs L OES RE D T,1%, 60~70
K CTh-ot-.

PO TIMRNEREZ MG 5720, Bt oG5
D XRD JIEEFT-7- (1 2) . KXY, B4 FmiciE RE123
MLIAMT RE247 MHANRIEL CWAIENDI-Tz. ZHET
DF 2 OWFFEDS, KOH EICL > TEMS AR iR, 15
JE|Z&0 RE124—RE247 —RE123 b5 2 &M 07 » TV
LHZEMD, Ak, A OBVLEIRE 22 LS E52L T, B
ik, &6 m TAERNHfECTES. £72% 01,
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Fig.2 XRD pattern for interface of jointed region in heat
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REBCO-CC FNZERTeUBHE R OKLEE, ToR &+ 528
T, BUSKEH O FLME AR T B RICONWTH R T HTE
Thb.

HiEE
AHFFED—IRIE, IST, ARt AEF 3, JPMIMILTA2
DXABZZ T T-HDTHS.

S Xk

1. T. Miyatake, et al.: Nature, Vol. 341 (1989) p.41

2. S. Funaki, et al.: Physics Procedia, Vol. 27 (2012) p.284

3. S. Funaki, et al.: Jpn. J. Appl. Phys., Vol. 55 (2016) p.
04EJ13

4. Y. Miyachi, et al.: Physics Procedia, Vol. 65 (2015) p. 129

5. L. N. Marquez, et al.: Chem. Mater., Vol. 5 (1993) p. 761
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Critical Current Properties of Superconducting Joint between (Ba K)Fe,As, Tapes

ASH AR, IR K—ESCRELR);
AH 2, TR ER, PR B, ki, AR RS, FH BAITEERD
IMAI Shota, NISHIO Taichiro (TUS);
ISHIDA Shigeyuki, TSUCHIYA Yoshinori, [YO Akira, EISAKI Hiroshi, MATSUZAKI Kunio, YOSHIDA Yoshiyuki (AIST)
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1. [ZL®HIZ

FRRARERIT_EPEE ARIE SR EL DB HEN /N
SNZENDLEBEISAMBIEL THIfFESN TV D,
[11(Ba,K)FesAs, }z ONSr,K)Fe,As, T — 7 #ibt Tl B FE ik
BEREIE 4.2K,10T TEHKAED 10°A/cm® 22 TW5,
[2,3] —J5, BB~ 2y MG T 570 1138 m 8
BHEMBNETHSD, T Zhu HIZE->T(Sr,K)Fe,Asy 77—
T DR TV REE OB EES BMERIEN T,
B2 & H A O Bl FL 8 i L (CCR=LPRY /L) 1% | 4.2K, 10T T
35.3% AR L TWD, [4] FZTARFETIE, 2—/LR T LR
B2 =88 72 77 15 C(Ba,K)Fe As HEAHM 2 /ERIL | IR
KRBV DO Tl AT o T2 D THRE T2,

2. EBAE
(Ba,K)Fe,Asy, @ T, Mfcii{bSid K JREE 0.4 23R,

PIT 35% R\ TRA OIERIEST 572, FM% 6mm,NFE 4.3mm
DOERE T RAEFIEL , WimFEDS 2 X 2mm? (272D FTHIEL
770 RIZ, Frr— )L CES 0.40mm OFT — 7RI T Lz, =
OFT —T % 50mm ([T RAL LT, BRT—THA D Ag
A% REL, BIEEaT A dmm X 2.5mm FHIET, &
HER7-BEEaT % Fig.l OIAIIEV SO, SE T,
#J 100MPa OJE /) Ta— /LR 7L ALz, 2D, 850°CT 3h
BErbE Uiz, B BRI T R CERFMA F oz, fEL
TEEARMM L, 4 SEICKDEE R BRAE, SEM-EDX (2
K Ba7 OWrREIEE K O T 21T o7,

. 4mm s

Rolled tape Fd ’
/_2.5mm

Superconducting core

1
1
4
1

R

50mm

Figure 1 A schematic picture of jointing process.

