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Visualization of alternating current distribution
in multi—filamentary model samples by using the Hall-probe microscopy
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Fig. 1 Schematic diagram of scanning Hall-probe microscopy
system for ac measurement.
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Fig. 2 (a) Magnetic field and (b) current distribution of x
component in the multi-filamentary model sample with a 2Hz
of ac transport current. The value of bias current at each
moment was shown between figures.
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Visualization of Transport AC Loss Distribution in YBCO Multifilamentary Model Sample
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Fig. 1. Time-dependent distributions of current density, electric field and heat generation
in a multifilamentary model sample of YBCO coated conductor with AC transport current of 30 A and 2 Hz.
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Fig. 1: Schematic of superconducting tapes: (a) a flat tape
and (b) a bent tape. Cross sections of bent tapes in the xy
plane are shown in (c).
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Fig. 2: Alternating current losses Q of bent superconducting

tapes as the function of the amplitude Iy of the ac transport

currents. The R is radius of the curvature and a/R is the central

angle of the arc for the bent tape.
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Table. 1 Specifications of sample conductors

assembled conductor

Number of coated conductors 2o0r4
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Coated conductor
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Fig. 1 Frequency dependences of ac losses in assembled
YBCO coated conductors
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Fig. 1 Overview of a pickup coil array.
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Fig. 2 Measured results of field distributions around the
test conductor.
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Angular dependences of critical current density in YBCO thin films
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Fig.1 Magnetic field dependences of critical current density
in YBCO films with various crossed columnar defects.

0, [deg.]
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Fig.2 Magnetic field dependences of accommodation angle 6,
estimated from angular dependences of /..

SE M

1. S. Kang et al.: Physica C 457 (2007) 41.

2. P. Mele et al.: Supercond. Sci. Technol. 21 (2008) 032002.
3. S. Awaji et al.: J. Phys. 97 (2008) 012328.

4. A. Mazilu et al.: Phys. Rev. B 58 (1998) R8909.

geoopzooooooooooobooon



1A-a07 0ooo ()

BMEDRERICEVERSINT-ER R RE123 ¢ OERF B RS
Critical current property of (Y, Gd)BCO coated conductors fabricated by TFA-MOD process
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90°FHED J B — I NI REL > TNDTEN D, 90° FH % Fig.2 Angular dependence of J; at 77K.
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B/ MBED BRI DREEF 455 DRSS B2 E R T Fig.3 Temperature dependence of transition field Bg,.
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\ —
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[1] A. Kaneko, et al.: Abstracts of CSJ Conference, Vol. 79 JC [A/mz]
(2008) p.82 Fig.4 Statistical distribution of J. at 77K and 3.2T.
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Stress Measurement of HTS tapes using Pulsed Neutron Source
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Xyo XV T RNV, Ko BRSO B 2 5 1)
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200 17 b, A7 By LTS, YBCO 1 2 fliodssfc i & FF
D73, 180 DRI LT s 2R DI T, B —2dililoxiL

FUBI AN T 45 A7y hSEHZET, cliilcd?d 00X me,

a, b #ihic k5 200, 020 [E A RIRHZ I E TES.

4, £&

ARIEFRTIL, FEH @RISR CThDH BSCCO-BI-2223
T TR YBCO 7— 7RI T, TOF LKA EHT
KEREATV, B ERE S O OT RMEE T2, &
OO BAERETHZET, BSCCO TIHFERZOTADH
TEEITV, SHICATTEM T CIEEA RN SIS 150
HEEZ#AT -T2

3000 I
| {l

Bronze 111 T

2500

2
é 2000 Aglil
c
~ 1500 j 770N
| —— 670N
o
| —— 355N
500 | —— 249 N
: 124N
0 —0 N3
36 38x10

TOF ,us

Fig. 1 Change of diffraction profiles along axial direction by
increasing uniaxial load for Brass 3ply Bi-2223 tape.
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Fig. 2 Diffraction profile using TOF method in YBCO tape.
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Correlation between peak strain of Ic-strain curve and thermal residual strain in YBCO coated conductor
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Fig. 1 I.-strain curves measured at various temperatures in self
field.
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Estimation of in-field axial strain dependence in GABCO coated conductors fabricated by
IBAD/PLD process
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Fig.2 Strain effects on Jc in YBCO coated conductor.
Sample is immersed in lig.N, during measurement.

B

BIFFED—EBIL, A > b U o LAREBEEE IR
FDO—FE L LT, ISTEC %l UC NEDO 225 DEFEEZ T
TEBET 5 &I, BEmaRne KBTI
(B) 120360143 DA F TIT 72 b D Th 5,

e P

1.T.Kiss et al., : Applied Superconductivity, Institute of Physics
Conference Series(158), 1121-1124(1997)

2. J.W.EKin : Cryogenics 30, 823 (1984)

geoopzooooooooooobooon



1A-p01

gooomooo

RE123I2CHBTHRRMEDEBERE =2 J A& RA#HE

Relationship between Irreversible Fields and Elementary Pinning Forces by Point Defects in RE123
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Jc properties in high magnetic fields for the heavy-ion-irradiated RE123 films
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NAMBA Masafumi, AWAJI Satoshi, WATANABE Kazuo (Tohoku Univ.) ;
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[FL&IZ] REBa,Cu;0, (RE123) i 5 # #4 (coated
conductor) Tl R EIRE I I 0] ED7=6, ALY A3k
A ASHIL TS, RFIZ BaZrOs 7/ Ric &S5 Bllc
Lo (0 AN Mg [T SRS et 207 /N T e e RS S YA I S
5. AR K BB AU B &, IR I R, AR KB
DR EAR Y ORES (v F o 7 1) LT THNTEI 2L
IHETHDSTND. LnLaensh, RE123 JHIEHRAMIL, ~
T TS K0 A E RS TR T OIS AR RS TN D
723, s R
AR TIX, EAA BRI LR K oz B A LT Erl23
FEIZ DN T, BB OIREE, B, Rt o KT
Pz~ Tz

[E=B&AZE]  #UBHE, PLD {BICXO L 72 Er123 (T,
=90.8 K) [ZH A7 (200MeV Au™) Z IR L= Ch 5.
MR KBRS VL, o F o TR C 1 T Ll EhiT

EAL RS ¢ AT 718 (CDLT Er23 film, T, = 88.1
K), KLU c il 23° @ 7= 5 (CD1T-tilt Er123 film, T, =
88.4 K)IZHUR LTz, ZIoDEEA 7 Vo IRICEIEL, EiR
4 ﬁ#‘ﬁ%&’i’ﬁﬁb‘ fifs SRR E DR SE, RiY, WD A K
e EmICEHEL 72, B EREEIL 1 pViem OESR
%Efﬁwa:. FIIESE I EcR 17 T C, BB oI &
I Bllc il 5% =0 L L7z,

[EER#EREEE]  Fig. 112 CDLT Er123 film & CD1T-tilt
Er123 film ® 60 K, 9 T, KON 17 T iZHIF D I, DELSHIIN A
FEMAEME AT, WRUE Bllab 717 (6 = 90°) FHEd I,
IS ESPTIRIE L. $72bb, fakHiT o # oy
U T REERNIZIERI B AL E T B D, AT, Blic
#7100 (0 = 0°) fHTICIE, BAA LIRS B 7 IR AF L
TS — I BEEL. U, FRR R HBE 2L T
HhaE, ). #m ESE2720ThD. B Mo —78
UL, WL OBEINCAEWED LA, 17 T 2B The—2
IAFELTZ.

WIZ, Fig. 1LV 60 K, 17 T2 W Th J 210 LS540
KKGaOIREIZ L LHE % Fig. 2 1287, Fig. 2 13 CDAT-tilt
Er123 film ORRK A AL 71 (23°), OB 51
(-23°9) D 1T TIZBITD I DIREKAEIETHD. ZOZEIHR
Rz Es I 1A EICH L CUNA. Fig. 2 850, v T T Rgds
F0IEDIZE D 17 T ICBWTHRRR R a3 A ] g

BITD I HHEZFEIC I DL ENHD.

FE 70 K 723647 10 K OARIR IS H720, AT en
Gyinotz.
EiFe

ABFFEI LRI (20-6749) DB E 32T 72b D TdHhD.

" —e—— CDITEr123film
—o—o— CD1THilt Er123 film ]

0
0 (deg.)

Fig. 1 Field angular dependence of J; at 60.0 Kand 9, 17 T
for the CD1T Er123 film and the CD1T-tilt Er123 film.

2.510° .

CD1T-tilt Er123 film
2 10°

0
10 20

30 40 50 60 10
T (K)

Fig. 2 Temperature dependence of J. at 17 T and 23, -23°
for the CD1T-tilt Er123 film.
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Pinning properties of PLD-Y123 and Gd123 coated conductors:

comparative study of irradiation—induced columnar defects and BaZrO4; nano—rods
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1. [ZC®HIZ

PLD #: Y123 (X% Gd123) O JALD =9 I2iE, BaZrO,
(BZO) A IZ VRSN D T/ ay RIRE YV Ik L
THHIENHOILTND, LU, BZO wANCED
JETIE, Bk Lok, HEE . D7 AL HIE A3 R #EC
DY, OV IEDRHEIZZENEND/NTA—=Z—RNE DI
N T DRI LIZW, 22T AR T, B
LD HFLOTR, B, LD ha— LS g K 5
TREAA R WO THARIR T BV 7 7 AR A E AL,
F S BB R ORI A FEARATIE . R B BEAR AT SR IS DWW TR
B2 HE AT T2, AEETIX, TORRE/RTEEBIT,
BZO FMFECE DR EL O Fei - B2RAAT,

2. RERAE

AL R FEERIZIE PLD(Pulsed Laser Deposition) 12 &
Y CeO,/ IBAD-Gd,Zr,0,,/ NAT 1A it LI EZ T -7
Y23 & Gd123D2FESEDOM & AV -, Y123 12DV T
FUG DEXOEBE D012, 0.8-2.25 um OFIFAT
ESE2Ez2ERAEBEZEFELEZ, TNENOHRMHE
2mm X 50mm FeEDFCENE IV L, EA A BRI ERAL D
Ag BEIIINTF U 7IZLOBRE LT, BAAREIL,
H AT 1) 49F 5% B FE A = Iy o 7 J FRAIFSE T O AVE A
suha AU, 450MeV O Xe® % ¢ Bl et U CEATIC B
L7z, —RICEAA BEHZ > THERT ARG A XL D)
JEARIE, A A4 DFE - HIBHIERE, S[keV/nm], (ZL-> Tk
FHLEVHINLTND, ZZTlE, 2.5-10um OER{EA B ELEE
O i (N 12 <FT SAEOHI#AETT -7, TRIM =—
RERAWCHELZREDOESLBEERE L Gx=0) L O F
A (x=0.08, 2.25um) TO S EDORRA Fig.1 12577725, 20
JFIEICEY SAE%E 20 735 30.8keV ETLEALS AT EMN A HE
Tdhd, REHIRH BIICHONWT, IBEET [ ORI E I
FBLOWES A FEARAFE DT AT > 72,

3. EBR#ER

Fig.2 {2 Ag §& 2.5um, ME 7 1= X 7.5X 10"
ions/cm® TR 24T - 7=HF D Y123 I (BEJE @ 2. 25um) @D
1T KO3 T OREGHCO J OB A EERGEEZ 7R, R
SHC XY clilihm (0=0° ) @ LAKEL EF L, EA
SNTREDFENE IEOH L E RS> TS Z & bh
%, —7J5. B,//ab (0=90° ) D [ OWLBR ST,
cHHBIE > DA L T, 0=90° @ J E—Z7 J
S 72 B BI%IE, BZO BAREEEIZB N TN 200 7 v
—TINBHE SN TWD, 0=90° O J E—7 2oV T,
— BT BB EEREST O RMEIC KD
intrinsic pinning & 5 WMIFEE K MEEIZ LD B 1D R
EI & Wbl TW5D, EA A RS X0 R K D%
AL T eWnEEBEZ LN Z ENDL, 0=90° © ]
v — 7 OWFLORPFUCHONT, K KEOEANIC LY 4
U 72467 09 A58 CHE G O BEfE = L F— 23 L
T2 loft, BTS¢ BEREE OB AILL 5T, ab
FOE LD OWRTEHENME T 5% THERANZR VR

— 13 —

TV AN LI ENEZ NS,
A B B EAR A SO ERTE O JE SRS IZ DV T,
YHBET D,

4. HiEF

AW FENTHT = R0 —  PEZE AN & B JEFERE (NEDO)
DEFETID A ND DR B A AR BB e 1 D —
BRELTHEMshT,

35_"'|"'|"'|"'|"'

S (keV/nm)

2 4 6 8 10 12
thickness of Ag foil (um)

Fig.1 Dependence of S, value on the thickness of Ag foil. x is
the distance from the Y123 surface.

1.2x10°

8x10* - °

Je (Alcm?)

4x10*

-10 40 90 140 190

Fig.2 Field angular dependence of /, at 5,=1T and 3T for Y123
before (open symbols) and after (closed symbols) irradiation
(7. 5% 10" ons/cm®) measured at 77K.
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Flux pinning properties and microstructure in SmBa,Cu;0;._, thin film doped with (Ba,Sm)-Zr-0O
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1. [EFL®IC

ot i B R R LA AL Lz, ATE VA
DFBARE T S0 B AR EARA OB ZE DN S TWB, FRIZ,
BaZrO;(BZO)Z ¥ INL 7= REBCO #iffi BZO 75 ¢ i a1
2y RRICH SHARAEL | c By IS IR 7k e =0 7 Ry
PeZR R TZENIBNTWD, o, Fox i, siAaBELd O
Sm,Zr,0/(SMZrO)A L 7= SMBCO A VERIL | £ 4 72
F W ORGSR U CH N =0 7 i e LT BE T 5
BOROFT HHM(3D-PC:3 T =07k Z—)NEAS
LHIEEWEL,

AT T BES RN G Akt 3 A B E R0 251
OHliEE B AL LT, SmZrO & BaZrO @ 2 fiEDREHE =
UMM LTZ SMBCO A ERIL | OMAIE S K&
OBRE R LT,

2. EBAE

SmBCO+(Ba/Sm)ZrO % PLD {5(KIF =% ~1L—
i = 248 nm)Z AV T, MgO(100) HfkG b Hef B HAiR
Ji(Ts) 900°C, #/E /) (pO,) 0.4 Torr TYEMIL 7=, 7835, A

FECHERLL 7= TS O JEE 1T 500~600 nm EL72, L=
Zr e % SmiBa AL 2 & FAV T (Smy,Ba,)-Zr-O(SBZO)
LRI D, OED, SmZro, BZO 1ZFHFH SBZO(0.0) K
U'SBZO(1. 0) SerO+BZO 1L SBZO(0.5) LK FLEND, Mt
FAR B 2R OB E TSR (TEM), MR T I AR s
%iﬁﬁfﬂ(STEM)%ﬂ%wf:o F7o, BE S E T E ) & OV
SR (T 2 B DU 1A I KO HIE LT,

3. BRRUER

SmBCO+SBZO #iflii%, SBZO WsMEIZLEW I 1T 2.8
MA/cm? 735 IMA/em? (77K, s.f.) . To 12 92.4 K 75 89.6 K IZ
A LT, I H OGS @ J(SY) TRk AL L 7= I M % H
W, BEEIF kT e = 7 o R Izo
W L7z, X 112 SBZO(2) % ¥s L 7= SmBCO i

B//c B//a,b
0.45 — —O— PLD-SmBCO
3 —e— PLD-SmBCO+SBZ0(0.0)
0.40 o, —— PLD-SmBCO+SBZ0(0.5)
e —A— PLD-SmBCO+SBZO(1.0)
. 035 ‘X
QU
S 0.30
™ 0.25
0.20 ‘
AA0, AA
0.15 @ﬁ@ooooooooooﬁﬁ“ltiiAAAﬂ%oo
010t
0 20 40 60 80 100 120
Angle [deg.]

Fig.1 Magnetic field angular dependence of J; in
PLD-SmBCO+(Ba/Sm)-Zr-O film.

— 14 —

IS DORESFEIING B AR 2R3, Bl 72 O WHN D
SmMBCO O fifi & 7~ 9, SmBCO+SBZO (1.0) 7 [l &
SMBCO #fEi% g4 % L SBZO(L.0) & I L 7= 5o
JNISHEI Blle HImoBE LRE R —2 20k LT,
SmBCO+SBZO(0.5) # B I ¥ H 3 5 & . SmBCO+S
BZO(0.0) M BIZ L~ BV c MR 2 D3RR S, 72,
SMBCO+SBZO(L.0)#iM & [h | Sk Ty =27
NE[ELTWS Z ENTN5,

212 SMBCO+SBZO(0.5)7% D Wi TEM % 7r~3,
BZO B2 65T/ vy RIROFT (@ #8) & Sm-rich,
Ba-poor 7Rk OAT (b DB ST, T ORLRD
Hrii#ix, SmBCO+SBZO (0.0)# I CEIZ SN/ b D L [FH
RO ThHdrEHZ2bND, TNETHEINTE
72 REBCO+BZO(BSO) Ti&, 7/ v v RIFFEAM S m A o 5
REET ¢ MHFMIZKEL TS, LnL, X2 OWM
5 CHAER TE 5 X 912, SmBCO+SBZO(0.5)# Tl
B+ nm BREORIICHHEIICREL TWAZ e RS
720 1% 312 SMBCO+(Ba/Sm)ZrO %[0 (Ba/Sm)fiL sk b o> i
UM L AMIEE O &K AR, (Ba'Sm)fiLakb T/ 1
v FERZZ AL SE S Z LN TE, BISENAEICR
BB EO BGFVEORIENFEETH D Z E DNy
720
4. HF

AHFGED—HRIL, BRI IE L 4 B) 42 (19676005) D B k&
ZCEBSNTZHDOTHD,

Fig. 2 Cross-sectional TEM image of
PLD-SmBCO+(Ba/Sm)-Zr-O film.

ﬁﬂmvﬁﬂm BZOOWK

S
.o.o
® e

ﬂ#wifﬂi%

I I
L J abl ab

[P ®
SBZ0(0) SBZ0 (1. 0)

Fig. 3 The schematic drawing model of the
PLD-SmBCO+(Ba/Sm)-Zr-O film.

SBZ0 (0. 5)
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Flux pinning properties and microstructures of BZO-doped Sm;.xBaz_xCuzOy thin films
prepared at various deposition temperatures
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1. [FXL&HIC

REBa,Cuz0, (REBCO)RIZH5\ T, s+ TG A i
BEE ()& m L5701, T 7 ER T EIC Lo AT
V=7 2 —(APC)EE AT A S i T b
TW5, £OHTH REBCO HEIZI1T5 Blic JimIOBHE
=2 TR ARZE LN S BazrO; (BZO) 7 /uv ik, I
WIZH 7 ¢ WAHRIE L THAZEN MBI TS, ZILET
Fox T RIEKEQLTG) Yk 22 H W TIERL 72
LTG-SmBCO # i i BZO F+ /vy &8 AL~
LTG-SmBCO+BZO # i # {F ® L T % 7= , LTG-
SmMBCO+BZ0 #EIZ$51F% BZO F/my RILiE o PLD 4
TYERIL7-BZO /R I, HED/NESL BENELD,
B2 SmMBCO #EED ¢ #il 5w L CRIDICRE 90280
oTa[1], AAFFE T, RV ERBIEE T ¢ flEdm 5
LTG Yut A& A WA LICTLY B A Dl EEE T
SMBCO+BZO #lEa-ERIL . i A SmBCO+BZO i
BEDOBBAE RS BZO OREAC T T8 E R~ T,

2. ERAE

#BHT PLD J5(KrF, A=243 nm)% v T, MgO(100) 5k
FIZERILT-, BZO Z¥SINL 72 SMBCO (SMBCO+BZO) 5
1E, FEHRIERE (TS) 890°C T3 —RJi@ (Smy.04Bay 6CU30y) & 1L
L. #®» kiz T, = 800-920C T BzZO ## L 7=
Smy g4Ba; g6Cu3 Oy ODﬁ%{f\‘%E ig{’ﬁ%bf;o fcfja\ zkﬁ%f
Sm; 04Bay 96CU0y #—77" > MIEIMLT BZO DIRA &I 2
vol.%EL 7=,

PR 7 B0 DL IO A dh i A X R R IE
(XRD)., AR AR B DU 15 % FA O e, S
DOFEHIFL AR B 221 30% 0 B B T BB (TEM) 2 VTl
TEM Blg2 417272,

3. HRRUER

XRD Ol Fe7n 659~ T D SMBCO+BZO #fi (%, c il
Blm L, (00B)fi e v & > 7 B —7 b1 BZO #iRML
T2 LI L DREMEDORERIETIEA LN oT, F
7o BBEIREE DR RIS T I 915 K 705 905 K £ T
BT L. BORE J X 2.9 MAIcm? 725 1.5 MA/cm? £ T
KT L7,

Fig.l 2R Al i (B ) DIRFEREME 2"+, B=3T
PLEO@EBH BV TIE, By DRRITIFEALERL
THLHZENDH . B=3TLLIZBIT D clifa e o

DI RE BTN EEZDZENTED, — 7,

B=2TLUTORBICHWTIE, B =12 TIZBIT5 B,
DOEERBEVPEPHREOIK TIZE 720 EML TS, &
bk, BIEIREE O F Iz BZO T/ v v KON
HINLZZ &k B=2T DR Y > = 7k
N bELZ-d I n%,

Fig.2 (CRRIsIRE 2 28k S ¥ 7= & & D SmBCO+BZO
BB T D I DBESHEAFIE(TT K, Bllc) & 7~d, KREIT

— 15 —

RTEICTRTOPZBNTI DT a— R —7
DHERTE, IEIRE K FIZENB=05T 25 25T
FCE—I BEBHI 7 FLTWAZ Enbns, Z
g, BERENME TS A2 kY BZO /2y R
DOBEENEM L7200 EEZBND, £T-, ZOREEMN
5 BZO ORMEEZb S/ < &b AR IR L 2 il 5
LZLI2kVBZOF /) vy ROBEEHIETHZ & T,
R = FRHEZRIEICE 5 2 EDRIBEE N D,

10 T
H O T (upper)=800°C
A T(upper)=860°C
8r O Ty(upper)=920°C

»
T

Magnetic Field [T]
N B

'
I
]
I
I
I
I
I
I
I
1
1
1
1
|
|
|
|
|
|
i

@ Bllc
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Fig. 1 Irreversibility line SmBCO including BZO nanorods

films prepared at various deposited temperature for B//c.

3 O T(upper)=800°C
A Ty(upper)=860°C
O Ty(upper)=920°C

J_[MA/cm’]
g,
/
7
%

10* \giﬁ\a\é
AN
@77 K, Bllc
103 N 1 N 1 N 1 .\ \?\A
0 2 8

4 6
Magnetic Field [T]
Fig. 2 Magnetic field dependence of J. for SmBCO including

BZO nanorods films prepared at various deposited temperature
at 77 K.

4. BHiEE

AL O —F L. B BT Al B 4 (19676005,
20686065) DAl A S T CEMINTZH D THD, £z, A4
ZEO—ERIR(IN) B AT 4R B2 0 R I 5E B 5 Jih 2 (20 -
1310 DIk A= T CEBINTZH D THD,
(5% XK
1. T. Ozaki, et al.: Abstracts of CSJ Conference, Vol. 77

(2007) p.16
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Relationship between the interlayer distance and matching fields for very thin X-layer inserted
MgB: thin films (X: Ni, B) as artificial pinning layers
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1. [ZL®HIC

ZARvAb~ 7 2 A (MgBy) 1, &JFREREERO T T
B OBIREEBIRE (7,=39 K) AL TWD, 72, ik
JCHED 2 FEFL DTN EN DRI LR A S5 Th D
LB Z O, BITHRILHE THD Mg & BIZWT b ETRNIC
BECZMTHY, BREITHELV, 20X ehb, FH
Bz i TR A BT ZEBR A DM T TN D,

2 1L, MgB, FOE L =07 Z— IO TOMNIEE F
RIS TETERY, ZNETITARRAESORIR[L], B Uy
FRLSIC E o TEASILIZ K RE[2], MgO[3,4], #\» Ni f&
[5,6]1%° B BITINA R =0 72— L TEIK 22
HLUTE o, A4l MgB, WIS 72 25 [ b7 TR AL 7 fi
Ni &, B JEOMAMIRE~ > T 7RO RESOBIRIZO
WTHRET D,

2. MgBy/X ZRBIEDER A%

MgB,/X(X:Ni,B)Z J& 51X, Coaxial Vacuum Arc Deposition
(CVAD)SR AR 2 72 8B T — LIRS Lo TIERLL 72, J&
BRI BE VAR L D L0 SO A BV D72 250°CE LTz,
MgB,/Ni Z @[5, MgB, E% 15 XX 22, 31nm JERLL =%,
Ni J@% Inm Bk L7-, ZHABIRL, b—4/VEEH) 300nm
D 3FEF DO MgB,/Ni Z @A AFR L 72[6], F7-, MgB,/B% /3
1%, MgB, 8% 15nm, B J§% 5nm U CIERIL7=, i/
WU, FEOLEMT 16nm EXD MgB, % 20 [FIFEEL7-
MgB, BB ERL 7=, F72, fFoh-akeHT Ni J8& MgB,
J& DR O OGS HH <, FiEAR Z @I N 5L TWDT
LEAEFEL TUNVD,

3. HEREER

112, NifEEARIREE 32, 23, 16nm Téb MgB,/Ni /&
LD Ni JBIZSEATICHES 2 FIINL C 4.2K CHIELT L2353k
DIFEE L T) F, OBESHKAEEZ 7~ 7, Ni @R 32nm O
FEFCIE 2T, 23nm OFEFCIL 3.5T, 16nm OFEFTIX6T 12
W72 e — 2 WTF(ET 5, ORGSR E TN
IR BB AR T ORIIRE L —EL T\ D, iE-

— 16 —

T, AL NI B3 e =7 e 2 — LT TS
ZENA, ZZ TN E R 23nm OFE R ICEH 95, 21nm
D530 11.50m K O2F5D 42nm OB {LREAHAR 1A
B DTG, 14 KO 1T Thd, LNLRRGH]
TNEEEN 1T OALEICH, 14T OMEICHE — 23S T
DR, ZAUE, 1T BLEEWo723EH ’jt%fmz%ﬁxﬁﬂbué
NIEGETH, D, BGRAREZR LGS ICHET D
TR AR IR 203 iﬁiﬁofbi?i?iﬁ%ﬁ&ﬂlﬁb\f
b, BRI HAM CIFIEL, Ak FAfATnDT
LERIBLTCNDHEDEE 2 BIVD,

100

90 32nm at 4.2K
80t 23nm B // Surface
t
e

no Ni-layer
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B(M
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Trapped Field Properties for Superconducting Bulks with Strong Pinning Force by Pulse
Field Magnetization
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LI

—TEIRSECIT 2 BEG-PREERE PO 1R\ T, g v
INOE D T F (ETITRESETREEE ) OVEIMT KOs
Y B, O EAREE D, [FIERONF T L AEBAPEMIZFS\
THHHFCTED, BV IO IO RE 2 LIl B kb ik
(LD RERFEGL B Z 5, B 13D IR0 BRI I TR
P RERDBL, TNFETHL L, OIS IEFTD ¢
45 mm O Gd B & L7 (B (FCM)=1.8 T at 77 K: SRL-ISTEC
BDZ AN T UVRERAAT, Bi=d T ARA LIS 5L
TUVALLL, AWFZETIL, SSITE 1D DT ¢ 36 mm D Gd F
EEE LI B(FCM)=1.79 T at 77 K SRLASTEC #)& o)
NAFERGZA ToTZ, FCM OFEFL D0, IR FRAR A S5
(2. B 1D FIDFR VLI PEM BRIEIZ DU VT EELT-,
EERUIRET

PEM (3, Te20 K~40 K (ZAZEMEILTZ ¢ 36 mm 0 Gd 5%/ 1
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Fig. 1. Trapped field profiles at Ts=20 K on the GdBaCuO bulk
36 mm in diameter after applying the pulse field of (a)
Bex=3.51 T, (b) Bex=4.68 T, (C) Bex=5.27 T and (d) Bex=6.37 T.
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Fig. 2. The cross sections of the trapped field profileson the

bulk at 20 K for various pulse field applications.
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Enhancement of total trapped flux on large HTSC bulk magnetized by multi pulse technique
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[1] H. Fujishiro et al., Physica C 468 (2008) 1477.
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[2] H. Fujishiro et al., Ipn. J. Appl. Phys. 46 (2007) 4108.
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Fig. 1. The B+P(0.5mm) vs. the pulse number for the
SPA+IMRA method (7:=40 K, B1=6.6 T).

3 — 111111
Ts=40K, B1=6.6T

| A No.3

® No.b

T
=

B " (4mm) (T)

?A | I |

0 L L L L
40 -30 -20 -10 O 10 20 30 40
Distance (mm)

Fig. 2. The Bt°(4mm) vs. the pulse number for the
SPA+IMRA method (7:=40 K, B1=6.6 T). The slopes of the
BrFe(4mm) profiles are indicated for various 7s in FCM.

6 T T T T T T T T T T T T T T

- —— SPA+IMRA (Ts=40K, B1=6.6T) H
—@— SPA+IMRA (Ts=60K, B1=6.6T) ||

5
= _
= ]
£ Do _FCM (48K)_|
N O T A
) .
S o . FCM (60K)_© B
I o T S FCM (70) |
L (45mm, T=30K) i
0 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 5 10 15

Distance from the bulk surface z (mm)

Fig. 3. The @1(2) values as a function of the distance z from
the bulk surface by the SPA+IMRA method at 7:=40 K and 60
K (B1=6.6 T). @17¢(2) by FCM under the static magnetic field
of 3 T at 7=48, 60, 70 and 77 K and @t(5 mm) by the
MMPSC+IMRA method for the ¢45 mm GdBaCuO bulk at
7:=30 K [2] are also indicated.
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Study of pulsed field magnetization for high temperature superconducting

bulk magnet and trapped field performance.
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Fig.1 Conceptual drawing of a compact NMR magnet using
HTS thin films.
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Fig.2 Schematic scaled drawing for a single YBCO thin film and
trapped field distribution by 0.1T.

8
640.0
7 6405
L B
" " 6410
Ve N 6 6415
/l .\. 642.0
o \a 5 6425
/ 643.0
1400 o \. 4 6435
644.0
\ " eus
1350 o m 3 -
/ \ 645.0
6455
300
u u ? 646.0
250 \ . 6465
647.0
. 6475
20 -15 -10 5 0 5 10 15 20 0 1 2 3 4 5 6 7 8 6480
Z-axis (mm) X-position [mm]
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1. Introduction

Coated conductors are a promising candidate for the
construction of NMR magnets above 1 GHz.

In contrast to ordinary multifilamentary wires, in coated
conductors the superconducting material consists of a single
layer, and large screening currents can be induced by the
applied magnetic field. Rather large magnetization have been
measured in Bi2223 coils [1-2] for NMR applications. It was
shown that the residual magnetic field in the coil centre is
arising from the magnetization currents induced mainly at the
coil ends by the radial component of the magnetic field [1,3].

Magnetisation measurements have not yet been
performed on coils built with coated conductors. For this
purpose two coils have been constructed using coated
conductor from Superpower. The coil parameters are shown in
Table I.

Table 1 Coil parameters

¢1'n ¢out H
turns X layers | (mm) | (mm (mm) | Tape length | mT/A

7X25 16 34 29 14m 4.5

6 X 30 18 28 25 14m 6.2

3. Residual magnetic field

The axial component of the residual magnetic field in the
coil centre after charging the coil in 0 T background field at
4.2 K was found to be about 8% of the generated field (see
Fig.1). This value is about one order of magnitude larger than
what has been observed in long Bi2223 coils [1-2]. It is not
clear if the large residual magnetic field is due to the coil
geometry (the coil measured in this work are very short) or to
the intrinsic magnetization properties of coated conductors.
Calculations and further experiments are planned to better
understand the origin of the magnetisation in coils built with
coated conductors.

3. Time decay

The temporal dependence of the residual magnetic field
was measured for the coil 7X25. The coil was inserted in a
superconducting magnet, the background field was set and the
coil charged up to 200 A. After discharging the coil, the value
of the residual magnetic field was measured during about 3
hours (see Fig.2). After each measurement the coil was
warmed to room temperature: measurements were performed
at 0, 8 and 15 T. The activation energy was found to be about
35 meV in a background field of 0 T, while at higher field (8 T
and 15 T) the value decreases to about 11 meV.

From Fig.2 the decay rate can be estimated to be about
10" mT/h after about 700 h (one month). This value is about
ten times larger than the one required for NMR operation, but
it has been measured on a short coil. Measurements on long
coils are planned to determine if the decay rate in coated
conductor coils is compatible with NMR operation.
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Fig.1 Magnetic field versus current at 0T for the coils studied
in this work.
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Fig.2 Relaxation of the residual magnetic field for the coil
7X25at 0 T, 8 T and 15 T. The decay rate of 10 mT/h is
also shown at 700 h.

References
1. H. Maeda et al., to be published in Physica C
2. S. Hahn et al., J. Appl. Phys. Vol.105 (2009) p.02451
3. N. Amemiya and K. Akachi, Supercond. Sci. Technol.
Vol. 21 (2008) p.95001

geoopzooooooooooobooon



1B-a04

NMR

Bi-2223 T ILNU—F ()L DEM N D IEER EHIRRICERT S
WRORFEZE

Temporal evolution of magnetic field originated from non—linear electromagnetic behavior
of superconducting tapes in a Bi—2223 double—pancake coil

BRHE A, PR RE,

RE Wz UK ;

ARH B (BREEER) s R CEAET)

MORISHIGE Akihito, NAKAMURA Taketsune, AMEMIYA Naoyuki (Kyoto University);
AKACHI Ken (Yokohama National University); OYAMA Hitoshi (Sumitomo Electronic Industries, Ltd.)
E-mail: akihito@asl.kuee.kyoto—u.ac.jp

1. [FL&IZ

7 H 2 AN OARIT K OV S 6 58 A 5 DL D, S
fRETA LD NMR ~ 7 3y b2 MRI <7 o MgEA~D 5 2
EZHITND, LinL, @IREEEIA LD 12— O
W2 B9 58, Fig. LITRT IO H F OB IS E
WAL > TRATDREFICHES I, Z kT 58 it E i
(WAL FESL) DNHEIND, ZOMWRTFE G I > THINAORE R
NRAETD, LTz >C, B IR ORI 72 2 bz,
IANVDOFAERTIIEAT DI LTS, IBI ;, A LND
T 3 Ai & Bi-2223 B O s it R E I R ¢,
ZORDIENE E RN T OIER S TR,

AWFFETlL, Bi-2223 ¥ 7 N v —Faf L akstgél,
;@@ﬁﬁg#ﬁ%*@ﬁ% WPES RS DGR 28 (2 28R
SIS

2. EEEAE

FEERITAHE T L 7= Bi-2223 % 7 /LS Ar— ae:mw);gfmg
Table 1 (Z7R9, AMFIETIL, MRIKERF (77 K) (281,
Fig. 1 IR T IR — vt V2 HWT, Z S Ta unsg
He XA BRI A AIE LT B BB 6 AR
DOWFFZIZEFE AL, BLF DO @YD L CTEREIToT,
HIEIVF s 10000 s 12 H > T{TW, i E R EZ 2 b E
HCHEEETTo7,
(1) 2ANVE—EDOERMECTHMREL, 300 s fHZ DBz
FFT 2, TO%, BRAEBRRHERL, B 0127857
e SR E OBR AR E LT,
(2) =A Ve —EDBEFEETHERHIEIRLL , 18
HARFFT D, BB 2 E O BRI E LT,

3. BRRUER

Fig. 2 () T IA MW L= 56 O FZERE FeZ Ut
TENR—aL—a BT LA B2 R [1].
fENTCIE, EBRIC Ao A L E B2 DR /T A— S 2 fif
L7zl db?ﬁ\ﬁ‘?bfo’f PR ORI IX L — &L TV D,
F7z, Fig. 2 (b) 1T0%, EBFE R Eod=Tr 0T
71,7”_#%'%%?3“75) S N =R P QU I =i i SN
SR AL, RIS ) — B I ko TGRSR D
2, A oW T —ab—2a BERET LICE-T
HELIR ATHE THDHZENRHLN IR ST,

BEN B LD 2L OFENE, #4287 3 B
RO DORESNZES TR T HIENTE D, it, Jil s e it
EIZ Lo THRER 2L OB T 1 3L Wﬂﬁ“é# Zhbik
SR—al— g BT T VLS TR T 5, B ii
LG ab Rk THD,

LI

4. FLo

Bi-2223 &7 W= o, )V I Bl R O T
BEZPEIRER DRI LT, S—alL — g  BBETLIC
FoTHHTELZLNHGINE T, S 1%L Ll o B%
ERELT, %®’fﬁf§¥£é:0b\f$ﬁ§‘ﬁ‘é%;ﬁf%é

Table 1. Specifications of superconducting coil

Number of turns 1500
Number of double-pancakes 15
Coil height 147.3 mm
Inner diameter 66 mm
Outer diameter 96 mm
Critical current 494 A
n value 12
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Fig.1 Overview of test coils, where left one is with
epoxy—impregnated coil and right one is non—impregnated coil.
These coils have SUS tape utilization for heater and
thermo—couples.
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Fig. 1 Schematic of YBCO coil

Table.1 Specifications of YBCO tape and coil

Tape width 4.4 mm
Tape thickness 0.2 mm
Min. Ic @77 K, 0 T 80 A
Number of tapes 2
Inner diameter 100 mm
Outer diameter 154 mm
Number of turns 100 turn (50 turn X 2)
Number of layers 2
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Fig.2 E-1 characteristics of YBCO coil at 77 K
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Fig. 3 Current distribution properties of YBCO coil at
77 K, 300 Hz
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Fig. 1. Conduction cooled HTS coil with heat pipes.
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Fig. 3. Temperature distribution with Al alloy cooling panels.
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Installation Plan of 15T Superconducting Magnet in Radiation Controlled Area

PaAy B (BZRAEAIT) S PrPe 2255 (oA B S G 7322 (RO s %6 RIORE (L 0 BseA) S 6. Fnkfe, DURE #8155 CRAER)
NISHIMURA Arata (NIFS); TAKEUCHI Takao (JAEA); NISHIJIMA Shigehiro (Osaka Univ.); OCHIAI Kentaro (JAEA);
WATANABE Kazuo, SHIKAMA Tatsuo (Tohoku Univ.)

E-mail: nishi-a@nifs.ac.jp

1. [ZC®HIZ

K& T, D-DHLLUELD-T Stc k> TE =R/
— R AEFES, ZOEE = R LF —Z BT R X —
AT AL TR G =L — 2 B3 283 T
%%, D-D o THEL= 2.45 MeV H1PET-. D-T )G
Yo TAU 14 MeV HitEF1T, BEEh AP NEEIC R BSNT-
TR BmRL ., b LLIE T T X~ I DR — S
2L, T IRV ELERIIMIRESNIBE~ 7 2o b
BE 5, 2O Ik s Ta LA RE2 S DRRE~ S
S MEBHI b S, o~ e AT LI D, T
bbb R~ Ry MEEHT I PE LT~ iR S LD
TR D, RBARERA ST IR S D L R RS
U CERS PR SR E N LT 2282 b Ty (Fig.
1), =ARF URIER BB EHI T o~ ko Tk
THIERFHI TN,

RS S NE T E ONEBITAT S D RN AR )
TERR SIS A R AE T 5801725, b L= E 13k
FHREBLXIRN TR Z LN ED BN TR, FPE R
ST BB A MR R 2 — I O LR = TS Z &
IETER, ZNETOBEMELTZR B O EBRIT T R THES
ZNASFLC H AR ) BF 50 BE A 0 A AL K4 SR A

RIFZE AT O it A B X3 CFT» C& QB (Fig. 2) LasL,

TN ETITHENL L CE - BR FIETIIBO W DO &
WCBLTIHHIR A HY L0 WSR2 58 A+ 53k
il % DIZRRZ A T HEBHI DWW TIZ RS IEF 1L <
25,

T, RALKRY: BBEMEBMIEET BT X —
BERHEE BRI e 2 7 — (Ko 2 —) OF B IXIENIC
15T #RD~7 Hy Mk B L B L U7 B RS OB s
R SR CE DRI A T DL E LT,

RS T, 2015 TR RE~ 7 3o M BN FHAR
AT KON, T DOBEEEFRN T 5,

2. MSHREER BN TORFKREEREE

TR R B X — i D R BRE LT ARV L T D L5 72
Bl _EHE R H D,

(1) EBRAR—ZNRLNTWHDO T, EBIERE H {kx oy
NINZT HEELIZ, B A G107 3D,

(2) BHXIEPITMSI U220 AT 252G L TNDHTD,
AT LI ARG HZ I AR E DY ETELTET A D,

(3) HEMEIKDHEHAEMZ D,

(4) BUEIOMAE R L | Yoz b7 oML 32,

AT F U AR DI IEERETT R&ETH LN, B
RCIELAEEB DT 2 \ TR ER e 5 B ke & B
FpE L TV W T KN TAL T T R % 7o T
W2 T D,

3. YT RYEE K UBIEHIF DT
INHORPIAEEEL T AR HAR OB IRE~ 7 Kb
AL, |IEA T 22 M2 B 50 mm LLE, kK5 E 15.5
T LA EELT, ZLCL MBS AR 35726, 25 mm 725
30 mm DESDORER S —NVREMT FETHD, il
TUFZEHRO GM BEBEE AL, 27 Ly — 132

{’ll T T IIIIIII PR T IIIIIII T
2.5 | NbsAl (Diffusion) —>-~  RTNS-II, NbsSn, 14T —

Open mark: RTNS-II, (NbTi)3Sn, 14T
5k KUR (6T) N NS ]

o [Present study | / . (Bronze)
215 @ NbzAl —
R L= 7 (Nb tube)
1185 ________ ~~:§‘L Y4 —

RTNS-II,
(NbTa)3Sn, 14T

0.5 1pns, (NbTiyssn, 8T N NbsSn s
IPNS, (NDTi)Sn, 4T (In-situ) -
O II 1 1 L1 11 III 1 1 L L L1l II AN 1

1'021 1022 1023
Neutron fluence (n/m2)
Fig. 1 Irradiation effect of neutron fluence on Ic.

TARED R OB L EMICHE T DI Ui, sEHTIRE
AIEDA L —MZED T AREME~ 7 Ry hOERA T
TR A SN, BRELOMEBEENLEL TIX500A N HIZTHD
ML PP IRRIC > Tle BN 2 5L BICREL EFHI 5809
Wl N HAHT2 (Fig. 1) 3UBHRE A 5K 720 6K 7202 A&
B TCle Z ETHIENTELIIE, VAT LERHATHTE
Thbd, ZOAY— b AT LT A HZIMZ 5% H
BIEL T, mEm A CRBHEE 2 R FF CE DI 1T GH & i
HHFETHD,

RO F L 2008 £EFED 2010 £EFE D 3 £EFH ] THY
2010 AR AT @ ORI R 6 T DIEBAR A O 1
W E T EL T,

4. HBHYIZ

KA P B RS~ 2y b Ve - 2 M E L7
M- PR B S| E D% ORI % R BR OWF T IR HIl O fife N %
H 5L T, WFSE 5 AR I O MG FL L i 5% 3R i O YL TR 2D T
KTCWD, AEIOD 15 Tk~ 2y hOEAIZE ST, ITERZZ
ADFBAREAR O RGBT A B 12 b i, &5
WCKEB ) (EBEY, REW) . @A ES THEIND
DEMO JFBAFEIZ AT T, SHARDHFEOE RS RS n5,

ENLDOTFE, TR BEWTHKE THD,

14 MeV neutron irradiation Fission reactor
irradiation

Tc measurement Amangement

Oarai center
IMR, Tohoku

14 MeV neutron source
GM refrigeration

15.5T magnet will be
installed in hot lab.

(2010) Samples

Ic, Bc2
measuremey

Industries,

Institutions
IMR, Tohoku N:K/?é,JAEA’ R Tovobo,
univ Universities SEI, Toshiba,

ISTEC, NIMS, efe

28T hybrid magnet

Fig. 2 Collaboration network on neutron effect investigation of
superconducting magnet materials.

geoopzooooooooooobooon



1B-p02

LHD /00O

Design of 15T superconducting magnet system and variable temperature insert for investigations
on the properties of neutron irradiated superconductors.

W B, WA B, R TR, B & (JASTEC) ; RIgy A& (b= S8R s VEAS #7 (NIFS) ;7T 225k (NIMS) ;
Va7 (B s 30 Fnlde, TUEE f8H59 CRAEKR)
OKUI Yoshio, HIROSE Ryoichi, ITO Satoshi, MIYATA Hitoshi (JASTEC); OZAKI Osamu (Kobe steel); NISHIMURA Arata
(NIFS); TAKEUCHI Takao (NIMS); NISHIJIMA Shigehiro (Osaka Univ.); WATANABE Kazuo, SHIKAMA Tatsuo (Tohoku Univ.)
E-mail: okui.yoshio@kobelco.com

1. [ZC®HIZ
HE T U L 7o SR O B R VR v A7 L%,

2008-2010 @ 3 »4FECHALK 4 @M B e T s &1
TV —FPBRL S E BRI TE 2 L & — D U FiA5 BR X el | 29
AT DB THD, VAT AL, BEE~T 1o, BE L
A —h, B EREHS AT 200700, MEE~ 7 Xy
M, EEAEOERR T 52mmOERZEMIZ 15T, Lo %
FAETD (1], S — VR TEfESH, SMB~OIRRES %
5 HUALL TINS5, IR A A —RNE 35mm AT
DOFRBFEME 4-10K O TIREFIEIL >, FAK 500A
OFEIERZEET D, AT, 2008 FEE(ICEE LI~
PN AT BEREE A A — OB EERFHZ DOV TR
2o

2.1, RTINS RT L
BESNDLBRBEEE~ 7 Ry D 5 HIATA TR
J716) 3.2m, B 4.2m SIRAVBE S KR E WV, TR O
FEE-CTE R H ~ D BE S B L CHRBRZER UK 1M 1.9 m
D) 2SN IR R S — VRSt LT,

2.2 RV ILRDBREHER
WL.9m XD1.9m X H1.8m D%, ¢ 1.9m X H1.8m O

BRI 2RO TERIZEIL T, 3 — /L REA% 20mm, 30mm,

40mm (ML SS400 K E) D 3 47— A TRESG i
WratATVy, IROFER AT,
 WPFROFIRTE 30mm ED S,

- SURMERN TORISE — 1T 0.5% @ ¢ 32mm X
H35mm LA FZ3i7=9,

« U LRES T R MNETBIK ER 1T
THENE K 1400kef THD,
MEIRETHZET, = A REEEZETHIEMNTT
e, 30mm JEOLE IS E &1L, 4.4t&725,

FEATHRE BL oD 1 61 (M 14784, 30mm JEE) & Fig.1 1R,

, WITIOTZIR

Iron Shield

| 019XHLS, 10.3

1 2z
17— X (m)

----1 Magnet Center

bimomimi- FL (Z70)

Fig.1 A Result of Magnetic Shield Analysis, Cylindrical Shape

— 31 —

3. 1. RERIZEAHY—k

K 500A OEMEIEET A0, BEF~OBEHE AT
DIRFESARNE DI D) ﬁxkﬂ*i%f‘&;éo ZDI=h
WM/ TR/ Pk, SRR (BRI, A VIR) o St
B2 CIREE 3R A s L, Y728 A OFEY J7 &3 Hfi L
77

3. 2. EREAIDFHEEER

FBIEANGIZOWT, 6 FFEOET LEAEL, T
BRTOFKRA L ROIREEFH R LT, TORER%E Fig.2 1”7,
4-10K TOREHIEEBE T HE, 2O TOREHRE X
4K BTHLVENRDHD, TOBLIENE, REVEHHT 5720
DT 2 BMLETHY, B2 G T 572D DA
oy REEHLE 7 V=7 I (6NAD 2 92 MR H D, —
57, L@ ME T V=0 AOYMEMITIA— I — 2Bl
@f_ W, A2V — M TiEAREE L7 F25R CAE @Y o m HIv:

73>?%'=%n573>%ﬁ¢£u LT AMENRDHD,

1 ih .
Mark Model Ssa}x:g: E: ls:gl:h C;fol;g Refrigerator
Fay 1 straight 400mm C1020 TWx2
Q 2 straight 400mm 6NAl 1Wx2
3 Coil 400mm 6NAl TWx2
4 straight 280mm 6NAl TWx2
5 Coil 280mm 6N Al Twx2
[ | 6 Coil 280mm 6NAl Twx1
6.5
(D:2nd stage
51 / @:2nd Flex. upper
% 55 - (@:2nd Flex. lower
i‘é s |- / @: Cooling Rod upper
% E / ©: Sample
S 45 - /
4 R
3.5
@ @ ® @ ©
Point
Fig.2 Temperature Distribution along a Variable Temperature
Insert
4. FEH

20084F I~ 7 Ry R AT DR ONREE AT A Y — D
WEREFEL T, 21 OMRAT - R A S ML 7, 20094F BE (IA
JEAT « A ISV TREMIRR R H 2t oD D3I T D,

SEXH
1. R. Hirose, et al.: TEION KOGAKU, 41 (2006) 561-565

geoopzooooooooooobooon



1B-p03

LHD AROA A LML DR FRIEKEIE
AC Losses in Poloidal Coils of the Large Helical Device (LHD)

B, JraEEE, = FRET, AJIMEE (NIFS)
TAKAHATA Kazuya, CHIKARAISHI Hirotaka, MITO Toshiyuki, IMAGAWA Shinsaku (NIFS)
E-mail: takahata@LHD.nifs.ac.jp

1. [ZCHIZ

KA Ay L4 (LHD) O BEE R A& L aA /L%
NbTi r—7 AL+ n///]\(CIC)’;P{Zlié{i)ﬂbtj(ﬁ”ﬁ
(R )V TH D, ~VAVIEE THS LHD 1%, & HElis%
HARLL, INE TG Z2BIIE bS5 8320 -T2,
Ll 2008 FEEDD, 77X~ DN &4 EIRFR (B o4

—) CHIEIL, 7T X< PEgEZ m LS5 EBRAMGS
72 TDT=DICHESNZON, 2HEOR AL )va ) 1V
IANVBIIS 2AV) HOFH IV AER ThH D, (EROE
EH A 33 V OEFTEEIC, 180 V D/ L AEEZEAIF
ALT, ZOMIRIZED, R va v OfREEE K 6
R THIENTE, 1.5 BICT I~ DA EZ 10 cm BE)
SHAHIENARRE ST, ZDEE DA ETO R K
ZEALHENL 0.06 T/s ThHDH, AWFFETIX, ZOHFH LAE
WEIEHL, RaAZ L a o RallE L, LT
CIC HARDHFE G H KRR E A TG L7,

2. RRBELDBIERELER

IANVNTHRAET LKL, BAMEFETAD-HAE
oz —7 AH L& m O CEIHIT 5, K11
AE VAR S E g > BRI R 70 BB L IR 2 & mAH @@E@U#%T
BHDe AN IV AL (], FRlmALD 1 xb) 2Bl Cis
aﬁbto WEREIET Ty 70N 10 BTIEH Ei 7‘/47%?
TN 7, DB ThD, BHERTOK 16 W 23E HEE
i cHo, %%ﬁé@tmbu Sy INAETRIRRAC L DR TH D,

[ 2 13, H R EERN 2 kA & 4 kA DBEDOEHEED
1/t KFFETHD, IV-L & IV-U 1L 2 flldd IV 2/ LD F
M= AL L ERlaA VAR T D, KD L 7 R AF I E
AT ATRETHY, 1/ 7, NEROMREZ L ATV AH K
LLTRBLDZENTED, ZLTEEEDLEAT T A
KaZLg| WA AR FED o 72,

3. HEEERBEROF®

WEEN, IOV OIS AEEEL, JELZE
HHKQ, AR DOEATHUKLLT,

Q= (uo /A'BY,)Q, W
__f Uy FEZEDEREE, A IR T, B, 13 Rk
%,V i?%f%@ﬁsﬁf&)ée X 2 OFT_RTOT —ENbiE
é\%ﬁ%éﬁﬁw, TR ERANT, BEEREICHEYR
Wtbf_o ZOREREE 3 1T T, H L2l ek

BB EBTRDOUEAEMEN 722> TS, 22 ThE B 5K
ErednHE, vl 1y B1EV /&N (0.1 BLT) DA
WOBRMT NI G 2 Hivb,

Q =2/, @)
ZOXZMNTEHHLEZ 2 D IV a4V OFES R I E R
1%, IV-L ZALH 80 ms, [V-U AL 200 ms CTho7-, 2
fE DA T LRI F CIELNZIZH 0BT 2.5 50D
FENENTZ, 2T, IV-L AL ORUYERFEI N BN &, B
MEERERZ LHD HAIAZRT J?O’Cb‘é\_kiﬁ}: DIEE
DIENCLY, FREEARIHOE O DNEL, BREEAE
MOFANTEB LU0 EE 2 b5, FricEHESN TS
FROREITT—T A7 ZHL TORWEHOERE THY,
B LR D BE B8 222 T 1= AT REME L B D,

32 —

LHD/0O0O0O
6 T T 40
5 kA
5t 1=22s 435
4 kA
4L r0=183
.‘_

Current (kA)
(]
(M) Hvw

: 10

Time (h)

Fig.1 Current and heat loss of the [V-L coil during the
AC loss measurements

—— DL, § Bk
. —t— 1= P ORE
e o e, 8%

: =i T3 8RR
d
1B : s
g‘ foi - M
o (‘,‘w"'

‘.,% f y;“w‘

g el & w -

g% ,\«” M{"ﬂ‘wﬁ o

:‘:" ""’J'Wﬁ - " m""‘“““w@

B san e e

s

i A . 5. ¥ k. §
G GHE D LB o 85 DA
e @

Fig.2 Total measured losses

o ML, i
a VL, A :
e R IR #”'
¥ 2 v, 4k
3
ool | S
i Bt
: M
as
# % A
N P a
¢ 002 T4 BAE 008 07 642

1#5,65")

Fig.3 Normalized coupling losses

geoopzooooooooooobooon



1B-p04

LHD /00O

LHDAYAIL AL DB A (FTUO—IL)ED R

Results of lowering temperatures of the LHD helical coils by subcooling system.
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Fig. 1 Cross—sectional view of LHD conductor, and transverse
and longitudinal simulation model of the LHD condoctor

7 2
Scale of Jo- 50510 am” T

72
Scale of Jo-s.oxi0'am

Cu

Cu-2%Ni

Al

y (mesh)

Cu-25Ni

NbTi/Cu (SC)

x (mesh)

Fig.2 Simulated longitudinal Hall current flow and joule heat
distribution at Ty=2.0K, B,=6T, [=16.2kA, t=1.0ms.

702

Scale of Jy- 1 0x10'a/m T
. 702 >

Scale of Ji- 1.0x10 A/m

Cu

Cu- 24T

40 - Al

h)
8

¥ (mest

Cu-24Ni

15 F NbTi/Cu (SC)

L L i i i i L i i
% 80 85 90 95 100 105 110 115 120 125
z(Longitudinal Direction} {mm)

Fig.3 Simulated transverse Hall current flow and joule heat
distribution at Tz=2.0K, B,=6T, [=16.2kA, t=1.0ms.

geoopzooooooooooobooon



1B-p06

LHD /00O

LHDEKME IR F—IFOSRBEEA T av et
Design studies of the LHD-type fusion energy reactor with HTS option

B EM, i —th, =5 AT, R B, AN EE (NIFS); ~edr =57 (IPR); J&RE Bis (LK)

YANAGI Nagato, TAKAHATA Kazuya, MITO Toshiyuki, SAGARA Akio, IMAGAWA Shinsaku (NIFS);
BANSAL Gourab (Institute for Plasma Research, India); IWAKUMA Masataka (Kyushu Univ.)

