1A-a01

ATE >

MAEBEEICKET/OVFDORR#ED—ER

Consideration of nanorod growth mechanism on the basis of microstructure observation
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image (b) and enlarged plan-view TEM image (c)
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Superconducting characteristics of ErBa,Cu,O,_
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thin films with BaZrO, nano-rods in a magnetic field
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Fig. 1. (a) Plan and (b) cross-sectional view TEM images of a
film.
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Growth mechanism and pinning effect of Ba(Er,;Nb,;)O, nanorods in ErBa,Cu,0,_sfilms
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Fig.1 Cross—sectional TEM images of 1.5wt%BNO+ErBCO
films on STO substrate grown at (a) 710°C and (b) 760°C

Fig.2 AFM images of 1.5wt%BNO+ErBCO films
on STO substrate grown at (a) 710°C and (b) 760°C
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Fig.1 Schematic images of a-axis oriented (c-axis in-plane aligned)
YBCO/PrBCO multilayer films.
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Fig.2 The relationship between 7, and the inverse of PrBCO
layer spacing in a-axis oriented YBCO/PrBCO multilayer films.
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Fig.3 Irreversibility lines for a-axis oriented YBCO/PrBCO
multilayer films and a pure YBCO film.
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WX T, CHIREL T2 TR CIED XD SE R340
NAHR KR CTIZRCRE TR E T =— V&2 T o7k Clt
[FIFE BE DRERE = AL X — A LA L 00 BB

AT, F-RBMICB W TERET =— L LR B Ok
Mg = L — B L, BULELAIT > TRV REL LD B 3T
FUVMEZ IS TV 5, (Bi, Ph)-2223IC B F T =— /1%L Th

757

AL CuO, HIZ BT DR — VR EEIIE L LN ERHE
S THEY[1], BLEPE CIIFRIIRE TER S, UL
FVCuO, i DN B AeoT- AIREEIXE 2 Hivd,

INHOREIOMIC, #4OFER HEL TRY, b0k
Ra2EDCREANTY A #im 1 2,

@
10% ., Tl . 3
mE E . ‘ . ©® 4
3 .
Z10% ' .
= >
N A
~ (Bi, Pb)—2223  Y-123 ] N
@ r @ #3as —— o 4 |
A #31atm m <
107k m #3 10atm > ]
< #3 N350 °
> #3 N450 |
0 0.5
TIT,
Fig.1 Temperature dependence of
condensation energy density.
10° : . ; . :
e
2 10°F ]
=
~
Ncn° 5K 50K
# e o
#2 n a
#3 A A
104 L L L L L

N450 N350 as 1atm 10atm

Fig.2 Condensation energy density of
each specimens at 5 K and 50 K.
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Stress/strain dependence of critical current in DI-BSCCO tape

MYy -, R HESD , N CBCETR) ; IUE B (EKET)
KASABA Koichi , SATO Masafumi , HIROICHI Satoru IWATE Univ.); YAMADA Yuichi (Sumitomo Electric Industries, Ltd.)
E-mail: jxbyq020@yahoo.co.jp

1. #5 AW IS L EIRABIERE I E R\, B T D 113
E A AREE LB EE A THD DI-BSCCO 1%, T {EL T o=b e Ebhs.

BERUIZ LB K BaDFEZ MM A D2 & T g Ui £ % INHDOZELY, MEBINTR T 0.2%~0.25%L V) DARZD

BT — M ThD. TTK TOEREEEL, a7 WM OMMOTHDOBLTHEHEEZD.

AR ES A~ DI A A RSN TV A.
AW TIZEM ERERW, BRERDIEH/OT

FRAFIER B BERBR, T RBA T E L. BIEEDRBRICRIL e
T 77K TOMEITIZ, 4.2K T 14.5T OBEH TOHE - O
w117 125 /P R N
2. BB o o A

FUBHE, (A T CRLES7 DI-BSCCO TypeS i, = 'or N i
T8 2.6mm, JEX 0.18mm THD. AL KSR B EM % 75 L o AA 7 i
B sE 2 —D 15T YL /A RRGBIRE ~ 7 R hORT 5 A S
(B IBERBRAE TR, JEMFBRIEEAITAL, 4.2K, 14.5T OB} o s0f 5" S T ]
i TN ETT o1, F A ORBEE R, [ © 8 L
TTK, 0T(H CB ) TO5RRE T 72, —J5 77K, 0T K A 7 .
Toh#RE%Z Goldacker MY il i 3 B2 HIWTiT o 72 B I | |
ZHIUE, AT VLS — S ko TR 7 2 000 005 010 o015 o020 o2 00
ZHTENFATREREE THD. FRROTRTORRBRIZENT, — :
FESCEEE [ 1E 4 W5 75T, 1uV/em OREETRIEL7-. 10 b MOMBR A AA A A A A
3 KERELER P e

[T 14 R 350 B3 RO AR T, BIE 08 - A O]
b LR B BRI AL, Z OB ICb BIE 21T 7 ool 1
N, TNEBBYITET. MIEBBETICERE lmm O e |
Cu-Nb,Sn 8 7E E MM O EBRIE R SR CHET 5. < o4l i
DI-BSCCO ###41%, 77K, 0T Tl 0.25%F2E FTOOTHT - I
1 1. OBIRFADDTINTh T, ZOMMITIAER 1 O 02} 2 ‘;-72;'0‘:-?_'%;20‘*\ .
Pt E R UARTNCRMT L 7= 2%, FICARAT 0.2%80 EoO$ o
J%gﬁ‘ﬂ/f’ BITRTIC | A 2L Db Obi T, — T Cu-Nb,Sn(4.2K,14.5T) 1,=182A d=1mm i

1 L 1 L 1 L 1 L 1

7, 4.2K, 14.5T OBRETIZOTHOEMEELIZ 1, (3 fhx
WCHIEL TV, 28 025%F T I, DE{LD &I,
Cu-Nb,Sn DZNE[ARETH -T2, 4.2K,14.5T T I 1 XEA
Imm @ Cu-Nb,Sn % L[A% 200A Z/RLTEY, MHOT &
0.25%FTEVVIRE FTHITE Cu-Nb,Sn U TE A4
iz b EBbRS.

& B RBEIEGML, BIEICEST [ OHIERALAT,
BT THILTHLIRERE TS, ZRTIER lmm O

0.00 0.05 0.10 0.15 0.20 0.25 0.30
Tensile strain (%)

Fig.1 Stress-strain curve and tensile strain dependence
of DI-BSCCO tape.
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Cu-Nb,Sn 1%, O FHA 0.86LLNTHNIE, BRIHZED 1. 10k a a4,
HEELEOMEICEIEL, TR A R LTz, Ll 09l a
DI-BSCCO ##fTiz—BHLLIZTE, BRmELTH 11X osk a
RETHD. ZOZELEYDI-BSCCO MM D I . DHALITEZ 0'7 i 2L
EORAHRRMBIRIF LI D THHEERD. VX Tt a8,
U, BFFA T THEM IR AL TR i 2 _goor S8 aban
REETHIUL, [ OHITFEALRNEE 2D, S, 097
203 T BB OFE R TS, dT O % 0.24%(h =048 04T
37.5mm)ICHF L, iR EFH O RITEIZ6%FLE ThoT-. 03r
T OB A LS BRVEFRY, OF D REWERS W7 N 0.2 TIKOT I =68A
DIRESNI-@EATTHD. It rIZE R BT S P OIFIE 01p A1 e
50%&72 5708, ZAUTOT Ha =z T e\ il o STl T 3 0.0 —_— L
0.0 0.2 0.4 0.6 0.8 1.0

HoTWAERIZLEDLNS. T D& 0L bR,
ZOMMOBEVTORATHS 0.25%F0 THHIEND,
Wi N C 1 ED O B O BR BT\ 222 > T2 E T2 DI

767

Bending strain (%)
Fig.2 Bending strain dependence of DI-BSCCO tape.
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Electromagnetic response of infinite stacks of superconductor/ferromagnet tapes
exposed to magnetic fields

MAWATARI Yasunori (AIST)

E-mail: y.mawatari@aist.go.jp

1. [ZC®HIZ

RE-123 RBRET —7HMICBIT 58 R ERELT,
Ni-W E&&DJORBBEMEERDBHNONDZEDHD. ZD 8D
TRHBARESRREET — R (SC/FM tape) (12BN T, IR
AR LIEREVER OB AOFE FAE R DS O BROS BT K
ET L IHAONICT AN ERDS.

P 13, SRBEMEREEME ideal soft magnet L CET /WAL
L, SC/FM tape (2331} D8I - B35 o A4, 1538 BILGR I A&
DUNTHRATEI R D 2B AFAT Fik A2 B R U[1]. ZRET,
STz — e DT — T B L O 2588 L7 R 8
WEEMUIZ S ARICOWTHE L. A1, FRICH
J& L7z SC/FM tape | ZHES A FIAINL 72556 D BRI Z DFRAT
FERIZOWTC, WIRICFEE L= FEm R Loz T —
TR (SC tape) DEREISE[B]L L THRE T 2.

2. BInE R T —TRM LT OEBERK

ME72S 2a T z HTANZERIZRS, BURESFIREDE S d,
FRREE HAR DIEEIS d,, D SC/FM tape &5 2.5, fHE D0,
N7 7 ORI XIELL, B OIEX dg+d,, D3E 20 088
JE IR Ds |2 LE_TH 3 ORIR 5 5235, BmEE O
FEEE j 13— LT DEESFIRET T /AT TR SV TR
TV, B — B DR SERRI I, = 2jcad; THD. Ni-W &
4213 soft magnet LU COMEZFFOTEMNG, FRIEIEAIEAR
% ideal soft magnet (BRI CHEIR KL, fbofafn
ROJEE A ML L 7o REMER) S THRRS[1].

ZDEH72 SC/FM tape %, Fig. 1 DL y FFIANZ Dg DJE
HICIEIRCAEEL, 200 B S IROT — 7 i IC T E R
F6 (v 7 RS Z FINT 285855 2 5.

'Ho

[ superconductor

ferromagnet

z

Fig. 1: An infinite stack of superconductor/ferromagnet
(SC/FM) tapes exposed to a magnetic field Hy. Each SC/FM
tape has the width 2a, and SC/FM tapes are stacked with the
periodicity D;.

777

2. BEL-BEE FHET TR ORFRIER

FEREME TR L SBAEE T — 7 B4 (SC tape) 2[RI
FEE LT B IRIC A TR 2 FUIN L T2 & & DR — b 720
R OsclT, MRBNTHZHNTWD., T—7 b &Rl 4
B&, EVINRES: O MR R38O 6 > CERIZHES 23 ADIC
KLieh. ZOFER, Fig. 2 1l TR LIZERY, FilERE D
DINSLIRDEEBITHIR Qe 1T/ EL 72D, /INRIRTE S AR
\ZRBITAFEE LT SC tape (Dy/a = 0.5) DR IIE, INZ LIz —
¥ SC tape (Dyla — ) DD 1/30 LT Th5.

3. MEL-REE BT —TRM O REX

SC/FM tape % ME[RICHRIE L7 EA8KIC, R Hy DR
VRS FIINUT= L Z ORI — K 720 DI K Qsepm %, Fig.
2 IZFERETR U, /IMEIRBS fEIkC 3 1 D88 L 7= SC/FM
tape (Ds/a=0.5) OHEKIL, M L7z —H D SC/FM tape
(Dgla — o) DEKD 1/10 LT THS.

ISELT=— K DI (Dgla — o0) IZDOWT, /NEIERESE
I IRBENE FER D edge BNRATEY Oscpm > Osc THDID,
H R R g 4 AR O I TR B M AR O T SRS i 2 2R (8248 %
FNCEY Oscirm < Osc THY, - KIRMEHSFEE TIHIRT
Oscim = Osc THD[1]. —F5, FfERIEA/ NSV (Dgla = 0.5)
TEIE AT, MRIBRES IR CIERIEY Osepm > Ose TH
208, H— KEZNE D IRV M5 R I C iR B O 2 13
LAETRIRY, Oscipm = Osc T b.

SE XM

[1]Y. Mawatari, Phys. Rev. B, 77, 104505 (2008).

[2] Y. Mawatari, Abstracts of CSJ Conference, vol. 78, p. 10 (2008).
[3] Y. Mawatari, Phys. Rev. B, 54, 13215 (1996).

T T T T R
. sinzle iselaced tape
e q
b
3 (S -
stack of tapes
Lia D5
-1 i
1o SLEM
----sC
.
|

Vo . Vel
.1 1 11
Fla s el

Fig. 2: Alternating current loss Q of each tape per unit length
in the infinite stacks as the function of the magnetic field
amplitude Hy: Q = QOsc/pm in stacks of SC/FM tapes (solid)
and Q = Qs in stacks of SC tapes (dashed).
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Fracture behavior and change of critical current due to fatigue loading in Cu-laminated YBCO coated conductor

ERpAING, E RS, ALRIER, Z2ERE, RS G0 5 R, AR, PR ES, REEER (TEHEN)
SUGANO Michinaka, YOSHIDA Yusuke, HOJO Masaki, ADACHI Taiji, INOUE Yasuhiro (Kyoto Univ.) ;

SHIKIMACHI Koji, WATANABE Tomonori, HIRANO Naoki, NAGAYA Shigeo (Chube Electric Power Co.)

E-mail : sugano@kuee.kyoto-u.ac.jp

1. [XCHIC

YBCO coated conductor 1. v Vs i g os At 8 X
OHEBA R E 2 A T2 ENLBEEMR T 1 LX — T
(SMES) HaA NV ~D IS HBIFFS LT D, SMES D FETK
BOBE CEROWMBEBBRNVELTIHIETERNLT, 24
JWAER T 2m—L 0 I T %, ZHUTED 8 D&
S IR L D BRI S BMER 3 5720 5 77 Fe O FF
MR AR AR THD, ZNETHT L —7TIE, BELEERT
HEENTORVIRBEDRA IO W TR Z P CORE 5 il
BB T A EIT o CEI[1], —F . &R AT AT
fERESNDAA N DR ENE R L3P L2 EREHEL

T Y R O Co A EDREIEN TS, CulAEIZED,

B O3 BRI M BT A2 EN TEENAM[2]. —FH
Al5 BUBIRERA BN TIE Cu w N o A% s & D)%
FHHESRESNTODIEND[3][4]. Cu EAIL Y R
DI REEE T D2 ENEETHDHEE ZDND, AHFFE
T, RIRZEFE T Cu A1k YBCO B ICBIED#IEL
IS A AL, AT ORR BRI L S B 0 &
LW FH VA7 NI KB E R (1) DEAIZ DOV THART
FERIZOWTHRET D,

2. EBAE

ARG TRV Cu BALRTO Y R oL, Ag
(10 pm) /MOCVD-YBCO (1 um) /PLD-CeO, (0.4 um)
/IBAD-Gd,Zr,0; (1 pm) /Hastelloy C-276 (100 pm) & 72> T
W5, FEIMNOKEIZHBOIE S 2K, ZOBM D Ag
NCEE 100 um @ Cu T—7 & 2 AT L v EAL
L7z, T OBEAB OB SRR F I O 77 3B & ik
EF P CHEY — R REEREE N TIT o 72, B 0Dy
HERSIIT GFRP ¥ 7% LY 1, 7 —VME X 50 mm @
WA Z2ER L, RBRh2o0HBETF vy v 7L,
FOSMAE B Y — N S - THeA AT 2 &
WL DM ~DEEEIT 12, BEMW X7 — VMO F
JUZ 30 mm OREIFETEY T, LIX1 uViem OEFRIC X
DYRGE LT, PERBRITRRME LIS R SR/ NG/
RKIEH) 205 T—EE Lz, MYIELUHEEIL30Hz &
L7z, F7-. WWrm#iZE4s FE-SEM IZ L W {iTo 7o,

3. ER#ER

Cu AL OFE725 | BRERBR OFE R D | IR O
HIIEALRTO 1460 N2>5 1660 N (2] EL7-, 51T, #AY
72 L-OFBEEOHIER RS, A OFHOMBLN
TOLEDOHEIT 1.0%THY, ZhbEEILATORM O
0.91%& HLE L T L CWAZER TR ST,

ZDEH78 Cu EAEAM D SN 1—T % Fig. 1 1T7-T, =

T, IS I HPHAS (SR KIG ) -f /N F1) Z2E 0 TD,

MW BLER DR RIS FE WA 7 VBT AF LT
3 DDHAT DORBEBR RISz, BIES) | SR 1 2
JVCIE, AT D Hastelloy AR 77 & R D R 5%

787

480 T
o Typel
460 [ © ® Typell
A Type lll
° ¢ Not fractured
440 [ o ]
E )
420 | ]
E [ ]
b o] [ ]
400 | ]
< o 1St
A O>—
380 [ ‘ ]
360 |+ E
10° 0°

1
Cycles to failure, N¢

Fig. 1 Number of cycles to failure (N,) as a function of stress
range (Ac). The arrows attached to the data points indicate that
the specimens were not broken within the maximum cycle.

S, ABRAE T IREIC Hastelloy 1AL T2, Cu 1IEME
HILTAR OV THE BT L TV R BB Td o7 (Type 1) Hastelloy
DI UTIE 7 SR ORI LA Wt B IS LD AR )
B XFFCERLIRo TR TN D03, E4Y Cu iIET
ML TR -T2 Cu ITHERIL e 7o DEE 2 5
N5, HIA1, PR 2L Clk, Type 1 &[FIEEIC Hastelloy
FARNTIE 75 L R DMBLELS A, Hastelloy & Cu 23[R — Wi T
WrL7= (Type 1D, 24U, Type I IOHEWS A THDT-
DI, TR D ERE SN EL, Cu METEADERL TH
7272812 Hastelloy & Cu 23[E— Wi CRWTL 72 &2 ReL
TD, I T7 | BT A 27 L DSl Cu NS 55 ik
RB RO I A/ O R A K3 MBI 72 i O 53 3Bl 52
SH, Hastelloy & Cu 73[R — i THWTL 72 (Type 11D, Type
I T, Cu MIADFEAE LT 57 &3 Hastelloy HIlIHERL
P ST REWT B T72 12, Type 1T EEBRIZ A — Wik COME
WALz ~7=tB 2 s,

INDHORERDD, BT CIIEALRTD YBCO #i44 & [H
HIZ Hastelloy FEARDE R E/2DIE HIEEIZE LD LT,
RIS )Tl Cu BB A R e T DI IR E IS5
ERBALNT 0T,

SE X
1. M. Sugano et al, Supercond. Sci. Technol. 21 (2008) 054006.
2. N. Cheggour et al, Appl. Phys. Let. 87 (2005) 212505.
3. S. Ochiai et al, Supercond. Sci. Technol. 12 (1999) 499.
4. M. Hojo et al, Cryogenics 39 (1999) 627.
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Superconduting layer thickness dependence of critical current property
for CVD proccesed YBCO (2).

BEAREEE, AP, /HEEER, RTFRE LR
AW, RN, BEES, REBEERK (BEED)
I FRE, AL GBS T SERT)

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

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

IZLHIZ YBCO T— 7 MM 13BN i R B s %
R TEDDER A RSP EIGFSILTND, THETRICE
NI E R 97 — 7B OFE#LE L L T IBAD/PLD 523
Aoz, ZALOBLE DI OERIEN A BT
W5, IBAD/CVD {EiEZ D F THREI AN L TH S
ZEMBISANEIEEE N TWS, | Y TiE. IBAD/CVD-
YBCO 7 — 7 oWT, BMEEREOREINEFRER
FEIC B R DRI HOWTIRE Lo, AWFZE CIXREEE
W TRERREEZ B2, SRR Z R E X B SKAF
PEIZDOWTEERT 5,

EER MIEFREHT Table 1 127779 @Y, IBAD/CVD EIZ &
DYERLISITZ YBCO 7 — 7 CRBEEREDEI N RS
5 SOREITHD,

SQUID fi 77t FA N = 1B R RsE A L3R 78 7> 5 i U i 45
J, ORGSR B 23R, BALRERFTHIE S RAENT D
EURT UV NEFNLTS, EEI 4 1 1EE VLT
J OB BRI L=, 728, BilEJ. = 1.0X 10°A/m’® L72
DR TER LU

FERERUEE Fig. 112 77K, 1.0T TO J, OBEERE DL
SRAF AR R T, RS SRR C IR S R T B R 1 R
Ed IRV T A E R T IR bD, DX
WAREBIC B W TIIE = T 3 IRTTHY, #HE
EABROLFEI L ESBEIIE ST I, B LD
HLOLEZHND, #EKO PLD T — 7 Hib O34 Tl Fig.
L OEBROEINC S, o d DFEHICH 7228, 4 IE D
CVD T —7 AT BNTIL J, o< 7 LR TEY J,
DOHALPIMZ B TNDI LD DD >T2,

—J5C Fig. 2 121% 77, 80K T?D B, DIESEFMZRLT
Wb, ZORAEBRCLVESKIFEN R DR DD,
BRI 4 S TR CRIES A L 7@ B IR Tl
BATESIZE BT EA L AR WMEANCH D
D, —J7T SQUID (X AKERFE TO B, IT/ESH
IMZHE> THEINT AEMIZH DN, B IFHIZE
WTIE =0 7RI 2 IRIETHY, B RT U vL U,
B SRV OREHSE & 2 RWBHE U, oo gJ.d b7z
%o TIC G ITIME IR, Z o
BIIEEOHEOFENZERE B AICHDLZ D> TN
%, UL, EEBREICIBOTIT B, MEL, FNLLFD
WROFMA T & IFESICESTIRE - EDEELED, ©
DT=OIRBEFREL TIL U, oc Jd 720, JBESIZEDEE
DREHNAER LD, —FTHREEROLEITHEND
REITEBREVED, EESOFENRRZ2RHILN
A TED,

RES. ABRAERE IS W I RIE B BBk T OB R A
IZDOWTHIANBEIN G2 2B OW Gl T 5, MMZT
FEATHRE R OFERIZ OV TY B A 35,

797

Table 1: Specification of specimens.

specimen thickness d (um) T, (K)
#1 0.18 87.9
#2 0.36 88.8
#3 0.45 89.5
#4 0.63 90.0
#5 0.90 88.5
10"

77K |
® 4-—probe | |
m SQUID | ]
M‘r'l““ |
_xd-l.fl

16"
d[pm)
Fig. 1: Thickness dependence of J, (0.1T) at 77 K.

4-probe  SQUID

8- - 77K
- -+ 80K

d[fm]

Fig. 2: Thickness dependence of irreversibility field in the
temperature region of 77, 80 K.

BEE OAHFIEIT. A YR ARBEEE R PR E TR 5

D—EELT, ELIZbDOTHD, Fio. RFFEITHN=

YBCO 7 — 7 1%, Ay Y LR EGE s H T

BIRD—BrEL T, ISTEC %L T NEDO OEFEIZLYH

HEIDBRELTZL DO THD,

E X309

DIEARS @ 55 78 [BMKIR T2 « 88 A a2 4E 2p-
p10(2008)

2) ARATS ¢ 5 73 [EURIR 5% - B P g4 1B-
p06(2005)

H79m 20084F FEAK TR T2 - BHE AR



1A-p01 IBAD i

KA IBAD & (Z &5 IBAD-MgO D&t
Development of IBAD—MgO layer with the large IBAD system

FIAE R, JEW R, BT T, ARE SO, ARHE FIE, A T, HAE LRI, AR —E, RS R, B E(TU77)
HANYU Satoru, HANADA Yasushi, TASHITA Chiharu, MORITA Katsuhiro, HAYASHIDA Tomoaki, KUTAMI Hiroshi,
IGARASHI Mitsunori, KAKIMOTO Kazuomi, IIJIMA Yasuhiro, SAITOH Takashi (Fujikura Ltd.)