3. EERHER

Figure 1 IZE:AAIZ OB R BIROBGEKFEZ R T, 4K
IZBWTHA IO R A EIRMIL A O3 T49A, CCR I
60% CdH -7, £7= 3.5T OEEEH TIZ6A T, CCRIL 20%T
Holz, H O THEAIE Y CCR ZaRLIZA, B
B TRESHIRS TS,

Fig.3(a) (Z#A R 295K L7 SEM iz R4, B
DOREREE 3 D3 A FLH TdhD, SEM Il 5(Ba, K)FesAs, D
A TOTy 7 O W EABRIS I, 2, AT
Rl O b Roi/en -7z, Fig.3(b) [T D&
FHIAWHE O SEM Ei{§ 7R3, HEEHE 0 TR EI LA
T == T L TEY, RE—REENELTND, 2O
B THEEA M OB ERAKEHIRI D EE
Z BB, TE TIE(Ba,K)FeoAs, A MM DR EHZ 21,
&572% CCR 1 _Eofedt w12,
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Figure 2 Magnetic field dependence of critical current of
(Ba,K)Fe,As; tape and joint at 4 K with field parallel to the
tape surface.

heterogeneous deformation
and over lap

Figure 3 (a) A SEM image of a jointed part in the BaK122
Joint. (b) A SEM image of longitudinal cross section of
BaK122superconducting joints

S E Xk
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[2] Huang.H et a/, Supercond. Sci. Technol 31, 015017 (2018).
[3] Lin.H et al, Sci. Rep 4 : 6944 (2014).

[4] Zhu.Y et al, Supercond. Sci. Technol 31, 06L.T02 (2018).
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Evaluation of Superconducting—Joint for YBCO coated conductors by using FEM
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1. [FL®HIZ

1987 4F1ZYBa,Cuz0,_5(YBCO) 238 RSN TLK, #ibf
(LD TRPIeS, 5B HARQG) A LHE U AR L
FEER(CONTEANRL ~LE TN EAT, CCIEEHW
i B L A R TERY, F1.0 @Y COHL3MK
<, BTl KOV Y72 AR D728 | iy

MRI ~OJGHABIFES I TWD[1], ZHAEEH T H720121F,

B CC DRIDEE M N VI TH D, ZODT-DIIAAEE
P M SE SV TWNA[2], £, BB & -k E
—TNVERIHTHZET, BAEMETHIERGEEMNATHE
LD, MEERM TR T A MVEAL L RGETE
RN | EBRICEH T A7 0 I3 8O L AR T
AL TR CORBICHIESEDUNERH D, ZOIIIHE
BT HILIL ST, B OB LI R DB T
O3AR R Ee N EZ T DEEROIG T AT EREND
LEEZBND,

AWFFE T, BEEHAM OBATICBIT A ER R X
OEBRFEZ B O T 5720 ABRZESR L (FEM) JMAG-
Designer17.0, COMSOL Multiphysics®)Z H\ T A 220l
Ralb—varl, BEEBEA OO ESN  B ) Rt E
AL,

2. R AAIE

ARFFETIE, FERAEFE 2 A IREFIEF HOTDIZ,

JSOL #L# IMAG # A LTz, M 2B GSRIoeT VA 1E
L., B E A2l —ar Lz, Fig 1(@ord ko972
JEZ 50 pum DITATEZHESIZTHWZIG A ICE IR Z TR LTI L&
DFEEAT o7z, MEERAILEEZ 100 pm O E 1 pm O
YBCO BEEMRTHERSNCND, T LDOLEND, Btz
L, A BRI SR LA TR L, W7 o B i oy A & B
HINZLTZ, Fig. 1SR T I AFATC R EZET 12356
DR EG FERRICAT o 72, BRI L O UL AT IE (E-]
PEY)E. YBa,Cus 0, s FEBRAL L% V= [3],

Fo . BB E R AT 9 572 ® . COMSOL 4
COMSOL Multiphysics®%f# ] U7z, fB5URFMEE [FERIZA TR
FREE AW, SHREONKIT, BEESRMAEAL TE
ENSTENT | 5l RN DIG T D554 2= W 5
N N

3. #R

Fig. 2 2773 DX IMAG T L7 B I OFE R Th
Do @ITIFATE DT 2L EOFE R T, B E L )N E 5
WP L TWDDR DD, OIZIZA TS REZE T 12565 D
FERTHDLN, KDDL LD BT A ~ DT H
FOHBNRD DT,