E-mail: yanagi@LHD.nifs.ac.jp

1. HIROEREEM

~UH L (LHD) B A = %L ¥ —JF (FFHR) O % 23
MBI O T ZOMENLHEED SN TS [1], ZOHE
DE R~V vaA 0 CR¥4E 15-17 m) 1%, 100 KA #& DA
REERIC L > TERIND, BUEDFEARZE T, NbAl ##
MERWNIZ =T A m Dy MNER(CICC) & V- 5 ]
WHAANZFE—F T ar L TEY, ITER THIESN-H
RrOFER U CRIERTREL A ES NS [2], 72720, BRI AD
70 OWHE BT DHI RS, A A TR M7 Bl S R
NERSND, £ZT, YU RERE FWZ R H=A LR
oA T ar EUTHRESIL, NbeSn EARRA IR ST
TGy MU T2 BARN BRI TS [3], —F.
IO E MR I LY | mIRBRE (HTS) 2 A VA5
2L E3A T a 2055, HTSEEE HWHE, [
PR INZ L DR NI EI SR IFIZ R W THRD TR E/R = A
NEREBTEHEELIT, NIV NOFE YT T L TE R
TR L O BN T A2 S IR B A T REL 22D [4],

2. 100 kA #& HTS B{KDEEET. R&D LiRRE

Fig. 112, BIEHRZEL TV 5 100 KA #% HTS EIRD % EH5
Y, Y /T — T M A AU L CAT L A
ROFMTELE L, [y MAR Y MR AR 022 E1k
$iE AN G L L TWD, W EREEA A LT HTS
AR DML B ST ~UHIL IR OB
WD B AT NSKINZ A LN TED, £, BphidH
MU SN T D720 BRI i E 78 (kL 7e D, 22
T M N IZERAL N 228D | SRAIIC B AT DAY
— (W) BWAELDZ LR D, KRERBE~— VLR &
DT=DIZEZTEMEFIIBIC 2D R TE 5, JEH%, 10 KA
DT o AT EAREFRAEL CEGRRZIT 72825, 2
NHDEARIEAZHERTHILITK LT [4], — 7. MBS
N7 —7 IR E MK ER S SRS, 77X
~DACIADBIG IR L TR R 52 52 aShD, 2
ORJEIZDOWTE, Ak A~V E Y TF OXFRERH DT80
A2V TIT I ~OFE Sy ELTHE R S A RS (8 Ch
RENDAFL RO Fig. 2 ICFHER) ITx L TR E i
EHZ2HZLFIRNWEB T, A, ZOZLIRT 5 E &
MR A AT T2 T, LA FIZHIE 95,

3. HMKERERZZEEL-HEIEIE

HTS SBURDT —T I~V I aA O/ R TF NI
Fgasnsizo, 77— 7 HICH RS DR E I L -
T, EIHEISO /N ERR DI HNDL LT D, bkl
WERAEELTL, BREREZ ZAUTRWEASD, 22T &
MOEINZ BN CIE R LA DL A FHRIC > ThH 2
IER W, JIOFEZR 7L T aA Oy PRIy — Nk
DEREE T DIET/INER T MO A% vtV T&
BILNDIoTz, Fig. 2 O FEIC, ZOFEIC Lo THEAE
i P S 2 B A AU T/ S 07 TR G853 1 4y D 22 [ 43 Afi e~
ANV OEIEIZKL ORT, 22T, —MREFRO KX
SEIA VBB EEPESREERLHLHERCIZLTED,
OB W TINERBBZIFIF Y I TELI LN
B, 12120, = MREIROVZ = RATHON T, BfiAE

IRT—EREEL TD, o, INHO LT THEHI
DRERE OFHFFERAIZOWT, Fig. 2 O _EEIR T, 2
RoE BRIEREROA I LD TR OEWE I
DI THY, Lo T, A NVHNOBEKIEIR RN T T X< D
FACIADIZHRIL CREREELE 52 52 L1370 b O LT
&%, o, BLRIZIIM OB EREEIZFERTHY, 58
IR DA ECDDIT TR W) ZOREIIESIC
INELp B E IS ID, 7B, Atk BBBEICBWTT
WENBER B E 2D LI, SHICIEMEIC RS 2
ZEO AN R EZITOZELEIL TA,

Copper
pp_ 66 mm

“

40mm

HTS Tapes
Insulation Stainless Steel
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Table 1 Design Parameters of STF Cryomodule
Cavity type TESLA-like
Vacuum vessel length (SS400) 5515 mm
Vac. vessel outer diameter 965.2 mm
Gas return pipe length  (SUS316L) 5832 mm
Cold mass, kg

4 cavities 410
Gas return pipe 515
5 K shield (A1050) 185
80 K shield (A1050) 210
Helium supply pipe (SUS316L) 50
Heat Load (Static, 4 Cavities), W Cal./Meas.
2K 4.1/5.4
5K 10.1/8.2
80 K 71.1/66.1
N - 1 _ Vacuum Vessel
Support Post - |
e Gas Return Fipe
the Sl B S 80K Shield
w “% _ 5K Shield
I
:I
I5MVsm Cay
Input Coupler

Fig. 1 Cross Section of STF Cryomodule
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— Commissioning Results of the Superconducting Magnets System —
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Superconducting magnet system for the J-PARC neutrino experiment(19)
— Commissioning results of J-PARC cryogenic systems -
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Winding technology development of Y-based HTS power transformers
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Study on Three—phase Superconducting Fault Current Limiter
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Table 1 Comparison of experimental and calculated value

Experimental value Calculated value
la[A] 1b[A] Ic[A] | Ta[A] Ib[A] Ic[A]

1LG (a) | 3.48 3.30

1LG (b) 2.20 2.17

1LG (e) 2.70 2.76
21.G(a,b) | 6.03  4.17 6.50 3.68

21.G (a,c) | 3.50 4.13 | 2.59 2.60
2L.G (b,c) 236 1.79 1.10  1.56

3LG 6.14 443 4.05 | 6.90 3.93 1.60

S& Xk
[1] S. Shimizu, O. Tsukamoto, T. Ishigohka, et al., IEEE
Trans. Appl. Supercond., Vol. 3 (1993) p. 578
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Study on applicability of HTS induction/synchronous machine to automobile application
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WAAR D B — 4 ELTHIREL o, Bk i = —
A EEUTESRS A RENL, JAFEZ2H EFPH I B2 @b
L2 NS @m MV B AL T D, A TIE, HTS-ISM D
IS A ~OFFEMEICOWT, ERBLENDIRET L0 T Fig. 2 Fabricated HTS rotor.
EESR

2. REEHRAE Fig. 1 103, & RO DICBRL 80|
7o HTS m— 2 — OB X A7~ 97, AT 74 AQT7 K
DE AV AR EIRBEEET — 7 (77— & 2.6 mm) % 10 £
INURILL, 1 AROE—2 83— U= (1 RS-0 ORGSR EGR: 74
AX10= 740 A), £7-, Fig. 2 \ZITRAMELTZ HTS m—X D4
BEZ R, ELT o — 22 BEAE (i) o B E -
AL, RIREFRIZFIEREICCRRZ FEi L=,

3. BRILYIEDEEERER Fig. 3 (213, Fig. 2 Olalifiz1-Z5# 20
Lz ARkt RO —pilzrmd, — kB 40 Hz, AJi#k £ 40 Hz, V= 250 V
RIEEE 250 V 12450 T, 80 Nm A #8 2 HUERIH L 273 5ERL 0 e
SNTWDIEN G5, AR ODT 78 (T IX A t 08 06 04 02 0 -02
HAR) DERNLZNERTH 8 Nm B EThHEILEEZ DL, stips

Eh R FEHIEERRAE THHITH DS 1 Kby 2 a5m k- Fig. 3 An example of torque curve at 77 K.
LTCWB, ZOMEIE, EEET AL AT ANE B E IR F I F
HHLUTHEEALRWVETH S,

4. MEIVT LEMBERE -2, MY HBEOE g 95— 96 % 1275
P ARSI TS 50 KW SRERE)E— 2% F0E L, N
K% I bV 27 BONCEGRIZ BT D3 R~ v 7 %, FJEIE A hh e 1025
(B BEAREAT R AT Lo CoRkab 7o, [EIE 1B IRPIS, k%3 i = Rl
TR OFRBRIC LB L T 1 KR L7245 4122V C Fig. 41O 7 e s
T, FIBNG, HTS-ISM Z L7255, 7V A& #H O IPM T
B2 BNl U CHER R #i P T R Th o T
AT THD, RN 515, HDHOITEARNI2T 2T L0
FREHE G2 L, FEMEGERY B3,
BE AFEO—EIX, B B4 (No. 20560268)
RS2 T TEMLZ,
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Fig. 4. An example of efficiency map of HTS-ISM obtained
from electrical equivalent circuit.
2 3k
[1] "PRIE fil: ek 21 R RF R R ER S, TRk 21
3 A 17~19 H, dk¥EE K (2009 4F 3 H) 5-116.
[2] REME VRl 21 FEKFR 2 ERE, FAk 21 48
3 H 17~19 A, AJtifEiER¥ (2009 4F 3 ) 5-117.

/

Polyimide tape Copper bar [3] R. H. Staunton et al., “Evaluation of 2004 Toyota Prius
. o Hybrid Electric Drive System”, U.S. Department of
Fig. 1 Schematic diagram of a HTS rotor bar. Energy Report (DE-AC05-000R22725) (2006) p. 34.
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Characteristic evaluation of MgB, superconductor motor

for liquid hydrogen circulation pump
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2. MIELHBRAE s RIEICHEH T2 MgB, ##44(0.8
mm ¢, $ils—2R, B IE, ANAFZEFTICEWT PIT WETE
RENT-, EREREDEIC 20 KIZBUT D@ B A ML 72
Lo, (HERER, n i) =(336 A, 180) Th~7-1, Fig. 11213, Fig. 2 A photograph of MgB, cage rotor.
MgB, = R -3 E D7D IZBF LI HTS - — &N — b=
RV OIS AR T (H SCRFFETIC BV CHRUYE)  F e,
Fig. 2 [ZIE8ELTZ HTS m—X DOAMBI - B4, 51T Fig. 312
VLB 7 A AZ N OANNR G EEZNTIRT,

3 HEMESEM ARBRICIENT D, FP IR S n] B AT I
DSWTIMULZREZGHR U, EHRIREE 20 K (iR /KB RKIE
W) I DTS B Fig. 4 1R T, [ DAL 2D
12, HTS-ISM 1% 22 Nm FEEED#ERI ML 7B AL Cvg, X
DICEH TR&ET, FRKICELTIRE - EOT DI %
HLTWAZLETHY, 2oL, i AansEnsh
T AICH R AN TH A LE R LTS, EREE MV R,
B2 MgB, B4 O TR E 72 n ED SR FFIEL L CTRBIS
72HDOTHY, [FHA %2 HTS-ISM (23 95 K& AU v hod—
ORI LS T, BRERCARNT 157 S, FEAIIEREBE Y B I
Wi,

BEE OKWFIEIL, BT RL X — - BE TR A B S B
(NEDO)D g% 20 4F Ji i S H i iff 72 Bl ol o 3 R RE R 5
08B38006a) D —Ea L L TEMLI-H D TH S,

SEXH ) Fig. 3 Photograph of cryostat.
[1] K. Kajikawa et al., IEEE Trans. Applied. Supercond.,
in press. ) i
[2] A Ml Rk 21 B AR BERE . PR 21 4 25
3 17~19 H, A K% (2009 4 3 H) 5-120.
[B] REME i Fpk 21 FEAFREERE . P 21 4F —
3 A 17~19 H, JkyE K (2009 4 3 A) 5-117. 20
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(@) Rotor bars (b) End ring Fig. 4 Analysis result of torque (z) vs. slip (s) curve at 20 K,
Fig. 1 Photographs of components for HTS cage windings. which is obtained from the nonlinear electrical equivalent

circuit.
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Magnetizing of Permanent Magnet Using HTS Bulk Magnet and the Magnetic Field Distribution

Measurement
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Fig.1 View of HTS bulk magnet system by GM cycle refrigerater

Magnetic Flux Density(T)

Magnetic field angle(T/mm)

-0.4
-0.3
-0.2

‘} g :‘W’v‘*\w?ivx\

O\

— == N\)VIWRE FI7tvbk Omm
- N\)VOWHR A7tvk -20mm
0.3 T NLUBEE A 7Yk -50mm
04 BB 1y kb5
x(mm)
Fig.2 Magnetic field density (offset -20mm)

0.10
—@- offset16mm - offset8mm

0.09 ———— A offsetOmm - overlap5mm
—X-overlap10mm  -@- overlap20mm

0.08 —+— overlap30mm = overlap40mm |

007 - overlap50mm _ B

0.06

0.05 o -

0.04

L 4

003 —M__4

0.02 m X

0.01

000 1 1 1

-20 0 20 40 60

GAP offset-overlap(mm)

Fig.3 Magnetic field angle

— 44 — geoopzooooooooooobooon



1C-a07

ooooo ()

AYAJLEGE TR MHD B D e S

Hydraulic characteristics of helical-type seawater MHD power generator
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3. EERHER

535 3,5, 7 ONVAIVETIVE FAWT, £S04 OH]
FEZ{ToT7, Fig.1 \ZIAHRE % T A—42 — LU CHIE LT3
R I(AUBLET L0 N AL H A DFE F175) L3 B O BER
Zoad, RO, /b ZRIEICES 2 IROIT LR T
BD, 2 TP ORI ZNZ 41 0.028, 0.032, 0.044 Th -
77 Fig.1 KOA~VUILEFT LD ANANSH A ETOE O
WA R AL iR 40 mP/h OEEIT, 3 [EHETIL 51%. 5 A
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Fig.1 Flow dependence of flow loss with rotation number of 3,
5 and 7.

70
60 || =10 m3/h

= —8—20 13/h

o, 50 H : .

2 30m3/h A

woan H o

° —— 103 /h

E 30 |

T,
ar — a—"
10 F A
0 1 ¢_ 1 ? 1 T

Rotation number

Fig.2 Rotation number dependence of flow loss with water flow
of 10, 20,30 and 40 m®/h.
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Suitable PM arrangement and HTS bulk shape for improving levitation force
in a magnetic levitation type seismic isolation device
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3. RRfER-BE
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Opposite FFTIL, Fr o7 D NSWGAIZITRERE B
BESNDHLOO, 5mm P EOF vy 7 TlRigEA LR BT
LT, WS HIRF O E AT N EECHD L0
FTAEEND, ZHuZx L, Halbach EXZICliE, v 72 5mm
PLETH-TH, AT EBEAEEH VO T 10~
20kN/m? (—fEFRIZFH E) 33510 TEY, Halbach FLFIA
WS AR CH A2 T D 2D, Fig.3 12 Halbach AL
RRZRBITD, B ENIOASVIRES R Z 9, Zhdb,
% ENE S 2 IROESEELIZEINT 2500, 5mm LA E
DF vy 7 TlE, NI IRIESPN NSO, L7 KRB RS
HIWDFE ESI R KRELIRDIENDISTZ, Lo T, FEALD
BRZiE, NSATIRIESETEXL721T/NELL, ZD 5373 V7K

HAaoT N, B ThHHENR D, £/~ Fig.2 & Fig.3 kv,

DyBCO /SLZ7{kE GABCO »NLZ{kETliL, GABCO /3L
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(a) Opposite
Arrangement

(b) Halbach
Arrangement

Fig.1 Schematic drawing of two types of permanent magnet
arrangements for improving levitation force of HTS bulk.
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Fig.2 Experimental results of lift per unit thickness of
disk—shaped DyBCO bulk in a levitation system using
Opposite and Halbach arrangements of PM.
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Fig.3 Experimental results of lift per unit thickness of
disk—shaped GdBCO bulk as a function of bulk thickness in a
levitation system using Halbach arrangement of PM.
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Development of superconducting magnetic bearing that capacitated 20kN—levitation
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FEEREE 3000rpm D[alEaRERZ T-7- 2, 2008 4EEE/NBD 2 AR
MC, B BB RS O R E% 20kN (2 EL, FF
MR T T ECThD,

2. BERISARA— L EEEBOMZRERE

(Bl A= Sl R F DB E L L OB/ BB R R, H B
HTORIAERLDIARDOEERFEDOFER Y055, 10kWh(36M)EE
FELRFRLAZENTED, — B E M — A RS
[EHRIE M 2L F 2RO DLHFEL NCL-T, 2O X5E
HTEBRTITARA—NIRERATE T HE Fig. 1 DIHTRD, &
Ui, 3000rpm 735 1500rpm £ COREREE ChtthEan s
TR X N 36M] 72D 7 TARA—VEREZHHLELDOTH
%, B H 2000~4000kg FEEEDH D% 3000rpm ClHELRSEHIE
T, 10kWhBE6MDD =3/ F ERE I RE T D, TS, HEE
sl O EA &, BHREEOOL SO BIEL2 S, 2072
W, i Bk BEFEEEA 20kN ERRELT,

10kWh/3000—1500rpm
8000 , :
P (Rim) =
£ 6000 i
K Disk Rimmed disk
E
2 4000 |
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ﬁ N
S 2000 | \\
. %.\\

Disk Rimmed Rimmed
¢ 1385 ¢ 1600 ¢ 1870
Shapes of flyweel

Fig.1 Example of the 10kWh energy—storage flywheel

3. HEBRABESHIMZNHRR

Table 1 Properties of SC—bearing for 20kN-levitation
Levitation side: HTS-bulk Ground side: SC-magnet
HTS -bulk roperties Magnet propirties: Cusp field, Nb-Ti
Material: Gd-Ba-Cu-O, LN, cool coils, Dry magnet
Ring: Dj, 30/Dy; 80, t20, Disk: Dy, 80, t20, Magnetic flux density
Postion-1: Z=-20 / Position-2: Z=190 (Mz, 100% output)

Position-1 Position-2 Position-1 Position-2
16T 23T
Al t of . .
e b | 2disks 2 rings [ Min. 0] (Min. 1.7]
Max. 3 Max. 3.1
- . Maximum 24 (kN)
Levitation load
evitation load capacity Rated 20 (N)
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Table 112 20kN it 5 B SR K= OfHE R~ T,
HBTE R ORIFTRRIT A E 9, WEXFME2LHEL T
TTNART B % 20KN (i KT B 24kNIC B B L7, e — 2RI DiE R
UL ZRIZOWTIREUEL, EBEAEINT52LT, 34+
L& 1% LT,
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i B b R U7 R R B A S sz O i T AR AT
VY, 20kN OZETF EFFRE I 3D LA B LTz,

7%, Bl EaRBRCIE, BERIRADIIHNZZ RO L T HE
BT, B BRORE R, BEE oA L 65%FE
JETT 20kN DFE EFIFEATHZ AWML, 2SIV KA 524
SCRENEE U CRESSARAT U 7248 B Gl 58%RREE T 20kN 23 %84E LT
WAZEDD, BHRIR ADFEEZZ T TNDHDEEZ LIS,

Fig. 2 (C P EEO A #E CO BRI RO iz
IR, TP EIE T, 20kN 0 20%H5L D 24kN % 10 3 [EfA5-L
TUWND, T EOME22L Tl 5 BT 20.5kN 7765 18.6kN £T
WGP T LT, TATEE 5 LI2b ok 10 RERERFFL T
HEREIE 20.1kN Th-o7z, ZOBDOBEMESIOIC T ERIL 2%F%
ETHD, ZOZEND, M EDTE L hEASE DR
BOTYH, PREIEDSREHR I DER IS 2350
IR THDLZ LN MR TET,
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—— Without pre-load
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Fig.2 Result of the static load test
(Example of a stable levitation)
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Engineering Materials Diffractometer “TAKUMI” and Stress/Strain Effects on Industrial
Superconducting Composites
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Fig. 1 Current status of the Engineering Materials
Diffractometer “TAKUMI”
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Fig. 2 YBCO specimen alignment for measurement and
diffraction profiles measured at north detector bank

4. #&hYIc
I B DR e 21 1729 720X T 7 727 a—T7 D
4/3(3%)@ HBARE R EL D O R RS HT A BB 5~
AP IRREIND, RIFROT —~<ITEELT | a7 —

~ TABRI A BICTIRELSEE N,

ZEXH

1. A7 77XA »vda: AARRRSAEE, Vol. 50 (2008), p.
40-45

geoopzooooooooooobooon



1C-p01

oooooo (1)

66kV Zff YBCO BBEES—TJ )L MDA E R BB 4N

Numerical Simulation on Over—current characteristics in 66 kV YBCO Superconducting Cable
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Temperature Rise of a Tri—axial HTS cable at Fault Condition
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1. Introduction

By the advantage of more compact structure, small leakage
field, and low heat loss, tri—axial cable become to be
mainstream design in recently HTS practical project. However,
before the cable can be putted into practical use, the
reliability of the cable in fault condition should be ensured.
Since fault occurred in the circuit, the fault current might be
several times larger than cable critical current. As shown in
Fig. 1, Cu stabilizer layer was set under the HTS layer to
prevent burn out. Along with the quench of HTS layer, some
part of the current can flow into the parallel Ag sheath and
copper stabilizer layers; cable temperature may increase. This
temperature rise can be controlled by the cooling perimeter
and stabilizer layer design. Based on the two—section balanced
tri-axial cable model ™, fault simulation, including the
consideration of the effect of mutual-inductance on the
current, was carried out to observe the cable temperature
rise.

2. Temperature behavior

During the over—current simulation, voltage and temperature
were changed as a function of time. In order to investigate the
dynamic behavior of HTS cable, the temperature rise which is
governed by the balance between heat generation and heat
transfer can be expressed as:

7de(T)%=G(T,|‘)—Q(T.t) W /m]

(1
where, v,C is specific heat; G(7,/) is heat generation, Q(7,2)
is heat transfer. As the initial stages of this research, here we
assume that three phases of the cable were thermal insulation
with each other; the cooling perimeter is 100% of the whole
surface of current layer.

3. Current behavior

Besides, as shown in Fig. 2, because of the concentric
structure, the mutual-inductance between phases may have
an influence on the current distribution and this new
characteristic will also be included in the simulation. The
governing equation of the circuit is described as:

di,
Va La Mab Mac dt Vl(ivT) RLaia Zlia
di . . .
Ve =My L My, (Ttb V(LT |+] Ryl [+] Zidy \2!
V, M, M, L di, v,(i,T) R Zi,
at )

where V,, 11, V. is balanced three-phase voltage. L, Mis the
inductance of HTS cable. v, v, v; is the voltage drop due to
normal transition after a fault has occurred. For simple
calculation, and the most safety consideration, we use an ideal
infinity n—value critical current model for the current behavior
analysis in fault. Critical current / was linearity decreased
with the increasing temperature.

4. Simulation & Results

A simulation of 31.5kA single line to ground fault which has 2

second duration time was carried out in a 66kV cable with
different combinations of cooling perimeter and stabilizer area.
The cooling perimeter is varied from 0.25m to 0.35m; the area
of stabilizer is changed from 20 mm?®to 200mm?. The critical
current of the cable is nearly 10.3kA. The critical temperature
is 110K. As the result shown in Fig. 3, the existing of
equilibrium temperature depends on the design of cooling
perimeter and area of stabilizer. The copper stabilizer area is
not seriously affecting the cable temperature rise in liquid
nitrogen nucleate boiling region. Since the temperature over
the region, cable has a rapid temperature rise. Increasing the
area of stabilizer can be an effective method to limit cable
temperature.
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Fig.2 The electric circuit for SLG fault anélysis
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Current distributions of helical tape conductors of a superconducting power transmission cable
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Fig.1. (a) Schematic view of an excitation circuit for a
superconducting power transmission cable of 6 helical tape
conductors, together with a return conductor (a<<l). (b) The
term number dependence on the summation of Egs.(1) and (3)
for the self- and mutual inductances of the circuit equation for
a power cable of I=1 m.
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Fig.2. (a) Current density distributions within a helical tape
conductor. (b) Vector plots of the magnetic field and field
lines (contour lines of the vector potential) due to a helical tape
conductor for I;= 1.
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Fig.3. (a) Current density distributions within a helical tape
conductor. (b) Vector plots of the magnetic field and field
lines (contour lines of the vector potential) due to a power
cable with 12 helical tape conductors for I;= 1.
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Fundamental study on possibility to apply a superconducting cable to a feeder
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Table 1 Electrical parameters in worst—case condition[2]

Voltage | Rail Collected | Feeding

drop potential voltage loss

%) V) V) (%)
Conventional 155 100 1250 17.0
Superconducting 40 5 1460 2.7
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FEJ;ZEJZ 20 4R ;t f;; ﬁﬁ%ﬁ%ﬁg%)ﬂi\f:ﬁ%ﬁﬁ&ﬁ Table 1 Targets of YBCO Superconducting Cables
T e - MHE S TN, Y REIREEEIIAE .
o . § 275kV/3kA/ h
T « (U - FOREBIIRIE R E ORSEAT LT L RS A/ sinele phase
B JNTATI, (R 2 b - 22 « SRR LS FSA LT Outer diameter < 150 mm®, Length : 30m
b, FITATaY 7 T Y RETREBEEEGM A2 AV High-voltage With terminal connection , inter—level connection
SR ) r—T VO ET>TWD, BESEr—7 Vv cables Loss < 0.8W/m/ph at 3kArms
FHORD T =T ML, BEERAVNS <, 22787 ek Withstand for fault conditions of 63kA, 08s
EREAENT 5 LN TE, BEYERKE AN LT T
X 770 P ORHMEAT LT D and have no damage

AU, EEHEEEE ) — 7 VEBIFET BT,
TRIRZESE FIZET 5 R BT HESEGI E O BRI B 5
FERFERIC DN TS T 5,

2. BABE

AKo7mar=y NCIE, 275kV #k, 3kA OFEETE—7 V% BH5E
THZEAFELE LTEY, Table 11ZHI%EHIEEEART,

3. ERAE

MRl & LT, AR (sample A, sampleB) 38 Fig.1 The model cable using composite electrical insulators
LU Tyveke (sample C) D 3FIHAAE L7z, FARMRILPP (R
UTRELY) 2757 MECT LHk— MITLEZ b0 TR & e o6 1 1807
— I I S TS, Sample AL PP EEER 4 0 %, sample ox 10 1 1.806
BIZPP H#E6 0%DHDTHY | PP WA Z 5 Z & CIRFHE 1 1.805
RSN 5, F7- Sample CITIRRAICRT HIERMELE L 3 &r 1{ 1.804
TOFEN S D BE LIz, BHEBIEH O TR FICk S 6f 11803 w
DRI D10 B P A AT 2 L. § | 1 | 202
FEOINEEAEFIEN TR 1. mEE 4m 12725 X 918N T J 1801
TTVVHREER LT, BADINEE Fig 1 17T, £7 0V 2 ¢ 1 1800
RO ORI CRE I T AR L, BIE A7 756 A
AT HE BRI PC], IR tan § ZIE L7-, FBaCid, 4 0 15 30 45 60 75 90 105120135150165
— S UNADONTARI R E | RIRER SR R A TR time(mim)
B ST, TRIRZEZTEA 60 2014, 15 43 TEIT 5kV 20N T4 3 B Fig .2 Time dependency of relative € andtan$ about sample C
HIIE L7z,
4 $ERBLUVER Table 2 Comparison of experimental results for candidates of
Fig. 2 |2 Sample C DEERERE AT, RRGEIZINT tan composite electrical insulator
SABIFIBLD L, #0970 S5REEIEHAT <, WICHARER ¢ 1315 sample lengthlm] £ tan 0 [%]
L. 9120 RERICIEBE W, 202 & L 0isarEl st Sample A 2 1.92 00765
LT, WIRERNRET OIS 5 EORFNNETH D & Sample B 2 192 0.0607
BRI, Sample C 2 180 00108
Table. 2 1245 sample D 3 B OIERFER27~T, T Ok
XY sample CiE tan 6 NN b /N E < (sample A DHY
1/7, sample BO#K 1/6) | ASHERDKIBAI R CTdr 5 & DFER % 32

157, LU sample (ZHATHEFEZRIVNE LY,
WIZ Sample A, BEIH#ETT 5 L AL BIZdHCFERREOEE
REFALTWDD, tan d TIEK 20%DIERER EAY sample BIZ

AWTEL, A b YU L REESE SRR O —Br &
LT, Bresbse— - EEERRABITENHE  (NEDO) DZREZ X

NEfELTZHDTHS.
MEBSIIZ, ZOZ LIIPP ke BT % 2 L CIEFHERAKA HIELTS
BH T LEHRELIZ, %
ARIT. ARFIRT —Z Z TR EHORHETTR (B - YN

(1) JUKMth H2UESER S AERES5-149 (2009)

BRI i, HRPTROREE T T, EIHERH
FHS S ORGSR DM ERA AL L, BT
BN — 7 DU BT ORISR 212K
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66kV / kA #EIRHEEE S —J LD R RE LR
AC loss characteristics of 66kV / 3kA class RE-123 superconducting cable

KE GBS, GF VERE, HWEHE FA, kA R, B S (BT IR 5 (ISTEC-SRL)
OHYA Masayoshi, YUMURA Hiroyasu, MASUDA Takato,
NAGAISHI Tatsuoki, SHINGAI Yuki (Sumitomo Electric Industries, Ltd);
FUJIWARA Noboru (ISTEC-SRL)
E-mail: ohya—masayoshi@sei.co.jp

1. [FC®HIZ
SRR 20 ARFELD . B mL S —  BESEHN R A B TS
(NEDO) DI AN AR IBEEE S Fs s AR | 7 ey
=R ARZ—RLEN, K7 av =7 MeBWT, EAE LT
T AR A FHVZ 66KV / BRA RO KEF I EE S
— 7 NVORRFEEEML TS, BEE S —7 /L0 B % B iR
IZLLF OB Th o,
66kV / BkA =AH—#EAY
¢ 150mm & g~ A AT BE
825 2.1W/m/ph (@5kArms, 66kV) LL T
BT 31.5kA, 2sec (T L CTHIEHEL
e BRITT—T Va7 ORI RLFERREZE LT
fEchD,
AN, PR OE—BPEEL T, 3kA FROMEEF/r—7 1
a7 ORAFEATV, BREYE 2 B LR b D2
DWTHRFE T 272,

2. REEHUTILDEHET

fii7 F U7 DR ISR OIS B SRR 2 [ 1 ORISR,
BT, 8 10mm OFt s 7y R IR EIZ CeO, / YSZ /
CeO, DM JEZEFHEL . O D 12 GdBa,Cu,0,
OHEZHEE PLD JEICKOEELZL O THDY, Lrnibt
X, Ag ZELIEE A/ Z) T LTI 2mm iEICAY RS
., BFENZEAAYFEREL THD,

TR & Wl S —T a7 T Ot E
% 2\, a7 YT, EIK 6 g RO —UR 3 EE
FNENHID FRP AT B 2B & N TR 7212
(2, ¥ — /LN JE ORISR G & AL TR LS AL T2,
KJEDASRAZ NV FIL, RIEIRDEIFEI 0T 5L
IR AAT T, 728, a7 7 VORI EIE Im ThHD,

Tablel. Specifications of the RE-123 wire

Items Details
Width (mm) 2.0
Thickness (mm) 0.15
Ic (A) at 77 K 36~60

Table2. Specifications of the sample cable core

Items Details Diameter (mm)

Former FRP pipe 18

HTS 6 layers 99
Conductor 2mm"“ RE-123 wires

Former PRP pipe 34

HTS 3 layers 26
Shield 2mm" RE-123 wires

Critical Conductor: 7300 A

current (Ic) Shield: 5750 A

3. HBRYUTILD Ic BIEHER

TTKNZBT a7V 7 O R ET (Ic) JIE RS Rz 2
R, AR K O — VRO Ic 1, 23 T300A,
5750A THY . 3kArmsilE A RE/L LD [c #HTHZ L%
MR L7z, BUE, BEL 2o 7 o 7 NV O 2 iR S i 2 5T
fiF T s,

Stabilizing layer (Ag, Cu)

Superconducting layer
(Gd-Ba-Cu-0)

Buffer layer
(CeO,/ YSZ / CeO,)

Textured clad substrate

Fig.1 Structure of the RE-123 wire

2 T
— —— Conductor ,: ‘
g ----- Shield .:
> o
Sk | P S S .
w i
RS 1
5 |
[ i
g 1
w !
Of--7 : e
0 2000 4000 6000 8000

Current(A)
Fig.2 Measured 1-V characteristics of the sample cable core

4. F&O
66kV / SkA FRIENMGHEE S —7 )L ORRFE D — Bl
LC, 2mm BRI A MU 7= JE AL 2 VN T SkA #k D FE
=T a7 VOV E T o, TIRICBIT A2 7
T VOSBRI, B T300A, 3 —/LRE 2 5750A T
o, AT I T INORFIRRICOW T, BUEFHH CTH
Do
W ABFZEI ., kLR — « E SRR O B S A
LEFEL TSI A N AR EEE SR BB 78 7 e
VI NZBWTERLIZH D THS,

SE K
1. N. Fujiwara, et al.: Abstract of IEE] Technical Meeting,

(2009) p.5-183
2. Y. Shingai, et al.: Abstracts of CSJ Conference, Vol. 78
(2008) p.19
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Effect of Cooling Process in 20 m class DC Superconducting Cable Test Stand

PLIDFN, FEFHA TR, RBHE, Ve x RTE, R, MBS, WM, L n /ERE (R |
A FREESE (JFE AF—1) 5 JIFT AR (Ri )BT
HAMABE Makoto, FUJII Tomohiro, SUGINO Makoto, SASAKI Atsushi, SUGIMOTO Tatsunori,
WATANABE Hirofumi, KAWAHARA Toshio, YAMAGUCHI Satarou (Chubu Univ.);
ISHIGURO Yasuhide (JFE Steel); KAWAMURA Kuniaki (Mayekawa MFG.)
E-mail: hamabe@isc.chubu.ac.jp

1. [FCHIC PR ,CryOStatB/Cryopipe B
BARE RS —7 L CEBRVBEIR I D 2 LA @@g e ‘
ELA, SR BRI & TR D TR 3 5, LT L IN, Flow

Bellows B
Cryopipe U

ST, BURER B — 7 LOERGITEL T AT A7 cogen ﬁ% \
9 DC Power Supply \’ B

I —T VORI RN Z N END, PERY: i
D 20 m FRE B E LB — 7 VIR E 2BV, 2
FT 3 EOHAH- ﬁ%ﬁ%ﬁ%ﬁof%t[l]o ARIEEDr—T

Bellows A LN, Flow
—

B AR AR, —7 LRI LB H—
ﬂﬁ%~+ﬁ®wu~7<f%&b\ r—7 v AR IR R LT Cryostat A -
HHIZEI<HEE L TV, RFEH TlX, MERE TOZ0 Fig.1 Schematic Diagram of 20 m class DC Superconducting
N —XOEEPCHEREIRE ORI, BILOmEYA7L Cable Test Stand

(CL DB E R EA~ ORI OV THIET D,

300'"'L"'x"'x"'x"'x"'x"'x"

2. EREBOHE i
BB — 7 VRSB DL AT UM Fig. 11T 250 ¢

TR, AEBOWEE LT T PtCo HBTREFTEHIIL TS, ¥ | ]

Fo, WHEBRICIE, K 20 m ORSOBRES—7 2] £ 200 | .

S TUND 39 AP Bi-2223 7 — 7 #kF O —HEH 12 100 mA, © [ | 1

=T VHLENCH DT —~—IZX 1 A Z@EL, S H qé— 150 k- \I'. ]

BRI B DM EE AN ET BT, r—T A ARIEO % T p————y ':,'; ‘

HRPBEEHL T D, AN LI AL (SUS304 e 100 F| 7 Givorie A i

) OILHEIL, BLE BRI ALz _a—X (Fig.l ® A, T e & N ]

B) TN L CTWD, MEIKIZIZZ OAME O~ — XD o ey Cryostat B ]

HWELTWD, FRE-FBET —XLHBFHEL, "r—X 258 T e .

ROHIRM 30 B/ FATRHHELZ, T 6 T

[ R

3. AHBRISH A EHOLL o 152
55 3 A A2 (2008 4 5 H ~8 1) O EEERG A1 10f 14 2

7H~21 BT AEERRE HTS 7 — 7 BL U7 +—~ i 1% &

—OWEEE - BLON—AULE % Fig. 2 1073, Ak 0.5 [ 12 8

ECILRMOAMRIRER T A HRERCTHAL, KHIX 113

HARFHRSE T, BllEE Fig. 1 OZFA4 229k A b 0 0S

fEfasn, B P CHIBLI-BR I ANIITAA ALY B

Shrinkage of Bellows [mm] Cu Former Voltage [mV]

BYEHEND, Li=A3- T, Fig. 20, $cH— A BICH# ©
RIDNTITAA AL YN A DOEEE, 774 A AL YR B O E
IECHHSND (2L, BHITEIRY — RO EMR ADT E
W, BE LS TAA ATy NTIRE ERBREN), ZDeE i
DHI7 A —~—DRHBIELI TAA AL BE A ORE Jp—— 1
CEBREL TS, —J7, HTS 7 —7 OEIE IR EE IR AL 20 F|_o--ellows 8 E
(I S<AENE, BB DT HRRE LN Z DR U DR EZ kI 25 Mo T L
I B &R L (Fig. 2 (b)), ~Sm—R0UE(Fig. 2(c)) 4 2 34 2 3 2 4 8

— — — — — N N N

Lo
B LB IR L L GBREL TV, SR TIL LB g
R CHEIL TS, I — T L ORI A . (& <
R TOIHTIS U T BB AHEEL L THY, AEI%
D HTS T — 7 ORHED LIRS TRV 1],

Date [D:H]

Fig. 2 Time dependence of (a) cryostat and cryopipe
temperature, (b) HTS and former voltage, and (c) shrinkage
) of bellows, during the 3rd cooling process.

BE AW SCH RS O s EE R ST HEE 23 (SRR

17 R~ PR 21 AR FE) I LA RLEBN R A 5 T T iz,

SECHR 2. M. Hamabe, et al.: Abstracts of CSJ Conference, Vol.77
1. M. Hamabe, et al.: IEEE Trans. Appl. Supercond, to be (2007) p.93
published
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Design study of 200—meter DC Superconducting Power Cable

L O VEREE, WIRECS, Mlak, B, —V— AT /7, FRE,
AR, IREE, EiEERR, RS E I (k) ;
YAMAGUCHI Satarou, KAWAHARA Tosion, HAMABE Makoto, WATANABE Hirofumi, IVANOV Yury, SUN Jian,
SUGIMOTO Tatsunori, HATTORI Atsushi, TAKAHASHI Michio, IIYOSHI Atsuo (Chubu Univ.);
E-mail: yamax@isc.chubu.ac.jp

1. [ZC®HIZ

RS CILE R R E S B AT DD LSRR
DR HED TS, AL 200meter £ THY ., FEILEIL DC
F10kV, FEFCIE2KA LA ETHD, FARWFEHE, 2O
DEBRBEOVAT LTHHr—7 WV ERS L EOE I
HILERFEIFTHILETHD, 2D, B EE 5D E
1RANE R NRIZ T AL RIS S AR BRE) ) &2 CE AR Fif
HZEEHE L, I, MW EBECIIE COMIAZ T
FTHZERERNOXF—THY, ZORBEORROT-DIZ
R IRTAT ThERTIEETELTND, ZL T, TNHD
FERE AR T DD OFHIROBAR AT T Th D, LA
TTiE, 27 P27 MZHOW T AL 92,

2. EREBEOHE

FEERIEE AR T HFEREL T — T L DL AT UM Fig. 1
(R, ERBENIC — T VIR Z 20 B L, 1 B
BRASE e OVEIRL R E T 5, 77— 7 MW B NI
BEIND, BUR AN BER/NRICT 572012, 7 —T7 VARIET
EHIRVAL LT, EL T, WEIL50A DAT L ARE %
VN, ZHUE 20m O — T L ERBRAEE D SOA LHIK TET-,
ZHICE > TR A BRI M &5, £, B8
— T IV OB I AN THAZLER T — 7 VN B
B CTHELDLO T, M2 EF 2 BRANREL Dy —7
NEFFAT DT RS RAELHZLITUT, B, JEBRAR T
T DD, R TN LD RN X 2k 72 =z LT,

IR TOBMRAZARI S 272012, S REIL LT @i —
RO TFETHY, ~F =B ORIEZTT L FIRFITAR

Cable return f 7{

i
—i
—|f

.0 e EE

ANV T B D FELAIT> CWAEETH D, o,
ZAUTOWTIE MIT ob -2 ZAHD, ZNEiATe
72D O IR RIRZMRFTL TD,

T NVINELpoTe DT, BB AZDOREL WIEE T T
BINTIpBHEE Z TNT, T DT A TR E R a2 AL A A
A TCUND,

3. BERRTVa—L

BEEEORGBEIEEDY, 7 —T 0 ITAFAZ VR,
WS S I THGEIC A>T, LT, SHMBPRET
AL TYERIZAD FETHY, SHEETIZRKRT5o00
THD,

BEFE ARHFSEITSCER R Ot A I 2 HE e 33 Rk
17 AR~ % 21 A2 ) \IC XD RL B AR K OV JFE AF— L)y
SO EST-,

SE 30

1. M. Hamabe, et al.: IEEE Trans. Appl. Supercond, to be
published

2. S. Yamaguchi et al., J. Physics Conference Series,
97(2008)012290.

Exper imental Yard

— 57 —

_—-— —l_%— = —
.L l.. -Lﬁi 3 . .'c

Fig.1 Schematic Diagram of 200 m DC Super(;bnducting Cable
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Low temperature thermoacoustic Stirling engine

AL KM,

il (GRAEKR)

HASEGAWA Daichi, BIWA Tetsushi (Tohoku univ.)
E-mail: hasegawa@amsd.mech.tohoku.ac.jp

1. [XL®HIZ

1999 4=, Backhaus S[1]id I B2 2 Firola SRR
THN =D 82%% RH LI LWVHREEIT-T-. Zhid
B OBWERA LIRS DORRTHD. ZOMKKEE T —7
ROEHE G LILGE IR OE 5y, 2L THRWIRE OB ARG
IR S TRY, SN IEF ICHAMCHhH D, L
i S L L Ty SARIELES T ZVEVIREE L Ty /T D
FUEZRHEZDEENOTAESOLY TITIEEIZBHIEL, ZD4tk
RSB ENEZ BR LA 3 5. T E RS VO THD H
FTIENTED., ZOII R T EET BT UV LI TR
BRETANT, BEOFHNTTREL W= RS0 B0, BIEEA
(CHFFES TG,

PWHDIEBIXE NI — R IIEBTEZb 00, &

DEED Ty [T 13 3.46 THY, Ty 1% 998 K L2 HIR THS.

o TR B D OBERR Af T B (R IR e S5t 2
INESTEIITIRWEL PO IR TR 32 Z &3 ATREL 72
HEEZ, =T EETH B BGERE T DN Tk
CTHRIRER SR LA /NS LR ER AT,

2. EREE

Fig.l ISR TR RELTCENVE BT DU %m . =y
34K 1500 mm OV —TFEE Sy, AR 1450 mm O ILIRE
B4y, AEMR2.0x 1072 m3 DXL, K = 015
mm OEAOLRER S TRY, Backhaus HOMERE LITIE
FAEDTIREL TD. BRGNS AE =D —I1X T
FRIOEE =Y %N L OL—T 5y Bk Lz, iR
BESREELE Ty /Ty = 1.76 (REEZEAT = 226 K) DL%, 31
Hz CHMEBIZ T 5. L—FENICIL— T EDOEE
T IT L LT L il KRR I E ST V—TE Sy D
BB D S UL E T B G OR BN E ThD. KT
VIR A — B —Z B AHT CTdh B S SEBR T IR SR
eEMERTDB8T T =y o ae—h—%4 L, =D
TR —H A CEBREIT- 7.

3. BB A&

FEERCILEE —HBIROWES e ry , B FEGRORE
Mo L, ZUCIREE I Ty /T, #28bSE, HRRBIRTOQ
123 B 32 CRIBR IR L2~ Q DB H
1348 % loud speaker TH& NZELREICAINIRL, £
— CE=X— U ENE AW TG R A R, 2O {HilE
=T AW A RO HZETIT o2,

Loud speaker

Pressure sensor

=
I Resonator |
L=0,1

(x=0,1500)

Fig.1 A schematic illustration of the thermoacoustic engine.

0.12 ‘ - ‘
¥ o Single regenerator
0.10% e Two regenerarors
0.08%- x  Five regenerators |
o4
S 0.06F e i
‘..... O |
004r % %, G
0.02f Loe Do |
0.00 LA | LT ]
1.0 1.2 14 1.6 1.8
T/ Te

Fig. 2 1/Q as a function of the T /T, for the engine with a
single regenerator, two regenerators and five regenerators .

4. RERIER

Fig. 2 ICHEBRTHIZ1/Q & Ty /T, DBMRE Y. 4L
LIeBAVE B D DY, B RERELIZSE THD.
BRI EBRMEOIFRTHS. F B, LITHEIR
B R L b /NS b DA AT

1/Q ITRICEZLNDTFNX — Eg, RO HNLIFR] Y72
DOEGRTFINX— E, AR o ZHWTHR (%) 0k
WCRT LN TED. BIZE TETORBTINLF — Epie
HER COWRT RV T — Epey, %AGICIREARA L 2
TeZE THERSNAAE B RIZL DAL RNVX — Epr
2T AZEMTES.

l i _ EPipe + EReg. - EAT (*)
Q wEs wEs

Ty/Te = 1 ORFITZF AN TERLE—FHNL - T
WRUVMREE (Epp = 0) 7200°C Fig. 2 oSS D y B1 1%
EAFHT VU DEIR TOBRDORELRLTND. Ty/T;
ZRESTDHEL1/Q BRALTCND. 2L Ty /T K&
HZLTE BBALTNDIEEEBRL, Exr B Epipe + Egeg.
ST FERTHD. ZOZEND, SMTFROMEEITE RN
TOZRNVF —BHOIEFRESERL TNAHEE 2D, T
Ty/Te  REST DL G LT DGR VT Ty /T,
= 178 T1/Q - 0&72%. ZDLE Epp 1 Epipe + Egeg. £89
DESTWHIRIETHD. FEE, Ty/T, =176 (AT =226 K)T
O HNRE OB IEZHEZR L =0T, RANFIRE SR I
ETHEEX1/Q 50 LRDIENDOND. B ERIREREL
TG E IR G E LB B DU L LT, AMERRD y
B OMEIEKRELARDLO0, HETK =fFE200 Ty /T, =
130 T1/Q -0 bl linsg. FEE, Ty/To= 1.34
(AT = 100 K) To HRBIOBR A iR LTz, TIZEEGR
BINUER O ETHIET Ty /Te = 1.19 (AT = 57 K)
T A hEE OB MAE MR L.

SEXH
1. S. Backhaus and G. W. Swift: “A thermoacoustic Stirling
heat engine” Nature, 339 (1999).
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Acoustic impedance of double-inlet pulse tube refrigerator
R IS, A 505 GRAER)

BIWA Tetsushi, IWASE Takashi (Tohoku univ.)
E-mail: biwa@amsd.mech.tohoku.ac.jp

1. [ZC&HIZ

1960 4RI BAFE S 7o SV AE B B (R — o 2B L
AR [L0E, RIS T B AL 3 e E WD RE R 2 i
Z T8, OB FE 13 200K FL 2 L B TELL DT
TRoto. L SVAE DI A VT4 RAES T L TNy T 57—
B B BEG T A T IS R U 2] 2 ko> TR
IREEIT 105K ICETIR F L7z, 2B L 2E D 3
BITERELL, X7 NAr Ly MUEBIRoA T — & 2 [4]7
E DSR2V AE B BB, RS, TOm LR
WL LU, ATEIER S S22 DISH D ST, 75 —R
< IR HAEROAZ =Y T B LR IR L UL
FOHERED ] LTS SIS,

PRV AR U TR DV HIRERE D FRAR A B 45 L TRV PR
[BIORESEN M E -T2, AU TR, BRAE S O KRR 1
A SR 35 B JE SR8 P = pel () L it i S
FOHEIEB U = ue O OAFZETHY, KFD SV REH
BREIXR OIS I ES LS.

AR (D =-90°) N—3 sl

2 R (—90<d<0°) FUT M

E3HAR(0°<®D) AF—HL A, BT ALy N
LOL723 s, FEFEICAIAEZE N BRI S =2 72
W, AT NA Ly MNRE i 2 TOBNEEN S T L
3 ARSI N AR B S L TEMET DR FEIT 0.
AARZE IR C T EIMEREDN & D XTI T 57 L) [E S
A, EDOINTL T UL AE IO ZE N ERSN T
WANTEERMETH .

Tz 1L, 7OV AE SIS B T DIREN R A A )7 AR
FEEHIL, UL P ONAHELRIEIL A 52 558 v —2
2Z

Z =P/(AU)
L —W =Ry 7T —fet (LDV) &/NRE e kD
R FHAIZ B TR COA, (A s i 239, ) BE
D TITAN T 4 AT SV 25 B RS ANE 2 oS
AEBHEEL TS THEMET AZEaWELT-[6]. 4 E
EE T NA Ly MU SOV ZE IR IS DWW TRl i ex
WwiE45.

2. EBREE

Fig.l ICHMELIZA T AL Ly ML S L8 1 TR O AL 2
TR, SVRE (HTRE) OPIFEIT 183.44 mm THD. il
BL1F 250 Ay aDAT ULV AAYS 2h 50 mm FEE L.
Ny T 7 —H2 o VDT 0.483x10 m* THD. A R2EIT
BT 7o S A SARN T H LD ERITA 7 4 AR LA
B L TEMET D, S SZEITIE 18 A FHLLIE
14 A FOEE .

Ty var Yk b—2 % AW CEE 55,9 Hz D 1E
ZHAL, 7= =R —H — T UL 2B BN O KA
(REEZER) ZmfER L=, AV 7 42 LT Bl ke —
BRI FEE, NARANNVT R E RT A2 L THE
TR O R FH 21T 72,

3. EERER

B AHRIES R bIT VLB IZ BT A B E—H A
AV T AAEL T N ALy MHOBE ST Fig.2 O
FWm IR UTE. AV T4 AL, HEA Y — 2 AT

DRITHE A BIBITAFAET DD LT, T NAL Ly T
WIS ARZSNV T HBITBIZNES T, 5 4 RIRHH 1 4R
(AT THZENS DT, DEVEGIRBEZ RO ZETH
3 HAROWHEHEE L CEMET D2 EE2RL TS, AU T AN
VT DR E LS TEZA, HEBA L —H U ADHEK
BRI RESEIEL, 2408, FHI3RRICET L E0H-
7o BT NA Ly MO FBEA L —F o ATV 7 Al
(KA THY, WERFHENLETHD.

Bypass Tube
X Bypass \«"nl\'c.j

Duct No. 1

1
a0
£
w
=-1
3
x
§'2 © OPTR
E * DIPTR
2,1

-4

o 1 2 3 4 5 6

Re[Z] (x10" Pa-s/m?)
Fig. 2 Acoustic impedance of orifice pulse tube refrigerator
and double-inlet pulse tube refrigerator.

SE B

1. W. Gifford and R. Longthworth: Trans. of the ASME, 86
(1964) 264.

2. E. Mikulin, et a.: Adv. Cryog. Eng., 29 (1984) 629.

3. K. Kanao, et a.: Proceedings of ICEC 15, Cryogenics 34
(1994) 167.

4. S. Zhou, et a.: Cryogenics 30 (1990) 514.
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A traveling—wave thermoacoustic refrigerator filled with pressurized nitrogen gas
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Fig. 1 Schematic illustration of a traveling-wave
thermoacoustic refrigerator.
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Fig. 2 The coefficient of performance of the traveling-
wave thermoacoustic refrigerator.
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Performance simulation of Room temperature Magnetic Refrigerator
using Lanthanum—containing Magnetic materials
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Fig.1. Schematic diagram of the room temperature magnetic
refrigerator

BEIA T — DN BRI IR DAR\ REMERT B 2 | 356 _3 o La(FessCouSiin)
(CRESIEREIRLE O i O ERIR OB B 2 TR L h R o — é 1 o La(FeouCoussSinz)
RS %0 =2 * La(FessC0onSioz)

LA R O Y T B EICBI L CIRE LY Y R | * Gdy
RaA72< LTh B, sHEILAKD T 3L % — (1152 L fitk g o GdDy
FORED = 3L F— R4 kunii ORAE O THRY | %7 El 1 Gd
U v B2 & Tk & BB OB A FHE LT D, AY S
N4k b UCiimisineE 23[C1 & L7z, b , ,

-40 -20 0 20
Temperature[C]

3. LaR MMM OB BEEZLIZDLNT

La REEMHABFOBIER & 20— LT % fig2 (77,
D72 Gd R OBEMATEIOWIEGR E b b5, 72ds,
SRR B DR LA BSR4 2Rl Uiz, La SRfddE

Fig.2 Adiabatic temperature changes of Magnetic materials
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Planning of New Superconducting Gravimeter Syowa Station at Antarctica
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Fig.1 Al-coated polyurethane diaphragm
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Fig.2 Superconducting Gravimeter Signal
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Thermoelectric property dependence on the heat leak
at the terminal with gas cooled Peltier current lead

TS | A ZE  TTARHEZ™ | Wik, PR SO 1L DERRR (HEhk, * @b & i)
Toshio Kawahara, Tomohiro Fujii, Masahiko Emoto*, Makoto Hamabe, Hirofumi Watanabe, Satarou Yamaguchi,
(Chubu Univ., *NIFS)
E-mail: toshi@isc.chubu.ac.jp

1. [FC®IC

TRLFX— - REMNEITIBLOBETH Y . Ok
NI RO LN TVWD, 22T, Kz r A X¥—72 2 0H
REFN X —~OBITNEERFETH DL L L BT, AT
— 7Yy RREOEREY AT LOWB G IEL HFTS
UED TS, ZOH T, EBEEREILBERREO%
B EVRITAT 2 D 7260 KRB KRB E R % & oA E
DY CHRBEO BR AL — @R e 7D, £,
ALHE—Fy T —H =k X —Ta E~EHTIES Y
=AUy MIT)HAE LT rr¥— - BREEFTED
fRRD—Bh & 75, Lizino T, EBRIEHNE 2 of{sE
Hifflc k2B =3 ¥ —{b a2/ MM 27 LETEDT
Biafd 5 2 & T L X — - BREERE oM SIS <,
R ECIE, 20 m kD EEBIREEEMR S AT Lk
HEFCCHIO TERL L, £ LA B IS L CEMR AR D 729
DHFENT A—F ZFHH L TWBH[L], B OBE DB
AT, BEEr—7 VOB 2 EE TOBRA L, Eil
V=R LOBMZANH Y T —F —& v Z—%D /NI
VAT AT, REDKENE D, T LT, BRY— R
TOBR AT 2 ke LT FoFF2FAL
72~V F =B Y — F(PCL)A & 5[2], PCL TIXEFAIE
iz & = OWHGNE & SGEM B CORBRE R & 0 4
BAEMAZ D, —#RIT. PCL IZEVEM B & 172 & & v
THERRL SN D, 2 21T, BFEMNR/RT A —H % FIVTE
BABOFNZITO Z BN ROBND, £ 2T, HEOE
BB Z VTG 2R T A Z LIC L VYR A
BAED S 1RO BT OWTHE T 5, AFE T,
BiTe A& %#2\ER L LTHEEL,

2. 2al—YavhE

Wt U — ROBSATL, BT MO — R ItEMsE TR
THLT 53], BT o 2id, BVmEIC LD BGREA, &
WY — R TOY 2— VB ~LTF = h BT LD EUR 7))
WEEZD, T LT, HAGBHADEE, MEIH A~DER
FEICL D S AHENDEEEZBHE T TR B, f=
0IXM=EmAITH S, f=11%, BOWHSGMHT, ENY —
RCOFENE AN A DEIRNEEA G L 70D, v AT I
MODEFITALEBRT D56, f > 1LOETERIET 2,
INE A== AR WS, Fio, BVER 71X IR
WAL, BEVERAHED D EVR A B AR/ N T DR T
(Shape facton)Z KT, DL X DB AREAFF LT,

3. HREER

TN E UCHBEICHWEAEREZ R LIRS, ik
Y=~y 7R DORE VR 1, 2 L=y 725D
INE V3,4 B o, BVEMBHE, OB SIS
U CTHREDRZE(L L BB 1, 2 13, B—_ oy 7485 k& <,
BRIEI L/ NS WAEEREORWMEITH D,
[REBHOBE L T ABHOBEI 4570 D VB
ZRAWTCHE LR AR Fig.l 1oy, HAGEOE
Bl A== T AGFMNTHE LT, BEBHIOLETY,
PCL Z W /o 72854 (42.5 WIKA) & 0 2B L
TW5, LT, e, 2 TIEBEYR AL 30 WIKA LL T

Table 1 Thermoelectric parameters for the model samples
Electrical Seebeck
resistivity coefficient
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Sample 2 1.43E-05 2.82E-04
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Sample 1 Sample 2 Sample 3 Sample 4
Fig.1 Heat leak for the model samples
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Fabrication of apparatus of Slush Nitrogen Production
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Fig.1 Apparatus of slush nitrogen production

Fig.2 Solid nitrogen particles
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Fundamental Study on heat transfer enhancement with metal porous media
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Study of cryogenic cooling system for superconducting cable
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Superconducting properties at high temperature region on the Cu addition MgB,
multifilamentary wires through low temperature diffusion process
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Flow characteristics of solid—liquid two—phase flow in cryogenic temperature

N IEFE, MTH B, K0 AR, PR BT RBF B (Ri)HERYERT)
IKEUCHI Masamitsu, MACHIDA Akito, YAGUCHI Hiroharu, NAKAMURA Naoko, ONO Ryusuke (MYCOM)
E-mail: masamitsu-ikeuchi@mayekawa.co.jp

1. #5

— R E R s — T L G E A A
(Sub—Cool) IR ZE FEDME FH STV DY, ML TIHOKZE)
(235 B LERE R ORI EVO R A FREL 35 AT v o
ERHPEOTFEEIToTCND. TNETAT Y 2B FHOT
PIRIRIE 1. 4mm F2EE L PRl R &L, AR IR R - 2300
B, KL A 2V R ER B G J7 4R A 0 B K [1,2] R0 & i 4y
BENAEL D, T TAT Y 2 BHR/WERI BT D hom/ohi 2%
EMERNCHEIR G A7~ 03 32— a S AR 21T -
7-.

2. fEi

AT T AT SRR T AL T DL D LRIC NS
14mm &L, HA T HEICEIL T, 300mm DEEELT 3 Rk
T RAT A SR L7 RSN DS S I A Wi % H ok
RIEEL, B DRI E/XT A=K ELT-[1]. Fig.1 ([ZfEHTE
TIVEIRT.

flow direction

) inlet — > outlet
L . @ 14 %X 300 mm

Fig.1 Model of flow analysis

Fig. 2128 PRI L Amm OB - Z i LT- L X DFALD T
2l —al R AR, ILE NIC63KDR IR E R &L
72 2E&C, FIREZD0.2m/secE@1m/sec THiL7-E =D
B ThD. EFEID0.2m/secDE, ki< E D
WA I ERICIE R L TR 13 2 J KPR I K0 AR TR
ER|ET o, BRAMNENTICIREL CLES. &l X
ZRTH, BT O BRIV FEBlo b - HERE L CL
F9. FWEE 1M/ sec THL Th, R4 ITIEFEAE DRI+
B AEILE L T, FRICET AW T 0%
BTLED.

¢14 — > =T e
e p——— -1g 14 e
_ _, i1

== S :[ ]
0 50 UL L =
: SR

(Dinitial velocity : 0.2m/sec (0.2sec)

i, e
@initial velocity : 1m/sec (0.25sec)

Fig.2 Particle distribution in a duct

I CAT Y 2 BHRNE NI T DL Fin b
DFEEAT D720, [ERRL 12 & B N O BIfR 2 Fig. 31
R MO Ty M E300mmO P A AR O M L0
WKL DO PR AHERF L= £ %, RREM 2 RS FIcing
MEIPERIPREVEROFBAMETEL TS, Fig. 30 B
R XD IS0, 2m/sectZ BN TRIFES0 u miHy
AL TS DITRI LT, RIAE100 p m LIl F 51
i F-RSHERE L CLEIZ L bND. 57 DTy hd FHT
AR OIS, B LIIHERT T A2 R8I
725, ENPHEIZB W THEIRDN S HET A2 LT IalE, 7
X0 B OFSEE IR T I E SN B RS,

initial velocity [m/sec]

0 05 1 15 2 25 3 35

particle dia. [mm]

initial velocity : 0.2m/sec initial velocity : 0.2m/sec

particle dia. : 50 u m (1.2sec)
Fig.3 Relationship between particle dia. and velocity

3. BiEt

ARFGENE, MSTATBOE AT 00—« TR A B
MR (NEDOHITBRSEIERE) D70y 27k (A v Y LR
T SRR AN B ) O —BRE L CHEMLIZH DO THD.
IR SN2 Dt B a R T 5.

SE

[1] Tkeuchi M, Machida A, Ono R. Fundamental research on
flow regime of fine particles in liquid Nitrogen. Abstructs of
CSJ Conference (2007).

[2] Ishimoto J, Ono R. Numerical study of the two—phase flow
characteristics of slush nitrogen. Cryogenics 2005, 45, pp.
304-316.

particle dia. : 100 x m(1.2sec)

geoopzooooooooooobooon



1D-p02

gooo

Ao aKFRLEBEE#BZEIRALA-KEZEIRILEF—XTLOERE

Hydrogen energy system using slush hydrogen and superconducting machines

KFE W57 CRACK wieisnr)
OHIRA Katsuhide (Institute of Fluid Science, Tohoku University)
E-mail: ohira@luna.ifs.tohoku.ac.jp

1. [XLC®IZ

TR AR K 3 W [ AR K SEORE 1~ 23 RAE 9 2 ARG IR [ — AR
AT v aIKBRIE, @B, WL RERE L TENT
FEZFFo TRV, MgB2 2l L7 B{ZEHE L AT
L& BREE B OFIRFRE - BT ATRE L 70 D, FERE
I 1 IORTZRAF—2 AT LAERRELTEY[A]. ¥
RHIEIC X 2 KFRIC[2], AT v 2 KFORE, &
PERRPEGE - WA, BBIEEMAIERE [1), AT v v aE
FOFE) BRI OV TSR - B2 Eii L T& 72,
AT DERMUICH IR IR O FRNEIC O THRET 2,
2. WMEAEECLDIEHEKFRE

WKL, W CHARMEIRE B, ERET 5917
ERVIRLCERE R ETHHIETHS, AN S G130
N =P AT N EEBTEDID | FERDOTALEICR A~ JFE
BB 1 DR I RE T b, FER AT IR B ik
& BKBEHAC D TEIELTWA[2], B 2 1R wE
DOEMER(GGG) DR - bt — X Th D, RERTIE
FilRsG SRR FE AN b R 0.36 Tis D& KFED R KiFEAL
12 50 cc/h M350, ZOBFD % A1V /) —1% 3T% Th-1=,
3. RTviaKkEK, RARKEDBEEMEEFMS

s E ST (SMES) %z BE LT, AT v
T KFE IR DI EME R O R R 2 & 3
VR T, WRAARIK SR DBMRZERENTIRARAY D L LA FR L D35
DAL IRIRAKFE . AT 27K FEOBRFEAGR TR A~Y D 2
JOEL WL L TEN TV D, AT vy 2 KR DOEMEEREL
VR AR 23 e R R A B T 2720 | AR K RIS~
T2, SMES OHENIBEN L K IAKE DT D,
4. RS9 P1BROENRY - EYFHE

ATy 2B BT = RIRE R OE NI OE )
BREEMREREEE 4 (RS, ATy alitiRoE I8 K
RIRsh F MBS A LR E DS S E7 o T2, @i R X IE
O R ABTE IS A RIS U TR DNIR IR
ERFRESE S b LURIRIR LD/ NS0 R T8 ) o
RIS AR C& B, TE D8I LOBMR R MK 57
PRV AR - 23 A5 il 7 L SR B L | A8 Hp R ob AR - i
DVERECOELTR IS E BB BRI T 57205 2 bhb,
HEE

AWFTED X, B sE B4 (J4E B 21360091)
W&V FEmL,
SE
[1] K. Ohira: J.Cryo. Soc. Jpn, Vo. 41(2006) pp. 61-72.
[2] K. Ohira, et al.: Adv. Cryo. Eng. 45(2000) p.1747-1754.

