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Physical properties of magnetocaloric materials by using classical Monte Carlo method
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Fig.1 The algorism of classical Monte Carlo method for
Heisenberg model and Ising model
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Fig.2 The temperature dependence of adiabatic magnetic
entropy change by using Monte Carlo method and mean field
theory

Table.1 Calculation conditions

Parameter Value
Exchange interaction parameter A, 1
Boltzmann constant kp 1
External field p,H° 0,5T
Dimension 3
Number of lattice points 6’

Crystal structure Simple cubic

MCS (steady state) 5000 MCS
MCS (total) 10000 MCS
Number of iteration 20
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Magnetocaloric effect of resin molded La(Fe,g,Si,,),; hydride
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TABLE 1 Parameters of Model SMES coil

Coil Stored energy 6.2 kJ
Conductor BSCCO
Max. Magnetic flux density 3.8T
Maximum operating current 200 A
Coil 1.D.& O.D. 100 & 193.8 mm
Coil height 56.6 mm
Coil structure Double pancake
Number of double pancake 6

Al plates Thickness of Al plates 0.2 mm
Slit width 10 mm
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Fig. 1 Layout of the test bench of the LH, cooled BSCCO
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Fig.1 Schematic drawing of the radiation heat leaks
measurement system by a conduction cooling.
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Table.1 Specifications
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Critical current measurement and current feeding test of a 200—m high temperature
superconducting dc power cable
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1. Introduction 4. ]. Sun, et al.: Abstracts of CSJ Conference, Vol. 83 (2010)
A 200 m high temperature superconducting dc power cable p.136

was constructed in 2009 [1] and since then we have performed D HIFE E)IKRE (201544 A 05)

six cooling cycle tests to evaluate its performance. Current

feeding test is one of the most important issues for this Table 1 Specifications of CASER-II"s HTS cable at 78 K
evaluation. In the summer of 2014, we started the sixth Rated current, / DC2kA

cooling cycle test on the 200—m cable. After cooling down to Rated voltage, V/ DC =10kV

liquid nitrogen temperature, we applied a dc transport current Length, L 200 m

to the 200—m cable. Previously, we have successfully carried Cable structure Coaxial 3-layer cable

on 2 kA current feeding test [2]. In this report, we will present DI-BSCCO tapes

the current feeding test in the 200—m cable together with the HTS tapes

Inner: 11/12; Outer: 16

critical current measurements [3].

2. CASER-II cable 008 Outersi-1 -
A three-layer coaxial structure is employed as the 0.064 o i

CASER-II cable. The inner two layers are used as positive (+) 004 - |

polarity and only one outer layer in the outmost is used as ’

negative (-) polarity for dc electric energy power, respectively. 0024 -----mmmmmm e fy- ---

Table 1 shows the specifications of HTS cable for the 0.00 M i

CASER-II system. BSCCO tapes (Type HT-CA) are used ooed T T T T ]

from SUMITOMO ELECTRIC Industry and their critical
currents are 150 A - 170 A in self-field, 77K. There are 11
tapes, 12 tapes and 16 tapes for each layer. Different tapes
are used for each lines of bipolar current feeding by taking
account of self-field effects on HTS tapes in the cable [4].

o
(=3
S
o
£
a
=
2}
®
@)
1

0.024

Voltage (V)
2

3. Experiments and results 0.081

Bipolar current is fed into the cable and the voltages along 0.064
each tape are measured against the transport current. In the

. . . 0.044
experiment, three dc power supplies with output current of 3 x
1.2 kA are used to perform current feeding test on the 0.02+
CASER-II’ s cable in parallel. Since HTS tapes are separately 0.00
connected to the current leads and each /-1 characteristics 0 2 100 150 200 250
can be obtained. Fig.1 shows different /=1 curves of three
HTS tapes in the cable and thus the critical currents for these Transport current (A)
tapes are different from each other. Fig. 2 shows /1 curve Fig.1 /-V curves of three HTS tapes in the outmost layer of
of one HTS tape in the outmost layer of the CASER-II’s cable. the CASER-II’ s cable by independently connections.
The critical current of the cable is about 3 kA and the n—value
is 13.0. The critical current is improved which is due to T T T O T
0.08 — 4
magnetic field interaction from bipolar currents between HTS 0 OuterS1-1
tapes. Therefore, none degradation happened on the HTS 0.06 - = ]
cable resulting from six cooling cycle tests. <
\q_)/ 0.04 — ] 4
. 2
%%Xfﬁk :O 0_024,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,D, ,,,,,,,,,,,,
1. S. Yamaguchi, et al.: Abstracts of CSJ Conference, Vol. 80 > DFE]
(2009) p.272 000 - OO 1
2. M. Hamabe, et al.: Abstracts of CSJ Conference, Vol. 82 T T T T T
0 1000 2000 3000 4000
3 (2(;10) p£891 : Abstracts of CSJ Conf Vol. 86 (2012) ransport curtent (A)
e 1;8’ et al.: Abstracts o J Conference, Vol. Fig.2 /-V curve of one HTS tape in the outmost layer of the
p.