E-mail: s_hanyu@fujikura.co.jp

1. [ZC&HIZ
REBCO BRI R LD EBUCLE, 4 255 MgO(001) L sub. MgO(111) L sub.

MR~ DRI D IRFS LTS, REBCO 8 AT 121 ﬂion
FML7ZFEED LT RN MLEL7Z2Y | IBAD(on beam ’
assisted deposition){EIXH THLHE IR FTIEDUEDTHS, ; a :
F ~ 13 IBAD-YSZ, IBAD-Gd2Zr207 LB A #E | 500m ik : s

D LT R RS P RIB ORI REDL T, Ll S SR
RIS, RSN 5~Tm/h FFETHY HARHEaAMElz - :
FolTBLYE SR B O[] _E AN BEL /2%, IBAD-GZO 1 0.7~1.2 K

um DELTEELANEOLNDH, Fdmdbiziddk nm
THELA T % IBAD-MgO 2343 L7225, Fig.l 1IR3 X1 (220)
IBAD-MgO (FARIESR ML, BRI T CEnE i,
MgO1 DA ML 3 [BIxiFR MgO &, MgO(00 )23 < A
4 A6 BRI 2R R AT BE T B[1,2], Fex 1% 110cm X 15cm &

.

Fig.1 Pole figure plots of MgO(220) from IBAD-MgO
(4-fold) and IBAD-MgO (3—fold). Arrows correspond to

WAOKBIDAF LA e AT BEEICT. KEETO ion beam direction.
IBAD-MgO4 [FIIFR) DR Y2 7 VORI R B L T& T, 8
Arla], [MEEE Z AV m kB OVERZTT 572, Fiz 3 [BIXFR o 7
MgO BFFIZ DN TH i e FHERSLNI=OTHE T2, S 4l
2. EBFE Ny
IBAD-MgO4 [EFIICDOWTIE, NATEA I Al203, @) °f ___———
Y203 Z KL 72b D& Hh L L, IBAD HE1ZT MgO ZRIBEL 8 ‘o
Too AFUE — AT, FEBAER ST ITKIL T 45" AFEL, H 5 3
AFT N HAE AU, BBERFORRE L 100m/h T 1 JEAK °
B CdH D, IBAD-MgO(3 FEIS BN OV TIE, ~NATuA kI b
Al203 F721% GZO &L= 0% HbEL ., IBAD 2T tr
MgO ZRMELT-, A4 — A%, FERER st L T 0 ‘ ‘ ‘ ‘ ‘
55° ANIFFELTz, BUBERFOMIEIE 40m/h T 1 BRECHD, 0 22 4 60 80 100
WP ORI 2 — 7y N MgO BERS (A% IV A4t Tape length (m)
— DAY R I T T, IEEEIT 800~1000V A1 L Fig.2 In—plane textures of CeO2 on IBAD-MgO(4-fold).
7o FERIL7- MgO Df kS DL IBAD-MgO kic The tape lengths are 10m, 50m and 100m respectively.
MgO % T HF Ly LRI L 726 OIS L X BHIEIC LSS
A7z MgO(220) D TEAR RO — 7 O AN IZ L > T T o7,
3 ERBLUER Table 1 Critical currents of GdBCO on IBAD-MgO
H®IZ IBAD-MgO( [AI%59)10m Efbt oW 7 L O (4—fold), IBAD-MgO(3—fold) and GZO
WELI A &2 E LT, B ORI 7% Im B2k
IZEYHLEb DI LTIV, R AR ITD) A @ Sub. | IBAD-speed | Length |  lo Jo
(Mg0O)= 10~15° (ZUNEST=MM OVERIT I LT, Wi GZO0 5-7m/h short | 330A/cm | 4.0M
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Dramatically high throughput of GABCO coated conductors by PLD technique
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Fig. 1 XRD patterns of GABCO layers deposited by PLD
technique with contact heating at various laser frequency.
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Fig. 2 Temperature dependence of Z for short GABCO
samples fabricated at the rate of 40 m / h.
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Fig. 3 Longitudinal / distribution of 100 m-length GdBCO
coated conductor fabricated at the rate of 20 m / h.
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Thickening Gd123 film by the hot—wall heating type PLD system
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Fig. 2 Dependence of Ic on thickness of Gd123

Fig. 3 SEM photographs of Gd123 film for type 1 and 2
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Fabrications of IBAD-MgO substrate (2)
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-Rapid fabrication of LMO-
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High—rate deposition of long length GABCO coated conductor by in—plume PLD method
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Improvement and nondestructive estimation of Reversible Strain Limit for Critical Current
of BSCCO Bi2223 due to Lamination Technique.
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NTWD. Fo, BIEEMRIZAMINDIOT AL, & 3 1ZFL
HHIVTNDINT, A —MITHI0.1%THY, FIR—HC
F0K 2 (5 BHT2. BRI, BliRRAMSIZERIZ,
Ag WL, ZINBE RIS NN T 4Z A MNZIZA TSNS,

F, Ay & Ay DIFELZTHDHAAN, 7 4 T AL~ ORYERE
WIS ALEZLNS.

4 FEH

AT, BAACEDEEOTAOHFEEIT 2.
FHASNIZOT HOMEE, P EITEICIVBIRIS - 7%
BOTHELELESEIT 4060 LTz, Fie, V=2
IVERFVOS R BREE 13 B B O R L DB D 7 T
<, FIR—hTAZLICEY, a— AN — RISk A
RN T D THESNDZEEZHLMICL.

SE 3

K. Osamura, et al., “Improvement of Reversible Strain Limit for
Critical Current of DI-BSCCO due to Lamination Technique” in Proc.
0f 2008 Appl. Supercond. conference, submitted for publication.

Table 1 Residual tensile strain exerted on the SC com-
ponent at room temperature 77K

Sample Calculation Experiments
Anat RT (%) Anat 77K (%) A at RT (%)
Insert -0.055 -0.099 -0.008
Brass50 -0.081 -0.146 -
Brass100 -0.088 -0.158 -0.1098
Bronze50 -0.053 -0.095 -0.0820
SUS20 -0.052 -0.094 -0.0895
Table 2 Reversible strain limit
Sample 99%Ic Recovery 95%]c Retention
Rrev (MPa) Arev (%) R95 (MPa) A95 (%)
Insert 126 0.206 138 0.230
Brass 50 307 0.445 333 0.495
Brass 100 300 0.424 318 0.487
Bronze 50 262 0.362 270 0.381
SUS 20 282 0.389 306 0.431

Table 3 Tensile strain exerted on the SC component at the
reversible strain limit

Sample Ag Are-Agr (AA4) Aos-Ag
(%) (%) (%)
Insert 0.099 0.107 0.131
Brass 50 0.146 0.299 0.349
Brass 100 0.158 0.266 0.329
Bronze 50 0.095 0.267 0.286
SUS 20 0.094 0.295 0.337
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DI-BSCCO® Type H & Type HT {&;BREIS 1%
I-B-T property of DI-BSCCO® Type H & Type HT

BA S, AR T, ILH HE—, B R, R E—, Al B, I B ERE L) dkE 2 (NIMS)
TATAMIDANI Kazuaki, HAYASHI Kazuhiko, YAMADA Yuichi, AYAI Naoki,
KOBAYASHI Shinichi, KIKUCHI Masashi, YAMADE Satoru(SEI);
KITAGUCHI Hitoshi(NIMS);
E-mail: tatamidani—kazuaki@sei.co.jp

1. [FLBHIZ

LR CIIINEHERE (CT-0OP*) I2XY, 140 A 7»5 180 A
class DML A + 5 Bi2223 BEE T — T .
DI-BSCCO® Type H OIERNAIEEE 725 TWND, HIZ, TiHHH
BTt T A LT, 0.02 mmt AT LA, 0.05 mm DF
GO T—7M% Type H 7—7 W FEEZIR—IL7, 3
JEEE DRI Type HT ZAERLL | 85\ A RIS KRG H
SKOBEEMM OB EIT> T D(Fig.l BIR), ZhbHb
DOAKIRRES 1 COMBE SR EZ TN - TR T 22030 A L
TpoTWNA,

ARBRCIX, 77 K B OB H 123 146~175 A @ Type H
T DARIERES e [-B-T D2 ZFHEL 7=, X, Type H
& Type HT DIRIRBEIGRHEERE L  fiTRIC LD b0 F B
ZRHE L7,

SUS  :0.02mm*
Cu Alloy :0.05mm* ™\ solder

SEr e

Fig.1 Three—layer structure of the Type HT.
Reinforcer is soldered on the Type H tape—surface.

2. BHBLUERAZE

WEITHRIE He 1L, He HR7m—BEIHF IR EEHIEIC
X0, 20K, 30K, 40 K, 50 K, 66 K, 77 K, 90 K |[ZiR AR E
L, BEE -~ 2y ML AN %7 — 7 S - KF
JFENCHINLUIRRE T - VIRIEE T 72,

TR RS R P 3G 12 FHV N = Bi AT D38 7T % Table. 1 127

9, 3B H 140,H 160,H 170 OIEIEREEE AT L=, X,

B H 170 2 SUS(0.02 mmY), Cu Alloy(0.05 mm')7— 7Tl
TR TR OFE R D | AKIRBIG R L 2R M L7z,

Table.1 Specifications of measured DI-BSCCO" Type H.

Specimen H 140 | H160 | H 170
Average Width mm 4.08 4.18 4.25
Average Thickness | mm [ 0.223 | 0.223 | 0.233
1. (77K,S.F) A 146 161 | 175
Je kA/em?| 16.0 | 17.3 | 17.7
Je kA/em?| 45.1 | 47.3 | 51.1
Ag / core ratio 1.8 1.7 1.9
3. R

S1ELGAEM OV S LM ORRHISHE

77 K B OS5 CORMEZEIC LD RIS Rt O 268 %
FEH9 B0, 77 K [ THRIELUZIEEE, 1(7,8 )/ (77
K,S.F)Z& vy, 2 A # a8 i 5 w it R P O IR e S ik A7
AR a LEFETD,

Fig.11Z SUS ffiia L7=#0k H 140,H 160,H 170 O IE(H
VRS T Da DRI R E 7R T, Table.2 [ZARFEW
AR T, 20K.4T Tl el 1.571.6 FE, aDEERE
(6,/<x>)1% 0.05 FREET, L,X° L, LEDOFBITFED LA

277,

B | tape surface

B // tape surface
4

- A
—O0—H 170 4.2 K

—o—H 160
——H140_| 3

32

-o—H 170
-o—H 160
A—H 140

10 20 0.4 1 2 4

Fig.1 a-B-T property of the different /, of DI-BSCCO®
Type HT(SUS: 0.02 mm").

Table.2 Typical 7, of H 140, H 160 and
H 170, and 7(7,B) / I.(77 K,S.F) (=a)

L (wpper linell .7 e o plog K, 4 {42 K, 10T
a (lower line)
144 A 228 A 290 A
H 140 1 1.58 2.01
158 A 253 A 331 A
H 160 1 1.60 2.09
172 A 252 A 335 A
H170 1 1.47 1.95
coefficient of variance of a 0.048 0.037

-2 R I K HIERHISE D

Fig.2 125Uk H 170 L2 o ffissifres O (SUS: 0.02 mm!, Cu
Alloy: 0.05 mm‘ 7~ — 7" ##) D T BRI T Do-B-THE:
TERE R R T, Fo, REMZ2 [ LaDfE% Table.3 1ZRT,

4
T T T TTTTT
B,, L tape surface | Table.3 Typical 7, of of Type H & Type HT,
go r/iﬁlforce' and 7(7,B) | 1(77 K,S.F) (=a)
—0— Cu Alloy -
3 —A—SUS |felupperlinel 77y g 0k 4 fr2 K 107
a_(lower line;
¥ T inf 174 A 260 A 346 A
8 L 42K || no reinforce 1 1.49 199
SUS 172 A 252 A 335 A
4 1 1.47 1.95
20K 180 A 264 A 354 A
1+ 2| CuAley 1 147 197
| coefficient of varianve of 7, 0.024 0.028
40K 30K [[|coefficient of varianve of o 0.011 0.010
oL . L
0 2 4 6 8 10 12

BEX(T)
Fig.2 a—B-T property of the DI-BSCCO® Type H & Type HT.
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FATIZE A E o7, vy METCTOE BTy b TOZE
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b5,
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Evaluation of AC losses in Bi2223 twisted multifilamentary tapes with interfilamentary oxide barriers.
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JRAAR R,

2. EEAE

INUT BN A ANGRF (19 75913, 18 Powder-in-tube (PIT)
R DTV 72, SiZr0; N T 5730 Bi2212 % 20wt%
TN X —ANRICUIZb D% U TR E L CELERRO R 2B
LT TEEL, VAR L TZ E T —7 &1/
A7 AT~ 20 3. 1mm, [EX 027mm Tdho7-. 3Rk
DOIEFEFFE T BRI TIEL VTN, BEEARA T2 558
TR RS (O 1TE Y 7 T 7 A VR LD RIEL O,

3. fERLER
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= 8.8mm @/\)?A%%T DIRDJERRS A AT, [},
HEMEICEFNOREERRIIRERDFHEREL £ 13 120Hz
FREEASRL, NUTZEAL 10mm LU FOYA AN fEdZ &R
FAEREEIOE o DMEONDZED DD, Fig2 12, 2T AD
FMD fo BN Je O Lp ef7tA73. KXY, Lp % 10mm LI F
VAR AT J i TELUR 523, £ 100Hz BLEE7RY,
Lp=5.3mm DB £ 135k 380Hz FCTHIRT AT LAaHRLT-.
Fig3 |2, U7 ADYA ANEHFD TTK, 45Hz _jb FATEERLS IR
ROFNEFIRIE R AR, ko729 P%Lﬁﬁﬁ?é
R D BRI T V9%, 747%/F7b>
FEE U RER L CEA L EE =g, XY, /\)7’
AN OBRISAE R AT L O BAR Mz R TRY, 10~
50mT CIETHIED S0%FREEL 272, ZORERIT, NUTEAL
YAAN YT Lp OIREE A AT BT, PR
TERR FIZBOTH 747 A MERS A DMIIS -2 L2/
Lﬂ B, SHBOFRELL T, LRSI RA 155720

Z, HEREO L AL TR YA ANEA T

571@@)3[11&%1‘%#@“544%75%6

4. BfF

ATFFED—HRE, BlFrseEfiBhé: (No. 20686020), (1) #E
RIS TS CBhRL, AN RIIFFEBhRF L OV B,
B RE e 2 — B FEE 7 Y = 7 MR AR
JoFEfisTz.
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1.1
. i ‘/',;":. 120Hz
El.l} i B—O_:)r.nT. OO
E 1
Q ( I | ; .
0.9 : B j S17rOs Barrier
A =1 I Twist pitch=8.8mm
0.8 1 1 1 1
0 50 100 150 200 250

Frequency f,|Hz]
Fig.1. Frequency dependence of AC losses O,,, at 77K and 0.5mT.

400 12000 2
Lp=53mm =
=300 49000 £
2200 + 4 6000 Z
S100 f 43000 ¢
3 No Twist Lp-8.8mm ;J
0 — Lp=15.8mm ;
0 0.05 0.10 0.15 0.20 =
VL p[mm™]
Fig.2. Twist pitch Lp dependences of /¢ and Jc.
10000 E - -
£ With SrZrO; Barrier
m I
= 1000 3
5 :
E 100 - :
= E
- ] ==
< I To=13.2A
w
& 10 Twist Pitch=8.8mm
U Coupled
-
1 1 1 [ |
1 10 100

Magnetic ficld amplitude B j[mT]

Fig.3. AC losses at 77K and 45Hz plotted against perpendicular
magnetic field amplitude B, for twisted tape with StZrO; barrier..
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(1) R.Inada, etal.: Supercond. Sci. Technol. 20 (2007) 138-146 .
(2) B.tenHaken, etal.: Physica C 377 (2002) 156-164.
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Visualization of current profile in multi—filamentary model samples by the scanning Hall probe

magnetic microscopy.
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Fig. 1 1ZR7, BBtOMEANIBEEAR G NEAHR AL W5,
AEHBEH OB — IR KT 500A ZEINAIEE/ RS D%
HALTRY, Bz @ELIRETO H A o iz h—
IR FIZEOBPEL, AP N— L DM IV E IR 5 A
DI EATY, A— VR TIL3TAT — VIR ff T o7
0—7 OEERIZEREL THY, mANITHIC lum, mIFFHAIC
% 0.25um DM HMREETEERETHIENTE, KK
15cm X 15ecm OEBEZYTEHL TS,

AEIOEBRTIX, IF lem @ YBCO #MIZ, =y F 71
JLOME 400um, & 8mm DT 4TA N 10 Ke, 74T AR

PO MR E FT S N7 4 7 AL MR OfE & BRI /R |

“NEF T NELTHE LTS, Fig. 2 I/ERIL-~LF
TATA DGR E T, 2BZEHEIFBDOT4TANIFHES
IZHHRL TR, 7T BB OT4TAMIUTIEF AL ESD
WD UA B 2 FHPTE AL, -, sl LAz B
T, TAT A M OFEAER 3% 3 AT TV D, [RIFEHC
BIREFIINUIZBE O B SRR i e £ B AR — L E TR
PSS FVCHIEL . ~ VT 7 4T A MEERM N OB T
DA DFHI AT T,

3 MERLER

T IVTF T 4T A NN O B A1 OB T % Fig. 3 1R
T KO AW EFIEEREHR ISR R L T, RO
RERTHDLE Wit LT 2 BB, 9 FEBDOT74TANCIHE
PEDFRAVTVRNZ LN 303D, Fie, 74T AR 4-5, 6-7 [#]
TIEEEHEN L CTERND G T DT ELLX TS, 71
FAS T OFERTIE, RIGICEVEREIME L, T D55
BT ATAN 6 ANTERBEFLTND, 8 FHDOT 4T A
VIR RTHDE NERUIZEBI ORI (Fig. 2) M HITRRICX
MaERAL 2 fERR CTE IRV, 74T A MIRND BIRMEAME T
LTHY., EANCHB N TIIMO T 4FAL F~DEBHRDEBL
RN, ZOEPNATOND KN HDZENIMN R D,
BERIR— VR KRB E ATV T 7 07 A Ml
M NOEB A% AR T HZEI2E 5T, 74T AV M
DOWHRIRSNTT 4T A ME DR 45372 5y B B 24P R T&

Hall sensor-—
Prism mimor—

Fig.1 Schematic diagram of a scanning Hall-probe
magnetic microscope.

Line & Space=
400pm &100um
(10 filaments)

SOENONIAWN ::!
;

ko

Fig.3 Current distribution in the multi-filamentary
model sample. The dotted lines indicate the edges of the
sample.
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Fabrication of superconducting conductors and optimization of poloidal field coils for the JT-60SA
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WEL, BEEaA VOB EITo72, FrA L
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NHBE ST,

2. BEtOLE 21—
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Programme - Project Committee) T, Xt ENFELE 72D
THET 5, Figl ICBEE~ 7 %y oW EZ7RT,
UUTICBcE~ 7%y MCBEMRT DR EE S 27T,
21 TFaqI

TF 21 A LDl KIS % 6.5T 725 5.65T I[ZH S L, B3
BORARE 13 12D T2 &Ik > TEMERED 5.0K
5 4TK TR, ZOREE., BEITHWS NbTi #
FROEREMN LS hr b 334 AT Lz, A LE
ZRICHW D HEEM X, RO RE L & a1 VSRS
DOFEEZIT>T 700 b 290 F A& S,
TF = A VD& % Table 112777,

22 CS

TF 2 A LV O/NLIZ > T, TF A v & CS & DRIC
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23 EFaqIL

EF 2 A VOERMERZ S T 720, 7T X~ T
Foiak it &, EETRVIEEIRFIROBIREZ T 72, €0
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BLT, Bz mbEsgi,

24 EtE

ERFE O T, BiaE oA VORERWE 1 FERE
FELT2014FETE o7, TORKE, TF 21 LididE
FA % 2 ROBET A THEET HM., CS & EF =4
MEEnEN 1 KROBET A CTEETDHZ E0ARE
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AEIDORFZEET, CS & EF aA VPEEOKEDT
Fixd o722, ERMEEOLEE I/ o712, T D72, CDR
EOEMRMREOREA, 2008 4F 4 AL S, CS
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T, REETIEFCBRG S s, BUYEERE O S NbTi HFEif
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HZFETHD, BERLBBESN, 10 AR 2 —EIK
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[11 K. Yoshida, et. al., IEEE Tran. on Appl. Super. 18 (2008)
441-446

Table 1 Parameters for TF Coils and CS

TFC CS
Bore: R: 3.98 x R: 0.824,
sy . H:6.92, Winding dR:
Winding Size (m) Winding dR: 0.154, 0.34%,
dT: 0.357 dZ: 1.585

Nominal Current (kA) 25.7 20.0
Number of turns 72 556
Peak Field (T) 5.65 8.9
Operating Temp. (K) 4.7 5.5
Maximum voltage (kV) 2.8 10.0
Weight (t) 380 92

Table 2 Parameters for EF Coils

EF1 | EF2 | EF3 | EF4 | EF5 | EF6

Winding Radius(m) | 5.819 | 4.621 | 1.919 | 1.919 | 3.914 | 5.054

Winding Width (m) | 0.343 | 0.370 | 0.556 | 0.556 | 0.315 | 0.370

Winding Height(m) | 0.347 | 0.347 | 0.564 | 0.625 | 0.403 | 0.403

Nominal Current (kA)| 20.0 | 20.0 | 20.0 | 20.0 | 20.0 | 20.0

Number of turns 142 154 248 355 152 180

Peak Field (T) 4.8 4.8 6.2 6.2 4.8 4.8

Operating Temp. (K) | 4.8 4.8 5.0 5.0 4.8 4.8

Max. voltage (kV) 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0

Weight (t) 29.7 | 404 | 22.7 | 293 | 29.7 | 357

EF4
Fig.1 Cross section of JT-60SA magnet system
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7 L AKEIBE IR | A SERORNCER B SNy 7 7 H

NLT BRERICHELE25NDE9127->T0D, B
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Mount Bracket

T
Upper —1
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Fig.1 Elevation view of CS assembly (left, CS modules are
not shown), and cross section of a part around CS
modules with pre—compress mechanism (right).
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Inspection results of conductor for ITER TF coil after charging test
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B3 B = ORGSO DO BB, fEl 3 v MO
BICHESNT R ETHA. HIERIELAR@ED TF =
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Fig. 1 Residual strain along the conductor length by cutting
the jacket after the charging test
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Fig. 2 Location of scanned points by X-ray CT and CT images
in the conductors at the connection parts of jackets and the
high field region
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[1] K. Matsui, et al., “Test results of the third Japanese
SULTAN sample,” in Proc. of 2008 Appl. Supercond.
conference, submitted for publication.