1 Slush H,
=[ i Production
Hydrogen (Auger Method)
Liquefier 4[_ ] v
jeelel | Sushty
Power Pressure Drop & Power
Transmission Heat Transfer Transmission
Terminal Characteristics of Terminal
Slush Hydrogen

Liquid [ Fyel for Fuel Cells
C (Automotive, Residential)

Superconducting Magnetic
Energy Storage (MgB,SMES)

Superconducting Power
Transmission (MgB,)

Refrigerant: Slush H,

Fig.1 Synergetic effect in combination with slush
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Pressure drop reduction of slush nitrogen flowing through a constriction in a pipe
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Fig.1 Synergetic effect in combination with slush
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Fig.1 Experimental apparatus for the cavitation test of
subcooled LN,
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Fig.2 Temperature and static pressure at the nozzle
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Fig.3 Photographs of cavitation at the nozzle throat.
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Fig.4 Temperature and flow velocity at the nozzle
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1. Introduction

Austenitic stainless steels are extensively used to construct
cryogenic  structural members. In the superconducting
application the alloys sustain high stresses in high magnetic
fields at liquid helium temperature (4 K). It is known that
plastic deformation at cryogenic temperatures induces
martensitic transformation in metastable austenitic steels and
that the presence of a strong magnetic field enhances the
transformation. If the metastable austenitic steels undergo
strain-induced martensitic  transformation under service
conditions, there may be unanticipated effects, such as changes
in the mechanical properties that can potentially degrade the
performance of the device. Also, the components of the
superconducting magnets are subjected to loadings in service
that are cyclic in nature. Therefore, an understanding of both
the fatigue crack growth and fracture characteristics of
structural alloys under appropriate service conditions is
essential to evaluate the structural integrity and useful life of
components. Recently, Shindo et al. [1] investigated the
fracture behavior of 304 stainless steel, a metastable alloy, in a
4 K, 6 T (T: Tesla) magnetic field environment using the
compact tension (CT) specimens with side-grooves. In this
study, we report examination of the fatigue crack growth
behavior of 304 stainless steel in cryogenic high magnetic field
environments.

2. Experimental procedure

The material investigated was SUS 304 austenitic stainless
steel which belongs to the class of metastable steels. The CT
specimens having width W = 25 mm and thickness B = 5 mm,
i.e., 0.2TCT specimens, were machined from the plates. The
geometry and dimensions of the 0.2TCT specimen are shown
in Fig. 1. The specimens were precracked in fatigue at liquid
nitrogen temperature (77 K). After precracking, a side-groove
was made on each side of the specimens and the net specimen
thickness By was 4 mm.

The fatigue crack growth tests were performed at 4 K in
magnetic fields of 0 and 6 T using a 30 kN capacity
servo-hydraulic testing machine. The tests at room temperature
without an applied magnetic field (0 T) were also performed. A
cryocooler-cooled superconducting magnet was used to create

R0.25

B=5

unit: mm

Fig.1 Geometry and dimensions of 0.2TCT specimen

— 73 —

a static uniform magnetic field of 6 T normal to the crack
surface. All tests were conducted under sinusoidal load control
at a frequency of 3 Hz and a load ratio R of 0.1. The applied
load was measured by the testing machine load cell. A clip
gage was used to measure the load line displacement. The
instantaneous crack length a as a function of the number of
cycles N was inferred from the load-displacement slope.

Following the fatigue crack growth tests, the martensite
measurement was made. A commercial device (Fischer
Feritscope MP30) was used for measuring the martensite
content in the specimens. In addition, the fracture surfaces
were examined by scanning electron microscopy (SEM).

3. Finite element analysis

The fatigue crack growth rate da/dN can be related to the
J-integral range AJ = Jmax — Jmin, Where Jnay and Jpin are the
maximum and minimum J-integrals corresponding to the
maximum and minimum applied loads, respectively. In order
to evaluate the J-integral range AJ during fatigue loading,
three-dimensional elastic-plastic finite element analysis was
carried out for the side-grooved CT specimen of SUS 304
stainless steel. The incremental strain theory and von Mises
yield criterion were used. The J-integrals at the mid-thickness
of the CT specimen were used to obtain the J-integral range
AJ.

4. Results and discussion

Fig. 2 shows the plot of fatigue crack growth rate da/dN
versus J-integral range AJ data for SUS 304 stainless steel at 4
K in 0 T and 6 T magnetic fields. Although the experimental
data exhibit some scatter, the 4-K crack growth rate increases
in a 6 T magnetic field. The temperature and magnetic field
effects on the fatigue crack growth rates, martensite contents
and fracture surface characteristics are also discussed in detail.

1075E T T TTTTT T T T TTTTH
- 4K o 1
| .dﬁu i
| o oT [ ] 7
W0° = 6T L o0 E
T F S :
S O
g B ]
E 107 'g .
% c m O 1
= | i
8 u]
107 uf E
e =) J
10'9 | L1 11l
10° 10 10°
AT (kT/m®

Fig.2 Fatigue crack growth rates as a function of
J-integral range at 4 K'in 0 T and 6 T magnetic fields
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1. Y. Shindo, et al.: Strength Mater., in press.
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Fig. 1 SEM images showing the vicinity of the fatigue crack
initiation site of the specimens tested at 293 K (cmix=606 MPa,
N=2.13 X 10° cycles) (a) and at 77 K (o =404 MPa, Ni=3.86 X
10° cycles) (b).
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Fig. 2 Temperature dependence of the ratio of peak cyclic stress to

0.2% proof stress at 10° and 10" cycles, and crystallographic
orientation of fatigue crack initiation site.
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Fig.1 Temperarure dependence of fracture
toughness properties of Ti-6Al-4V ELI and
Ti-5A1-2.55n ELI at 293, 77, 20 and 4 K.
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Fig.2 S-N curves of Ti-6Al-4V ELI and
Ti—5A1-2.5Sn ELI at 20 K.
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Fig.1 Calculated distribution of hydrogen in the specimen
having a hole after 33000s at 50K, 100K and 150K. In the
calculation, hydrogen content at the inner surface of the
specimen was assumed to be constantly 30ppm in the case of
martensitic phase.
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High efficiency magnetic refrigeration at room temperature

—Numerical analysis of the AMR refrigeration cycle —
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Fig.1. Experimental apparatus of the AMR cycle.

Fig.2. Time dependence of temperature at each site.
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High efficiency magnetic refrigeration at room temperature

— The examination of heat load for AMR refrigerator —
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Fig.2 Thermal simulation model. Three arrows (except
for x—axis) express heat dissipated by convection,
conduction and radiation.
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Cooling performance of a GM cryocooler altering 2nd—stage regenerator materials (2)
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Fig.1 A schematic of hybrid regenerator materials
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Fig. 2 Cooling power of the 2nd—stage altering regenerator
materials
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Fig. 3 Cooling power of the 2nd—stage at 4.2K
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Fig.1. Dilution refrigerator.
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Fig.2. Schematic drawing of the apparatus under the
still.

A: mixing chamber, B: supporting ring, C: sample cell,
D: heat protector, E: receiver coil, F: tuned coil,
G: transmitter coil,

H: variable capacitor, I: connecting rod, J,K, L:
thermometers, M: specimen
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Estimation of Peltier current lead used small thermoelectric elements for Peltier module
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Fig.2 A schematic diagram of PCL for HTS power cable.

Table1. Optimum demensions of BiTe and Cu of
PCL for minimum heat leak

Heat leak[W/Al | BiTe L/Alm™'] |Cu L/A[m "]

=0 0.0316 41 27380
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Counter—flow cooling system with gravity—fed circulating liquid nitrogen
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1. Introduction

The liquid nitrogen (LN2) is usually used to keep the HTS
cable low temperature. The pump is utilized to circulate LN2
inside the cryopipes. However, the pump power is one of heat
loads for the cryogenic system, and if it is high, the
effectiveness of SC cable system decreases. In order to solve

this problem, a thermal siphon can be applied to circulate LN2.

Two possible system configurations have been analyzed by
Radovinsky and Zhukovsky [1, 2] along the basic idea
proposed by S. Yamaguchi as the collaboration between
Chubu Univ. and MIT. Here, we discuss the effectiveness of
thermal siphon with counter—flow circulation loop composed of
cryogen flow channel and inner cable channel. Such
configuration allows us to simplify apparatus significantly
especially for short—distance applications.

2. Model

The main difference with conventional system is that
through inner channel of a
superconducting cable, instead of through separate supply
pipeline.

coolant flows down

heat load ; heat load
L)
. L2 i up flow
I+ 77777777 7 7 ; )
¥ st down flow
| v ra Ll -
k2 Vi 777
L]
3 = - .
heat load b ¢ heat load P,

Fig.1 HTS cable with counter—flow cooling

In this case hydraulic resistance in the narrow inner
channel is high, the difference of hydraulic cross—sections of
inner and outer channels is significant, and parasitic heat
exchange between up and down flows due to relatively high
thermal conductivity of electroinsulating material is essential.

3. Analysis and Results

Numerical Runge—Kutta method was used to solve the
design equations. Feasibility of the proposed scheme for cable
up to the length of 100 m was investigated. Key parameters of
two—phase thermosiphon, namely mass flow (m,,) and vapor
quality () were obtained. It was found that both m,,, and x
are slightly depend on inclination of the cable.

Table.1 Design equations

Top part Bottom part

G, I ailr, ~1) e, i <z, - ;)
dx ’ dx ’

17, d : 1T, g
n'r[(] -x)C, + y(]t— i & =k(1,-1,)-q |mC, g =k(1.-1)-q
dx dx - dx )
dp, (dp) [dp\ 1dp, [Jp '/dp\|
dv \dx ) dx Jim dx  Ndx)gy \d¥/)pm

% dx

JJ-’.‘?:

dy L dx,

f e

aRrR2

\dx ) oq | dy L dx dx } i

5L=T,(p)

82 —

The calculated profiles of temperature and pressure show
insignificant differences of T and p in inner and outer flows at
the same height (AT, <1K, Ap,, <0.01 MPa) that allows
not to worry about mechanical stability of the cable. In the
case under consideration, the thermal-insulating properties of
standard electroinsulating material (polypropylene laminated
paper) appear to be sufficient. Unlike the conventional system
with the separate supply channel where the temperature
maximum is achieved at initial boiling point, in the case under
study T, can appear at some point of the upward flow below
initial boiling point depends on cable length and inclination.
That can pose potential threat of cable overheat in case of
underdeveloped process monitoring system.

09

0.7

X[

0.5

o i i i ]
20 40 60 80 100
L [m]

Fig.2 A plot of vapor quality at the outlet () versus
cable length (L.). Heat load is 1 W/m

TK

50 75 100
L [m]

Fig.3 Temperature profiles for 25, 50, 75 and 100 m cables

4. Conclusion

Results of numerical analyses indicate that counter—flow
thermosiphon cooling system is a promising way to increase
performance of short—length power transmission lines.
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Experiments of cryogenic system with ice as cryogen
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Fig.1 Experimental apparatus
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LIEON 2 o Tm, ZHUET—V R B & OKDNEY £71F
THAEMTIREENIK b ONT LEST-Z &nb,
T TR S < 2 BURE 2 KA 3 2RI T X 2o 0
T2 ENFRREEZBND, KE—IVROIREEEMEDD Time[hour]
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Fig.2 Experiment and analysis result
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Fig.3 Time trace of temperature and pressure
6. #5im when ice of 1kg is attached at shield
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Fundamental study of a cold storage system for HTS magnet
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AV ORI IERTIE 7.5 BRI E L RAEL U,

3. AREEEM
AT R RRET D72, PR EARYEL, Mk

Table.1 Specs of the cold storage system

llllllllllllllEEEIIIIEMMIII
Weight[kg] 10

Material Cu Al Alumina-FRP
Cold storage time 6 hours

Handle

Vacuum Vessel

dstage
Al plate

Multilam
N

HFRP support

MLI

Shield

Over view

Fig.1 Experimental apparatus
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1. K. Mizuno, et al.: Abstracts of CSJ Conference, Vol.79
(2008) p.139.

2. Scott TA, et al.: Solid and liquid nitrogen, Phys Rep
1976; 27(3) p.89-157
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Fig.2 Analytical results of coil and shield temperature
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Fig.3 Experimental results of coil and shield
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AC loss properties of Bi2223 tapes with resistive Ag-Au alloy matrix or oxide barriers
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1. [XL®IZ Table 1. Characteristics of twisted Bi2223 tapes.

Bi2223 A4 DI K Hi I fﬂ%@zﬁqﬂ CBWTCAHRE
%(mm%%)%ﬁﬁ#%t X, 74T A IOV A
A NEZTF TR NY TEAZEIC iéﬁﬁ%##gﬁﬁi
DUEATH D, Fxld, SrZrOz+Bi2212 (20wt%) /XU 7 D
AL 10 MU FDOY A A NEAaGbEsZ LT, €
EER F CORMERE S, (= 1271, o : fFEARFTEE) 7
100 Hz LA iz rar B U, P A JE RO 351 T 40~50%F2 &

DEEREFARLDOERNE b 2 & 2l L, —7,

VA AR E LAY TENENT T A B
TOBEBEEMPEET D EA2MRLTEBY, ZAnHEK
EIOLE T 1270 > T D ATRENMENR B D, AMFIETIE, MR
L0 7~8 ERRE S VEHTR (= 22x10° Qm@77 K) & #F
D Ag-AUBWIN) G A R &35 7 ¢ T A v N IR
RN A R MR L, SrZrOs+Bi2212 XU T AY Y A A b
FEM O TG AR IE & Lhile - BRE L7,

2. ERERPLUSBE

BRI K O I 5B % Table 1 3 X OVFig. 112
%2, Ag-Au BB TIZ T 4 T A v b AL OBk S
Fras7aunolzxt Lo (Fig. 1@) , SrZrOs+Bi2212 /NU 7 A

Y BB IR DT IR T 7 4 T A MR O
SR B E T MR T X S (Fig. 1(b)

TSRS By = 0.5 mT (2 [E & L CHIE L 7= %5 0 287t
A2 Qu D FNREULATIE A Fig. 2 1R, HIEMILRER
FANICEBIT AR KM Qnmex CEISZETT Y LTV
%, WEMICEENDMEATR Q03K & 72 2 A M
KPR A f, (o L, n 2 TERERER) (Sxhisd %28, [
CYAARE (Lk=9 mm) THRELZESLES, NUTAD
RO 1% Ag-Au GaREHE HEi LC 2 UL EEyy,
ELRE TR 2 IR 5 n BRI TR & <iEbZRVn 2
LEEETDE, NUTAVREOp 1T Ag-Au A4k
L LT 2fF 0L Emn I EAVRIB I LD,

Fig. 312, 30 Hz |23\ THIE L 72 Ag-Au &4l (L =
4mm, f, =160 Hz) BELONU 7T ADEE (Li=9mm, f, =
125 Hz) DT 7 7 2= 145Qml2Bs?) %77, L#gd

*H%?»%Lmbfﬁwt74ﬁfyhﬁtﬁ

SERICEMES L CHEMICIRLIEBYBADE AT U v
TS Qh 545 e TR IR, SRR e 72

% Bo lE LB B, ITIZITXRIISTHZEMD, EHHDEK
BHZBWTHAEA R LT By IXREE 4L, 747 A MH
FEAMH SN TWDZENHERTED, L) um% B, 1%
WD R /\u\i»U?ADﬁH@jﬂbv%m\ By » Byl %
Qn 1%, By IR KREWFEBE RSN D = }:75 D,
NUTA@%%T@74?%Vk%%%%ﬁ®ﬁ&mﬁ
LClxD7 07 Ay MHENLTHIEND LUV E
T Qn M L CWRWATREMES E W E B 2 B D,
B

AIFGED—ERIL, BHFEFEE B4 (No. 20686020)
(W) R R SRR E AT E AT ge B A, (W) s o ) i
B e g 7e ik (R-20302) , SEARMHAFFEBh AR F &
ONEAE H B R AR SR AR B & /’5’“‘%?%7’%%7"D vV x
7 MR ERCERLIZHDOTH S,

Matrix/Barriers

Ag-Au(8wt%)/None

Ag/SrZrO;+Bi2212

Tape section

2.5 mm x 0.23 mm

3.1 mm x 0.27 mm

Filamentary region

2.1 mm x 0.17 mm

2.7 mm x 0.19 mm

(Shape factor n) (~12) (~14)
No. of filaments 19 19
Twist length L 4mm, 9mm 9mm
Jeat 77K, 0T 11,000 Alcm® 7,500 Alcm®
| ALCBRNE S S S T T A R
SRR it TS e AR SR R LT R |
@ Interfllamentary Brldglng 7

(b) — —05mm ‘

Fig. 1. Transverse cross sectional views of Bi2223 tapes with (a)
Ag-Au alloy matrix and (b) SrZrO; + Bi2212 barriers.
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Fig. 2. Frequency dependence of AC losses Qn at 0.5 mT for
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[1] Y. Mitsuno et al.: Abstracts of CSJ Conference Vol.79 (2008) p.17.
[2] B. ten Haken et al.: Physica C 377 (2002) pp.156-164.
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Effect of number of filaments on the critical current density in multifilamentary Bi-2223 tapes
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1. ELCsIC

TRTE, Bi-2223 iy — A7 — THMICB O T EKEE
F&5 7 0 ARRC N EBERSALEE (ConTrolled Over Pres-
sure : CT-OP) 2175 T &IC KD, 7RO RKIERERS
WFRC LR TEHVERER I MEONE T EPREE
NTW3 Y, MEMSELWESERDON. HAER
WEIREERIC I B UTz, BEx B REEOTEEE D —D
12, Bi-2223 77— 7 OB OEMB X CHSIMEDH %,
Z T TARMIE TIEINERATEIC X O FRE N2 D
B3 Bi-2223 7— M OB R E R HIE U
FOHEREPLEHOENNED XS IR icEER S
2B EMRET %, £z, RV —T - TO—FF
W WTENT ZIT0, RREmE Lo XA h = XL D0n
TEREITI,

2. B
EEICHWEERIZ PIT Elc X O EEIE N/ Bi-
2223 Z T — TEM T, WINE BRI ITE
BEEEZ O TR EN TS, Tabel. 1 IR D
T3 KIBIAEHCHMATTO I, &5z, #ll
BN IFEFRPYE T & SQUID I X 2 B tiEx A
V. =7 U TR REE AN L SET A IR
FihnUClE LTz, EREME L. =1.0x107* V/m &
U CHSREREE J. 2 E Uiz, F£iz, gz
J.=1.0x 107 A/m® LR BWRTER L,

Tabele. 1: Specifications of specimens
TR LA] Sl
#1  155A 55
#2  190A 121
#3  190A 211

3. BRRUE

Fig. 1 IQEFPUSH FEIC K B 77.3 K. EERSR FIC
B ZERERBEOWAAF 2 RS, (KRS
WKBWT I OEWiE#2 L 43 D J. &L, I D%
VRl PMEWER L o, — A, BRSEE T
3#2 OWSIC K BHIENREL, #1 LABEOMEE
T J.IMETF LT3, 2FEMIC R TR ZVOEEZ
E J. OWFUREED B WVER oz, Fiz, OED
ZVERNE ERRHFHEA DK ENMEARNH S T &b
Motz ERETED J, im0 EAMeNTED,
HAMAFEOY VANV EEZBND, Lo TR
MEZ =T LI KD ZDRAEMNEZ J, O AR
ROm I8N -TzEEZ 5N S,

RICAB OB MIEZFHES B /zdlc, J. OEGED
REFURAZME #5TE U 72, Fig. 218 J, ORAMOREE
Jo(0°)/J.(90°) DESURAFEZ RS, T TR, 7—
THEICFATICHESR ZHIN L 2R &R 00, 57— 7 H
WCEEICHRZEINMUROBER 90° L LTW5,
Fig. 2 h 6l BAMEDNSVERI#2 TH D, X
#1, #3DIEETZ>TWVBD, Ko THEGDEMHEIE#2
MEEEL, #3DPRLEVEIICHA S, LEHAZN

BT T T A REMNE L, BHRENZ LV, 8RBA
OO S ORIMME X BUVEMICH B L RRERIICH
ENTED, #30EAFHRIRENETHEINED, T
MhonnifERekolz, Tk, BAHICE 7oy
I EBOBIZERYEEETLDT, Fig 2 TRT J. D
BAMOKTOEREE. il misorientation & DFE
M7 L CREMICHNT 20803 h 5, TORRE
MEHIFHEZLHICITS, £72. SQUID WiEHc K%
B LRI K O RIE U 7z iR E TS E O/ Rt
OARAFAROFER., WMEI7 V-7 Ta—F7)UIC
K BANTIE R G UHAEEKT %,

o T=77.3K
B 1 tape
10° R
N’E @
<
e B
107} g
A #1 O
o #2 a
O #3
10°
107" 10°
B[T]

Fig. 1: Critical currrent density in a normal magnetic
field at 77.3 K.
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Fig. 2: Field angle anistropy of critical current density
at 77.3 K.
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Effect of post annealing on the properties of Bi2223 tape
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1. [ZC®HIZ

$R— 2 Bi2223 DBERL a2 AZINT, AR TEL
B 726 EIARIR CORART =— L (PA)Z ANDHTEITE
0. L FER T BT A2 ENHAESN TS, Fox XA, &
IRB40°C) TORERK ST TIXEW L I3GEL T, W KIR
(820°C) 721 THERE L7=35A 1214 Bi2223 FADAEFRIZIR WG
DO BUf7e [ NGO A dlE L[], b8 PA Dk
FNELTIE, (Bi, PoyIBREEAR DR ~DRATES 1k SAKIRLE
FEIZRBIT DR OB EEFBEVEON ETHhHEZ R B, ¥
FHNZE L ESDT DI IRBER & PA OB Y7280 45
DENEETHLHENZ LD, FIREICBITLHRICONT
ITEE TN TIFR Y, ZZTARFFETIT, Ag-Cu &
43— A Bi2223 B OVERL T 1t A2\ T, fl A D 2 YEL
WLER S5 — TRER ATV, E DI OV TRETLTZ,

2. RERAE

FBFE LTI, PIT IEICEDIERIL 72 19 850D Ag-2%Cu &4
A Bi2223 T M A A LT, BRI S LTI
%% Bi:Pb:Sr:Ca:Cu=1.8:0.3:1.87:2.0:2.6 LL T, 2 ¥y RiEIZ
IOPERIL - RBERY I C . Bi2223 #HE TAHET D Bi2223 %
2wt iR L7eb D2 A L7z, VLB L Tl T R&H
840°CT 20h —RBERLDE, HIEEILAAT o7z, Z D%,
WRBERLE L TRRH 840°C T 3~150 FRRIBER % 820°C25
Hifi] PA Z21T-7-b 0, L0 840°C T 150 FEBERL %, 810
~830°CL PA JREAL X -8R 2 8 2 ERILT-, 50728
BHZOWT, B 4 3 FIEICRD /3, SEM (2K D40k
fili. XRD {245 Bi2223 fHOA RO FAMZITV N, 2 R BER SR
PEOE NI DOV TIRET LTz,

3. BWRRUER

840°C TP 2 R BERLFEM A 2 7230k D | Bi2223 FH A a3
L L ER LISRT, RIOXHIC Bi2223 FDOA AR 1T 3 BEM D
FER T 90%IZEET D28, J, 1 FBERR M A O ki E AL
#9100 B CRIFN 9220305, ZHOFEHO SEM
25 3 BERIEERR LB TR R AE C AT Ty 73
PRI LT3, 10h Btk CTldr 7y 73720 | LItk -
BCR DO FE SRR T 20 M bz, —J7, 820°CTD &
THERK L7Z3UEHCI, 150h BEpkitt b7 7w 7 DI R b
722 &, 840 COBERRAC KV R E Co T v MEM T
L3boolz, ZOZENLET 840°CTY Ty MEIE Lk dlhL
REASEI% ., PAEZITHIZEN, @ LEGDOIA D TH
HEBZHND,

PA IR L2 28 2 TR 72308k D Bi2223 FRAE AR & / 2
2 1R T, RDEHIC 815 CTHAMBEL=ak B Chleb @
PELITZAY, Bi2223 E Rk RIL 825°CTUT Thieh iV Vil 72
V., PA IREZE|TIE T4 5L Bi2223 OARRLIL T 5
MA RS, 77 820°CT PA W4 75 B L7224,
S 2.3X10MA /emd)ED PN EF-L=A8, Bi2223 FRAERL
LITWIAE T DM Z R LT, PA IREEIMEL, E£7- PA I
N EUVNEE Bi2223 FERAME T LZ#H LT, iR CFLE
L T2 (BI, Ph) it R AR A3 R [ 3 2 B RS MV ME &
FERRAIC Bi2223 X0 Bi2212 #HE720 F< . PA BRI AME <A
DHIEE Bi2212 FHOENHE 2 | FEXFAIIC Bi2223 ELE MK T 9
HZE, BAHWITIRE MR SRR BRI Bi2223 B
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FECIF7e< Bi2212 fHE D HAFFRIRE /p o TWND T EENE 2 S

NDo LNLZRIMBA RIOEERO S O#PH T, Bi2223 A

DHRITETFLTH, PA (22D LOE FIIROLNTEL T,
PA #£12 Bi2223 #HD IR & E RO ZENTEIUL, B2

DO ERRTED,

4. FLH

Flize D 2 WHERE /<2 — 2 TEMLELZAT N PA §F0E W
WZEDBIZOWTIRFTE T2, T ORER., 840°C D BERS
THIRERIC Bi2223 #HO LR K O T 7 OB BT Z &0
MR TET, Fo PAIREAZ(LSE LA, 8165°CT Ml
E—2% L, F2 PAIREIMEL/2HZ LT Bi2223 D AR
MK T T DM ER LT, ZHHORE R L0 | ABESA:
Yl7p PA IRE BRI O AA DR, @\ L &21557-0ICH
FETHY ., Bi2223 WA E DO OKIE T A2 LT
LELNDAREMERHDHZEM DT,

S E Xk
1. Y. Nakamura et al.: Abstracts of CSJ Conference, Vol.79
(2008) p.168.
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Fig.1 Effect of sintering time on the ./ value and conversion
ratio from Bi2212 to Bi2223.
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Fig.2 Effect of post—annealing temperature on the /. value
and conversion ratio from Bi2212 to Bi2223.
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YBCO EBEBMBEMDBEER/NILABEICKDFFIESILEAER
Degradation of YBCO Tapes due to Over—current Pulse Drive

A B4, FOUE, FHE S, Al Bk (BT ;
HiE M (ZU77) ;5K thia (WRER /K B, mil %— (HFETLD);
EAE IES, FosR BERE, (U OBE, i) @b (ISTEC-SRL)
ARAI Michio, WANG Xudong, UEDA Hiroshi, ISHIYAMA Atsushi (Waseda University);
SAITO Takashi(Fujikura); AOKI Yuji(SWCC Showa Holdings);YAGI Masashi, MUKOYAMA Shinichi (Furukawa Electric);
KATO Hideyuki (AIST); SHHOHARA Yuh (ISTEC-SRL)

E-mail: atsushi@waseda.jp

1. [ZC®HIC Table.1 Specifications of YBCO sample tape

YBCO #BEERA OE I FHITBW T, 223172 E&E Samplel
MOTADEVIRERE EH- U M OR R AT 528 Manufacturing Method IBAD/TFA-MOD
BEZBND, ZDTOMM ORHEL(LLHHRL 2RO Length, mm 70
R AR OIE - D 1S EL TE X DN EN DD, 22 = m#t:’ mm ?go
TH 2 IS CBIAR O R @B T A L BB L Ag T s ﬁ o %0
X%%(:J:%)?—f‘lﬁ%ﬂﬁ?ﬁ%ﬁ%ﬁ‘oiﬁgl[ﬂm][?ﬁo’ YBCO Thickness “m 15

; I%”i‘ 275kV #é%;%gofﬁfzw7wgft\iij§ CeO,; Thickness LLm 1
IBAD/TFA-MOD # WTORE R VAW EIC : -

. ~ AT . Gd,Zr,0; Thickness Um 1

) VA = . A I H. N i Ny =4 .
ﬁ%ﬂ:f%ﬁ%ﬁb  FHAEBRIAI O e i B [ IE L7 Hastelloy Thickness U m 100
DTHET D, Operating Temperature K 17
2. EBAE

EBRIZFWZMM LR A Fig.l (ORL, #6 Oca
Table.1 (27”9, FEBRTHWV-#4413 IBAD/TFA—MOD
TERESNI-b O TR EEELTRIE O LIZ8ign %
fHFEni=bDTHo,

FEBRIE GM BRI XA H G XA B L
NS AL | EERIE L 77 K TIfTo70, MMk W, &
JE& oy X0 TN K ZLE (FD 35 Vi, Vg, =
Vo ELTZ, EERFNNILL T D Th o, Fig.1 Arrangement of voltage taps and thermo couples

O XE O EIE L (1 1 V/em HEHE) ZH1E

(i) £ LA Eoi i SV A% 1 FhRlEEL

connected to the Current Lead  umit : mm

Tape Thermo Couple
(chromel-constantan)

SRR DHEH R AP L B B R 2 5L - ] 100

GO L ZE L, L0 Ba iR 70 T 1 o
AEOEBCHE, [RERIC T2 A REOEENEG ENDT 160 | | | e oo
0.2 ALLED [OT Ok L T LME T4 52241k 150 |2 5 | olewoon
LEHRL, SIS ORBEEERELNELL, L OFE 2 g % | mecron
ﬁléﬁYﬁu%ﬂéiTi@%ﬁ/\ofl/xmﬁ%j('fE ]peak %_’J:H‘foﬁﬁ)%(ll)\ < 130 300 % “*=Tmax (300A)
(iDOFIEEARD KL, HEPIARF DR B EERE 7, 23K 120 { 100 2 e 0o
w1, :;2 i 100 ——Tmax (3194)
3. EERHER 90 0

Samplel D EER#E R% Fig.2 |27~k 77, Fig.2 (2B TRl Vi2 V23 V34 V45 V56 V6T VI8

KzRL, 1t EtEs 77 (£ BRI Initial, - Se“ifg' , J
[,4=300,306,313,319 AR [ AR, LRIEOEERR T Fig.2 Distributions of /, and 7},
T—=AN—=TRLTWD, Foft@h L rif (TrolHEIC

B . . I i
1,,=300,306,313,319 A) A% 7, Rl CD, KBS RS e ] [ o
]peak:306 A@i@%?ﬂi/%lx%@@%&:ib V78 73)%‘{!31,\ %'ftﬁﬁ ztiﬁjbm: r/r/]\U?A;rﬁﬁ EE% EEJ]&“‘TF*E%E7 D/:?]\J (2]

ALY 514551 K Lot £ [, -310A iyl o e T NEDO OFFLCLVRIELIL D THD,

peak

ADIBREIZEY Ve, H{EL HALBHLAIR L L 578-616 K &72 sEH

7% 1. A.lshiyama, Y.Tanaka, H.Ueda, et al.:IEEE Trans. Appl.
Supercond.,vol.17(2007),n0.2,pp.3509-3512

2. A.lshiyama,Y.Nishio,H.Ueda, et al.:Abstracts of CSJ
Conference, vol77(2007)p5

4. FEHESEIZDONT
AENE 275kV #D YBCO HEEA—7 LIV SND

IBAD/TFA-MOD 122U~ THALBRAAIRF O f ki B EE R 3. A.lshiyama,H.Kono,H.Ueda, et al.:Abstracts of CSJ
%Yﬁ”ﬁbflc él\?(ﬁ L\i Sample ﬁi&i‘g%)‘g—k&%) L:\ ﬁﬁ@ﬁb@% Conference VO]79(2008)D176

DK O T Jg O BIYE D 72 B EEBRL T T E '

TdD,
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TFA-MOD £l2 & % YGABCO @M DEREBRISMEICHIT 5T/ FDEE

Influence of nanoparticles for ciritical current properties in TFA-MOD processed YGdBCO coated conductor.

ey 3Cth, &RG thig, RN B, /NEER HEE], fn T BR5 (LK),
o S (AR, FIS HEAE, SIS (SRL)
MATSUTANI Fumiya, TAKAHASHI Yuji, KIUCHI Masaru, OTABE Edmund Soji,
MATSUSHITA Teruo (Kyushu Inst. of Tech.);
MIURA Masashi, IZUMI Teruo, SHIOHARA Yuh (SRL)
E-mail : matutani@aquarius10.cse.kyutech.ac.jp

1. ECsIC

TAF-MOD I &> TFRE N2 ER REBCO ###f
(REALEH) 12, KORANTHHTEhOHELEREIN
TEH, ERicAmT THRREBEREE J. O
WOFELLZEENEENT VS, FFIC SMES & EA
DGR BNT, R TTD J & c A RIS Th
. BTOWRABICENTH FEBEHRERD S,
REBCO EREICHBIFZWATTO J &, ¥ hizm b
TRBLEILEDTRELAEBEEIND T EFHISENT
B, A FEE LTH S Ar—)VOJEEEE A
BATAHZENBEIFENS, TFA-MOD iEIC K-> TiE
ERNICALE Y (APC) OEAZTTS Z £id, PLD %
EREANZXLDREZDOTRETH - -, HFE
BRI Zr BEIMA S 2 & ¢, BZO OF /hi7-HEN,
TOWHREFANCHBNT J. DA ES 5 ENREE
NTW»3 [1], LAhLThS REBCO M +BZO ICH
T 5FMERAERFLIIRE SN TOERN D, K
7Tk, BEEEOEIMN0.5 um O BZO 7./ HiT
MEA TNz YGABCO $MICDWT ., EiRfEEHIE
TR B E 2 S ICT %,

2. RER
SREFEHLUZARME, BESEKRE 05 pm O
TFA/MOD #iC & % BZO F /R THEA I i
YGABCO (Y: Gd: Ba: Cu= 0.77: 0.23: 1:5: 3) ##f
ThbH, kRDIH, F/RFHEAITN TR,
YGABCO M ZH L, Table 1ICFNSDETERL
TWb, EHRBIREE J. 27 57D, SQUID
fig JIEHT & O TRWVIR P CER L RE 217 7o
HIE DB, BEFUE ¢ BN R U COPTFICEin L7z, R
ARG By (& J. A8 1.0 x 108 A/m? I UT=RIc
KOWRELT,

3. WRERUEE

Fig. 11 20, 70, 77.3 K D J.-B FpfEExRT, KR
THIEICHBNT BZO F/RAFOEACKD J AED 2 {5
DUEEL o> TWAT EnE, TNEDOE VIMERLF
TEHHNTVWEEDEEZI NS, TTT, BV
NEBEOENSERT S0, ¥V EBEOFIK
7% 7% Fig. 21R LTz, Tk s &, BZO -/ kit
DBEANCED F, 3mlksLetic, ZOE—T7N
BRSNS > T35, Tl NbTi BEEKICEN
TETH5B o Ti HETHYDH T 21EBEICET S
Z 2] EEULTVS, AT, TS5 LkEYZVY
ZilticEhhb 53, RO ZEIENE W,

INHDEVEAICXBEEIC DV THMZRS 2
BT, W7 —7 - Ja—EF IR HAWNT E-J Bt
DOEREEEMEREE T v T4 T &8, §onkE
VU e RS A= K DR BN DWW TE
T AN, Bl RERIE N HIT O,

Tablel: Specification of specimens

specimen  thickness d (um) 7, (K) process
#1 0.5 90.0 MOD
#2 0.5 90.2 MOD+BZO
10"

8 . . . L XA .

0% 2 4 6
B[T]

Fig. 1: J.-B properties at 20, 70, 77.3 K.

[x10""Y

2r #1 #2 ]
0K —e— —m—
773K —o— —a—

BIT]

Fig. 2: Magnetic fields properties of pinning force
density.

4. BEXH

[1] M. Miura, et al.: Applied Physics Express, Volume
2, Issue 2, (2009) 023002

[2] T. Matsushita: Flux Pinning in Superconductors
p. 399

HEE OAMIUE. Ay MUY LREEEE ) RIRIN
BFO—IRE LT, ISTEC %Zi# LT NEDO » 5 DFE
R TERBLIZEDTH %,

geoopzooooooooooobooon



1P_p14 YOOO (1)
CVD JAI2&% YBCO M DML EFNFHICEEERENEZ HEE

Superconducting layer thickness dependence of magnetic relaxation property
for CVD processed YBCO

EiE MR, AR #5E, KN B, /NHEE (ER]L, AT RS ULLKR);
KT 3, I, R B, BR ER(PEHEN);
(PR R, FooR REES, MR @k (SRL)

TAKAHASHI Yuji, HIMEKI Keizo, KIUCHI Masaru, OTABE Soji, MATSUSHITA Teruo (Kyushu Inst. Tech.);
SHIKIMACHI Koji, WATANABE Tomonori, KASHIMA Naoji, NAGAYA Shigeo (CEPCO);
YAMADA Yutaka, [ZUMI Teruo, SHIOHARA Yuh (SRL)

E-mail: takahasi@aquarius10.cse.kyutech.ac.jp

1. [ZC&HIZ TENZONWTEMEIT I, BRI U — 7" Ta—FF
YBCO #4137 i S B s L () R 2 s 35005, It AT RRAT . L ORI 5m :téu 1T

SMES 72k 4 728 I B HIFF SN TS, 2R ETRICEN N " " "

TR V2RI R OVERLE L LT IBAD/PLD IE2NVH VB 3 20K

728, EAUEOBLEN SO VERIERR AL TND, 20 10t} ® o on| 1

{1 G IBAD/CVD ?ﬁliﬁ%iﬂé:’x]\ﬁﬁﬁﬁf“%w\Haiﬁ@%‘fi o e, e
* o

MBS FELRENTNWD, ZNETOIEND, HEkD
PLD 50 CIIBEEEOES] iofﬁunﬁ%/}lhﬁ‘r$ﬁ§§$
BT ENFLIVTERY, ZORERH L S 7=[1], CVD
EBMIZOWTH RO EE NS, F2, SMES D

FZHTZ0 | b OB EE B R OFEFFFIEE TN T A2 808 10"% E
EHETHD, ZZTARBIZETIE IBAD/CVD-YBCO T —7##
H@E@é%ﬁ'@Féﬁﬁ%‘é%%iﬁmﬁu%ﬁa:&zﬁ“%ﬁ

IZDOW TR AT,

J[AmY]
*
*
¢ 0O
* O e
*
*
Oe

2. BB

#UEHE IBAD/CVD HAICEDERIE 72 YBCO #4461 Tdb, Wy
A REE % 0.18, 0.45, 0.90 um DFE R M S0 H L , . B N
FHLOT., TRLEZNENEL #2, #3 L L7, 3B Fig. 1: Magnetic field dependence of critical current
ORTHEOITS R OB RIREE 7,% Table 11557, density at 20 K.

HIEX SQUID 152 W= B LIRTE D J-B ¥ 0.08F T T T —
M | BALFEFNRHEDND RNT OV RT vy b O &
LT, 728, BT T — 7 DR R L CEREICINZ i
72

Table 1: Specification of specimens.

specimen thickness @ ( m) 7.(K)
#1 0.18 87.9
#2 0.45 89.5

#3 0.90 88.5 r 20 K exp. 1

0.02f #l o E
# B

3. fERR U LooR* 1
Fig. 11220 K TOARELD J-BRiEA RS, BEEEE
ﬁ)%b\.ﬁtﬂ FE L BRENVTENS D, ZOEH7 R 0— 5 : 2 : 6
I, BB EEERCIC I HEE LR OLIENRIN THD B[T]
&%z%héo
Fig. 212 20 K TOERBID Uy B ErItEE 17, (KRS E
CITEEEEOMOREI L AR b E Uy 2T,
EREREIL TIE, #1 D Uy R E D LTV B ERS
"D, ERERE I ). OB EAKE . FEMC I O BEE AMFIEIL, AN Y LRBEEE I ISHANBI R D
WEWEEID Uy MR ERMEE R L2 BND, —H. —EREL T, EEL=bDOTHD, 7B, AFFRICH W=
ERERBER T EL O Uy 8k X < b L=olE, el YBCORMA VL, A NI LR T i B R B s O —
M OBEGAI72BER N RV A AL 2T L0 &l C Br &L, ISTECA L CNEDODZFEIC L i EE 1 73 e

Fig. 2: Magnetic field dependence of apparent
pinning potential (" at 20 K.

EEBEAMATEY, 2 KL =0 7 Lo T5HTD L72bDTHD,
LEZLND, ZODBEYEE TR AL FAY A X
MRS CTLEN, Uy Nl Lzt E2 605, SEXM
S HICRADIEEFEKCTO Uy DRERIKTEMEIC DWW T 1. ARG 5 73 [EHKIE 15 BB E LS e
LA L. BT X o TRALRERERER & o X 5 1221k 1E-p06 (2005)
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Effect of heavy ion irradiation on the critical current density
of DyBCO coated conductor

KT #hEE, B B RN BR. /NEED R AR R (LK),
M2z 15 (JF+1H%H%); Werner Prusseit (THEVA Gmbh)
MIZUMA Yuki, ISOBE Gen, KIUCHI Masaru, OTABE Edmund Soji, MATSUSHITA Teruo (Kyushu Inst. of Tech.);
OKAYASU satoru (JAEA); Werner Prusseit (THEVA Gmbh)
E-mail : mizuma@aquarius10.cse.kyutech.ac.jp

1L IZC®HIZ Table 1 : Irradiation condition.
REBaCuO A s8I 3 ik - mi A i CHEEN 7= i LB .
BEAFS - LB TS, 0= & LD BRE T on _enerey MeV) 1, (nm) Bp (D 7. (0
DIGHIZHENR SN TE Y L0 —J8 O EREE D Au 320 8 1 88.3
EBRROOENTNS, TNEFEBTH-OICATE L DE
AN S TND, Au 200 5 1 89.2
A F T BAEREE oM EIZE R KO SR o0
T B AT DILTU A2, AT T DyBCO Au 200 5 2 872
I— MEMIZW L OO BRI 55 TEA AU REE L Ni 200 2 1 89.6
CTHFRIR KRG 25 U KGOS A RSB M g B i -
B2 5 BRI, Ni 200 2 S 89.3
A ' ' 20 K50 K70 K77.3K
= u before © = 4 v
2. RE& - 320MeViT © o A v
#EHE THEVA GmbH |2 & 0 fEf. & 7= DyBCO =1 — #3386 ¢ 200MeviT © = A& v
MG, JEX 90 um 0 HastelloyC276 ki iz, th *e, B0gg,200Mev2T 0 = v
fiE & L ISD(Inclined Substrate Deposition)EiZ & - Ba, * o éoéoc' 8og
THERE L7258 3.7 um O MgO Jg&. £ 03 um aadhg * o 3%9c80ggy
O MO ¥ ¥ v FBEMML, €0 ki kK " THeg, :
(co-evaporation)iE(Z L > T/EE 1.5 um @ DyBCO &% ﬁAA e L ffBop,, o
HERRS U RRICIES 05 om0 Ag (RAEE K ST ¥, s ST R PP
VB HDTHD, CARECE Y -,
BN, 7 — 7 HICH L CREOH D5 Au A 428 Ve 4L Tl ]
L ONNi A A DGR 222 THT - 72, IRETSAFIT Tablel ey ¥ s, %422,
\RTHEY THDH, ZIT Byl v F U VR, niEx Fvo¥y 4. AacRa,
MR T 5, E7o, BRSHRIE T AN 89.7 K Th AL NS YN
%, JEICIE SQUID BEIGHA A LT, 7 — 7 HlC Tk, v 'v N YN
F b b IR KRS L CPATICRER 2 BN L, iR MR . a fat
{EHE 2> B EG BRI &, BALEFIHE DS £ -J F¢ik : X e e
B L 0% A L=, 2 5 (n 4 6

Fig.1: Critical current densities of DyBCO
coated conductor before and after the Au

L HEEBFIUEE ion irradiation.

Fig. 112 Au 1 A > % B9 2 Btk CORREREE %

AT, ARRER TIE, BERIC APMET LTV 2, 20 & 40 - - -
OHLE Te OHLOBICIFMER RO N TE Y, Bmy 70K Au320 MeV B,=1 T

MBOBINFERTHDL EEZEZBND, 2, AuA 4>
BHIC L 0, BICEMRICR 1Y & OWENHEICA
HILD, ZIUTFER KBS e & LTEWTWL D)
LTHdEEZLND, BEEIZOWTLIRT S &, A
BAE0T LEBATO LK T 528, SR TO &
W ELTWS, — 5T, NiA A VBT B,2RA50T
OFREHZB W T KIER B #Z X A SN2 7=, Ni
A F BRI X A K. Au A AU BREIC AR A A0
ETHNEL EHBHE U IRH N =D THDL EEZ DN
Do LMo T, BAINDKIEY A ANRKEL, Hnk
VME E RS TR W RS E A R T EM S R S
5,
Fig. 2 [ZBAL OFEFIHIE > SR O 7= BT B L1z n
2R, AuA AUV IBENZ LD, nfEn K& AT
D EMGINY B T OHRIT B TEEIR K Fa 23 ALY
W2 TND D THAREN/NES L o TWNE EEZ BN
Do R V=7« 7u—%T )L a2 RO E . EEL
DO MER SR A N EEIT Y DS T 5,

— 91 —

Au200 MeV By=1T
Au 200 MeV B,=2 T
Ni 200 MeV By=5T

B=0T

e0d o>

n value
N
o

OO 1 2 3

B(T)
Fig.2: n value of DyBCO coated conductor before
and after the heavy ion irradiation.
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Trapped and/or shielded fields by an YBCO coated conductor under changing magnetic fields

EHE| MUK, BAEF OIEM, K 2 ROTRT) SRS & (W - M EHITFER%As)

MIYAZOE Akihisa, SEKINO Masaki, OHSAKI Hiroyuki (The University of Tokyo); KIYOSHI Tsukasa (NIMS)
E-mail: miyazoe@ohsaki.k.u—tokyo.ac.jp

1. 48

Ay NI A(Y) RBEERM O NERTHEHI2, @
B~ 7 Ry MR UT2 s RS ~ 08 A D REFS 41T
Do KR 3 (Nuclear magnetic resonance: NMR) 43 &t
WEH SN DB EE~ 7 ry MIWE S iR Z 7 ESw 572
DI, WIS ERO DI TEY, Y RlEE~S 2 MI4
JBERBEE~7 2y ONEIZHEINDZENHIREESND,
NMR H~ 27 o MIFEF T @ L~V 7038 A e 35 D IR 1) —
P, BEOZERE)— A FEBLT A2 L3MBd CEE/GRET
BD, ZIVETIZY RT— T BMEEEIE RIS O
SAERT D R HESI WD, NI 7T R
SR AT, Y 2T — TR DI ED I T JE PO RS
VR OIS EAT UL R A LD, ABFZETIE cllTh
ORGSR ORI FIb b T LA AT 5
ZEEBWETD,

2. BIEAE

BRFEAMES 5 T OREE~ 7 Ry M HWT, IRE %
BIETT IZBWTY R oS EEZ]E 200
7o MIEDMEE OB &M %A Fig, 1 \ORT, B@EE~7 Rvk
TR EZNICR— /Lo —(F.W. BELL #8,
BHAR2DIB L O T EL, o7 E0REME
Fig. 1lZRd, A=t Y7 n—713 L FHrmicEhnd 2
LRTEDL, VU7 NAEICIEES 20 mm O Y SRR
(SuperPower #HHDAREA L, T OHFI 1T BV /07 Z3EHT
IR 3 (Lakeshore #H#, CX-1010-SD) 23 E L TEY, ##
MOBEZNE LTz, A— b LA ME R D
X% Fig. 1 O FRNRT, B ORENHEE HE 2
JFEEL, M EE N TW T TV B OERE 2= 0 LT,
S~ 7 2y NI A2 0T —0.1 T —0T —0.1
T LEThSE =DM B L O IR 2N E L=,
SRS R O BE T 0.36, 0.72 mT/s EL7=,

&

Hall sensor

Temperature sensor
l ‘

Fig.1 A measuring equipment for shielded and/or
trapped magnetic field using a Hall sensor

1]

— 92 —

0.003 T T T T T T T T T T
Shieded and/or trapped magnetic field
0.002
0.001
= Shielded mgnetic field
g 0 =
~
-0.001 —
-0.002 —
0003 Lo v Loy by ]
0 0.02 0.04 0.06 0.08 0.1

Applied magnetic field (T)
Fig. 2 Influence of trapped magnetic fields to

shielded fields
(Rate of increasing fields: 0.36 mT/s)
0.0025

0.002 |~

0.36 mT/s
0.0015

0.001

AB(T)

0.0005

0

0 0.02 0.04 0.06 0.08 0.1
Applied magnetic field (T)

Fig. 3 Shielded magnetic fields dependences of
rate of increasing applied magnetic fields

3. WA DBEREICLIERUANE~NDEE

T =T HENCDE R MRS CQODIREE AL
BRI AFIN L= O LRSI CUO RV R IE COMI IR &
FINILIz&& DT —7 B Ol 2z = 1 mm (28 Dbk
ROWR% Fig. 21779, FMBBER OEREHE1E0.36 mT/s
ThD, SMEBBERA 0.1 T IZHIEL 7= & X Oliihs FUL Al
WA DN DD EE LN EELTEDL T 1FIX, 0.001 T
T—H L7z, —FH T, MR LB H (0-0.1 T) OHEERLZ)
X He A, F12, Fig. 3 1R RAC 33T A HERGEEE D ik
TEMEART, 0.1 T IZEEL - & E ORI T BRI
BKIFE9,0.001 T Thote, BT DRI REOE
—271% 0.01 T THY, ZOMEIFE — T NVEGE LR TT
R CTROONDFERATIT—F LT,

-0.0005

4. FEH

FHHEHE R O M T3 (DR & 7 B R R 1T Dl
RIITFE LR WZENHEN o7, IR IR
T BBERTIRRIZ OV TIARFE R ICTHRE 95,

SEH
1. S. Matsumoto, et al.: Abstracts of CSJ Conference, Vol. 79
(2008) p.211
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Influential parameters of fracture behaviors of Dy123 bulks

b B, R i GLATR) AR 525 (REhEar)
MURAKAMI Akira, OTAKA Ken (Hirosaki Univ.); INAMOTO Akifumi (NIFS)
E-mail: amura@mech.hirosaki—u.ac.jp

1. [ZC®HIZ

Dy SARLBEE ALY (LU, 2NA2) 1%, FEH K%
TR - B L7 Rl BE A2 YA IR BRI 72 D F TR AP TN
L, ZO S CFE S dh A Al iE LIRS AFL T TR sk
FESETERSNDA, BiBREICERET D25 E DR T,
B J1 R PR LR VA SR FE R O AR T 2 R KL E B TS
BEELT, 9E3RA) E70d. B5eilt, BB NNEN - VR A B 55
FRPHR TITHZEICEY, TERM OEN T BB G R EE 72D
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(a)

T
(b)

Fig.1 (a) Fracture surface of a specimen cut from a
conventional Dy123 bulk sample melt—processed in air
and (b) magnified view of crack initiation site.

(a)

(b)
Fig.2 (a) Fracture surface of a specimen cut from a
dense Dy123 bulk sample melt-processed in 100 % O,
atmosphere and (b) magnified view of crack initiation
site.
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Apparatus for evaluation of fatigue properties of HTS conductors
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Fig. 3 Detail of circular bending beam

[1] A.Ishiyama Y.tanaka et al.: The Papers of Technical
Meeting,IEE Japan ASC(2008)P.53-58

[2] A.Godeke:*“Performance boundaries in NbsSn supercond-
uctors”, PhD Thesis, University of Twente, ISBN 90-365-
2224-2, (2005) p.122-127
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AC loss evaluation of pancake—coil winding for charge and discharge operation of SMES
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Fig. 1 AC loss property of infinite slab with alternating
transport current in external AC magnetic field [4].
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Fig. 2 AC loss property of infinite slab with direct and
alternating transport currents in external AC magnetic field.
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Fig.1 GdBCO(+Zr0O-) tapes based on IBAD-MgO
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Fig.2 The normalized AC losses by /. (0.7)
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Fig.3 The normalized /-B characteristics by [I.4(0.7) of
Zr0O2+GdBCO on IBAD-MgO,GdBCO on IBAD-MgO at 64K
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Relation between AC Loss and Geometrical Parameters of Multi—layer Polygonal Conductor
Assembled by HTS Coated Tape Wire
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Fig.1 Analytical model
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Tab.1 Parameters for analysis

Inscribed radius of inner layer R, Varied
Inscribed radius of outer layer R, Varied
Tape width W Varied
Tape number per layer N Varied

Tape-to-tape gap of inner layer g;
Tape-to-tape gap of outer layer g,

0.2 mm, 0.5mm
0.2 mm, 0.5mm

Layer-to-layer gap G Varied
Cable critical current I Varied
Transport current I 2000 Apeak
Thickness of substrate d; 0.125 mm
Thickness of superconductor d, 1 pmm
Critical current per tape width j. 27.5 A/mm
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Fig.2 AC loss dependence on tape width
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AC loss in transposed parallel SC conductors with rolling disorder
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Evaluation of geometrical effect on magnetization loss in GdBCO coated conductor
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B, FNFNICDOVWTRE AT Y AOHEB SRR
KEE W EFME L2,

R R U
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D J. DHEFURLEE. Fig. 21 7.3 KIZBIF 5 W O
FURIEMREEZRT, Fig. 21IC8WT W Ot D
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EEERICET B B, 8% D& o Offi% Table 1 1<k
9, Table 1 X0, B < B, Ti&. 2TOHRICBW
TWIEBOBXZ3IRICHHLTHBZ LG5,
LML, B> B, ILBWVTIE. Bean E7IIVEE LT
BEOHMETHS 1 XO/NEREEE-Tz, T,
Fig. 1IIRT KIS, ORI TIE J BMETFL.
ZHUCHEN W DVNE L TR 722 BICERT 5,

Fig. 2 ORIE W OFGEZRL TW5, &l 18
D EE Halse DX 1], HEHETZHEE Mawatari
5ORX 2] ZAWV. T A—=2TH53 J. ldHOHFH
BT AEZAVWE, iR LzX S, SHRHEET
& J. MET S 278, HEml e EREARESINT
Who 0T, INTA—RTH% J, H Fig. 1 DFEIRT
HZon2E UTHRBNCTIEL, ZORREERT
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T EREND D, Fiz. Mawatari HIC KU, EEHR
BRI EOBEKLSHEESEOREEMRICOAKTET
%o 6L 12 K TIIRBEMRENE Lo, M
EEFERICIZERICHERTH 2 T e hoTlz, 8.
AR OFES, MOEBEICBIT 2 HERERE, L%
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Table 1: Value of the o (W «x B%) at 77.3 K.

B< B, B>DB,
1stack 3.11 0.593
6stacks 3.17 0.564
12stacks 3.11 0.587

10]0

J, [Aim?]

10 > 5
B [T]
Fig. 1: Magnetic field dependence of .J..

T=773K
8 T
10% 1
10°F
)
(9]
5‘ 4
‘“‘E 10°F
=
=
10
100_ A — - ]2stacks ]
1 1 1 |
107 107 107" 10°
B[T]

Fig. 2: Magnetic field amplitude dependence of
magnetization loss density at 77.3 K.
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[1] M. R. Halse: J. Phys. D 3 (1970) 717.
[2] Y. Mawatari: J. Cryo. Soc. Jpn. Vol. 44 No. 1
(2009) p. 9.
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Bi-2223 superconducting magent generating over 1T in liquid nitrogen
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IEC®HIE TN &ET. CT-OP(ConTrolled Over Pres-
sure) {EIC X D ERIE N7z Bi-2223 $RY— A 57— T & H
W, BLYiEEE <y oy M ERFTEEL., FOR
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R 2MEU OB ERET B ENTE S HENRE
RUTE D, RS TIE. RBRICT 52 2% FRP S
AT > L AM (SS400) 25 T Ll K D RefrE
ZHRD ., ZOMRZRET S,

BFBIURBER ~ 7%y I 10X TS
2 —F A )V IR Ol 7728 U TR LT RERKT
b, TNETTFTUIICFRP ZRAWTWEN, C
NIRRT > L AM (SS400) IcEH LTz, ARER
2RO TRHEDOMS 2 KD 5, ZTOFER, b
TOE B 1X 111 x 1072 T/ATH BT &Rbho
Teo FIRRICT— IS EATH K U EE RIS K7 DK
fll By, B3 & 1.15 x 1072 T/A £ 958 x 107* T/A T
Hole, INKDT—TWICEERKDZWS T T &M
TETWBIENDN S, Fig. 1Icd—RFF1 V%R
T, WHERAT Y LATSVIDEEICIE. TNETD
KW T —TICBMELGHIGK T TIEEL T, 7—71I
SEATRBBRTICE D, T %y FOMEENRET N
TWAT eEMbhd, Th&KD, 73y F2RDER
FEFR I 13620 A THD. ZORORKKIEE0.69 T
EFRETBHBIENTE S,

KEIGABEABZIT - 2R Fig. 2 10”7, KX
FE T OWAZEZE T FHUE & JEF IV 0.70 T DR
W28 5 T EMNTE, £ 77— IVilkEED
TR 10T EBIGHEAS 1.30 T DR KSR ZED &
WT&ETz,

VUL /ARRT Ry b EHART, BBV
T—Fa X0 ENRERLDICEAS LICK
b, X7 xy hREOEREZN EEEET ENTE S,
St st EEDL CETEO B ERS C &
MTEZLEZLNS,

— 100 —

......... T
- ——e—— B.ltape
of e Acseenes B/itape
) 773K
<
=100
g
5
o 1.
g e,
&) -
% 5 1

Fig. 1: Load line of the Bi-2223 superconducting mag-
net. Maximum magnetic field is determined by By for
B parallel to tape rather than Bs for B normal to

tape.
0.04————————
120 A
130T
S
E 0.02f
= 65 K
0 1 | 1
0 100

Fig. 2: I-V characteristics of the Bi-2223 supercon-
ducting coil in liquid nitrogen.

BEXM 1) E.S. Otabe et al., to be published in
Cryogenics (2009); 2) E.S. Otabe et al., Abstracts of
ICEC22/ICMC2008 (2009); 3) E.S. Otabe et al., Ab-
stracts of CSJ Conference 79 (2008) 31.
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Numerical Simulation on Normal Propagation of Coils Wound with YBCO Bundle Conductor
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B A BB CEDLIONC LT, MAEIGEHIIRE LT, iR
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Fig. 212, BALERALE 1om IR CTHEMR L, 4 DEIL, IRED
EAEENEIFig. 3, 4 1R, BRI R~ I &5, Fig.
3ERDE, B LB ETAR) TIL, M ETHF O
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1. A Ishiyama, et al.: IEEE Trans. Appl. Supercond., vol.15, no.2,
pp.1659-1662 (2005)
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Insulator(Kapton): 75 um
Cu:50 um ;
Ag:5 um

YBCO: 1 umq

Hastelloy: 100 gm

(a) Tape (b) Conductor

(c) Coil
Fig. 1 Schematic drawings of YBCO tape, bundle conductor and
coil.

Table 1  Specifications of coil for numerical simulation.

ERMLAEE 1.0m

BRI EE 14m

EXRaMLES 0.01015 m

14—1ig 10.15 mm

14—V E(#43EE) 0.356 mm (0.15 mm)

BB A8NURIL (BRE.424mm)
=28 91 turns
2500 014
—_— 0.12
2000 —Tapel
R e Tape _ 0.1 2
< 1500 —Tape = | T
= - Taped ::.l}.tlﬂ T 1 | ]
B tal = i
£ 100 |- = 0.06 -
L= -
0.04 b
500 f= = =, ]
002t 1 i I ’,J'
) A i i A 0 i
0 2 4 [ B 10 4] ¥ 4 [ 8 10
time (s) time (s)
(a) Current (b) Voltage
Fig. 2 Current and voltage of tape.
003 v - - v 140
0025 4 4 1 120
_ ooz} Z 100
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20,015 g sof
3 £
= 001k " E 6o
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(a) Voltage (b) Temperature
Fig. 3 \oltage and Temperature of Tape 1.
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0025 | 1 1 120
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200151 £ 80
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= 001k 5 e}
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0 i}

1 I i |
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time (s) time (5)

(a) Voltage (b) Temperature
Fig. 4 Voltage and Temperature of Tape 4.
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Design and fabrication of layer—wound YBCO coils
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UGLIETTI Davide,

KIYOSHI Tsukasa

E-mail: uglietti.davide@nims.go.jp

1. Introduction

REBCO coated conductors are available on longer and
longer length from industrial manufacturers and because of the
superior superconducting and mechanical properties, they
represent a very interesting conductor for the construction of
high field magnets (21 T).