CASER-II’ s cable.
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Development of compact superconducting cable systems for railway systems
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) | DOFIEEZ T THED 2L DO TH 5,
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Fig.1 Schematic of a superconducting cable system for railway
systems based on an integrated cooling system
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Analysis of Thermal Characteristics of Superconducting Power Cables Introduced to

a DC Electric Railway Feeding System Suffering Short Circuit Accidents
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Fig. 1. Structure of the cable model.
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Fig. 2. Circuit diagram of a short circuit accident.
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Fig. 3. Temperature transition in the superconducting layers.
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Fig. 4. Temperature transition in the go flow and the return flow.
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Comparison of effects between a superconducting cable and an energy storage system

for DC electric railways
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Fig. 2. Substation input energy and maximum substation
power. Influence of introducing an energy storage system and
superconducting cable.
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Fig. 3. Minimum feeder voltage. Influence of introducing an
energy storage system and superconducting cable.
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Fig. 1 Schematic drawing of (a) the cross—sectional view of the
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Table 1 Error rate of the magnetic field

Field error [%] Coil1 Coil2 Coil3 Coil4  SSC

Maximum -0.59 -0.46 -4.06 -0.19 -52.94
r=1.06 m -0.59 -0.42 -4.06 0.47 0.61
18 1 . r
. & SUS_Diy pl cement (mm) 00 la SUS Tirror (r—1.06m) (%)
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Fig. 5 Parameter analysis of (a) maximum displacement and
(b) error rate of the magnetic field
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Study on influence of Circulating Current between Strands on Local Strand Deformation in
Cable—in—Conduit Conductor

EHE OKHEE, W 5, EEEOEL EE SRR GRIER) A . R (EER)
R FHt, e 32, /MME R (AEA) RBIE B/, &M —H (NIFS)

MIYAGI Daisuke, WATANABE Kazuaki, TSUDA Makoto, HAMAJIMA Takataro (Tohoku Univ.);
YAGAI Tsuyoshi (Sophia Univ.); KAJITANI Hideki, NUNOYA Yoshihiko, KOIZUMI Norikio (JAEA);
OBANA Tetsuhiro, TAKAHATA Kazuya (NIFS)

E-mail: dmiyagi@ecei.tohoku.ac.jp

1. 'i";&)!: . R Table 1 Specifications of a CIC conductor.
=T e Ao Py NCIC)EARDPERER T DRI D Material of strand Nb;Sn
—DELT, BEREHEK T 2HEMO— I RATHIZRIS F103 Strand diameter [mm] 0.823
B LI BX LI ERREZLN TS, LL, F7% Length of cable [mm] 4500
TEDI AT ICSN TR, 22T, KT, Cabling layout 3x3x5x5%6
TSI DFAETRE U TERCE B L, BigECEmEn A4+ Twist pitch [mm] (45 90 135 225 450)
ER R U Lo CTHEME L — A ICH RSN D IE B B I8 Operational current [kA] 68
Bl )1 L BB DO REM OV TS 2T, Maximum magnetic flux density [T] 11.8
Young’s modulus of strand [GPa] 130
2. BRERERICERTAEARKRAICBITAIZRENDER=E 0.2% proof strength of strand [MPa] 160
*ﬁﬁifbfi CIC ;;é‘}ﬁgg)g%ﬁ% Table 1 (2777, Fig.1 R Tangent modulus of strand [GPa] 29.92
BRIZ, CIC SBRI@EL, ERT O 2 BTSN DR
MIA— 7 \CEBRSEAEIIEN DL, ZOHRRML—T 1L Ty N S

(FRITXR)

TEER BB FHELSID, FHIIEBRETDKRENGEIE, fik
EILLAGER IR DTN, N —TEMER T D 2 BT EL
729, ZORERLLT, WEMITW T 0B BER T2,

~
~ -

R Z OB 7 A BB ) N EAR R H O F R CTHA LY e

BN VBB OBER LIRVBDDE R D012, PRVEL WMETR | RHAEED
NEEEL- CIC BIROHEMEIZ VT, 1 sz Fig.1 Schematic view of circulating current and
0.0347T/s OERSTHIMUZEED 11.8T OB OEIANDE electromagnetic force in a loop between strands.