[2] K. Matsui, et al., “Evaluation of Thermal Strain Caused by
Nb,Sn Reaction Heat Treatment,” TEION KOUGAKU,
42 (2007) 311-316
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ﬁmﬂﬂﬁ@t J?%M%% 2B, %i@%@a&%ﬁﬁxmf’ﬁ
EBL W SULTAN TORMBARBRDINERATOALTET. [1]

TNHOEHBERER AT, BUYERFOBE THRE O
HHPEASNHZENEFSNTWEN, FROTRE O BT
ETIE, OFT BT =TTy MO O AERETHZ
EPDEREOTHOREEZRIT - TN, 22T, EEGITIEN
AR O HORIEEE L TR EIHEICE B L.
ZOFEE AU, FEEENICBEEHEOKE O 2%
EEHECEDAIREMERHY, T, MBS LR TEh
X, BIRNEO O H oA OBIED FIREL 725,

AAFIETHE, PIED TAHELHEEL T, SULTAN CTOi#EE
AT Ty ahiaav S A QR T = S IEIE g VA Sﬂzmo
P BHEZ RO THRETS.

2 EBAE
21 #5E#M  SULTAN CEERRBREITo7-1% 0 FEHUR R
1RO 2 5 K 100 mm Y H L7, 55 OB O
TSNS H UT= (HF) &2 —3 7 WAL MRS S
(LF) B8 HHLI-b 0 ThS.
2.2 BIEESRGL HPEFIE T, BIFTRRIER T O O Bk
HIETHIENTED. BFMENZHOWTE, KUIRT LA
B DAECT-HRNZHONWT, KEDHOHEZ 6 mm, 11 mm D4
. AT 5x15 mm & VTR, FHMEEALE, XK
R TOUI ) OEML L7205,

BT DN T, HPEF-OF R S AN EL D70 HIE
ICEEL S D, OV AL T, BB X0 O 2B ik
ENTEY, @G EOOTRIDIRNETRENLN, 5% D
YO R EEBEL TN R ORIEIZTF Lo UL,
K1 HIRT, FEDHEES 10.68 mm DEESDO @)D S5 H
DELTHEZ B o7-. AV T 5x10 mm Z V-,
2.3 AIESEMH ARETIE, AV O TR @100
WS, A3 BERTREZRBIPTHR T D 320 & 321 ZFHAIL7Z.
FENTICIE, SRS B A7 321 Z V=, AHIETIE, 320 &
321 oI LRI Iy T4 7L, [AIRFIC
T AN CED YTy ELEE. WA 0.159
nm THD.

3 BRBLUER

HENPDHFELNZEHTA LY, & R TORTHEFFEZ KD
7z ARE TR, O HOEHTAPRITHHIZ0, O
HaRODHIEITTEIRN D, EBEDHTD d OFEx gL
2%, BEIT MO -HRIFEORERE KX 2 1R

#EARED, HE Tl (2 K0 RE 722 25T 7)

Mo 0 e

T o

Fig. 1 Schematic of TF coil cross section
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Fig. 2 Change of lattice spacing of high magnetic field area

and low magnetic field area by neutron method.

Td DINSBDMERAD LA, —75, LF Tldkd OMEIEE
—ETHD. HF OFEEIAITIE, MEOREIZLY, FREO
T HRBECTODATREMEARIBS D, 74T A FOEOT
HOEWTAZERIEL, FHEOTHEL GHETAZ AR
ns.

M ORERTIE, SOk T mMkRIE, HF T0.175517
nm, LF T 0.175535 nm 720, dDE TP 7eh-~T-. dh51a

TIE, 5x10 mm W)L ST ARFEZR 230, #ih 5 R OFF
i3 7 CRIRE T A TR CTE T AT R E .

4 FL&H

ARFITIE, ITER TF 2 /UCHBWT, 710, fiFmet
(2, FEIC LA T EFRERIELZ. 4% 0, CICC DI
A7 OV B JE D FTREMED -l RSN

SE X
[1] K. Matsui et al., “Test results of the third Japanese SULTAN
IEEE Trans. Appl.
publication.

sample”, Supercond., submitted for
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Strain measurement plan of the qualification sample for ITER CS using neutron diffraction
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DOHEREDFHMS DD ISR DI AR 11T THDHI20D,
HER 7L O B OGS AT, R KEY 11.7T 125
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SEEZEBLTC, AL TEVa/ 0 MESUTIE nQTH S,
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EOPERE RN, BREFHAICERNGMLTNDIEN
Bl TWD [1], CS FHEER THRIBRDE S AELD W]
RetENH AT WEREBRAI% CEEZHETHLERHD,
TF BATIL, ¥ 7y 2mm DR THLZD, v roh
FIZBEO T B = W T, Uy hOBINIZ L 0 fiE
HMENHEZREL TS, CS HIEEKR T, Dvry  MNER
ThoH=  BIESNHTEIL TFEAKRD 1/5 O 130ppm FREEL
TRISH, ZNETOFEEEATHZENRETHS, £z,
INETOFETFENZRIIE CHY, LOFEMZm RE5E5
eI, BB ROELEBENETHIENEETHHE
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RORBY T NVOBEREICHEAL, BIREEOEL E
WEFTHEEBRAL TS,
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PL Ry, 8T 538 7 HUT, SULTAN %
Wz Tog IEZEEML ., TR I EREETTHET,
FERE ANV EERL 72 CS RO ERMREN K IEShAZ L
NSNS,

First Triplet Copper

p E.?:‘/Cr plating
/(_;K _d

Nb:Sn Strand

j_, ) : . Insulation
Jacket
Final cable wrappin

Sub cable wrappin
Superconducting cable

4% mm

==

72
&x
Central spiral

Fig. 1 Schematics of the ITER CS conductor

Table 1 Specification of the ITER CS conductor

NbsSn strand Diameter 0.83 mm
Cu/no-Cu 1.0
Je @12T, 4.2K > 900 A/mm?

Cable Cabling pattern (2SC+1Cu)x3x4x4x6
Twist pitch 45/85/125/250/450 mm
Central spiral diameter 9 mm (outer), 7 mm (inner)

Conductor Outer dimension 49 mm x 49 mm

Cable diameter 32.6 mm

Void fraction 33.1%
Operating current 40.0 kA (IM), 45.0 kKA(EOB)
Nominal peak field 13.0T (IM), 12.6 T (EOB)

Operating temperature 47K
Current sharing temperature 54K

‘ 36m

Stainless steel
A Jacket [>T SC cable
: [l
h'é%l>' .!:‘ S
I

SC cable phosphorous-deoxidized copper
Oxygen-free copper Cooling pipe
Fig. 2 Schematics of the SULTAN sample
SE 3

[1] K. Matsui et al., “Test results of the third Japanese
SULTAN sample”, in Proc. of ASC2008, submitted for
publication.
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Microstructural observation of ITER Nb,Sn strand under bend strain
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A7zt F EHORENE 2 LTS, HFIcxd 59
AR E T LTI, = Y 27 2 ORBHRELICE U T,
BT T V& SBPET LD 2 SOMIRIRENRE SN
TRBY, ZOETMIE->TI,—HiFELEZDAT LA
BHEINTHD[1], ZNSEOET VTSI X, #Br
HNOFEAREBIZS U T, RS~ U 7 2%&25 L CERE
TEANTERVDNEERERLTNS,

INETITE BN Nb,Sn FRRO T, — i E AR RIL,
ELHENEN D EEIRPIET MZIEWREE R L TR,
[ £ 7 & W T2 BB MAT IZ L - T 2 DA R S
NTWa, LrLais, 20HE~ I 7 2OEFHEHT
IR 7 0 o ZOWPTLR LY HENMT/NESWVETR TR
X259, BLEMIZIEE 2T W,

BB E 52 5 DMOERE L TEZLNDD
. 74 7 A MNEAORES L. BITHIREO 2 T > 7 D%
HIRIETH D, 74 7 A2 MEGIE, MR E2 % L <K
TEELHRERERDH Y, 7T v 7 ORFAEFTEE L 1.OIKT
LT OT, AT B Zho0BGoAaGbE T
EARPTE T MRV BRR BN TV D e b 5D, 22
TAMFFETIL, ITER AIC/ER S 372 Ff % ¢ Nb,Sn SEH7 D W
[Al SEM BlE2 21TV, WiHBRC T ¢ T A v b OFEE IR,
7T 0 BRI,

2. EEAE

AT, 7 a o R (sample A) . 7 1 v RIEREES (B) |
7a s K (C) . WA X (Internal-Tin) ISR (D) D
A FEETH D, MEITNTIHD0.82mm TH D, Kilkto
W& Fig. 1 \ZRd, Vo7 Lo EAENL, T
XDLRTEMIITADE I, Trnr oI rEnkzvA
Y—H v Z—THEOHRIZH Yy FENIBEREEHEL,
FRCHEARIATe Z & TiTo 72 (Fig. 1), KICZ OEER
Bz BMEOKPESBHEID BRSNS ECHEE L, R~&M
(2 0.04um DA F N Y B BRETR CREBEHE L=, W
TEB1Z21% FESEM 2 JHWTHT - 7=,

3 BRLEER

Table 1 12, HIFEARICKT MM DT T v 7 IR
MEFELDE, HoNIWEBICLE27 7y 7 EBbns b
DIFHNTWD, F7- Fig. 3 IXHBMDY T v 7 DIEF
ERY, BIEOMRE, 4 HEOBM DO L, 7o XERR
ML T EREAY A SR AT RN D 7 5 o o SR
LCEIERDNER D D Z L BNy hoTz, —F. WA R
ERAIE, FERITHELS . 0. 2T%D T B THENRN 5
TT BRI, VT v DREIF. 74T AV b
NRIEDFERFEA LT LE-2TWDHEZ A, HHWTIARA
ROJEY T&L | EMEMTHE D LIZTiciiz 27 7 v

INBEEI N, Fo ABMEB LU CEBMTIE, BERMIC
WRTT7 47 A0 ORAETINSHERZ T b, Zh
L Fig. 1 THHOMD LI, ABIOCEMTIZH T N
RIVNTT 4 T A2 FRIEDEFICEEL TS Z ER
FRREEZOND, BUERIEIZ L D & AR ORMLIZ, B
MR THL MR E Do, ZHIE. 74T AV b
MEAERTRELE B s,

Table 1. Result of crack formation under bending

A (bronze) B (bronze) C(bronze) D(IT)
Ebend Out In Out In Out In Out In
0.27% - AN
0. 32% - A A A
0.37% - - - AN AN A X X
0.51% yAN X - X A X
1. 02% - X - X
2. 05% A X X
% X X :Many cracks, X :Some cracks, /\:Few cracks, — :No crack

Sampleile

Fig. 2.

Clamp fixture for bending.

8b=0.
tensile

Sample D Op

Sample B_
Fig. 3.

Cracks observed under bending for each sample.

[1] N. Koizumi, T. Isono et al., “Development of large current
superconductors using high performance Nb3Sn strand for ITER”,
Physica C, vol. 463-465, pp. 1319-1326, 2007.
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Test of small pulse coil using Ta barrier MgB, wire
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MgB, B LR IL, 4B R EEIR TIIER b &V 39KD i
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HZED, BRAROR EATEIL, NbTiOES
B 2 WIS H 2 A VS OB E SIS S Y& T
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DD OFRFEFEM (1], [2] 29T > CT& 7z, RIFRTIX, &K
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DOMgB,Z M ZE L, ZnEHW=Y L/ A KaAf L
ZRMELTZ, Z LC, ZEHEAIT &R SR 2 M
L7z,

2. EEBAHE

M OERIT, in-situ/PITIEIC L VT 72, JFLBHE
KT, MgyR, 7TENL T 7 ABHRTH D, WEE &
AR —L I VIRE LT, CuNi (UVE) /Ta (NE) HAE
WICFRHE LT, FTEORE THR L%, HE, Fig. 10
TR R R & 70 D & 9 ICCuNi & ITHA I . B &2 1T > 7=,
B, PREIIFCuRMIAAT, F LT, RAEHNHRES
0. 78mm, & ZHIT0mD6.HE & 1572, #bF ORI A Fig. 1
Wt a7 3%, YA A NE Y FIEI50mm TH D,

BB S besmEEHAWT, YL /A Kadg
NEERI LT, Fig LU aA VONE & 27T, &
EREITAINRIZ R Uz, =24 b4 X%, N£E35mm,
S5 Imm, & X48mmTH D, B Lz =2 A Vi, 600°C,
1R (Ar 2 7 m—1) OB 2 Fhi L%, =K
X UHHIE CEIRAHTR L7z,

FREaA N Oleld, Bl T-%2 AV THlE L
2o TANDIcERET DEEOREIL, He W A D &
t—4—ghkartan— L7522l BT,
BEX Y —iZaA VCEFBMERE LT,

3. RRUBE

Fig. 2 IZIEE % 13~30K £ TEAL 7z & & Dok
S EAERL U7 2 A VO H CRESOBR Z R, 13K 128
W, BREEDS AR 5D oA L ORARIG T
0.7T TH V., AEOFERITH 40%DMHREICE £ -7,

FRITBAETES CTH D03, Ta 23U T REMFHIN T
W L, > —RIZEHF SALD Cu EHED Mg 3EL
WVBREF IS L, AbERNER LIz EeEZ N5,

aAND Ic BB 5ERE b FHEGHRE - & &
DEBEFAERIS, ZARZ LA E 2T &xDa
A WVETEPEZ DWW TS A RET 5,

barrier

»

Cu

. Cu-10Ni

Conductor CuNi sheathed Ta-barrier MgB, wire
Wire Diameter 0.78 mm
Length 58 m
Filament 6
Coil Inner Diameter 35 mm
Outer Diameter 51 mm
Height 48 mm
Turn 399
Inductance 3.66 mH
Coil constant 0.0082 T/A
Insulator T-glass

Fig.1 Specifications of the CuNi sheathed Ta-barrier
6-filaments MgB, wire and present coil.

0.30 ‘ ‘ ‘ ‘
ey T T
':, 025 M- m 14K -
© : 3 3 3
Q2 020 [0 ottt e A 20K|-
gl 1 1 3 3 3 @ 25K
2 015 g g T X 30K/
[N ST SO NS S
5 o 4 Y 2
O 005 [~y e T AW
XxTye ot
0.00 : : :
0.0 0.5 1.0 1.5 20 25 30
External Field (T)
Fig.2  Relationship between the external field and
magnetic field generated by the present coil.
Bk

ABFFENT, BHIFER HARRFZE(A) T ) 28 P A% B fR LT
MeB B4 B B 56 1 (16206032) DT HED FIZFEMiLT-,

25 R

[1] K. Funaki, et al.: Abstracts of CSJ Conference, Vol.77
(2007) P.58

[2] K. Tanaka, et al.: Abstracts of CSJ Conference, Vol.78
(2008) P.84
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Improvement of Bi—2223 Superconducting Magnet working in Liquid Nitrogen

NEEREE], ARAEE], AR, THE %5 (LLXR) ;
OBUR, EREFEI = (EAETL) ; fER (@@L
OTABE Edmund Soji, NEMOTO Shinji, KIUCHI Masaru, MATSUSHITA Teruo (Kyushulnst. of Tech.);
HAYASHI Toshihiro, FUIINO Kousou (Sumitomo Electric Ind.);
NI Baorong (Fukuoka Inst. of Tech.)
E-mail: otabe@cse.kyutech.ac.jp

LI FeoH

ZNE T, CT-OP(ConTrolled Over Pres-sure) 520D 1E ARl Sk — R TLHIEE, TRy ETIEO
RSNz Bi-2223 Ry — AT —F &AW T, BILWiEE MR BT ESEHZEN, <7 Ry b H i KRR
<7 3ot EL, TR EREREZ P B X O EIZENTHDHZEER LT, fk7"v~h®%4ﬁ%ﬂ
O 77— IR ZE T CREMmL 7= P, ZOfEH 77K BEIZOWTIEESICRELTHIETEHEE LN,
TO040T, 65K TO0.78T ZHASHLIENTEXDHI L% DZEZDOWTIEY B RERT D,

M7z, Bi-2223 R — AT — 7137 — 7\ E IR

z“Eﬂnu#é&ﬁmﬂ%mr“#%er@b)%/;'a& AT 5. u‘_ D o
— = T =
BoT, T—FICHE RS DSEIIL 720 51T = == D =
Fed Bz, %ivﬁﬁﬁﬂﬁqﬂf@ﬁuuﬁ@om%lﬂkét‘ = = L
BILICED, <7 Xy b DR S B = =T -
WTCEBEEZDND, AFETIEZOLIRFEL A =1 = ¢ ] = :
o 7 Ry MDY IC OV THE T, = = P =
RIS LURBRER !
<7y ME 10 HOF T N e —Seaf LA LT i i 3 .
HERL T D, YL AR Fy MTHART, L FosSusr— I -~ < W

1

FafVaEIVEERZRLOITEZHZLICEY, ~7 kv h
BIROMRER ) XA L. FEEN [ ferrm il Fig. 1: Cross section of improved coils. (a) iron plates at top
DAV BBD, AT Fig. 1(a) IRTEHC, 7L — and bottom, (b) enhancement of /_ at top and bottom, (c) iron
M~/ oD LI 5o e 525, Thicky,  PAesattopandbotiom.
Tk R if%ﬁﬁ lEFELNT, v Fyh ENETO N —
T =R ERES A AR T E 2 ZE N IS LD, 2
ﬁﬁﬁﬁyﬁ(ﬁ (FEM) |ZXAENTHERND, b KRS 2
ZTRTDE, 043T L720, 7% Ol E3dD, EERIC Z
BT L — S L TRRLIZEDS 0.43T O LR KB 2
RatGlz, LieioT, 7LV —hOIEENFNTHHZ
gl

WIZ, =7 F D ETFEHTT—7O@EREESE LT
RBZN ESEHZEITHOVTHFILTZ, Fig. 1(b) (2
RTINS, BHED 7 Ry D ETFHIZSHIZ2 555 %
DI — ﬂ?n/r/véi%ﬁ X%, ZOaALTIETIK H Z
CHER COREFLERD 165A DT — 7% 2 I EREEY z”
LTRSS 2, ZoZEIcdvEMN 27— DRSITH .
AHN, TEBR T TORAEREL 2 5ICTHILENT % 025 0.5 0.75
&%, Fig. 2 [CHEEBER P CORSRETEIEL~ 27 F b B(T)
DE—RIA %R d, THUCKD~ 7 Ry hO R ) Fig. 2: Load lines of the improved magnets at 77.3 K.
LT, 0.68T DL KRR ZRLIENTELHETRT
&5, EHIZETL—IE Fig. 1(c) DI AT HZLIC SE X
JZ@ EEBSAKSE/NSKL, 0.82T OH L KIS % 1) E.S. Otabe et al., Abstracts of CSJ Con-ference 77 (2007)

FHZEMTELLETITE, 225.

2) E.S. Otabe et al., Abstracts of CSJ Conference 78 (2008)
171.
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Butt Joint Performance of BSCCO 2223 Cable using Metal Jacket

W ®GE, gk 1B, AN BRI GRAER &) S ot GRAEK - 461)
SAKASHITA Takeshi, ITO Satoshi, HASHIZUME Hidetoshi (QSE, Tohoku University)
NISHIJIMA Gen (IMR, Tohoku University)

E-mail: tsaka@karma.gse.tohoku.ac.jp

1. [XC®HIZ

KERhE P OREER T | EERE B L OIS A HI T 5720
D— 2D IFELL TRIGEaA Ny EILE R AT REE 55
BR B RS~ 7 2 bBRRSN QD D EIRBRE~S
FYRDOEBRIZID, VA RT U RYT 7 METYERBEREIF
ORI, BREOR Gk, -~ Xy OB LE 5D
HOMENR A fEL 72D, ZHET, BSCCO 2223 7—7% 10
KA L= r — 7 V% RO TR S o b a1 bR 2
HEDHINTE=[1],

FECEBE IR v 7 v Mib& D BSCCO 2223 77— L& v
BEAHENZER A SALFE | ERIE DI A B LA VT L D
ANFEONBEEL THARREIT o7, ZORER., #A T
BIZA Vo AEE R OIS A B ROENLTEREE T8
DREIHLTC, LU S| FEBRIE AV MEDSEBAR RN
HRIZHERL . AP0 MAE BRI ERREETH T, FD
7o =T NETREDLATREE T AT I I A T PR E DS
PLEZOND, T CARIEE CTIIBEA R EL L TIRAYY
WHEEHEL , T DHBAL U LEER WV CTEA LSS O
BHEREORERERE T D,

2. EEBARZR

Fig. 1 \ZHEBRIIMH ALY v~ ME& D BSCCO 2223
=T NVOEEIERE TR T, 207 —7 Wik, MO
P12 BSCCO 2223 7—7 7% 10 AR LIZATZTEIRL,
MR OEZ SEEEL TRIELZELOTHD, A mIX
i —T NV DREFF NI L., 45°D A FEE > TV TEY,
HifE 30m DT NI TN I DAL IR EAT -T2 1% . S Spm
DERAYFERELTZ, BAICHWEA DU LAEOREST
3000m &L, BEAEICIHEALEA LENPLTHA LSS
\ZONWTENENERELT 72, BT 0A 5 500A FTE
(L&, BRI —T NV OFEEIFAHS SUS304 Eodn
YR THEAREMEIZXHZETHML, BLZE 20MPa 75
120MPa £ T LS/, B, BRI BIOEAERILO
RARE F IV E LS TR OIS A 1T LRI L 72,

3. WERLEER
Fig. 3 IZHAMICA L VU ABEHALIZGAEA VT A
SRV TEES L= a Os - HUE L2 =3, 0A &
500A DEEDFEAIEPIOZEN 0.1pQLL F Th-o7ol-bE
LLT 300A DBAITHONWTORTRT, REDA D0 L%
TFALEZB A0S 3pQTHLDITH LT, A2
U LEVENP LSBT .8uQ Thotz, £l Ar VU A&
AL A OIEI DA I OB > THEA RO
BN T2EENRKENZERNDDD, ZHTIA V0 LA
AL T TR IS I/ NSWEXIZHEAEmEA VT A
BB OEALCTRL T AN IEME T LTI VT A
DO SIVER R AN~ 27207288 2 b,
RRBOBEAMEBETHE, A PULBEEEI LS
G TIEHEAE O HBEE LV OIEINA L T BHMT
HLTWDIENHER TE, 3 70bb, e Tl E R L
NEPFITERDBEN T REMERHY, A VT LEBE
R &S L ENTENITELICEA I RS
WHIENTELLEEZ ZDND, BIREERmE DA LAY

U LEIIUREE LT, BREKE ORI i i J0 R
TEREMEZLND, LOLRNLEA SRR AY T %
FEL CWNAZ LA L LEEMIC DWW TR Th D, Fio, A
DU LEERTRALZS S BhLTHEALESEAOWT O
LA Tho CHHEAHEMETHILE T Yy LERDAT
ZLWNATRECTH T, ZDOTLMND, SRAY I LD HEA HOH
HERNEN CHDHENHER TET,