Fig. 3 1 COMSOL THHTLIZIGS I3 DRER AT,
Fig. 3IT/RSND I HEA H O TE AT G I P LT
W5, ZOEHT, viab—varE W TER R
PEEFHET 22 M TEI,
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Fig. 1: Joining models of superconducting wire

M,(LUWW

Fig. 2: Current density distribution of Fig. 1

R 27§ AR (N

Fig. 3: Stress distribution of joined superconductor
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1. Y. Park, et al.: NPG Asia Materials, Vol. 6 (2014) e98
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3. W. Zhai, et al.: Crystal Growth & Design, Vol. 15 (2015)
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Decay of trapped magnetic field in REBCO single—turn loop with a joint
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1. [XC®HIZ

55 LR Ei 4 14 (Magnetic Resonance Imaging, MRI) i %
Wi, 1.5-T BEE~7 Ry bR E<HWLNTE T, BIET
%, 3-T BEE~7 Ry MLy, BREMREN GBI LSH,
JEBRAG RE I CREAZR R 2155 Z LS ATREE 725 TE TV
%, FEH MRI HEHEE O Nb-Ti & B RBEIAUIL, KK
AU LRI 4.2 K IZWEIT D0 ERH D, S~ Ry b
IR T DL, IRIEAUD LD ER MR AN FRRE
Tb, MRIEEE AR ERNE A 9572010, A~ LA
ALV EIREEE~ 7 3y RN O LD DR 71k
THD, BB EEFA OREETENTZET, MRI~7 3y
RO E Rl N A ATREIC L, B A RO BT
XD,

BUE, MRl iR EE <7 Ry MO TR~ 7 o NI
BA%E & FE ML TV 5[1], RE(Rare Earth)Ba,CusO7- 5 (REBCO)
EHRBEEDALIZLY, 30~50 K OIRE Tz 5, §HiE
B A 3-T MRl =7 R M MRELIZH DO TH D, MRl <
7Ry MBI E BB AR OT-9121E, REBCO <7
Fohg, EBREERESHT—REFITAABRE—RT
EIRT AL ENDDL, KABRE—NELREITOEE,
REBCO #4118 D 8 B B FE DR I K Th B,
REBCO #i#f OB EEHEEO K IhL 3 Cla@i & [2]&h T
WBR, ARFZECIE, i TR L OB AL RS2 ASBH 38 - WFE
[3,4]L 78808 512D, MRl =7 Xy b ~DFEIEZFEL,
HEEOMREN EA X > TWA,

KB — NEEER A BT 5720, BEEHR O
Z 1X1072Q KM A DT EE BB L T\ 5, REBCO #bt
BB LT v SN — o o — IS R R S
ZORWEEANETHIET, Btz Mm5IL 7,

2. EE&

R S W7t O = ORI E HIE6NE, Bili=A L (8
B A L) THEERBOL I NE = — T\ hEE
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Table 1 Specifications of REBCO single—turn loop
REBCO-conductor width 6 mm

REBCO-conductor substrate Hastelloy®
Inner diameter [m] 5.40X107?
Inductance [H] 1.05X 107
Center~Joint [m] 5.42X 107!
Excitation—coil constant [T/A] 1.95X107°

Hall sensor
Copper excitation coil

REBCO single—turn loop

Induced current

Fig.1 Schematic drawing of REBCO single—turn loop with
a join

w

Magnetic Field (mT)

0 10 20 30

0 1 1 1

Elapsed Time (h)
Fig.2 Decay of trapped magnetic field.
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Development of Superconducting Flywheel Energy Storage System —Levitation force
characteristics of Superconducting Magnetic Bearings supporting large load—
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Load cell

SMB supports g

\4 i— Bellows

[ +— REBCO bulks

2 ||

Inner vessel

= REBCO coils

Outer vessel

Fig. 1 Schematic of experimental set up for the SMB.
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Fig. 2 Experimental result of the SMB levitation force
as a function of the time.
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Fig. 3 Experimental stress-strain diagram of the SMB support.
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Development of Superconducting Flywheel Energy Storage System
—Design of test machine for reliability and durability of Superconducting Magnetic Bearing-
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Fig. 1 Schematic representation of FESS operating principles
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Study of integrated magnetic bearing constructed in cubic bulks.
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Table 1. Specification of HTS Cylindrical type Bulks and PM.