VAT 2 FEAM U 72[1], Fig. 2123 J5 [m & K FE R 1 03 < B
TOEARZE 0 G ONLE K53 7 181416 B3 7B it D e
Doy %R CERREE LA OEINIER) . KBTI
WX OERE N L DFROEN BIFREICRELFT D7
B, BES SR T G2 X O IE B B i E & R DR A AT
FHmE S e B L, & RN TG IEE A R R &7 DAY
V7T, ENEEFRRE THEREIT, TS &b
K& 5 BROEN &, B RIGNEBI R KEL Table 2
R T, BRRITRITRNCEIIIES N D B KB 1MEIZE B35
L, 0.2%I 71 CdD 160MPa & KIEIZHEZ HFEMRINEEALT 2600 2700 2800 2900 3000 3100 3200
TELTHY, BREIRICEDRATRIZRIS LA b3 50 BIARFHM[mm]

REPED RIS, Fig.2 Reverse current distribution against the exciting

current in a strand on the cable surface.

60 AV
50
40
30
20

10,

[=]

B A EERER DM HE[A]

3. MRES L DIERICEE T 1R 5T

FROBNEIE T 720D F1ELEL T, RATe7ER Table 2 Numerical results of local strand deformation.
DIZARIE T 2 76D \ A TR BB it D o) BT ) 7 AR W) — M2 AR 9 Fi BE OWEBNER AR RREHE RKE
BHEENE ZHND, ZHUCBL TR, ST2lickY, &4~ #5 [mm) [A] (] [MPa] %]
=T NOPROE S FE BRIy T ROK LR DL - B b o
BETHIE TR BIRO R AT AR — 2 i T &, 1§ 11 39 172 075 150 0.6
BE D KIR IS AT LA RSN THY, BOEF % o 1 e o5t o o
HENCEE T 22 LI IR B LIRS L THE Th D, 113 39 934 0.15 50 0.038

Fie, 0.2%M I BB FRETE NN EE R T FEHE
THY, BAANHCFE R E ORPBUTIX, 0.2%fF /1230 _EXh Bz

HZLIIHERTHD, FZT, 0.2%00 1178 300MPa &L7=&&D AR —E X JSPS BHFE 24360103 DB A5 1T 7=t
FRTE 169 BLONAT OB BEOFHEEIToT-, T DGR, DTY,

FHRFES 169 TIE, 2R 0.52mm L7220 2PN O—ER & A ) SE 30

Wit 717 F R0 RS T AEI NI o7, BB 147 T, 1. K. Watanabe, et al.: Abstracts of CSJ Conference, Vol. 90
ZEALAY 0.16mm CERNORFIRICI TR ik & (2014) p.215.

720, 0.2%f 71 OSEL RS L OIERBICE N ThHZ L% 2. D. Miyagi, et al.: IEEE Trans. Applied Supercond., Vol. 25
ERANTRLUIZ, (2015) 4801905.
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Improvements of a method to predict joint performance and joint fabrication
for a remountable high-temperature superconducting magnet

(FRE 15, THEP REOKER, VHE R, BORER, B FI12E, B FHR, NE SRR GRAER)
ITO Satoshi, SEINO Yutaro, NISHIO Tatsuki, CHEN Weixi,
YUSA Noritaka, HASHIZUME Hidetoshi, OGURO Hidetoshi (Tohoku Univ.)
E-mail: satoshi.ito@gqse.tohoku.ac.jp

1. [XC&HIZ

KA R AA s AR CRRES A KBRS~ R
FOFRFHREL T EE A E AV T2 BB S R B R~
TR NERRELTVA[1,2], AEH T, BEAHIZA T
L§EEAE A LTZ GABCO #4471 (727545 FYSC-SCO05) Dk
WEZ > 7 VaA M AW TER-LEZ 1) SRR Y
LR LA - G KT OET VL, 2) BE
L CIER B A IRPI A D720 (SRR A 7o B Al L (R KF 00 38 BE 11
W, 3) WEGEBRTOBESMERRAEO DI L E LR DIE
R AIEORRT, © 3 RIZ OV THRE T2,