4. HEHYIZ

RAYFERILTZRICA VT LEENDIET, #Em

ZRAEL OO AR ES SN LD HERR TE
Teo LNLIRDG | BAREARE TR LTcA L D0 L2 EL5H
DR HDT | A RITIRAYF LIS OBEE LA S L |
SHITHRIBE(LSNI AR L TOKTETH D,

SE

1. S. Ito, et al.: Fusion Engineering and Design, Vol.

81 (2006) p.2527

BSCCO 2223

(b)Systematic Diagram
Fig.2 BSCC02223 Cable with Cu Jacket
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Fig.3 Comparison of Stress—Resistance Characteristic
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Loss reduction of current leads using Bi2223/Ag tape conductors
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1. [ZL®IZ

FFEDIL, BROOERAEFRIBEETOER)—FOHEK
EREEFROEFRETHET2EBEBLRUEL, kxdB
MRHUERY — R O KOBEEIT-TE[1,2], BIEDHKE
Beonn, FFMEIORIR~RAREREE BT R a—
LoV EEFEL, ZNAERY—RELTO RV EREfRIEIC
B Zlh U, BRI UBI O Tl b R —L VK
DINED>T-DIE, THERD Bi2223/Ag Th-7-, ZiUZL, Bk
DERA A ITHDIAENT- Bi2223 i R LU T TR L,
IRBAIRFELL F OV a— BB e s 2T EE 2 5
no, LrLEFRIREN ECiEEERIIAEZAST, i
STEMEREK TSI TCLED), 22 THR], MEEEHFRIE
WY —ROIRIRNGC Bi2223/Ag ERAIIATMITL, HEE
HIE LIz, ZORER, O nEB R LA TfEThHDI L
NEBRINT RSN,

2. BFEMHEER—FOEXHE

HBHMEICRIEL T AN —RICEREREZEEL, 1K
R IRA T 28R (LT, HK) IR E R O3 & TR
E LT, FEMIEZE S0, 2] % 2 RV 2\, SR m—L
VL, ERHIEN L 0. OBfRIE

T, —T,cosd \/7 /

0.=1,L, s ,Sl,kS (1
THZ25N5, ERMRE T, NEIRITR 50 EE (EMHEE
Vi) L, ARIRSIREE T, V—RWimfg S, £ 1(=0.5m), BI&HI
ELT Y BRE R |, % (DRUSTACAL, EfEfiTicky L,
RO, FERER LITRT,

iR il B LT BB — R R 1T, T n—L v
L, DT 5[1,2], Lo THRFERERABET D
IR OB/RY —RITIL, L, 2/ NSO RINL 20, FE
HHEE T, MBEBERFOMMRAZIMZ T NOTHILE, 2
(BB R/ NSOESROMER £ 72D,

FAETH O DI-BSCCO%(Bi2223/Ag)% 10 AF I THE
RILI=ERY—RD L, Mbh/NShoT-, Ll WrikifEdh7-
DO EEG I 1T ERRFHRERY) —RDR 2/3 THoT=,
AU, BEFUREELL ECOEBBNEAEA N LB 2 B
2o

Table 1 Average Lorenz numbers and average thermal
conductivities of test leads

3. Bi2223/Ag BIAZ YT IT-BEBERIFAER)—FDEX

TZCHEA 5mm OMEFEFEHNE Y — R ORI ES
10cm O Bi2223/Ag HARIARZ LTI, IFATETLIZT
AN —REAERL 7, MEEFRNERY —RFOBERFOETH
6 DYRE 5347 & BUEARNT I LR D B &, Bi2223 DGR
THDHH 110K ([T KRR DI LZ 5em THHD
T, VU E R385 TH D, BINENSRD I
Ba—L V¥ L &R 2 \ORT, RO MR R R —RiC
T, S u— L Y EASK 5% T LT, RO
T, EHBROM ERVRL BT,

Table 2 Average Lorenz Number of Bi2223/Ag soldered
oxygen free copper leads.

Average Lorenz

Average thermal

Material number conductivity
L, (W/QK? k, (Wm-K)
Bi2223/Ag  soldered 209 x 10 464

oxygen free copper

Average Lorenz  Average thermal

Material number conductivity
L, (W/QK?) k, (W/m-K)
Copper, Oxygen-free, 3
purity 99.99% 2.19x 10 464
Copper, Electrical tough 3
pitch, purity 99.9% 2.30>10 436
Silver, purity 99.99% 2.10x 10% 481
Bi2223/Ag * 2.07x 1078 254
Brass, Cu-10%Zn 2.62x 107" 168
Brass, Cu-30%Zn 2.78x10° 89
Bronze, Cu-10%Sn 2.71x 10 50

* 10 tape conductors are bound by copper wire.
Conductors are manufactured by Sumitomo Electric
Industries Ltd., 7. = 140 A at self-field per conductor.

4. Bi2223/Ag BEfTIZ L BB RIERDER

11X, U—FB OIRFTER DR R A R L2557
Th5b, ERIRLIOERRFEIRD L, & k, ORERFERND, L,
= kyp/T DBRRLV RO T KPP TH D, WPIRpIXIRE
\ZIEHBI 2EEL TS, Bi2223/Ag EiA% 3 ALV AT
72U—R D43 TRBIAIREEITH) 100K LEETE, ZNLTT
EHIRN 012D RELT=DNK 1 D SR THD, i,
O F OB HEENTBOHFELELLARDINTE Wb o
T, TS Bi2223/Ag EAARE ALV T2IRF BT ORI
LBEZDIENTED, TOMELBMRE R k, D L, #5757
B, L,=2.06 x10° WQK> Tholz, 2 DFHFE LD
U3, Bi2223/Ag LHEFEFEEE O M OB I Sb D
LEbhD, RO Bi2223/Ag T—FHEIKEIIAT T 5
7200 C, b I TIEHLINEIRY —F OB AN A HETH
HEEFEBRTRTIENTET,

15107 i
Oxvgen free ct:])pi:‘l'

3 1o10”
g 50107 ()xv\'g?‘ﬁ free copper
4 g + 3 Bi2223/Ag tapes
fa'ss M = o'T
. P oL
X u = -l -I-l 107
00 L 1111 |10 L |
100 150 "nrl ‘H{J 300
Temperature (K)

Fig.1 Temperature dependence of resistivity of oxygen free
copper leads and Bi2223/Ag soldered leads

SE XK

1. M. Furuse, et al.: Abstracts of CS] Conference, Vol. 77
(2007) p.90

2. M. Furuse, et al.: Evaluation of loss of current leads for
HTS power apparatuses, presented at ACASC2007, to be
published in Cryogenics
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High—field superconducting magnet system using magnetic lens
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1. [ZC®HIZ

JE BB A I H D LAY M Adu, F0ER Ol
DT EAEZ RO DHIET, HEED LT BIREM HNTO
WA RGN PTRETH D, ZOBRL » A BT KR CRFES
NTEY FREANIT LTI 2 T OAVBSEEIINT5.65 T
TR TEAZLERER LT NbTi AV EZ DR L v X
FLABDEDILET, NbTi A VB TIIN#ETH-72 10 T
VL bR E/ N OB CRATDHIENHIRHGTED,

2. BIzEBHESRLOX

TR O RTEAL I SR RE M (RS0 B B e S AR M &5
N, BEE~ T Ry DG AT DI DSIREE IR DR
TR A B HIENZ WD WRIZBRESNLS,
T2 IR AE T T DHLVFEEL T, BERRL VA
FRELTWDI,

ANNUTBARERIARKR SN AR N ETI L RN ZE i
H BICHNDBAE AR EEIRICEE L, & R]92 5 5B
M TERWNINTAY Y MNEEF AT 5, BREIRRE TR
S N9 2&, PRI TE 23 B T e e/ N8 OO 18 B B 2 88 9
HZENTED, TNHBIRERKL  ADOFETHD,

3. NIVUBEEREERALEBREHRMSL VX

BIRERER L RDORHIT, Fig. 1 ITRULEPIZ 08K
RITKYIRE 2 HEILT- GdBaCuO L7 EAEA A
DELBA IOV TERMICHERS LW D2], BIITRL
T IR 2 CIL, AT oA 2 DB 2 T IS
Y4B E T 228 T, ALV X FDE Ok
WAL 5.65 T ETEMSNL TV,

slit—>

0.5 mm F
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(o2}
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1
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1
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Fig.1 A schematic cross—sectional view of a magnetic lens
and its behavior in external field.

4 BEEHILOAZHEALBEISERERE
ANVTRBIRERE R L AL T3 256, Aib >
TEWTDIELARETHLN, SIS R AT DAL
Jibi IR A A2 B o D& | R LTo R ZHERF 9757212
HRFRER B RO FRNLHRNLIENTED, £
NS EAR BRI 3 EIS DD D DT | Wi/ N

DIV T RBIRER A G o TR OB ERRL R
ZERIT D ENTTRETH S,

Fig. 2 |2 NbTi IA/VERERL v R E I BB T- 505
FEAEE OBLSER G AR T, ARZEEIT NG T oRE
HHZREL, BIEATEAIL 10 mm ThHo,

WAL A%, WAL 20 mm, A% 60 mm T, RO
GaBaCuO » VI BIREMARE 2 [AflfE 9 52 L2 MREL T A,
PRI & 20 mm, AMEMEE 80 mm &2 A1 VERIRIC
IMTL, AV &S D,

NbTi 2A/LIENEE 100 mm, #ME 160 mm, FS 220 mm
T AL 0.541 mm, $AkL 1.3 O (7 T OBFFER 150
A) EZEEL TN,

FAADE T NbTI IAVEEIEL 72356 OB E D
A E A IRERIE TR, KL RIEAY  ME SRR/ N
L CHB iR X104 & E LT=, NbTiaA L oi@ s & 52.3
A T, A )VERRBRIEE 7.19 T, AL v XIS 15.2
T M3 Tc, ZORFHE,
 SNERRES OB RO BER L v X O EIRE R 3 55

Bk RAEBEL TR,
< POLRBR RO BN L TREEZEL TR0,
LV MBEAEEATEY S %ROBRAENLIETHLH, T
NETEO/ IR DR E TR 584 CED e 2 RE 4
HRER LIRS TND,

120 . . . 20 —~
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r _W 416 o

80 |- > &

112 a
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E 40} !— 1° €
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S or N=0 =

(6] 1 C

g 14 3

S 40t x

N ‘ magnetic lens ‘ 18 2

412 ©

80k . f _ 12 =

coil 116 S

I r. t. bore ] @

-120 ' ' 20 €
-100 -50 0 50 100

r-direction (mm)

Fig.2 Conceptual design of a high—field superconducting
magnet system using a magnetic lens. Magnetic field
distribution at the mid—plane is plotted in the figure.

SE 30

1. T. Kiyoshi, et al.: Abstracts of ICMS2007, p.75

2. T. Kiyoshi, et al.: ASC2008, 2LLBP03, Chicago, USA, Aug.
17-22 (2008)
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Development of large-current REBCO conductor aimed at the LHD-type fusion energy reactor
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1. HIROESELEN

~UAv (LHD) B A = 3% LF —JF (FFHR) O 2 FH A3
VB IO LZOMENGHEEDLN TS [1], ZOXE
DOE KR~V I3 (REEE 14-18 m, /IR 3-4m) 12
1%, BRI 13 T2V T 100 kKA R OEARN RSN
5o ZHUTE DL 70 BIRE R 5 TR | EARE O DMTHERR
T D, b BEEARRGETHD, HAEDOIKARETIT,
Nb;Sn HHV T NbsAl M2 W= —T LA e a Pk
EK (CICC) BT DLW 1 A 732 ThY, ITER TH
FESNTEHEMOILR LU THEFTRREE 2615 [2], 72721,
EARIARD IV DM AR BT T HHIBRA S | B IT R
BENERSND, 22T HEH 2 A7 var LT, YUy NER
AW TG E e Uk e e D, Zo7oIz,
Nb;Sn B O AR ST CTT LI/ v o
XD - AEEDERE BT L TS [3], — 5. ~IAIMF O
RETECTEHREHN 10 FLUEITETHLHD | miRBs
H(HTS) aANERAT AL RN L7205 (BB 347
), HTS EREZ WD E, B EICEDREN I
FRIZB N THHRD TR ERIAANZFEBTEHELBIT, ~UD
AN DNE Y F T LG R ARG L ., BN A e
ELFBRICAIREE 0D, £Z T, BIE, KER HTS B{KB
FEOT=HDFEMEF 5 1 H EiF T B[4, 5],

2. 100 kAR HTSEADIREL 10 kA HTALEATEIK

FFHR ZA8E L THAFIERL TV5 HTS B0 AR L
LTIt AT L ARO T v ry O Y R T — 7 #ikt %
HHUZAEE L, Ay FAR Y MEE 2R 2 7= 0 122 & AL

Z AN AL E L 72§ 1 Cd D [5]. HTS #bt & BifliffE 3oL,

B R B AR DAL —BNECAZLITRDH, mWO R
BELARBEZATH0LEMIIH-EIC LT, WIS
FEIE AN RN T & TR B LR [E 22 AR IS T & D, FFIT, HTS
M RO E T 528 T B E A T/
SMADHZELTED (~0.05% L~UL)[5], £-, HifARR
FELSEETHIET, WRERE S BRI A DAL —IZ
Ko TRAETIRERSL. PALADRSG L CHRIED
WLV TEBEE 2 DD, ZHLTZRER D 100 kA #%
HTS HARZBR T AL E Rk BAREL T, £971% 10 kKA D
T AT BEROREEER G LT, I ORALELT,

Bi-2223 7 — 7 (344K) ZHiE L TEREL v 7 ML
TRERERIVEL IR 20 K, #4355 8 TIZB W TER SV E N 10kA
BEERLL , JRERGE I BRE L CRAEIL T [4],

Wz, AlElE, Y Rfibt & =R 08 R (]9 1 m)
ERIEL. RER AT o7, ZOW 7L Tld, YBCO #bte
GdBCO ##f %45 5 m BET, 8 T B L CEA L, ##
MIFIZEBIT 10 mm, IR 77 K IZB 2R ERITTNTE
.210 A £ 190 A THD, Y R EHEL THWAEHE,
NATOAFEROPEHLNRKE W=D FFIZER Y7 LTl
B AT ORISR, 22 C SOV
VT, Y SR R I B WD TR BRI T D U TREE L., 1
AP OEBNHELZ Bi-2223 A L -MBEEE1 T2 LT,
AL—RTREPEAE LB D T RETo7 (Fig. 1),

3. 10kA Y REREBAOHRER

BELT8 R Y 7 VT, s REIINREY: 8 T, BaZ2= M
100 mm O/NUZ TV ha g |2 3EE L TR ERER 21T -7,
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Fig. 2 Critical current as a function of tested temperature.
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Table 1. Spec. of the helical coil with CIC conductors.

FFHR2m2-HC ITER-TF

Conductor current (kA) 80.7 68.0
Coil centerline length (m) 150.4 34.1
Number of parallel winding 5 1
Max. length of a cooling path (m) 496 390
Maximum field (T) 11.6 11.8
Magnetic energy (GJ) 120 41
Current density of winding (A/mm?) 26.2 20.3
Cu ratio of strand (-) 1 1
Non-Cu current density (A/mm?) 350 273.4
Ratio of Cu strands in area (—) 0.330 0.360
Central tube diameter (mm) 12.0 8.0
Void fraction (-) 0.34 0.34
Cable outer diameter (mm) 39.2 40.2
Conduit outer diameter (mm) 42.4 43.4
Number of coils 2 18
Total length of conductor (km) 145 82.2
Total weight of SC strands (ton) 534 351
SC material for HC NbsAl Nb;Sn
. s
R oo Nl eeil suppect
Internal plaze
'*.\_ i “:I' \; i R‘ .J:'SI‘.
S S E L M eml d
i, a8

oonduis

A He o
Fig. 1. Concept of helical winding with CIC conductors.

The helical coil support is assembled after winding.
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Fig. 2. Concept to wind a helical coil with CIC

conductors.
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Fig. 2. Cross section of the TF coil by indirect cooling.
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e & T = U —2f#) < Bl (% D) #RIE Lz,

Table 1 Properties of SC-bearing for a static load test
Levitation side: HTS-bulk
HTS -bulk roperties
Material: Gd-Ba-Cu-O, LN, cool
Ring: D,, 20/D, 60, 120, Disk: D, 60, t20,
Postion-1: Z=-20 / Position-2: Z=190

Ground side: SC-magnet
Magnet propirties: Cusp field,
Nb-Ti coils, Dry magnet

Magnetic flux density
(Mz, 100% output)

Position-1 Position-2 Position-1 Position-2
CASE 1 2 rings - 1.6T 23T
CASE 2 2 disks - Min. 0 Min. 1.7
CASE 3 2 disks 2 rings [ Max. 3] [Max. 3.1]

Dewar vessel Position detector

(Liquid nitrogen) “ HTS-bulk

&) == \_ £ ition-
=\ 'E: = T',' (] & -¢Position-2
sy SC-magnet  { | 2y
ti B4 ition-
perl;?:gn:tc ing i ._I?‘I; E; -%Position-1
| N 8 ; .
\_|-Superconducting coil
I_I
Tension wire Load cell
Turn-buckle
L & IR

Fig.1 Schematic illustration of a load test (CASE 3)

3. WIS

TG R DELLAAT 5 1- DI, BERIRNTIC L 5B EE
BER LI AN 3 RILIERIEEIRIAIRT Y 7 F Y =
7 ELF/MAGIC % JHV 7=, HIS /3L 7 121E, 4 KO ERRIC L
S TR SN D NV—TEBIRCTERZOFINLE OS2 B o £

TR E LB ER T A ER A L.
2V ARD RPN SR % BT L 7.

4. EBRBIUHISHTOMRER

Fig. 2 |\JHABEERA DT (BRHIT1 % 100% & L CHAE L)
L RAERIIOBMEZ R, Ex ITEREE, Cale. X HIS N
IV B SE A ENE L U CE RS (BEFREBRE=0) L7-FHRRE R
ThHb. U TR HTS 23v7 (CASEL) TidaA VAN
0% %z 72 & 2 A CTHEEE & HHREMICTREER RO D b0
D, CASE1 O =iA )V MR VGEIR & oD 77— 2 Tig, EBR
FER LT RN L & LT3

ZDHHT,

12 4 o CASE1(Ex) 5
------- CASE1(Calc.) ! g

’2‘10 @ CASE2(Ex.) Ei O.
3 CASEZ(CaIc ) /
o ——— 7 .
S (ac)q o)
s 8
g o
; 4 L ;
3 o’

2k /

0 = I

0% 20% 40% 60% 80% 100%

Output of superconducting magnet

Fig. 2 Schematic diagram of rotational test equipment
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U TTARTI, HTS 7SV 7 O@EDPNEBEENREL 2D
IHEAVTHEROIZABKE L 2D, EIMEEO SIS #
o ERFEMETF LI EHERICE 5. £z, fhosr—
xﬁﬁ,ﬁ*%ﬂ%»ﬁﬁ# 60% (HTS /)L NLE O Fe K
2 2T) ZBZ IO CIRIE R BB EDIREN R CE T
WBHHLOEHEITE S,

6. F&oH

HB TR R - CHRERL T D BERISZ 123\ T, HTS 2Ly OFF
ﬁkioﬁﬂ%%f{téﬁtﬁ%ﬁ@ B TIRE R, FER L B
Wric L 2 BRESNFETRO T, O, MEITELS —FKL
t.ny%%WMSNW&%EﬁLKME%%wT,ﬁx
TR R DB EEN A E W2 2 & TR DIR A
BRI Z BTN D Z ERHEIICE 7=, 55T, ZOfE
b Ll oRMELE BIET TETHS.

ARHWFFE D — 5B E 22084 O EEA B4 % %) CIEhE L
7.
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1. H. Seino, et al.:
77 (2007) p. 262

2. H. Seino, et al.:
78 (2007) p. 33
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Development of Superconducting Flywheel Energy Storage System
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KUBOTA Michiaki, SUZUKI Eiji, YAMAUCHI Yusuke, FUJII Madoka, UCHIYAMA Nobuhito,
NAKASHIMA Hiroshi (Central Japan Railway Company)
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1. [ZC®HIZ

TR HEWEIT, SRR 1T NS 19 EEETREE T I AR A
— VAT ADBREEFT 5T, 19 RIS 2y h AT L
ZRUEL, RV AR DI e G a% (% B BRI
L CEAM EOELRHBREIT o7, 22T, 7Sy
T ADORERSE BA N FORRARE TS,

2. IAOYFRTFLOBE

AL AT N, PR A HET R L —50kWh LAk, e KA
Hi7J 1,000kW T, 7TAA—/LD | T H7 [ HFT NbTi
OaANEFALZBEEaAVATANGSZ 2 H O TNDD
EWFFECHD, ZHUZED EEDRKENWT TARA— NV EE
GNCK T DL KD | FE IR AR T, K&
RERNR —E P T DIENATREL RS> T D, 7TA KA
— VAR EERR DM B TR TED DT, aAXMRT —~v

ANNENTZ AT LE BTN TED, 2, FkoEIR
BT O B SB[ ISR S FTRE T D, P

Table.1 Specifications of the pilot system

Usable energy 50 kWh
In/Out electric power 1,000 kW
Rotational speed 1, 000-2, 000 min!
Flywheel mass 26X 10° kg
Flywheel diameter 2.1m

NATYy N AT LOBREFHEUEICH o> T, B O &
THERSIVA TR R MR AN AR 2 & | 2 RUEL S oA
VAT AN 8 TS DRI R A ATV N Y SRR
BRI DR Z AT -722, /Ay AT AT, 7 TAHA
—IVARIR, Zoags, BB, £ Ot E I ER D O S I,

%%ﬂ‘ﬂ\k?‘;éﬁnﬁ’@ RN OFIRIEE D FEIFRATIHERTL |

LR IR A B O K/ 8k0E R R R LT, h—%
NV AT AOVEREFR R & I L7, Fig. TIZRRBRBIN IZ 5% &
NI IARA—NAEKRDEELETT,

Fig.1 Picture of the flywheel

— 4

3. MOV RTLDRBREER
31 AHAshEAER
TIARA— DA T ONWT, BHigsr &7
BEDNROMERRAERLIZ, T 1000kW DO AH AT
3‘671‘5( R ALAN lilia%z 2000min ' 2> 1000min ! ¢ 50kWh
AT =R X —1Z T DA ) =X — TRl L7z, D
AR FEEM, R LY 90% LI EOZEgER LAY B AR
D 85%LL LD ETh AR LT,
3.2 SEFIA L HEER
AT LOBHEERBRICOUWNT, 7T ARA— /L D]
AH I REZ O CL IR L A 3B 2 S 5E L . B A fE
Tho, EROIRILL EO A Y] 500 [EILL EZ#RRL TV,
F7-. B R ST 1000kW TOEHFHEERIC IV TS, KEE
EHEEOIREE KV MECTHAZ AR LTz,
3.3 RIFERAER
BV A SOAFITIE T A IS EEIZ DV T Bl A
TifE 5% 23 BR I KO I o0 AR BE 2 iR L7 1% L fiE
N OEGE RIS E O AWM AENIIS U A 3B E 5
Bl & —2 &) (b, RFIE ORI REE fERR LT,
Fig.2 \C&"— 2B AL O RBRFE RO — %R~ d,

7000

Without Flywheel (Estimate)

6000 Network

5000 /

g "
=

\
8 3000 With Flywheel (Measurement)
-2 2000
5

3
w1000

Flywheel
0 \_\w\;"’/‘_’—\-‘-\_‘\\"’\’[
-1000
-2000
0 50 100 150

Time(s)
Fig.2 Input/Output test result of electric load leveling.