The double pancake construction has been often used for
winding insert coil using high T, superconducting tapes
(Bi2212, Bi2223 and YBCO). In this work coils of various sizes
(from 16 to 220 mm of inner diameter) have been fabricated by
layer winding using coated conductor from Superpower.

2. Coil design

The coil current is either limited by the mechanical
properties or by the critical current density. The
superconducting critical current density and the mechanical
critical current density (J.,.., defined in [1]) at 500 MPa have
been plotted in Fig.1. In a large coil (i.e. 220 mm diameter)
Jemee 18 limiting the coil current, while for small coils (<40 mm
diameter) the superconducting critical current density (whose
value is comprised between ] and jc||) is limiting the coil
current.

A large coil (220 mm &) and two small coils have been
constructed to test the mechanical and superconducting
properties of the tape.

Table 1 Coil parameters

turns X layers , Do H Tape
(mm (mm) (mm) | length mT/A
X7 220 225 29 35 m 0.27
7X25 16 34 29 14 m 4.5
6X30 18 28 25 14 m 6.2
1600 T T
o | 500 MPa
1200 _
”E 1000 Jimec(B) at @=40 mm
\2’ 800 i 1 T
- 600
Jeu(B)
400 -

0T [ B ato=220mm |

12 14 16 18 20 22 24 26

field (T)
Fig.1 Mechanical critical current density, J,.. (at 40 and
220 mm diameter), and superconducting current density (with
field applied in parallel and perpendicular direction) for the

Superpower YBCO tape.

3. Coils construction and performances
The coils have been layer wound using a simple bench
installed at the Tsukuba Magnet Laboratory. The tension

— 102 —

during winding was kept at about 10 N using a motor and a
mechanical torque limiter.

For the 220 mm coil, the former is made with an
aluminum tube. Copper wires were soldered directly to the
coated conductor tape. The coil was tested in a 14 T
background field, and the mechanical Hoop stress reached 200
N (corresponding to 530 MPa on the conductor cross section
without insulation) at 130 A. No degradation of the
superconducting properties was observed.

In the small diameter coils the former is made of bakelite
and a copper ring is used for current lead. The coil insulated
with Kapton (7 turns and 25 layers) generated 1.7 T in a
background field of 15 T; the coil current was 375 A (380
A/mm?).

A second coil (6 turns and 60 layers) was built using a
thinner insulation: the total tape cross section was reduced of
about 50%. This coil generated 1.9 T at 280 A (380 A/mm?) in
15 T background field, and 2.2 T at 360 A (490 A/mm?) in
zero background field.

The generation of high magnetic field using coated
conductors and layer wound technique was demonstrated. Coil
current density can reach values of 490 A/mm? without
problem of current transfer between the copper leads and the
coil.

Fig.2 The 220 mm coil after the test in the 14 T magnet.

Fig.3 Coil 6X60 (6 turns times 60 layers).

References
1. Uglietti et al. to be published in IEEE Trans. Appl.
Supercond. Vol.19 (2009).
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1. [FLsIS , z | y
Y BT — T S E B E T B, MRIICT y

— P TS ORI DNIDY, BRIARIC Lo Tl M@iﬁ@ @7%
WA, Y Rk % - R B —
ZOLOFAELTLED, 5T, ZRBLERD~EH M
TEHII AR OBR IR EARRE CHD, AN DL £
W 37 DB R T LB B BIR T 20T, AT

S B E A TR T A B X, EnE R MET

2P B L AL LR B D LS TR D, ARFZE

TIX, BRI IR E LT 52 sicLva oz iid
KA 5 FEERET 5,

X

2 Wiz AL 4 A v
Fig.1 llustration of 2-pole and 4-pole coils

2. lEWAE

R TIL, BE v r—Faf Ve BRzafeTd 2
R DN A KB A VA FRT Ot 5975, Fig 1z 2 i A vt 4
oAV ORED S ERT, T aAVORIREREL,
BRI N DR O R ESET — T HICK DA a2 K
BB, Y B TIE, 7— 7 I TFAT e LT s
HIRDMBRD TN, BOITER 3R OIEE R /3Z&
DRV R D B m I AEFRAT 95, ZNE ANV EIE TS L
T, aA/VEROEK Pt coil PR D, a0 FEEK
P coil 1EE DBERWTIH TIRIAKAET DD T, Fig.2 DEHICHE
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Fig. 2 Cross section of element coil

Tab.1 Specification of Tape
HEAAE [mm] 40
B D JEE [mm] 0.001

ANDE— B TSI ND, T KNI TE BT

FAERES [mm] 0.5

HREE T2, IANVOIZWRARK P 5 H TV FR ST [A] (at OT) 120
nfE (atoT) 30

—XAANDHE =B Ny BB LU BRBSEL, 2hi
I/ME T DicE b E LU TR, i b 7 VIV R AR, B
Bu—Br 7oyl TUEEDRE I 5, HlfSRHL

Tab.2 Numerical Results of Optimization Analysis

L CER TR F —E LAFTR logiflocon CBEE M E 2 pole KAV S b= Ay
W) & —EIT D, ZOLE, aANVOEFFEIIL, FHREH Number of DP 2M 8 8
THE L 7B — EEREIC LS E, BRI oA O Ndp.1 67 142
TREE A BB L TR — AR AET DEIEEFHEL, Ndp.2 67 37
AV (5 - AIE,/ #HE 12) 78 1.0x10* Vim Ndp:3 o7 2
O L L CEHT 5. N4 o7 2
(B2 A L [MH] 122 91
3. RATHEE A w1 510
ASNT TR T AT D12 D — AR5 F 1 EL . b o
T, Tab 1 \SR T FTEORM TERSN 2V EAEL, ool i R
P pole 2 J i LA AL
FIGAFEELTE=50, legilcon = 0.65 L TRENTEAT 72, & Number of DP 2M 5 5
P 2 -4 WA VN E UKL T, ZORKI R E73 NGp.1 46 104
PRI/ N0 B 7 T 1 D B A L O RRES LT v o Ndp.2 P 15
NERTET Do ZNEMIIEREL T, Rt RN Ndp.3 46 19
LEFAANOIIRE i b EIC IR DI HER%E Tab.2 Ndp.4 46 25
WS, 2-4 fBT AL EBIT, BRI NVIRBOELI R, BB L [MH] 105 78
HYLE ORI D LD 2R M R DG ST, AR EE D VB [m] 773 799
T, 2-4 Wiz /L &G I IR L LR L TR 40%D A8 lecait [A] 472 54.9
AR KRB CTEHT LD RSN, FIERTHE R DL Prcoit [J] 7.24 4.23

L TAANBRIZHINS LD DS Ip o T2 LT R ER
SRS LA L,

— 103 —

geoopzooooooooooobooon



1P-p28

ooooo ()

FEEGLBHMEZEREL-SEEEEILOI I FREGEICEY 1R

A study on quench detection method with regarding properties of normal transition in HTS coil
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4 FERRUER
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B, BRI end-to-end EBIE X v 7 (V1-6)DFAE
JEDSEMEEL 30mV 82 2B CTh D 4.10 hicr =
FRRH SN, #o T, BET DM FEDR TS AL
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Fig. 1 Behavior of normal transition in HTS wire.
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Fig. 2 Schematic view of measurement sample.
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(a) Temperature traces during runaway by insufficient recovery
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‘Quench detection by
active power method .
/x
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(b) Voltage traces during runaway by insufficient recovery
Fig. 3 The quench detection results with the proposed method
and active power method while the sample run-away by
insufficient recovery.

& 3

[1] W. S. Kim, et al.: IEEE Trans. on Appl. Supercond., vol. 18,
(2008) p.1249

[2] J.H. Joo, et al.: Development of Quench Detection Method
Based on Normal Transition Behaviors for HTS Coils, IEEE
Trans. on Appl. Supercond, (2009) in press
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Numerical Simulation on Critical Current Degradation of Nb3Sn Strand

with Different Cross Sectional

PR T, REE 3N, Al ok (R kB B,

Structure in CICC

R T, BB T (O PEAE)

KAJITANI Hideki, UEDA Hiroshi, ISHIYAMA Atsushi (Waseda University); MURAKAMI Haruyuki, KOIZUMI Norikiyo,
OKUNO Kiyoshi (JAEA)
E-mail: sua.taniki.1522@akane.waseda.jp

1. [ZC®HIZ

Nb,Sn/CIC ELZ =TT /L - A L RBROFE B il
INZEDFERD RPTH 72 thiF B NRIK &5 2 b B s
BllENT-, £ZC, Nb,Sn FRRO T A3 DA E
VERFEAZ TR D728 | A EER S 2 W e Sl g = — R
ZHFEL . IR FE TICEIR AR B OBV D RES
{BIc 52 BB OV Z1T 572,

A ENE SY T T O FEAF 0 TR WTIRIFE S Lb e & W T A
D FI2 DT T IBREIEMT D L AT\, AT —R oA
FAMAHERTDELBIC, ZNOEDENNRE D IIICHEMROM
S TTREEL :%2%#6®75%§)ﬁ§b7’:0)f‘$&%¢50

2. FRNTETIL

CIC BUANOFERRO T BT AT D201, FEHRIC
5 mm A OIF B E N ANTINZ - ERVBLOERIC
HEN U 2N 2 72 D BRI U CRL R DT 44T 272,

FRBETEREZ T DL, — DT AT A NIRERE
g j’fﬁf]ﬁﬁ%(}lﬂﬁ(%? L)PERT 5, ZOFE5, 7474
VN TCERARIE T 5, ZOBLGE A E AR A T
ETTIUELIEY, BT HBOBETE T 47 A SOEUT n i
FTFNVERWTEHEAL, L, n HOEKRFESGZELIZ, 71
FACNDFEL, INFIZLDE LA EOBUE I LD
DOFELTH 272, FARO T E A0 100 s [ & ' 7 v
AR LEHE LT, 8. 7 0 RO LUND,Sn 7 45 A
hOT WA B LTz, Eio, Wi N D747 A Mila 274
VAN PR S5 v G R I R 2 R & S B 7R i 2 R od 7,

ZHVETIZ Table.1 @ Samplel D CTEER T2 i
U723, g e ny B<—% L 7=, 4 ElE Sample2 D%
DO TREERD LR EMRNT 51T 572, Sample2 D & W i (X &
Fig.1 (ZR7, EATIZIW T, AU T RIS A A E L

Samplel 1% Ta(180Gpa) . Sample2 % Nb(130Gpa)& L7, F7-.

NITBOEKEPIRIL 2.3X10°%Qm LLT-, TOREREE
Fig.2 (287, i Ly k< — 3L D, 2k, Afig
Hra—ROH AL MR THIENTES,

3. LMD LLE

ZRUBEIINA IR 9B RO BLRTD L TIER
{ELTME T LR Fig.3 (R, Bl d 5L, Sample2 D J7
H3af ISR L CTHIL LISV, ZAUEA £ TOMEND, $ilt
DNENZENTENTZEE 2 5P,

4. NN)TRBOFE

IV T JE DRI DOUWN T AT, Fig 4@I3 U7 O
YT R AL SR OEN RIS 35 L EEThD,
/\)7@®ﬂ7/7 BNELBRDIZELLEMZOND TR D)

Do ZHVTFRRO T HIENHE L, FBRN ORI E 28572
O THD, LNL Ta & Nb TlL, Yo7 BRI 2
%@%ﬁ% TN ENWEE 2D, 72720, NI T EOESEZI LT
RRIZIE, BT R ELRDEE 2D, IHIFELEHII T 5121
?jé‘ft{%%?éi*féd‘é BERHD,

WIZANY T HOBEBLIBILFEOLEIZONVWTIHR D,
Fig. 4A0NE\V 7 @ O KR TR A 2L S T2 RO N 8

W90 LRFE T D, ZALRNIZEAETRWFR DD, ZiL

X, BRI

EEAEBEGETRELD . AT TED

?EE?L DEFEIIRRD TNSWeD TH D,

5. F&H
LR

BNWTAUT ORI/ NEL L DR DK

ENTENRDDT, ﬁf 1% Sample2 D JF B, FilLEAY
RENTTBEARDZENEIT R, DFEDEURO L E M EHF
TERDLENDD, %@f_&b\ Stki% CIC HAZEEL
T2 — R 2B T 5T ETHD,

Table.1 Specifications of strands

Samplel  [Sample2

FHREE [mm] 0.405 0.41
AL 1.5 1.0
N7 B (EE) [Ta(10 4 m) [Nb(10 4 m)

Fig.1 Cross sectional view
of strand(Sample2)
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M L] GK(Expenmem) \\
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120 = \—simulation _ 06 <
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390 A T o4l \
= » a IS - ——Sample2
60 - % N,
0 X > 02 1 __sample1 ~
~.
——c 0 T ; .
0 T T 1 0 2000 4000 6000 8000
0 2000 4000 6000 8000 Load[N/m]

Fig.2 Critical current degradation of

Load[N/m]

Fig.3 Comparison of Critical
current of each strand

strand to periodic bending

180
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120 N NG

RS
< o | [—180GPa(Ta) ”e\\ 120
o ~ =130GPa(Nb) RN }F\ 290 100812
60 |- - 80GPa S %y | |- 1o
30 | |---40GPa | "= —2.30E08
P 20GPa eV e T =Te ] E——
' ' ' 0 : . . .
0 2000 4000 6000 8000 0 2000 4000 6000 8000
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(a) (b)

Fig.4 Critical current degradation of strand to periodic bending strain.
(a) Dependence of Young’s modulus of barrier. (b) Dependence of
resistivity of barrier.

SE X

1.N. Koizumi,

et al.: Physica C, Volumes 463-465, October

2007, pp. 1319-1326
2. H. Murakami, et al.: /EEJ Trans. PE. vol. 128, No.6 , pp.
853-859, June 2008
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Development of compact NMR magnet with HTS bulk annuli

A F, wmB ), & HiE (L)
Makoto Imai, Riki Takano, SeokBeom Kim (Okayama University)
kim@elec.okayama-u.ac.jp

1. [XC&IC

ITAE, KERE S 350 (Nuclear Magnetic Resonance) 73 Y6141,
BRI B DORERE - WEERREITICH ey — v & L TR
Sh, HEEOMRER EAED TS, LavL, NMR
LEEIT KA, Bl CHIDRIIMHEZ DB L I1TE X
RVWDOMNRBURTH D, 2 TH AL, NMR EE D/ .
s bz By e LT b EE L 7 K% v 5 NMR
LB OB 2T > TS, L Lans, g e
TADOHBICE Y BWVEREREE BT HBIL)EE
EOOL 7 AROIERIN A EEIC I o T b O O, [ TE I
DM =X ETERT S THLONBRTH D, 1
ST, BRI CTRICALBALWIEBELE L7 (K% AnT
NMR i~ 7% b & LTl x 5 22MRY — 2155
ZEMIEFICH LW E BN,

Z ZTARMIZETIE, VU v SRR YRR N L 7 B D
WIIZ & 0 ¥ — e IR A 15 5 72 D12, BE OBy
HBEE AL KZHE L2 NMR A~ 2 %> b OWNERZE
MCgk D v 7l 5 2 & TR DA A miE 5 ik
WCOWTERITHE Lz, £z, kY 7 &AL
BB OWNEBIS AR R IC DWW, FIREHREICE S
T BAERENT 24T > T2 D TE DOFERIZONTHET D,

2. INEUNMR YT RV DR

BT 2/ NMR 258 0 JEEE % Fig.l (R,
AL CRIZET 5 NMR ZEE 1L, BB EL L 7 (Ko
FBEELERECTH 2N RS AR T 2 b0 TH 5.
TR SV 7 R D BRI TIE, AR FIIN
EETHOIBELE~ 7 %y FOBERZERICBRIYBEEL
NI REEESETIT Y. BB E LT (KNE
WENTRITBELE~ 72y M2bRYELT NMR A
~7Fy N UTHATL 2 ENAREE DT IERIC
ay Ry NpHER LD TIREN TV D LB ELE
NI EEAVCTREERCTERIET-5E, oMt
BT LD Y v 7N ZE T OFR ARG ITR LT IR & 7
5. > T, 200MHz(4.7T #HZ)LL £ NMR i~ 7% v
SRR SE L7201, BIEOR B ELE L K
FRETOINENDDEEZDLND. b LI, By
M SV 7 R B RARZE L L 0 RV E CHEB S
DMEND DDA RO TR ZITH LERH
LEBbND., 72, TGO ZERE 2 G DT
DI E B OV T HRFT 2179 BERH 5.
o T, AEOERZEREE D02, NI E
DG - W E DT L BB IE Dbl L OV
W - MEED RN LE L 2D,

3. ERAEBLUHER

AR TrE, #ME 60mm, PNEE 20mm, JEA 15mm 8 X
N 20mm O _FEFH D GABCO ML dEE )L 7 (R & 70k}
ELTHW T 72, BEE LV IROBERITIRT, &
T~ 7 %y b OBERZERTH 5 EL 100mm DR T WNIZ
AR R )L 7 K e FUMBES AT 5 AN [ E L7k BE T
Wt 2 NN~ 5. i 2 FIN L 7= Rie CREE L7 (K
IR ERCTHAL, BEEREIC LRI HT 6
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Brrp 15 (FC % :Field cooling Method) Z 4%/ L T17
Sl PV T RO /A B K OWERLS D AR
DUNTIE, BRI D 3 J5 1A A 53 28 IR R E rTRE 72
W=V Fa N D T L CERS B DORES  ATIE 24T -
7. SROWUECH N H—BEE LKL 3 EEE
W& DSV 7 RO L% Fig2 IR, $£72, RIRERR
JEC AT OB 31T 5730 7 RNE O = S 5 O
BRI Z Fig3 lRT. kY v VEEEIC K DA IE
DRNERE RIS L OBUEMATIC L D 730 7 IR O R
Phds K OBEERINE 27 & OFILY B IG5,
Room Temperature Bore

— \L_ Energizing
Magnet

Stacked Bulks

Bulk Annuli Uniform high magnetic field
Coolant (about 20mm sphere)

Fig. 1. Conceptual drawing of a compact NMR device using oxide
superconducting bulk annuli.
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(a) Single bulk
Fig.2 Schematic scaled drawing for a single and three stacked
HTS bulk annuli.

(b) 3stacked bulks
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Fig.3 Measured magnetic field profiles along the axis of the
single and three stacked annuli when an applied magnetic field
is1T.
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Quench protection test of a cryocooler cooled 6T NbTi superconducting magnet

by an active power method

L A, B B, ANE E (LK) TS ot CGRAEKR) ; B)I mkd, KA #l, A 530 (E)NRERT
NANATO Nozomu, INOUE Takahiro, MURASE Satoru (Okayama University); NISHIJIMA Gen (Tohoku University)
TAMAKAWA Katsuki, AMAYA Munenori, UEMURA Yoshifumi (Tamakawa Co., Ltd.)

E-mail:nanato@cc.okayama—u.ac.jp

1. [XL®IZ

EEOIIINECTHBBEE AN DI FRHE AT LEL
THBEINEEFRELTETRY, flix Oa VI TEDR
A R L CE72[1)-(6], LxLAaensb iuE TRl
WA AL C& oA VITa B INEOFERGEE Ll
Tz, $ mH-% 100mH FRED/NaA )L ERRELTE
7oo AFETIE, ERABBEOFEERFOaA KT 58 2
EIRAET D —BREL LT, i m HIA 6T #% NbTi 8 5E
I Ry NERRELTRERBRZITW, LB AT LDOHL)
PEHER LI, O R ®E 95,
2. RERTL

BN BINEIESL o F R AT LR 1 TR T,
<7y NPBEEIRRE CTHIUZAA YT Sy A, Sy 34~
LD, BIRPL~ 7 Ry b~BRBHRE, 7T LHE
SNTHAITE, S, AL, S WA T ERD, BRI LOMEE
EIRITIEMES N, =7 3y hORER T R — TR H
TSNS,
3. RERKHER

FERICTHERA L~ 27 2y M BF) E)IEYEFTR o
BRI EIA 6T & NoTi BEE~ 7Ky hThH D, [~ 72
v b a4 3KIZHAEIL, 1A/min DAL —F L —hCRiRGAETT
W, TR OV A —F— g NI TR F R L
TIRHEEATY EB AR T, Fig. 2 I[CEBRFERERT, T
TORNLY = FHi#H OREH O IE A YLK LI D THY,
e bR B A5 1 BER 19 47 35 FORREAEFE 0s &L C
KRL TS, AT B EEE THY, 11.2s ETHbHE
DENTED, RKOIRT <7 2y Nl EELD, 2O
M ETERA — 7L —NMIUSCTZEREENRELTNDD
ERDNDL, FR(EEBAECB T 7= FHER 5
D P THHN, 11.2s [T/ FNFEAL, BUE Pyp=20W |2

o/c o o
S, S,
g Cancel coil
—— Protection
resistor
Superconducting
coil
£ CT

Fig. 1 Protection circuit
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(a) Current )G,
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N TrY| SO N ) [ AR
B2 o 9 i
& <
F & 6
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Fig. 2 Experimental results

BELRE RIS Ty = F LHES L, FRA(e)DEINTHEAA
Y FDF AT PEEZ BIIC, THICEY, v 7 2y MIE
JR LT 36 K OMREEIR BT B S, TR X (2) D BB i ¢ T D
11.2s PIBEITRENDIIITRER T F /L — DRFEHEHLIC T
EIXSH TS, 7238, ZORIFFIZB W TR (D P23
11.5-13.0s I THHITHITR>TWDDIE, PER T2
DI R TTEEIZ PPRELENLTHD, RROIC7 =T
A% D~ 7 Ry MO EE W A7~ 3 (oD R & I [ il 73 570
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AEDER L 44K THY, ~7 Ry hOREITRILTZEE &
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[1JN. Nanato: Proceedings of International Conference on
Electrical Engineering 2008, No. P-171, CD-ROM
(2] EF A BARYSALNE AR SR@mF MRS (A #EMEE) ,
128 %%, 6 & (2008) p. 386
[3] K. Takeuchi, et al.: Cryogenics, Vol. 48/3-4 (2008) p. 148
(4] Prafndh, fil: (RIE T57, 42 %, 11 %5 (2007) p. 382
[5] N. Nanato, et al.: Physica C, Volumes 463-465 (2007)
p. 1281
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Magnetic field characteristics on the joint of the prototype NbTi cable—in—conduit conductor
for JT-60SA
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OBANA Tetsuhiro, TAKAHATA Kazuya, HAMAGUCHI Shinji, MITO Toshiyuki, IMAGAWA Shinsaku (NIFS)
; KIZU Kaname, MURAKAMI Haruyuki, YOSHIDA Kiyoshi (JAEA)
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B G EE clEASNABEEaA L, HE0E
KB NEAET D, Z DT BRI B R/l
DOMERBIC G- 2 B BT R E W, EREEHIIZIE, BirEag
IV DLETE M~ DR H R B IRV 572012 I
PLCIRA AR RO DIV, BIEZ TITHE A e X A7 DER
PG TR DSBS N TETZNS, DL BRI S 0N EAE
Bt TR X TV DO0E, RIZIZESBEREI TRV,
F T AT, JT-60SA 7T X< Efihgi i (EF) = A /L
A7 arZA TR r —T ) Ao a Py MCIC)EK[2] D B2
feth e TN EHWT, CIC ERDY = A7 RT T B
BT OB AT ATz, ARG T, = A7 N T
TG ERIC BT DRSS O W TR E TS,
2. DxAONURBSYT G TIL

486 AR NbTi FRpH) S5 CIC EAROBEG Y 7 V%
Fig.1 \Z7”9, Fig.2 12, Bl oW Xz~ 9, BEeHs CId.
MR SRR A B O TR A — P —2 Ni A% L OV SUS DY
Yo T Ty T ERORWCEMELZ 2 KD CIC #Eik%
INCEEEGE LT, CIC A R ORI A~ —H— (%, SUS316L
ERWIZ0 I TREELZ, CIC EARDHLEICAL
BT DANRAT N IV TF 2—T 1, BRIV
HkgE, 2002, SUS BEHRBE LI,
3. BUKIEGERICE 1T AR BIE

AREBRTIL, RIEANVT AR ER EIS N = ke v
T~ IOEEE 10 A/s T, 20 kA £T 5 kA T OREERIRIC
BEEToT2, ZOWE, CIC kI IIT5 y M (CIC
ERCH U CIRE 5 0) OGS i aTE T 5729012, 9
BDFR—LFEF(HI~HIZE, 250 CIC RGO e,
EURETFTJ51 (z J70) I2I->C, 20 mm %I 2Bl &
L7z, Fig.3 &, BEE I ERE & O — V51 DR E X % 7R
T, BIRO _EFRANCERE LIz —/L 3T H1 OALEIE 2 = 80
mm, FIANCERE LI AR—/L 3 HY DAL B IE 2 = -80 mm.,
A—/VFETF H5 OLEIL 2 = 0 mm THD,

EAFRERE R IY, Fig.3 IR T I, A—LFET H5 %
B LI B PO B (2 = 0 mm)AFEYEICLC, B b
VR (H1~H4) & FRIH6~H) T, vy 7 M ORI EIE %t
PRARBIRISIR D ZE D Mo Tz, ET-., BERLER DAL E 2
W, BEBNEICRIR2RL y FROHSGRFAELRNZ L
Bohotc, L EORERNG, #Ekti O riE(Ez = 0 mm)%
FEMEIZUC, B> EURAE R IRIE —IZ B
MADEE 2 BB, ARERFICE ST BEBERE AV
TR COBRDAMET N EERLL, MG EETT-1-
FERIL, M HRETD,

SE

1. K. Nakamura, et al.: Abstracts of CSJ Conference, Vol.
68 (2003) p.148

2. K. Kizu, et al.: Abstracts of CSJ Conference, Vol. 78
(2008) p.36
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Fig.1 Joint sample of CIC conductors for JT-60SA EF coil.

Hall probe
Plate (SUS316L)
Saddle spacer (C1020)

Solder (H50A)

Unit : mm

Fig.2 Cross—section of the joint sample.
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Fig.3 Measurement results of self~-magnetic field at the joint
region.
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Cation Nonstoichiometry and Superconducting Properties of RE-Based Superconductors
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SHIMOYAMA Jun-ichi, KAKU Hirokazu, Shin-ya Sato, OGINO Hiraku, KISHIO Kohji (Univ. of Tokyo);
Shigeru Horii (Kochi Univ. of Technol.)
E-mail: shimo@sogo.t.u-tokyo.ac.jp (J. Shimoyama)

[IFL®HIZ] RE REAZERICIT REBa,Cu07.(REL23),
RE,Ba,Cu;015.5(RE247), REBa,Cu,O5(RE124) 3 SDFHM
H5D, RE123 328K T aE& T IEVOERFE /0 E T, BERR IR E ©
FADRAERL L, 23D T 3EWT2D |l 2 FHE TR 3 2%
< EMEHFEOIERIITOIVTE T, RE123 I8V T,
AF LV DREWIRFF LFHOL S Zbh Ba A hO—E
TS T D e /A E LIER DY | AR OLA IS b
TOGRBFRAEUGEICF 5T D208 ML T0D, — 7,
HA Y 0 123 AT RE @ Ba A b ~D B Z
DIRNESIVTETN, i~ 1IX2b0o 123 8T RE @
Ba VA ME#HZ BRIE T HEREELHILD TND,

—J7. RE247 X° RE124 (IFHA R @A R /YA B L,
AR FEFRPHD BN T EMD | S OCHEL < | REIC RE247
13 90 KD T MG SIU TR AOBIFZE B A3 6D T/
720N, RE247 1% RE123 LA CuO, & FFh . L 4~12
RIED@EIEFE T F THRINAIENS REL23 LRI
RE @ Ba VA h~DE #1734 UAB B AR A STz
AIREVES RO, N EBRIIT RSN FlZ e,

PLEDOWE FOHEARMZETIE, Y123, Y247 ([ZOWTARTE
e R OA T LN, ZF OB R R E~0 BB A R
AN~

[EER] [EFHSOSIEIC I VA G BN E B L OVE X
AOCE BT B LT Y123, Y247 BERSIRZ AR 72, BERk
1L Y123 T0.54 MPa LL T, Y247 Tl 1.2 MPa UL FOfgE £
JF TV, RARNT = — M Lo TR O e 5 B4 13T 5
e QI N N e S ST tkiif i: 1 By oW S 1AL . 95 E bS]
F O T E IR X BREHT(XRD)IEIC LD, BARE RIS
DUWTIEL SQUID REHRTHE AW = REAL I EIZ L > CTREAML
77
[#EREER] BRFEAIEH, 905°C THERL L, 400°C, 224
TT == AR LT AHARLEK Y 1xBag,Cus0y (x=0, 0.01,
0.02, 0.1)DBEREARFBHZ SOV TH AR XRD EEIT-7-E2
A IETTEROF B x RO bR T, IBR K T
1LY D Ba YA M~DEHINELAERISRNIENHIRTE
7o ZIHOEENE 920°C, Po, = 0.54 MPa TRERLL ., [FERIZ
224 400°C TT =— /b, BN EI T A2, Fig. 112
RPN X DHINZEOE FEBN BT HIED D0,
Y L Ba AR 2~3% ETEHTHI LN IRIBE T, FEBE, X
= 0.1 OFED XRD 78— 1213 Y,BaCuOs fRIZ LD [HIHTE
—IEIELTZAS, x = 0.01, 0.02 D#EHE Y123 HFHTH-
7o ZNHOFEOR KD 1 0e TICHIFBHBLRBED D, X
DEINFEN Teonsey?3 A TR T T 228, BREIRBENEL
<7a—RIZ720 | #EENELD R e T OZABIE A K E N
Lotz 2, 250°C TEAR T =— L& BINLT-EZA,
x = 0 OFREHIF YU T DA — /=R =125 T Tguseny3
PR T LD, Y ERKER OB D Toonsenid 15
L7z, 2T Fiss 08 RE123 IC BT A%# L FEIL THD,
Fig. 2 1Z1%. x =0, 0.02 DFEREAFEHZ DU T 250°C, BE#
S CT == N LRI E LTI EAT UV ZADIE
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Fig. 1 Lattice constants of Y,.,Ba,.CusOy (x=0, 0.01,
0.02, 0.1) sintered at 920°C in Po, = 0.54 MPa, annealed at
400°C in air and quenched.
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Fig. 2 Magnetic field dependences of AM for

Y 1:xBayCus0y (x=0, 0.02) polycrystalline bulks sintered at
920°C in Po, = 0.54 MPa and annealed at 250°C in flowing
oxygen.

(AM)DRESGAR TR R LT, 7233, BERS IR TIEd 528 Y123
DA R OFE G DD TR | s dbr O R L4 PE
NENTHDERTEWY, BN x = 0.02 OREDIZHIA
AM DINEL BEGIZEDWENDRENZENbND, 2D s
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n-values in high magnetic field for RE123 films prepared by MOD process
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© 610° |

J

410° |

210° L
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Fig. 1  Angular dependence of J. for the Zr doped
MOD-(Y,Gd)123 tape.
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5 I, OWEGEIINA EERAAEEZ R, Ble FA(©=90°
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L ERE LT A, Fig. 212 n B ORI AR %
AT 0=90°T15 T, n EOMERIEED, I Lo
Ba b b, MELBEERTIE, BSITERAETIRE
[ CfEA R LT, REEOIRS X, Civale 512Xk »- T,
BRSO 2 — MM T Tl STl Yy, 2old
JEIZ, Intrinsic pinning DA AL S 5 BEERIRBL I i
LT, o=V RT3yl U BVNEL Y, s
AR L2 25720 L SNTWA[L]. £z, HEOE
HENE BazZrOs 7/ vy RN L7z Erl23 T H s &
v, Blc FmITIE, {KIRAEL T Intrinsic pinning 73 3Bl
WD RS DN TWAI2]. I Bt EN T Blc
FET, nER/NELRD T EEEHRLTEHY, S L
G2 & 72 D AREMEZ D TV AT, S BIZEEMZ
RN LEEBEZ HILD.
HE

ARGEIX, LS H AR AN B B O — B &
LT, o — - pEEBINR G B (NEDO)D
FEICLVERLIZBDOTH D
SEH
[1] L. Civale et al., IEEE Trans. Appl. Supercond., 15

(2005) 2808.

[2] D, 5568 BISHAMIES TR (2007)295.

MOD-(Y,Gd)123 + Zr/IBAD-GZO

n-value

6 (deg.)

Fig. 2 Angular dependence of n-value for the Zr doped
MOD-(Y,Gd)123 tape.
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Critical current density property in high magnetic fields
for the long length YBCO coated conductor prepared by MOCVD method
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B (T)

Fig.1 Magnetic field dependence of /. in various temperatures
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SRR R T AR IR TR, BI85 J OIR TN
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x5 J ODJ:K%:/TT R BRI, IR ISR
DB/ NELTe DN, SOIKIR T/ ME s Lo 7= 1
KIDIENID -T2, BT, 20K,17T (2B WT L DR FE
T8 7.7 X707, WRTTRLNS, IRERDIZELD BT
‘ﬁ@f&ﬂi, B//c DI HEINBES I8 AR AL e 12 -5< 7

T, J DL DRI BRI 572D ThD. — 77,

mmf &, W5 M EBICARATEREE S 03 i ed, ARE Y
R GYERBNTWDEEEZLND.

S& Xk
(1] MBS Dk, 6B, Vol.77 (2008) 1303

10 20 30 40 50 60 70 80
T'(K)
Fig.2 Temperature dependence of J(BLc)/ L(B//c)
in various magnetic fields
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Low Temperature Tensile Test and In-situ Measurements of Internal Strains in YBCO Coated
Conductors by Means of Neutron Diffraction
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JAEA OFERITELERE RESA) (H7-IRRE LRI S |92 iV T
5K~77K DR EERPH T YBCO coated conductors 2oV NTH [ifERERZF T &
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FFOIVAERATEILL . ARFEIST D8 DJRHTER ED & 9124
{ET 2 E BN Uiz, FRIEEEEH O RE 07 65 1R
INTIHEL, ERSFEROEMRL N & OBSERC Z ) TR M5
iz,
2. HHRUSERAE

PEHIAMEICTkDERIEE Cu A7 L72 YBCO coated conductor “C,

Hastelloy FA 127377 — /L CUESK) lum @ YBCO J&, EH12 Ag
JEDSFEE A A L TR0, 22 CIEE 4mm(SCSA050)% AV iz, ikifEssh
R TSRO BRI AEDRITEAA THEEBIZ, JAEA JRR-3 O RESA 124
[EPETL < BRB L7 HR 7Rl e PRI RS Crike) 2 ¢ R
LWZFUN Tl [BREE M2 AR ORIER, To7,

800 . .
700 £ R (MPa)
£ 37 1
600 M
_ L 185 ]
S 500 ¢ 4
) F i
2 400 F
2 r
o 300 P
= F
200 P
100 *
3 922
0 1 1 1 oSt
47 475 48 485 49 495 50 505

20 (degree)

Fig. 1 Applied load dependence of (020) and (200) diffraction profiles
measured at 77 K for Super Power YBCO tape.
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THD,
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b FE QN T e E 1 BB = 2| OO - Y1 111 i 2 ) [ e
EDIOB, [RHFERZ DU TEIRANE Tl YBCO JEIZ 0.20%6D I EHiEA M T
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& TTK CORERRED(020), 00) A 2RI COT— 7 M3 IEIZ
BT DRERD DHEE T HZENTTED,
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77K "C YBCO 7 —7HIZIFEMEDIRREENMAE L, S IREDEINE & biz,
JEMERIINE <72V | force free strain (4% 0.26%& 720 | BlRAYR
THIE Cak3) @ 0. 2668 Uiz, —JFEREImOEAIE A=0. 035%(C
THE L., 1ERDEFER RN force free strain ([T—Ed 2LV HEX
JAFHNL LA Z ESAB N E Ao T,

0.1945 T T T T T

d (nm)

—o—d(020) 9.8K
—0—d(020) 20K
—=—d(020) 65K
—&—d(020) 77K
——d(020) RT

0.1935 L 1 1 1 1 1
0 01 02 03 04 05 06

A (%)

Fig.2 Change of (020) lattice spacing of YBCO layer as a function of
applied strain at various temperatures.

P BT AT

TR 11 PRI N T S R S
0 0.1 0.2 0.3 04 0.5 0.6 0.7
A (%)

Fig. 3 Applied strain dependence of the residual strains exerted on YBCO
layer determined from (020) and (200) lattice planes at 77 K.

B AWITEO—INE AA RIS A RS CREEB  19360289)
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1) A il ; YBCO RIS 2 HEEE)E P DOJRE(RA-a0L) & 79 [A]

2008 KA 177 - RS P A 108

2) LR il SPPEFEHTIE AMRIR S | 5RABREEOPHFE2C—a03)

F80[A] 2009 HEARFHEIR 177 - HARE Pos R

3) KOsamuraetal; “Intermal Residual Strain and Critical Current Maximum of
Surround Cu Stabilized YBCO Coated Conductor”, SUST 22 (2009)065001(6pp)
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Mechanical properties of coated conductors prepared on clad—type substrates

B R, ks ER NE B KH EE K —th(ERKET)
SHINGAI Yuki, NAGAISHI Tatsuoki, KONISHI Masaya, OTA Hajime Ohmatsu Kazuya (SEI)
E-mail: shingai—yuuki@sei.co.jp

1. [XC®HIZ

REBa,Cu,0,(RE: rare earth elements) A & EHA1 133
T35 =7V SMES, 2A /L5 Bk Teklda~0)IS F R i fFS
NDHEMTHD, Fox IXMEHE K KEREFBET HHEEE
TNV EFRR - BEL TRY, BEIEEO—T VI
%728 D REBa,Cu;0, SR ABTEE M A BH3E - WL T2,

K I, RERORZ TR —7 V&34 a3 —7 v
AT, T OFEM EL TH W DB E B ORI,
ER RIS (Jo) FrtE 2B L CRINLENH D, £z, i
MIEr —7 VIR e Bt A DI EE T Z LD 7au Bk
BEAE B L QDI ENMBELEEND,

A REIF 21X 2mm WEORZAERLL | & OH ORI
MR OB E R 2 A L= T 95,

2. M OBELEHNAE

A1 2 DIMERL S L7 O &% Fig.1 1R d, 4
BIAMREL T, 7T R AT HARETE A TOD IR DOBL )
& B FEARZ VN, ZD 1T Ce0,/YSZ/CeO, 35725 Wi &
ERFA BV 7RI OERL 7o, S E L TIEGdB

a,Cu,0y JE% i\ Pulsed Laser Deposition EIZEDARIEL 7=,

MR B R | $% DC Ao XU YRICEVEF L, E
SR E O TREOME S P W TR A i 2 LIk
D, BEEE ~ORERHNEAT T, ZDH, Ay 2 —I2db
HIRAEL | R ICE R D > SIEICIVEIREE TR T
e

3. FHMEfER

Fig.2 |23k 2 OVERL 72864 o R 70 il 1 28~ Te 4%%
(#i 1e) © mﬁﬁf*%%Tﬁ“ 1T T (AT E O MBIk oTE B
DIENEE M 2N =% B LICREL 77K 12T
le %:ZEIanLtO D=8 OB A X138 2mm X X 100mm X
JEH 0.15mm "CHbF OB M A TR HZ b7z, Fig.2 @
Rt X BR D AR A | HCHhI X #ﬁiﬁb@ﬂéﬁ@ le THIKIEL
7= e [ETH 5, Fig.2 £V e DELUVME FIE 20mm® LA 12k
W CHERRS LU U,

Fig.3 I\ZAERLL 728 OB 8EER J1-1c FFE(S[8RY o)FF
it o™, BEBI A L AN L 7= 8E 77 . SEshiZFnag
FHAELID e THRALLE e [HTH5, B~ EN
IRV T T o7, Fig.3 XV 9kef LL FORIINGE ) TliL
A D Ie \IZH T Rb N2> T,

Fig.1 Architecture of our superconducting tapes
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Fig.2 Ic dependence on bending diameter

Ie/Ie(without tension)

Fig.3 Ic dependence on tension applied to the tape
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Magnetic—field angle dependent critical current densities in commercial YBCO tapes at liquid
nitrogen temperatures
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Fig.1 Comparison of magnetic—field angle dependences of /,

in an MOCVD-YBCO tape measured with a transport and an

inductive method at 77.3K (a) and 70K (b).

T T T
20l — MOD-YBCO Tape
’ - - --MOCVD-YBCO Tape

H//ab

0.0

0 4b éO 12‘0 160
Ang 6 (deg)

Fig. 2 Comparison of magnetic—field angle dependences
of /. in MOD-YBCO and MOCVD-YBCO tapes measured
with an inductive method.
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Fig. 3 Scaling analyses of small random pinning for
J. (# 6)inMOD-YBCO (a) and MOCVD-YBCO (b) tapes.
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High—speed deposition of high—quality RE123 films by hot—wall type PLD system
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Fig. 1 Dependence of Ic on thickness of Gd123 formed by 2
types heating.

Table 1 SC properties for 2 types heating

sample thick. Ic Jc Tc  composition
No. (um) (A) (MA/cm?) (K) Gd:Ba:Cu
@ 09 198 2.2 918 1:1.64:2.77
@ 1.0 366 36 933 1:1.74:2.77

Fig. 2 SEM images for surface of each sample
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High—rate deposition of long length GABCO coated conductor using in—plume PLD method
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IZBWTH, [,—300A/cmw DEFHINTIZIERE L5
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4. HE

AR FEITHT =X — - FEEH AR A BR F H A% (NEDO)
DEFEIZIN ANy AR IBEEE I H R H AT R ) 0 —
TrEL THEMSNTZ, 7235, AWFFETHZ IBAD-GZO HAR
K OY IBAD-MgO #:#i% SRL OFEAR, B W, &, &, 1

— 116 —

HOF KD W72 E E LTz, ZTITHRUEHB L £7,

2.0
u
151 UPEEE
— -
g e
173
2 e o
£10- 4
2
<
0.50 g
e 560mJ
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= 650mJ
0.0 I I I I T
250 300 350 400 450 500 550
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Fig.1 Effect of oxygen partial pressure and laser energy on
the GdBCO thickness. The thickness was estimated from
ICP-AES analysis.

Fig.2 [.-B characteristic for B,//c of GABCO tape deposited
at 15 m/h on IBAD-MgO substrate (A¢p=4.5-5" )

E 77K ]
oL ! ! ! ! ]
0 2 4 6 8
position(m)
Fig.3 Longitudinal [ distribution of about 9 m length GABCO
coated conductor fabricated on IBAD-MgO substrate

(Ap=4.5-5" ) at the rate of 20m/h.

W IN

[1] N. Chikumoto et al., Abstracts of CSJ Conference, Vol.
77 (2007) p196

[2] N. Chikumoto et al., Abstracts of CSJ Conference, Vol.
79 (2008) pl14.
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Progress in multifilamentary process for coated conductors
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I I T 1=3534A |
I RTR etching results (30m) u
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16229.19

1=35.58A

o
=3
I

Voltage (1V)
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0.0 | |
0 10 20 30 40
Current (A)

Fig.3 -V curves and I, results for each filament(30m).
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HY, =vFr 7 HEIL Ag J& 40m/h, RE123 J& 40m/h &
L7z, BIZRLT
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Table 1 Improvement of processing speed.
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Fig.1 A schematic view of
RTR etching equipment.
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Fig.2 IV curves and [, results for each filament (3m).
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Fig. 1 Distance between target and substrate vs.
Superconducting properties of Y123 films fabricated on
MaO substrates.

10
—@— Nd:YAG on MgO
—O— Excimer on MgO
1 —&— Nd:YAG on STO
~~
& 10-1 TN
é 10 \° m\
< \
E 102 %A
S
103
B//lc@77K \
104 . :

0 8
Magnetlc field [T]

Fig. 2 J. of Y123 films as a function of magnetic field
applied perpendicular to the film surface.

#E

ABFFED—EBI%, FHAHFFE T ) <4(20686065, 19676005)
DR E, A NT LR EE ) s i B R O —BRe L
T () B = L% — - PESE TN & B S BA (NEDO) 2
HEFEZIT TEMLIELDOTHD,

SE X

1. T. Kusumori, et al.: Physica C, Vol. 321 (1999) p.247
2. T. Kusumori, et al.: Physica C, Vol. 351 (2001) p.227
3. S. Becler, et al.: Physica C, Vol. 167 (1990) p.509
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Fig. 1 Robot as an interface
3
3

— 119 — geoopzooooooooooobooon



2S5-p01

Fig.2

(1]

gooo

24

100%

COE
2 1 [2]

] http://www.humanoid.waseda.ac.jp/index-j.html
10 2] http://www.rt-gcoe.waseda.ac.jp/japanese/index.html

Since 1970

1973 : WABOT-1

- ) ROB!SUKE(Kohayash
noid Project Started

: TWENDY-ONE
L\ . (Sugano)
manoid Robotics

emica Robot
WEND ¥ Sugano) (Hashimoto)  iSHA(Hashimoto) WA

Fig. 2 Robots in Waseda University
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- Sub-assemblies of coil case
9m Winding pack (200ton)
T b (WP) (110ton)

16.5m

t i

Winding pack and coil case

g
A pair of TF coils

CP hole to provide
resin to turn insulation ~ Welding between
CP and RP teeth

TFWP inboard

Regular double
pancake (DP) ( 5 sets)

Turn insulation

Conductor
Cover plate (CP)

RP groove to
insert conductor

Fig. 1 ITER TF coil

N
Side DP (2 sets)

Table 1 Major parameters of ITER-TF coil
Number of coils 18
Number of DP per coil 7 (5 regular DPs + 2 side DPs)
Conductor length 760 m / Regular DP
415 m / Side DP

Nominal current 68 kA
Nominal field 11.8T
SE Xk

1. N. Koizumi, et al., IEEE Trans. ASC, Vol. 18 (2008) p.475.
2. N. Koizumi, et al., To be published in Fus. Eng. Des.
3. T. Hemmi, et al., To be published in Fus. Eng. Des.
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TR IED 2 FENHY ., ZNETORE T, ToEME
FAETHEELIC, INBEMA G DO REFIEEEE L
[3], ZHVETORMIN TIZEDRETIE, M LIRS Rz
B, TFEM A O TR T2 5T 2N A LS 25
Tz, EHIT, BN TIC LA BUEI, S TR CThA I,
MEFDH) 8 U ELL T TAZELRY, CREEEVITK 2
F) FEMBEOEBL ORI, Nl UER L TH-
T3, AR FEMEROFEBLINED, BV SRolmll
B, BWEJTIE M O TG EHE R 2) D 7T, 4
TOET AN 1) TEYET 2R F ELTET,

ZDT= | JFF IIEEIL, TF AV OEEZ B9 D11IC
M0 M LAT Y 7T OZBABECL TTHEmE TN LT D
FiEEANSZE T, I TR OS5 58 B b2 R5H D
LEAREL, BE Im OER RP 5 E T L0 LikEr4 5
U7z, ZORE SR, Bl b LBz THF > 7 %2 a2
LT HINTTICEBITS 1 7R 2A0OYIABRIESE 3 5L EICT5
CEMFRELZRY | M LI RER DK o3 (AR T HZEN
T&E, T, MTRRIAT73HAICIE, B O H £ %1
TR TS 0.3 mm LU FOMANER L7200 | @B ERE
T RP B A NERUET D5 EMRUERINF O RIEL 21552
LINTETZ,

L E ORI Rk BTN 2 T B oI T X S 5o A—H—
THEIEATRETHDLI LMD, SERHABEL IR T& | B
LTS RP BUYEL 53 AIRE THAZ LN h o7z,

3. CPHAIFMT

ST M T, ELRERD CP 2RI L T+0.1 mm
DR BT DA 2B L=, —J7, ISR CP 12
DWTIE, BB T.L CRET 25 CTh -7, L
L., BAIEDORE R BN Lol E 312/ hEL LN g,
FEBON T A ARIZ T CP WAL CLEI -0, BIEAED
+0.2 mm ZEAT DD, PALL ISR R R 235
LIRBZ N HIBILT,

ZZC, HiERE o CP RYEO A EYLA R H7-D1Z, 3 Mr—
F—h ¥ (Fig.2) L5 IC L~ T, % RS H T.U7- Bk
CPZIFINITUC, Mk O M= CP 28195 5 ka
L. RERBRA I L2, ZofEE. 1 38T Tk, CP &
fif e —7— &ML T RERIE T 52T, 2) JE

— 122 —

HF i, BT oA Bk 952 8T, i N g
FELLC0.2mm OEFEERMI I TAEBCXp Bl
B,

PLEIZED, CP OERBE CABMRUERINZHET22L
M TE, CP OFfEICH BB & Tz,

4. F&

BED D EORUEA SR R ATREZR RP 7 AR
CP OHIUE S EZBAFE L TF AL OFHEEIC HiR% LT, &
. SEHIEE RP J O CP OB EM MRS A D T, 520 TF
A )LD RP K Y CP OFRFEICRRONIBAT T2 T E Th D,

SE XK

VINRTEE, fh, RATH%E, 2B-a0l

[2] N. Koizumi, et al., To be published in Fus. Eng. Des.2009

[3] UG F5 5%, fl1,2007 FRZFRIR L5 - BARE S 2A-a09
AT AR 98 X —

Straight RP

Fig. 1 Machining of the Radial Plate section.

. 500 .
—

7 :i_gi \
Pushing out of the central roller

B

Fig. 2 Bending of Cover Plate.
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Detailed manufacturing design and large—scale trial manufactures of ITER TF coil structures
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1. [XL&HIZ

H A7 A9 55 B RS A A (1 A 13, [ B B R

A 3EERIF (ITER) DERIZIH N T, X LITRT h A& VRS
(TF) 2L S (LLF, [TF #&8) &)) 2 8EsH
T 5, 2D, TF & OFHM B ERR G & FEHEEE
Fhti 32 Phase I LML NAIGENZBRLAL 12, ZOIRENTIE
Ath 2 FRIT, (D—IRBMER G & FEREL TF%L%@/\E&
R BUE R I E et 3 D BB . (BRI OMFEE /N A
FIEIC K BRI ED T30 O Helh 5 — 2 2 S D B,
Q)VFEHMED AN KL OFRNELZ B L T, EHRIEIC LT
Feth AR 2 MR FE T D BE P . D = B BE CHEUTBR S At od | 32
FERUED W2 I 2 5, SHIT, IAKPNCRIER RICESX
— R BUWER G A RUE L, TF & o SRS 2 RER
G lE D | SRR EAVERR D28 T, RO B 44 Ui
R TIHZEEATET,

2. —REMEHREC L DA EBEMEERZEOKRE

TF #3&EW O ALTEIRITA —F — I IV I &L Th
ZENTEY, K 1 ITRTYT Ty 7U—(SA) TN
LSO NVEEERIET D, SA 1T_—T v 7 BT AR
(BS)&I@ N5, SHizpBElEnizt 7 A b EESND
M, EIFELED  BUEFIEETZEETHD B ARPRE
f% LlZ725, ITER OIEFIHA N LAY a— Va7
7oL, FIRERBRD A B e RUERITHOMERHY, ZhvE
ThH, R T IIEER L LD RUESBYLOBLENG, 24
IV S DOREIE IS A A 42 L CX 72, Phase T DIEE)IC
BWTIL, BYEA—DI—L1 /1L . Phase 1 R #1Z TF #&EW
RO — KRB ER G D | AR E T k5T D,

3. BEMEOREER

JF SRR I LR B 95 R R DR &R

ZRMEL, T ORWEME, J ONEAR A~ DR EE CO MR
OFMELED | SNEA—I—%ED 4 FOMEHL ITER TH
RENDFMEZ L TDHIEAFHFE LT, Phase Il DIEENTIES
WL, ZNHDA—T1 =00, EEOFH — SRl TE5
MEEFEL ., MEREREER T D, IHIZ, ATV a—LE
E!iﬂz%ﬁ?ﬁbwl LIS DUEAE A— T — S D FEL R B
ANTND, ZOH4E . 10ton BL EDOFEM CTHEIN O —

WCRAL CREMZR S MRAE ATV, EBA O i A—
H—E LU TERATEDNEI D E W35,

4. BREMOBRIE/NMIERIEIC LD MTERERT
IANRENI KRB OVEEAEEY THY , GHEUEDT-9
TiE, AR L, A ICE T A E R BEINORGE L E A

ﬁé%@%ﬁ?—&@%iﬁ%ﬁw\%ﬁM’)o ZD71=® ., Phase

I OIFENZIWVCIE, BLTFOIA E OE¥% i35,

(1) EIRBINAER, 15720 DIEHESAE DI IA T

(2) s T IEE & OT IR T 5 O

(3) B BRI BR OV BEER ~ 0 1 A M AE

(4) BRESVAE T IEORGT

(5) EHEHE E T IEORG

(6) /NEBGAMEIC L AR EE AR

FrIZ, BRI R BRI e L OB ERAETHY |

AL IR —RERIA NV Ed N O T 7 MR — R oA L Biez
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AIET D, X 2 1TV R —RERIANVELEORMEFHHE

T FRRERICHME T, EWrEfikea 358 1m0):4’/1/+_‘r
#ETEL, 512 2 DBILI-LOEFEERRETLILT, |

PR, $ 3R u,ﬂ);cé ME, S T B OB S 41T,

5. MR IEIZ L DR IRSERET

INBARERAEDOFE RIS E | TR — B CH A RTRE e
AANEEROERBGRER T BUEF RO 4 I B T
LEE R A NS5, R IECTRET 2 B R0y =q

VR OSHE, BRIE—RERF ORIV ETD
D8 KBS SEA T DO BUAE K OVEBE R AT ORRGEL WO BLE DD
AR —RaAVELE (K 1O ALE) K OT 7R —Ra AL
#2 (X 1 @ B3 ) O— &2 EIRTHTETHD,

6. F&&H

JEF-JIREAE L. Phase IT SFRIZIAHK 2 [ OFHEIEENZ
BH#R LTz, Phase Il Cid, TF &9 ORAES B LZXY,
VERR BT &8 T 2L L ICBUERHI 2 AR , FER— Bk
HUAE (Phaselll) & V2B &#E< 18 fHD Y — XHfE
(PhaselV) 124 2.5,

1

Inboard (A) i Outboard (B)
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Basic Assembly (BA) Sub As-sembly (SA)
Fig.1 Basic segments and sub assembly of TF coil structure.
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Fig.2 Manufacturing plan of straight segment for inboard coil
case in small-scale trial.
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Qualification of structural materials for ITER TF coil
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1. [FC®HIZ

A AR FWFIEBH #81A% (i J0HA%) 12, ITER DbheA
XV (TF) AV OREEM A TIE T D720 . EHROHE
WEMEHEEL | 2O RUEME, K ORI~ LR TO
MREFPEDRERIEEHED | ITER CTHERSNDHREEAM L3528
EHER LTz, UL FICEORE RAEHE T2,

2. #HEH

S RRRERBR P L T E MR SR 1 IR, BRI
HACHEMEL . 5 CIk, BREEA R, B LR (3R
1, la-1d #) 3 ELTo, F7o, EM B —IciliESh g
ZLERERT DD | BN OTREE A A I REm L 72,
BT, TR E R OV 316LN FH (F 1,
2a-2c #) ZFMEL. 1/4 JESOALEZ F L EUIZ 3l A 2 i
U7z, 728, B — 1, ZHILO FMITREHEF UG 7 o2
THIELT-, EHIT, INFIF DR EE A BOBELTET D
720 BEAEOD 316LN (3 1. 3a. 3b #) 2501 12Nz 72,

3. REM D REREE

LI — TR ELTZ 0.20DEHEL2E A5 316LN D
JEXFEOIREES T A7, ZOREY, ESF I KE/0R
FENARITRL, B — IR ESN TV AZE, KO, B HE
B EEDOFEL IFEAEENZ LD, - JTL(FE 1D
la #1) THRBEDOKE B Tho7=, S50, F—H], “HoiE
FHiZ, ITER i i 8 i 4\ C BLR S N D 50 S SR A e Ly
TR O TR TN R D 72N E B REE T T,

4. BEHTEX ORI

JRF IR R E L HE R (CHN) LRI E A /T A—H
ELTIREECE T2 “ A THRE DR ERFIEE R TN
TELIEEEBRIITRTEELIC, K 50°CREDOT —X & HIE
LCHEE R OAEDINEZ FZIEL[1], 2 1 14880 5%
WTC, ZO ZIRROBGFEEAT TR A2 —FlE LT 2 (TR
9, K O7 Yy MIBEERS RO FEIME T, K ORRS ik
KUK DHBEOHEEM TH D, MH XIS~ LTEY, —&
KU HEDOHEE T FTHE CTHHIENDND, Tz,
MEAEAR Tl RO 3b M EBRE[EIEEOFE RA 1572, 3b #4
T, PHIEARLE U MEZ /R L7223, ZhUE, SIREED
HIEED E D ThAHT- DS, 5%, ITER DK
& 316LN Z#MEL  SHIHGEEEZED 5 T Th D,

5. MHEMEEHRDRTE

ITER Cff H 7o EM BHI R SN D 4K it 31280 4 7
Z A (1,000MPa, 900MPa, 700MPa, 500MPa LA )2/ E
NTWD, it ) 1,000MPa LA LD Z7F A1 11 24 34578,
ZOMDIFAIZIE 316LN % (C+N) BT/ L —R 43 L Tfif
M2, Bl XNaic 9 nid, #2710 —Ro (CN) & &
ONEIRM ) O FIREPE T2 LM TE, 4K i /] 900MPa,
700MPa, 500MPa LL E X725 (C+N) £, =R &L T,
(0.18%. 280MPa) . (0.13%. 245MPa) . (0.08%, 205MPa) %%
NENRE LM EHMEERE LT, Zed6. 2OF 2 1L, B AR B
T2 - 8 iR HER IR A B 2 CRESN AL A 3R I #
F& TBRE -~ 7 o MEIE LR | ORISR E DSl L 7o
77

— 124 —

Table 1 Form, thickness (T), carbon(C) and nitrogen(N)
contents of materials tested (F: Forging, P: Hot rolled plate)

Material Form ! C N C+N
(mm)
la JJ1 F 400 0.017 | 0.225 | 0.242
1b 316LN F 410 0.018 | 0.200 | 0.218
lc 316LN P 140 0.019 | 0.206 | 0.225
1d 316LN P 200 0.019 | 0.206 | 0.225
2a 316LN F 400 | 0.020 | 0.166 | 0.186
2b 316LN P 200 0.022 | 0.172 | 0.194
2c 316LN P 200 0.020 | 0.134 | 0.154
2d 316LN p 140 0.020 | 0.116 | 0.136
3a 316LN F 590 0.012 | 0.119 | 0.131
3b 316LN p 60 0.021 | 0.070 | 0.091
2000 T T T T
1800 J; 1b, 1c, and 1d, Transverse direction
< 1600 g 0 E &
\i/ 1400 |- Tensile strength
G 1200 5 - Yield strength |
é 1000 g o
o 800 [ OYS, S1,t=400 ®YS, S2,t=140 OYS, S3,t=200| |
600 [ OTs, S1,t=400 WTS, S2,t=140 0TS, S3, t=200 [
400 [ [ [ [

0.0 0.1 0.2 0.3 0.4 0.5
LOCATION ALONG THICKNESS
Fig. 1. Transverse strengths distribution of 1b, lc,

and 1d in through thickness direction. Location 0.5
means center of the thickness.