2. EMIERORE -HISKRFEEDOETILE
FTHEWAIT 7 Va b (#HEE 5 mm) OEA G (%
R OBERRPLE 2 E (L8 e SIC L A8 EF IO
) IR - BRI R A 2 SEBRAOICEEMIL , FeW CHTREESR
B XD B AN 2 AV CHES P DU BB IR T4
S THEAR PSP O L (R IF 2 FHM L7, Holm OO#EfhER
BN LD BRI P B D70 D, BT
Sy A SEAT TR L 7= BB 0 HRESS 0 T GRE 10 K~70
K) DT —ZLiRE 10 K 0~15 T) D7 —%, EHEH
DFEBRKXD 1 -5 THS Enjo DA[4], BLOED K EHH LD
FERA[S] DRI O T TV Rpoqa ST LT, BT AR
FRHT I Lo CREAM L7 B2 AL O 1R « B R AF B L O
FRFLDET IV Rypoqo (L DBEMMBRBTLO IR - KT D
T B4 Fig. 1 \RT. 2 FEOR ROREITIRKT
10%FRECTHY, Rt L7 i OT T A DS KRELER D
BEHOTFHNTHNDZENTELZENRENT,

3. BEEEERFOREIE
BEAHIZHAL QDA YT AORISI 156.6 °C THY,
A EUERF OINBVLEE 5281280, AP0 2085
RACEDEFEPEMARIYE K, bbb A
T&D, £ZC, IR CTRUWELI-MNZ7 7 Vatr v
L OEA PP (R ZE 56 4 HRE) O INEVLERRT#% T 2L
ZEMI L7z, Fig. 2 (CHNELELIR FE L INEVLER T 1% OFE A
Lo tERT, MBIOFEFITHEARINC GIBCO 7 —7 Dl
i (FE 6 ) Z B L= RO B ROF B AR L TD, I
HIOEEEPUIETOY T ITBNT 200~240 nQTH
ST, BV T AT TINELER | 282 SR B 3
S, MEVLERIREE 90 °C fHI CHEAIRBLOW &1 K
Lipot, RERBOF LT X # CT HRE2mig Tk, gl
SLERIEE 120 °C LA EDOHLDOT, AP0 MZERRRIEAEL T
WD ENHERENTEY, 2Tl ssEICR DI > T
P52 % LT,

4. EHIEBREZDOKET

R OAEEA TN HIEBEE~ 7 Ry O
B, BAWMEER, b b BHBNCHEA TEREZ AT L T
BVERHD, ZZTET, ERIEHERE TIEEH W
BEOVERE T FTREMEZ AR D701, FIRKFICELR
LA —F AL AR IO A IRITO BfRIEA R
U7z, Fig. 3 \CHIRZE R EENRCHEIE LB AP e W iR
REICHE L 7oA B —4 A (JE 4 269 Hz) DBRE R T,
WHBOBEASIEIO EHLELICH B O —F R

— 116 —

RS HST, SBIFA = U ADEFR NI AT S
JFHEEZE, BEO X # CT LB F WA O A OMGHT
VN, HESPERED PRI FIED & AL XD T E T D,

SE X

1. H. Hashizume et al.: Journal of Plasma Fusion Research
SERIES, Vol. 5 (2002) pp.532-536

2. H. Hashizume and S. Ito: Fusion Engineering and Design,
Vol. 89 (2014) pp.2241-2245

3. R. Holm: “Electric Contacts Theory and Application,”
Springer-Verlag. Press (1967)

4. T. Enjo, et al.: Transactions of JWRI, Vol. 16 (1987)
pp.64-74

5. Slade, P. G.: “Electrical Contacts: Principles and
Applications”, CRC Press (1999)
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Fig.1 Contact resistance as functions of temperature and
magnetic field.
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Fig.2 Joint resistance rate before and after heat treatment as a
function of heating temperature.
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A test of quench analysis for a design of protection circuit in MgB2 magnet
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SUZUKI Yuta, SAITO Kazuyoshi,

KAWASHIMA Shinya(Kobe Steel, Ltd);

TAKAMIZO Chihiro (Toyohashi University of Technology)
E-mail: suzuki.yuta@kobelco.com

1. [FLHIZ

MgB2 IR DA g R EE R E L L C Te 3@V 12
Lb, MgB2 B8 & W=~ 7 Ry ME 5-20K £ 2 0O 74 ik
WHHNZ L DEIEN FTHETHY, IR He 2 L720 Was~
DSBS TS, BEE~7 2y MIT 7= TR
FENMBL 2D D3, MgB2 1 3HEK D43 g SR M BB AR LD Te 23
N2 | PR RE ] B R D0 T TR D %
MPEA TR T HMENR B 5(2,3,4,5], DT Tk 2 134EKD
&)@ R EE~ 7 Ry NHICBAR L=y = T if T % MgB2
~ 7 2 ho~ii T A LRI, NV EERIL AL
lq BIFEREO 7 2 FEEEPNE, 7 TR HE R LD g
{1577,