4. FLoH

BEE T TARA— IV AT DDAy b AT L% BE
L RV A MIB W THEAREOBRRREIT 72, ZhE

TIT, B R E D N T Re e & SR 72 R A
LTS LR L, BIEIREMORBRERIZLY, FHE
M- T APEDRRFEZAT > CNHEZATH S,

28 AFSEIE NEDO OO EFEIC IV ERMLT-,

SE Xk

1. N. Uchiyama, et al.: Abstracts of CS] Conference, Vol. 73
(2005) p.265

2. M. Fuijii, et al.: Abstracts of CSJ Conference, Vol. 75
(2006) p.159
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Fundamental study for development magnetic drug delivery system
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%, MDDS & (I NI TRmEIE SRR (FHRSERA) 21 EA L,
SR SRR AV CTEAERE THETLIE 0D b
DTHD, AHIFEOKKEBENE, B8 V7 A% A
W TR D DRGSR B & & THRM % B ~FE T
HYAT LD TH D, FIREEMIME TOMmBEE
BT OEFERZITV, SRS X B8Rk T D4
FEDNATHEMN & D MEET LT,

2. &5

21 EIEETIILRBERVN-EEER

PWE 13mm DO H T AE NI EEIRFBEAY 250pm D 5
A —RR L EFE L CEMMLE 2R LTV E
Figl (&R, M HFREMBEZRETHE, FTAE—X
DRI DIED FEHEATR 57um & 72 0 | BHIMAE & A9
DI ENAREL 725, KIT 0.005Wt% DR U 7 7 V)Ll &
10Wt% D 7 F & E e /KEEHRIZRIER 100nm D~ 7R &
A M S0mg/l L7325 X OICHRI L, ~ 7 ¥ A4 NMRBIR
L L7, BREIIE 65°CITB W TR 4.75mPa » s TH Y
MK DOREHEZR 4. TmPa s S IFIER L CTH D, U DN
T A= REICIE R A YT AEL (FEREREE 03T, ¢
10mmx5Smm) 2 Bl U7c, SRR | AR5 =6l i 2 P Lyl
MK Imm/isec ERD L HIFELN 5 D LTz, ZDk
XETTFUOMBEEEE 2 K 65TITMEL 72208 BT,
ZDH%RIY T EBESRE L AT EEL L, D
B, YU U UONEMETY H L, ESH 3mm 30125
EL, w7 X¥ A NOERREWEGHINTIC LV RD T,

Filter paper

Meodymium magnet _

(surface flux dendity
03T, & 10mm > Smm);

Filter paper

) Magnetic suspension(50mg/l)

Fe2O3meandiameter 100nm
Flow velosity +0,005wtaPaly Acryl Acid
1mm/sec +l0witulFeratine

Viscogity shout 4.75mPa: &

A
Q Kif-Hl A = 0.225R
& A R=250um D&
°’ AZ=57um
R=100um D4

A=23pm
Figl. Accumulation experiment of magnetic particles in
vessel consisted of glass beads. (simulated capillary)

22 EHMERNCTOBRBIER FOERI2L—ay
BEMER FOBRBEMLENTOERMIZIHONVT
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LA il 5 2 T VO TC RIS PN C O SRR DRI
PR EIT o 72, 2.1 THWZAE 13m O ) o PH
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VIR D REEZRIZ oW 4. T6mPa » s, FRREMR 7- DR 7-
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PRI FOEREY I 2L —2 3 v E{To7-,
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TEE T F L O E 7 M OB R OEREE~ v ¥
VT LERTHD, ZORMNLHALDDIZ Y BN E &
DHERBRNENE NS Z NP o, EEMADIUE
BB ClI~ 7 R X A MIBA P IRE L0 BRACHER L,
B D 6mm LA EBEN - SE X FIRANCER L TWnWas Z
EDEID BTz, T AVIEEGCA OITEEL CIIiRBA MR 7
ISR BE SN EREICE & FE 5N D08, Bian
LEEND ER LD KT v 7 iR B3 5729,
TiEE CEEND EE X DBND, Fig3 IXEMMLENT
MR T OB I 2 L— T a VRERE D LIS E
A1 L OV E 5 [/ O SRR - DEFERE~ v B 7 L
TRERTH D, BREENRDEWEAYEZ R TE L, Fig2
& Figd f R A 45 = Ll L v iE Tk L OEE
[ DFRRENERL - DERER EERH Y I 2 L—T 3 Ok
BENEIE T D HEPHERTE 2, U LEORRE S BRE
EREA DT WSS IIA 2 B D TRICERE L, =m0
LEIIaZzBME Y BIRICEET 2 HERILETH D
LW D, UEORERE S & IAEERTOISHICHIT T,
7 v N OFIRICE A ZEE LT, SRR T OEFE T
alb—3a =T 08D HRET D,

124 ‘

T T T T T T T T T
W W N D O©MmM O ™Mo o NI ©
- - = 1 1 - - -

[ : magnet
distance from magnet center of simulated capilary vessel[mm]

©
|

w
|

The diameter of syringe[mm]
=)
!

ratio of black area(%)

0

Fig2.Distribution of magnetite from simulatedcapirally
(channel diameter 250pm)

12 = 3
11 z
£10+ g
£ 9 =
% 8 S
£ 77 ®
- _
Z 6 2
o 5 €
b=l
z 17
=0 T T

0 o OI‘J

Fig3.Distribution of magnetite calculated from particle
trajectory (channel diameter 250um)
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Figl. Magnetic contour maps (1)for the control mouse Y and
MI-model mouse A, (2)for the MI-model mouseB
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i
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Fig2. Slice of hearts of the MI-model mice A, B, and C and
control mouse Y
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[1] Y.Kasai, A.Ishiyama, Y.Ono, N.Kasai. et al.: Continuous
measurements of MCG with heart disease model mice. J /pn
Biomag Bioelectromag Soc 20 (2007) p.212-213.

[2] Y.Ono, A.Ishiyvama, N.Kasai, K.Chinone.: Development of
biomagnetic measurement system for mice with high spatial
resolution. Appl Phys Lett 85 (2004) p.332-334.
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Development of a 7-T Force—Balanced Model Coil for SMES
- Estimation of the helical winding conditions by AE measurements -

FEHERID, BPADET—, MR, HTBLRE,

fIRI, SRR, WBHE—

(GRTK) ;

BRI (ERRHD) » — B 5%, ABRAE (RRIBR)
TSUBOI Kenji, NOMURA Shinichi, KASUYA Koji, TANAKA Norihiro, TSUTSUI Hiroaki, TSUJI-IIO Shunji,
SHIMADA Ryuichi (Tokyo Tech); ARAI Kazuaki (AIST); NINOMIYA Akira, ISHIGOHKA Takeshi (Seikei Univ.)
E-mail: tsuboi.k.aa@m.titech.ac.jp

1 [ZL®IZ

SMES D& AL KB I LD HATHIRRE D —DIZ
HBEEIA NN ET DIMKRBEAID DD, ORI
ELTEELITV AR A X NVEER AN DNAT Y
KRB A VT B~ I IVERIAR O BRI P fiaA L DB
FHEATS>TND (1,121,031, BAFLI 7 T &R T T
LA ARE R OIS OFEHICBI L TIESUER [1] 23RS
NV, AEECITET LA AW CERLZERE 3
EowmERRE SRS, AEE (Acoustic Emission Method)
\ZEDANU A VBB OIRBEH: EN DALz A NV EUEDH;
RELREIZ S\ TS5,
2 EFIILIASINDRN—Z05 5

2007 4F 2 A 55 2008 4 3 H ECHEH 3 FEDRIKA~UY
LIZEHENC L DB E R A LT, 1ZET VvaAs
/W)w~—‘/7‘¢%%r$%/?a“ 551 Yo s BR o0 A1 1

BIFD7 = FEFAHE j:%’”ﬁffﬁ B D 53% FAY D
293A THRKEHRBEL38T Thotm, LD, 73L& 78
B H O —=2 7B W TR B IR D 86% FH 2 il
EEIE 476A, RRBREE 6.1 T 2K LT 2&34
I iLEPT 2 EOFRIBEZRRLCDA, S HIFRC
FERDORKERIE T 2EDT, No—=27 @JEJW>+

ool J%ﬁézhﬂ\é EDEFRS N TN D,
3 AE BIFEICKBANVDILEIRDIREHTE

2008 43 A FEhE D 3 R ERR (60 ~ 81 7 E i%
E) TIEMIC3EO AE B b AR EL, ERIC
%%&ﬁ%ﬁu\tﬂ%ﬁ %ﬁéﬁéﬁ*ﬂ“&.mb%%ﬁmmﬁ
HeEZR DT, K2 1334V % S R0 AE o4
Bl s o FRAEHEMNEL T, FI/TZTFIIRER
AE E 2SN b En Tk, 7o FHEHRT
BRNOBMIOBIL ThI L TEEIND, Fe, BEXY

ICEAEBEE o FEANIMRHENA% AE 7§ 5 DI
PEIER D, AE B 5 OaAZ V5 sk FE 13—
ELREL TR o F AN EEHEE LT, AE
OV TV 7 W $0E 100 kHz ~ 2 MHz THY, 7
N BEAGIRT HEEYE B OB EE K 6000 m/s L5 5
&, oAU TSR 100 kHz (2B D ERRES fEEE 1T 60
mm FEELRD, K 3137 FRAREMNBEERAS L
Wrim b Rz oAz mrd, X2 & 3 o7 FIFREE
ERICEFRLTRBLY, JZUoF 2R THBBOEEII~Y
HIVEBERTELTWDEEZOND,
4 BHYIZ

AETF LA /VIE NOTL RIS T4 7298 F1 20 TR E
ERATHZEDN R 2 ANVTEARTHY, BRI AR L

DRBEZ TR TWVIRIBICHDHEE ZDND, S RITER
NOBhE DIREID T, AV EBICEY) 2 B a2z 5=
B EBU AT T A VR ERAR ORMETE TV,

600 ——— T

L- Critical Current .L . - . . Trard.?BtIIT-u quenfc‘h - _1.
—_ L 552A,74T 4TE A, 61T |
gooop Ao Seioc
= il =
§ 400r--—22a e Ay i 563
E @
3 30088 -——----- about 10% down ~~ 777 44
= [ st quench 13 %
_ 2 P N RV R
S ogol” 293438 i3 %
b S A A ——
3 1 1st excitation 2nd excitation | 3rd excitation g
G100k _ " hests - tests b tests {4
0 L 1 n L n " 1
5 20 40 60  80°

Quench Number

Fig. 1. Quench properties of the model FBC.

Top view of the FBC

AE sampling frequency
: from 100 kHz to 2 MHz

r 6 deg. Distance resolution : 60 mm
(at sampling 100 kHz)

@ Quench pasition of inner winding block
(O Quench position of outer winding block

FRP base

Fig. 2. Location of the three AE sensors and quench posi-tions
in the 3rd excitation test.

%y ¢ Outer winding block

Inner winding block

@ Quench position

Fig. 3. Poloidal cross section of the winding form and quench
positions.
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[1] N. Tanaka et al.; Abstracts of CSJ Conference, Vol.77
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Development of a 7-T Force—Balanced Model Coil for SMES
—Excitation Test for Simulation of SMES Operation and Estimation of Efficiency—
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Fig. 1. AC loss dependence of the ramp rate
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Study on Operation of Three—Phase Superconducting Fault Current Limiter
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Fig. 1 New model of three—phase fault current limiter

Table 1 Simulation parameters

Frequency 60 Hz
Power source Line voltage 6.6 kV
Capacity 20 MVA
Self ind Lats Loty Loy 5 mH
elf inductance
of each coil L 20 mH
Les 50 mH
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Fig. 2 Fault current waveforms after 3LG
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Fig. 3 Normalized fault currents for all fault conditions

STl 20084F BEAKFARILL T2 - i EA

A
T



1C-a09

BIIEH (1)

BRAZRZRDICE THECEEMEL— A DEAMIE TS

Contact Resistance Properties of Self-recovering Fuse in Liquid Nitrogen
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Basic study on induction type superconducting switch device
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Fig.1 Schematic drawing of an experimental setup for magnetic

shielding characteristics

Table.1 Specifications of a Bi-2223 bulk and coils

Bi-2223 Bulk

Length 20 [mm]
Diameter (inner — outer) 10 — 14 [mm]

Exciting Coil
Number of Turn 34

Switch Coil
Number of turn 86
Maximum Magnetic Field 108 [mT]

Iron Core
Diameter 7 [mm]
Length 500 [mm]
——2e—— (mT
—_ —a— 57mT
Z — | ——+—— 108 mT | R S
— [ |-+ Without bulk T
= 400+ ke —
o
O -
o
3
=
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o 200
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m
= B i
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5 Opt——r————————— %]
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Current in Exiting coil [&]

Fig.2 Field shielding property of Bi-2223 bulk
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Tablel. Specifications of DI-BSCCO® wires

Items TypeH TypeAC
Width (mm) 4.3+0.3 2.6+0.3
Thickness (mm) 0.23%0.03 0.24+0.03
Twist pitch (mm) Non 8
Ic (A) at 77 K 160~170 50~60
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Table2. Specifications of the Sample cable cores

[tems Core 1 | Core Il
Former Cu stranded with surface insulation
HTS 4 layers 4 layers
Conductor AC/AC/AC/AC H/H/AC/AC
Dielectric PPLP® 6mm!
HTS 2 layers 2 layers
Shield AC/AC H/H
Protection Cu tape / Kraft paper
Diameter Approx. 43 mm
Critical Conductor: 4900 A Conductor: 6200 A
current (Ic) Shield: 3600 A Shield: 7500 A
1ot T
O Corel P
(ACTALTACTAC-ACIAL) P
W Core Il : i
1P (H/H/AC/AC-H/H) o
f'é‘\ - p— - I
z g L
10] C LR b
g IR oL
S : 2 R P
107 S RRELE 4
mo o
1[]-3 L L
10 17 10t

Current (Arms}
Fig.1 Measured AC loss in the sample cable cores
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Table 1 Specifications of 10-m YBCO superconducting cable

| Contents
Cu conducior 200 mm?2
¥BCO coated conductor, 3 layers
spiral pitch
1st layer 450 mm S
2nd layer -500 mm 2
ard layer -150 mm Z
0.1 mmt 30 mmv 2 layer
spiral pitch 32 mm S

Structure
Cu former
HTS conductor layer

Cu layer

Inner semi conducior Carbon paper 2 layer
PPLFP 6.5 mmt (66/7 7KV class)

Carbon paper 2 layer

Electrical insulation
Cuter semi-conductor

HTS shield layer

¥BCO coated conductor, 1 layer
spiral pitch -400 mm Z

0.1 mmt 30 mmw 8 layer
spiral pitch 32 mm S

Cu layer

Protection layer Insulation paper, non woven cloth
# the other two cores are dummy with former and dielectric
I Thermal insulation Corrugated pipe with PV I

pipes Cuter size - 140mm
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Fig.1 Experimental results with an over-current of 31.5kAm,2s,60Hz
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Fig.2 Simulation results with an over-current of 31.5kAns,2s,60Hz
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Fig.1. Two coaxial helical thin tape conductors, (a) for the twist
parameter of k;= k,=k, and (b) for k;= -k,=k.
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Fig.2. (a) Cylindrically arranged, three coaxial helical thin tape
conductors. (b) The term number dependence on the summation
of Egs.(1) and (3) for the self- and mutual inductances of three
helical thin tape conductors of =1 m.
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Fig.1 Heat Leak of Cryogenic Pipes
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Fig. 1 Crystal structures of LaFeAsO (a) and BaFe,As, (b).
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Figs. 2 (a), (OIZ NdFeAsO, ., (HiA 134 & 1-y=0.70—
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Fh T (Frkvh)=32, 48, 51K OBIRE LRI, BRI
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(SDWERRIZX ST B BE N ALND, Fb 1AWt
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Fig. 2 Temperature dependence of magnetic susceptibility (a)
and resistivity (b) for NdFeAs, , samples (1-y=0.85"0.6).
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Fig. 3 Relationship between a-axis lattice parameter and 7,
for LnFeAsO,., (L=La, Ce, Pr, Nd, Sm, Gd, Tb and Dy).
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Fig. 4 (a) Pressure dependence of 7, for NdFeAsO,_,(1-3=0.6,

0.8). Inset shows the temperature dependence of resistivity

under pressure. (b) Pressure dependence of lattice parameters

for NdFeAsO,_, (1-3=0.7).
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Fig. 5 7. vs As-Fe—As bond angle for various pnictide

C
superconductors.
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Critical current properties of iron pnictide superconductors
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1. [FL®HIC

Tl RS-k =0 X AR RBEER[1]1%, ZrCuSiAs
(1111 #EE) D@ IRAF > =7 Z AR T 55 K, ThCr,Si, £(122 ##%
YD IR=2Z AN T 38 K D\ VBRI E B IR E (T) A2 TN E
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ZEDD, HEREFR, MeB, ICK<SH = OEBBEEM L
TS AICENTF 2B AR 2 T0D. AP Tl mifE o s
fEeh, SRR BHI W TR R BRI A T T

— . Fig. 1. (a) Light microscopy image and (b) magneto-optical image
2. RBRFE under 0 mT at 20 K field-cooling under 120 mT on SmFeAsO,.;s bulk.
Oak Ridge [E N HFEFT CIERIE LT LaFeAs(O,F) G it (T, =
26 K)& Ba(Fe,Co),As, Bk i 3UEH22 K)[4], 1 ERF-RE 1R W1
&X7- NdFeAs(O,F)& SmFeAsO,. s s dn (T, = 49, 55 K)[5]
{Z2OUWT, NHMFL 45 T A7 Uy <27 2wk, PPMS &IV T - \\ 42k |
S TR S R R O RTA 2, SUBHRBY AL /13 (VSM), SQUID 75K
PR E & VTR L K OB BB () D F- %, RO < 10K
(MO)EIZ X VFBHA O REHUE 2 5345 B O J, DRl & 47577, o sk
3 RRLER T
LaFeAs(O,F)Z it CIZE BRI R E I AT, T 10 i
WHIBHLEAT VY A% 7R LTZAY, NdFeAs(O,F)& SmFeAsO, %
FERITIBUTIE MO B L0 S L 2R RIC 381 2 BRI R SOk
IR BLERS VI (Fig. 1). FREIRELIEE MO IR DI L L

BIELLVFBIEIRD J, & RS -7 E AR T 4000 A/em?® F2
BETHY, KiRNZRFTENIEER TS J, ~ 1x107 Alem? ELefd
HED TEL, k=T XA RRIZBW CIIEiER{Lin & LIREED

HoH (T)

Fig. 2. Magnetic field dependence of the in-plane critical current
density of the Ba(Fe,Co),As; crystal. Triangles indicate fish-tail peaks.

FE R R OIS B DMEAE T D ZE DRI ETZ[3,6]. D
WALEAT UL ALY Bean 7 /L& HAWTHRELZ 122 & | Ba(Fe, 4Coy.,);As, S R

Ba(Fe,Co),As, HiiEfna D J, ORHGHEAFNER Fig. 2 1ZRT. J 0% s0f

~4x10° Alem? L, BT TUDW A fish-tail B — 2 A3,

EIRIE CTREGICRIU TR T 14 T ETRED ALV, 4o

R A B (Ho)IE T, B CTOHNNSLH L0 (dHL /AT = e I

4.9 T/K, dH, /dT = 2.5 T/K)LFE WHH -~ /L F /SR ZE8hE R L, % *r

IRIRIZBWT 50 T LA EICET A (Fig. 3). B TA—4 Wl

(7=H™ I H )T T T~2 LB, IRIR TIIEBITE FL~1.5&
2%, —77, IPUERKIL 45 T DS T CORMB OB B L3
I3, £z, Bk REEL -T2 R Al Hy (2it<, L
HEB IR E AL, (R A B RBIREKTHD. 20 0
FREEELC 1111 M S i TR T 2 B 5P, RO Co [EVE
HSRDIRNT ) R — L B DR REME N ZE T B NS, $h=r ¥
ARRBAE R 1111 S B e R AR A B L9 Sk T 4
JBRRBRENEL WD TR A T8, RV, B Hy &
SRR E S = Z I E G OB SR B S 2 B,
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10+

T (K)

Fig. 3. Magnetic phase diagram of Ba(Fe,Co),As,. Filled and open
symbols represent 90% and 10% of p(7,H) in normal-state. Circles
(//ab) and squares (//c) represent resistive H,,. Triangles represent peak
position and irreversibility field H, extrapolated from fitting of pining
force curves. Inset shows temperature dependence of H,, anisotropy 7.
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Fundamental studies of superconducting level gauge for liquid hydrogen (4)
— Level-detected characteristics of prototype level gauge —
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2. MgB, B@mt>H—
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U7z, Table 112, fERILT-BUREMM O EEL =T, Zh
ETOWE B Y —I1ZESHH 200mm ORB{=ERF? 248
AL, SENEESH Im ORROBM AL, K
U —IBEERM I E— S — L T =i —
bR CEET s L U, R o — OIRPTHE 2T
Etdsm Bz L, S EEBEE 800mm ~L7z,

3. HE&mEt

W EHIORR O E Y —. @' —E{R#E TS
AT UL ZABOEEE (REE) . @B — T Vel 35
—AF w7518 I QORI E R Ras ) DR ST
%, Fig. LIZARRIELZIKIm MR O —H 2173, ikt
DOEEE NI, —ERIFRICAR—Y—ZRE L, MgB, &
Y —%EE L, REF T T RICENAY YL
TN AT CTRY, Y — bk B OBl K
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R ERRET e — B EERA L, Wi
W — T EREEO%F.S. TR DFoR % Al iR Lz,

4. EREE

ARFER T, S IR DR ABE LTI, KFEH DA
U N BRUN T NG R [ [ 28R A 2 AUER A i L 7= Bl B 22 [ A
BIEDO ALy VAR T 2T — %Lz, 72T —fd, N
£ 70mm, mHE 1,000mm T, ARAEENA~EVEHREF L O
i EXCE IR AR E L, T2V — O FIZIE T 7R
ERLEL, WENCE R T A HRRE AT 52T, 72U —4}+
FHOFEB SN, Fl2REXRELTH T AR O
HBHIEDT=8  SUS D/ F 7L —hCENLEP T,

5. EEEAE

R 2R AL T 2V — IO b KB R L%, R E
JEJJETHIEL, IR T OIRREE R LT, Pk Db
IKFNLT 2T —~DIREABIZLVARIEL, BRI DML T
95, TZTiRE B —~—EDREEH (10mA) K OFT
EDb—&— A S RAFFHCEIINL, BT 45K EOW
HALE & O —H I EEMEERE L, Wikt Y —
OEPUEILH S BEEMIVIE L7, 7235, BRI 0 kPaG
(B AR, 20.4 K) . 100 kPaG ([dl; 22.8 K) . 200 kPaG ([fl;
24.6 K)IZTHERELT=,

6. REREFE

o9, TR B FRRICB W ORIE Y — OB SR
KREFEORENMBEERETHE, 3W LU EOe—4— AT &I
Juer Y —o D EEICEMRERBN, $2 oW BED
AN BEOLGAICEGEN R R THY, IEEME R OFHMED
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Table 1 Sample of fabricated MgB, wire.