1800 : : ‘
@YS, C+N=0.218 OTS, C+N=0.218
1600 &\ BYS, C+N=0.186 OTS, C+N=0.186 | |
1400 B AYS, C+N=0.131 ATS, C+N=0.131 | |
g RN
s 1200 =
T 1000 E\ >
[ - TS
Q 800 A— \\{\\ \\
w R Ry R
- ‘ _ T Py
E 600 SRS
400 I —
200 [—1b, 2a, 3a, Forging, 1/4t
0 | | |
0 50 100 150 200 250 300

TEMPERATURE (K)

Fig. 2. Relation between strengths and temperature
of forgings having various (C+N) contents.

SEHK
[1] H. Nakajima et al., to be published in proceedings

of ASME PVP 2009, PVP2009-77553, 2009
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1. [ZC®HIZ

ITER TF 2A/WEESK 14 m, 1859 9 m EWV)HE KA
JLTHHM, FRFICE R IRRSE Y THD, 20 TF 24
JVOFRE, BUEASTHICISE, 2008 45 10 A, H AWM
NIEREGHE BEE~7 3y M MEEEE (JISME S
KA1-2008) | # I E LT-. ZORKIT, — ARk (LR
FIE) | BORE, BREE, SR (FEHE) | FEREEER AT L - DR AR
HFED 7T SOFNOEERESNTEY, R TIILO THlES
Ni= TR REaA VOB 1B T2 Th D,

AHETIE, ZOBBOF OB ONEEZRY BT, Z
@iﬁ%f‘ziu&)TH&D)\hehﬂw&m)ﬂ%iﬁﬁ*ﬂn FAEIR
TREEDOHEE SRR E 2 ISEN 5,

2. BIEERABEM#

AFKE T BIKR TOMREDNRESNDOME SR ES
NZ2WBT B DY FHESN 72 WA EREL TIE SUS3048H
SUS316 8], A2 =L 718 Ni L IANi &4, Cu LT Cu &
& INOOEEM BN D5, MIRIRIERE N ESNTND
BEHZ Table 112739, FMJJ1 SifllZ~ > W AARIIAT LA
$C. FM316LNL #f . FM316LNM #f . FM316LNH 4l 1%
SUS316LN % (CIN) THHE YT LZb DO TH D,
FM316LNTP #ii3/r—F A ar Dy NERDaL Py i
BT %, FMYJJ1 SliE FMJJL 80D TIG s IC s s Sn-
VEBEAENC, FM316LNL-H $o> TIG &b VW bivs,

NSO BB IR IS L B AT T o - AR AETHEE
PEFEL T SN DAL, ZRHDM IO RIE TOR
FHEE IS Table 2 TH2BND, JCARIEDTE VS O FHE
AL T HIENTED, Nb3Sn 728 DIBARIEFE AR DT
DOBIHZATHEEITIL, Table 2 RLCUWITR ~RA KGR 8
OHEE FEEANDZ LT TET, LB 5R 4 27
BRI L CIML , HRE T — 2 BB HZLELTCND,

3. MBIERREHTEAE

A —=ATFARRAT L A O BAR TR EE L5 ETRE A3,
(CHN) BT D2 &1E 1980 AR BEHILTUNVD, 22T,
(C+N) 585 L LC, R DS ERIRIEE 0 23 0 B Clal RS
iz,

Sy = (5.78 x 10 (C+N) - 7.51 x 10°) T + (-27.8

(C+N) + 1.72) T + (3520 (C+N) + 395)

ZZC Sy [EMEARTRAEE (MPa) | T IZIRE (K) ThD,

58 2R 00 — vk BT IRl 2 A BRI BR AR 13 A<

Table 1 Chemical compositions of structural materials specified in the standard.

2, ZOEYFHICI > TEERFERE BRBLT 22N TED,
ZDEYF LT & 22 AN Ef 572 . IR TOREN
Table 2 OHRE L2512 (1) DEAREIZ—E DREEH
. EEERPE TR 7RSS, TLTEK 77K
TORMENEEEL TV BRUVMEL/2H I B EA L

HEOPICEDOR TEZDZEE LT, ZNHDOFREZE VT
FIRMNHAK FTORFHRRIRIRE K OG5 5| RIR AR D
HIENTED, AR LD Z K 1ITR T,

4. BEHYIC

FEIRASE Y T o KRBT A L ORYEIZBID OB
FaME ST, ZOBHEIE 30 FERDHRIRAE A EL O
FROFRDO—IiTHY, ANARRET DL WS D,

I I I I I
Design UTS for FMJJ1

—~ 1500 200 mm <t <400 mm -
- >
g Design YS for FMJJ1
\:E 200 mm < t < 400 mm
= 1000
[©]
P
i
e
o 500

FMJJ1 (2 Heats)

0 1 1 1 1 1
0 50 100 150 200 250 300

TEMPERATURE (K)
X1 FEBRICEIVELNDIEE LR FHEE O ik (FM]J1)

Table 2 Mechanical properties at RT specified in the standard.

Material Thickness (mm) ?’J'-E’(S Fg/llé:)s R(I/OE)L RZ;/?)A
<

Gl T o Ml M
<

FMSIGLNL | o= o 05 | as0 | © |
<
<

FMSIGLNH |05+ 55 a0 | s | © | ¥

316I_FII\I\AMTP 245 550 35

Material C Si Mn P S Ni Cr Mo N (0} C+N
FMIJL 0.030 0.75 9.00- 0.035 0.015 11.00- 11.00- 4.00- 0.21- )
max. max. 11.00 max. max. 13.00 13.00 6.00 0.27
0.030 0.75 2.00 0.035 0.020 10.00- 16.00- 2.00- 0.05-
>
FM316LNL max. max. max. max. max. 14.00 18.50 3.00 0.12 =0.080
0.030 0.75 2.00 0.035 0.020 10.00- 16.00- 2.00- 0.10-
>
FM316LNM max. max. max. max. max. 14.00 18.50 3.00 0.17 20.130
0.030 0.75 2.00 0.035 0.020 10.00- 16.00- 2.00- 0.15-
>
FM316LNH max. max. max. max. max. 14.00 18.50 3.00 0.22 =0.180
FM 0.020 0.75 2.00 0.030 0.020 10.50- 16.00- 2.00- 0.11- - 0130
316LNMTP max. max. max. max. max. 14.50 18.00 3.00 0.18 -
0.030 0.40- 9.5- 0.020 0.015 13.5- 11.5- 0.11- 0.010
FMYJL max. 0.60 105 max. max. 14.5 125 4555 0.15 max. )
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1. [ZLoic 3. BMEShi=-FRBDMAE
ITER FHEIZIBWT, HAIOHMERRD THD The A ZAVE CICEN24E TRUE S 72 NbaSnF R IE, £J600km
KV (TF) aA VRS R O IR D ) 23 ITER T, HATEWES NS L OO % TH S, RAZ, BA
FERE & BRI DR SeBR s kRS (JAEA) & OfE T 2007 4F JETF =2 A L JANDSNSE# 025% T db 5 #9126 ~ o & pE
11 A 28 HIZHififs Siviz, TF = A L HBERIZERE 0.82mm L5 Lo T A, BUEX LT NDSNEHR D —FB O FHHR
D Cr A Fff& NbaSn FH % 900 A & $iifR 522 A% AR DOEFFETRAE R Ve A7 U o AR OFER 2 Fig. 21277,
L. AT v L ABIBLN)YRID R ¥ & hoddicdfi A L, B O BRI LA (B B RAE : 190ALL £, & AT
FTE DAME £ THEMIBAE L7 b D TH H[1], U v Ak 500mIemPLl T) Zii LT 5, AT
2008 4E 3 AICIZERND A —T & DB EFHEO, HAIC FEEBVICEREZED D L RIS, A—BICBT 5HlIE
B DEARDOEUEE ARG L=, T OND 2 tHick FEREZIAEAICBW T LT = v 7 T5FETH D,
WT, 7 X¥EIZE D NbgSn HEREO—E 858k Lz o

T, FOMEREIZOWTHET 5, 4 FEH
{ERE 2T 9 A NbSNERR T, ZhE Tlc, BALHS
2. eSS E DRI FERR LTz, Fiz, ERNOEBES I OWE ik

ITER FHHEIZIBVT, FHMBO/ A — BT & D HREFEAMLR KO T NEYERIEICOWT R F<w— 7 RBRIC I Y
B HE R OSERDTE LW & 2 ERT Do, R T~ LW QR TE T,
— 7R TIHON T\ 5, ITER BERE D HAE 5 NbeSn 52 TF= A L2ff 453 DNbSnFE#E (£99660km, #4944 k) |
FRIZOWT, BEAERME,. 27 U v 2K, RRR DK KAEDIH ETIZGERT D TETH D, FHITHENT, i‘ﬁfs
RA~U T NEFEIZB T 2 RIEIDIN 2T, BRI 5 HEMR MOBWER ONEMRL (P v 7> MINT) {EEE21T5,
R, VAR NE YT VAR NOT, fﬂtl:\ Cr Av
FIEEEZHETDHZ LI TS, i Sh-ERIT
WOl (EU) CRAESNIT 7Y KEORBThH 5. 20 ?ﬁifkk et Al P . b

SP=2 . . lakKahasni, et al., errormance o apanese 39N

Q%Efiﬁgf“ﬁ Egﬁ?ﬁﬁgﬁ%ﬁiﬁ%m (g;:al% Conductors for ITER Toroidal Field c:oils"l,O IEEE Appl.
o 10-1, 10-2, 10-3) ZiKalSH, JAEA J OVSEHR 4 Hl Supercond., vol. 18, No. 2, pp. 471-474, 2008.

fE PTI/ ' Z:’ ENOA—T 2 *if‘f@”ff L7z, F7e, %ﬂ%:“ Table 1 Results of Benchmark Tests for EU strand in Japan
OWPELFTICBNT, [ UFETRIEE YT JAEA A B
(Table 1 > S) HHET D Z LiTRo TN D, 10-1 192.4 194.2 190.0
FONOENIZEIT HERERMEL e 2T U v 2 Ic (A) 10-2 191.0 192.1 188.1
FDOMER IR A Table 1123, BESMEIRMEIL. ITER HRE 10-3 192.5 190.5 188.5
(EBLO 2 7 A3 TS 2%BLN, 4IRS C 1Rk L S 190.9 192.3 185.1
T v T IATBNTIE 3BT B LT\ 5, i 3 Qh (mJ/cm’) 46 40 ar
TERETE N ONE Tk, BB 1T &2 5 0 72 o TV B E |c: Critical current,
FIEICAWTHERT 2 6O ThH 0 EHNICBOLTIE LV — Qh: Hysteresis Loss for one cycle of +/-3 T
HBThotz,
< 7y
]
<
g
TIAN £
grooved (_(i
cylinder £ 180 o A
@) A B
160 . . . . .
0 100 200 300 400 500 600

Hysteresis Losses for +/-3T (mJ/cma)

Fig.2 Superconducting performance of Japanese NbsSn
strands for TF coils. Domain of slant lines shows
specification (Critical current>190A, Hysteresis loss<500
mJl/cm?).

Fig. 1 Critical current sample holder: Ti6Al4V hollow cylinder
with two Copper rings (left) and assembled holder with a strand
section wound on it.
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Analysis of current distribution in joint of conductor sample for ITER Central Solenoid
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—{b %7715 L T, RRR Off 4 i \EFEPHICHIE T 52808

B THHZ D RENTZ,
Stainless steel

L

Copper B

1. 50 mm|

SC cable \Copper A
Fig. 1 Cross-sectional view of joint of CS-SULTAN sample.

Table 1 Parameters and results of current distribution analysis.

Case No. RRR of RRR of Joint Jmax!Imin
copper A copper B resistance

1 4 4 5.8 nQ 1.05
2 20 20 1.9nQ 1.25
3 100 100 1.0 nQ 1.67
4 100 4 1.8nQ 1.30

— 8 20

~ ~-Case 1 i

\E 7 <JCase 2 ni

<5 - Case 3 1] 16 -

= -8 Case 4 14 —

.5 — Magnetic field [ 17 =

= &=

o 4 10 5

53 18 %

£ 16 %

o 14 =

51 12

(SI s . X X 0

0 100 200 300 400 500
z-position [mm]
Fig. 2 Current and magnetic field distributions of joint of
CS-SULTAN sample.

S & Xk

1. T. Hemmi, et al.: Abstracts of CSJ Conference, Vol. 79
(2008) p.28.

2. Metals and Ceramics Information Center: Handbook on
Materials for Superconducting Machinery, (1974) p.5.1.1-1.1.
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Supperconducting
Cable

Fig. 1 Cross Section of CS Conductor.

INSULATION

CONDUIT(SS316)

SUPERCONDUCTING CABLE
T—

CENTRAL SPIRAL —
Fig. 2 Cross Section of EF-H Conductor.
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1. K. Yoshida, et al.: Abstracts of CSJ Conference, Vol. 79
(2008) p.19
Table 1 Conductor Parameters for CS and EF coils.
CS EF-L EF-H
Type of Strands Nb3Sn NbTi NbTi
Maximum Current (kA) 20 20 20
Nominal Peak Field (T) 8.9 4.8 6.2
Operating Temperature (K) 55 4.8 5.0
Discharge time constant (s) 6 6 6
Delay time (s) 2 2 2
Number of SC Strands 216 216 450
Number of Cu wires 108 108 0
Local Void Fraction (%) 34 34 34
Cable dimensions (mm) $21.0 19.1x 21.8x
19.1 21.8
Central hole (id x od) (mm) 7x9 7x9 7x9
Conductor external 27.9x 25.0x 27.7X
dimensions (mm) 27.9 25.0 27.7
Jacket material SS316LN | SS316L SS316L
Max. unit length of 500 585 478
conductor (m)
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1. K. Yoshida, et al.: Abstracts of CSJ Conference, Vol. 79
(2008) p.19

2. K. Kizu, et al.: Abstracts of CSJ Conference, Vol. 78
(2008) p.36

3. K. Kizu, et al.: IEEE Trans. Appl. Supercond., Vol. 18
(2008) pp. 212-215

Fig. 1 Prototype sample
Table 2 Test condition

B I T AT Pin | dm/dt
(M (kA) (K) (K) (MPa) | (g/s)
6.2 20.0 6.0 0.2 0.6 40
2 ‘ ‘

— Experiment |
16 — Simulation A
’ Simulation B

05s /\

LA AT
- \

0 03 0.6 0.9 12 15 18
Time s

Fig. 2 Results of quench test

Normal Length m
y
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Flexible plate

\Rod (36mm ¢x8)

Fig.1 Basic design for the support structure in EF4 coil.

Clamp
Flat part 2+mm
3mm! d i *
Shim

Winding Pack

Fig.2 Conceptual figure for the structure design between
winding pack and clamp in the EF coil.
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EEAHTEOTEIaRy N EH 70 s T A
CIMPLICITY &#HAE T, SQUID H JJillE L [FIIL Tl
FERFO SQUID A% PC IZFLEEL, SQUID LA 15
FV 2= VEFo TS, 2D al I amw HWi-Z s
WA T, oA L bORE I m B i k2o
N7 ARNTIEREZ RS, X 7&K MEIZI->T SQUID 7
TVUF A=A ERBIHEET, TAITA T —NBZIZLDHIHE
WO ELAUC K 358 EUE 5% 5 Lol ARt iy A% &t
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I Az LIV BREOBREET).
3. KFRBHILHDFHRBEHBRE

AR OB EE S DK FBIREL L L 7 T TR T,
27y FAGEAS AL SQUID FERGEER AT S AT L5 H LT
AR ARBRZAT 72, X7 OEALT 168mm, £5 420mm,
JZX1% 6mm (CFRP3mm, 7/v3 3mm) T, 7AINICEX
10mm O LAY D. ZZTILE AL 30mm OF 7L D
b AV EE L, (R ARSH) 13~3mm (2535 400~
10kHz T 7.5 u T Dihlétedns FHv 7. SQUID &4 7 K il
FEREIR 5.5mm LU, BELEE X 2mm/s EL72. BEIOFE,
SQUID Dy DAMCREHR NT 7 DFAEITL, BENZL
Y 10 Hz DL F OARJE BB/ A XN, RTA R /AR
AUUZBAIE R 572, Fig.2 (T Ioica e sNBEDE
WORGHE AR5 A% SQUID A NI KV EHIIL 7= 4% 5,
Fig.3 \ZR T p~w EE IR U3 ARSI BV T, &
HETELET D 8- IBEE TR T2ZEMTET .

Controller
(CIMPLICITY) SQUID coordinates PC (L2bVIEW)  sQuID output
= <=

Robot-arm
P, Lock-in
2, 3 Amplifier

SQUID
electronics

Cryostat (=6
(] HTS-SQUID i
gradiometer X
Function
m Hydrogen fuel tank generator
Teaching board with CFRP cover
(Robot program) Crack in Al liner

Fig.1 Robot—arm—based mobile SQUID-NDI system.

A ¥

Double-D coil

Scanning area

Double-D
excitation coil

HTS-SQUID
gradiometer

g.2 3D scanning around a hydrogen fuel tank with a
oving SQUID in normal circumstance.

le y axis [mm] >l
30°—
g 20°_|
= 00 : .
2 10 Fig.3 Inspection
& 0 result of a deep-lying
c
2 -10° crack in the tank
g 20° | using an excitation
field at 1kHz.
-30° Y
4.45 18.6
%%j{fﬁk SQUID output [mV]

(1] H B AT, IR T2, 44 5% 2 5-(2009) , p.54
(2] B HAF, 55 79 (3] 2008 EFKER{KIE T8 - B E L
S EBEEEAE (2008), p.60

geoopzooooooooooobooon



2C-a02

0o /00 (1)

Method for evaluating and enhancing the cooling capability of AIN ceramic as a potential
thermal guide in cryocooler cooled SQUID systems

Eshraghi Mohamad Javad, Sasada Ichiro(Kyushu University); Kim Jin-Mok, Lee Yong-Ho(KRISS)
E-mail: javad4d@asem.kyushu-u.ac.jp

1. Introduction

In cryocooled LTC-SQUID systems, copper sensor holder
could be used as a thermal guide [1] but white noise level due
to the thermal magnetic noise is high [2]. Therefore finding
insulating materials with high thermal conductivity in very low
temperatures is of great importance. AIN ceramic is an
insulating material that shows good thermal conductivity at the
room temperature. Its thermal conductivity at the room
temperature is nearly half of that of the copper. We examined
the thermal conductivity of AIN ceramic as a potential material
for the thermal guide in a cryocooler cooled SQUID systems.
We found out that the AIN doesn’t show very good thermal
conductor at very low temperatures, therefore by implementing
thin copper wires we tried to enhance its thermal conductivity.

2. Experimental setup

For examining the thermal conductivity of AIN, an AIN thin
rectangular plate was prepared with dimensions of 3 mm in
thickness, 12 cm in length and 4 cm in width. A thick copper
plate of L-shape was used to fix the AIN plate to the
second cold head of our two-stage pulse tube cryocooler.
Apiezon N grease was used between AIN plate and the
L-shaped copper attachment. The temperature of the L-shaped
copper attachment, which was attached to the cold head, was
measured with a Pt-Co temperature sensor. The temperature of
the free end of the AIN plate was measured with a germanium
temperature sensor which was attached to the AIN plate with
bolt and Apiezon-N grease. Output from both of the
temperature sensors were acquired automatically with a DAQ
board.

3. Measurement result and discussion

Results of the temperature measurement are shown in Figs. 1
and 2. In Fig. 1 the temperature difference between the colder
end which is connected to the L-shaped copper attachment and
the free end of the AIN plate is plotted for the cold head
temperature (solid line). As it is visible in this graph the free
end of the AIN plate in the best case is at least 2 K warmer
than the other end, so at the final stage that our cryocooler cold
head reaches 3.5 K the AIN plate’s warm end cannot reach the
desired temperature for operating LTC SQUIDs which is 4.2K.

For enhancing the cooling capability of the AIN plate most
of the back plane of the AIN plate is covered with a bundle of
0.1 mm thick insulated copper wiresplaced in a single
layer. Because adjacent copper wires do not have electrical
contact, electrons in the wires fluctuate only one dimensionally,
hence, based on the Ref. [2] the thermal magnetic noise may be
much lower than that observed with a thick copper plate used
as a SQUID holder. The temperature of the free end of the AIN
plate with the copper wire decoration has successfully reached
4 K about 1 hour after the cold head had maintained at 3.75
K. The result of examination of the thermal conductivity of this
AIN plate is also shown in Figs. 1 and 2.

4. Conclusion

We observed that the temperature of the free end of the AIN
plate hardly fell below 7 K even one hour after the cold head
had reached 3.75 K. So we conclude that this material by
itself cannot cool LTC SQUID sensors to operate.

The cooling capability of the AIN plate was enhanced by
covering one side of it with 0.1 mm diameter, 12 cm long
coated copper wires. The free end of AIN plate successfully
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Z 73

§ 6 _5 AIN samle AIN+Copper wire |
2 53

g 23 e

g 13

Q 3

g 0 4T
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Fig.1 Temperature difference between the cold end of
the AIN plate and its free end (solid line). Same quantity
for the copper wire decorated AIN plate.

AIN+Copper wire

210 5
4 93
5 3
o 84
5 3
5
g 6—3 AIN samle
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51 E
£ 3
=] 3
g 23
2 04
=]

L)

=

01:00 02:00 03:00 04:00 05:00 06:00 07:00
Cool down time (H)

Fig.2 Temperature difference between the cold end of the
AIN plate and its free end (solid line). Same quantity for
the copper wire decorated AIN plate.

cooled down to 4 K. Therefore we hope that this material with
the aforementioned improvement could be used as a thermal
guide to cool SQUIDs. In the near future, we will attach
Double Relaxation Oscillation SQUID first-order planar
gradiometer on this plate and will compare the noise floor with
the case of the copper plate thermal guide.
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Development of cryogenic targets for FIREX-I
—Consideration on temperature distribution in the target—

L—4—

EA R mil BEE], W E A, =7 FIETINIRS);
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IWAMOTO Akifumi, MAEKAWA Ryuji, SAKAGAMI Hitoshi, MITO Toshiyuki (NIFS);
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1. [ZL®HIZ HI—= Bl e N, ZDH =B —7 b e ~UT LT A
L —H — G ol sk F R E A KR X — 7 v hd TR (12.4K, 20Pa) THEIL, PS =/ L INIZIKIA K F#EE T

BAFEEAT > T D, B —7pERie R D E oK F g a L3 57

OIZH =7y NI 2B ENSI T DR BN DD, X —5
DT AZDPINSN= D AR BEL BRI E T HZLIE T
7o, T, B LT KE O A SRR 2 Dk e
EBIE LT REANSY SE W2 #—4y MNIREE 5341 O
FHEE R AR REA - 35 FIEOMEE1T o7,

BIE, RKIRRKFL =V —= g X — 2w 7 —

(ILE)TlZ Fast Ignition Realization Experiment (FIREX) &%
BATH CTHD, ZOFHETIH F o md sk s ks
— WG OFEBEZBREL TR, BalG IsEEZ 37
OI2FEFEDOL —F — %2 N TET 5, —DIIPRE - H 5 5%
FCHEMT DL —F —, I —FHIXF DR S -BE N
L, A K EEZT L= —Thd, R THDH
D RENCBWTHENRTTE TL TS LAk G RET
RIpDHARED S — 7 N el T 20BN H5, ILE &
NIFS 23 LR CZ D2 =7y DB ZAT> T D,

2. FIREX 42—~ vhD itk

Fig. 11237 FIREX & —7 v Meadt, gEhdk
FORNIIKRTH D, ERBCRORENE N L ETHDHI0, 7+
— LY VN ERITIREL N 7= SN D D Tlried , BHIE R
GEFIAL T4 — A NITIRIRIROBRE L A E8, &
D% E LT HZET, FL O AE MEWERAR A 72 #
— BT A2 HIEL Q0D ZokEE 21T £ m
TRSRCHERE R L R LW MEL T =T LN B D, D7+
— ALY VNS TR IS NI [E AR R O F ik i87n E  d
WA ECH: BT A7-0120%, 2P BICE S 57210 T
ERFTHHEEZ LI, TDO#HK B2 HNKRRED T ¢,
ZOE RO FFBL Sy 72 & OIELN MBI 2D,

Fill tube

Gas barrier

4 7
Foam layer Coni ser guide

Foam shell

Fig. 1 Typical target for FIREX.

3. =8
EBRZIT T +— L =L DRDYIZ, N ORET
TEAIHTHER 2mm ORVZF L (PS) =LA T0FIT 7=

— 134 —

HEL72%., 100mK {BE%2 T, KFrELIET, 0%,
12.0K CTHEZEEL, ZDONESDEARKIEDIRREL(LE2
ARFREEIZR U7, Figs. 2(a) and WICE(LE %D 10 B[4
D [EARAREDORIELEA R T,

(a) Just after solidification (b) 10 h later

Cone

Cone -f".-“R_emaining

guide ‘(_'Mcniscus guide

Figs. 2(a) and (b) Variation of solid hydrogen.

4. 5tE

FEERFE B TH D 10 BRI OB K ZE DN iz HlcEeT
NVEVERR LU= (Fig.3) . ZOFF VAR KEOA LY —3
T (250 W/m*) IZL D0 — L3~ 5L (50
nW) ZEL  IRE A Z R LT R % Figd [ORT, 20
FHEAS I, 24 REEIE ORI IE DA Tl A3 Af
BEZRIREE AT L7 QDI EDR S Do T,

PS shell
t= 10pm

3 mm

20pm SH; layer
r=1.00mm  435: T 135°

r=0.96 mm g | P
90°

45° 5
< Au cone guide

TeHe =120 K ~/

Fig.3 3D Model of PS shell filled with SH,. Four different
heat transfer coefficients related to free convection: 31.7
W/m?K from 0° to 45° of zenith angle, 28.5 W/m’K from
45°  to 90° to 135° and 7.9
W/m?K from 135°

, 22.2 W/m’K from 90°
, are assigned.

to 180°

A > 12.00000 K
B > 12.00200 K
C > 12.00217 K
D > 12.00218 K
E > 12.00219 K
F>12.00220 K
G > 12.00230 K
H > 12.00300 K
[>12.00380 K

Fig.4 Temperature profile in the dummy target with radiation.
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Vortical structures induced by natural convection between vertical parallel plates in supercritical helium
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1. #5  —IRICREREIRICE T 2 REEBEHOKRES 2
PR 2 LSS S AEMNETERO 1 DL LT, MABIKE
IEN S MOME L AR EE L NS ZHIEY 2751k
PEFEND. BRI Y L (SHe) ZAV ik AR
BEMOS ARSI ZE-MNERIRE 2072, RAEOf
2175 T EPIFBICAERTH D, ZHEREZTTS 72l
LRERNGIC BT 2RO IS NCT 5 2 LidpHE
AR EEZ D, FHRTE, KFFARBRNTIFIC BT 2 1H
WIEOBMEETE 2T - 7o [1]. BT A 5 8B 2E R UM BRI
PRICEER U e @i -EiE B A > ORI EMIC L 06t
FEDHIOBNE T L ROMEMEKE NS, T DRI
B ED D ERIZR A ERmIC K RN E NS
TEARENT, AR TIRIAMEDRFRIEANIRE T - IR
OB EBRZRD, SLRANOBBRESRIETAROZN
FRIE AR B 2RI I F5 1 B B SR OTREIIRREIC DWW TR
M & BB OW I 5 #5095,

2. BIRR MBHERE 3 TR (r.y.2) € Qv =
[0,Lz] x [0,Ly] x [0,L;] DF IR LT B, o lTidin
B RmEZIELL, 2 B EREF v v T A0, y KE AN
VHAZERY. 2 = 0 HO—HIEEMARE L, 2 = L,
OHEB—ERE T, L LT3, BANENBEOHRZ
< p(r,t) > const TZHA, © = 0, L, DHRICHRAGR L
FMEEAT 5. oRREdERUEFZHE~ATS. 4k
Higa - SHREFRESIY HBRS.

3RREER HEEEO—-HELT, KHp, = 229
kPa, FIHAVRIKIEE T, = 5.25 K, Pro = 5.17, Ray, =
PrGry, =8x 102, T, = L,/L, =144, T, = L,/L, = 1
DHE (RUN-1) DWW TEL R C#amd 5. Fig.1-(i), Fig.1-
(i) WCHER ¢, = 1sec U £y = 1.75 sec DERIHN 5 ELIA
S OEHEEDRIER (v-2) « FE (a-y) B7d. KBOH
WD IEERBAZERT 5. WEFZIC B 2 RGOS M
FNFNROEBOTHB. (1) DERBET, ANVIBREEOE
Tz s OBADFHEE TR E NAHEENFEL, ZTOME
DO BEEICH 5. (i) OEEFETIE, WE OWIHSEEmEmIC
fET 2 AR, BEOS L EEHICHENG -T2
IREEZ R L, SIS & MBEE 2R d. ZOXK
51T Fig. 1-(1) RACAT3E OREIRIREDN S (1) DISHE > 721l

def

EL RS | S PR L R B B ) B
Empirical Correlation
t = High Pr (Laminer & Turbulence)
=== Water (Laminer & Turbulence)
=== Analytical Solution for B.L.E.
(Laminer)
Numerical (t=ty)

Turbulence (1)
slope=2/5 or 173
\

1

-
= Turbulence (5) - o
= L slope=1/4 e _‘é‘?‘\‘"
Laminer i -
T e
slope=1/4 S
Laminer Correlation
(Solution of B.I.E)
o = slape=1/4
10 ! ! sl sl
10" 10" 1012
Ra,

Fig. 2 Nu, vs Ra, att = t;;.

HEEADEBIEEIC 3 JOTRTD w0;u; ICERT % oM
W, RUZ DN GEE) & BEm RO BERMEHEL T
Wb, FNFNOAHZALEZRFIFEHEL LT, ()—(ii)
OFHE 37 RORA, KT (i) O FHREKIC BTl
IREEHIC 3 5 B OTFENIC L B WMEDARNLEN - BEAAL
MELNTVWS. ERNGORMEREAEDERENS Rz
BE, —R « ZROGIKSPPERIRNEE AR ORI i
&% L ORLREENER T 2 Vo T,

Flg2 Iz t“ H%@Eﬁﬁﬂ"]&y L) }‘é& Nul & I/’f ]) '_‘§&
Ra, OBEGZERT. BRSO 28, BotiEiiEs
BRAOBWRIC B 28R, RURTS Y VBRI R T
IKDEF-ELIRE &SI ERBAE 7oy F LT3,
Ra, < Ra. = 3.0 x 10'° ClZEFEBOMRITIRE —8H LT
W3BH, Ra, ~ Ra. T Nu, ZFHIIESEMHRDZ. BT
Rag ~ 10M 555 T Nu, ICBVOWVEL, SLRERVRENER S
5. TOBCEIRELRMEEGRIADE ZAAIC K BIRAICK
L7z DTH%. T OELRAEEER AT HBE B>
THELFERORMMDSH 2D, ENLIFOBREEEER I
KX HENEON—RZRLTHED, BUEMRIIERD) SEL
TRRBEANOEMEBREH DA TV LS5 T EHHRES.
BEE A HARZIRASR AR A& GE TR
B) DHIK R TIT 72 DTH 5.

1. T. Okamura: Abstracts of CSJ Conference, Vol. 75 (2008)

(1)

(i)

Fig. 1 Side (z-z) and Top (z-y) view of instantaneous vortical structures at £; = 1 sec, Fig.1-(i) and ¢;; = 1.75 sec, Fig.1-(ii).
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Preparation and properties of high—quality melt growth Gd123 bulks with low void density (III)
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1. [XC®HIZ

7 136 (RE) R LW iR B E L o T, IR E R
IRETHRWEE BRSO, SOITRVBIR
B ENERAL, SR, A | IR BB,
BHLY—R7e & | A OMEEISHABRIIERIN TV,
SNV IED EPEREAL SRR D FE AL D 7=0121E
TR FFEE B, R RHE ORI e O EAIER
ICHETHD, —RIC, 7 LR SV OB TR E P TR
ECERIENAN[L], eI BELTREFNEIZRAR
(KAL) BMFLET D, RARIIXRKaTHY ., B A TR EE 1] Lo
ToDIIIRARE E DR AL E ThHD, ZIVETIZ, iBHE
RS 1ICL->TC Sm R, MBS ICHRENE D3,
RANEE B A S OO R EE S 35 2
EREEN QO 5(2,3], Bl BN B EERMEEETD
IKARAREEE D Dy =T, BRI o Eosifd Shr-[4],
ZITARFE TR, RARBEMED, BRESIIEEOEN
72 Gd # (GdBa,Cu,0,: Gd-123) #B T L 7 {K5kk 2 VR
LIB), =D %eE (T T8 | 58 S70 & OB AR & FR AR 81
22 EERHE) ML C&72[6,7], 22T, R VLR
OREMER | REEEIE 2 8 I >W TG 95,

2. Gd -123 DERAEEF T

ARFFECTRHMIL 72 Gd 527V 78 1, Gd123 #8:Gd 211 4
=3:1 OFEEEIT 0.5wt%D Pt & 10wt%oD Ag,0 ZHANLIZJR
BHE O RENEOR AR E2 KBS 5720k HE S
TS5, KR TR ES DL ) T B R R
K[ EEICCERIL 7=, 2 OfE R, B 46mm, EX
15mm F&EOMEL )L KEST2[6], T2 T, ZBRESR
FH SRS AR CTERIL 72 O 28U A (Densified) |
D72 2 TRE T TERL7ZH O 2 HER (Standard)
LIES, ATFFETOD Gd RSV IR OB AT, 7
TAL B TIVv I AORBREM F A BB ICFEM LT, B A
WX, AR SV R % B TR0 Z B L BEICAT A AL, &Kk
BRIE B2 Uiz ~HE - iz Bwn LU Tz, £ L CGRER
HOXREAETE T T4V LY T FIFL T, e
WL, L — VBB IC LOMRRABIZR L RAR R R0
211 FAAREMELZ[5], £z, BER (v 7 R) LRT Y
VT, REHF - |IBICTHO R EFA—U) CHIE
L. T8I L, SEPB ¥ (JIS-R-1607 77 A & F I v 7
ADREEC A (81) R 1IC L TREIL 7=, S512,
BRI M A A LT,

3. Gd -123 DA SFIEER

£ 1 TEEYEM SREUEM OISR EART Y o B OBIERE SR
g, BRI, SN B O TRELEIV L, ST
113, 8mm (6E) X 8mm (£i) X 20mm ((F X, ab HHH]) THBD,
B, JERE A 238 ol 7 I 52, 128 AR E
MRE MR EREOBBROBRT Y tha R T, kR
I EEHERS O 120GPa T2 E OEIZ L~ BB LIZLD,
145GPa F2HE L REL2S>TNBIENDID, -, BB O
ATV HT R 7 =— VBV L% | AU L1 F
E RIS B2, 7=— VAV 220 C, R 7V U s
INEL 2o TNBZ LB THD,

72 2 120%, ARSI E ORI E RS A9, Z2 T

TG0 R EZ) &7 R SEPB (Single Edge Precracked
Beam) {£ECH I E B TEHEE AL, 3 sl iR AT
W, T ONT RN K SR 6D T, AR O E il R
MO, BUEA  RBGLERAY 1.9 MPam'/? 25 | ZVILERES 23

2

1 MPam'? FEEELT = — L BVLIIZ LY REL TR TVWDHTE

Wb, T2, EEM O T, 02, 1.8 MPan'/?
L 2.0 MPam' 2 FLE C, BUEM DIZONKELAD, MEDM
LEBIT, MEEEIE A A Az Eb b7, £ RO
BEACICEOT RS 1.2 f5LL ki L L7228, M i

Th5s [6-71,
TABLE I ELASTICITY, £ AND POISSON’S RATIO OF THE
SPECIMENS AMONG GdBaCuO/Ag BULKS.
Standard Densified

Heat Elasticity | Poisson’s | Elasticity | Poisson’s
treatment (GPa) ratio (GPa) ratio
As—grown 121 0. 36 145 0. 37
Annealed 119 0.23 144 0.22

TABLE II AVERAGE FRACTURE TOUGHNESS, A, OF THE
SPECIMENS AMONG GdBaCuO/Ag BULKS. (SEPB)

Heat K,» (MPam'/?) : SEPB

treatment No. Standard Densified

1 1.9 1.8

As—grown 2 1.7 1.9

Average 1.8 1.9

1 2.0 2.2

Annealed 2 2.0 2.0

Average 2.0 2.1

EBIC, BB OBEERMEIL, TTK TOHHRRE R E
FERD, SAZRO 0.5mm il ETHRK 1.2T LLESHY,
Fe S CIAMSE IS DS PN LRI D/
BoNT-Z 0D, AERUEIZLAEEL Gd R TIE, AAK
25 BEAR IR L ARSI I BRI D U L i\ VB B LR P A T ST
TAZENRIBIND,

SE

> W DN

(2007), 2P-p13, p.158.
5. H.Fujimoto et al.: Abstracts of CS] Conference, Vol. 78,
(2008), 2D-a04, p.145.
6. H.Fujimoto et al.: Abstracts of CSJ Conference, Vol. 79,
(2008), 3D-a08, p.229.
7. H. Fujimoto et al.: presented at ASC2008, to be published
in IEEE Appl. Supercond. 2009.
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(#5]1 Mk REBa,CusOy(RE123)ARIEER /L 7 DI
BCIE, BH Fig. 1@ X S IO c iz XL v bR
TR ELCE X R AR 21TV, RS E R 5 AN ab i
IZHEEL 7R c-growth fEIKZ . BTG MIC ab MIZFEATAR
a-growth B & B & S 5, c-growth SRR IS S AR B RO
W EED /N E < | a-growth FEIR CIIRE MR 23T & & b
WCENDBREL AR DH, BAEOE VI REBaCUOs
(RE211) FAREAT LI D RFE 73 5850 RE123 D b I 5 2%
L. FERIC I FEENEI CRES B2 D Z LN bn
STWAUE UL, Zh3BISEEEOBEWICERNT S
H DD, R R OARE R BT K DB DMK S H
WZIN TV o7, & 2 TARIFETIE, Fig 1b)D X 5
RS AL O c Bl A~ Ly MIEATICELE L C Y123 ¥l
BT BB L WEROFIETER LIz SV s b o
B 45 iR RS O AV 1 73\ & B 5 T L, REL23 FATl
BEAV I DE G5 ) OUEFIEOMNL BN E L,

[EEBAE] FEHEKGEICL > TTPOER L Y123 &
Y211 O¥yEE 73 OFENLH TR L 0.5 wt%® Pt %11
ZIRB%, —h7 L A1 tlemd)IZ & - T 20 mmgx10 mm'
DALy MR Lz, Fig. 1(a), (b)) X 5 (2 Nd123 i
LR P N T T AR N el = SN e Rl ST @ ¥ i g
{To %%, BBFESFH 450°C TRA M7 =—/L&HE 7=,
S DB ORFH R HOWT, SEM 12 X A HH
HLR, MR X B i dnEL A e, MEE RIS K DR
SR, B L SQUID BERFHZ L 2RALBIENS T, Je
ZREm L7,

[#EREEE] FEEHBO iz L > MO TICEE L
T FECBOTH MmN b X ¥ v LR Lo
TNV R AL DNV AIRPE LT, BRI BT D
A X a-growth (FEE 7)) , c-growth (B 5 1A)
a-growth (B 1A) DIRICKE <722, (103)fR S [X D
TED B EE N K & < 72 B NEISHE AL EL A O GLAUVAS K &
KRBT ENbholz, £-FEUEEFH TIL c-growth
REI D J7 A3 i G SR 2 L 8 EE R OV e &
FEEREL A PEIZIROARBEA B D = & ARIB ST, TR SR
B DER SN & E T HFAICEIT 5 Y123 fENo Y211
Writ o EFSE oy O b % Fig. 2 IZ77 T, a-growth FEIRIC
B2 Y211 OEBI IR T M X D2 ABREIT R,
c-growth FEIRE W @\ Z EBbooTz, LoT, Y21l
OFEFESEIE, BEHEOR/NTIER L, a, c-growth DR
FHERIC L > TREMICE D2 Z LBALNTR T,
Fig. 3 IZ& BRI OFERE M D 1 mm B 720 L v 8
D L7 77 KR B I OB 2~ d, 1
KiETRE L2700 27 O a-growth FEIE TIIRRGE T O J,
B WS EESS T D J 3K < L Y211 OIRFES S ARD T
&V c-growth FEIK CIIERESS T O I 3RV DD 2 v
— 7RIV @B T D I, AEm, — . FFEBIC K
DER LIS V70, BREBEIRIC L 78N I Frtk %
R LTz, I OFERE S © OB 5 W 0 BERER A7 & F -~ 7
& 2 A ERELEMEO B LT c-growth FEIE 0O J5 A3, a-growth
LD BERREIC L D I DIER T NSV L b noT,
FIHTFIETIE, @V SREAPEE S DI kI L7258
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RSN L RO ez Ly MO TICEE L
THREI®E TS Z &2 D INTIC X0 @k ahEd P ek
BEERD, T AT LD K IpfeatEE oV 7 i
DORRFENTIRETH Y . EAIOBEKM L, NIRRT Y
T E~DOIGHbIFTE 5, i TIX a-growth fEEK &
c-growth FESE D AFE DE N OW TR A IS HER T 5,

a(b) (a) a(b) (b)

Fig. 1 Schematics of conventional (a) and new (b)
growth methods of Y123 melt-solidified bulks.

50 T T T T T T T T
—=— g-growth(horizontal direction)
40 | —e— a-growth(vertical direction) "
—e— c-growth{horizontal direction)
L30T ::145::\3/)H1ﬂa |
-
=0k i
10| b
0 1 1 1 1
0 2 4 6 8 10
L/ mm

Fig. 2 Volume fraction of Y211 at various positions of Y123
melt-solidified bulks grown by the new method.

10 T T T T
annealing temperature
450°C
85 —_— —e— a-growth (vertical direction)
method —®— a-growth (horizontal direction)
" —e— c-growth (horizontal direction)
g 6 F ordinary —o— c-growth (vertical direction)
= method —o— a-growth (horizontal direction)
e
4
—
2
u!
0 1 L !
u 1 Z 3 4q 2

BIT
Fig. 3 Jc-H curves for Y123 melt-solidified bulks.

[1] T . Nakashima et al., Physica C 426-431 (2005) 726-730.
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Carrier Density and Superconducting Properties Y-Doped Bi—2212 Films by Capped—-LPE

THE B Bz, e 28 R @0 (LER)
CHIBA Takashi, ISOBE Masahiro, SHINTAKU Takamasa, NAKAJIMA Kensuke (Yamagata Univ.)
E-mail: tam67078@st.yamagata—u.ac.jp

1. [ZC®HIZ

Bi,Sr,CaCu,0g. ; (Bi-2212) (A F SN D H 7 PE A U i
IRARERE, ¢ G I REE L CI8Y, #dh B 2% Cuo2
HIDHEAZA 72 BIO a2 ML CPaw 7 YU ia LIEA Y a7
VAL U TERE T D720, BRI S OFE TN
AAZNDISHAPHSN TN, A Va7 3 ORME
1, Bi-2212 OBAERE, R, ¢ ilid7 MO E TS
IS TSNS,

ZIVETRIC I 13 Bi-2212 o Flfis & § 228k sd
HZETHIEENTE/Z, LLZOFIEICIE, § 2fxkEs—
TNHEALSEDE, Te METLTLEIEVORENR D ST
—J7, Bi-2212 @ Ca VA D —#h%E Y 1L > CEfL T D%
U7 s EE DMK T L i T 16100 Jo AME F 3228, Teldifil B 5
FTHENI ARG B,

ARFFETIE, Bi-2212 @ Ca HAhD—H% Y CTEMAL
Bi,SroCayYxOgs s (Bi(Y)-2212)fRAAERIL, Y R—T7 2%+
U TR BRI 5 2 B A ST LT

2. REAE

FEBRIZIE Capped-LPE {5 CRUEL T Bi-2212 725 TNT Y I
— 7 EE 2~10% |2 & bk & & 72 BiySrCa;YyOgs 5
(Bi(Y)-2212) D A4 T L 7=, 3k 13 25 R & fhI 8 1R 4
W& TR 2 B3 43 £ (1~3000Pa) ¥ C 400°C, 10 HERH
7 = /VUAB (GRS T 22BN ¢ Bl 7 161 O g A B
B ) e L.

72¥, IS ITBR I S a e AT L ERL - E A a7y
VA DEFEER B Ic 2RO Tz.

3. ER#ER

Fig. 112 Bi-2212 DR —7 (n=2.2 X 10%em™®) (24124
T HEEFRYIE Popy=10Pa TT7 =—/LL7= Y R—7 & 4% 8%
@ Bi(Y)-2212 ® R-T FEERUGMFCRET =—L LT
Bi-2212 oL TORT. Y R—7LCh Bi-2212 OF
AR BB I WS E T D&, 7=—/VilRE 400°CT
D Pop IZ%4°% Bi(Y)-2212 O U7 E LT, Fig.2 D)
AT 5. Fig.2 235 Po,=10Pa T7 =—/LLT=A, Y R—7
i 4% 8% Bi(Y)-2212 |3 YU T EENENELn = 2.1
x10%em?® & 1.92x10%cm® L7420, Bi-2212 THUTKIE
(2 Te METF 4270 F —R—=7IREEBICHIYS 975, LL2an
B, Fig.1 BB Y R—7 8 8% D X2 T lZd
FTORIE TR ALNIZLOD Y R—7"8 4%0 Bi(Y)-2212 T
1 Te T <K FLiahotz.

Y F—=7L TR0 Bi-2212 & Y R —7 8 4% Bi(Y)-2212
\ZLDEA a7 A RHED 1V FE%EE Fig.3 ITRT.
FNENOELHEREND IC 13 Bi-2212 1%, 1200[A/cm?],
Bi(Y4%)-2212 | %, 730[Alcm?’]& KR BiLT-.

LLEDZENS Y R—=77 Te AR FEEHIE7< I 24
T DL R THL LRGN,

S& Xk

[1] S.Sakai
Aug. 27 (2002)
[2] H.Eisaki et al., PHYSICAL REVIEW B 69, 064512
(2004)

et al., U.S. Patent #6,441,394 B2,
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Fig.1 R-T properties of Bi(Y)-2212.
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Fig.2 Carrier densities vs. oxygen partial pressures estimated for

Bi(Y)-2212 with various Y concentrations.

1.2E+21

BY4 (Annealed in Po,=10Pa)
20X40um
N=80

BYO (Annealed in Po,=10Pa)
20X50um
N=50

T:35.8K
X:500mV/div
Y:2mA/div

T:28.5K
X:500mV/div
Y:5mA/div

(a) Bi-221

(b) Bi(Y=4%)-2212

Fig.3 I-V characteristics of Bi-2212 (a) and Bi(Y=4%)-2212 (b)
intrinsic Josephson junctions.

geoopzooooooooooobooon



2C-a09 0000

DERTAHORN) YT AV RIRB DS E HLDIRET

Examination of power handling capability of a microstrip line resonater

T OERR, R 2 1F, R RIE], OEE s, NI B, A 2B RS, KB EBR] (LI RE)
UNO Masahiro, ENDO Yukimasa, SAITO Takashi, KATO Takuya, ONO Satoshi, LEE Jae Hun, SAITO Atsushi, OHSHIMA
Shigetoshi (Yamagata University)
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1L.ER
BRE T V21T, R E L B TRLS L THE RN === ======

b T 7L, AR I CRIEZR AN — MM 2[R R IC 2B C
5. TOREER AL, BEAEEERZER T Z
BEAESN TV, E, EEHBEET N2 OEAL
(T BT LSRR L 72 > TN, TiFEE S A &V
PEAE ABRE T VA &R T D00, BREMEIOE
JEAIZ LA B T 7 a—F LR R e O T 4V Z AR Dk
BICEAHEEN T 7o —F N ICHETHD1]. RS
WEL TR —fMI7e 1 /2 ~ A/ AN T T4 4R
(MSLRZ A VA X HARER O BEIBI B IR E R 35, L)
S TR TR O B R B RS T VX DTt S P sR<fK fm———m - ———
95, INETH AL, ~A70XR 7 (MSL) &8 75 | simulation point of J

simulation point of J

[ |

(a)Filter layout (b)Straight type resonator

r
| Simulation point of J

[T Ay B 4y 8 MSL 28R L TR 2[2). Zhud, I f"t : I ;S"t :
BRI T T AR AR NER A~ BT A Z LI LD E I [ I
D& ESELH0THS. 48], BiETEIVEMSES ! (I |
T EIBEERFLE. Thebb, hORBEIETsEy | . I
ICHEIL, ZOENERETS. : : : : : :
2. #HREUEH (c)balance type resonator (d)unbalance type resonator

Fig.l(a)f“ﬂ??“ibtﬁ 2 BBOT7ANS %, ﬁf%(f}%b}%]iﬁiﬁ( Fig..1 Filter layout and resonator shape
5[GHz], #8ilE 100IMHz], )& 7= F LOITKE35. 2o
1/2 PR OIIREREE Fig. 1(b)(e)(d) TrRT L7 RIS CrERIL
ob&, HIRBOMBICHNDERA BRI 2L — 0
WZXDAENTLT=. straight BUILIREZIT D EIZ2 LD MSL THD. -10
balance BIPREHE, S MFFIZ 0.01[mm]DAY v MM AT AR _
BTV, unbalance HIARETHESIHAHTICAY v b AL @ -20 straight S
TR T %, HaARiZ 20 X 20lmm?], JE& 0.5[mm], ¢, =9.85 s 30l "
LU, JERES, RUYTLREOEKTEAEREEEL, 75 E
B LD YL UFHE L7, straight %, balance %% OF, Ea0- |- balabce S |
unbalance i 2 B MSLR 74 /L Z DK EERZX 2 (TR g
straight Y, balance & O, unbalance % 2 B¢ MSLR 7 ¢/L- 4 -50— —— unbalabce S
N B NIRRT R LN 60 ‘ unbalaee 3,

M EE T AR A TR AL D E IR O RESITIKAET D720,
¢ 1 BB EE O EAT KO T ) DA AT o7, % 1 1S 70— : :
straight i, balance % & O, unbalance 5 2 B¥ MSLR 7 ¢/L & 4.6 4.8 5 5.2 5.4
DRI B ()R, B TR AR O Frequency [GHZ]
WOBLEMEZ RL TS, 3 1 O RLY straight B2t Fig..2 Frequency responses of straight-, balance-, and
L C, balance ! & 18, unbalance ! 2 B¢ MSLR 7 4 /L2 3E 4 unbalance- microstrip line filters

£ ~0.6dB, ~1.9dBIi#E /)3 LA T HLBESND.
Table 1 current density of straight-, balance-, and unbalance-

3. £ microstrip line filters
EEREBETANEERIET D01, FxidoEm
MSLR 74 Va8 LT, fRig & &9 2281240, &N JJA/m]
N LT HEEi 32— a B REVBEOILT. A1, iah 4845268
EBICT AV B HRNEL, ZOA AR 5. straight type :
balance type 452.9222
unbalance type 391.4576

SEXHR
1. A. Saito, et al.: Physic C, Vol. 463(2007) p. 1064-1067
2. S. Takeuchi, et al.: Physic C, Vol. 468(2008) p. 1954-1957
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Nb/AlOx—Al/Nb Superconducting Tunnel Junction Fabricated by
a Rotating Multi—Facing Target Sputtering System

it {5 —, WY e, WY (T, iR
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1. [XC®HIZ

RBIRE N FNAES (ST)) F11E, X BRHRE L OB
TR BN A S B T OMERE R F > TR, Wy FHED
FERIERR - T AR ES, HDVNTT T~V ORI R
ELTFEHBIARIZEHFFEN TS,

AWFFETI, EERE7e X iR AR ST B 1ER D=9
(W, BTRLICBASE LTI - 6 5T - 2 XU M &9 D% e A
2 B AERE A T, Nb/AlOx-Al/Nb 824 OVERAFT 7=,

2. EIEREMEB 6 TTx M R/ WA D4

K 1ICEES X EZRT, 200% T 54aE2 kX, %
NZENDR Y7 AN ORE A 1L U= & 8] 8 2 T8 LT
BY, EXF 3287 AR A 1L ® BRI/ > T\ D,
Ext3T5Ry I A% BERTAHIETAITL ANy H A HE &
705, BITIZATLA NN ZDBFEDAHFETH AL TNDA,
Ay 7 AN D U7 e K 8] B 21 sl L TV Vs A 1,
INAREZRETHEW, ZORIT, B o E e/ ailElc
§5, (@~ vFa—7 oMb, OEEA 2L, 7Y —FK
KO IME- B b, OFEBTHD 0, RIfEL-H

B IR 356 fAED Y —RIZXD, STJ;@?FF!%@E%/\@*E
F Nb, Ta, Al, W D48 K Y, SiO, & Al,O, D2FEIED &
IR, 3168 O HIF/ERIASATAE/REAE 100 mm® D6-D
DE—7 v el 2 T5,

3. Nb/AIOx-Al/Nb & {E&)

VERL U 7= ST] FF- MM Nb #iRI, BImEiaBEE Te
IZ/L 7 Nb ETRIC 9. 3K, ZEEIPULITARK 4.9, ARM
FEIZLHERME & LTHE 100 nm T 2 nm F2EOEHN
Bon P, oL EOEMREEX 50°CLL T Th o7z,
NG ORERIE, RHATADEY IAZO/NZ 7@l 7R
Nb %H%@ﬁ(mﬁ?%w FEHLTWAZLEERLTNS,

ALO, #fi5% 10 nm HEFEL 7= Si HA B2, Nb FHER IO E
Eﬁfﬁ&%ﬂ%ﬁ 100 nm, Ay ZWED Ar Fjj % 1.33 Pa,
HE 60 nm/min T, Al JBIZNEE 10 nm, A/ Sy XD Ar
ijw:t 1.0 Pa, HER@HEE 76 nm/min T, Wb DC 2%y
A CHERE L7z, AlOx JBIZ KK R 30 0 CIERIL7=, B4
WO T X748y, RIE BLOMERE L EE AV 7,
H2128A8 A2 25 pmOD 4.2 K TOHETF L2 RT,
Xy 7 EEK 2.6 mV, 0.5 mV TOV—7ERBZEE 3.3
nA/ um?® & B FRER SO,

4. FLoH

K- LA -ar U e+ SRR KRG
T A2 2% AV T Nb/AIOx-Al/Nb #&Z1EHIL, 4.2
K TY—7EMEEO/NSRFFENEONT, FT-FREDA
2B Ar JE IR EOFEIZ DWW TR Y B ##E T 5,

5. HiEE
AIFGED—EBIL, Rk 17, 184 FERk 15 iE 244 Hitsk 57 /&
gy =T MR T AR EL FEAR - ORI A
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FIBRURIEA S 2 HE B OB (FFZeCRE L0 RFREREE
—)17S6014 \ZEY EHEL 7= DT, BREALIZEGHEd 5,

SE R
1) FFRTES 3936970 & EEAERUH 2 N & 45
T« KBS —
2)REMRE —, PAHEZETHERHZEY v —7F /1 No. 113
(2007), pp. 14-18
3) S. Morohashi, Transactions of Materials Research
Society of Japan 33[4] 861-864(2008)
4) FEHGIE— fh, &5 79 [8] 2008 4EFERK AR T4 - W
HpLs . 3D-all
5) S. Morohashi, etc, IEEE  TRANSACTIONS
SUPERCONDUCTIVITY, VOL. 15, pp. 98-101, (2005)

APPLIED

Magnet N pole
Magnet S pole

Flux line

Target

Fig. 1 A schematic diagram of a rotating multi-facing target
sputtering system

Fig. 2 1-V characteristics of Nb/AIOx-Al/Nb superconducting
tunnel junction measured at 4.2 K. The junction size is 25
umO]. Vertical scale is 0.25 mA/div. Horizontal scale is
0.5 mV/div.
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Three—dimensional strain model for strain effect of Nb,Sn wires
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1. [ZC&IZ

Fex 1%, NbySn #bF DFBIRE R L E L O BIRE IEMEIZIR
i 27-012, 3WILEILHE B LU THIEE{T > TE[1]. 2L
T, P EHTEBRSORRAA D 53RO EERD D, Nb,Sn ###F D
ABSERFIES 3 ROTE L DBRE EBRAIZIAGNIL TET
[2]. A ENEIFENGEDT —H%F LT, Nb,Sn M OELF
WAL TET A EAWTRTZEERDD. EBRTHLNE 3
WILELZD B, DD, 3IRTCEETERBLIZET VEE
Z7e.

2. 3 RTELBLEHFM

eI HWS 3 IRITEEBEERHEEOBERIL, ZNET
ICRFLCEIEREREZOETEH D, X 1 1 IWr sk
ZIEZ T NbSn M D B, DBIRVEKTFHEERL TS, |
M, FITRA CuNb 2SNNZHYE DI Nb,Sn JE B3 HHH D,
NbySn JERNMNZHY, EDIMUNZAHTRET CuNb 235500,
TR DI E R 723 O 3 FEE A VTV A, FE
o, BVIVERTE 1% &SRR LR ORRA O AR TV
B0, R TEDRDE VN RS> TG, ZORAIRDHE
%35 Nb,Sn M D B, DEBRE, —HDORTEKI L%
D,

3. ETILEEBR

E5 /U1, Markiewicz DL L7- Invariant strain function
IRATE 2 T2 REEHNTHTZ0, TR O, K55 &
Ex,y, 2z FOELELLTOIINTKHE ST 7.
‘91 = gaxlgx = gy = ‘9Iat

h, AR, HAKEEICET L,

2 2 2 2
Egoy = 5\/(gx —gy) + (gy —gz) +(5,-5)
g =&+ 8 6,
L7, Zd 2 5% AT Invariant strain function ZZXE 3
&, LT LR 725,
B, (€) 1 1

%5 =(1+a15 ) 3 SON(Einsite T Eaxo) 9

ezmex v [1+ aZ ggsev + a3 lzil/% a0 E:ev + a4 aggevj

ZOXERANT, ERFERISH LTI T4 7958, HX
DFEEIRDIN 2012, ZDEEDT 4T 4L T IRT A—
21, €, > 0 DI, a, =-0.1134, a, = 2.334, a, = —18.87, a, =
14.11, &, < 0 DI, a, =-0.1134, a, = 0.2987, a, = 8.214, a, =
-2.714 ZETORFIZKHLTEAL TS, oF0, <L
INGA—=BEfF ST, 6 DOFERERTZENTE. IHITT
DETFNINSEERZITHE, Nb,Sn T OABIRE P54
DENFAE BT DO, W MOEE T, FTmOFE
B g0, MHEREHL(E ST M ~B IRV E N A UL 3288
FREDEIE) vD 3 D2 THDHZEN3inolz. OFED, H
TEAREZ: 3 DD®E T, Nb,Sn M OMBILERMED ST E
TRAEPENFEAR FTRE TH A ZLEDN 3D T

AR TRV I R FEFTE 2 1 Bh & K (B) e O, B0 78 2 4 Bh
& (FrRIETE B GEh#), B RV — - FEERR A B %%
FERE(INEDO) ARk 16 45 & s ZEF A L Bh il S 3 DR Bh A 5%
TELE.
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15¢

14¢
E IS-1 T=10K
13 E As-reacted
c @ measurement (8]
12E — calculation
£ Prebent

11E M measurement
£ - - calculation

‘I E....l....l....l....l....|.. I...r.... ....l.‘..é
8. 0.2 04 06 08 1.0
Applied tensile strain ¢ %)

tensile (

4

Upper critical field B, (T)

Upper critical field B, (T)

- - calculation

1
8.0 0.2 04 06 0.8

Applied tensile strain ¢, . (

1.0
%)

15

14
ENR T=10K
13 e As-reacted
E ® measurement

Upper critical field B_, (T)

12E — calculation
E Prebent
11EF M measurement
E - - calculation
'IO=....1<...|....|....:....|....| ......... [FTUTT Y.
0.0 0.2 04 06 08 1.0
Applied tensile strain ¢, (%)

Fig. 1 The tensile strain dependence of the B, for Nb,Sn
wires. The points are the experimental results. The solid
lines are the calculation results.