2. EBRAE

HyperTech 5 MgB2 #4717 ( ¢ 0.83mm) 24 L, /M=o
JVEAERLL7= (Table. 1) , K He WG/ oA VG AT TN
TR (A OY) O/, BEOT —2 &2 BfFL7z, &K
(DN~ 7 Ry ML T FIRbT 2 L . Rk
RLIRAT ORE S A iR U7,

Table.1 Test coil Specification

Coil A
Inner diameter[mm] 80

Outer diameter[mm] 103.60
Length[mm] 91.8

Total number of turns 1302
Number of layers 14

Ic[A] 278.3

3. EERHER

Table.2 |3/l A LD 1q & lc LD THS, FERTIX
lc D T0%FEJECr = FEHBIL T2, ZDT- DR H D MgB2
AR B DMIRL BRI | B TR T T AL RO WT IR FE AR
EXV/NESWEEL Ty F il 24T 77, Fig.l (2T
FWFDTA )Vl i FE O BRI L AT E OO i T D | FRHT
T EF I FEERE vl SR TR
FEIRIE vt DL vt/vl 23T A= E LT, [T NbTi #jpf =
ANERRELTZGE OV = TN RL &b T,
INBEEET HE MgB2 =7 R MO B EFRAITFEC)TH
HENDDD, FT2, DT D vt/ vl OFRFTHE RV TEH 5
B i L TeBfE - 7=[6],

Table.2 Comparison of Iq and Ic in the test coil
experiments

Iq (average of 4times .
experiments) sigma lo/Ic
Coil A 193.38 0.72 0.69

— 116 —

14
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-Experiment
--vtv|=0.001
—vtvl=0.01

volt
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/
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0 0.05 0.1 0.15 0.2 0.25 0.3

time[sec]

Fig.1 Comparison of the voltage between experimental and
quench analysis

4 FEHEEE

MgB2 /MU= A )V AERIL | 1 R LTZ, AL Tc O T0%
FRE T/ F AR LTz, $RE RO MgB2 A Av 720
LIEL, vt/ BRTA=H LTI TN 21T, R
FE S L R LT3, W I TREE BbitTe, ZOJRKEEL TR
FHHE vi,vt OB FIEICEBLEN QORWENHLHE
E 26T, BT EREEE OFEMRGE, 207 Wik E
JEDFERIRFEN L ETH S HOEET D,

SE Xk

1. J. Nagamatsu, N. Nakagawa, T. Muranaka, Y. Zenitani, and
J. Akimitsu, “Superconductivity at 39 K in magnesium
diboride,” Nature, vol. 410, no. 6824, pp. 63-64, Mar.
2001.

2. C.H. Joshi and Y.lwasa, “Prediction of current decay and
terminal voltages in adiabatic superconducting magnets,”
Cryogenics 29, 157 (1989).

3. MuEller, K.-H. et al. “The upper critical field in
superconducting MgB2”, Preprint cond—mat/0102517 at
hxxx.lanl.govi (2001).

4. Kremer R K, Gibson B ] and Ahn K 2001 Preprint, “Heat
capacity of MgB2: evidence for moderately strong coupling
behavior”, cond-mat/0102432.

5. Bud’ko, S. L. et al. Magnetoresistivity and complete
Hc2(T) in MgB2. Phys. Rev. B 63, 220503(R) (2001).

6. Antti Stenvall, Risto Mikkonen, Pavol Kovac, “Relation
between transverse and longitudinal normal zone
propagation velocities in impregnated MgB2 windings”,
IEEE Transactions on Applied Superconductivity 19, No. 3,
Part 2, 2403 — 2406(2009)

7. H. vanWeeren, N. C. van den Eijinden, W. A. J.Wessel, P.
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Ouden, B. ten Haken, and H. H. J. ten Kate, “Adiabatic
normal zone development in MgB2 superconductors”,JEEE
Trans. Appl. Supercond., vol. 15, p. 1667, 2005.
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Development of a Tool to Analyze Coil Temperature for Consideration to Protect

Conduction—Cooled High—-Temperature Superconducting Coils
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1. [ZC®HIZ

— W IR TR A 1 RS R EE AN
AR AR E T CRFTAICIRE ERLTHIELS .,
D%, BENOHEBETOEBEBESEaA N TS 0E
LU, WSS R (B IUERTL €, (R TR =X
VR T2 T IEN RSN THD1-2], TR Crife
AR R OB IR S (R SRS O EE V) &
RIET D22, AN OFARETEERRE I ML | b4k
UDHR, V, DIEZEZEFEL T\, E23CH2] T3kt BVRE
FENTIC LD G S SIS, L LD, WinE
B FE 1A DRHES AT R E NS T2 25D /T A—