Bulk Material Diameter Thickness By

-]c
(mm)  (mm) (T) (A/m?) MVvalue

Bul Gd-Ba-Cu-O 344 104  1.164 6.84 x 107 20
Bu2 Gd-Ba-Cu-O 335 1.1 0.872 4.74 x 107 20
Bu3 Gd-Ba-Cu-O 324 10.5  0.871 5.19 x 107 20

Bu4 Gd-Ba-Cu-O  31.7 10.75  0.844 4.82x 107 20
PM Nd 30.0 10.0  0.309 - -

Table 2. Specification of HTS Cubic type Bulks.
Cube By Cube By Cube B Cube B
bulk (T) bulk (T) bulk (T) bulk (T)
Cbll  0.125 | Cbl12 0.130 | Cbl13 0.129 | Cbl4 0.114
Cb21  0.106 | Cb22 0.106 | Cb23 0.095 | Cb24 0.103
Cb31 0.124 | Cb32 0.122 | Cb33 0.120 | Cb34 0.121
Cb4l 0.093 | Cb42 0.100 | Cb43 0.091 | Cb44 0.096

Top Part

Bottom Part -

(a) (®) x
Fig.1 Basic arrangement pattern of magnetic bearings by cubic bulk.
3x3 square arrangement pattern.

—

Read cubic bulk central trapped
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| Set initial cubic bulk posision: P1~P9. |

< |
|Maguetic field calculation: B, . B, Update cubic bulk position,
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| Calculate slope angle of floating body: 0, OR>_
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| Calculate total B, . 2 B, |
sy sy
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Fig. 2 Flowchart for optimal placement calculation.
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of a ring-shaped magnet
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Fig. 1. Schematic diagram of measuring apparatus for
horizontal magnetic force of the magnet and
superconducting stator.
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# 1 MG REBCO /N 7 —F A L DFEIT
Tablel. Specification of NI REBCO pancake coils

REBCO Overall width [mm] 4.02
conductor | Overall thickness [pm] 103
i.d; 0.d [m] 1.000; 1.021
. Height [mm] 4.02
NI Coil Number of Turns 100
Inductance [H] 0.0335

Contact surface Resistance between
the Turn-to-turn Windings, Rct

Resistance of Local REBCO Winding
due to I-V characteristic,Rsc

* Selfand Mutual Inductances
of Local Winding L,M

2 PEEC E7 /L
Fig.2 Partial Element Equivalent Circuit Model
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E
23000
i
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—--70Q - cm2 EhoTW3
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0
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Time [s]

3 Mgk aA VR ONNI 2 A 2R DT R L —
Fig.3 Stored Energy in Insulation coil and No-Insulation Coil
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o

0% Temperature

10% ,,/' Increase
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1E05 1E-04 1E-03 1E02 1E-01 LE+00 LE+01 LE+02

Turn-to-turn electrical resistance [Q * cm?]

4 JERESIES L 2R R ONRE L5
Fig.4 Efficiency and temperature increase
at each Turn-to-turn electrical resistance

F 100

97l 20184 FERKFRIR T2 - BHEA R



2P-p23
1THERE

WG

ABEERATHN Y AL I A L ORI

— M RFAEOT HDHEICN T 2EEAERTM—

Development of the 1 T class HTS force-balanced helical coils: Critical current
evaluation of the strain distribution in the length direction of the helical windings

o KB, — /= %, BN B (EK)

AE B (EEK) ;

s BRIE (50K 5 A4 W% (NIFS)

KAMADA Hiroharu, NINOMIYA Akira, NOMURA Shinichi (Meiji Univ.); YAGAI Tsuyoshi (Sophia Univ.);
NAKAMURA Taketsune (Kyoto Univ.); CHIKARAISHI Hirotaka (NIFS)
E-mail: kamada@meiji.ac.jp

1 LI

BB I N OEESICBWT, ML TEL S
REMIDPERICS KA E G2, SR OMERE
BETREE2MEELEDH L. ZOBWMNZ2ELKBTE
% 84T AT BE S B~V A7)V 31 )L (force-balanced
helical coils, AN FBC) 2% 3 [1]. £# 5132 D FBC
DEFMAEHZ REBCO $#Mf D fH 2 LTH b 2], Z
O DFAGDEIT & b B E LR 2GR EZ KT 5
ZEMWTE, BEEINVOREIDIHEINS.