. Diameter Tec,on Ron
Sample Additive [mm] (K] [Q/ml
E—4 10%SiC 0.32 33.0 5.01

SUS tube

MgB, level sensor

Fig.1 Picture of a part of prototype level gauge.
SER
1)Y. Matsuno, et al.: Abstracts of CSJ Conference, Vol. 76
(2007) p.50

2)Y. Matsuno, et al.: Abstracts of CSJ Conference, Vol. 77
(2007) p.49
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VRN E LT D, 2 OIRE T, B E WD
FAENRZ 2B, FEEIEE (WR) &AW TO
WZHRWTIE, —EDIRET, BREHDNT T MR A7 K
NERETDHIERH D, DD, NR JEZEF] 722
ABIRENR R 2 U L7z, Z41% HV T K,CuF, R ® F
D NVR EEBR AT > 7=,

2. NMR REX PR BhiR A R b

BB B & 1, BIRENEIK He W O & H iR B A5y
EDOHAEEHZFIHLIZmEHETH D, 0.8K 225 1.5K D
BEEZZE L CAERTAZ ENRHES, 0.3K 205 3K D
IREEIR I *He ZRRBDBHIEEZ WD Z L L ATEETH D03,
WK PHe 1ZBMBEREME TRV DB OB HNTRE A D3
AT G, He JBUER A T R R BIEIRE 0 BAE 1173
RROPFREE CTIREESND 2D, R 7RHERE DK
BUL BB & 72 %, *He—"He AT BRI 0. 8K LA TIREE
BRLE LD,

NMR I Tl @B 2 AWV 5 0T, ZhIUC X 2 imER %
BAMZ D8, FERESIE STYCAST1266 A FsifiE <
BUE LT, BB 2B E) He [CEHERET HEE2BRA L0
T, WEORZHBOT=0IZiE, MEICENATRE T, BitHE
REDO~V T LATHY =7 DRV, FlEtEodh pEE Y
— L LTCY—=TF 7Yk —LE AN,

X 1R ORI &R U, S 38 i Eh
YT LAOBIRHICH D, IR R T ORE % 5T
L. A¥onmiies LTEnTna,

heat exchanger

Fig.1 The schematic illustration of vortex refrigerator.
A,B,C,D: chambers, S: superleak, T: thermometer. H:
manganin heater, J: capillary.

CDEHEDEEZE LITHEHBMMRIZKY J, Z@EH>TE
BDBFEN~Y 7 LABFIVAA THRD, T OEE)EE R
ST F FEATHLE CEIR OIEE £ TH SN BIREI~
U o AOFIIE, A==V —7 S, Zif > THREF
WCXVmzbd, DEVEE A DixHIBEDRNERSTTH
b, HEA CEUIAERRERRIZYE S - T J,Z@LT
BRI 3 01X, BRI He WO & FRBIA S
EDOMEBEREATH D, ZNNBIREHSEEOL RO H
kch b,

HE A O ZREIE L LT MR EBRHICHE LD
X 2 1R LT, V=77V k ) =k 0iEo
RN ARETH D, aA NV Ear T P—L CTRA
EEEZER LTS, AAEaT o —0I=RIEE T
HEE XN TRY, BEMOHLET D EEKICETT S 2
ERHIK S,

Fig.2 Cooling chamber modified for high
frequency NMR (10 — 200MHz)

A: demountable cooling chamber (sample cell),

B: variable capacitor, C: rf coil, D: sample,

T: thermometer, S: superleak

3. K,CuF, 510 "°F 0 NMR =&

K,CuF, (XN DR ITHER 20 & ENTWD 2 kT
PETH D | BB L 6. 25K TH D, FMEBREEEE
T.°F D NR EBRZ1T9 Z &2 XV 1K T TNR T— F
DEBBRENBR SN, ZHITBEFAE 20 LTI
AN EENC L BRESEE T E LT
HHINS,
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Fig. 1. Process of manufacture and use of 6N purity aluminum.
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Fig. 2. Impurity analysis by a mass spectrometer.
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217.5 MPa, 1/D=30~565), Swenson 23] (H,0, P=22.7~41.3 MPa),
HLYREE4] (H,0, P=22.6~29.4 MPa) 2 U} Krasnoshchekov %{5] (CO,,
P/P=1.06~1.33, L/D=30~50)DF —X DA R, ZDLD
12 BO—Eh s,

Fig.3,Fig.4 12, KX 80 FBLTN20 mm DIEEMKI IR HEHLED
RS F(P=284 kPa, AV IR 2.2 K~6.5 K, AT = 8~100K)%
ZNZOADEFRE AL TRT, KAHEDOT —H13 Re, D3R
DI BIHEN Rey =107 L TORDERI-> T 5
2, LABEIT A NE< 72 — BB M DA R, Widiia
BRASL7- AFER—ABRER D SR C, 20— Bl B AR MR
THY, Figs (R TIDNTHRREFERESICREEAFL ., ES
RN FEFEMR RSN EBMEEN B2 o TD, BT,
2B TTHGRERFEENAS 6 mm x 5 mm O MK A 2 NPIRED
RPTT B2 N ATAE TEHE, B ATMEKAZL TAHT BT
VD, B TIEMRERE IR Cha DY, FEEMASRE
WCHIRTFEL QOB ATREME D,

BT OB BT BMEERIL h 2RATERT,

h=(, + 1) @

nc
h,, VX ESRRTEMEERAR, b, 13 E RO BV IS
TR, Fig.3 OFERRERN D A Bzt R Q)
RE&AHH>Th, 25K, Fig6 1R, (DRER—BL T2,
BEHR
1) M. Shiotsu et al, Abstract s of CSJ Conference, Vol.77, p.272 (2007)
2) A.A. Bishop et.al., WCAP-2056-P, Part-III-B, February (1964).
3) H.S. Swenson et al., Journal of Heat Transfer, 87, 477-484 (1965).
4) K. Yamagata et al., Int. Journal of Heat & Mass transf., 15, 2575-2593 (1972).
5) E.A. Krasnoshchekov et al., Teplofizika Vysokikh Temperatur, 4, 389-398 (1966).
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The hydrodynamic and heat transfer characteristics of film boiling modes transition around
a thin wire in He Il above the lambda pressure
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1. [FLHIZ
He II FIZBWTHEREED S AJES £ TO=FE(KAHHE - He
I 8 - He DD 2SI IVC, TRy 7 — LI
i« 557 0 — VIR« A P — BB 0> 3 FEE O B
JBE— FBFAET D ENFELOER DV [CL-THS
Mo TND, ZOWEET— RERIZOWT, AHFZET
VAR 2 FO IR O KRR 21T\ U — FEBICR
T AR ORRAE & BURZRE O BRICOWTH BT
T 5, ME He II HOM#RE Y ORI >V TR - 72
WEOHIE 23 ) |2k LT, REFFEIZZ OWEET— Rk
I 28R & BVBER O Z{RIZ DWW TR L TiThbh
-HDTH D,
2. EBRAE

AL BN E 7 ay TR I TN G ALY RNICAT LA
(SUS304, ¢ 50 u m) BrE—FZACE S ANCIRY , Bt a i
TS A B X Lin, R TAA ALy NIEBRIOJE
77 iR EZMNAZ AL S L FNAEETHY, 1. 9~2.1KD
MEHe TR CTREEDS A FENETEHEZLSETHTo
TW5, E—&TH5 SUS304 12DV TIEHI 40K LA Rz T
BRBEIREIZH L T—RICREDD, b—XThoHEL
HICe—HRE A RDEEFFELCHEE L,

Fo RIS/ TU T EE AL, REIIIAN A —
REFAIATEH AL,
3. EBR#FER

Fig. 1(a)-(d) 1¥ 2.1KIZH T D N E ARG B IE
E— NEY OERKIEOR D BN EH 2 AL EETH
%, Fig. 1(a) IIREREKIEDN TR & PATICE S R+
DL Z S, T D O TIEBRY 7 7 — LI &
b, £72. Fig.l (b), (c) 1 EEEEEE ) A XL B
[BE— RTHY BV 77 —VIEREE R LTV EER
b5ND, B Figl (b) IZBWT oLy — MEIROEXE
MWIRN D Z LT e —Z IR 52 R e T h
%, F77. Fig.1 (d) (TIFZRKIEA BEEA AL % A FT Tl v K
T A RSB IS, Fig.2 IR T21KIZE
B EMREROECITREO TR e —F Y TR BHA
LIREHE L, BUYRERO E— 2713 10 kPa H7- Y ITIHE
T 5, LoLBns, 1LIKIZEITAEUREROE — 7
25 kPa E AE LV b KRIBICEHWEANTCRONDZ &
R0, YT 7 — VSIS - 95V 7 — VIS O 5B 03 E
HThdZ Ll e — % EOBIE & e DRED
FFoTWa, HRIFINOLORIZE L CRMICHET 2,

s-takada@edu.esys.tsukuba.ac.jp

Fig.1Typical visualization results for several film boiling mode
at 2.1 K; (a)the strongly subcooled film boiling mode at Py, =
101.3 kPa, q = 21.7 W/cm? (b) the weakly subcooled film
boiling mode at P, = 16 kPa, q = 60.1 W/cm? (c) the weakly
subcooled film boiling mode at P, = 13.3 kPa, q = 57.9 W/em?
(d) the weakly subcooled film boiling mode at P, = 5.3 kPa, q =
37.3 W/em®
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Fig.2 Heat transfer coefficient during film boiling depending on
the pressure at Ty= 2.1 K, fixed heat flux q =30 W/cm?
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1) M. Nozawa et. al., Adv Cryo Eng,51(2006) 393-400
2)  M.Shiotsu ,et.al., Adv. Cryo. Eng. 39 (1994)1179-1804
3)  R. Wang, Cryogenics 34(1994) 983-991

4)  S.Takada, et. al., Adv. Cryo. Eng. 51A (2006) 401-408
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Magnetic refrigeration for hydrogen liquefaction
— Transition temperature of second order transition material and AMR cycle 2 -

R, FARTTHESE, ARAZE— (@R #2210, R (NIMS)
KONDO Takuya, SOBUE Masamitsu, MATSUMOTO Koichi (Kanazawa-U) ;
KAMIYA Koji, NUMAZAWA Takenori (NIMS)
E-mail:kon.d-28@stu.kanazawa-u.ac.jp

1. [ZL&HIZ

SRR LWE b BHF e Tk FE =L ¥ —1h
2OFEBUTANT T, FIECLNG, WA EHZ 2R EL
L. B TOR BB YR CEDMR A E R LK
FIAL B FRE DI EIT> TS,

TIVETIT IRMAIK FIRE (20K) 759 14 % 56 1R
(77K) ECTOIRFEHPA T, — R “IRBEKAHEEB 2
Tk & REMER OB IEEIT VY, TNHORMES = ke
B —. R EELN R (Magnetocaloric Effect:MCE) 45
LC&Tz, £, EHREY A 7L O BRI & 1 L
%20-30K fHIEK COAMRY A7 /L D FFE 2 8N DT A
LT&ET, [1]

AE O FEE Tl WA 2 L O i b O REIZ DU
T BEMERBE DRSS IR B I & WD LS DA 78 51T -
7o FRNTIC WD = P — 3 R DR TR AU
SN BENEIRD KR T — 2% WD ZED I ELAY,
Kf#] - a2 ARDE CTHREETHD, €2 T, ZKEEBET L
WV ZUE LT AU L DR F B 2y F- 3 Bl
LR b — DR A T o7, ZOLIIZHERIIC
BHESNIAEEOLBIRE TcaiioWE O i’ —
R L7 (Figl.) . ZOTT VB E v, 7L Ah Rl
AMRY A7)V (Fig2 ) 128 T, SRiBIEE O BIR M8 o
LB DNV T OB YA 27V OB 2855 L=, [2]

SlEbGIEkEE, ZREBET VB E i
1ToT, ERIBED IR TEIRIE FTOJAV R f8 Ik
DM ZEEBLT D200 HERy ORI, Ml
DL I I DT 21T o1,

2. 2alb—LailE

EHRIEED DRI K EIRE OB IR EIEZ B T2
(U, BEMEM B OREIE L0, B D Z Be () 71k
NEZHND,

ZIVETIT o CETMRMNTIND | BEEIR DR FEE —EET
DYE . RO IRAE /I BMFHN A BT MR OB Bt
IO BIREIIC L > TREL R RS TWDLEN o
TETo, 2O, B — B M IR B IR A IR 1T 72
LA ITE &M ESHBEE D ImIEE ) 258 c&elle
%o BRI DG B BORERFIEEZEE T DL,
AR K FBIEE £ TOREHICIT G D2 BAL S ET
bHHERENT,

FEATRE SO TR I TSI 5,

'12 T T T T
(B:0-5T)
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Temperature (K)

Figl. “IRE=BET AME D= at’—Z84k (B:0-5T)

AMR Operation (Brayton Cycle)
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Qu
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-

Fig2. AMRY A 27V D R FE
(RS LRSI RO T & TR S e 17,
T, A TRARE | T, ASRAIRE . O -HEAL, 0,00

i

AWFFE T H = R LX — « PEE TR A B I
(NEDO) SO EFEICED  AKFE 22 2R A B o
Ty O—ERELT, MAEA = RATX —RE TF
FFEATE D IEFRFFEIC LD SRS L7z,

SE 3R

[1] K. Matsumoto, et al.: Abstracts of CSJ Conference,
Vol.77 (2007) p.141.

[2] T. Kondo, et al.: Abstracts of CSJ Conference, Vol.78
(2008) p.213.
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Garnet type magnetic materials for hydrogen AMR cycle

] #E (NIMS, THEKR) Tk HR (BIRK) MR8 7216

Ia (NIMS, B T.K) ; ¥ fEH] (NIMS) ;

HaA F st (TIER) S ARA 72— (BIRK)
YOSHIOKA Shogo (NIMS, Chiba University); KONDO Takuya (Kanazawa University);
KAMIYA Koji (NIMS, Tokyo Institute of Technology) ; NUMAZAWA Takenori (NIMS); NAKAGOME Hideki (Chiba University);
MATSUMOTO Koichi (Kanazawa University)

E-mail: YOSHIOKA.Shogo@nims.go.jp

1. [FC®HIZ

YR - FRHIF JE RS & SR R KSR IR L RS S v o
BEDOBAFE A D TD, ZAVFETIT, K FE AL ARG 3%
ZAE ML KB HACERERER , BEPEIR O FE B & OTIRI
70565 T DAL FFHEIZ DOW TR KM BIZ LD zh =72
KFRAC T IEEFER LT, EBIT, KRBT AE T W T HEH
B 60RE XN B Y127 /L AMR (Active Magnetic Regenerator) 0
FERER 72 BRI OV TS 1T 72 -72[1,2],

ZHNETIZAMRY A7 LTI, B R OB B
OISR FTZ D TE -, ZIUCBIL T, 5l &kt & e
HTHY, AR AMRY A 7V EE B D 52 R 2485 > TV
LBMETHD, — . KB ICHFB SN BTy 7 AW
PEIR, Dy-Gd-ALA— %~ (DGAG) 1, 25K TOAMRY
ATV W CHIENT- Rk E R UT-, £2C, AHFET
R RBEM B AT T 20— DD HIEEL T, EI3y
I AFZMBHZ W TR R D 7=,

2. BETEIKR

H = BRBEMEAENT, £ T30 7 BIC Z B ERIRGEHS B
Hfi 3 Clamesr s TRy, 7o, KFELUICWRHET
K ABMEMEIEL TR THD, UL, i BT — %>
RRBEPE R — B OB BT 2R e | mIR SR Tl
WS Z L D= hae — LD KRB FLIAD T, &R D
MR NHRITHD, Lo, 8- — % MEME IR IT R
TREE D3 & BEMEFH BAER ASIR 2 | SROWINIZE»>T=r
bt —f5E % B TED AREME N H D, MR %13 Gd-Ga-Fe
H =%+ (GGIG) IZ2OWTC, a7 = ha e’ — R DT
{7 o72[3], I THAIIZOHF R REL LT, BIEDK
FREKA A AMRY A 7L ~D 1 AIREMEIZ DWW TR~ 5
ZriclLr,

Fig.1iZlX. DGAG. GGG, GGIG=Gd ;(GaFe, )0,
(Fel2.5%B L 50%F) D ot — k2R Ui, 8k
DOEIMZE->T GGIGHD T bt — T RELEALTHIEMN
bInd, Fig2lZid, By 3TICRIT b= hue — 2 L BE 7R
L7z, = bot =28 L BT, 3K2>5 9K DK IR ik < i
GGGX° DGAGD 5 KEA3, 20K 5 30K D iR fEIk Tl
GGIG (Fe50%) D=>hat®—Z L ENRKERDHI LN DY
b, ZNFETO DGAGEEH LT AMRY A7 /L ik Tl
28KFEEN AMRY A7V D LR TH-T-, LIZi3->T, GGIG
OERIZEST, 2 I miRER CEIERTRE Th DT LN
FHEEND,

3. EEBAE

ARFEBR T, Fe(50%) MLz GGIGIZOWT, 73y
I AREERUEL | BMRER R IE A TR~ 5, BUIRD AMREKER
HEAZFALC, BrEVEmss s ZBL, = hae —#ix%

D, ZHUZE ST, AMRY AT EITD GGIGOYERERT

MDIEAT =557,
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Fig.1 Entropy diagram of DGAG, GGG and GGIG.
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Effect of fluid flow control on room temperature Magnetic refrigeration characteristics
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1. [XC®HIZ

ek, WERIERRLRIEN / n— Ty 7 Ens ., 7n
YUARHRBANEL COMRMEICIER L THEY, AMRMHE
H127 /L (Active Magnetic Regenerative Refrigeration ) J7z
W DR BRFEL S FREE/ T A= D
ZFEIRIAEHED TOD, Al Tid, AMRSGIR A7 /VIZX
DILPE ZEE U B XTI OB OW TR~ fE R
Bk B,

2. RERAE

HEEL S A AR B 2 5 E D DL IS BT ST A— 4 L7
2 THEAN OB B & LB B2 AT AS Y LB AT
Sfc, BT HB RO E R T, K110, FEENITA
v a2 THUILN KB A B GAY R & 45Kk (~100g,
500~800 u m®) BIORHIEH B CHi7-S T\ b, F
AR A TOBREIRKICZOBZRmA SR HLANTHZE
TS ON—OFFENMEZRITH, Fiz, EAM O ETFENZIY
IR (LT) — @il (HT) MicmiEsBasts, 2nb
OENMEE A T TAMRB H VA7 VEIRETT ), B
WARSRNICIRE AR EZELESES, B, IRE % A Tspan
=HT—-LTEEF LT, H2I, BIEETROHIF 2 — 2R
7, K2L0, FICHRRE TRz — B (ER) BIO B (i
W D EAT o1, FrC, BB E) CIEE T E SR
HOHAIZOWTHET RN Z T2, 72, MRS TR Bk
DOWHER 7 AN B BB SO RN 2 IR, 4+
RIR BB L7228l AT MLV BRI E 2 A S E
T A Tspan (233 JUE 3% BEE il 4 00 A~ 72,

3. EERHER

IR A PR ST RO R AT A Tspan OIR R A7
ZHIBITRT, K3EY, GAY R EEOYMHETHLHT U r
B — A DR JE R AFEL [ERRIC A Tspan 23[R E70 B2 &8
D, Flo, WEFEHIE OB DWW T, REHE L —E L
D, T B R Eh S5 D )5 A A Tspan DA EAFEROHHIL,
K ATspan=43. 5CHEONTZ, ZORE, & it &R iE D
RS R H D EL AT,

4 EE

R BRI W TR AN O ML, BRKR H B X
OERBEREZE IS TR, MR EN R CTALHIRE
AT OB EBENC LV BDNE TN D, BRI, BREm
(IR > CHEAL DM BEETIT R 372 (= SE/KFEI) I I & DS TFAE
THEBXIGE . T OMEII S ERICH 5L
RN ENLEBG R TSED, A ROMKRLD, BEifiH
LRI A A A DD & TR IR I ORI B F 5L
72D EEZEZLND, L LERNG, mits bi3E I Kz
REED0, LD TRLMLETHD,

5. F&H

BTHRIRN AT T D IR N DV TRESTEA TV,
BB B OGN ERIAGMC LT, 51, JEAREDRK
LA MR U 7o oy B il 48 oD e i b &30 IR ZE 0 iRk
2179,
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Fig.1 configuration of AMR bed
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Fig.2 Control pattern of AMR flow rate
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Fig.3 Temperature dependence of A Tspan
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1. J.A.Barclay ; NASA Report NASA-CP2287(1983)

2. T.Kobayashi, et al.: Abstracts of CS] Conference, Vol. 75
(2006) p.112

3. S.Kito, et al.: Abstracts of CS] Conference, Vol. 75 (2006)

p.113
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2 %EﬁtﬁA Motor
AL TERAE Lo m i o 2 7 2 OISR 2 X 1 b
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(RSB E OB D Gd (BREE 600 um) %, 1K) controller” exchanger =~ Tron
27—l 2 A (C-Duct & B-Duct) |[ZHESEERIEFED X Position of thermocouple magnet C-Duct  yoke
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— N B S ORI E N2 7 N LIRS~ > Fig.1. Schematic diagram of the room temperature magnetic
e . fri t
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o
3. RER#ER =
AERTHVERRBHRED RS 2 MEOBMEN 8
£HGd & GdogoDyo, DETBMREZLROREKREEEZR 2 N
W3R, 22 ORI EZIE 0.6 Tesla TH 5, 0.5
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BRESIRE T #7737, MP oz Gd & -10 0 10 20 30 40 50
GdygoDyo 1 PWIEMEEE L&Y — 7 BETH 5, miRimE T [*C]
HE Ty = 18.7 C Gl IR Ty — Ty 1 14.9 C T D48, Fig.2 Adiabatic temperature changes of Magnetic materials
Ty=275 CTIE204 C, Ty=31.1 CTIF19.7 CL., Ty
Wxt U CIREZE Ty— T B RK E R DENFET 5, Th
iE. #7 PO Gd ¥ GdygoDyo.1; D FEHEBIZ TR D .
FHENZZENZNREAE N SOWTEY | BEZE Ty—TulE 3
Gd DR EZ AR Ty — Tr 1% Gdg goDyo 11 D BTERE A
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U7 il 2 IR ERPRASFAET BT L RIB S 5, E
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of GdogoDyo.11

4, BiEE

ARFFEIL, HERIEREALBA L B it 7 2 7' AO—EBRTH i
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Continuous ADR System for Helium Experiments
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12 100mK &3 AE S AIARIRE AT —VER<E, HAT—Y
1T —EDRENR TN ) =P AT NV EGEOIE T, BEIRA~YT L
AR T DI-010E, FEFITRERAVT 2O LLEE RIS
72DV —< VT U H— NN AR AR IR D DN, Bk DO
M, CADR OEAT—VhkY—< VT o H—ELTHEHTS
ZLIXREETHD, ZOREE RIS BT DT, AR A%
LEBEICAUT 2% 1K Ry Mo TR LB IR IRIRE 2

T =T DNIY LB (Fig. DEELSLBER DD, AWFFETIE,

1K Ry MFHIZ CADR IZHFFR L., R T ICLoTAIT L%
WEST A2 TERMIIRIEEZ TR AESE L REAT ML,
IFRETIE, Af D CADR &IFHNIC 1K THEHERES S
CADR #HT-ITREL T, 1K Ry b E|ZH AT
05,

3. KRk

VRS 7= 1K ARy FOAMBLA Fig.2-left |T79, AR R
THWHID IK Ry MNTEE . BRI L > TEBICER
DiATe~UT AOFE EEHIE T MG 7> TC0D, 2,
1K Ry N O KIS H OIFFEIC LY AT HEL 72> TODH, /]S
EHBREICBODTIRERAARNLTLEY, TOH, A
e TN E AR CHOBTEIA~UT AR IRAYD L%
Sy Bl CEDR—F A5 7 (Fig. 2-right) &2 JHNAZ L T L
DY EFIH AT,

BELZ 1K Ry bOMERERBROfE R LB, CADR 1255
AU LBV OHENZE T 2RFHI W TH, X H OFEIEIC
THET D,

ABFFEE (W) BATEH 74— DT H BB A5
WFFE (G F AT IE) 128D s,

235 3k

[1] T.Numazawa, et al. :Abstracts of CSJ Conference, Vol.78
(2008) p214

[2] K.Takahashi, et al. :Abstracts of CSJ Conference, Vol.78
(2008) p215

[3] K.Kamiya, et al. :Abstracts of CSJ] Conference, Vol.78
(2008) p216

Fig.2 Picture of our 1K-pot (left), and porous plug (right)
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1. [FL®IC
KDREKFZANKE—HEOEROT-DIT, KFEIR
LD ENFRCITEE R BAREDO —>Th D, IRIEKFE
B RE LT D [ T2 R L X — B DR b W IERES )
5 Th D, L LIREKRFEORIEIZITZDOWATH H 20K
ETHRTREND Y | EROKURBHIEIC D D HT-
7R E NG AN & L THKGHIEICHMSR T 5T
WAl Fox X2 ORI E T B E S LT, A
T b E—Z{LAS DKREVGAd D Br OEA HFEEL
MEFTE L CE Tz, H—OREMERT T CIRR VR E &
WZES THERAS 2155 2 LIXTERVOT, EEOR
R[S AT L EEET D -0iE, oD R DR
B FrORENEIR 2~ T 5 MEDNRE S D, AF
ZeTIE, —HOBILR - IR ROEMYE HIP EITKY
AL, WBZNE LEMREEZBANI T2 L & bIT, B
WHE B U COMERB & 3T L 72 i R 2 s 2,

2. B
FrEMEO4R (TR TIEa4) 2HRwE L LT,
130MPa DZEH KT 1873 K T 2 MeRE: L HIP &
HCHEBEE(L L7z X BREHTHIEIC X 0 3B O 2 373,
SERESG LA L 5T CORS VR RIE LTz,

3. #R

2T OREHT NaCl SO IO TH D | HT-E
IR EITLROEID O T RETH - 72, BB
IR RIS SR CIER IR E i a R L, Fi2,
WA T 5 Z & TR AT TR ORI O/ T
HHEIN B EC X 7o, BV O S-T iR 2k, AS,
AT %5l L 7= (Fig).