HZ&oTET D%, ANV AR BT DR T,

FHT —2ERHNDOIXREETHD, NI IR
FHEERTOHAIL. SO T A2 ERRT DI
B O A S RRBE S 20 D, — 7 SCERI3T I, I R
NI S S RS S e N g i SU Y e S Y vy (X TGN
B CEDFENREINTVD, ZZTAME TR A= E R
HR = LTI JE B~ D BREAAS EL I A NS WS |
B R E AWML LT LR CET L TR L | S5
WA LA EE S ol — N A e AT Y — L%
T LT, RV — VW TEED RT A—F DIRNTHE R
W R &V, B RR T HIRER T FIEE B R LI, RFE
AMgB, A VAL FARER 2 ) BT A L
T, MBI OF AT~
2. BT A RLRERE

ARG F FIE T I T DT OWENE & Fig. LIZ R, BZEL
72—V CIE, B SREE 7, LRI AR SRR R [ 2 A )R
TA—BLEL SRR AT LA SRR B A BN - [ P
JRAEATIC LD S R 2 b — 35, T AZ — N (¢ = 0)T=A
MT— BRI MRS, FEES | O T AR EE
WMDY, BEIESAE G T HEIE T D, B OREITLLT
DS Uy i A PN AT P (ot =S s G
T %

A s ErEfEIm®]. C e /mPK], 7R EK],
¢ W], x W E S E RE I L B O BEEfEm]
k B ERIW/mK], 7 EBRAL p KPR Qm]
o« = { 0 (TS T, 7 |x|>1/2 O }
1 (T>T, 2% |x| < /2 DFf)
A NVEIE Iy (ry s AV EIROEGUI) A3 — TE R ¢, DI
MHBIEV, & kS84 Fig A\OALyF S ERD, B
TN A5E T 95, £OBBEIITRAUIEVHE T 5,
df (R + 771
-1 !
R:RFERHUIEL Q) LA VDA H 72 A[H]
T iR R B 25K | 7B PR 300A D | MgB, b (HRO AR, KE ¢
1.8mm) & &H L 7= A& ¢ 100mm= 1 /L(Fig.2. /=8.4mH) TD
FHERE RO — il EFig. 3127, PREMRPUIERE0.2 Q | HEHTr

PTEE I ¢, Z250ms & L, AR EE V,, A1 R RS sz 1 |

B IRLEE 7, 2 AL S 2V i il O 2 AR L7,
V, EERE, [, 7, 22t S THRLNDTA ViR iR E D3R
FREE TREISTZSEIT, IRFEDRAL T DL HE LT,

— 117 —

3. faR
FEAT OFE BAF DNV, T DA Vi IR E & Fig. 410w
T, BRI, [ T, 22 S TR A Vi SR E Ofg 4
R, AAVEEA300mVY BL T O REIZEERr 3 4uiE, FFA R
IS FIDHUTE LTe A NV FFRIRIE T D 1T5KEL T &7 D5 R
AR, TNEFEICY, A300mVEL ISR EL. SO H{mE
B L R & PO M ERIR A L 7=, ZOREHR., 21
LD FBRMEII AL Lo 7= 2 b, B LY —L
TR R G FENE R THDL RIA R EA T, 5%
(BB EPT OIREEZ FEHIL | AT RE R & i 953 T AR
> — L DFRHTRE EE A AR RE T D,
SE Xk
1. T. Yamaguchi, et. al.: Abstracts of CSS] Conference, Vol.
90 (2014) p.168
2. M. Ristic, et. al.:IEEE Trans. Appl. Supercon., Vol. 21
(2011) p.3501
3. K. Funaki, et. al.: J. Cryo. Soc. Jpn., Vol. 43 (2008) p.423

Switch S Current Superconducting

A§Outputs trip signal Coil
L whenV >V, %
SR

Normal zone
Initial length: /
- —— -
Heat conduction and
normal zone propagation

1D elements

Fig. 1. Circuit model.
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conduction cooling

Fig. 2. MgB, coil sample.
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Fig. 3. An example of analysis results.
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Fig. 4. Coil temperature derived from analysis results.
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The Measurement of Magnetization Relaxation in HTS Coils
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1. [FC®HIZ

MRI L H R T-#RNH g % @R B RS L L L5 &9 A4
BRIE D BTG, 2 bDMESA LT 512, =4
JURAA PN OO BER BE WL L [R5 A 835 O LAV Z DR 72
AL %i/z DFEMETTE
FOEDIi, BIRBEEIAA VOB S /T
B J“75)527 Uy R TRl A2 LN EE THD,