SE XK

[1] H. Oguro et. al., [EEE Trans. Appl. Supercond. 18 (2008)
1047-1050

[2] H. Oguro et. al., J. App! Phys. 101 (2007) 103913
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1. ZL®IZ

Ta FEMERETR NbsSn BRMINIEE 7 « 7 A > N % Ta il
IR o THImT 2HEL L > TV 5D, = OB O IE
LD E L NbsSn b [2-4] & bR TREMRTH D Z & &,
TE (pre-strain) 23 0.1%FRE L IFEFIThINWZ L THAH
[5]. 25T Ta OFE M OFEEMEZ2EME L, BZRER
A3 NbsSn DZEN &NV EITRK T 5,

—F, BERZENRRLTTE ®k%é@£@5Nm&
WM EBEZ D L, K&25|E BEK TR, TESKEX
wﬁﬁ@ﬁbﬁﬁﬁ%ﬁmﬁ%wo_@;oﬁmmm%
DOBENPS, Foxld Ta MRHEMIRIIA 1C TV 2 T4
(Oxygen Dispersion Strengthened Copper: ODS-Cu)% #HA L,
l-e KB I 1T D FE O & BEMAERE O H Eiz>n T
WE L72[6],

AENET V2 T BERE S DB 5 2 D R &
FARD =0 h'&ﬁﬁﬁﬁ@%wNm&ﬁW‘(msw
EHEE LT,

2. AHEMETE L UEE

Table 1 ([ZFAEHRM FE L2~ d, REHRMIZE DL HE
Z1lmm D7 1 RENbSn M TH Y, ZEN Cud—
& ODS-Cu @&z l-ETchsr, RE4
ODS/Ta/NbySn 13457 4 7 A > k7% Ta #HEMISR S,
ODS/Cu/NbsSn 127 4 T A > MliTRD 72 Wikt Th %,

FERTIT 42 K, RGP ToIRY BAEIIN L 72203 & 5t
BREWE Lz, ~7 3%y FOEHZER (952 mm) Ol
MR HREHR T 40 mm TH Y, EF 5T EEHEE 10 mm
L L, EIXEMEEREOLNE Y v 75— THIE
L, I ESTHRT A2 Z L TRO=, £72, BEARERIL 1

uV/em (107* V/im)E & TR 72,
3. MR
Fig. 11242 K (231} % ODS-Cu 54 Ta MiHEAITE NbySn

# 44 (ODS/Ta/Nb;Sn) 36 &L T8 ODS-Cu #i & NbySn 44
(ODS/Cu/Nbgsn)O) HE RS I OB Je-e) &I

H-ZHH (o-¢) BRT, 22T, BREREEITIVDD
% non-Cu J, THYV, HIE L7 I, & Table 1 (ZB1F 5
Nb-+bronze D [HiFE TR L 72 fEIZAHYS 35,

Fig. 1 226G 5372 X 512, ODS/Ta/Nb;Sn D) /J-ZE i
n"% X ODS/Cu/Nbgsn DENL D B EICIANALE S D

ZIE 0.3%EITI 1T DBPERENS J1X, FiE 23 299 MPa T
HDBOITHR LEFEIL 219 MPa TH D, Z D 30%ITV Vit
[t]_ 75 Ta ﬁﬁzf&ﬁéﬁ@xﬁ%f&;é LHEREIND,

—7J5, JeeBtEic B W T, EunEoRETO J, 1%
ODS/Ta/Nb,Sn @ﬁ#k%wﬁa Jo DI KA (I en) T HEHES
% & ODS/Cu/Nb;Sn DTN K& W,

WL, Ta #kMERTTR, ODS-Cu #AEDYRIZHOWTEE
72RRET Z ATV,
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Table 1  Specification of Nb;Sn wires
ODS/Ta/Nb;Sn | ODS/Cu/Nb;Sn

Wire diameter 1.0 mm

Bronze Cu-16wt%Ta-0.3wt%Ti
Diffusion barrier Ta

Filament diameter 8.0 um | 4.6 pm
Twist pitch 20 mm

Heat treatment
Volume fraction

650 °C x 200 hrs

Ta reinforcement 20% -
Nb + bronze 41% 61%
Ta barrier 6%
0ODS-Cu 20% | 20%
Cu stabilizer 13%
1000 T T T
" 800+ il
o
= ;
2 600f ot
8 L
o 400t :
@ e
w o
F o200 oo 5
“" 14T 15T 16T 17T 18T
0 —+— —=— —4— —+— —— 0DS/Ta/Nb;Sn
-- ODS/Cu/Nb,5n

non-Cu J_ [Af‘mmz]

0 :
00 02 04 06 08 1.0 1.2

Strain [%]
Fig. 1 Tensile stress and critical current density (J.) as a

function of applied tensile strain for ODS composited Nb;Sn
wires.
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Nb,Sn Wires Prepared from Sn Based Alloys
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. EE®IC
Sn L Ta Dy RZIREL T~T70°C THRIGSEDEH A MIEEE
L7=2E&NA6I, — My RN TARS TH5H, Zib
L Nb ZHEL Tz —r— L (RECHY RIETEREN
Nb,Sn #AH1Z Bo(4.2K)A% 26.9T(H1 A1) AU I- ik U P4
/Tﬁ” AWFZE T Sn—Ta Ry — ORI SOV TR 5L L
LIS R TR T SnB R — MeARRLL TE O R
%ktﬁ&\ WFEL . EHIT JR BICE0M L 2R 7,

2. RBRAE

Sn/Ta 2 O} Sn/B A 4/1, 6/1, 8/1 DIREKHRICHV &
D Ti & Cu 2Nz EZEh CEILEL THLAERILT-, Sn-B
1T Sn—Ta RXDEEREME, I THENRESIZEIL T, 2D
DEEZETVAZIEZ 80 um DO —NMIITL, Nb > —heHE
NESLCTIREAKREERL, o —RTHAL TRAMIZINTL
770 Sn-Ta ZTIXEYREHAWTE Rry FMRBES /ERL7-,
IO T E Zeth 725~775°C TRULERL , spte LIz, &
— NS T OB W I DAL E EPMA 12X oL, £7-
Nb,Sn B D gL ZR D=, SOHITHM O | ZTEBR F T 4
WTIEICE ST L u V/em OFEHETHIEL . FEETEHRA Wi <
FRLTCnon—Cu J &b L7,

3. ERFRLER

Fig.1 12 Sn-Ta &4 —hD EPMA <~ 7 %R LT,
X X0, Tahi+& Cu-Sn Bi+7° Sn matrix FHZAELL TWAHD
LMD, 2. Sn—Ti-Ta B2 Ta i1 DB VITIFIET HIH
MBRHLND, ZOZEXY, D ED Ti BEH#IZEY Ta i 1-& Sn
<R o7 ADFEEE BLLUTREZ DEFENEZED TWHLEE
ZHND,

Table 1 {Z%72% Nb,Sn ##44 @ Nb,Sn J& D J, LA LE R
L7, &40, Sn-Ta G444 H\ o JR 725N MR % Nb,Sn
BT 20T DL LD BB CENTFHEE R T2 803005,
JRIEBI T —AERDOEES DD | F72 MR IE8#441E Sn-Ta
BRI Nb A2 A 925 0 Wr ik oK EbIcZVESIC
Nb,Sn JBE G LD W EA BRSNS,

Fig.2 IZ Sn-B &3 —h® EPMA v b 7 %R LT, XKD,
B $iF& Cu-Sn Ki+72° Sn matrix FUISTEIL TWAZED )
%, F7=. B-Ti-Sn J&72 B B FDEVITIELET AEE A5
Do ZOZELY D EO Ti BEHIZEY BRI TF-E Sn <~ w7 AD
WAEEBIL TR OBENZEmD TWAHEE Z BRI, Sn-Ta
FREHEPIL A R T bh T,

Fig.3 12 Sn-B &y — e AW TIERIL 7= JR ¥ Nb,Sn #iht %
750°C X 100h ZMVULERS O N FRAMBI R A R 9, > — AL
HBIZJEE 60~70 1 m O Nb,Sn JE ARSI TV, £72 NbySn
JEO Sn B bR TV A R T 2 e b o T,
Sn-B F#iE B Ofki+% v HE Sn-Ta L0 FARR O /ERLC

HRTHA), 5% B D Nb,Sn Ok RISk D88
DUWNTHFZET 5,
DOVICAIFZEICIIT S EPMA SHTICHOW TR 1% T8

W BRI L RS B E wARE |RICEWLE
FET,
%1 : Flikiger et.al. : Cryogenics No.48 (2008) P 303.
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Fig.1 EPMA composition mapping on the 8/1(Sn/Ta)-6at%Ti+3
wt%Cu sheet.

Table 1 J. at high fields and areal fraction of NbsSn layers in
different wires. Non Cu J. = NbsSnJc X Areal Fraction.

J; (A/mm?) @4.2K non-Cu
Wire Specification Avreal Fraction

20T 22T (%)
Bronze Wire™ ~400 23
OST(RRP) Wire™ ~550 ~200 38
SMI(PIT) Wire™ ~600 ~220 25
JR Wire ~720 400 - 410 32
MR Wire ~700 ~400 29

.1} i 10um |
¥ o o ;h‘é = i
Fig.2 EPMA composmon mapplng on the 6/1(Sn/B) -4at%Ti+3

wt%Cu sheet.

Sheath

NbsSn Layer

Fig.3 Cross section of 8/1(Sn/B)-4Ti+3Cu sheet JR wire.
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Microstructure and cold-workability of practical bronze alloy for Nb,Sn conductor.

AR, En M, SR FEZ, K R KE /R (RIRE®) ;
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TANIGUCHI Hiroyasu, SAEKI Shinji, MONJYU Yoshiyuki, MIZUTA Yasunari, MIZUTA Taiji (OAW)
KIKUCHI Akihiro, YOSHIDA Yuji (NIMS); OSAMURA Kozo (RIAS)

E-mail: taniguchi@osakagokin.co.jp

1. [EC®IZ

BIE, 7o Rk Nb,Sn SRAIZFE MM ELCBEICS
D ERHBRER A IS A S TR, Fokmilr T,
ITER ([E B R Al & ZBUF) 3B L0 IER IR WS &
OB RDENDRIL T2 D, ZORIBREES T
WL T B RHFOM IR REREEE 5252 L
EEIETHRY, HAEREEDM LICEbhs 7 ayr
AEADR Sn AL M T ORI FEBLOH T
HY, T REEZTOLOOM BRI M REEA L
MWEELRD, AR TIE, EEREFR Sn BET o
A4 (~16wthSn) DIER N T - SR OF{EAT =TI
B A E RHANCEAL L7, SHICITMRE &A1
MEDBRICOWTH AL,

2. BizERIOVXDERAEIMN

Nb,Sn [ZHED Ti ZIRINT DL @ BE R ENSE T
%o Nb ~D Ti WINIFEEI AN J O DT T R A~
O Ti WIMRLEEN T, LrL— e KRR FEEET
1 Ti OB LZ B ODSREE T, F7= B R R AT 23
o TEHEMMRB AR EIL 2PV K& ELH -T2,
RIA A LT T, BEnHIREER KA L6 —J
RS S5 K AR L 2Z L0, T ik ey X
UL B PERAN ORI R Th LTz, Fig. 1 137K A S
BEOFRETHY, ERBEER7 v A0#IEETHD,

| JArAR
W B RRFEIAI
R NiHIR

1--- Liquid
--- Mash

---- Solid

[~ eo—yry

Fig. 1. Schematic illustration of MIZUTA method.
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0.2% YS (MPa), HV

3 BEERIJNUXZNUBOEEMAE

ARG ] 7 ay R (~16wthSn) D4 BAHHEIT fec Kk
D o BERE CuSnTi AL AWRL T D7eb, L, EHE
BTV o TURIAOBRMIC § FHHTHIL TWD23,
WARILALERT § AL o H~FER LB E T2, KERX
BUEIZ L2 L RmAT 23 BEEE T S 4L, BRI (~ ¢ 220)
DINEAFREHFLERO Sn REDZEITD /20, ERILO S,
JEER TR A DTS R O RS, o FEORE
R ITITHED B D,

4. BIERTOU OIS SREMEIN TS

afiHFO Sn BENEEDLE, RIRICBITIHEES
0.2%Mt ) IZAEDNTHINL . — H O T 775 (Fig. 2),
R fec A1 TH Sn BB T R22D
ZEMHENIEIND, T ar X u RN T (513 E 0 T)
I, FRNEOTROERICLDLO T, M TEED
FARR 1T Z <O T O (T R0H) BHRICBlE TX 5,
£, 14wt%Sn., 15wt%Sn F T8 16wt%Sn JLEED 7w XD
MBI REM TR AZHEL LA, WifRICE 72T
BRI ORI ZRIT, Sn #EEDERWIEICZENE I 94.5%%,
86.80%. 84.44% T o7, WTILDIEEED T HL | Y
FNCARE L T2 IR LB R B 128 O s i 38 3 C AT
BN TN ATRE CTHDZEN DT, B kEMTICX
DU M AR D 2L SOITIE P IR S 23 v
M T -2 BB OV THIRE 5,

180 50

f

L 0.2% YS

160 +
140 +

120 +

\

Hardness

100 +

80 f f f f 0
15.0 15.5
Sn concentration (%)

Fig. 2. Mechanical properties of practical bronze alloys.

Elongation (%)
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ek CuRTEIE V-Ti B Z 5K

Cu stabilized V-Ti alloy multifilamentary wire

YN ZER, W fEEE, fEER [EER (NIMS) s HIL B, B8 Mk, Bk BEEERXR) 28 Bk, fER H (NIFS)
TAKEUCHI Takao, TAKIGAWA Hiroyuki, BANNO Nobuya (NIMS); NAKAGAWA Masami, IWATANI Masayoshi, INOUE
Kiyoshi (Tokushima Univ.); HISHINUMA Masayoshi, INOUE Kiyoshi (Tokushima Univ.); HISHINUMA Yoshimitu, NISHIMURA
Arata (NIFS)

E-mail: TAKEUCHI.Takao@nims.go.jp

1. [ZL&IZ FELTEBMD B o0 | B SRR AE 1, &I Sl i SRR i
T i, IR ERBAZ SR U THEEIC LD V-Ti non-Cu J, ORIGRAFIEASEHL C Fig. 4, Fig. 5 1R~ T,
HaOL LRI T A E EiEL T D, —FEF, Ti/V ,
HEAAy N2 HEMPHIR D, ZhEe 2 HBAKRAT 25 T Nes Hzﬁtiggﬁﬁﬁ?gg?ﬁ ?:g%ﬁdthOCMh 0.66 ¢
Cu/V 2 EFIFEAZEHKEMLUHLL, N TL v '
TN (AR AL ) BaAERLL . 2D o 7 I DU TR
BVLEL A L2 OB S AR S L2, AN, S
IELTZ Cu/V/Ti/N 3o I NARESEARKRIT Cu BT
AL EKERUHL, MBI T2 FEBL T LT (AT Y
7)) ERIELIZDC, ZOPEHRRE ARG R 2 s T
2o

Resistivity (107 om)

2. TILFHE

SHOED 1.2 mm ORA Cu/V/TI/V oV Afia1214K
AT 20/14.9 mm ¢ D Cu FITHEAL TEKEMLHLLZ 00+ : . . . .
DOHRREEN 3.98mm ¢ F TN TEMEL-, Fig. 1 12K 0 %0 10 150 200 250 300
B IR LT WAL A 3, TI/V BEE DA X Temperature ()
10pum THDH, ZOVARXTHE{LELEL A it L7, ZVLEE
B 2D E A7 O I ERNICEIV LB RO T

Fig. 3 Typical temperature dependence of resistivity for
diffusion processed Cu/V/(V-Ti) alloy wires.

850°CC 15 43, 1 RIS 08 b SR DI HBLED &2 D I o NG dm oo o
B2 517572 (Fig.2) , ZOFlEkaahii 6., Ti/V BEHEN 200 - £ No2 (3. 981 ¢ ~850°C5h, 2. 15mm p-400°C24h) 1. 0mmgs

—#— No2 (3. 98mm ¢ -850°C5h.~ 2. 15mm ¢ ~400°C24h) 0. 82mm ¢
—4— No2 (3. 98mm ¢ -850°C5h.~2. 15mm ¢ -400°C24h) 0. 55mm ¢
—#— No2 (3. 98mm ¢ -850°C5h.~2. 15mm ¢ -400°C24h) 0. 55mm ¢

—FEIZE 4 k9% 850°C-5h AA 4 b.oDi= DEMILIR S 1801

WCERH LT, 3.98mm ¢ CTAS/LBVLER L= MR INTL 160 —0— No3 Es. 98mn ¢ ~850°C5h.~ 1. Omnp ~400°C24h) 1. Onm b
e - - —&— No3 (3. 98mm -850°C5h.~ 1. Om e ~400°024h) 0. 66mm b
Teo —EBOFEHZIOWTIL, 2.15mm ¢ F72I1E 1.0mm ¢ T 140 - —5— No3 (3. 08mm ¢ ~850°C5h. 1. Onmp-400°G24h) 0. 66mn

FRL72EZAT 400°C-24h O HIBMLERZ fiti L, Z D% 120
HARPEE TN T, 2 100
. ~° g0
60
40
20
0_
T
0 10
? o B(T)
(a) S (b) Cu Fig. 4 I-B curves of Cu/V/(V-Ti) alloy wires.
Fig.1 Cross—section of a 121-filament Cu/V/Ti/V composite —0— No3(3.98mm -850°C5h. 1.0mm ¢ ~400°C24h) 1.0mm ®
. . . —8— No3(3.98mm ¢*350°C5h/1,0mm¢—400°C24h) 0.66mm ¢
unreacted, 3.98 mm in diameter: (a) overall, (b) a magnified 1 —5— No3(3.98mm ¢-850°C5h.~ 1 0mm  —400°C24h) 0.66mm &
. . . 900 —O— No1(3.98mm ¢-850°C5h) 1.0mm¢
filament which consists of 139 Ti/V elements. 1 —&— No1(3.98mm ¢-850°C5h) 0.82mm ¢
800~ —/— No2(3.98mm ¢-850°C5h.~2.15mm ¢ -400°C24h) 1.0mm ¢
1 —4— No2(3.98mm ¢—-850°C5h.~2.15mm ¢ -400°C24h) 0.82mm ¢
700+ —A— No2(3.98mm ¢—-850°C5h.~2.15mm ¢ -400°C24h) 0.55mm ¢
~ | A No2(3.98mm ¢~850°C5h. 2 15mm ¢ -400°C24h) 0.55mm ¢
£ 600
£ |
N
$ 500
‘; 400-]
3 1
L 300
o
(@) 50um (b) 50um | (c) 50um Z 00l
Fig.2 Cross—sections of diffusion reacted Cu/V/Ti/V 100]
composites at 850°C for (a) 15 min, (b) 1 h and (c) 5 h. o
N o 1 2 3 4 5 6 7 8 s 10
3. MBI B(T)
A\ 7 [ % - Ene . . .
BeALBLIE 0.82mm ¢ ETIHRIN TL72EEDREL: Fig. 5 non-Cu /-8B curves of Cu/V/(V-Ti) alloy wires.

1.0mm ¢ TOMHBLFRAZ TS AT 0.66mm ¢ E AR
TULEBHZ DWW, BRIEFIRORE K FIEE Fig. 312
Y, Flo, TNHE LD S CHT I EVLBR &N T4 BWEE ARRFZRITE T AR R L 0 e LT,
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Superconducting properties and RHQ processing condition of single core JR-Nb,Al wire
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Y. lijima, A. Kikuchi, N. Banno and T. Takeuchi

National Institute for Material Science, Japan
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[(1]IZxCsIZ

RHQT 7% NbsAl #A IX @B CO I FetEBMEN T DD
EMBFE %2 DIFFENREN TS, ZRETIZ Al EOE N
RIT EBAF 2T RHQ AL M BRI 100 255
300mm LR T HTET J-B R UEET 22 Rk T2, £
DZEND Al JEDRU IR (LM TH RIS RN GO
WENHZET, RHQ LBl FE B M R4 300mm (ZLC
FEREAT T4 R, Al EDOTE JR 2800 LR ZE D J.-B
HEFLZENH KT, RHQ A B EEMMREZELTS
e, REEM T — ) — O RO 3 L OVK IR BN LD T A
MRZEENZ/ NS THIENTE, Fio, B AR SO
T R X — 5/ NSSHRDFNR B H DT IV EELT
RHQ ALHASN AT EEIT 2D,

AWETIE, Al EDEW IR IERF TS50 B B R
EELUIZS OIS FII CED00, Fi, 8B B
DL 100mm TITEATZFEDR G LRV ONE R LTZ
DOTHET D, Ta vN T AIwR v 7 AD Al DE53704k
BEHE RHQ WIR AR DO R B A Bl 3 57D VT
%o Al RO IR IERRM TN R S5 04LIE km &
ORI VERIN R B TR0 AT T U NGNS AT RENE
BdD,

(2]==8FA%

Ta <N Z A JR {EENRIER AT IS B ST EREC/ER
L7=b Dz vz, #1221 0.53mm, Ta <~y 272k 0.6, Al
JE#9 600nm THDH, RHQ ALERIX, i BRI B : 100, 300,
470mm? 3514, BB EEE :0.33~1.00m/s DET3~5
AT o, T DEED RHQ MAERH]IT 0.1~1.17s THD,
RHQ FEERE (BIEIRED) IXEH: ALS FAANHI DM
RN bee EVAARREIR E COMPAZIA > TITo72, AL fH~
DYEHEEVILER T — %072 800°C-10hr DEVILER% 800°C £ T
lhr CTHIE, 10hr £REF, JFFm L CEMLTZ,

ABRERAET 4 I T HRPUE CHIE LT, T HEHES O
R OIREEEL, ITEEMN InViem OEFEE LI, IRIERR
MO E TR REO D Oy MEF A AL TiT-
Teo BRAEHL BB BRI 2 AT BE L . 5% A iR /K YA IR T35
V OBEEINT TR L2 L e FBEM % A L8
BaiTolz,

(3)=RER#ER
EABHIE 100mm THEARFEI2MEVY 0.1sDREI DB E
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INBAT L — (BIERE) & LI QL Stk r lc K& 22 5L
DEIEIN-, 2RO SR TIBRERIN -7, ftho
ST MBAT R X —% BT T EE DN ZEFLAS
BESNDDMR 2 1T LT, RHQ ALER D BB ABIEIRE 23
FOVbLOLHBL T, BWEE M XX =D/ SNEZA
TIRRLRRED D OEEFERL R S Bl STz, Fo, BRI EAS
FEU (I R L — IR E) EHE G 03 R WO P Tl
XTCWAIOITEDbNS,

T OE—2713 RHQ MLE O BRI F % B DL mME T %
VF—ll~ 7T, AU EMEEO LS MR A RV
DIFE R OINEAT L —FTHEHEE AL AL, K 1
IZ Te & RHQ MNZENKE R L D BIRA R T, T IZENE DS
TBALFI bee NHZEREL 72 Tlieb BV MEE /R L TUD, JNEL
2 EL TV E TR ERDEM RS D, L LIRS 5,
[FICEME RO T THEVELTE D LM B A<
7o TLEWRMG R TIC RHQ B D L X E 2 ALS fHAAE
XL TLED, AEBRD Al EX23600nm D4 0.9s LLF 23
FLWEEZ 15, ALEDHE IR EL M2 0.4sTH 5
DEEET HEHT 2 (G OMBRRI N LB CTHHIENR DN,
BWEEEFSIILI2WIGE, WEEMRMEIL 2 5L ki
EL{THZENMETHDHEE ZBND,

AMFFE D —ERIL AR OJR T SRt B 0 S 8)
BE=ZIT CEMINTZLDOTHD,

18.0
Al thickness: 600 nm

179

178 | ././Q/

3
e
17.7 + )
Electrode distance
A —#-100 mm
—®-300 mm
176 ——470 mm
17.5

0.0 0.2 0.4 0.6 0.8 1.0 1.2 14
Heating time for RHQ processing (s)

Fig.1 T, versus heating time curves of the RHQT-Nb;Al wire.
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Nb,Al strand and cable’ s R&D for 13 T Nb,Al/Nb,Sn magnet

i #E5L  (NIMS) 5 B 3R (KEK) ; (U FElA, Emanuela Barzi  (Fermilab) ;
R B, xR E—, R BA, FE BYE, WI EsE, LR B (KEK) ;
PrNZEIE  (NIMS) ;  Alexander Zlobin  (Fermilab)

KIKUCHI Akihiro  (NIMS) ; TSUCHIYA Kiyosumi (KEK); YAMADA Ryuji, BARZI Emanuela (Fermilab) ;
NAKAMOTO Tatsushi, SASAKI Ken—ichi, XU Qingjin, TERASHIMA Akio, TAKIGAWA Hiroyuki,
YAMAMOTO Akira (KEK) ; TAKEUCHI Takao (NIMS) ; ZLOBIN Alexander (Fermilab)

E-mail: KIKUCHI.Akihiro@nims.go.jp

1. [XC&HIZ

KEK TiX CERN-KEK /17 275 & [LHC /v 3
DT AT w7 — RO DY AR R B
¥ L LT, BUED NOTi BEAICEEHRDOIH LVE
WSS ER A B 2 e L D, B LV EBe g
BADTH O IE ALS BULEM E M & L, FRca
B - AHBIE NbAl M OISR 2 L Tn 2,
—J7 NIMS Tix, BEEH - £REIE NbAl b ~0
LRI DA AT & B L, km O EE
R 28k s L 51l o7z, SHITKET =L
SF L SEET NbAl 77 4 — Ko7 —7 L& SEBR S
TRIELALEMEZ R LTS, Tk TOMHM LN
=7V ORE - Gl R AR E 2 T, EREELDY
CERN-KEK W /172 275 AD 1= NbAl $ikf K
FH 74— Fr—7 VD% %, CERN-KEK-NIMS-
Fermilab @ 4 BEBH D1 /) THI7- TR L TV 5,

2. Nb,Al/Nb,Sn %I R4 —)LHR

A IR SR AT & LT NbsSn & TY NbsAl
DMERIZZT B D, NbgSn b M OV DA D%
L. FEIZ US-LARP 711 /T A TIERIITHONL TN 5,
L2y, B0 NbgSn M4 0 i v Bl S a i 28 2 1
BEND DD, HEWATEAIZ X D EIESL A RTIG
BMEIE L TES TS, SDICIEr—7 VT T3
F7e A=V CHRBHEREPRKREIRTT2H%ELH D,
— 75 Nb,Al $-411%. Fc T 0> NbySn A4 o i S e i 4% g
WZIZH B HD0, Bifielr—7 VML~ KU
7. b HAARL DB STV D EIL T THEE 28
PHEEOBLEL DAY v ERHD, A7aYxs kT,
NbsSn & UF NbgAl D 2 Dt % [FIRFIZ G-I 2 72 D1
BHD NbySn TN NbAl =i A Linb i B4 7 A —
NEAEDOHBEEITO, 2 HOEX TN r—F% R
NbAl = A AV ERANBICEE L, 2 HO X T3
=% NbsSn = A V&2 HEIZ, & 512 1{E NbsAl
aEraf NV ERNBICHAGATHER T, &K 13T
DFERIGEBE L TNV D, eBlaat O,
ARERAAEHIZ Q. Xu % (3D-a03) MbH#EEN D,
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3. Ta W)WY X Nb,Al #1244

BN - A TBYE NDsAL BRATIEAY 2,000°C 0D ) i 2k
ENDI=0 M~ N w7 2 X RS TR I TS
Eiefl Nb 3V S5, LZA08, #l Nb (T IA~UT 2
H1(4.2 K)TITBIRERIEICH D720 KT NbsAl
T 4T A NE LA LRI Z B L CLED, #E
BEYDITT 4T A MO~ N w7 2% IR E LT D
TENMET, &IEALEECH N TR E X DL Ta
23 Nb 120D~ Ry 7 A G L7325, Ta I3 AR ~D
FENHFETE SLICFMETRBE IS LD E
B NN EDD, B 22 ST ORA TR AIZIZAF EL VY,
L —F5T.Ta i Nb @ 2 (2L Ed&axhThy, &
FEHY - EAOBLR DI T 20 R3S 5,

A Al Ta Z NbAl 74 F A NME~ Ry 7 ARV T YD I
WZEHL, LD~ w7 2 35EHR D Nb LT IR AN &
Ak L7238 LT SRR DR (K1) 23 E LT, F7e ki
D=1, MUK, (AL~ w7 A28 7T Ta &L
TR (K2) bk fEL 72, Fig. 1 138 > SEM ‘B E
ThDH, WTNOBML, FME 1.0mm, #ikk 1.0, 7474
UMK 222 AR TATAUME 36 2/ Thd, Tih 2 Fl
HOFERERER LT A0, TV T —Rr—T L%
VERL 7245 B SO W TR 5,

Fig. 1. SEM images of (a) K1 and (b) K2 NbsAl strands.

EiEE3

AWFIEIE, CERN-KEK #1777 4 KEK, NIMS,
K[E DOE., K OBHFHFJE 2 #fi B4 (No. 20025008, No.
20340065, No. 19740158)DEhc LD FEfiL T\ D,

geoopzooooooooooobooon



2P-p01

0o /00 (2

FEMEBARERTEEATE—F 3 REFKE—
Development of nondestructive critical current density measurement
-Third harmonic voltage method-

AH 558, PR 2, RIE A (LIBR); 1Ll #83C (RERSHIT)

OTA Shigehiro, SAITO Atsushi, OHSHIMA Shigetoshi (Yamagata Univ.) ; YAMASAKI Hirofumi (AIST)

E-mail: ohshima@yz.yamagata-u.ac.jp

1. [XC®HIZ

BRI O B B i (o) & FERE Tl E TE 5 F
EIXEOMRRIN TS, FCHEE 3 IREFRREIEL, 22/
I FRRED ILEAY KL B IEL B\ T, BAEE B REE L L
TSN TS, L LD, ZOREITIK IR HIEE
TOWPETHY  ARIEE E THIE TEAV AT LTI,
Fx %, INVHE BEEAE - AT LEBITE L, 3 Rl
WO SRR AR R B BRI CIEMEZR Je 2N E TEAZLA M
HLTET, S ENE, WEEICED Jo BIEMEEE 3 R Rk
EOREMZ LR L, & DL BV OV E E CllE 7T HED>
EIMEIMN, Jo DMITEREEILE DL BWDNERRFILI-DT
WET 5,
2. BBV RT L

Fig.1 IZFk & ORE T AT AOEXRIE RE T, IR
MHTH fAZFEaAMTHL, BN DI LS5 3f
(EHEE YTy a VTR T DV AT LA THD, o0 8
TAT AN EWNENIE 7T 7 af VM B W e —o
DAANREFRHAL TG, Fig.2 12, FBIFL7cFrET 4 —D
Wi X 2 7R 97, AL 0 _EICE B U7 R A R
THIL, AV EBEE M IRA 5 ST Q0D Tz, MO
KGN TEDLOEMR O A VR EF I — &

3 AR
=500 Hz i
s FiRE I_l
3f
GFIB: Computer
DU MER : = (LabvIEW)
240
kS4Taqu -1 o Ref _ Jout
Evo7yT | T
R ] o
bo- o 77

Fig,1. Electrical circuit of the third harmonic voltage method.
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Fig.2 Cross section picture of the copper cavity
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Fig.3 Third-harmonic inductance V3/fl, vs. coil
current 1,/v/2 curves at various temperatures.
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Fig.4 Comparison of temperature dependence of
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Fig.1. Schematic drawing of Jc measuring method using a
permanent magnet, and an actual photograph
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Fig.2 Magnetic force vs. distance between a permanent magnet
and HTS film surface.
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Fig.3 Jc distribution of HTS film measured by magnetic morce
measurement method.
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SONDFENIEISIT-, 2, #HIC L3380 T CCu
2847 ENDALT 5 AL M K OND, ALY 5 A MR+ D5
EMENRM LUz EE 2615, Fio, N T 42175 C
H, FREELOmmE T L TE-2EMND, RHQULEE TH
H 2358 H PTRE Ch A E A FEREL T2,

Fig. 202N TU7=5E LB [ SR LI A DY RS
VI HEONon-Cu JeDREGHEIF AR T, iD=z, U
25 THTD— ]S Ef(as RHQ®D JelZ DWW Th TR
I, FAHII TE21T > T, MR ULIZGE LRZED Jend
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BoENDLZERDIST-, FFHIN T UM IS BWTE,
£21.0mmE0.6mm TH B ZEDD/RNIEN DT,
AW O—EIE, SCGRFRH A T IR BRI R & Re & 1

JVEENTZHDTHD,
Table 1 Specifications of the re-stack Nb;Al wire.

Second stack
(Re-stack)

Wire diameter (mm) 1.0

Number of filament 84x18(=1512)

Filament diameter (um) 14

Barrier Ta

Barrier thickness (um) 2.3

Matrix/SC ratio (SC fraction %) 0.80 (28%)

Cu/non-Cu ratio (Cu fraction %) 0.99 (49%)

Non-Cu Jc (A/mmz)

1200 ; ; — : ‘
| | B Drawing (¢1.0mm) | | 42K
o . ____| AExtrusion (@1.0mm)| ;|
| | O Extrusion (@0.6mm) | |
g : ©as RHQ :
800 S I T A R
600 [~ N B R R, e e
o’ | | |
L R S T s S S
,,,,,,,, o W
200 | ‘ ‘ |
| | ¢ A 8 |
0 1 [ S B R &»
14 16 18 20 22 24 26

Fig. 2 Magnetic field
various NbsAl wires.

Magnetic Field (T)

dependence of Jc measured for

SE X

[1]N. Banno, et al.: Abstracts of CSJ Conference, Vol.76 (2007)
pP.187

[2]K. Tanaka, et al.: Abstracts of CSJ Conference, Vol.78 (2008)
P.80
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Effect of cyclic strain on critical current properties of Nb,Al strand

M 5, 2R ASFEGEER) . =F FAT, B &M,

E —, A EENIFS, KR ; A EE] (NIFS)

WADAYAMA Yoshihide, NATSUME kyouei (SOKENDAI); MITO Toshiyuki, YANAGI Nagato, TAKAHATA Kazuya,
IMAGAWA Shinsaku (NIFS, SOKENDAI) ; HAMAGUCHI Shinji (NIFS)
E-mail: wadayama.yoshihide@LHD.nifs.ac.jp

1. [ZL®HIZ

Nb,Al BF 1T, IO AdEEICENFEE AL TRY,
T OSBRI AT TR A 7 ORI SN TELD
FRREAL A 2SI TEEY, L, BEERMNZIT 50T
HATTE, AV RNERE LGRS T B2 | BB (B AN
MEDIRHEN THLOIZK LT, FIXER N TNDT 4
SAVNRITHER T 20— Y IR KRB EIR 508, F O
SHANEA 220N,

A TIL, Nb,Al FRA~OOT HARER—L LY )
(RFEN) LLTEBREMICBWT, TOBAEBROE(E
MEFTMETAHZEBREL, 22T, EREE L RIEL S
L~V TR OMER WIS T D,

2. ERAE
@BIEHTIL

FEEBRIZAH VMY = —a— L1k Nb,Al FFRTHD,
FOEEGEILER 1 ITRT, EEFEICIL, FRE: ¢ 0.805,
TATAMEHK 50 m, Hitk:2.1 THD, EROETHIH
WXL CER/ B ED XL S Z 2D LT 57ICER
B)— PRI HE 10km OFRDY L FLEERRL, 2
AVERZEI 775°C X 40h ORI MBRD B L LT,

Table 1 Mian Parameter of sample strand

Process Jelly=Roll
Wire diameter ¢ 0.805mm
Filament diameter ¢ 50 um
Twist pitch 31mm
Matirix Cu
Cu/Con—Cu ratio 2.1

RRR 260

Heat treatment 775°C X 40h

(b)EEREE
SRS A FIINT 2 EE~ 7 Xy MI, AT ¢ 58,
BRBIG 14T OV JARBITH D, RT NEIZRIE Y7L
EREL, T NVEBREBIELRE T 52 TRV OE
FRME Gz, YT NATRIT T A IR (43 X5 Z—
) ThHDH, Vo FVERRIL LB S EERE &L 8
JVATEIR(B00A, 1kHz max.) T, 22 Tix =4,500A,0.1Hz
(IR FETEEE 1 100A/s) B EEARGAEEUTe, 7T AFAZ Y O
RAEIL, 500A DMK LIBEEIZIBVTKH 2.5W TH, 1 [[]
DR THI 5 X 10° [E DO B AT ATRE TH D,
(c)EERFE
LOOREY T MR LT, B ERRE RO T
HAREAZBAZEREL . Z DR b2 @ B A L7,

3. BRLER

1 ICHIE Y > 7 L o BRI (%L n=1,2,
1500) &7, R LB, 0.1Hz DO/ LA @E T/ = F
LAaWSefhD 500A@5TE LTz, ZORICEMRIAER 574
FANEDFIEDSSF11EH) 320MPa Th b, I #)DE (n=1
MDHN=2NTBN T, R BT AWK L, D% OE ik
I THoT2, PIHOBERAL TOEKIITHE+H THD,
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2 ISR UES n=2 & n=1500 (Z BT D EF/EIET —
HE R, ZIVETICE 1500 [BIOMEK L O A& B faf L7223,
n=2 U B W T RER n OB biTIZLALRO LN
TUNRUY,

Nb,Sn FHA SR CHEMURE 77 S BT A PIc kDL, el
DOOT HAM (=1 TEAEBRNZL, BEOZEIIIER
IS OVFERDFSNTWODR, 2L T AT A DR E
HEIS I DPIEIO B IRV AR AR LIb DEE X LD, i
5 =l IZBIFHOT @ il &3, KL
SHICHINS SR 2 D 5T E ThD, T, 4
BT H T AR OFHMID FHEH Th D,

500 %
Cyclic stress
s 400 I O filament
= =320MPa
2
g 300 [~
= 1
@)
=
Q
Pé 200 —
@)
B A n:l
100 — Hoop stress O n=2
0 n=1500
| | | | |
0

4 5 6 7 8 9 10
External Field B(T)

Fig.1 Critical Current of Nb,Al sample strand (Ic:0.1 2 V/cm)

50
]9T\ IBT\ ]7TH6.5T \
40 - — n=2
N -0 n=1500
3.
5 20
>
10 ‘

1 | | | |
0 100 200 300 400 500

Sample Current I(A)

Fig.2 Current/vortgae poperties of sample strand

SEXH

1. T. Sawada, et al.: J. Japan Inst. Metals, Vol. 61, No.9
(1987), pp..822-828.

2. S. Ochiai, et al.: Cryogenics, Vol.32, No.6 (1992),
pp.584-590.
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Forming of V3Ga phase through the diffusion reaction using V-Ga and Ti-Ga compounds
as high Ga content compound source materials

W B (NIFS), 4Gt #5L, 1y 2Rk (NIMS) , A8 = (& 1K), vkt B (NIFS),
B TEERE, B w2 (RBRA4 T30
HISHINUMA Yoshimitsu (NIFS), KIKUCHI Akihiro, TAKEUCHI Takao (NIMS), MATSUDA Kenji (Univ. Toyama),
NISHIMURA Arata (NIFS), TANIGUCHI Hiroyasu, TOMONAGA Mitsuo (OAW Co., Ltd),

E-mail: hishinuma.yoshimitsu@nifs.ac.jp

1. [XL®IZ

ViGa BRGSO B FEME M B4 B IC TR IARIC
BUoE GaRELEERL, & Ga & Cu-Gafbeixr
FAWT M 2B EL  BEEERMEOSEEZP LML T
721231 ARFSE T Cu-Ga RO Ga E(LAmEL
T, V-Ga M. O} Ti-Ga & 1255 V3Ga R B AH DL A pli &
U, A2 AR O B AR B R K ORI (2 > W TRl A
L7z,

2. EEAE

AWFZEIZT V-Ga R M O Ti-Ga RITHIT 5 GalgEb s
MELTV,Gas e N TiGaz Z I8N L7z, ZIUSITTFHRIRREXIC
TEBRLAEMEL TIIET DAY THH, V,Gas o
TiGas b AMEIT — VIR CTHERLL | IR LB A T o 72
BT AL TR{L W R AT, 2O KL V 4
B IIEI L AR T B2 & TR o A B L7z, LATR
V,Gas/V & O TiGas/V Z I ZE D JEH#ENE VG JEH0
KON TG JEHCREFET, £z, FNENOIEHEHIZRLT Cu
DIEIALE ) BATE T DI FHE T RIS LT
10Wt%D Cu By RZFSINLTZ, VG K O TG Az W TE
Z2 i1 ¢ 600°CH5 900°CETOFE # DSt VLI AT~
77

BULFR % D —EFRDOFEHZ W T, NIMS i 2 —
D 18T LWHBIRE~ T Ry heNAT VR~ T Ry b N T
1B FRfE O Hep FRMETREMML 72, I, fE1E 1 EAE ARk L7z
V;Ga FHKTHifE D 7~ ThRL7= Layer J & L7-, £7-. SEM KO
EPMA % W AR B LR O & B W E &1 T -T2,
—IROFEHZ DUV T FIBIN LA IZ TEM I LD H0HIRE Rk A OF
ERSNTEIToT,

3. EBHER
Fig.1 (/B8 L 7= TiGag{b & D SEM BlZ4 27,

T — 7 TR IIAEIR O TiGa M8((a) 2K () & GaifFa((a)
WIRE)DIRAE CTh o 728, BB AT 5 2 & CIEHL
RS R TiGag M ER L=, Lr L7226, TiGafH
NEFELTEY TiGag fH & DEAMKTH D Z & 08550
ST, —F. VuGas(bAWIZHOWT S TiGa (k& & [FkE
WCVRIRAVALER 24T 5 & & T V,Gag il & VsGay FHDIRAH
KTh -7z, Fig.2 |2 TG ILBOHICI1T 2 FMLELE £ (20h

a) As-cast

Fig.1 BSE images of the arc-melted TiGas compound.
Figs.1 a) As-cast and b) After solution H.T samples.
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o) 750

Fig.2 BSE images of the cross-sectional area on the TiGas/\VV
diffusion pairs after various H.T for 20h.
a) 700°C, b) 750°C, c) 800°C, d) 850°C H. T conditions

BV IZ X D AEMUH O b Z RS, WO BULER IR
THAERT 2IEAREIZIEE 40um THY ., JEEAEIT
ViGaffl & VeGag FH D 2 FAAN AR L7z, VaGa FiIL V BlRF &
PR SR VeGas X TiGas (b Ay K S 2 i » T
B U7z, 72, T00CEBLEE) BT - T VaGa FH (K ()
DAERRDHERE S L, BVLELEFE O EF AV VaGa fR R
<HBEMAR Gz, ZHUCL Y TG Lt Tk TiGas
{bEeWh DL ED Gapksy i VR I~ LT\ 5 &
EZohbd, £72. EPMA RN G IEHAE~O Ti OFLHL
TR Lo T,

Y HIEZ TG M ONVG IR T A% L 7= VaGa fRIZ W\
Cu-Ga & & Ll L7223 & I FrECHL R IZ DWW TE T 5,

HE

AWFFEIL NIFS 38 & 28 f+14:(NIFSOBUCFF005-2), NIFS —
e LRI FE(NIFSOTKKMF003) . M ONSTRFA T ) 3R B i
REIZIVITDNIZ,

SE W

1. Y. Hishinuma, et al, Supercond. Sci. and Tech., vol. 20,
No.6, (2007), p.569-p.573.

2. Y. Hishinuma et al., Abstracts of CSJ Conference, vol. 76
(2007) p.188.

3. Y. Hishinumaetal., J. Phy. Conf. Ser.97, (2008), 012131.

4. ASM International, V-Ga binary phase diagram (1990 J. F.
Smith)

5. N.V Antonova et al., J. Alloys and compounds,
vol.317-317, (2001), p.398-405.
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Microstructural observation of heat treatment processes in in—situ MgB, tapes

WL BE, KIG i, WSH M, il B—, 1 SE0uR) AR B, ko (=, BEE 15 (NIMS)
HATA Satoshi, OHASHI Tetsuya, SHIMADA Yusuke, IKEDA Ken-ichi, NAKASHIMA Hideharu (Kyushu University);
MATSUMOTO Akiyoshi, KITAGUCHI Hitoshi, KUMAKURA Hiroaki (NIMS)

E-mail: hata@mm.kyushu—u.ac.jp

1. ¥#8

MgB, O FL B it it & B B B DA AR R+ Rl Sk 5,
FEHEIR, MgO 72L) 23, R0V IR B L ORI T 7 e
—F LB ETIHLNIR > TETCWD, M ERL O T
1L, in—situ /S —« A2 - F2—7 (PIT) D F K OREEE
EIOREFHEORSE TR TEHHIELL T, IHIEAER
ENTWD, TEEIED in-situ D —2>THY, MgB, DERKE
FHIE R O BN EE THHIEIIEDIIRN, TD X7
BN, ABFZECldin-situ PIT £ COEULIRIZ 31T D5k
e Z AT, BRI AR DB HA B LT,
2. BBAE

FE/LE 122 OEE TR L MgH, IR EFERE B K%
1RA LI, £z, MeB, AR &I LT SiC F /ki+% 10 mol%
WINLIZIRAEMELAE L, INLORAMEEZENENR
Fe BICAIEL, MMEMELIZT%, 600°C TR~ ORI (¢ = 1,
10, 30, 60 min) ® Ar FRBHRELIR AT o 7=, fFONTAA I
DWW, J-B MWE (4.2 K), X #EHr, SEM 8%,
TEM/STEM/EDX #l22%4T 7=,
3. HER

Table 1 (ZFBHEROENEZ R T, FEMELL Ik~ 5,
[l A B F s PE] £ = 10 min T J OB KAEIE A B TX /-,
SiC ¥R mfgssik <o J M kX, ¢ = 10 min TEEIZH
MRIZHNT=, SIC O EIZEEHS T, £= 10 min 25 = 30 min
DNZ, 1T 5~12T OEREEECREITHINL, 2 dLhE
R OBGLEE TIL [ o EFIHENTH -T2,
[FHZ510 IMgB, DAERZIT ¢ = 1 min TEMRALBIHISH, =
10 min T Mg 138O 572K 27, ¢= 10 min 7> ¢= 30 min
DN MgB, 2> D[R 38EE A BEF (28 KL, ZDH% DL
T h&ED o7z, SIC DI fiE%R T Mg,St DAERIE ¢ = 10 min
TSI, MgB, ® Akl = 100 [E1H# OHIE LY, MeB, &
fa® B—C EHEZRIET 5 a il R OUGHEIL ¢ = 30 min 23558
HHITE,

[ FEHER ] EHFE L A Wiai > SEM £ ClX, ¢ = 10 min
T Mg OYEEL, SOSERBTHRARN NS RICBERS, *
I, SICOREIZBHOL T 50%RETHY, ¢DHEn
N TRORHEIMEM Z R LIZH DD, ¢ = 10 min & ¢ = 30 min
D TRELREITRD LN 2T,
[#EHE)TEM #2210, ¢ =10 min 7>5 ¢ =30 min T MgB, #& i
DB TN, —T7, MgB, # iR OB i/
ol BEORE LRI, SIC T D J7 A5 MeB, fi i
RIFRIT/NEL, TR DG DS o1, BIZ, AEET-
ICH BN LR ST MR DRI E L CLL I B E T BN, ()
MgH, By K& HWTH, IEE B BLONSIC R EHiciEH#E N
BRAL, MgO MBS TWz, 12721, £RkLTZ MgO ki1
D%<1E 5~10 nm A CTH-T2, (i) Mg JFFI13E» ¢ = 1
min CTHERLE B RPN ETHL Tz, LasL, Bvieg
HHARMIG B SIS 27> T, (i) SiC OF T
SEM L ~L D~ 7 RIS HIE VW DSFRO B, BRAR DR
R EDM RN TE 0T,
4. £

in—situ PIT ¥C 600°CEVLEL DA, MgB, #bf D [ #dk
1% 30 M OBLEE CIFIFIRED, 2T, MeB, fEsa AR
ME T THIEFIELTWDEE 2 HND, —JF, RHERE
FEPEDZALIZHARRZ MBI RN eh o7, MW Ti
B EORHMRHY, K B 2SI L1 Mg Bt B4 it
B33, Fed /A EBNRCE5, MR R T OfE
SiIC OIFFEIL, Mg DILHRE K ED 7 ' A, OV TIEBGHIHE
IR REREEE KT WD EEZBND, TOFERE
LT, SiC WA J-BHRHEIC G 2 D80 F 1%, MgB, 34 UIG
DTEBIZEND, B—C E#ta g Hiz SiC 2542 K6
DFRRT AT AZDNTUL, 514, BRDBEFDLETHD,

AIFFRO—ERIL, SCERFE MK T 77 ray —iL
AN —7 (U K228 & B M E) OIED T
THEEINFELZ,

Table 1. Summary of material properties of /n-situ PIT MgB, tapes after heat treatment at 600°C with different durations.

t=1 min t= 10 min t = 30 min t = 60 min
Measured
- (Non— & SiC—doped) Large increase Small increase
S (6~12T, 42K Clear effectiveness of (Non— & SiC—doped) (Non— & SiC—doped)
SiC-doping
Main crystalline Mg, MgO MgB,, MgO MgB, (Large increase), MeB,, MgO
phases SiC Mg,Si MO Mg,Si
(XRD, TEM, EDX) & Mg,Si &
C substitution for B B Measured Measured
(from Ak/=100 in XRD) (SiC-doped) (SiC-doped)
Packing density . 30~65%(Non—doped) | 45~55% (Non—doped) | 60~75%(Non—doped)
. — (No voids) ) ) )
(Cross—sectional SEM) 40~65%(SiC—doped) | 45~65%(SiC—doped) | 40~70%(SiC-doped)
Rapid diffusion of Mg atoms into amorphous B powders (¢ = 1 min)
Microstructural Incorporation of oxygen atoms with B and SiC powders (¢ = 1 min)
features Different macroscopic morphology between non-doped and SiC—doped tapes (cross—sectional SEM)
Smaller and equiaxed grains of MgB, crystals in SiC-doped tapes (TEM)
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Pinning properties of MgB, thin films on Ti buffered substrates

KB RS, AME M, S FAL ORE O BRNGEAR)EH #2(ST 77 MEF);
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R B, D FARECRAER)

YONEKURA Kenji, KUGO Azusa, FUJIYOSHI Takanorl, SUEYOSHI Tetsuro(Kumamoto Univ.);
HARADA Yoshitomo(JST Satellite Iwate) ; YOSHIZAWA Masato, IKEDA Takeshi(lwate Univ.);
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1. [FLHIC
Mg B, B 4134 & R B AR D T T i i D Rl SR
JE T=39K 7L T2, FEMEOBRICITER S E R I

DESRDAE ENMEEELRD, MgB, TEFIZ RN T, ki
NEHERE =722 —EUTINNTOS 20 [1], #sRhL
ROBEERHIET AL T = VR m L TX5EE 2
BID,

AL TIL, T NARS AL 7L Ch D IRIE
kIO as-grown {EO—FETHBH5 T#=E 4% —(MBE)
E[2]T MgB, MIRA B &~ e EIC/ERIL 7=, 2oLk,
Mng DOFERRLR DI\ E 52 DT DI BB TR |

ZTi 2Ry 7 rEELCTHERESE, MgB, %H%@Eii;ﬁt“‘/:‘/
75F*f PELCKHL CED I B 5.2 D ~T=,

2. =B
MBE {£%& HUNT, MgB, % Ti 287 Hk ki
TERILT-, YERILTZ MgB, HIEOER G4 Table.1 127”3,
%Wimm:ﬂﬁm/%E%®§%ﬁi4wm”mnuT
BHEZEIRIECTHh o7z, ZFWITIT Mg 3(99.99%), B Hfk
a%A%B%%mwtw%%ﬁfiBﬁmo%mhfkwMg
13 B DAEFFEE D 8~9 [ERLEITRD IO,
VERIL 72 B @ B R 2 W E T DT ic~v A ru T Uy
URE =N T LT, iR K> ClEEREE R EL,
TR IR 1x107°VIm LU T I IR E LT, £72, I DRGSR K
T, WA IR AR LT, £, ER—EREER
MEARE 2 2R R CHIEL, o= 7 RF A—Z DRI AT

77,

Table.1 MgB, samples

B Samplel Sample2 Sample3 Sample4
SR MgO(100) Si(111) MgO(100) Zn0O(001)
77 G Ti(50nm) Ti(50nm) 72l Ti(20nm)
) 150nm 150nm 300nm 300nm
3. ERER

ER LD T, 1%, £ 4 Samplel:32.7K,
Sample2:34.3K, Sample3:33.6K, Sample4:34.9K Th -7,
Fig.1 I T=20K, Blic \ZRITD I, DR EMEE R T, (Kl
ECI% Sampled 2M&EbE I, AL TWAD, B TIE
Samplel & Sample2 D508 E W I AR L TRY, K2 Sample2
RSSO LD I DR T A ERb/NEL > TNDHIEND

3%, Fz, FL MgO JEti &L= Ch, Ti Ny 7 7E
2 A L7z Sample2 D7 AN I AR LTS, ZDTEND,
MgO FEARIZ Ti Ny 77 &8 AL ZETE Y =0 7Rtk m)
LU=z Enbing,

Fig.1 7 BEMRIE S B E Fy=JxB RO TEHILIZ Fy
DOREGRTEME% Fig.2 12787, Sample3 335U Sample4 D3k
BHI Fy OB =213 2T AR ICAF/EL TIY, Sampled 23 bH K
XY —7%RL TS, ZHIZx LT, Samplel XL
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Sample2 DFREHIE — 243 35T fFird, L@ M
NLTHED, BRSO ﬁ#éFoﬁMM%éw
ZENbND, Fi, BT COEE—ERFHENDIR T T
A—IREEEBIRIE Ty BLOE =0 78T 2—4 m 28 L
7o ZNHOFERMNG, Ti D307 7 E73 MgB, #EIZE D L5
WA B2 QWD EEET D,

"' Bl —e—Samplel
T=20K —*—Sample2
10° —=—Sample3
—v—Sample4
5 105}
<
-
10°+
A
3
10 0 2 4 6 8 10
B[T]

——
B//c —*—Samplel
T=20K—*—Sample2
—=—Sample3|
—v—Sample4

F, [10° N/m]

o*

Fig.2 Magnetic field dependence of F,(T=20K, B//c).

SE XM
[1] H. Kitaguchi, et al.: Appl.Phys. Lett. 85 (2004) 2824.
[2] Y. Harada, et al.: Physica C 445 (2006) 884.
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Magnetization propeties of high density MgB, bulk irradiated with Xe ions
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1.IEC&IT

in-situ PICT {ETIERRE N5 MgBs 7L 7 1KIE, ZBEEMN
MR E O DU R E>TLES T EHMHEEEINTY
720 A DWIZYE Tl in-situ PICT ETERLIL 7230KHT Ry
ML (HP) MRS LI k- T, abROBED 80
%LU EICE ET BT ERRELTVS [1], AR TR, HP
k- TEBEEL L MgBs 7 UL 27 3HRHT 210MeV D Xe
AX VR L, FORSRHEZNE U, BRI
1% & @O 2 DI THERMG L0 TRET 5.

2. R ER B KURERA &

R E 725 Mg $i7R (99.99 %,100mesh-150pm LLF) &
B ¥R (99.9 %, 1um LLF) 2, BIVHTMgB A 1:2 27545
KIICFEE L, in-situ PICT B K- T MgB, 7 UL 7 ek
ZAERIL Fo, MR IIRE GOEREREE (J,) mxE
5Nz 690 CRAWTz, HEK L7 MgBe s AT X T
VLRI, HP WA 7 VI U BESHT 2 BRI L 72,
HP & & LT, /7 400kg/cm? 3ZE{L X9, HP RE
690 & 710 CTIT o7, BRAOE A VISHIE T/
BEO 2 > 7 LANEEHC K D T T, ZREnoitEHcH
L TSR 10"%ions/cm® & 10"%ions/cm® T Xe A4 2%
gt Ltz 187z,

TFBIL 72 MgB2 7 L 7 AR OREEITREIE MPMS B&U
MERIESE (Magnetic Property Measurement System) &
FWTHITE - 7HE U 7zo SMEBETINEESS 200e i34 B HEED
BEGREEN D, BEEERDFNRLLEMET U, Fiz,
K ICBF B ATV AHBBEZREL T, Z2IHhE J. O
WIR A E Been ©F NV EAWTEH LTz, HIZ, 20K,2T
KBTI BDHECENDOSADTDOEVRTF v )L Uy %3k
Bz,

3HEREEE

Fig.1 1 710 °CT HP %24 L 7z 50RHC 81 2 Bz i #
(FC) RO R DIREMTFIE AR T, FHEEIINRES 2006
DRSS Tld, IREHC & O R EERRE LT TOR LD
WHOLTWBRZERRTENS, Tk, FCRENICERE
D & BEREMICEET BRI, FHRINICERE T ARLHED
WAk EEZOND, DFED, BEHICX>TEAI NG
RMGIMEREIRICBOW T Y Yy o e 2— LT =2
EERBLTHS,

S, HP R 710 COREROEMES (1T L) 2Bl 5
AT A SEH Uz J. OLEEE Fig.2 1S39,
A% 7% 10"%ions/cm® BEGT U 72588 & 10 ions/cm? TR
B U TR ERBZR R DN »ah, L EICES A
UTWRWEREHCERT J. B3RP LI ERRTENS,
20K,2T T J. Z T % & Iadan & IR T 1/2 BEIR
TU7, ZhuE, BBAHC & DB LIz REh EmOIHEER
ELTHZE J OETESIERILERDEEILNS, —
5. 20K 2T IS BU B EFIOHEN S Us™ EIESHI L D
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Susceptibility (% 107 emu/g-Oe)

FEAEELUEh 2Tz,

INHDOTEND, BRERICBOT A A VIBSHC k> Tl
AENTRBEIEN G Yy Ty Z—L LTI TV
WEEZLNE, TOFEKE LTI, BE LA DIRA
EPEWC ENBIToN%. BROEEHK 0.6mm THS
DICFF LT, 210MeV D Xe A A 2D MgBs ilBIAICE A
THRETEABBIZ 20um BELRELONS, TORD,
RISV 7 REO S ERICUNER L TR EEZDS
N3,

ol & P
02} ! ]
04} ]
06} ]
08} ' .

(TTT T .