Flo, INHOT—HIESNTEHEMEY I 2L —T g
U EATUV, TTIK 725 20K £ THD AMR ¥ 7 VI L 5%
HREAEMF L, AEOfRKR (AS BNREEET—E.
86.15KI/mM’K, DRABBEER B 2R E[2, 3]) & bl L7z,

e P

1. K. Kamiya, et al.: Abstracts of CSJ Conference, Vol. 72
(2005) p-30

2. T. Utaki, et al.: Abstracts of CSJ Conference, Vol. 73
(2005) p.179

3. T Utaki, et al.: master thesis, Osaka university, 2006
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Fig (a) spesific heat vs. Temperature of Dy sHoysN, TbN,
TbysGdysN and GdN at zero field (b), (c) Magnetic entropy
change AS and adiabatic temperature change AT when

demagnetized from 5T to OT respectivery.
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Evaluation of Jc distribution of Nb films with asymmetric artificial pinning centers by using Bean model
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1. [FC®IZ

B O RIS H FUSHKT L CTWr i OFIR I R A2 D A
TE(APCS)Z AT HILICLY, BIROBEH IR T
BR SRR RS R D R D EBLR T RE THDHEE RS
B, ZIVET, BT CIEXIF2N LE LV ORSRE =
IR ORI EFT o 72, F£72. MO (Magneto-optical) A A—3
VTEERWT, BRI TS X IE e N TE 28 AL
72 Nb 0D 1 O RE U B 53 A7 & BB L | BT 4y
NI B E T2 AT L E MBI [1],

ARFZETIE, BT V% AW C, JEFR R Sy
i EER SRR B AR IS DWW TTEED T,

2. REREFRAT

T ANV T T o —Fitfiz -V T, JEEAY0.5 1 m O Nb D
0.5mm X 1.0mm FEIEIC 5.0 . m DA TJEHI T, Fig.1 (-3
IR AL A A LT, MO A A=V U 7 IRIZ D30

FR M ORI B3 A OBLER I ARIRRE KO B ST A v
Uo7,
TSR BE B DOy ARG 3 DR SUR I B J. 13,
u,J, =rot B (1

ThHEZbh5, BE—FT VT, BHREEIZEISTRAE
BT —E L7250, ZZTlE, BIE LT BEEE E AR D,
BRGRARIZBIT 5K OB R EREEOREIZREL
TREMmL7=,

3. ERBERLER
Poiiick W TiEE 43K £THA%. RICEEIC
32 EIINL ., 40.4mT ETHEINS W%, B SE7z, MO A
A=V T, DO FE R B E N E 2R LT
%o WG T, Fig2@DIZR T LRI T2 4 X FRIC
AEINEICIR AL, P OREIE 1 CRd b Bl
BIEDORNEDOER S BT, ZDOEE, Fig2@2)osd
SR oy AT L R FE 0 AR 1 Fig 23R Lokt
e DbDEB 2 HID, IRIT, WIGE D SEDE, BERD
% Hith | BB A NBENE R E R E Lo
S ROBDOH S (Fig.2(al)D#1 <X° Fig. 2(b1)0)#2) (]
ﬁ)of@iﬁbfwdi‘%%#%ﬂfréh?ﬁo FHZ ARSI 5
IR JE DB DR TH D28 | Fig.2(b1) DAl D#3
TARTIIOE AT, MO (LHOFER 1T RACLL A>T
WD, ZOlE BEREREEIT Fig2(b3NIRT0mED5h
DEEZBND, SOIZ, MG ERDIELE, F1g2(b1)0)#2
TRUIZBDEIEHE A, #3 TRULIZILOERS3 1 Fig.2 (c1)
DO #H4 TORINLBEE TR, MAEE DAL Fig.2(c2)&
720 RSV B A3 AL Fig.2(c3) 1R T X572 > |- g5 872
DIEAFRIR AN D LB Z HID, 22T Fig2(cl) IR T
MO A A—TRIDIERIFRREE S FE 534 OIED D, A E T
BEOIESEIT |is=1.38 ERMEDILNTED, 20,
W 2D S Th, Fig2(dD)D # 5 TR ILDES DAL E
IEEAbR T, Fig.2(c3) LIRIUIEXIFR72 B LB b oA &

f;é%@&%z%héo

SEXH
[1]J. He, et al.: Physica C 468 (2008) 1661

unit :um
Fig.1 (a) SEM image of the surface of Nb film with asymmetric
step-groove-type APCs. (b) A configuration of the APCs.

0o < 0 ml\ <
A -J,
(©) @)

Fig.2 (al)-(d1) MO images of the specimen with asymmetric
APCs or ZFC at 43K and the external field B,= (al) 40.4mT,
(bl) 27.7mT (reduced from 40.4mT), (c1) 21.4mT and (d1)
8.5mT. (a2)-(d2),(a3)-(d3) shows a set of B distribution and Jc
distribution based on Bean model, respectively.
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Superconducting properties of the V,Ga multifilamentary wires using Cu—Ga compound fine powder
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1. IZL®HIZ

V,Ga EBARE R OBEE R B4 BRI R
55 GalBEbAEBZREL., & Ga 2 Cu-Galb&aa A
TR R E L BRSO E A A S NI L TEL2Y,
B Cu-Ga (LB OiE Mg BN k- CTH R DB R
P LRI EN TRV, Cu-Ga (LA O E 2D AT REM:
MND, AFIETIX, Cu-Ga (LA KDOMRAL 27 A, A
BRI BT BB ARG R K OB ~ DD A DV
w7,

2. EBAE

A58 THWZ Cu-Ga k&ML, 200g KEEZEEE#E(Cu
¥5:100g, Ga $7:100g; Cu—-47at%Ga KR K& N 400°CDYE
{LAVER 24T > CUERIL 7=, BESRISIERIL T2 A 2w ML
ByRICL TS, ABFZETIEY =y b1 ED Cu-Ga 1k
ORI EAT o7, MRALLTAL SR O—ThIX, ¥
b VDT 400°CHKFE TR EFT T, ERILTZ
WRZERNEERD 2 FEO V &BEICFHRIEL, £ 1.0mm
O E TN T 24T > CTENENH R HIBRAZE G, &
NHDOEEHE . Ta 4 FE(ID:4.0mm-0D :8.0mm){Z 55 A A
2y, ZOBEEEE 1.04mm OMEEETHINTEZTU,
V/BRT4ZAMV/ P DiES 2 FEFEDO L M %157,
V/F=3.07 % SF &, V/F=2.76 % LF kLT,

BRI DIRBHZ OUWT, NIMS #@ishtr 2 —a 18T
WHABRE~ T R hNAT VR~ 7 2y e VT [-B #
PR O H R CRMI L 720 B A% AR R U 7o R O
Wi A ChRL7= Layer /& L7z, £7=, SEM & OVEPMA % Fu»
TSR BLER LR O E BT E &1 T -7,

3. EEER

Fig.1 IZ¥ =y bV TRICED Cu-Ga b B ROk
DOEALZTRT, Pazyh L OEIEEENRHZET, kL
B2 AE A DTz, BIZKFEIEITLABLE 6 [BlD
VxR IVEITHIZET K Tum OSBRI ZE RO/
Cu-Ga k& ELNT-, Cu-Ga {LEWDOMELIZIB T
Vxyhe I K EKZIBETLUHOMAE DEIIE RN THS
LEZOND, Fig.2 12 J-B FEICBIT5 Cu-Ga L&Dl
BiAb 2y Rz om g, P ORI R E L TRESRDRIR D
Cu-Ga {b&WE T8 OREEA 7R3, 18T LN OfEYs
FEIRIC BV THIRAL LT D J BN L < ESN DI
AR BT, ZAUTHRALIZE > T V,Ga FHOILHEA A
{RESNTZT2b THDHEFE 2 TWD, 72, V/F ELO/NSWLE
HELOFFENR R, REWT 4T A MRIZE D R 238 L
72120 TdhD, Y HIL, V,Ga BAREAR O RR LB mE
HEME D B DUV TS T,

B

AWFFEIT NIFS JEE A3 4 (NIFSOSUCFF005-2), NIFS —
W% LA AFFE(NIFSOTKKMEF003) Kz ONSCRME R 71 7 BR A 9T
BlZEviThnr,

20 Ty
Cu-47at%Ga
@ --- 1Pass (63.518 u m)

15 |- A ---3Pass (16.3134¢m) n

& - KF:®T+3Pass (7.602 1« m)

-
o
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3.}

0.1 1 10 100
Particle size (pm)

Fig.1 The grain size distribution analysis results of
Cu-Ga compound powder via Jet-milling process.
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&l
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200 55 multifilamentary wir
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Fig.2 .The typical J:-B properties of the V3Ga
multifilamentary wires using Cu-Ga fine powder.
SE 30k

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.
. Y. Hishinuma et al, J. Phy. Conf. Ser.97, (2008), 012131.
4. Y. Hishinuma, et. al, Abstracts of CSJ conference Vol. 78,
(2008),
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Effects of Mg Addition on Nb,Sn Wire Fabricated through Diffusion Reaction between Nb and
Ag—Sn Alloys
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1. IZC®HIZ

4 FE TOWSE T, Ag-Sn DILHSISIZEVAERK L2 Nb,Sn
7 ar RIBIZE RV EER RIS I Mg 2iRIN4 528
TR E W R CEDAREME NS DA R E L[], £ 72,
Nb & Ag-Sn-Mg G DHE % 2 BB CREDIALM T AL
15824 R OMEAMZ R & L 7= Nb/Ag—Sn-Mg ##44 non—Cu
overall /1%, Ti KO Ta IRINIZFT-> T\ g\ 7 a o Xk
Nb,Sn #AF 2 5 72 overall J ¥EEZFF-> TV D 2 & %
AL LCE (2], SRIONSETIL, B2 5B
e LA B LT Ag-Sn-Mg F1D Sn A 9at%h b
11at%lCHEIN & w72 15824 I N & (R U7, [RIIRE
(2, Nb,Sn JEIEZRFET 572912 SEM LT EPMA 2347 % H
WTEDFELWEIZEE T T,

2. EBRAE

PLAT W E 8 L 7= Ag-1lat%Sn—2at%Mg . Ag-1lat%Sn—
4at%Mg & Y Ag-11at%Sn—6at%Mg ¢ 0.88mm ¢ D HL Rk %
75mm DOFRXZYY, KX 65mm, #ME 20mm, PNEE 14mm D
Nb (AT IZEED AT W — L ey ha—F—F A 2%
STEANLTEAR 0.82mm 0 172 Fofbf & /BRI 7=, Il Li&
T, WD RICEDIN T2 16% ([ZETHTLICEmZEHh T
450°C X 1h OB ATV, B <A E /251
L7z, £72. —E O Ag-1lat%Sn—2at%Mg . Ag—11at%Sn—
4at%Mg & OV Ag-1lat%Sn—6at%Mg 172 FRAf 13N L%
1.1mm ¢ TIE®D, 70mm ETHIH L, B& 60mm., # 20mm,
PN 14mm O Nb /3A 7 IZFEDIA L, Rl & RIBED 515 T
o— Al Hyha—5—F A 2 5o THEL 0.82mm ¢ D
15824 RO Z A ERL 72, ZOIHICUTERIL 72
Ag-11at%Sn—2at%Mg . Ag-1lat%Sn—4at%Mg MK OV Ag-
11at%Sn-6at%Mg > 172 MO 15824 btz ThEih
50mm = (ZHIKTL . Ez2h T 600°C~800°C DR THULH
%L C Nb,Sn ZHLABUE RSBz, BULELE . 3BHT Cu AvF
LItk BIEV—REERY—RZ2ED DT T RO L OWE
177z,

3 HEREER

A EIVERLL7- Sn 2% 11at%lZ NS 7= 13 Fig. 1
IR T IO T BLOB,, FetEidim EL72b 00 [ ReEITAK
U7z, 23U Sn R EEA BN W 7= 2 & CHMmE AR 3 A
L7cb DD, Sn RE OO TR LKL 72D | &
MORE IO OWHE L Z o720y, I RN
ToltbDEBEZTND, —7F7, Sn BEE Jath& LI-#A I
Fig. 2 1R 3 X0, Ti NS Ta NEL QU Va7 e X
BT TERIEN T2 Nb,Sn A EEI%LL £ non—Cu
overall J FFEZFF - QOBEWVIZENDD, BIEIL, Mg s
JNZAT-TUVRUY Nb/Ag-11at%Sn 0 172 385 K& T8 15824 Hi
ME LM 2 ERIP Th 5, ZNHOM & Mg IRINEAF D
BB M2 E 5 2 8 T Mg TN a2 LRI 52
EMTEDLEEZ TN,

SE Xk
[1] M. Iwatani, et al.: Abstracts of CSJ Conference, Vol. 77
(2007) p.33
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™~ . 12T 42K

Sn Content [at% Sn]
Fig. 1. Bi,(4.2 K), T, and /(4.2 K, 12 T) vs. Sn content
curves for 15824-core wires including 2, 4, and 6 at%Mg.
These wires were heat treated at 600°C and 750°C.

1000 T T T
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10 = NN s
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N\ RN
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| | b

t t t
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—&—bronze process without Ti and Ta
—&— 172-core Ag-9at%Sn-6at%Mg
—— 172-core Ag-9at%Sn-4at%Mg
—@— 172-core Ag-9at%Sn-2at%Mg
1 1 1

—_

I, [A] & Estimated non-Cu Overall J, [A/mm?]

4 8 12 16 2
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Fig. 2. I, and estimated non-Cu overall J(4.2K) vs. B curves
172-core and 15824-core wires of Ag-9at%Sn-(2, 4, and
6)at%Mg. In the estimation of the overall J, of 15824-core
wires, we suppose that the thickness of Nb-pipe sheathes for
the first and second stack are zero. These wires were heat
treated at 650°C for 200 hr.

<

[2] M. Iwatani, et al.: Abstracts of CSJ Conference, Vol. 78
(2008) p.46
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Development of Jelly—Roll processed Nb,Sn wires (2)
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1. [FC&HIC

YxU—m—/L (JR) I Nb,Sn #4413 20T LL_E D @RS+ ¢
BV R SR A A R T I e A S TRV, #Ek
O7 L RFNRDDEBER A Nb,Sn T ORIEOOEDE
L CHIRS TS,

giEl, Y=V—a—/LJE® Nb 3L Sn v —NEAEHETZ

LIZEY, REfR Nb,Sn OARDSINHIS AL, Je DIf)_ B2 H
BCTHHZ &%ﬁﬁ; \L7z[2], Al AHR OVE RS D Fe it
L&Y, EHIZE Jo (ALOFBRMEEZ TN~ H G, BRERIK
TEPEL _omﬁﬁm Nb,Sn DAL Je FrtE~DE BT DO

T,

2. EBRAE

T —a— /UM EREIOERIE, Sn G4 ]aT DA
JEREIC IO VERLL7ZJEE 0.09mm @ Sn A4 (Sn—2%Ti-5%Cu)
—h3JEL, JEX0.1mm @ Nb &4 (Nb-1%Ta) > —h 6 JE %
£ 4 [BREDRL CEREMT, ZOEIZIE VT ELT Nb
A4 (Nb-5%Ta) > —haB &), Cu AT I AN TEEH
R,

VERLL 725082 | Bl CRIEFH 21T 7284 ¢ Imm 1Z
Mz, ¢0.5mm, ¢0.3mm FETHAFEL, 700°C X 150hr THAL
FEL, 15~25T OFHTO Jo JIE., Wil 247-
7o

3. HBRBLUER

Fig.1 {2 18T OB IITS non—Cu Je DIREARIEM 2o~
9, non—Cu Je 1%, #£E ¢ Ilmm DO LXK 500 A/mm? THDHAS,
FREE DN DA Z 7R L, ¢ 0.3mm Tl 700
A/mm? 1Z[f] ELTE, Je ORBRIFHORIKEL T, Fig.2 17~
FEMLER S ORI TR 2 LEER L 72 SRR DB M LD R & 7R
ZERIIAOIT | FM Wi D A 572 Fig.l 1R
Nb,Sn OEFED LD BL  BEDOBAIZLD Nb,Sn DA K E]
BDOEALITNENZ LR D)o, Thbb, Jo ORERIKE
PEIE Nb,Sn FHO A Al ififE ©7e<, SHEDWD T Sn DL
PEBEDS/INEL 2D Nb,Sn DRERE, MRS B A RIF LT hs
RThHILHEESND,

BREEDWD EEBIT Jo Rtk L9 22Em5, K7 4T 2
VIMEO/INSTR LM TR Je LD ETBETHY DT
TIE M OIE G S O B L N EE 2 Hid,

Table 1 Specifications of the Jelly—Roll wires.

2. KM,

Items Specifications
Core( ¢ 3mm) Sn—2%Ti
Sn layer Sn—2%Ti-5%Cu
Jelly— 0.27mm (0.09mm X 3)
Roll Nb layer Nb-1%Ta
layer 0.6mm (0.1mm X 6)
No. of layer 4
Barrier Nb—-5%Ta (0.1mm X 7)
Sheath OFC (¢ 12.7/ ¢ 11.5)
Volume Sn 0.25
fraction Nb 0.57
Cu 0.18
1000 0.6
‘(‘_E\ 800 | BRI QT et ©. Py 05 E
£ \‘.\\ t;
2 — T 1048
600 R °
9 e {03 E
5 400 E
CI) 7 02 c
s 2,
2200 42K 18T {012
mono core
0 e : : : 0

0 02 04 06 08 10 1.2
diameter (mm)

Fig.1 Dependence of non-Cu J¢ and NbsSn volume
fraction on diameter of the wires.
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Fig.2 Cross-sectional views of the Jelly-Roll wires

heat treated at 700°C for 150h.
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Three directional FEM analyses of Nb;Sn composite wires with different arrangements of the reinforcement
material
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M. Nobuhara, I. Okada, S. Murase, N. Nanato (Okayama University), S. Awaji, H. Oguro, G. Nishijima,
K. Watanabe (Tohoku University) , M. Wake (KEK)

E-mail:masahiko.n@power.elec.okayama-u.ac.jp

1. FAHE

HBEEIGHCIESHIHSNS NbsSn A SRR, |
VEREIZ 00 B2 BV L T 9~ DA IEIR OIR E 725 12 d > TR
BEEDSRBITAET, NbsSn O g 8B 4 FE J O F O JK &
0%, F, BB T —U—&BLCHRIMITEZNZIHE J,
W) BT HZENMBNTVA[1]. A4 £ T NbsSn R EEHRC
FACDND M OF IS > CTHFATIIF E RO R
L& 3 WOLELEBELUTfRIT CH O L TE[2]. AWF5E
THETRE DB IE OE A 3 R IC I IE T 2% FEM fi#AT
& FHWCTREL.
2. BWETIVEENAE

Fig. 112 FEM f#HTICHV = Cu-Nb (2X5(a)/ Ml 98, (b)
PR, () flRA 72 L o> 3 FEEDET L OWiH K% R~
FENT T IEITIR D IS 72 AL TITo72. 948 K 0 Nb3Sn A= ER
ALBRENSRIEETHHEIL, ZO%FEITFEL 90° §°
SPFHLT 2 BH#VIRLT, 42 K £THEITS. 201%, 7—
TIEINCHKIET 2B RV EZFIINT 5. ZL T NbySn 747 A
VREBIZEININT % 3 Yk 5 ZE (von Mises 78 ) D I
ERTHT I T L (0%) , 0.4%, 0.8%, 1.0%D 4 FEFEEL
7-.
3. BRMERLER

Fig. 2 \ZHli@kT 72\ %2 E1L NbySn i HEE AR O FHIMNZE
—3 WILEDOFMEZRT. FRIET 22 5L 3 RILEDK
IMEDWD, F2boh 3 IRGLEDEMN AL, 0.8%FT
% 1.0%D RO/ IMER B IRVMEE Lo TS, ZOZ T
EBRIETYH 0.8%FE/2IE 1.0% T J, O KENHELNTVD
ZEMNSH—H L TWA[L]. Fig. 3 IZIXFHATHITE 1.0%0
LEXOHEIINE —3 WILEERLIZN, SRR O 3 )T
EVERHIRL IR TWAZERG0D.