FDT=OITE 2 13, B AV JE I 5 > S - g LA
EROE YTy 7T afxtElil@E L, RA T T _INVE
HET2IEDISHEBRBIL TS, S ElE, Al EEICE
Y Bi-2223 £ 0T — M BRI AL DR AR F
PRIREZ T TRELTZDO T, ZOFERIZOWTHE TS,

2. BIE[REE

RALTF T RINAETIE, BRAERART v —
RERSE Y Y77 o7 aA NV VW CRIFTI R 8 R s
REREL, ZONFENORAL T L7 RXIMERD D, ik
BraA L OREALOREFNZ R E T HIoDIT, RRPEE T, 3
BlaA VD EDIZRE LTy 7Ty af v E VT, o
OB HIRE R DD, 20 BT oAb iR o mAE, H
EROBM TN —DFiNEHRKT,

W E 7 1L Fig. 1(b)R T IO E 35, PlE4MA
VZRRIE L7 E 56 1-F Tl J8 5 1608 5 & il 5 16 £ 5t 2 3
EL, REF ANV MR ORA LT 7RI ESD,
bR ICELE L E SR AoeCUEL JE T 1A R ST R R
ZREL . BBl il T sy DR A F 7 TRV EH
ET D, RALT L7 _IMNVIETIE, 8%, ERENETD

L:%zt*ﬂr&:%'-é}z&w%ﬂ’:Eﬁﬁaﬂ“érﬁx A ElL, SRR
ROBAEIINELT-2OT, FRMTEATHT, 14— Dy
Ty Taf ki,

AL OFEFIZRE T BT
ARV HsE A FVIN L 7= g 0 ) E A R L R Wik R o — 7 T —
FERFRIE AR AR — VR U6 ORERS A i+ 52 812
Ko THEMEZFEM T2, BAER— /LR TODRITE LA
FEFNT DD T, F— /LRI A Z LI 5T LI LT, fEf
DR EEBICEDINTEAC LI BRIl 52 R TE D,

3. EER

TS L R A E 3 A E B T, BB A LR
11 %, AMANS 11 %f 9 oRdEL 3kl AL ETFmicix, %
I 5 T ORLE LTz, ERICHWZRE v, i
84 mm., FME 66.6 mm D 2 J& 17 Z— (&34 Z—2) DL
JARIA N TID, BRUZHWIZBA IR, I8 4.5 mm, EAH
0.4 mm O Bi-2223 ST — 7R T IRIREH T Bib
R OBERERIT 169 A ThHhD, HIEZ o amEmLT-
AL E R T 340 mm @%%ﬁ@?ﬁﬂwu ﬂq@nvﬁ:‘z
MNIZELE LTz, A7 Ly RBER A HUNT 272012, T 2
W~ Ry b L O Y — T 22 L:ﬁa%@@i 7ﬁZ/M3
L5 200mm EOGFTIZEEEI A L RO EELE T HZ 81
L7z, ZOLE | BV ITHUINES LA MR X, k=
AJVHERIT N R TR 5 BEIZIR 23 TUND,

B A IR IR R T TRIA /Afﬂb FEARE WL 3.3
Hz CRIEL7- S % Fig. 2 \ORT, A ENE, 3k v 4
@%%Eﬂﬂuﬁiz‘ﬁmﬁb\%@T@@UE%&%@&%&@@\50 i
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BT LIEBRETHD,

X RO IS iEE VWD,

fifilE 3.3Hz DEAREHOE — 7RIS T2 — /LRI T
R RIZL TS, el BT O DAL Sy TH D,
Ty MIBIERE., FERET 1T T T —T Lo TNV
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Table 1 Specifications of HTS coil

Tape width 5.02 mm
Tape thickness 0.159 mm
Tape /. at 77 K in self-field 257 A
Inner diameter of coil 66.0 mm
Outer diameter of coil 70.7 mm
Length of coil 42.0 mm
Total number of turns 84

Table 2 Specifications of copper coil

Diameter of copper wire 1 mm
Number of layers 4
Total number of turns 343
Current amplitude 30A
Applied magnetic field 60.2 mT
1.5 T T T T T
® 208A O 744A
O 247A  © 119A
4 199A Y 356A
A X 163 A o
[_4
& AR RN I
e 1F = A x x © © b
o . X o
o= o 4 X . °
8
'g N fa o
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ag X o
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Fig. 1 Time evolution of central magnetic fields in HTS coil
by applying continuous AC fields using copper coil having
different current amplitudes.
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Fig.1 Schematic layout of the multiple-coil model and
measurement point(1)-(7).