-1.0+ 1
- 2; unirradiated |
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-1.4r
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Fig. 1: Temperature dependence of susceptibility at 200e
for the MgBg2 bulks hot pressed at 710 °C.
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Fig. 2: Magnetic field dependence of J. at 20K for the
MgB: bulks hot pressed at 710 C.
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[1] K. Shinohara, T.Futatumori and H.Ikeda.,Physica
C, 468 (2008) p.1369-1371.
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In-situ MgB,/Fe Wire Sintered in Vacuum
- Microstructure and Superconducting Properties -
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1. [FC®HIC

MgB, 134 B RBEEARO R THR b & WERFURE Tc
(39K) &R L, 20K T EZRUBIZINT 7-BFFE 3 i AL
ThhTWo, Fixid, In-situik MgB, #ibf % (EL-4 2 i
WZEIEMT.C, Mg iR NS Z L ICiEE LTE T
[1]e ZAVE T, MgB, b D VERLE R TEVLEL S 2 BRICIE.
9 Ar U AFEAT, BIR Ar U AR CRER L T
7z, AENTEZE R T MgB, =S & 1B L, % &%
O, BEEEEEZ DT, FORBEERET 5,
2. E8R

D Mg(99.9%, 50um) & B (97%, 0.8um) & {bFwam
Mg :B=1:2 T40 /yHiRA L, MME 48 k> T¢55mm D
MAESRICER AR Z 5 5, RAGEZ RS 40mm, 4%
9.5mm, & 5.6mm @ Fe /XA 2550, fAla—/L &L
Ao —/LC0.93mm F CEEM LA L, 51T, BEN
0.749mm F THA A A % I THERR L 7=, 5B D BVLER 56
% Table .11, REFOERE, & O R ERE
JoIE. SEM, XRD, & I HlEZEE, SQUID & HV T~ Tz,
3. R

Fig. 112 20K I2351F % Jo DR EIFME 2 <, 3Bk S1
D I 1FFEE S2 D I 1T b~ ARBES R 2T A TR VE &
PRt TR ST AT C 2.5 fE# Kk L7, Fig. 22 k
TR 53 Bep DIREEIRTFMEZ /8T, SMEBREYS OT 12331
%581 L S2DTeid, TNZEN 366K & 378K TH-o7=,
Ar AR CEVLER L 72 50BN E B 22 op TRVLER L 72
FEHZHE A TR IK L EE L b 2 En¥bhrolz, Lo
LA, 25K, 5T FHETO Teld, S1ITH~ S2 AR
R RD T ENbo o, 20X D ITEVLEIRE & RFH
DE U b b b3, BVUERRE OB 2 B D & < B8R
BOEWTHEFIZBIT S I KO Te BRELS B LE,
YHIL, AHi MgO DR, MgB, DfE kYA X0
MEEE D, KD mEET 5,

Table .1 Specification of samples

Sample name Sintering condition
S1 600°C-16h in Vacuum
S2 600°C-16h in Ar gas

6
10 E 3 3
- —O— 600°C-16h in Ar gas |3
[ —i— 600°C-16h in Vacuum|?
105 E E
< 10 3
=~ :
10 -
T=20K
2 ] 1 1 l
1
0 0 1 2 3 4 5 6
B (T)

Fig. 1 Critical current densities of all samples as a function
of applied magnetic fields at 20K

8
—O— 600°C-16h in Ar gas
—— 600°C-16h in Vacuum
6F -
o
= 4f -
Y’
2 -
0 i i i ) FO_
20 25 30 35 40

T'(K)
Fig. 2 Temperature dependence of the B, for all samples
SE K.
[1] D.Uchiyama, et al.: Abstracts of CSJ Conference, Vol. 71
(2004) p.108
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Flux pinning properties in quasi—multilayered YBCO films with BaZrO, and YSZ
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1. [XL&HIZ

2L A L — W —HERSHE(PLD )12 380 T BaZrO;=° YSZ
RN LA TR @ IREBGER REBCO ¥ —7 > b %
FAWTHEA1T 5 &, REBCO #¥th|Z BaZrO; 237/ 1
v RELTHHT D, ZRAMERERS Bk T
51w LTEA LT, RERNREREREE J,
O EERND Z ENRMBATHWS[1]. —7, REBCO &
BaZrO; ® — 2D X —47 v N EARZBIIY Y I 2 THEZ {E
I B Hk(F —7 v ML) THE, BaZrOs 13/ K b
RizmywL, 3k & LTEMAT 2. ZhizxtL,
A=y MIBREIZB N T YSZ 2 U WE L LCTHWS
L, B ey RBRBERSNDWMENH H[3]. AW
TlE,BaZrO; & YSZ Z W= # — 47 v MIIEHEIZBW T,
YBCO i~ BazZrO; 3/ vy RE2idF/ Ky R &
LT EN D&M 2FD. SRZ0HE Bl L LT,
BaZrOs, YSZ DEANE &+ OHERE UL AL BIHO B
B2 XV #IE LT BaZrO;, YSZ Z#HE{LIE & L7z
BaZrO3/YBCO, YSZ/YBCO £ @A /EH L, & DR
= PRI OW T DR Z 1T o 7=,

2. RBRAE

KiF =3 v~ L—%—%H /= PLDEIC X Y, SrTiO;
FEM BT YBCO Z A ERL L 7=, TR BaZrO;, YSZ
BLORYBCODF —4 v MI% L, TRLF—EJE 1J/em?,
W3R UJEREEL SHz OV A L—F—% FHNT, BBEFR
PHS A A 300mTorr, FEARIEE 780°C D F CRRIEZ 1T~ 7=.
% D1%, 600Torr DIEFE K CEIRE CHARGHI L -,
ZEEERLORTIZ, BZO, YSZ 7% YBCO Jg LizF / ki
L LUCTHERET 252D 20l L—F—D UL
¥ &2 b ST YBCO 5 iZ BZO, YSZ % HEfE S,
T OB O R AHBIZE & F 1R 1TSS AFMIC L V1T o 7.
HERIZ E RS 3Tk, YBCO J8 & HERS L 71— 4%
BaZrO; 721X YSZ & m 7 VA THERE L, “hz n B CHE
L7k E B(m,n), Yim,n) & ZTNENEERET D, £7-,
ETOFREHII T, YBCO HERE DR L A% 3,625 /%
VAL LTz, WERBREE J X, Wi EE2 AW mE
s S ERIENER E=1.0x10*V/m & LTER L. J.
DBESRAEEORE BN TIE, BT E ICREI O cfillic
SATICEHM UT=., $72, J ORSS AR CIE, Bt
WIZHERZT D L ICHIB RN L, #35 L clio 723 AR
oL L.

3. BERBIUREH

Fig.11Z, %k n=28 D L& T D BaZrO;, YSZ OHEFE /<
VAL BARERBIRE OBRE R T, UL AEEEN
T 5L, BEHEBEBRENMES 2oTWA. £/, BZO

WZHRTYSZ DSV ABUZKIT D T, O3 /NS0,

—RIRE X —F Yy MEERWEEETIE, MN—7%
® BZO & YSZ % & A72 YBCO WD T, % i35 &,
YSZ % R—7 LI=REHIBWT TLOBA B KRE V1], =
L, BZO LWL CYSZ A —7 v b &T T L—va v
LIzt ZDTN—EB/NENZ EREZHND.

Fig.2(a), (b) {2, BaZrOs/YBCO, YSZ/YBCO #tLl % JE I D
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T=77.3K TGS EFE E OSSR IEIEE 2 EhuRT.
FBF B(3,28) IC B\ T, PIERSSEEIC DT > TR b &
J &R L=, 3B B@3, 28)Ic8\ T, B=5T T® YBCO i
D JOME T 5 &, T=773K THI28ETHDH. —
77, YSZ/YBCO ##{Ul & @i <1, 30k Y(10,28)Ic80C,
5T UL Lo B¢ YBCO #ifE L v & J, R L,
BZO/YBCO %@ &t LT, &5 2 B ~DHERE SV
AEEH J 52 BEENNS WA H 5 T2, 4 El BZO,
YSZ & W= L@ T, J OS5 A ERTIEICE VT e
HHMT J OE—7 3R TE T, 6=90°(HETOH J,
DE— 27 PEH S

Wr————7———— 77—

|

89
=
S

87

86““1““1““1“

Number of laser pulses

Fig.1 Transition temperatures of quasi—-multilayered YBCO
films with BaZrO, and YSZ.

T T T T T T
7=77.3K % B(,28) —»B(l10, 28
773 —-B(3, 28) ——B(1, 42)
®$B(6,28) —O-YBCO

(a) BZO/YBCO
! | !

| !
: —-Y(6, 28) —<d—Y(6, 42
I=77.3K +ng, 2%) %%Y%BCO)
- —O—Y(18, 28)

0 2 4 6

B[T]
Fig.2 Magnetic field dependences of critical current density in
(a) BaZrO,/YBCO and (b) YSZ/YBCO quasi-multilayered
films.

BE R

1. S. Kang et al.: Physica C 457 (2007) 41.
2.Y. Yoshida et al.: Physica C 468 (2008) 1606.
3. L. Peng et al.: J. Phys. D 41 (2008) 155403.
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Superconducting properties of YBCO films with YbBCO seed layer
on IBAD-MgO buffered metal substrates
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1. [FLoic FAWTH, BB S E THD YBCO I ¢ il B A3 A
IBAD-MgO % 4 @ BH & |2 £V REBa,Cus0,(REBCO) ENBDZEN DD,

coated conductor DYERLHE AN B) B L Bk & 2B R 2R~ BifE, IBAD-MgO FE YBCO ##44® ¢ filiFHBIE A IZBIL T

DISHBBLFER 2L DIZ72 5 TETND, ® AFM X° TEM 728 ORI E OBIEL A1 Ti2o>TD,

ZZTC, Fex DU N—TF1%, PLD ¥ T YBa,CuzO,(YBCO)
% IBAD-MgO FE4 EIC/ERLL | B Z1T70-7-82 5

YBCO M
Jo DRESEIINA BEARTEVEIZ R T, Blflc DRFIZHRV I, @I:" 10° ivseomseo % I g
— /%R LM, Cival OB ICEBE IBAD HARILA K A S
—A

Bani %<, IAA VT F—Lar M ERKEND, By sl =
7 EBEASIVB o1 55 B, UL, IBAD HAK TP e
£ YBCO T ¢ BRI 1, 12 EAL FAELTL VR Y 2 il N
FoMELHLL, £z, Wang HIE, Y Uy F 0 IBAD i - s o
YBCO J&IEEIZ Y,05 F//3—=T 47NN =07 1HEL T 3 A o
FELTOAZEZHEL TOBM, DL ED XS, IBAD AT 10% \
BUIIE =07 SICL TR % RS 03 D0 | RAEF O 102k B Ile, 77K .
F M0, ¢ BT ICBIT Y — 7 DR AR 3572 ‘ ‘ ‘
IBAD-MgO  J& #& |k i YBCO ik | 0 2 4 6 8
YbooNdo1Ba,Cus0,(YbBCO) 45 L (8 YBCO-YbBCO % Magnetic field [T]
eI A RS | BOMAS S22 . BUREAR PRI DWW TR
AT 78072, Fig. 1 Magnetic Field dependence of J, for REBCO
films on IBAD-MgO Substrates
2. ERAE
YBCO 7513 PLD #(KrF =3 2~ 1 —+:1=248 nm)% /] e YBeo e —
VT, CeO,/LMO/IBAD-MgO/GZO/Hastelloy itk -1 b N IR
(T 875°C TIEBLT=, /-, YbBCO I T, = 850°C 109 % @K T
TIER L7, YBCO-YbBCO % J&iilftixy —RgeL T _ % T
YbBCO % Ty = 850°C {233\ T 100 nm [E TYERLL . ¥kIZ &6 =2 DEMDDDDD %o, g
{5 @ L C YBCO % T, = 875'C T 350 nm [ CERLL 7=, s Op DDDDDDG £ Cnaannss
VTR BHEEE O 2T 450 nm LLTZ, = o5l /A
VERU 73 M X, - T ) BEEE (AFM) IC KD R ThiA# i - ¥ AAA
%, FIRALTE PR (TEM) (S XV I m SO A i 2 Bl 2 L AL Ay
T MEE R IR D 7155 T, B (B)=0~TT T PYIVIVY
WEHIT/eo70, Io OBESEIINA FEARAFEORIE L, Fobk
ﬁfff% ;(‘TTZ)@A%EDD[I% 9%&’9*-7 ~127 “er'ﬂﬁé“@ff 0.0 (I) SIO 6I0 glo 1é0
WEEATIoT2, 0 [deg.]
3. HERUER _ o )
Fig. 1 I 2B M 6L, B % HobR i B 7 14 (c il Fig. 2 Applied field Angular depenqlence of J. normalized by
1) ICELT=L &0 J 7R T, ZORED, YDBCO Ml 7 at S0degrees for REBCO films at 1T

¢ WA ~OREIHCED I, DREBDTDHIEN 0D, & 4 Bz
7”:\ YBCO #ifil s+ %L, YBCO-YbBCO £ & il I 'Nﬁ%@éﬁm o N SR T ) M B
3 =T § NP y4 H A H N ZIN
S (~17) T, e DID BAREWT O IR S C DB LC . CB) 37 o SR« B S P A o B SRl (N

;ff;f?g‘ﬁC%f&jtgf’;;ﬁ;;ﬁ,’f}gﬁi;g 2T EDO) G B RA R TIHT BLELIC, BRI
e e - 4:(19676005) DB A% 1 T EMEENI-H D Th B,

YbBCO #IZ1% ¢ HIFHBIE AT, 1FEAEHFIELRNZEN
S, Fig. 1 T YbBCO D J, D ¢ dilifH B BE i
CMFELBVCEERBK T HEEXOND. R 1y em g i SR TR (2000)
YBCO-YbBCO ZJEifiliZiE, YBCO L L ~DL5\ [2] L. Civale, et al. : Appl. Phys. Lett, Vol. 84 (2004) 2121
23, ¢ HiAHBIE Y SERBE N IZ 2 L5 YhBCO & —REIC [3] Y. Yamada, et al. : Appl. Phys. Lett, Vol. 87 (2005) 132502
[4] H. Wang, et al. : J. Appl. Phys, Vol. 100 (2006) 053904
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Surface morphorogy and pinning property of YBa,Cu3Oy thin film on MgO buffer layer
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1. ZC&HIC

REBa,CusOy &M% D s R 8 Rt 4 ) RS 5 72
DI Br=r 2=t 54 RIFEN TR
TWh, Wi E L = P2 —L LTHEAT
HHELACH . Bl xiE Y03 Ky b BICER L -
YBCO {#EEDHANLAS ¢ BFHRI > & LT <, & v o
ERHBH[1], ZD X HIZ BaZrOs 7e £ OH HWE A X
LY =T X —OE NSNS B R
Wi R EEAL Ty e 2 — 45 HE
N b, ZZTARFIETIE, M XREr v =7tk
A= LTRSS EAT S L2 EM L
L. STO Hifff MR Lic Mgo Hif#lg & LT Mgo
K> hZ& MW YBCO MiRAERL L, IO % kI E
RNE = TR OWTTREF L7z, MgO X, AR
B SITiOg(STO) L Y YBCO L D#E I A7 4 v FVK
EWNeH, KV ZWEMOEAREGFSND,

2. EBRAE

MgO K k&, PLD {E(KrF, =248 nm)% W\ T, T,
=500 °C. pO, = 1X10™ Torr ' STO(100) H # iy Kbk F 1z
BRI L 70, E2b—W— 0 UEE AL 10 Hz,
efE] 13 5 B~ 300 #(3 2~ b %% 50 ~ 3000) & L 7=, YBCO
ML PLD 7£ % T MgO Hr R E 12, T = 950 °C,
pO, = 0.2 Torr THER L 7, 1EHE U 72 I O # fl 1 B OY
Bo i X RREPE, REBIRIZ A A F Iy 75—
A B EE(DFM), AR S R 1L DU S 775 TR L 72, i
N5 BE D FEAM L Bry-mehanol # W TERmDO T v F o 7
W DFM ZHW Ty FEy MEBIZE LIz, £/,
FIntEYs % c #hio skt L, -8°~126° 2k =, J. DR
I A8 AR A7 2 R A L 7,

3 BERRUBR

Fig. 1 IC 77K IZBIF 5 MgO F v ~( 3 v M3 50) E
IZEGR 872 YBCO WD, I (Bl/ab) THEAL L7= J.
OB R Z R, kD=2, STO HiL
HA E YBCO KD T — % LAKIZ /R, STO Hf
b YBCO #5ii, Bllc icBWTE— N BND, 2
DEHRE—27IFEBCO THWMESNTEHY[2]. TR
RN CIRFEHANL Y ¢ EfHBIE v & LTV T b &5
ZbNTWA[3], L2L MgO K bk YBCO HiC
BWTIE Bllc o= A LN oT, ZOE DN
BN R IK % WO RN FE O el BT L7,

Fig. 212 MgO F v kL YBCO #il( 2 v M3 50) &,
Ty F o 7B E O RO F i DFM O —#lZ 73,
MgO K k F YBCO M D FfilL A S A T VIR 3 He
REAL, FITEALBEL 60/um? TH D Z L dnnDd,
—F. T o F U ER% O STO HbR E YBCO #E o
i DFM 1% MgO F v k F YBCO #% & BT, D

— 162 —
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0.4 Tnn«-‘ B=05T,77K

HAALEE 1T 55/um? TH Y . KX BV TR S u7e e
> 77,

Lt WO S 7T K L T ORI To v =
VT EREO 2 E A et L. MgO K k. YBCO #
Oy = TREEZH NI LW EEZ TS,

Blic Bl//ab

1.0f —o—PLD-YBCO
—&— PLD-YBCO on MgO dots

0 20 40 60 80 100 120
Angle [degree]

Fig. 1 Magnetic field anglular dependece of J,
for various YBCO films at 77 K.

Fig. 2 DFM images of YBCO on MgO dots(a)
and etched one(b).
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Flux pinning properties and microstructure in YBCO coated conductor on IBAD—-MgO
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1. [XC&HIC

RBARERA OFFZERR S8 1%, B RAL, IR AMESE &b 12
LSS B2 R LU, A TEEADBIRE
WSO FBAR AR O IEN R E SN TETW D, KT,
BaZrOy(BZO)Z#sINL 7= REBCO fs=ofik4 13 BZO 23 c il
FEzay RICH CAR L, ¢ 5 AR 2 BiR e
=V TR R R T IEN MBI TN D, filZ RE123 D
RE-rich 1> BaSnOs 1 K7 L4 & 70 7 Rl ORGH5 I 6t L CfF
TR Y =0 7 PN ASNAZENHE S TS,

TIETHE & 1L, EIEORS S b GRS S k) <o il

20> 7= 85 Vapor-Liquid-Solid (VLS 7)o 1 5 J.-RE123
TR T Low temperature Growth (LTG ) 728 D#i7-
PRI 7 0 AEARR L CE Tz, 22T, 2B OHT -7
TuvATIERIL 72 RE123 #5%, IBAD-MgO 7—7 EiZ
WELLEBEoOMER LRI D, AHd ik,
IBAD-MgO (8B 7= YBCO A4 OB 1 SRR
=V E . ZE TR LI B A R & LR
D

2. EEBAE

YBCO #5115 PLD 1(KIF =% 3 ~L —:1=248 nm)%& i\
C. Ce0,/LMO/IBAD-MgO/GZO/Hastelloy Kk -1z FeAiL
JE(T,) 875°C THEMRLL 7=, YBCO @ D42 E 4 200 nm~ 1um
LTz, TERIU 72 i, R 718 0 B (AFM) IS K0 1w
T 2 | G AL - AR EE (TEM) (20 W i S A 18 2481
2Tz, BB LA R T s 1152 O 85 (B)=0~7T
THIEEITIR T, I ORESEIINAA FEARIFE ORI EE, F
BRI AR T DREBEIINA 0 % 0=-7~127" C&{bE
W CHIEEITIR -T2,

3. BRRUEE

X112 IBAD-M@O & (O STO Hiff L HAR > YBCO ikt
(FEJE4) 500 nm) D& I b4 R<, Hosh T
¥ MA/em? Ll ORIC R X A8 RS N o7, L
2L, B=2T U d”ES 1 Tl% IBAD-MgO = YBCO #44 D
EPEDIR F A, B=4T T J. 130, IMAIcm? #8825
filiZ7RLCWD,

2|2 IBAD-MgO | YBCO b4 D B2 HEINEES 2 381
% Jo DR AT, ek, BOEH O LU THR
AL LTz JAEA T, BRSEIIN S o4 ae =027 )
DEFFEIZONTEERETH, B=1 T KO3 T IZBWTIL, ¢
Hih 7 A 7> TRWE Y = 7 iR &N D, B=1T 2
BITD J.130. 5 MAlcm? (Bllc) &, ZHFETHESN TS
BazrO; 72 & DT ¥ E A LTz RE123 JE-08b & bl L
THBRADRNENREZ R L QD2 MRS,

ZHNETB. Dam <°A. Diaz HiE, FEMHNB L0 HA
ISATNARNL T2 E DT TN T T I A = 7 LT
RETHHZEEHEL TS, 9

AHRFFETRDIIRE Rl d, SJE M EToE e i IciD
BREINFH~O R EL TH/RSNDIET TR B =7
AN = A LORRBAE L CTEIR AR 2005, BUE, RE BRI,
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TEM 7p& ORGEEBIEE . R P BB R S 2L
T5,
4, HiEE

KWFGED—EIE, A B LR S R 2 AT B 8
D—BELT, () Fro R — -« PEEFITH O B3 (N
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Table.1 | IBAD H @& D& @ OERLEE L2 0 LT
\ZTERL L= CeO, 3 v 7 @O mE NI PE(A &)ERd, &)
DIEAHIE AlL,Oz & 100nm, Y,03 8 20nm, MgO J& 5-10nm,
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ToDIZ, B — A E O Eh L A S RAF LA D X510, A
IO BAF =D T VA F o — LD 57 8
T EAL L TR 1T o7, D100m/h OEET 1L —r D
THRUEL 72354 . @500m/h T 5 L—r D~ /L F 2 —L ff s
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CeO, EEZNZIMMELT-, CeOy ED A 1T, @D Y,05
J&% 100m/h TREMEL 72554 . @0> 500m/h THUEL 7= 554 &
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BHAVTEY, 200m £ LL_EDO RS CEl - mld A #2371
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Table.1 Throughput rate of interlayer and in—plane textures of
CeO, for IBAD buffer layer structure. The tape width is
10 mm.

IBAD— PLD-
Al203 Y203 MgO CeO, CeO,
No. | Speed Speed Speed | Speed A D
(m/h) (m/h) (m/h) (m/nh) (deg.)
@ 100 100 100 60 3.9-4.9
® | 100 100 500 60 41-4.6
©) 100 100 1000 60 4.0-5.0
@ 100 500 1000 60 42-5.0
® 100 100 1000 100 4.7-49
6
5 &m
= = | -
4T
e L
4 3
22
(&)
1 -
0
0 200 400 600 800 1000

Tape position [m]

Fig.1 In-plane textures of CeO, on IBAD-MgO(4—fold) long
tape. The tape lengths are 200m, 500m and 1000m
respectively.
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Characterization of (Y,Ho)BCO Films Fabricated by
Forth Harmonic Nd:YAG Pulsed Laser Deposition

INDIKA G. P. De Silva, MAEDA Toshihiko (Kochi Univ. Tech)
E-mail: 108004c(@gs.kochi-tech.ac.jp

1. Introduction

Partial substitution of some rare-carth (RE) elements
for Y sites of YBCO is known to be one of effective
procedures to increase critical current density in an
external magnetic field. The replacement of Y by RE
causes local distortion of the crystal structure and
electron density and as a result strain induced pinning
improvements are occurred [1]. These effects depend on
valence and size of RE ion. In this work, Ho is selected
as the dopant because the ionic radius of Ho is almost
similar to Y and therefore lattice distortion has not
occurred. It may be possible to create the pinning effect
as a result of different electron potential energies in
randomly distributed Y and Ho sites. Even though high
quality films have been prepared mostly using an
excimer lasers, Nd:YAG laser was used in this study
because it has some advantages over the excimer lasers.
These advantages were reviewed in this study. The
objective of this work is to prepare thin films of (Y.
«Hoyx)Ba,Cu;0,,(x=0, 0.3, 0.5, 0.7 and 1) with improved
texture quality and current characteristics, using forth
harmonic Nd:YAG laser and study the effect of Y:Ho
ratio on these characteristics.

2. Experimental Procedure

Thin films of (Y;xHox)Ba,Cu;0, , x=0, 0.3, 0.5, 0.7
and 1) were deposited on (100) STO single crystal
substrates by PLD method using fourth harmonic (266
nm) Nd:YAG lasers. Special attention was paid in setting
laser parameters: pulse repetition rate, pulse duration
(FWHM) and pump energy in order to enhance the
quality of film. c-axis orientation of prepared thin films
was analyzed by means of X-ray diffractometry (XRD:
6-260 scan) and in-plane texturing was assessed by
conducting XRD ¢—scan. Critical current (I;) and
critical temperature (T.) were measured using standard
four-probe method. |, was measured at 77 K for narrow
bridge in patterned samples using 10 pV/cm criterion.
Film thickness was measured using the cross-sectional
image obtained by Field Emission Scanning Electron
Microscopy (FE-SEM).

3. Results and Discussion

c-axis oriented films were prepared for varying
compositions of (Y.xHox)Ba,Cu;0, ,x=0, 0.3, 0.5, 0.7
and 1 by adjusting PLD parameters as shown in Tablel.
It should be noted that all films contained both "cube-on-
cube" and a small amount of "45° rotated" configurations
("cube-on-cube" is predominant). Thicknesses of all
films were ranged between 200 nm and 250 nm and
average film deposition rate was calculated as 11
nm/min. T, and J. valves were obtained in the range of
87-90 K and 0.1-1.5 MA/cm? (at 77 K and self field),
respectively (Table 2 and Fig. 1). Present experimental
results showed that the Y/Ho ratio does not cause
obvious changes in texture quality because of the nearly
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equal ionic radii of Y and Ho. As shown in Figure 1,
Y/Ho ratio dependence of J. was not clearly observed.
For x=0.5, extremely low J. was obtained which may be
caused by some experimental error such as failure in
oxygen annealing. Results obtained in this study further
clarify the almost same conclusions of previous studies
conducted on (Y,Ho)BCO films [2].

Table 1. Optimized parameters for (Y, Hoy)Ba,Cu;0,
films.

Sample name (a) (b) (c) (d) (e)
Composition X= x=0.3  x=0.5 x=0.7 x=1
Indicated temp. (°C) 840 840 850 857 865
O, pressure (Pa) 45 45 45 45 45
T-S distance (cm) 37 37 37 37 37
Energy density (Jem?) 1.8 1.8 1.8 1.8 1.8
Deposition time (min) 20 20 20 20 20

Table 2. Current characteristics of (Y;xHox)BCO films

Sample name (a) (b) (c) (d) (e)

Composition x=0 x=0.3 x=0.5 x=0.7 x=1
I (mA) 310 316 27 367 186
Thickness (nm) 250 200 200 250 200

Bridge width (um) 1083 1042 974 1163 1122

1.8

15 | ®

12@ L
09 f
0.6 |
03 f

0.0

Critical current density (MA/cm?)

0 0.2 0.4 0.6 0.8 1 12

x value

Fig. 1. Y/Ho ratio dependence of J..
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Table 1: Specifications of SmFeAsO;_,F, specimens.
Specification #1  H#2 #3  #4

length ! (mm) 1.93 102 230 2.18
width w (mm) 150 175 211 2.10
thickness d (mm) 1.30 1.16 1.43 0.87

nominal composition 0.3 0.3 0.4 0.3
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Fig. 1 (a) Inter-grain and (b) intra-grain critical
current density in the trapped flux condition.
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Preparation and properties of melt growth Dy—123 superconductor with Pt—Rh wires
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Sample A Sample B Sample C

— O &l

Fig.1 llustration of the Dy123 samples with Pt- Rh wires.

Table | Size and number of Pt- Rh wire for Dy123 composites

Pt-Rh Sample
wire A B (PRIEAMA)  C (PRS ARLA)
Size & 0.4mm(D) X 0.3mm(D) X
N Z;fb ; Not 18mm(L) 3mm(L)
Hmbe 2 30
= 18
z
z

0 50 100 150 200 250 300
Temperature (K)

Fig.2 Thermal conductivity of specimen A and B.
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Measurement of the magnetic field of bulk superconductor annuli
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Table.1 Specification of bulk superconductor annuli

Inner diameter (Except resin layer) 47mm (45mm)

Outer diameter (Except resin layer) 87mm (80mm)

Height (Except resin layer) 22mm (20mm)

Table.2 Center magnetic field of bulk annuli

107'[T]

O = N W e G O = 0 W

'
-

Single bulk 0.75 T
Two bulks 1.32T
Three bulks 1.62T
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Fig.2 Magnetic field in direction of height
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Fig.3 Magnetic field of in direction of radial
(h=0:center)
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1. M. Tomita, et al.: Abstracts of CS] Conference, Vol. 60

(1999) p.216
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Fig. 1. The numerical calculation of the normalized particle
concentration P/P=(1-K)» vs. the number of magnetic pole 7,
as a function of the separation rate & per magnetic pole.
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Fig. 2. The flow rate dependence of concentration of

magnetite (FesO4) particles with various particle sizes
dispersed in water after passing the 5 and 10 magnetic poles.
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Fig. 3. The flow rate dependence of concentration of hematite
(Fe203) particles dispersed in water after passing the 5 and 10
magnetic poles by high gradient magnetic separation (HGMS).
The results without magnetic field were also presented as
baselines.
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Fig.1 Schematic top and cross-sectional views of magnetic column

consisted of flow channel and ferromagnetic wires.
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Vol. 72 (2005) p.110
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Fig. 1 SEM image of MMPC.

Table. 1 Parameters for adsorption experiment.

EERE | T EREE MMPC 2 & TV
=3 [ppm] [ppm] fi%2 : MMPC
No. 1 200 10 20:1
No. 2 200 50 4:1
No. 3 200 200 1:1
No. 4 200 400 1:2
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\\\,_"ﬁ ~ . o1
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Fig. 2 Residual ratio of Humic acid for filtered sample water.
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Fig. 3 Comparison of elimination between filteration and high
gradient magnetic separation.
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Fig. 1. Experimental setup for spatial magnetic field
modulation using superconducting bulk magnet and
ferromagnetic iron plates, which are periodically sandwiched
with spacers.
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Fig. 2. The line scan profiles of magnetic field 0.5 mm above
the iron plate array stacked with spacer under the conditions
of (a) W=0.3 mm and (b) W=1.2 mm.
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Fig. 3 The line scan profiles of magnetic field in liquid N2 0.5
mm above the iron plate array stacked with and without
superconducting (SC) bulks.
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&2 %6 o

8 TG DA IE ) E AT E T VEAERLL, 8D 3FHE
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MOBACERBHEL TIRITL T2, D5 OIS, 2<RIUSEME
OFFVNEEIZF T, Fig. LHERD & Fig.2 (HLE&R) DR T
(1) DIS2RBALH DA, ZDOEH T E O SME (o
) D, O — RGNS T DI LA MER LT,

4. F&H

SMEOIREN L, EREICB O THERNRSITEDND,
ZORENFEE DAV E SIS, SMELNE O CTHERZ DT
DO, KR OLERZDTIECONT, ZOFNEE
HEYE RN IC X > TRFEL 72, 4518, FEBRIZRGEE T
EL TS,

AT IE + A2 O E R B &2 T TEMLIZ,

r'q

A

opn3 1 duy

L AN

Frequency

Fig.1 Harmonic response on outer vessel of superconducting

magnet excluding deterioration of support structure

X

opny1duy

Frequency

Fig.2 Harmonic response on outer vessel of superconducting

magnet including deterioration of support structure

SE X

1. Y. Jizo, et al.: J. Cryo. Soc. Jpn, Vol.29 No.10 (1994) p.516
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Research and Development of Non—contact Spin Processor Applying Superconducting Magnetic
Levitation

JE Fr, BR AR, @ B, NI A, B fkE, e 2ERE CEHE R S AR A, B R (MTC)
KAZAMA Ryosuke, SEKIYA Shota, FUKUI Satoshi, OGAWA Jun, OKA Tetsuo, SATO Takao (Niigata University) ; SAITO Kimiyo,
MIYAZAKI Shinsuke (MTC)
E-mail: fukui@eng.niigata—u.ac.jp

1. LI L TEME LTS,

PR T 4 h~ 27 g EREREEORE Y 1 & X PM for levitation

(xy hFu®R) TR UIER (A a— 5;Wm<*JEmL_4, Tumtable
=W E 2 L) WS, DA U ALHEEEE O Temmmnees gfmwwm%
[EldRdlSZ s DR TR 2 A F O Z Y, 74 b= ¥ Cu "
27 EGEPF D 7 ) — VERMETT 5, FORE, Y
WRITF-Z A P BRE—RBITIBA LT, N2 — AR Motor i "
BEXEDL, MEOEMEILE T EESEE DK |
TORRKER>TEY, ZOMBEOMRIIES LT Controller
%, ZORBEARRT D02, R ALPEEE O 2
— VT =T NEGE T ) =R FRNICELREETE S Turn table o
IR A © R OB RN L ERATR Ch D, AT Permancnt magnet  Direction of

V=TT, RS R RRT S HIEL LT, iR / “?“mm
fEEANL T ERWEBRE RICERL, Thiaaea -
BB (T % 720 O IRBFIEBISE 21T > T B (1], o =14
AR TIE, BAE L 7B ARRBR AL E O EE & 3B 1T
Tron core

WTHRET D,

2. BRAREE DR - 1E-HER

FEREBARIZESL S, /N o0 3 B IE i A58 51 - RUE
L7z, Fig. 1 (CRAEL7- BRERBREE B OIS X 2R3, H2E
[0 BRI AT L AT L SNSRI A A SR L,
WHEBRIZ HTS 7307 (Gd % B 60mm x JES 10mm) 6 84
HDiATe, MEAKO—IHIC—E GM sz kL, 30K ; L R
FHEETHAIL TEER T2, EAE 220mm D7 LI —F Fig. 1 Schematic illustration of test spinner.
— 7 VA 190mm O R AT TR AREAT DRG] 1 7
WiAdx, HTS 7L LS TR TE ERERERK T 5, =
NETOMZET, F EEomn X, BRGHICEMLE-
KA T AT B LT REERF R THHEnboT
WB[2], 22T, ARBEOE ERBAICD RO EE R
ML, =07 =T ViR R N TAF AZ Y MREIT
BEELZ DC Y —RE—ZIT@#EL R 7 7Y OZENE "
IS, By TV 7 AT T CHEEfh o — 2 7 — T v i
EERENT D, R D TV T DOMBEAREN 1L, ME (A Fig. 2 Levitating turn table
FEANE 1500 rpm/s &35 E, 2.4 Nm L72b, ZHVE 2 B
KAy TV T OMEE T RERIEHTIZLVERE L,

Fig. 2 12V ERBR O 28T, ¥ £35S T 8mm T
HoTo, Fi2, SHEFEOBSMIEIX 25N/mm Th 7=,
Fig. 3ICHER T v 7V o 7 OBk B2 w4, AakBpik 4
V7= 7% EREERBR O RIS B#E T 5, Rk, AHf
Zei, BHEEITIREGEN [RFERR) ICL oD

D

Measurement

w

Transfer torque [Nm]
[ N

Tab 1 Specification of test spinner 0¢
Rotational speed 2000 rpm (Max. 3000 rpm) 0 5 10 15 20 25 30
Acceleration 1500 rpm/s Azimuthal angle [deg.]

(|de/dt] (rad/s?)) (157.5 rad/s’) ) - . .
Diameter of turn table 220 mm Fig. 3 Transfer torque characteristics of magnetic coupling
Weight of turn table 2.5kg

Levitation height 5-10 mm SE Xk

Necessary transfer torque 2.4 Nm 1. S. Fukui, et al., : Abstracts of CSJ Conference, Vol. 73
Capacity of drive motor 1 kW (2005) p.252.
Load 0kg 2. S. Fukui, et al., : Abstracts of CSJ Conference, Vol. 77
Acceptable vibration Not designed (2007) p.179.
Operating temperature 30K

— 175 — geoopzooooooooooobooon



2P-p29

oooo ()

EREEERTSR ORI

Current limiting characteristics of thin film resistive fault current limiter

bR Wiz, ik #3C,  (PERRAT)

SIS R CRATERER)

KAIHO Katsuyuki, YAMASAKI Hirofumi (AIST) ;YANABU Satoru (Tokyo denki U)
E-mail: k—kaiho@aist.go.jp
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YRR A O T TR BRI AR D BR R AT o TN D
(11, 7a—fREEICB W CRECDH D ATV AN LB E
RO E NI LR 5, ZOX5RT AN RS
FEIE (7= FEBHE) OFHREIEZABEL TETND[2],

AHEIZB WU o FEBIRICGE LB ORE - F8

LREPREENNEE O R/NMZLD | BRIERHENS B2 D H AR~ D,

2. BELRICET LM

Fig.1 (23T, OIZIRE b F 5l i )3 8B i sk B (2 e~
RS @VXEE G INE AT b R IS LR
. ENENOEBR—EERFERL TND,

IR FRICET DAL 1T (1) Kok ok s,

At ~ Izchsn ffc ‘To) (1)

fEL. C:HE S :Wrmfd. 1 :&Eifi. R, : v b
PEUEQ/m], T, @ ERSEEE, T, WEUEE

3. Ri4FMHED L8

(1)L, J5E ERICET AR v MEPUI I K L
BT 22N RD, BUEBRF DM T T DY R BB I
HODINTWE Y MEFIOEIZEY FEL2FED X A7 DR i
FeEniFkns,

(1) BEHEP v ML 50nm B EE D AuAg B 4% ¥ b
HHUTHNAE, R, DMK EL 2D,

At=20 [us]
L7220, AR E T, ZoMoER LT FaR
¥—ME tlbf@@&%htﬁét FHEEBIL T, q_bfbi
o) (Tk\yl\Xﬂf/]\) el %Lt@‘ I Fig.2(a)l K—T‘j_ctj
~ WVAHDIEHRL OtD T AT,

(2) (ERHEHIS v M 10 uom B Zr D Agh v Mk
HWBE R, OEN/ NS0,

At=4 [ms]
Lied, ZOMICERBKRIBIZHEINL CLED, 2078, 5
mIARRICDT0 ) —~< VFE L7 B, [RERFEIE Fig.2()IZrd
IO, B EIRE TR T,

{BL. Fig.2 |28\ T, I,: I FER L CERE—71A., V,:
A K b E i@t~71ﬁf] Ry : SR IEI 3 0D
BHMEIQ]. LY D EX (]

4. FEH
O EEH v MR S IRy FAR Y MR A LT S —
IVFIDMEREL . ZAUC K SR A 2T 5,
1&?&%%¢V1@éﬁ§{ﬁ%§ I T FERNGELT S, Ry b A
Ry MRS NDRENZ BT KIEIZ_EH- U, B 5 MR oiR
EN RERFICEFIRE ET LT 5, v MEFIOMEN
INEUNTZD | BRI BT RSN IR SIS,

SE Xk
[1] H.Yamasaki et al.,Appl.Phys.Lett. ,Vol.85, (2004,11) p4427
[2] ¥EERAh, 26 74 EMEGIR T2AF 90 22 (2006,5) 2P-p24
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agQ

(¢}
0 Ic Iq 1

Current
Fig.1. 1=V characteristics of YBCO film after

quenching.

weuny

duced current

0
Time

(a)High resistive shunt layer type

c

< V./R

g 2 0 R

2 P V/(Ro+R,*L)

(b)Low resistive shunt layer type

Fig.2. Current limiting characteristics
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Study of wind turbine generators with field magnets composed of high—temperature
superconducting coils and bulks

SEE 0K, BARR IER, RIE 12 CGREKS)
TERAO Yutaka, SEKINO Masaki, OHSAKI Hiroyuki (The University of Tokyo)
E-mail: y_terao—008@ohsaki.k.u—tokyo.ac.jp
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V= XX —DREH THHE I EIL, TF
SMW D B ) 58 B ANV 9 570 L ﬂﬁ%%a:**%%@@&i%
7o DI B ' 25D, ZD— 5T, JAHEDREE
FEFEHER /0 O EEHNAZINZ D70, FEME = B H
TEEACTDMENDHD, Fex ITEREEEaA L E LT
BEBREEAGDE TR v TR E 238 s
DO E I HIZ T HE— & B A VA L3,

ZOREEIL 10MW #hD KI5 EE b IS FTRE T D,
ARG T, BB ERH R AV OB &R, BIRE
xR OB R R AR E T2,

2. RFTETIL

Fig. 1 \ZfHTET VAR, AN, 45 20cm FREED
FIGIRTC, JES 40mm O/ L7 AR B Z B RIS L L C
FIHT2E%25E %20 (EMICIIEIE) . 72, BTS00
RIL bm ZARE T D, EORER. 7SI LD L OREE
80 Ml L CUND, Fe WISV 7 BB AR D S 2 B
BRI 107° O VERIER CUT L5, BEEI AL DOE
el 1.6MA-Turn L7z, 7SV 7BEEROE - IZER =
ANERETDHZEEEEL, BEEIAILOFEAERRNN
IV BRI LI S VDI oy EAMANZ H DR 43 23 Bl
FNZAZ BT | FE B O AR 4 E72 5 (Fig2), » L
JHE 2B DAL OX vy RGO, SV 7Dk
B REIACS BTG A OB BN OB EE A LD K
R HURE JE D AT DN T Z R BREE R R 21T >
77

3. fEITHER

Fig.3 12, 7L ZiE _F 20mm~50mm DAL EIZRBITHE vy
TREHEE B AT, ZONEIZIBNT 2.5T~3.5T FED
ﬂew?ﬁu%eﬂ“ﬁxﬁ%%nmx ZO—J5 T HARME72 0O T
MLISAE PR T U T ERDILITEENLIETH
%, Fig.4 T, 7SV 2 | 30mm OB ICE X0 BT
a1 EERLELZEEL T, 7SV DIGERER o, B
LSRR A VIR T DR @ KON, SRga A D i
KRR A IEE B, OFAERT, ZOFRERED, L7l
BB RO B B T RIS R LSS, «,
=0.2 TREHR BT L7I2705, o, EOLH7REEL
HBFEE A VIZIL 10T BA L 0D F KRR U FE D303 D 28

3D,

4. F&oH
%ﬁﬁ%@éﬁ;%:4’»&%%%»\‘»7&?%@%&&%{#%w:ﬁ
B ORI OV, FIRERIEICLD =K TOE
WSIRAT ZAT 572, A HOTEELT, ﬁﬁ&é%zwv%;@ﬁﬂ
WZACE L TR B S L CORERIZR BRI ARAT S OY, E HE A
r&%ﬁ%ﬂﬁ LT=fiEHTH T QO FETHD,

S5
1. f%?ki%é% BEEF IE R, RIRFE.Z: 2008 4FEEAFR T
Tl R R A EE, p.176
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2BV ThH,

Superconducting coil

40

80 __M X * A

20

X 28

=
= 00 : .
g 77N, P
-1.0 4 > F ; L3
20 i 3 * B
’ * < Ps T
30 4
-4.0
00 50 10.0 15.0 200
O[deg]

Fig.2 Magnetic shielding of bulk superconductors (magnetic
fields at 30mm above bulk superconductors)

——20mm
A 30mm
—*— 40mm

—+—50mm

0.0 50 10.0 15.0 20.0
& [deg]

Fig. 3 Dependence of magnetic flux density 5, on the gap from
bulk superconductors (6 =0~18° )

16.0 0.035
~—-Bmax
140 *\ oo | 0030
120 - 0025
g0 ; " " L 0,020 g
% 80 =
E w0 \ - 0015 &
40 \ - 0.010
20 > - 0005
0.0 0.000
0.00 0.20 0.40 0.60

Mr

Fig. 4 Dependence of the maximum magnetic flux density 5,,,

in the field coil and flux @ in the stator coil on the relative

magnetic permeability « ,of bulk superconductors
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Stability of active magnetic levitation using sphere—shaped HTS bulk

R 355, R AR, A M, AL Bk (R AR RS, M B, =7 T (NIFS)
UEDA Hiroshi, RIKU Kyokutoh, AOKI Tohru, ISHIYAMA Atsushi (Waseda University);
IWAMOTO Akihumi, YANAGI Nagato, MITO Toshiyuki (NIFS)

E-mail: hiroshi—ueda@waseda.jp

Sphere-shaped DyBCO bulk

Coil 3
i T

1. [ZC®HIZ

YBCO icfFEN IR EERZL — Y — A O
BE%T& ’7/}\ WIS A, BERB o S 2 —47 v O F H

WCBEEEART, TOBBEBICLSTC, 1) REF &%
T3, 2) ﬁﬁ%ﬂ‘?~/f‘yl\%#§éﬁﬁfﬂ BN E ECTRER
<BEISED, ZENEELRD, 2O, Eaz v
127 0T 4T WERE LV AT AR THY, ZHETIZ, K
TSN ZABEHER (LAT, 2SR 1T 21 SRR
7 B2 TEE DR/ F JOE_EAL B R T EOREEIT>C
7=[10[2], A, SATIROBERFE EIoWT, =kt
B RAT L FZBRIC L - C, 3 LR EMEDOFMEIT 72,

X-Y-Z Stage

Fig. 1 Schematic drawing of experimental setup for measurement of
restoring force.

& Expoinet () — Simlaion (D) © Tepmineck ) | — e (o)
2. FLEEHIRR 2 EREN (ERDNE) MR o G ——
Fig. 1 \ORT S5 AT 2% AT, ¥ b B Rt ] | T >
BEROKEH DTSN EEAT T2, 7V RITEE 5 mm g = T
DERD DyBCO T, i IDMEITITn—R A% Z ) Toiwst
W, SHEREIL 100 N ThD, ERTIL, 7 LR EEE R = S oon}
5=, Coil 31 Coil 1, 2 LHAIXICHERAT LI, -, £ £ o0ts
2SIV IR Coil 2 & 3 DRNCELT-BEDE I %, X-Y-Z AT 3 st = 0001}
— U TERVAT AR EET N T ZETRUE L, 7L _ f 00005 0 [—rrprr——rl
VXERNE G (z F10) DS ¢ BiieZpndolcey Uiz, F EEE 0 5 10 15 0 25 30 - e 5 10
%‘T&%i(ﬁiﬁfnﬁ MERBROFEFRE27 1y N CENZEH Fig. @ L;V:t;“gn'f’;r'ce ®) Ee‘gor';'né [f"(‘;r‘::e
2(a), ()T, EILHPEIC OV T EBRFE RO % Fig. 2 Experimental and numerical results of levitation height and

FEHR (R ) THFE TR LTz, Fig. 2(@)&Y, 2 /ViBEERD restoring force.
WANZLIZ3 5T, 3 L T5280307025, Fig. 2(b)&0, Zo

KR AT LT LR OE T NI HE, ZDORES

IEEM D RERDIFE RERDTENR DD, T Coil 3

Lo TRAELZEBAIHBZIZI Db DEZ 2D,

3. ZRTEBHISMENTIC&DF LS E - BT NIl
ZWRICEBRES AT L~ C, % bR E RS LOME T )
’%@@pﬂﬂﬁ%ﬁoto 7 b BERRVEO MR R A Fig. 2(a)

Iz, ZIETY Fﬁ%bfpgmﬁ@%ﬁﬂﬁﬁ Eﬁé%ﬂ#‘—*ﬁ ;J:%)ﬁ#‘— Currentdensny(Almz)

i L O CR Uz, SRR S LTS 2 R —BLL T e
WD, 2D, BF LT — R DR Y SRR S LT, (@ (b)

WA, T I RO Z IR ST ERSSRENT OFE K% Fig. 2(0)i Fig. 3 Distributions of shielding current at a lateral displacement of 5
/?To T, PRI B B TR RIS HEASY, ¢ mm. (a) Cross-sectional view, (b) Surface of HTS bulk

G SRS BRI ab D ENE T UITREDRDHT
LIRFIBRTWD, £ZT, ﬁﬁﬁf i, SRR TEEE
BLARWGALEB LG A IO W TIT 21T > 7=, Fig.
2(b) ZRDL, %%ﬁ#%&%ﬂ FEAT G RAT RO TR X[
CThDHA, EREINTIT L TR,
IR D RBRIAE R LT RE R DZEIZONT, 7317
IR NDERE LT —1L Y DB E9 D, Fig. 3128
NARIZTEAL DR FETE D 53 A % 7”7 T, ZAVLD MR FE JEAS
C HT MITHIRAILTRY, RITMEOEENRLETHHILND
%, LL, Fig. 2(0)& oL, BREWMEERTLZLT, b
THNHETCIIBTRH03, TIVTHERERLIT—EL 2, (a (b)
WIZ, Fig. 4 [V EOu—L Y I fi% 73, Zhk Fig. 4 Distributio_ns of Lorentz force at a lateral displacement of 5
D, B I SRR AR S B LD 7= 5K A mm. (a) Cross-sectional view, (b) Surface of HTS bulk
D, FRHTCIE, SV EOEEEE ETIEEEL QR BEXR
EERCII ANV IR EERL T ATREME RN DY, EERAE & 1. K. Riku, et al.: Abstracts of CSJ Conference, vol. 79 (2008) p.182.

P S e A . 2. Y. Ishigaki, et al.: IEEE Trans. Appl. S d., (2009) to b
AT A5 DRI 784 U T TRERE S D B, oublished, rans: Appl. Supercond., (2009) to be
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Over—current Characteristics of HTS Tapes in Slush Nitrogen
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BENT IR W T, M TR E F5 . IR~
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FERO—FI LT, @EFE390A T2 UL A EE L
T35 A OB 40% 231 D BIE I O EBRAE S FENTHE (n
8 14, 15 OHE) % Fig.1 1IR3, FEBRAE SR LR ST
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Fo, BB RICIEONZEE BT EFEERIPPZ S
TA=R LT RO KEEDORRERLcb D% Fig2 IR
T, EARRENEOVIEEEL EFSMALNTRY, 2L E
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Fig.1 Numerical and experimental results on over-current of
390Ain IPF 40%
3.5
3.0+

25+

=
(=T -]

=
th

Maximum Voltage [mV]

0% —0 370 %0 390 400
Current [A]

Fig.2 Experimental results of transport current vs. voltage
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Power Cable at Steady Operation
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TIEWIE O P OO 0 LU, [HZEREI—4r—T 1)
TIEARTE O NEER Y PRIA 22 R il QD &L THRAT
o oY e

SERIERE | RUBEFHER
=7 VI O HUL D O BB 632 A D SRR K
O 1 ROTEIRAT (T LD B R B 2 T LR Y S — 7 — T L 1

Fig.2 (2, [ 28R %I —/r—7 )L |14 Fig.3 (TR, KA D H,,

H, H3ENZERE, PPLP J& .| o — VRN E OEE R~
LTRY, BRESOHFIFE—FERL TS, IO k i
PPLP OEVRE R E R TS, AT k=0.14 & k=0.17 D 2
BN LBENTEAT T, i3 58, EHLDr—7 VI
L O R FEBR MBS E RN — L WA Ebnd, 4tk
133 Wt REHEEEA W TV L TV FET
B%,

— 180 —

4 351%
AL A Ny AR B EEE D EMNER T e =
M D—EBELTNEDO DEFLICIN EiSN=bDTH D,

Conducting Heates
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PPLP Layer

Cu Former‘\_\- el
S “;XII _ " Shield Layer

Thermometer Censor

Fig.1 Cross—sectional View of Superconducting Cable

(Solid)
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Fig.2 Experiment and Simulation Results of Solid Cable
(Heater Current = 40mA)
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Fig.3 Experiment and Simulation Results of Hollow Cable
(Heater Current = 40mA)
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Design of superconducting cable for railway system

HH O, BA T,

S/ C/SEL Y

TOMITA Masaru, FUKUMOTO Yusuke, SUZUKI Kenji (Railway Technical Research Institute);
E-mail: tomita@rtri.or.jp

I
EREEOE R E/LX M TIXEED 1500V T, FXEL

B TN SNZ &S BEFTHINEAS 2~3km FREEL/RD | B
BRICEL DEBIINREIN TG, BEEM NI L
BT C i VN E RS B I 2 s TRl 2 T DTz . KR
TR B E RO X B E B OBEE 7 —7 L ORGE
HRELSA | BIER T ORI E R RS BT O HIR
DI TED,

ZOIIBREFEERA~OISAEAEL | W0 R
THEAITES 1500V, 5kA %&@iﬁﬁ%ﬁ@;/f—7 N BEEELT
L5kA DT a b AT HHAEL | BERBR AT 72,

2. EET B LU
EASTARBMICE DS CEIR - — A R1E, 10 &5
) HEED 1.5KA XL DB E S — 7 VA 3% G L7z (Table. 1) ,
Fig. 112, Wia k%R L, Fig. 2127 —7 VD4R ZR T,
AR IE 4.5mm, J& 0.35mm THY, 74— (Cu #RY

PR DIV 16mm, B OF v 7 % 0.5mm &3,

ERIEIL 1 JEEET 10 ROBEERMAERETES, 1
ALEND e 1 160ATTK, self fiel)FLE THHT=8, 160X
10=1600A L7025, RERIC —/LRBIT 14 AOBEERM %
BEHYELTWBT=0, 160 X 14=2240A L7275,

Mol (PPLP)I, 77— 7 v a7 O T 52 LA AL &5
1T 272012, SZ DR HAEE LIz, KEMEBLIOEH TS
HEFARDIE A (K9 0.125mm) B A B E T 5L AR 2mm /&
MNULEERD, ZOLE, 1.5kV FRER O K KE R ITH
0.8kV/mm THY, UL — MR EIEr —T NV ORFER
24kV/mm [T RERBELH T2,

3. BERR
SEHBEEY, —7 L CEEHRE) 2R ERITRL, H
EREBLO—AREICENENBEL L, Bii-EE R
ZRE L, BIEREREX 2, 3 [TRT, EIREOBREHT
1.72kA, > —/VRERDBEHT 2.43 kA OB BB 2
BT, BB R IOV —LRBIZOWTC, BEERM OAR
Bagz bl 1 ARKMD 172~3A THHI2D, H ORB OB
IFRNEHEE TED, £ n fHH 17~18 LEVVETHY,
DB CETeZ a2 LT,

R

— 181 —

Table.1 Design of superconducting cable sample

Wire DI-BSCCO Type-HT
HTS Conductor: 1 Layer
Core HTS Shield :1 Layer
Ic DC1500A@ 77K, DC2400A @ 68K
Voltage 1500V

Protection: ¢¢25mm

HTS Shield: ¢ 23mm
PPLP(2mmt): $22mm
HTS Conductor: $17mm
Former(Cu): ¢ 16mm

Fig. 1 Cross section of superconducting winding

Fig. 2 Photograph of superconducting winding

Voltage [107*V]

= N W s OO J
T

I 1uV/em J/

0 500 1000 1500 2000
Current [A]

o

Fig. 3 1-V curve (HTS Conductor,77K)
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MOD-RE.Zr,07 Zfl\f= REBCO ## FB{EaIXMERTFIB{ERMTOBF

Preparation of the smooth surface on the metallic substrate using MOD RE2>Zr,0O~
layer for low cost coated conductors.

R, EFHIESR, CPRRIESC, ACEER, B HAGRC. fRETAZ. FOSUEER, R,

(ISTEC-SRL)

HARIG, BRI (BFERR CS)

Y.Takahashi, M.Yoshizumi, T.Itoh, A.Ibi, N.Miyata, H.Fukushima, T.Izumi, Y.Shiohara (ISTEC-SRL)
Y.Aoki, T.Hasegawa (SWCC Showa Cable System Co. Ltd).

e-mail: y.takahashi@istec.or.jp.

[FC®HIZ:
BRGNP
Assisted Dep031t10n)

ThE g MEBC M D455 IBAD (Ion Beam
12X BB MgO HfE]JE A3 REBCO bt
JHOARZARERRE L T H & T %, IBAD-MgO B REE
7% 10nm PAF OIEF IR C RATF7R 2 Ml M3 55
DT ED B EHAL A ATREZR o . AR D SEAR D - HL
A3 IBAD-MgO J&8 D 2 Bl A ML 25 8% 52 H 2L HIBIL
THY, IBAD-MgO ORI HWDIAMIZIZ2nm LT REE
OFHMERME LI TS, BIE—EIIZI G0
ROV IAART oA RO R EE T HZE12E>T
BB, WL AEBOTFHALITFER O AMEIZ D
TeNBZE R OE RALEITIZ LI KD EE 5T % 0 Kt % B
ETDMEERHHZENMEE /2> CTE Tz, — )7, MODIEIC
FOMEL 7o o R g 2 32 Btk 32 1 O AL O e h3 K [F
Sandia [E SZAFZEAT LD 72 S TRY Y,0, O Z Ea—hMZ Lo
THREFRHENHD TEEVIMENRENTWD, 2
TABFZETIZIBAD-MgO J& A AV D R 0 S ER )
DOFEETEL T IBAD-MgO FEMH -~y RIEIZ MOD EZEHL
FEMCEHE O ) EORG R O E R O E B8 272
S7c,  Elo, MOD Ny RO B L TiE Ni-W 48 5 H
NUTBLELCEEMNHD Ce-Zr-0(CZ0O) ZHFILI-,

EEBRAE -

MOD CZO JgiInAT uA Atk 2 Ce, Zr 77~
YA & Dip =2—7 4 > 7L 0 &4 L, RTR i
FEBE AR CRERR ZATVMERL U 7o, AT A A 1)

FOBETEL T R TFHNED B2 5 E AT EE F A (Ra=Tnm) |

JESE 0 EAH (Ra=12nm) 12 MOD—CZO RilEE1T -7,
CZO EoFm M AFM BIZIC L VT2, FTo
R JE OFE A E D FET T MOD-CZO _EIZ IBS (A4 — 4
2B 1) T GZO T 7L —NgE, IBAD 1T MgO &, 2%
VBT LaMnO, B NPLD{ET CeO  Fx v BEE
L CeO, & DEC M % FEAf L 7=,

— 182 —

HBTEEE 1T PLD 15 Rl L £ 4 SEM, fbhaAkiE o
FHIE XRD (0720, HHAK) ZFAWTITolz, £72, i
EFEIAEFIE(T)OWE L 77K, B CREF CRELE I S5
ZHWTITWV, 1pViem OFEFEHETESRE Lz,

HER -

TEARAFEEFAR S OVEIE ED FER O W U3 LT Ra flll
CZO OB EHEU LS T T AN biiz,  F72,

BRI OB A 121E Ra 28 2-3nm F2JE TR L., 163k
FY BRSO D BT BB Cnm) 123D\ M
IRTZENDHY MOD JRIZ X5 FEMR D WAL 8 A el
HIENTE,
AT [R5 (n)& Ra O BEFRIFIEULAEEE (t/t,. t: BERLAZ IR,
ty: BAIRENRIR) 2 VT

Ra=R,(1-t/t,)"

IS TWAZEN DD -T2, ZZT RO 12 MOD R AERTD
FARE S E R T,
EEREITES L7 MOD 8 15 AL e D AT 20 A e
R DT O FIHM R g | B EEAEE 4 p e LR e
R AR 2 REATG U 72, EEARAIFIE BRA 1 MOD AL E
Z B L 72 H A BT PLD-CeO, /LMO/ IBAD-MgO/
IBS-GZO DFIEAATV CeO, J& TR L 7= PR AIPE]
¢ =4.1deg. TH YV | 1R DG I H A A W6 D
CeO, BORLEME (A ¢ ~4deg.) LS THHT=, EHIZZD
1T PLD #£T GABCO HEEE AT U FF AR AT L 726
0.5 um JET 1e=249A (Je~5MA/cm?) 35511, BRI EE
FER ECORME (5~6MA/cm?®) HIZIERIEOREE L L
NTET,

B AT, BEEICHESE 027 PR LU
v U SRR BRI BR R O L LT Hie
VX —PERERANBR R AE (NEDO)DZEFEIC L 0 S L
-bDThD,
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IBAD-MgO [EDRES 7=
Surface Roughening of IBAD-MgO Films

B kg, &< BE, 21l F2, LE R, EE Bl (BEETEEZER,
IR SCEE, SEIL ® (AT Re )

MIYATA Seiki, IBI Akira, HATAKEYAMA Hideyuki,

YAMADA Yutaka, SHIOHARA Yuh (SRL-ISTEC);

KATO Takeharu, HIRAYAMA Tsukasa (JFCC)
E-mail: miyata@istec.or.jp

REBa,Cu,O,_, 12 AV HALS IBAD (A2 B — LT
&) ER OB WX, AN T (kY va=T
(YSZ) R GdyZr,0,(GZO) 72E D A H DI aH DY E %
VDAL MgO 2REDBEE RO EZS SWEE WD
BB ORER ZODWHNBH S, IBAD JEWEEL T MgO %

HOTHEITIE, 2 nm OFRE TR EL A EAFHNLT0,

BEERE B LIm B L7 a e AL L TR AIICBEJE 8
HEH LTS,

FO—J T, IEICKHUCHEFICE A A A EL TV
YSZ R GZO 72E DA RO E LR DB LT8R,
IBAD-MgO FEECIE, Bl B 132 Fem R £ ¢ -3 A8
Az RLTZ% . O INCER A L) e FE R IR D 8 A
RY, ZOTDFEEOHIBENEELRY, 7o AOZEEMIC
WBE 25, ZOLORE M EOL{LEIEIT 52137 =
TAOLEACIZEENY  EHIZE A RICALND IR EEIC
]I DA FRYOHEMREL TN E EHCEIE SR
{b~OEHIT D875, FRANE 1 BEMMEE (TEM) 8152
DOFERIZEBEZ D LD E N LU TR (~
100nm") TlE, MgO JEREIZRE/RI RV BAELTNDHIEN
Dinolc, 22T, MBS (AFM) IZ LD E#E MgO 1K
ORMEIRAERELILZ A, BRBEREH (=) ofine s
BICEH BICKRERBIRE LT E N4 U TR T 13
PRSI, Fig. 1 12N HURIERE 60sec 385 T 300sec T
B547- IBAD-MgO D Fi AFM % T 5, 60sec DB}
WL IREEEE IS, Foxr DT V=T TRAHAL TS
HLR ) 73 o [ 4 1 (CeO,/LaMnO,/IBAD-MgO/GdZrO/
Ni-alloy) {233V CTA=2.5-2.8"D [ PN L[] B 23153 H 5 At
TdHD, — 7. 300sec DFREHIRBWTIE, [FIUH E & 514~
g ThELNAEE L 50° L Bz kL CLED, LN
ST ZDIIRKHET 7 =0 7 BB EEZ A ST TWE KR
ERIFRO—>THHEEZLNDT-D, TOMHIZ HEEL T
FPHRELL COHREEZ ATz, HIELLTX, 20X R
HARIRIIRICAE 2 THDHEEZOND, 7T/ 4 D—FE
THHLECT 7 70 (BT B CF M) 2 il L2
=V T OFEERA L, ZOMNTEITERRE 2T T
72 B W it <C LR DL R 35— NI TV T Dap=—
TRk 72 & FEH IR IR W B SR L C ool AtE S A ST
Wa[11, A RIESLNT MgO BEOEEIKIZBWTH, K
ZF D NS5 (root—mean—square; RMS) TEFESILD
2% 1 A

2

/
w(L,t):E .[OL(h(r,t)—ﬁ(t))zdr}l ; ﬁ(t):% [oner o

MR =V 7 OAEIZ I T RSB AR — L TOFE
FIRDEED (W ~ L) LR IERER 7 — 2361 A fafnfim
TR EN TR ENT- (Fig.2) . LR HRDHIDHZE
MIERZ R DT HT 7 AATEE o 13 0.6-0.7 DIEZRL, 2
AU ERRRICBIT A BN 7L U CRE IO BEEME
TRET LD THD, ERERICHFEIE R EFHIR ST B4 A
FIANAREL BIZONWTHBREIT T,

CeO, IRV VT /1 & TEW 2 SEARFL IR = L
FT, ABFIEIE, A NID LR EEE ) Hae i B g 2

— 183 —

BO—BELT, o X —  EEITRE B B
(NEDO) OZEFEIZIVEEL 7-bDTH D,

Fig. 1 AFM images (Scan area: 500nm x 500nm) of the surface
of IBAD-MgO films of (a) ¢,,=60sec (£=0.6nm) and (b)
l1,=300sec (R=2.7nm). (Note that the full-scales of vertical
axes are different.)
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Fig. 2 Surface width functions w(Z,? of the IBAD-MgO films
with the deposition time of 20, 40, 60, 80, 120 and 300sec.