U LAad s, REBCO MM IXBMIN O 3" A1z & D R
HIZ2 R SRERR (BUF L) 2ME 95 [3][4]. 6> T, Fig.1(a)
D &S ANVIARITER U 728 A T rdh i (AR
FW 1) cigrmdhy (BAF EW 1) 2 & 0 Bsbiiy
OTAPRDMET 5728, REBCO MM D I 0T oL
BEINS. 2ITRINSDOEESHIITOTADHKME
FAHAEK S OOT A (AT, —#odH) EHL,
O—OTAPHIIXNT B I, OFliHES K CEAIT
RERIZ L BMELIZ DO WTHRE T 5.

2 BEOTHIIHT S I, FHEAE

REBCO ###4 D —#l 03" Az 32 I, O - Ry

W2 N IR RO R S FAITRIR SN D [5)].

IC(E)/IC,maI =1- a|5 _ Em|b (1)

T, alZOTAREZM, c ZATOTA, &, BY—72
METDOTATHY, a & bITEMEEDE O TREE
B 70w FrrdazeTkoons. AL, WE—
B, NS U, SRR RS T, 1. AYAA A
FTTA2OTAFERTH D SO TH B Z L HFHETH S
ZEITHEEI N,

FBC TIRZORIZER L 72 FW T O A (g,
EW #1709 % (g,) HREBHZEHME h, E&HITOT
AD O T AL Fig.1(b) D& > i s, ZD&
SH—HOTADMHED I, 13X (1) THR S LEE%E
bE AT L EE EZ 505 5. #£-T, FBC
DEF7Z T, 1% E(r) B €(p) WX O sH#fiETE S
EEZLND.

Ew(r,p)
IC(hp) =
E_

wirp) —~w(r,p)

ZIT, r i FW B, p i3 EW #iUEE, e i)

B €4 (r, ) 3HRM IR IZ 5 7‘6 HOgAEELTED,

(ry V& FW 1728 r & KRB W IH] O o Sl 70 S Fb 2 1

L COHHEd T, e, 13 EW #ilF 4 p LRMIER w12 &

DEZOoNEHS, —HOTADAFHIRATERI NG,
d —w

I

de (2)
Ew(r,p) — €

E—w(r,p) = r -+ Tp (38’)
d w
Ew(r,p) = ; + 27p (3b)
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AREH Tl REBCO M 0 REBI 2 HWTZ s D
OFTADEIIRNTE IR E2HEEL RS EbETH
495,

Bl
ARFSE X H A BRI ORI s & Bl S 2 (BT
7% (B) 16H04321) OBk %EZ I CEMBINIZEDTH 5.

YBCO tape

0.2 mmx13 Flatwise bending

N\, Edgewise bending

/

- ~
-01} =« — ~—
w(rp) o " the length dir.

60 120 180
Poloidal angle €(deg.)

FW+EW bending strain (%)

(b)
Fig. 1. Schematic illustration of a 1 T class high-
temperature superconducting force-balanced helical coils,
and the strain distribution in the length direction of the
helical windings.
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Feasibility Study on the Application of Superconducting Fault Current Limiters to Electric
Frequency Converters of Shinkansen
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1. [ZL®IZ

TEIRE AL D B 70 B Mg A W3- A L5 72 i D X E R
W21, B HIERE (FC) 12k T 50 Hz 735 60 Hz 1028
BEITHLDNHD, FC (2T mllnz 0 U C 8 s a1t
H[Rl#EsH FC &#é%{ﬁ%%%:ﬁ% WzERIETE FC 2305, U4

TIAVT U RE BRI ENOHE OFENEEST
o, %7\75’@/\/(1/‘6 [(1JL2L, §1EE FC 13 0Eskola]
I FC LR CGRETRICK A EME 2D [1], 88
RS (SFCL) 2 A LT- 3 AT A& a7 5, R T
I%, SECL B AL D# IETE FC OFEHE IR IR 2T 32
L= a i TRRITL, TOREREZHE T2,