200

F [+ HallL(G) o Hall2(G) » Hall3(G) ~ Halla(G)
150 5w =Hall5(G) o Hall6(G) - Hall7(G)

-
8

g

Screening Field(G)

. Time(s)
(a) without current reversal

.,ﬁ © Hall1{G) © Hall2(G) = Hall3(G) = Hall4(G)
« % | Halls(G) o Hall6(6) - Hall7(G)

Screening Field(G)

Time(s)

(b) 3% current reversal

‘i‘-‘?}, ° Hall1(G) e Hall2(G) - Hall3(G) ~ Hall4(G)
| = Hall5(G) ° Hall6(G) + Hall7 (G)

g

Screening Field(G)
&

°
G’

's00 750 1000 1250 1500 1750 2000

4

-100

Time(s)
(c) 8.3% current reversal
Fig. 2 Experimental results of magnetic field generated by
screening currents.

SE Xk

1. T. Tosaka, et al.: Abstracts of CSJ Conference, Vol.90,
(2014) 3B-p05.

2. H.Maeda, et al.:IEEE Trans. Appl. Supercond., Vol. 24,
4602412(2013)

3. H. Ueda, et al.: IEEE Trans. Appl. Supercond., Vol. 23
4100805 (2013).

91 20154F AR T4

RS



2P-p20

Y %ZaA4 VisH

NMR ~D % B#ELT- ESBS j% REBCO & T— M ICKYERL-aMIL
D& % BB TR 35 O ST
Study on the screening current induced magnetic field for a REBCO coil using a multi—cored
coated conductor fabricated by the ESBS method toward NMR application
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Fig. 1 Single splitter to fabricate REBCO multi-core coated
conductor.
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Fig. 2 I-V properties for original and six-core coated conductor
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Table.1 Specifications of REBCO superconducting coil

Conductor GdBCO
Tape Width 5mm
Tape length 100m
Inner diameter of coil 78mm ¢
Height of coil 102
Number of turns 19
Number of layers 20
0.665
0.6645
E
o
0.664
0.6635
0 00 300 300 400 500
t [sec]
(a)
0.7365
o i
o 0736
0.7355 /
0 100 400 500
t [sec]
(b)
0.8095
'__-—-—-—_
E /
@ 809 4/
0.8085 /
100 200 300 400 500
t [sec]
(e)
0.884
/_’—-‘"
0.8835 Bt
E
o
0.883 / ]
08825 700 500 300 400 500

t [sec]
(d)
Fig.2 Magnetic relaxation of REBCO coil at 65K, 0.5T
(a)30—40A hoiding (b)40—60A holding
(c)60—80A holding (d)80—100A holding
B
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Fig.1 Axial magnetic distribution of NbTi SC Magnet.

Table. 1 Specification of REBCO sample coil.

Conductor EuBCO
Tape Width 5mm
Tape length 30m
Inner diameter of coil 78 mm ¢
Height of coil 100mm
Number of turns 19
Number of layers 6
0.6439 ; :
0.5T:80A 1
0.6438 |
0.6437 |-t
06436 | o
06435 |_ &
4
? : |
0.6434 i |
0 50 100 150 200 250 300
t [sec]

Fig.2 Variation of the magnetic field at the center of a test coil
would with a non—scribed tape.

0.6096
0.5T:80A
0.6095 |
06004
E e e S
© 06093 - .
g
0.6092 ¢
0.6091 i i
0 50 100 150 200 250
t [sec]

300

Fig.3 Variation of the magnetic field at the center of a test coil
would with a laser—scribed 4-filament tape.
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Fig.1 b5-strand superconducting transposed parallel

conductors.
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Fig.2 Equivalent circuit of a 3—strand parallel conductor.
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Fig.3 Size dependence of current branch ratio.(a) 3—strand

parallel conductor.(b) 5-strand parallel conductor.
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Three—dimensional electromagnetic field analyses of a multilayered cosine theta dipole magnet
wound with coated conductors by layer—by—layer model
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Fig. 1 (a) Analyzed multilayered cosine theta dipole magnet
wound with coated conductor; (b) Cross section of the
analyzed magnet.
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Evaluation of energy recovery characterization of No—Insulation REBCO pancake coil
during sudden discharging
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Table.1 Specification of No—Insulation REBCO pancake coils

REBCO Overall width; thickness(mm) 5.0; 0.015
Copper stabilizer thickness(zm) | 20 per each side
conductor
1. @77K,self-field(A) >120
i.d ; o.d ; Height(mm) 80;159.5;4.03
Turns 260
1. @77K,self-field(A) 43
Coil B, per amp at center(mT/A) 3.0
Contact surface resistance(m Q) 11.0
Heat capacity@77K(J/K) 96.3
Inductance(mH) 9.76

Fig.1 Simple Circuit for an NI REBCO pancake coils
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