SE X

[1JA.-L. Barabasi and H. E. Stanley, Fractal Concepts in
Surface Growth, (Cambridge Univ. Press, New York,
1995); 4~A T4 Fxvr, 7774 VIEEBRS, (HA,
BR(, 1990) 72X,
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=& IBAD-MgO A LMO /\wI77EBD KRt
Long length LMO layer fabricated on IBAD-MgO substrate
Bl ges, fmk ol HEDOER, B R, K B, (UM B, FR MRS, HE @

HATAKEYAMA Hideyuki, FUKUSHIMA Hiroyuki , YOSHIZUMI Masateru, MIYATA Seiki, 1Bl Akira, YAMADA Yutaka,
1IZUMI Teruo, SHIOHARA Yuh

1. [XC®IZ

TR S 72 IBAD-M@O HEAIE%L 10-100 m/h o> il
WHFETHD, ZD78, Bz 1% IBAD-MgO HiAfa 7=
B DR AMEBROE R IR BRFE 21T > T D, HEED
CeO,/LaMnO3(LMO)/IBAD-MgO/Gd-Zr-O/Hastelloy T& 5
4 [BtERE IBAD-MgO FEHRICIV T, AilEl, LMO JBoflrk
A ZUETO 30m/h 725 50 m/h (2 fa] SRR Bk
(2em)ZHEL | HNELME A ¢ =3.97 #FBIL [1].
ARFGETIE, LMO J& D R BEIR EE Db &1 TV, 100m K&
WAAFRU TR AR E T D, SHIT, 4 BO/ 7 74 1ElE
{EL7= CeO,/IBAD-MgO/Gd-Zr-O/Hastelloy T2 3 @k 1
IBAD- MgO ftRicEBWT A =3.7" ZERLZ,
2. EE

NATOAT—F 2 Gd-Zr-0 3 —R@% A& TG
L. Z® I IBAD-M@O JEZREL[2]. ST, 20 BT
LMO Jg# i {t# LMO 2 —7%" > M FUWT RF A8 2 LT
ARAE LT, T2, BB MICKE R EE mD D726, LMO
J& D FIZ PLD LT CeO, I AZ 4T -7, 3 J& #iiE
IBAD-MgO A 12 B W CTiE LMO Kk EZ 1T 7,
IBAD-MgO & I PLD 4T CeO, il a1 T o7, M
HEF X, PLD {£ T GdBCO B4 L ., 4 Wi 1151280 1.(7
7K, OT) ZHIE L 7=,
3. #@ER

112 Reel to Reel 17D RALEE#E T LMO g8 0 #liE
WA AR 2 T2 5 O 4 T IBAD-MgO Rt EJE CeO,
DA Lbe—F—FEIREDORIGRE TR, SIEICAR51E
EN 6 DNELIRDN, HDHRMEL LTI KELlD, £
D= TIEHEFE 20 mh (@)DFA 1Tt —X—REiR
JE 870°C T, 30 m/h (O)TiE 910°CT, 50 m/h (M)Tix
960°CC, 60m/h (L) TIX 980°CTENENA ¢ Dihc/ N7
Sfce Ab /NIl De— —F I 1T, Rk 3
LA DI EE ERMNC BB T2, £, RIS HEAHE<T S
LRGP e o Tz, 20T RJUETIER TS
A DY EE D) — MO HER AL <72 D, £Z7T100m £ Rt
TS HE % 50m/h L L7,

2 ([HERLLU 7= 4 JE#EE IBAD-MgO100m EEHR O 1, 20 Aii
(10m T E) & CeO, fE D A ¢ %777, 100m BARIZ07-
D CeO, DA% 3.7~5.3" LEFLEZRL, TORER
GABCO ED I, 322~404 A L VA R LT,

AKFFETHEL TWAIEKaAMED =D IZ1E.
IBAD-MgO D/ 7 7@ DAL T L HETHD,
D72 LMO JE %44 & CeO, #[HH2 MgO fig EIZHIEL 7= 3
JEAE S AR D FTREMED MR ET LT, X 3 1, 2O TD
CeO, BB ELEEDRRTHD, HFEHD CeO, &
MgO TREEITHLDN OB T, HEKD 4 JEtE s D IR &
RERIC, B2 B it mtE2 R UIEE2Y 500nm T ¢
=3.7" ORIFRELIN AT,

4. FED

IBAD-MgO A IZEWT, LMO FHfE% RF A 32k
1280 50m/h D@ TR CTE T, U2k, 100mDE R
(BIZR I Uz, 572 BEm EE1, CeO, BB W T o

— 184 —

3.7~5.3" THY. I, 1% 322~404A DE\WMEEZ R LT, £
LMO JE&44\ 7= 3 JEiE IBAD-MgO FEM T, 4 f@krE
IBAD-M@O AR EFIFREE Cihd Ao =3.7° O &A1
7=
5. BiEF

ARIFRGENL, A N LSRR ) M e H IR BR & O 5%
LT, Fre=pobF — FEERAR G B FERE(INEDO) D 25
I CEMLIZLDOTHD,

[1] H. Fukushima, et al.: presented at CSJ Conference 2008
Kochi, Japan, Program No. 1A-p04

[2] M. Yoshizumi, et al.: presented at CSJ Conference 2008
Kochi, Japan, Program No. 1P-p12

10

60m/h g
50m/h :
30m/h

o
| m

8 o
® 20m/h

6 -

.

om_ S

Nl .\.. 8\)10?1
0 el 2

2 b

IBAD LMO_ 5~15nm

_Mgo [
~5nm GZ0110nm

0 24m/h
750 800 850 900 950 1000 -
Setting Temperature (°C)

Fig. 1 Setting temperature dependences of in-plane grain
alignment (/1 ¢) of CeO, layers for 4 layered IBAD-MgO
substrate
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Fig. 2 I distribution for 100m long samples and in-plane grain
alignment (/1 ¢ ) distribution of PLD-CeO; layers.

15 3
& | O Ce02/LMO/1BAD-MgO/GZO
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3 | %
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= AN - MgO S
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N ~~=lle ~5NM  GZO 110nm
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0
0 100 200 300 400 500 600
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Fig. 3  Thickness dependences of in-plane grain alignment
(A &) of CeO;, layers for 3 layered IBAD-MgO substrate
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KRBT AMMAUE—LZERAN-R R IBAD-MgO ###f O S #E A IR

High production rate of IBAD—MgO layer by a large assisting ion source

P R, WME TR, ARHE FnEA, fEH OFE, ARM SORE, UM AREL, oM T, BHE RR AR —HE,
AR B, R (7T 07)
HANYU Satoru, TASHITA Chiharu, HAYASHIDA Tomoaki, HANADA Yasushi, MORITA Katsuhiro, SUTOH Yasunori, KUTAMI
Hiroshi, IGARASHI Mitsunori, KAKIMOTO Kazuomi, [IJIMA Yasuhiro, SAITOH Takashi (Fujikura Ltd.)
E-mail : s_hanyu@fujikura.co.jp

1. [ZC®HIZ

RE123 R OMFEELM LB T D B
TUW5, RE123 SADFBICITEL N g RSB 727
Z7CIE IBAD 512X 2 sl ja) b [ fE 2 (L T& 7=, IBAD
JEORMEFEL T, ZNET GdyZr,0,(BLF GZO)AHWSH
TEED, BELAICIEEL 100nm~1pm DEERLE LS
T, LinL7endn, BLEHE OS2 nm A —4 —TF
FEIZHELMI T2 MgO ~DOBATHRMELRY | PR E D TET,
TVITTIEINET GZO DFEBRAEVIL, R E RO
REA T HRE IBAD #EEIZEY | IBAD-MgO % Enfll ik
N2 AREL 72 o T2, MM OHEIED | IBAD-MgO ET
FEHEFAIC LaMnO, S O DIVTND Y, EHE CeO, % Al
THZLICIVIEFE AT > TV, A alld IBAD-MgO D
1 km/h {Z2T CeO, D ¢ =4" HDOEME Ikm #D IBAD
B DVERLC SN TS 5,

2. ERAE

Ni &R T—7 hicA A e —2aA2 021250 ALO, %
100~150 nm, Y,0, Z~20 nm FIEL7=HDEFEMREL T
IBAD-MgO %L 7=, i A4 0% Ar &L, BRI T
AT e — AW 457 LB I S LTz, I EEE I 800~
1500 V & U7z, BRI T, 2S04 15 L— A5k a2
vhL, — DD — B E S THRIEA T o7, B RAEIL,
15 L—> Dy LB — L ZEEOR O, B 1 km/h
(TR IEAE T > 72, MgO DELEIE, IBAD-MgO ElZA74
— ARy ZIZEY MgO ZZEXF VY LREL ., F D
MgOQ220) DI EMNE A ¢ 2 ROFHM L=, £z, IBAD-MgO
FIZERE PLD {EI2E-> T CeO, ZRELIZH DD Ce0,(220)
DA HRETDHZEC IS THHERB LI,

3. BRBLUER

0 RGRBR TR 1 km/h 12T 20~30 EEE kA
1T-7= IBAD-MgO (ZBAL T, mNEL AR E L2 A D
Bl o BN —2TA¢=5.2° LVIRLHAIGDZLINTET,
ZDEED IBAD-MgO DBEEIXR L — i) 10~15 nm
FREELE 2 HND, £, [A% 0 IBAD-MgO k2 PLD-CeO,
ERNET 5L 6=3.8" LI EWELMOEEAERG 2L
T&Te, 728 Fig LI @/ REERE T B B 52~ 3 X518,
MgO k@ PLD-CeO, 1% MgO iz T 7% /el i+~
TRIBEICHEA L OV D IZEN DTV,

R CIX, 1 km/h T lpass DEZ 7 A 7-, FofkEL
T 1 km ONATEAZ ALO,. Y,0, ML 72t D& I
BRatT o7, AUERE IR RSB DR A 2 T 35720
12,20 m BEIZH T NELEY PLD-CeO, #REL 72, #55R
% Fig.2 \ORTN, RREICHEY Ao =~4.2° EIEFIZLEL
TN E R e HERR S L,

1 km/h IZTYESRIL 7= IBAD-MgO LoD as B I BE L
TiE. PLD-CeO, Z ik Et4 PLD (2T GABCO ZREIEL 7=, %
DOFER . TIK, B O #Y T T J=~3MA/em® ([, = ~
300A/cm) DHLDRELIVTND, 16T, FEH ATREZ F1[H
JEDOIERLC R IhLI=E 5 2 Hhnb,

— 185 —

MgO[001] |

Fig. 1 A Typical High—Resolution Transmission Electron
Microscopy (HRTEM) image of PLD-CeO, film on IBAD-MgO
substrate. There is no crack between MgO and CeO, layer.

P N W s~ 0 O

A® of CeO,/MgO (deg.)

L | L | L | L | L
0 200 400 600 800 1000

Tape length (m)

Fig. 2 In—plane texture of PLD-CeO, on 1 km IBAD-MgO
substrate fabricated at 1 km/h. Texture-measurements were
performed at each 20 m.

4. BiEE

AWFFEIERRAT PFEZEE DA )Y L RABTEEE ST
MPBEFE | L CTMSZATEE N T = p L X —  PEZE R A
BRI D D OZ R I Ei S v,

5 5%

AFEFIZIBWTYERIL 7= IBAD-MgO (2 B4 D8 &1,
2P-p17 IBAD H [ (2 33072 i Jeg i ik e A it
(HIED)
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Development of long GABCO coated conductors which consist of IBAD—MgO based substrates

At SR, MR —E, WA A, B TR, ARE EEA, B R AR SO, A RE, e R,
R B, Bk E(7U77)
IGARASHI Mitsunori, KAKIMOTO Kazuomi, HANYU Satoru, TASHITA Chiharu, HAYASHIDA Tomoaki, HANADA Yasushi,
MORITA Katsuhiro, SUTOH Yasunori, KUTAMI Hiroshi, IIJIMA Yasuhiro, SAITOH Takashi (Fujikura Ltd.)
E-mail : m_igarashi@fujikura.co.jp

1. [XC®HIZ

CZHF . RE123 MR AL BRFS DIERITE L M
A OIS P RIS A AR T BE L SN D K HEIZ BB L
TETND, 7V7FTliE, ZIVET IBAD IEIZ L2 2 #ilifd (A
DI EFEL T Gd,oZr,0,(BA T IBAD J£I28 57 1t 2% i-GZO
DECHET D)% N H B AR I B R 2
LRLE T O ABTESL L CEZA, HHIC i-GZO BIEHEEN 5
m /[ h LR CTHHZENHFES CTh o7z, 2T 10 nm DJE
JECELAN5E T L, mlAGENEHCTED Mgo AL
F R AR OB & BRI L TV B, R R ROA 4 TREH
T 5K IBAD #1210, i-MgO %%58# 500 m / h TYEHRIL .
MgO EIZEHE CeO, BATE M LT=7 77 B D g OIE
UK L T= 2 R RIRIRE LT, 0%, Hied 5l
{LD#E R, i-MgO 1343 1000 m / h IZEEL . SR MZE AT 5
100 m 2L LR R g R A - c& 515107 > T,
ZZTINHIEM E~ GdiBa,CuzOy(LL T GABCO) M & H /&
DENEEAT IO T, EOREREHE T D,

2. RERAE

Fig. LIZRd X570 2 FEFADOHGEZ G 72 IBAD H i@ 5L
Wiz E LTz, PLDEIZEY CeO, % L 7= FEAR O FE 7 B 1%
#EEHAP= 4~5°Th -7, LRI~ Reel-to-reel O KE!
PLD #%:&|2XY GdBCO MEE @4 pl 7=, L — 3 JEE %k
300 Hz COE A1 TV, 1pass #ri#I% 40 m / h £7=13 80
m / h IZU CRTE DIEE ZAH - TR R Uk a1 T ~ 72, {ER
L= b 1%, B EESE FIZ Ag % 10 um FERE R/ S ¥
RELG, NUBERFICI-TBELKRP TTr=—1%1L
7o R 5 L CIE, FHORIETE XRD D0 -20E TITUV .
BB EEOFEAM 1L XRD 12X IEMSHIE DAY TH -7, B
RBFEMEOFmIX, BEZ 1 uV /om LLTRIKEHZEF T
DB TITV, BRTIIEF AN EEREIZ T 70 om MR T
Bl E &1 T o712,

I WRBLUER

1000 m/ h T i-MgO BRI 7= Fab G063 D i-GZO et x
HFESE HEEAL 2T GABCO ML= ER YT |,
% Fig. 2 \R$, MgO & GZO D Hb b~ plifisix,
VEIE TR U dc it e ML B R A A LUz, 24U, i-MgO - &
BITBIE A, ZEAEE T ALO; B2 E A TRY,
BRERMENZD THDHEE X TVD, £/2,1000 m / h &
V) R TCRREL 72 i-MgO FEMRIZ B\ T A& B T&
HTENERR TET,

ZDIHIZ GABCO FIEIZIBWTIE, fE2kD i-GZO FEARIZ
BUMAZIZEZOEEMEHA TELIENDMoT2T20,
100 m LA EOF Rk E R T, ZOkER, Fig. 31TRT LD
(2, 115 mDOER T > 400 A, FRIEK 2.5 um O F FFHERRAL
% GABCO D FE 4t 13.3 m / h TIER 52 L2k D)
L7z, e DA T R&EL 2o TLEST2A3, ZHUTHEE 500
m Ll LR R VERVE AR 2 T 1pass il 4 80 m / h &5
ORI L 722812k | B DI 23 B o i IR L T
Weno e Z Bk AL DEE 2 TvA, 70 cm [T I, = 631
A, 2 cm FTIE I, = 670 A L@ FHEDE L HY ., S57eD5
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TEORIEALIZEY -MgO JEfR A L Th i DB —7am
kDR R 2 ERCE D B AL Tz,

GdBCO
GdBCO

CeO, ~500 nm
Ce0, ~500
€02 PP M 1 mgo
-GZO "~ ~10 nm
~1000 nm Y203 -20nm | (>500 m / h)
(5m/h) AlL,O; ~150 nm
Hastelloy Hastelloy
(@) (b)

Fig. 1 Structure of the bi-axially textured substrates.
(2)i-GZO based (b)i-MgO based

400 T T T T T T
Thickness ~ 1.0 um
me ) T_A:_::.:...._::_L_ ‘..,\\
_ 300 ——=%—%
< 0
9 ‘\‘1""'\
200+ ]
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1001 o. ceo, Ag=4.9° (-GZO based)| |
[ |-~ CeO, Ap=4.2° (i-MgO based)| 3

I I I I I &
790 800 810 820 830 840
Temperature (°C)

Fig. 2 Temperature dependence of I, for short GdABCO
samples fabricated at the rate of 40 m / h.

800 ——— — : —
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[ ? ° o, ® 1
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200+ . .
100L Thickness ~2.5 um
ol GgBCO throughput 13.3 m/h |
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Position (m)

Fig. 3 Longitudinal I distribution of 115 m-length GdBCO
coated conductor fabricated at the rate of 13.3 m/ h.
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Microstructure control of TFA—MOD derived REBCO coated conductors for high magnetic field
dependence of Jc
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YOSHIZUMI Masateru, MIURA Masashi, YAMADA Yutaka, [ZUMI Teruo, SHIOHARA Yuh (ISTEC-SRL)
E-mail: myoshizumi@istec.or.jp

1. [XC®HIZ
TFA-MOD (Metal Organic Deposition using Trifluoro

Acetates) {EIFEIANCEWEHENEOLND FIETH LT,

D E LM ERL T a2 L LTSI TUVA, TFA
—MODIEIZBIT DT OFEIL, AN DT OBk
WA LR EREBE o) b, BEE SO0 O/

Grh etk BICRBISND, B FARFIEDE EDTZDITIE,

W35 T DI D BT AL Je R DR T 2Pl
T HIOMROE L LD SEARLIETHD, ZILFETEL
DOWFFEE L OEE 2 2l ¥ e S CE =8, AR 55
B i FUER W AR I (o) 2 328 IS HE IR E > 1k 6D A
AT HENEELL, KITIZ72> TMiurablZ X0 H)D T
UV R A T AE SO TFA-MOD # 6 A3 BRFE S 417
(1], ZAUZ, ##72BaZrO, (BZO) 23a Bk iz — 245 kL
TEVIEDRELTEWRE R EE 2 HNAH, RIS TIL,
= R A4S 572 D OPGHIAL AR FI A I DWW T AR, B2
Byt S S

2. ERAE

RE-TFA (RE:Y. Sm. Gd) . Ba-TFA. Cu—F 77 Bh b
A HFEFEE % Y:Sm or Gd:Ba:Cu=l:0.3:2:3.5 #H Ak
(Ba—defficient) |Z72 5 JHIR AL, BIZE&BIL T 1wthd Zr
FIRE U THBBREICEN L, HRFEHEIRE LT, 2O
Bt ¥ W % PLD-CeO,/Sputter-LaMnO,/IBAD-MgO/
Sputter-Gd,Zr,0,//~NA7 1A MBEAR FIZAE a2 —NIRE
LT 500°C, FeR RS CTIBEL . RIBEIRIEA 157, FTE
DIEREG LT B -7 R e A& 0IR LT, 76
0°C. 500ppmEF 1 CTAPER L7=[1], ABERE T CIXRER
BER T FEAT, Kb R BRSO 570 30k 2 E R
L7z, BoiziBH T4 RIS IO P T Jo #PEEGT
it . TEM I KO 22 21T o 7,

3. HBRRUBER

YEfIE T2 YGABCO+BZO #441d B B35 TAMA/ cm?
LIEFIE W Je A A L CRY, M b —72 Jc-B-0
FetEE2 AL T, ZOREHIZIT BZO B8 E 2
10-20nm DOBRIRT, EANFT ), R T M —I12 8L
TEY, INBHBW LR T ISk L CTHE V2R OE
EDRELCTERALZER, — TRV EZRIEL-H 0

LBEZHND, Zr B FIFBERE FCIE BZO &L TIEAFIER T,

JEPNIC ) — O3 A LTS, 7= F 3Bk e e L= i,
760°CTO 7 = FFEHZF W T, REBCO 2 E T 5z
BZO ki1 EIBRARBESMRICHE AL TV, Zr JRK 71X
REBCO WIZIRAT5HE Te FrEz K TS50, A7t X
TERIENZFICIE Te $tkoB kiR EN 2 -7,
NEDOFEND ARBERENICE) — 20 LTz Zr I3RS
O ACBWT, TS BZO ELTH—EE3 4L, £2TD Zr
JRT-23 BZO &725, BZO FIEIER 1L E /7=, REBCO Ji%
WS T, REBCO & R Zr JR 2 fiAa L
Wz, Zr IBRAICED Te Fith DB bz 51 29, @V FF
AR L 7o O LBIES IS, BZO KL 11X REBCO BRI
FoTEDOV AR BACELBR AL T B —Thote,
AU Coarsening DFAEEZ > TR WA RIBLTWA, =
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DKL, Zr DY FEE IZEWEC, BZO—matrix O A
{2815 Gibbs—Thomson FRE A/ NS B RIZ LD RS T A3
INSWERERE ZHND,

— 5 EB L LTS AT, 1. 5 p mPL E TR ERNME T
F AR RO, 22T, HIREEROM A ik L 7L
A, EROBHI B W TIE T e L& T RE,Cu,0; i
T DIHNIKERZENHY | JE T EBTIE RE,Cu,0; 230 72</]s
EDHT=DIZHRIL T, _EEB IR RE2Cu205 %71 7- 2348 %
<HEBNTe, 2, IRN OB — Tldze, THT
IR AA DI HJHE AL (Ba—defficient) 0% RE:Ba:Cu kH7é1:
2: 3123, EEBCIEIEIC Ba 23R 72K, 123FHD I AA D
TRWEZEHRLTWD, 20, IR O AKZE B RO HK
{BIZDWTC, SRR B ORE R A FITE R LT,

FE PN R A B A3 38 £ 3 A JRUAIE, REBCO R EHFIC
RE,Cu,O; ¥4 REBCO FR&E S i A3 L Hi 3 (pushing Zh %)
HL| RE,Cu,04 K773 REBCO il F R B iA ENDHRNIC
TS Ba MBS T REBCO 2T 2400, 2
DONETHID, K+ D pushing BB TE., B FbL+
P AR FIr=a,A c/12nR(r: KL 728, a,: FrtkEEEE, Ao ki
—matrix S /L — n:matrix ki, R:REBCO fFIHE )
THREIN., BEEE R BAREWIEE/NSWRIF LS
T2 REBCO WIZHWiAEIND, —J7, REBCO DRk ERFIC
Ba 2% 5 (8 B30 2D b e S s FIc LA/ T e
WL, REBCO R ESEFEDSBWNEE R 760 Ba D
PEBIRE R 2N < 724728 . REBCO Y% E S 5755 Ba A
HAREN TR0, FLART AR 209K 72D, i LT,
EHELDB AL EREDNHVIELS | IR O AL SN
Hlsns,

RE,Cu,O ki1 OHLKAbIE, Coarsening IZE2HDEE %5
AUBM3, Ostwald Ripening BFHIZED &, SEEPRIRIT IR FFIF
Mo 1/n FIZHPAIL ., SRR E VORI LT
Do KT T ATIL, REFRFFIIR R R E I Bl | o
EBIEE SRR SR e B AL T TS,

SRR 53 AT B O KALE DT, Rk EEEIZ SR
HESNDENFLNERST2720 BIEE R LD, &
R CORREE Z 2 AT, REBCO OREEEE R I,
TR DKFERDIE Pyoo EFAFEE u, & Pt OB%E
LT Rec (usPypyo) V3/Pt EREN, THHD /3T A—Z I L
Y REBCO DRLEHREA L7, B —7 oAk L USERE S
fi, @V E OB B PR AR L2 EE 1.9y m/E
FEFTOREBALIZRIDIL, fRELT, B OBES F T
TFA-MOD JEIZEDVERLES N -8 EERRA O Te Kttt it
FLERE722 T60A/cm-w, 1T ORI T Ie,;, =115A/cm-w,
3T T 35A/cm-w &V VEE 21577,

4. Bt

ARFFENT A PV D LR B EEE S 25 I B 38
(M-PACC) ®—Eg L LT, Hrm /L X —PEEHMTR A B3
% (NEDO) oD ZFEFEEZIT E L 72H D TH D,

S& Xk
1. M. Miura, et al.: Appl. Phys. Express 1 (2008) p.051701
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RF-Sputter X2k % Re—123 R #E4 A CeO, FHEIRB DRAFE (2)
Development of CeO:; buffer layer for coated conductors by RF-Sputtering (2)

P EER, MR OB, R B B IR,

iR HERs, 7Rk & (Y7 7)

B B (HAER)

; el PROS, FAR OBERS, MR AL (SRL)

NAKANISHI Tatsuhisa, KOIZUMI Tsutomu, KANEKO Atsushi, AOKI Yuji, HASEGAWA Takayo (SWCC-CS);

IIJIMA Yasuhiro, SAITOH Takashi (Fujikura) ;

TAKAHASHI Yasuo, 1ZUMI Teruo, SHIOHARA Yuh (SRL)

E-mail:t.nakanishi508@cs.swcc.co.jp

1. LI

AT E . @l &\ L 72 IBAD-Gd,Zr,0,(GZO) ¥ % |12
RFE-Sputter ¥ T/ERLL 72 CeO, BEIZI T, PLD JEICLDH
D EFREICIEIE DALY CeO, O T PNELIE 2N EIKIZ )
(B E/Lm) 352 E5MERR L. Reel-to—reel (RTR)ZNODHEfGE
R T 52 ECEDERD CeO, EDERLNFIRETHD
a1, Al NEDO OF Y=/ ChHH AR
U LR E ) R H N BR TS L IS B T D mBIEA AT DO
B — 7 VB LUV EE L LR O BT VDR O
HEELTRR® CeO, IRAAERL RF-Sputter 151252 CeO,
TR g O K B AEPEIC BB IRE O FFBLMEL & R EHEIZ D
THREE T,

2. BRAE

CeO, FMEIE RTR N~ T4 — B A siiE 2 R o
RF-Sputter ZE# T17o7z, BT, 72 7% IBAD-GZO
[ 8 £+ Hastelloy™ C276 7 — 7" M & H LT=, AERFDFR
TEVREEIX 400~600°C, RF $2 AT 2kW, App R Bhidi s
IX 6m/h LTz, k%D CeO, FEIBOBREIL 1~1.5um
TdHD, CeO, DKL MEREAMIL X #REIHTXRD)E, F
REEAME L AFM & SEM ICK DB E 0L,

3. ERfER

Fig.11Z, HEHI 100m 0 IBAD-GZO [ EIZ/ERLL 72 CeO,
BED A ¢ (A ¢ o0& TBAD-GZO DA ¢ (A ¢ o) LD BIRE
TT e A ¢ opo=14~18" DEE A ¢ oy 1T=6" LI,
A ¢ oo DA & gy ITHEBILTZ 30 E 7R L, S0AFB IR ST
TRNZEDDIERD A ¢ 0 ML 72 B ) PE & FF D
CeO, N HBIME RS TETWHEE Z DD, [AI%5E 0 il
B4R 200m D GZO HAR FICHEL 72 CeO, I E
Th, BIEMWD A ¢ BDENEI 4.6, 4.1° OFENELNTZ,
ZD CeO, EDFK ML, Fig. 2 (TR TITHEVEIHMEZRL
T, ZORR CeO2 PG LI/FRL B E S g O KRt
ITY BHET D,
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Fig.1 Relationship between A ¢ ;0 and A ¢ c.09-

Ra=1.4nm

Fig.2 5x5um AFM image of CeO,surface.

SE X
[1] T. Nakanishi, et al.: Abstracts of CSJ Conference, Vol. 79
(2008) p.87

g
AWFIEIE, A N LR B EE )R B B 78 7%
D—FELTH T RILX — - BEEFATR S BT
(NEDO) OZEFEICIVE L 7-H D TH D,

geoopzooooooooooobooon



3A-a08 YOoo @

TFA-MOD.(Z KB IERARYBCO#RAT D EAF (8)
- TFA-MOD YBCO RRT—J### EEL DRET -

Development of the low cost YBCO coated conductor using TFA-MOD process (8)
— Investigation of mass production of YBCO coated conductor using TFA-MOD process —

ANRS, FRTEEEN, T, EARIG, BEA)IER (BRERT—7 VAT L)
i B, TR M (7 79)
ERGERR, FOSUBERS, = EEGR, LR, HEED (8 T AT

Tsutomu Koizumi, Tatsuhisa Nakanishi, Atsushi Kaneko, Yuji Aoki, Takayo Hasegawa (SWCC-CS)
Yasuhiro lijima, Takashi Saitoh (Fujikura)
Yasuo Takahashi, Teruo Izumi, Seiki Miyata, Yutaka Yamada, Yuh Shiohara (SRL)

E-mail: k910576 @snt1.swcc.co.jp

1. FLoIc

b b EERR M 2 M L 7o A M 4 B MR By R Ik
(TFA-MOD) (cE0ERIENS RE-123 #EEMRM 1T, HUEH
TR A BB B B IS B AR L 72 1R AR BE 2 ATV, LRl A
BB Ll B 22l o R 2 BE -+ 28]
BEChHDTLa T 5, I —FEILER S W RE S o F e
JRIEE AR WA Z LKV E I, B o2 g
FHEL72Y ., BIENEDO D7/ T A THDH A v I ARIEE
RN R IS B W BB E BB — 7 VL EE
SRR T D8 LU TR ZTT> T D,

AT, Y REBEEE M OBFSRDL, K OZE O
BAZOWTIET 5,

100 T T T

80 |

60 |
Total; 52%

40 |

20

2. BMEERE

N7 VA aEREE (Y-, Ba-), kU7 7 Ul (Cu-) &4
JE T HEALA L Y:Ba:Cu=1.0:1.5:3.0 LL TIERA L TR EHATR & s g g g
L . HastelloyC-276©/Gd,Zr,0,(IBAD)/CeO,(Sputtering) ™ f& Manufacturing month
JERGEZRF IR Smm O4 8 FA HIZ 847 - 2 L THITER
REAVERLL 7=, ZOBE, Reel-to-reel (RTR) =M A « (RGE4H:
BREAL, EE 10m/h CIEIREBA 1178572,

FE YBCO S BRI A K 28 & B Tl R AR
TR, BmEIEIRE 750 CORERK STy T ik

1
N
-

Manufacturing yield of YBCO tapes (%)

'08.10
08.11
09.1
09.2 1
'09.3 [
09.4

Fig. 1 Manufacturing yield of the YBCO tapes.

W RO AR AT o1, Z 0%, Ag RIEILER TR, W 15 T T T T T
HBEP R BN TEANT =— L& 4T o7, @77K, Self field

B R OB R B, BRI 7 Lk g 12b _ |
S-S CAIL . 700mm o> FE b 7 R BE G g
(I EZAT T2, . 1 I E 3L 1uViem TEELI, 9 ol |

m

3. #®R z ]

TFA-MOD 41255 YBCO #ibf D FE kA BEEL . FetEo © 6L i
) e RAL, BEEE O &b SO E T T& T, £ 3 —
DR HFTE 500m 1250 T, 1=300A/cm-width i E , ]
DIERUZ R IHL . BERUEA~DOFIRZEEAT, WDOAT v z 7 ’
LT, REAREE LSS 0t ADOMS OB T TH BE
V. ZNETICRE 3km LLED YBCO ERfib D EFER 0
YE%AT 7=, Figl ICoETIALI- RS D ER % 160 200 240 280 320 360 400 440
AT BUTRT AT, BE 30m & TOMEEBIZHENT Critical current (A/cm-width)

1c>150A/cm-width LA ETHHo7b %7 my iz, ZIVET

VERLL 7= DR ARV IE 50%FEE THh oY, IR &9

(ZHLE B OB AN ELE R RE D 3 [ ELTWBZEAVHID,

ZAUE ARV T O b B AR S TS A RO PERE )
FHIZIDMRTHLLEEX TS, £7o, BUELT YBCO # #i%s
Mo Ic i OFEHIE, Fig. 2 OXH7a5 %R, s L7- AT T A U™ AR SR B B % | oD —
YBCO #pbf D5 Lh T 1c O FHfEAY 300A/cm-width % LT, L — R R A BT EERS (NEDO) 756
B2 TWD, ZOLDORERND Ny T RARSET 1 2% AN DEFEEZTERLI-H D THD,

72 TFA-MOD 4%, YBCO pbf D & Iz W CTHEMED

W aEATHDLEE Z DD,

Fig. 2 Distribution of mean value the critical
current of the 30m-class YBCO tape.
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Development of 30 mm wide coated conductors

XH ZE, CHnE BRI B, kA R, K — W (ERKETL)
OTA Hajime, SHINGAI Yuki, KONISHI Masaya, NAGAISHI Tatsuoki, OHMATSU Kazuya (SEI)
E-mail: ota—hajime@sei.co.jp

1. [FLHIZ

B~ 72 WO — 7 V73 8 OB e Fi& A~
A B L, RE-123 (RE: fiv 1HUCHR) 5RO HEAE S A OB
I BRI ST\ D, ARSI 454
BERPROIFIR] & 72 D BARDOBENE & 22 573, Fox | B
7T v ReERMROBIR AT O BRI LA T LT, S5
(AR T > R BRI OFEREZ UGET 5 Z & ClEAE
HEP AR L 2 um JEC 380A/em-width A4 RACHEL
Liz[1], —77, @BEEiM % T30 & U Cigaii s 85
TeDITTAN—T"y NALEDWZETH D, FRITAN—T"> A
71T 30mm MR A FAV AR OB A1 To T,

ARl 30m WEORREEY Z » REEHHR A\ iBREEE
DIESF IS L ORFH DR~ L OBEHR W TS 2,
2. BRAE

40m % 30mm VRIS Z > R R EE AV, £ 00 ki
Ce0,/YSZ/CeO, D 3 JEtiti m7a b iz KA Ly e 4%
VRS, FREOSEIL RE 2w ZU 7RI
EATO, FEOIERIL, EAEH 500m, 260nm, 150nm Thd, S5
(2, PO FIZ, GdBa,CuO, 6% VAL —HHAFIET, LE
{bfE% DC A/ S 2V TR T, ST, s
JEDIEAT 1 EHT-0 0.3~0.5 u m THD, BB R T
RN DB~V DT | L —H T N —LDZE L D
PR A b T,

VERIL 7458413, X BHEHT(0 -2 0, PR ICX0ifiiEA ., By
Ui TS & 0 AR ARl L7,
3. EEREREER

40m % 30mm WE(EREE 7 N RJE I KO DO RrEE
Table.1 {279, (200)ECFIEE( 1(200) / [1(200) +1(111)] )IZRILT
13, FEHRD 1000 Ty CeO, 13 95%~100%, FIPIACT ML
(A ©)IZBIL T, EHDKIS ISR TRy 7 CeO,I 3T T
&Y, 10mm IFHHEE IR R0 BRI RpEE BT, (200082
[FERODBR AT BN, HPNELAEEDIE AT 0.2° B
NTHY, TESFT—PH N 7= P RTB O S8 7=, — 5,
FFHIAM B Th IR R U 372< 40m ArhflEoo i
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SRAED 22 ZQ00)ELHISEAKT 5%, THPELFIEE (A @) A%9 0.4° T
BTz, HHESBOQOELRHRDRFHaMi% Figl 10T,
HFEAE CIERICTEZ X U /LARL CODZEN DD, L
ML, HAROFE AT vy CeO, DFFME, FHTHIPNECRIED
R FL TR0, FEBURsEE 5 & B R S O RITC
D,

30mm BEHTANTHT—, 7> 10mm $ERFE[RZED Baf7e PRiEs
TR 22 L C& T, ZOTHIEA AL 30mm IS
OFBFEERME T, FRERICIBT 260A/cm-width (Jo 2.6MA/cm?)
THY, 10mm AL FEORMEAEFEBL T D, 5. IR
7oL ONRIFIRRAE Ot E T T K,

Table.1 Properties of substrate and cap—CeO, in the width direction.

1(200) / [ 1(200) + I(111) ] (%) Ad (deg)
Right Center Left Right Center Left
betrate |etartpoint] 100 100 100 4.7 4.9 47
Substrate [f o nd point | 100 100 100 47 438 47
cap-CeO, |Start point| 99.5 99.6 99.2 6.9 7.3 71
*"end point |__94.2 975 96.9 7.3 71 7
~
%
= 96 1 —e— substrate
;\ —4—seed-Ce02
= 4 ——57
g 94 —— cap-Ce02
< - b=
3 o= g
< 02 4
g ” & -
= = z
o w
90 :
0 10 20 30 40
Length {m)

Fig.1 Distribution of cube orientation ratio in the longitudinal direction.

E i

ARIFFEE, A B LSRR R BITBRTE s D —BRL
LT, L — - FERERAITR S B (NEDO) D ZSEIZ 0
FhEL 7= D TH B,
£2 Kl‘ﬁk
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Fig.l1 Magnetic field dependence of J. curve for the
YBCO film on CeO,/YSZ/CeO,/Ni-electroplated Cu tape
at 77 K.
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1. Introduction

Recently, researchers engaged in MgB, wires and
tapes are accessing to various fabrication processes in
order to improve the critical current property. One of
the promising methods is an internal Mg diffusion
process”. An advantage of Mg diffusion process is that
higher density of MgB, core and hence, higher /. values
can be obtained than those of conventional PIT
processed wire. In our previous study, excellent /. of
81kA/cm? and 99kA/cm? at 4.2K and 10T were obtained
for monocore and multicore wires by internal Mg
diffusion process, respectively. In this study, we
investigated the heat treatment temperature dependence
of structure and superconducting properties of monocore

MgB, wires.

2. Sample preparation

A pure Mg rod with 2 mm diameter was fixed at the
center of Ta tube with 4 mm inner diameter and 6 mm
outer diameter, and the empty space between Mg and Ta
tube was filled with the powder mixture of B and 10 mol%
SiC. The compound was initially cold worked into a rod
shape with 2.3 x 2.3 mm? by using groove-rolling and
then drawn into a wire of 1.3 mm in diameter. The wire
was cut into short piece of 38 mm in length, and heat
treated at 600, 640 and 680 °C for 1 hr under Ar gas
atmosphere. /, was measured with the resistive method at
4.2K in magnetic fields up to 12T. /. was obtained by

dividing /. by the cross sectional area of MgB, layer.

3. Results and discussion
Figure 1 shows the SEM image and the EDX
mapping of the cross section of mono—core wire heat
treated at 600 °C for 1 hr. We obtained a thin layer of
MgB, at this temperature due to short diffusion distance
of Mg. However, this MgB, layer seems to contain less
amount of precipitates than the layer obtained by a
higher temperature heat treatment. The thickness of the
reacted layer increased with increasing the heat
treatment temperature.
Figure 2 shows transport /. vs. field curves at 4.2 K
of the monocore wires heat treated at several

temperatures. At the heat treatment temperature of 680
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°C, much lower /, values were obtained probably due to
the formation of impurity phases such as MgB,. /.
rapidly enhanced with decreasing heat treatment
temperature, and at 600 °C excellent /. values were
obtained due to the high quality MgB, thin layer.

This high quality MgB, layer may be related to
the solid state diffusion of Mg into B layer at low
temperature. However, for further improvement of ./, we
should optimize another factors such as diffusion
distance, filament size, heat treatment time, dopants,
and so on.

This work was supported by JSPS KAKENHI(19560
716).

Fig. 1 SEM image and EDX mapping of reacted MgB,

layer in diffusion processed monocore (MgBZ*
10mol%SiC/Ta/Cu-20wt%Ni) wire heat treated at 600 °C
for 1 hr.
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Fig. 2 Transport /. versus field curves at 4.2K of
10mol%SiC added monocore wires heat treated at several
temperatures for lhr.
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Reference
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Improvement of critical current properties of in situ PIT MgB tapes by applying hot pressing
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Figure2 Cross sections of the tapes (a) without hot pressing,

and (b) with hot pressing.
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Figure3 J.-B curves of the hot pressed MgB, tapes.
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Fig.1 Powder XRD pattern and surface XRD patterns of
as-depo sample and MgB, bulk heated at 950°C for 24 h.
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Fig. 2 Magnetic field dependences of J. at 20 K for
MgB, bulks under H,//H and H, L H.

[1] C.G.Zhuang et al.,J. Appl. Phys. 104, 013924 (2008)
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The critical current density shown in Figure 1 can be
fitted reasonably well by a recent percolation model (lines in
Figure 1) using the upper critical field calculated. The main
idea of the percolation model is to calculate the overall critical
current numerically based on a percolation theory [1]:

- 1.79
0 1- pc

where p() is the fraction of grains having their critical current
density above ./ and p, is the minimum fraction needed for a
percolative superconducting current flow. The critical current
of each grain is assumed to be described by the same pinning
model, for example, by a grain boundary pinning model:

J, =Fm'(1_B/Bc2)2/ /B.,B . It is assumed that the
pinning force maximum, F,, of each grain is the same. The
difference in the critical current density for each grain is due
to the upper critical field anisotropy, which can be described
by: B, (0) =B /\/y? cos’(9) +sin*(6) . following the

anisotropic Ginzburg-Landau theory. The best fit (lines in

Figure 1) is obtained with the anisotropy parameter ¥ and the

pinning force maximum £, values that are listed in Table [. As
has been mentioned, the upper critical field calculated was
used for the fitting. The percolation threshold p, of 0.2 for
densely packed MgB, bulk samples and around 0.26 for wire
samples has been reported [1], and p, of 0.26 was used in this
work.

One of the interesting features observed in Figure 1
is that the decrease in the critical current density with higher
sintering temperature is significantly lower for the
carbohydrate doped samples. From the obtained parameters,
it can be argued that this is due to the decrease in the
anisotropy parameter with increased sintering temperature for
the malic acid doped sample. However, it should be noted that
the critical current density in the high field region can be
affected either by the change in the anisotropy parameter or
by the variation of the upper critical field. The parameters
used are comparable to previous reports, and the
self-consistency was checked by comparing the irreversibility
field, B,

ir

obtained from the above critical current fitting
results and the estimation from the resistive broadening:

B, = B:;’/J(yz -1 pc2 +1 [2], but even so, there is some

uncertainty in the determination of the parameters.

The low field region is somewhat different. The critical
current density at low field is mostly determined by the
pinning force maximum and the obtained £, listed in Table I is
quite reliable. Consistent with the conventional argument
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concerning the size dependence of the grain boundary pinning,
there is a clear enhancement in the pinning at low sintering
temperature for both doped and un—doped samples. On the
other hand, contrary to the usual discussion on carbon doping
in MgB,, the pinning force did not increase, but decreased.
Comprehensive study has reported in our previous work [3].
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Fig. 1. The critical current density as a function of applied field for both
un—doped and malic acid doped MgB, samples. Lines were calculated
with the percolation model.

Table I

The fitting parameters used for the calculation from the percolation model,

equation (1), of the critical current density shown in Figure 1.

Without doping With carbohydrate

doping
650 °C 900 °C 650 °C 900 °C
V4 3.92 4.6 3.35 2.92
£, (N/m®) 2.85-10'° 1.9510'° 1.1-10" 0.85-10'°
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Table 1. Specifications of MgB, sample wire

Structure MgB,/Nb/Cu
Number of filament Mono-filament
Diameter of wire 0.8 mm
Diameter of filament 0.555 mm
Critical current at self-field 535A@ 4K
128 A @ 29.2 K
107 ¢ e i
R A . n
510° £ | m 30,8 K NE
S £ o AR 7
o r o AN ]
£ r o, A" .
210" L o au" <
o 2 o®’, u'um E
- F [} A -. ]
3 r AAA.- 7
I3 i Agt il
<10° & . 4
; 100 Hz §
10'6 1 1 1 I I I 1
0.1 1

Current amplitude, it

Fig.1 Dependence of transport-current losses for different
temperatures on current amplitude
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——Theoretical curve
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AC loss, Q (J/m=cycle)
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©
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Current amplitude, it

Fig.2 Dependence of transport-current losses for different
frequencies on current amplitude
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Tablel Parameters of MgB, samples

: 0.8
Sample o

Wire Tape2 Taped
dimention [mm] $0.807 1.O11=0.55 | 1.574%0.322
Filament dimention [mm)] $0.415  [0.61620.265]1.163%0.126

Aspect ratio of a filament 1.0 233 )
Sample — 0.6
Wire Tape2 Tapcd

dimention [mm] $0.585  [0.7010.426[0.988=0.276

Filament dimention [mm)] #0306 [0.41920.200]0.687x0.116
Aspect ratio of a filament 1.0 2.1 59
Sample - 0

Wire Tape2 Taped
dimention [mm] $0.455  [0.5580.324[0.710x0.233
Filament dimention [mm| $0.220  [0.341+0.153[0.474=0.090

Aspect ratio of a filament 1.0 22 53
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Aspect ratio of a filament

Fig. 1 Increase in critical current densities in MgB2 filament
with high aspect ratio cross-section.under the 7T.
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[1] Y. Fukushima, et al.: Abstracts of CSJ Conference, Vol. 76
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Tablel Parameters of MgB, samples

; 0.8
Sample : . o

Wire Tape2 T'aped
dimention [mm] $0.807 1.011=0.55 | 1.574x0.322
Filament dimention [mm] | #0415 0.616%0.265{1.163%0.126
Aspect ratio of a filament 1.0 2.3 9.2

0.6
Sample = — =

Wire Tape2 T'aped
dimention [mm) $0.585  |0.701x0.426/0.988%0.276
Filament dimention [mm] | ¢ 0.306 [0.419x0.200{0.687=0.116
Aspect ratio of a filament 1.0 2.1 59

0.4
Sample - 5 —

Wire Tape2 Taped
dimention [mm] $0.455 ]0.558+0.324/0.710%0.233
Filament dimention [mm] $0.220 [0.341=0.153]0.474=0.090
Aspect ratio of a filament 1.0 2. 5.3
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Aspect ratio of a filament
Fig. 1 Decrease in effective filament diameters in MgB,
filament with high aspect-ratio cross-section.
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Table 1 Separation Efficiency for Each Experimental Condition

Filter Arrangement () (ii) (iii)

Separation Efficiency 89% 98% 100%
Gas Flow Rate (a) (b) ()

Separation Efficiency 99% 100% 99%

ZOFERIND, BT EERE BIR 972 0IZITT7 AV HZER R
DIRNT AV AREIEDEL CODZEN R TET.

— 199 —

SS

{i) Parallel Arrangement

(iii) Smesh + 3mesh Filter

Fig.1  Schematic Illustration of Fig.2  Arrangement of

Separation System Filter Matrix

(b) 120L/min {c) 300L/min

(a) Without Blow

Fig.3  Coagulation on Filter Gas Flow Rate with

(a)No blow, (b)120L./min, (¢)300L./min
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Fig.1 A schematic diagram of magnetic separation apparatus
of superconducting electromagnet
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to influent area
Fig.2 A picture of SUS particle attached to magnetic filter
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Fig.3 Separation efficiency of SUS particle with the number of
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Table 1. Composition of Chemical Plating Wastewater
after Removing Ni lon and before 10-Fold Dilution.

Ni ion: 0.2 g/L.
Organic Acid: 30 g/L
Total-P: 27 g/L
NH3-N: 7 g/L
BOD: 16 g/L

Chemical Plating Wastewater
i**,0A%*, NH,, P

[ Ni-Recovery Process ]
{}OA*, NH,, P

[ Magnetic Activated Sludge Process ]

{}OA*, NH,, P
P-Recovery Process ]
WV P
Treated water
OAx*: Organic Acids

Fig.1. Process of Purification and Material Recycling of
Chemical Plating Wastewater.
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Fig.1 Experimental apparatus of MAS process pilot plant
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Fig.1 Deposition adsorbed by bulk magnet
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Fig.2 A face—to—face type superconducting magnetic
field generator
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Fig.3 A view of alternate magnetic separation system
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Fig.4 Separation ratio vs. flow rates of waste solution of
Ni plating for balls Imm and 3mm
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Fig.1 A schematic view of magnetic separation system
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Fig. 2 Demagnetization LRC circuits added to superconducting magnet
to improve the recovery ratio of magnetic nano-beads.
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Affinity Magnetic nano—beads of High Gradient Magnetic Separation System
for Trapping Immunoglobulin in Serum
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Table 1  Experimental conditions
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HSA 7 ay 7 al¥k 3
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Fig. 2 Experimental results. (a) Relationship between amount of
MEL-A and binding of protein. (b) Relationship between binding
and concentration of 1gG.
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Research on purification by magnetic separation of mercury in blood using nano magnetic beads
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Improvement of coil performances by use of multifilamentary superconducting tapes
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— Improvement of Sensitivity —

LR R — P R

AT BB, I B

EE 30k BEREK. T); o # OulEN)

KAMINOHARA Shinichi, HABU Kisato, KIMOTO Takeru, KAWAGOE Akifumi, SUMIYOSHI Fumio (Kagoshima University);
OKAMOTO Hiroshi (Kyushu Electric Power Co.,Inc.)
E-mail: k6224561 @kadai.jp

1. [ZC®HIZ

Fex T BEEaA OB RN FELLT AT
TR IVEE DTS UOE FIEE R L T0D, ZOH|
nzﬁif@’%% T, IAVCEEEEIL) —RETO T 70T

W EF A A I LN e BH OGP HER T
5 LTHS,

INFETIZ, INORIMEL AT 2% ANWT LR O EE5E
FELCWB[1], ZNETOFERTIL, MIDT AT L ThHo7-
o 1F— VIS TR Ty L) — R B R A
FELTWZZENS AF B L~V MEL, @O IE B 2 0 5
}:LTb\f:o L7=oTC RKUAT L% EEICHEAT 554

:,t rfzr“é»i FHNDINEINETNDHZEINEITHD,
% AENE, EEE B DREUZ W TR L EBR O
ﬁﬁ%*ﬁﬁ%ﬁoto

. /E“Eji/f&/ﬂllﬁ"t

ANE FIENL BBV FDDORA L F 7RIV
ZRETHIETERF ORI EIT TS, BIREaA /L]
WO EBREZREL, ZNODINENERAL T 7R
MV RD D, BEREBROBEIIL, BT T af /LR
T W) —REZNENH D, RALTF T _XIMUE
Fig. 1 IZR T £ MDRS%ME T D(Pr, Pra)o P&
Pr2 DA OEAE BT HZ L1280 IANVND JRFTIZ:

W THZE 75§T%<Zo

F’U“@FU:(DK TiX. R T vy V) —REER S —

WZLTHIEEEE | iéz\%ﬁ%é BHE— DRT
’V/U RCERZRETH7-0121%, Fig. 2() (T I
ab MHNIART vV —RE#% %L cd MZIEDHYZ— /R4
DB D, ZO8%6 . J&%//\xﬁx ab OIE<EEDHE Y
B = IRANES B BT, PESNDEEITIERIC
INSLTpD, LTZ3»C, ab IO ER Eqp HRIE TE72W, 2
TAMFZETIE, Fig. 2(b) (29I, ERANIZTZ BRI
BIGATNCN X — 2 R AZBT LIk BR Ep ORIEN
T&D, ZL T RT Uy y W —REEEZ— 5281
Lo T MBI DW) EREMTED,

A EIX, Fig. 2(b) OIFETREBLEN ERHZ L% FER
RICHED DT, o T a L L CRHWEBRE S AL
TR R — A Bi-2223 £ T — MM AR LT- 1 JEx15
= DYV JARAALTHY, NEE 70mm, &S 64.3mm T
bb, B AR TNV —REBEOIHLFEMNEFIL, VY
IT T A NVELEEESTEFyo L L, RAVF T Tk
JVRIE DR % T,

3. EEBAE

WDOFNETEREZIToTZ, Vo7 AT, 20Hz,
20Arms DA E G Z E BT —RTHEL, TORORT
Y V)= NEEB KRG ZRE T 5. AN, Py ORA
/%/7/\7}\11/7%{E'Jﬂ3ﬁ‘57‘_bbﬂﬁﬁ0) SR ERE LT,
TEEAT T2 BT, AP LOESTHY  ELIZAR T
DU NVI—RIE 6 X2 84— 12 = DHDTHD,

KT V) —REEB KA ORER % Fig. 3127
9, Fig. 3 O, ¥ —2 5 ThHsH, ZOREFRIY, B L

— 210 —

ATy V=R & HWTH— U FE T 2L TERIEEZ K
ETEBIENFRDD LI, LT T R MO 5| XX
LBy & B L CUA— 2 R A m S A ZECHIE B LT
HLELAIDOEPIE | BIEHEHECT 28 TRE N[ LT
XHZEEILGELTZ,

4. F&H

TR E T 2% A2 BEL, WEKEZ R LEE5720
W AT M) —RES B URIE AT o7, ZORES, Bl
%ﬁﬂ XUy & E< L, B AT 2L TlESNAEIEN
KELIRDZEH PR &%%ﬁ@ﬁﬁb HaLTz,

Metallic
cylinder B

T | [
l\f{ | Superconducting coil |

Fig. 1 Examples of sensor arrangements to measure the
Poynting vector.
potential lead
pickup coil A

\/
T E.=0 FM--E

ATELe -

Vi 10 |:> 7
/ \ /
!

P
~=a »
N E,
CON
i \ i
i '
\ < superconducting — }

() coil winding ()
Fig. 2 Top views of improved sensor arrangements.
(a) near return pass, (b) far return pass

I gl

; T T T T T

=

10} .

=

Z 08}

g

S o6l ¢

E °

8_ 0.4t

=

S 02

2

=]

=0 . \ A A \ i
0 2 4 6 8 10 12 14

Turn number

Fig. 3 Measured loss component of voltage.
Referrence
[1] M.Tokuda, et al.: Abstracts of CSJ Conference, Vol.79
(2008) p.22

geoopzooooooooooobooon



3D-a03 ooooo (3)

Design of a high field NbzAl common coil magnet
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1. Introduction this year and the mid of next year.
A research and development program of “Advanced
Superconducting Magnets for the LHC Luminosity Upgrade” has Acknowledgement
been carried out since 2006, in the framework of the CERN-KEK This work was supported by KAKENHI (20340065).

cooperation program. It aims to develop high field superconducting
magnets expected in the LHC luminosity upgrade with Al5

. . References
superconductor. The first stage (2006-2008) has progressed in ;
focusing to establish NbsAl superconductor and cable technology to ; 2}32 Sasaki et. al., Abstracts of CSJ Conference, Vol. 79 (2008),

prepare for the high field magnet application. At the second stage
(2009-2011), a NbsAl common coil magnet will be fabricated, to
demonstrate the feasibility of high field magnet wound with NsAl
cable, and also, as an R&D of the advanced structure for the high
field magnets.

The design of the NbsAl high field magnet has been started from
2007, under collaboration with LBNL. The original 2D design was
presented in references [1]. This paper presents the detailed 3D
design and some new modifications.

2. A. R. Hafalia et al., IEEE Trans. on Appl. Superconductivity,
Vol.13, No.2 (2003), p.1258

3. A. R. Hafalia et al,, IEEE Trans. on Appl. Superconductivity,
Vol.12, No.1 (2002), p.47

18 model

2. Magnetic design

The common coil concept was adopted in the design of this
magnet [2]. 3 Nb;Al coils sandwiching 2 NbsSn coils. The two kinds
of coils were designed with different straight length, to reduce the
peak field at the NbsSn coils. For the NbsAl coils, the overall outer
length is 200.5 mm; the width and the height are 100.5 mm and 30.8
mm respectively (14 turns per layer and 2 layers per coil). The peak
field is 13.2 T, located at the center of the straight part. For the Nb,Sn
coils, the overall length is 252.9 mm; the width and the height are
100.5 mm and 16.9 mm respectively (20 turns per layer and 2 layers
per coil). The peak field is 11.9 T, located at the end part. , Fig. 1
shows the 3D Ansys model for the magnetic and mechanical
simulation. Fig. 2 shows the load line of the magnet.

3. Mechanical design Fig. 1. 3D model for the magnetic and mechanical simulation
To simplify the future assembly process, the shell structure was
adopted in the mechanical design of the magnet [3]. Four 22
36mm-diameter aluminum rods apply the axial stress to the coils. Different straight length design
The thermal contraction of the aluminum shell and rods, together 20 \
with the pre-stress applied at the room temperature, to overcome the
Lorenz force of the coils. With the assumption that the cryogenic 18 \ e NOA
cement can sustain 20 MPa separation stress, the pre-stress in three _ e NbBSn
directions were optimized, as shown in Fig. 2. In x direction, the é 16| ¢ :
pre-stress is 55 MPa, and in z direction, it is 159 MPa. Y direction ‘g o Operation point ~@.
pre=stress is applied by the deformation of the shell during the x 5 14 \, of No,Sn col
direction bladder operation. © A o
Several bladders were tested with high water pressure. The burst 12 >‘>_// '\
pressure of the tested bladders differs from 69 MPa to 103 MPa. ol — e ; z;a;'\cl’:;g'“‘ o
| — N, |
4. Development status and future schedule 8
The Cable for the first Nb;Al coil has been fabricated and wrapped 1 12 13 14 15
with ceramic insulation material. The winding process will start soon. Magnetic field (T)

For the following two coils, the cable will be fabricated in the end of Fig.2. Load line of the magnet
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Fig.1 Cross section of a coaxial multi-layer CIC.
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Test of small pulse coil using Ta barrier MgB, wire

3. Thermal runaway with an excess current
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Increase of temperature [K]

Current [A]

Fig.1 Increase of value of Tob when overcurrent turned on.
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Fig.2 Total heat generation of coil with thermal runaway
breaking out
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