2. BITAEEETIL

Fig.1 \OR 3 B dE ) Rt e g L ERE KT T L
Z AT, SFCL AR T FC IO A B HET L
WL THEHE R RO 2179, SFCL B ANLE
Fig. 1 ® A, B, C H&ET 5, FC O RKFIREIRIL 2.2
pu ZAHEL T 9.8 kA &7°%, F#&H AT Fig.1 @ Fault AL
EEAEL, SPTIZBVT B ATl Power line B, C A8 Tl
Substation B ™ T £ SFCL DA% % &5, it —A Y47~
DORGHERIL 313 A &L, &R TO SFCL DG ER I
KARERD 1.2 fFL LT, A S T6886A, B A TI252A,C
JET939 A L35, 0.2 s i, 0.3 s XEFEK BN, 0.75 s
AR, 0.85 s FREEHTE LT,

SFCL 13 HIfE S 18] LD 7= BRI A —H — & Ff
<> bifilar 2ANVEIET D, 1 IANVHIZDOMMEE 2Tm &
T5, MW HNEBARELD, TNREPNTZaA/LVE
HTE DM, W Eep IS CESNEIT SN B
%, [2] (BARDAFNET=HGHA N FIH X A A FNEO) I ENZ
T B OGO, aANFEII A TA—2ET 5,
SFCL O&ERFHMITA(D)TET,

I n

EC< ) ! I<I,T<Te
I¢

V= I =1 \™1 - (D

E, (ﬂ) LI>1,T<T,
IC - ICmin

pll T>Te

727U, Ec X1 pVem, iﬁuu?fl BT, n 1% n fEE= 30), 1

if%*ﬁﬁ TC iﬁuuﬁ{ﬂﬂ.r‘( 90 K) ICmm iﬁuuﬁ%mb@ \},ﬁ@
e/ MER], mi 5, o 13 OF EEESIET D,

3. FRITHER

SFCL ¥ ARID FC BIROMNTEAT oI RER, K 46.7
kA L7200, I RFFAEIT 9.8 KA ;&jté%ﬁxto

SFCL #FN<1 A, B, C sIZE ALK KEREZ
Fig.2 1279, C, B, A ADJIE] BE(;MJ%?M(%D\ ZAUTLA
TOIIITHITED, FHIEO R MENIL A R CTIEZEEDT
A~C OAMERDOEF, B AUCIIZEERT B, C DAL ER
DOEFE, C ATIIAER B E FOAMERDORELDN, 4
FEIFIZIZE DEANLE THAEEFT B OB BN AR E
725, £oC, C %, B, A MOIBICEEERE R KARE
?ﬁ(ﬁifﬁﬁé‘ﬁﬁ%(}|h)k®bb753ﬁ%<72571&)KE(;ILﬁjJ%%_@
Bz K &L 72D, C BMIZ SFCL #EATHZLICE > TERE
iﬁ%%jﬁﬁm@muwf THIZDILENTED, FBANLE,
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e Power source: 154kV, 50Hz

& 154kv/22kv

Frequency converter:
A 60MVAX2
@

v‘< 22kV/77kV

77kV, 60Hz

Power line A

B Power line B Power line C

D D (@ @ Substation B:
80.5kV/60kV X3
track section

Fault { cabin

Substation C:
80.5kV/60kV

Substation A:
80.5kV/60kVX2 T

Feeder line ' )y
- —. —,

Trolley line — T M
RaiLJA—MKHM W TR ZNAN PN AR

Fig.1. Electric circuit model.
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Fig.2. Max. current at frequency converter.
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Fig.3. HTS tapes temperature at the time of interruption.
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T 1315 cm EWRITED, UTAARZYMNERL) 272, 2
DO E TIEH AR IRFIZ 136 A% 0 SFCL 23 S E RIS
DT, PO SFCLZHET2UERDHD, £D%E, =
DFET BRI T SFCL EERIL A 5T 9 (6+ T 3)&
2%,
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for Thin Layer Type Supercouducting Fault Current Limiting Device
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(a) Used potential probe

(b) New potiential probe

Fig.1 Developped potential prove

Fig.2 Sttled potential probe on base plate

1 T T T T T 1

Fig.3 Meagured voltage and thermoelectromotive force of second
reagion

Fig.4 Scratch on the simulated element
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