(b)Internal reinforcement

Nb;Sn
Cu-Sn
Ta
Cu

(a)External reinrorcement

(c)No reinforcement

Fig.1 Cross sectional views of three Nb;Sn wire models

ZRHmL7z.

Fiz, FRTHITED 1.0%T 3 IRTED e/ IMEE L DR DR
Fm)E, FHm()E, BFFM@EIZOWVTHRFLE.
S EACRA (A 72 L), ST IR\ WCE 7
EMRMEMEIZZ2 5 TNBZEND 3 RTEIZE HFHOENLY
HRIET ERICEEBL TWDHEE LD, NEH TR

TIHEF FEMRVMEE D, o> 2 FIEE R o7 4
ALz

= L
= 005 |
o L
b ——0%
@ —m—0.4%
™
—a—0.8%
0.00 N L —m—1.0%
0.15 0.2 0.25 0.3

Applied strain [%]

Fig. 2 Characteristics of 3-Dstrain vs. applied strain in

Cu/NbsSn (no reinforcement) for various bending strains

—— R
0.10 —— sl EBHAA
= —— EE
g 005
[a)]
5
0.00 e
0.15 0.25 035 045

Applied strain [%]

Fig. 3 Characteristics of 3-D strain vs. applied strain in

1.0% prebending strain for three models

BE

(1) P. Badica et el
pp- 273-280

(2) S.Murase et el : IEEE Trans.Supercond,Vol.17(2007)2676.

. Supercond. Sci. Technol., Vol. 20, (2007)
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IEAR KB Z 0T No, Al #7441

Low AC loss multifilamentary Nb;Al conductor

FEEHERR, TTNFETR, ARSH, S, JGmEESL (WHE - MBHTFeERE)
mrpFnds, I (AR . HEEE (KEK
BANNO N, TAKEUCHI T, NIMORI S, IIJIMA Y, KIKUCHI A (NIMS)
TANAKA K, NAKAGAWA K (Hitachi Cable, Ltd.), TSUCHIYA K (KEK)
E-mail: banno.nobuya@nims.go.jp

1. [ZC®HIC D, REMELIZIER L CTH o7z, Fig. 3 [3HKE J0127
(Y24 7 NoAL ) (3, BEROBIEL B2, & @ﬁ%mST@HW%RWMdmﬁﬁwﬁﬁ&%@Lt
BROBETMBEERRN 2T Y v 7 LTRHE S5, P THY A NoAL BHOEBEIR S, = 27T 121
FDFDIC. T 4T A MEERERMIC R TESyD—Ffr COJAF15~25T TOEND 27— 7 L D Rz,
FElCHE N D o L B AIRECH D . BHEICEERT 5 27y TRARIZ & J O RRP #44F & OBLLHIIRZ e L7 b 0D
SARKERAO U FIERT 5 2 LR THS, 4 PP REEMOMTRETE, My &s%) 0.6%8
G, U A% v 27 NoAL BB OBALEEZ I L, ITER 22 FEETIE, WEIZY T v 7 OFRENRRNZ LR ahoTc,
v 7 EHIRO LEDERN D, £ DHEEREE ol D&

HE Nb,Sn #F4 (RRP #RA4) & bhilg U7z,

F 7 Fl ITER &7 /L 2 A JLEREBR Ci, CIC E RPN i
EAIZ LB FROBCOBBEREY S S TW5, £ 2
TURY v 7 @M OlhT EREMEEOWE 2 T o 7 8152
2TV A O T ERFHEIC OV T B R Lz,

100 micron

2. MR ERBRTTE

Fig. 1. Cross—section of sample (ME490-RS)
T) 2% w7k d, fEkoABEHIECIVIERISH 1100 0
72 Nb (Al) EELFNE RS 2 Cu & ORISR, w0 W m ME490-RS
™1 ®1.0 mm

WHE O A ALV EAM TR 2 H5ETH S, Fig 1
WZERE L= oW X 2R, BEKAORE S 23+ 5 7
OIZ, ¥ M7 Z2ZE N DRV IZT R T Ta ZEHL T
W5, AER (ME490-RS) DFE L% 2 Table 11278 L7,
Alid SQUID %5 & AW CHRIE U7z, 863507 Mo 32
B CE5T O®FPH, FZREIT 4. 2K B O 8K Tfro 72,

900
800
700
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c

500

400

non-Cu J_(A/mm?)

300

200

100

- J, (1 uV/iem criterion), 4.2 K
—e— ME490-RS

Cu/non-Cu ratio: 1.0

= n-value (ME490-RS)

25

- 20

n-value

ALITFIENRE AR 72 ) DfEE L TRz, e AT Y

VAEKIT A 2K, E3T DO AT Y A )L—T M BRDT-, [ —o— ME489 (typical Nb,Al wire, 1.0)

ﬁ;j]74’§7‘3/]\?j:i AT TOALDOE E A r—1 > 7l R R
Z&D Eﬁﬁ?bot J.OMENS, E— 2T T UTHE - THEH

Lto@ EHHMEFOWrHBLEE, RO R ZEFO/N

0
19 20 21 22 23 24 25 26
Magnetic field (T)

Fig. 2. Magnetization curve per SC volume of ME490-RS

SRIBRAZHEM L, £ lom 1F & OB 2 ERZATIE T

and HE2432 at 4.2 K

1100

T T T T T T T T
BN %, KA T 2 N & A2 5 = & (42K ]
Ik viTo7, o 900 . E EFDA TF strand E EFDA TF strand |
[ stran
Table 1. Specifications of developed NbsAl conductor ? 800 - : minimum E target B
ME490-RS 8 700 I OI-ST (ITER- Type Nb, Sn) [1] : E

Diameter (mm) 1.0 § 600 |- , Y
Filament No. 1512 (=84x18) = sol - v ! 1
Filament dia. (um) 13.6 § lse !
Barrier Ta g e MIT éS strand i
Barrier thickness (um) 1.7 @ 300f. spec / b
Outer sheath Ta ﬁ 200 -; ; NbAl ]
Matrix/SC ratio (overall SC fraction %) 0.8 (28%) < Lol . RS conaductor-
Cu/non—Cu ratio (overall Cu fraction %) 0.988 (49%) b i . (ME490-RS)

0
600 700 800 900 1000 1100 1200

non-Cu J, @ 12 T (A/mm?, 0.1 uV/cm)
Fig. 3. Loss and J, of re-stack NbsAl wire and RRP Nb,Sn
wire, with respect to ITER target specification.

1300 1400

3. WERLEER

Fig. 2 1ZBA%EHAL (ME490-RS) @ non—Cu J, B XU n &
OREFRRTH D, whmt WZPERM O J FE LR LT,
BRFEHAE D T, 23 PREGAEI CHEON TV 5 DI, Nb (AL [EIR
RICHE SN = IITIZ L 0 Nb,Al ZEHES OFARE DS 72
Sl Bbihvd, A7 17 A2 MRIZK 14um TH

[1] Parrell J A et al. 2005 Advances in Nb3Sn strand for fusion and
particle accelerator applications /EEE Trans. Appl. Supercond. 15
1200.
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(Y, xRE,)BCO(RE=La, PiB{=E/\JLY DVE S 454 5T I
Preparation and properties of (Y, ,RE,)BCO (RE=La,Pr) bulk superconductor I

Vel o, 0 RE, WS 2. IR G5 FR)
SATO Kiyotomo, YAMAGUCHI Daigo, NAITO Tomoyuki, FUJISHIRO Hiroyuki (Iwate Univ.)

E-mail: dof211293@yahoo.co.jp

1IECHIZ

REBaCuO RBEE VI DG REBEFRBEE ] H Lo T
D—2EL T, TREHIZIDE L DT LOBEARHD,
REBaCuO %2 T CuO, Hi® Cu % Zn <> Ni T, CuO
D Cu% Ga=° Co T, F-. Y P AhE2D Lu CHEEICELS
5Z&T J BFRHED M LRSS TWD[L,2], AFFETIE
YBCO DY YA aAA L PROKEN La F/2iE Pr 44T
BEEBRLIZHE O ] BFEOR FIZ oW THRFIL TS,
HIEIOSEETIX 77K TO J BRI DV THRAE L2331,
A3 EVEIETO J BEHEIC O TR L,
2EBRAE

(Y, \REBa,Cu,0, s (RE=La, Pr) [X=0, 0.005, 0.01]&
Y,BaCuO, (Y211)%E/LEL 10:3 THEL. ZHIZ 0.5wt%D
CeQ, ZMAT-IREHEER 20mm JEES 10mm DL RRIC
JNE - B U RIBRARE LT, FEAS G121 Nd123 HifE & A
L. cold seeding (255 MTG {ETREHFIZTIER L 7=, HIE
FAEHIFE T Imm XU 3mm OALENBEIVHL, 400°CT 1
WEEFHR T =— /U, BERIEE SQUID BEGEH VT
1To72, TTK, 50K, 30K TORALOBLIEAFEIDYLIER
Bean €7 /L& FHWT, |, OBIGIRITIEE RFEL 72,
fER LA

PV ZFREOERLZFU TR, La, Prdtic@H#iE2Y x=0.01
FOREVHBHIKR QR THRESELZENHETH ST,
Fig. 112(Yy g95L80.005 BCO 7L 27D Fig.21Z(Y, 4oPry o )BCO /X
NZ®D TTK, 50K, 30K TD J, ORGEHEF R T, La, Pr &
HLLOEHREHI BN TH KIRIZR DI 2N T J 0% E
RSN, BES R TEMEIC DUV CIE La0.5% B stk 35
WTL TTK & 50K TR E— 2 DS~ 7 1337
WCRSNE=A, Pr BRI BV TR DS EIT RSN
D3o7=, fE T Imm(Sample A)& 3mm(Sample B)DFEHT I
T J ATEWDRALIL, EORIEROAIFEMED—2L LT Y211
DIIATDREENZET HID, Fig.3 12(Y, g95La0 00 BCO 7307
OFEF 1mm & 3mm (233155 SEM B-ELA 773, W2 T

Y211 DRI AR REREVT RO 2T2 2805,

J. OEVOERFIIMOBERIZE AL O THLZEN RIS,
BUEMH T Th D,

(&% 3Cik]

[1]Y. X. Zhou et al., Supercond. Sci. Technol. 19 (2006) S556

[2]Y. Ishii et al., J. Cryo. Soc. Jpn. 42 (2007) 270
[B]#e 1T A, 2008 4F BE R FINIE T - BARE P&
(1P-pl12)

WS o 0%(B)
G
c\'510%
O - y
2|
S
X
> N
N
0 T Y Y W

0 1 2 3 4 5
Applied field(T)

Fig.1. Magnetic field dependence of J, at 77K, 50K and 30K
for (Yy g95L89 005)BCO bulk. Sample A and B are cut from the
position 1mm and 3mm below the seed crystal, respectively.

1 5 T T T T T T T T

o 0%(B)
4 Pr(A)
» Pr(B)
30K

‘EW% |

S 120000000000000000004
2| ‘

S

x

-

i 77K
0%%« PPN WP
0 1 2 3 4 5
Applied field(T)
Fig.2. Magnetic field dependence of J, at 77K, 50K and 30K
for (Y, 4ePry )BCO bulk. Sample A and B are cut from the

position 1mm and 3mm below the seed crystal, respectively.

_'5-

Sample A

L ..'? I.r .

S

Fig.3. SEM images of (Y gg50.8¢ 00/ BCO bulk.
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YBCO R/\wAER DGR EFRD A EHIGIKRFHE

Angular dependence of critical current of sputter—deposited YBCO films

BR SEE BT MEA, BRI Bk, MR B, HiE RO, A BRZEEE KR
SUZUKI Mitsumasa, ABE Masato, HASEGAWA Takuya, KOBAYASHI Shunsuke, YOSHIZAWA Takahito,
KASHIWAKURA Takayuki (Utsunomiya University)

E-mail: msuzuki@cc.utsunomiya—u.ac.jp

1. [ZC®IZ 5. F&oH

R AR 2 IR EEIR TV R R B S 2B T 0 FM PERIL7- BT, 1FEAE ¢ BHECIATH DY, a HHELHE O
MEIOBFE AR D HITUVD, FEIZ YBa,Cu,0, , (YBCO) i, a5, APM BT, a flfdinz & Teilkt
ERSES B, 03 TTK Th B\ WMEZHERT 5729, $HBH3E% R TIE, EFEORERINBEESIL, 2h)S a Bl @ o5
HIELI-BZEns D 5T D, YBCO BB BIR O EE D — Sy EHERISND, a B % & Teakkl o> B A B A E©
DI BFVEORBERHY, KK LD = 7RI B 1Z0=0° £0=90° » 2 EFT T —rnEbb,
DIFFED, L —FREB LI ONTHEIN TN D,

AIFIETIE, A FIEITIDIERILT YBCO FEIEIZ DU
T, IRRERIRELFHIRTD, ROZE O RS2
HE LD THIET 2,

------

-----

YBCO (003}
YBCO (005)

2. EE&

HEEDORIVEIZIE, DC A& EBEEZ W, #—4 vk
1%,Y:Ba:Cu=1:2:3 ORFEMRH AR (50mm ¢ X 5mm &) THD,
250Pa DEEFEA AL, HARIEIER) 900°C, KEEF 160~ d
200mA T, MgO(100)E:# 72U L STO (100) HiAk FIcf/ERIL 2
TWA1], FEFIRE I b s iR k> TRIE L, L&

MET D720, Wz SZ—= AL, 7y PR

Intensity (Counts)

||||||

"~ YBCO (200)
= YBC0 (007)

A

4
20 (der.)

S £ vaco(004)

Fig.2 X-ray diffraction pattern of sample A

Te BB L INICERHE T L, 0028 3R S Bl IR Mo
L0 n, JERIEL, Sample A v |
W Wiy
3. AFM EfRE X REHER T caddiases
o o T " Booo . gl 1
JHELT 2 DOFELHAB)IZDOWT, &3k 3um X -~ ?xﬁgggg NS Zosgti 4 M
3um EED AFM Eifga 1 (R, ﬁ%ﬁ*ﬂr&% IS & 08 sge"f%ﬁ. YRR R AL 2"§
90K Thd. A ORETIEAAFAEDIFINC, EHIF ] W Wy ? v
ROFERRLDRLIT R CBIR SN D, B B < 3,4 2006 o sl e
[ZARAZIVIRD YBCO SENRHIS, 3B A O X BRIEIHT -° N 85 I L.
2 2 (239, YBCO008)DIaIHTE —2 DHEIZ(200) DL 0.4 ] = Bax asooe ER2 Seesl
—I RS, BB B CRRRBARN -, (006)£(200) v |
DEHFIREE L, 30BEA TIZ6%ELE, B Tl 1%FLE Th 5, 0.9 Ll SHOGY
-50 0 50 100 150
4 BRREREBE Field angle(0)
BRALEER £0%, B PR Imm 1SR LT L VI
L7 p V/mm)&ELTZ, 3k A @ /1%, 77K T 1.2
1.15MA/cm? ThHD, J, OWESHA FERFEEK 3 17T, & Sample B oi 85K 45000
BEATIZ 0=0° (&5 MAMNRE L FAT) & 0=90° (BiE 5 1 : ggg }gg‘g’g |
MMRENCIRE) O 2 (T CE— s b, KBS Th W STK 45000
B0, 0=90° O J 1%, 80~86K DR EFPHTIL 0=0"° D/, -
LRREOITAS, Eio, 02900 TE— AT iREkE § 08
<, 0=0° OE—ZIFIXEIREBLIRDENERo T, N o
BB T, 0=0° TORMOE—IBRDLN, 6=90° 06ty R
T, BEHDVIRERO FRLLHICHHITE FL TS, - Dg4 o a0 "o
S Aam -
0.4 “m Q‘Qgifgéo
" 32"; . " "
020 50 100 150
Field angle(60)
Fig.3 J./J.(0=0°) vs. Field angle
BE ik
1. M. Suzuki, et al.: Abstracts of CSJ Conference, Vol. 72
Fig.1 AFM Images (Left:Sample A, Right:Sample B) (2005) p.250
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Flux pinning properties and microstructure in SmBa,Cu,0,_, thin film doped with Sm,Zr,0,
FIR EAE, HHE OB, B thse, St EH @K S ETD
A EOLULRT),; Ml EE0URI); JEH wORKRT) ;
TAKIZAWA Tomoo, YOSHIDA Yutaka, ICHINO Yusuke, TAKAI Yoshiaki (Nagoya Univ.);
ICHINOSE Ataru (CRIEPI); MATSUMOTO Kaname (Kyushu Inst. Tech.); HORII Shigeru (Univ. of Tokyo);

MUKAIDA Masashi (Kyushu Univ.)
E-mail: t-morikawa@ees.nagoya-u.ac.jp

1. [IL®IC

REBa,Cu;0,., (REBCO) FEMNIC N LE > =0 /o 2 %8
ATDHIET, BGHTICBI DR BIRBE (J,) DSIRENIIC
M LT 2ZERHMBN TS, ZDHTY BaZrO; (BZO) T/
2y RIX ¢ BHBAE L LU TIERITH N THY | T DO RLRHME
WD WTEANZWF R IT DA TWD[1,2], RBFZETIE
REBCO &[R#%1Z BaO & £F-> BZO (2%t~ L . RE & Hf
2 SmyZr,0/(SMZrO) & H LW VBER E Y = 7k ke LN
L7= SmBCO 5% MgO £t _FIC/ERIL | Z DR s
BERE =0 7 R AR~ T,

2. EEFE

SmBCO+SmZrO % PLD #(KiF =3 ~L—H:) =
248 nm)% T, MgO(100) B o F b _E I FLAGR B (Ty)
900°C, A3 E 11(p0,) 0.4 Torr TYERIL/=, 7235, AHFZET
VERLL 7= I DR T 500 nm T, IENO SmZrO OWHNE:
% 8 vol.%EL7z, %%ifmfﬂﬁdzé%??s (23738 B T B BE(TEM).,
AR AT I %E T BEIEE (STEM)Z JH =, E51C
BZO DOHlE ﬁlﬁl?ﬁ**%(xm) CEAWRE T oE /7
/E'J/CE%:ﬂﬂb‘f_o Fo. BRI FE(J) M O SR (T) %

L U1 C Z E LT,

3. BERUER
Fig. 1 |2 SmBCO+SmZrO #EDWriii TEM 5% 777,
Wr i TEM £ }& O° STEM I L2 52 bd
SmBCO+SmZrO FE I MEAEIZ Sm-rich, Ba-poor 72 %D
EAEK) 10 nm DORDIROHT A FEFR I T, Fig. 2 12
PLD-SmBCO+SmZrO #0 XRD (2 L 5itg F~ v e’ 7
ZoRY, LD 712 PLD-SmBCO F D Witk -~
BH~7, SmMBCO+SmZrO #BEO Wi TEM 7>5 BZO =
Y RIIHER I T2 DS, Wik~ o 7805 BZO O
RS HERE VT2, BZO 1, BCRIBFRIZISYV T SmZrO 23k
HL. SmZrO @ Zr & SmBCO ? Ba A itn 922 & k0L
SN HEER SIS, Fig. 3 12 SmBCO+SmZrO D 77 K,
BT D J, OGN AR T A R, B D7z

SmBCO # WD J, @ B3 EIN M AR 7 ES R,
SmBCO+SmZrO 534> A FEREIRIZ 350 T SmBCO s L
DHE JAISMEEZ R LT, ZHUE, Fig. 1| THEREhT-
SmZrO &35 2 LNVHRLRONT S 3 TThERE =27k
L CHEREL 722 VR L& 2 55, £72. SmBCO+SmZrO
ML Blle TN Bh e — I DHERES T, Wik~
/l: T J, DEGEEIINA BERATENS SmZrO P

T c WhiF MR A RS BZO Y RSRE L7229, Blc
$H1j7rr?]L:iﬁ:“%ﬁ#@t"—ﬁ%%Lf:k%@%ééﬂéo ZIVET,
YBCO BT, B ELT Y,05, BZO &M = lrlkE
DHEFINBH D3], AL TIERL 72 PLD-SmBCO+SmZrO
WL, BENIZA RS2 SmZrO & BZO BNEILEN
3D-APC, 1D-APC LL THEREL CWDEHEZRI LD,

B el W :
Fig. 1 Cross-sectional TEM image of PLD-SmBCO+SmZrO
film. Arrows denote SmZrO nanoparticles.

(a) (b)
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=
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0660 +—-SmBCO (08) .. |_SmBCO (108),
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0.[A" 0,[A"]

Fig. 2 Reciprocal space mapping of (a) PLD-SmBCO film
and (b) PLD-SmBCO+SmZrO film.
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Fig. 3 Magnetic field angular dependence of J. in
PLD-SmBCO+SmZrO film and PLD-SmBCO film.

4. HiE
AAFFEO—H L, BHFISEE A B 42(19676005) D B k&
ZIFTCEMEINTZHDTHS,

(% k]

1. A. Goyal et al., Supercond.sci.Technol. 18 (2005) 1533.
2. S.Kang et al.,Physica C 457 (2007) 41-46.

3. P. Mele et al., Supercond.Sci.Technol. 21 (2008) 015019.
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TFA-MOD ;EIZEYESRLL 1= REBCO #3#f DS 1E

Magnetic properties of REBCO coated conductor by TFA-MOD process.
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EREIRIS, FRIRBRER, = AR, 1L EEE SRR (SRL)
KANEKO Atsushi, NAKANISHI Tatsuhisa, KOIZUMI Tsutomu, AOKI Yuji, HASEGAWA Takayo (SWCC) ;
INOUE Masayoshi, KISS Takanobu (Kyushu Univ.) ;
TAKAHASHI Yasuo, [ZUMI Teruo, Seiki Miyata, Yutaka Yamada, SHIOHARA Yuh (SRL)
E-mail: a.kaneko015@cs.swcce.co.jp

1. [ZC &I

# T (RE) R EEHRAMIL, BiREEGR &0t
SOMBEERR L e+ 5 LIS T D R BT
DENTEY  BEROE—F 72 L O~ OIS AR ~D
HWHABRES N TV D, BRIER TIE 2 A MRS S
LTV 2 H B4 R SR A B\ il (MODYZ : Metarl Organic
Deposition Process) & B iF D ZRFH & HIAEAY LS5\ Batch
AABE T vt A MBS DELFICE Y., ERYBCO#AH
DA% ZA1T > CT& 72, ZHE T250m T310A/cmDERLIT 3k
DL, BIES00mEE R DIRFEZ AT > T %, T4, PLD
FIZRDIET v ' 2B T 5 7 V—7"TiL, GdBCO
HWIORERILRT ) =T 4 7 )V OE AT L DRSS RE
DUENFEIINATHOI TN D

EAEIN TFA-MOD 15 CIERL U 7= R R OGS RE % 3T
45 &Iz, BEFE DM EE BAYE L7z REBCO HAf
DB %?L (Y, Gd)BCO DR T J > MA/em® % 7R
THLORFOLND LIRS T=DT, ZNHDFERIZON
THRET 5,

2. EBAHE

W REE DRI IZ it L 72 YBCO #2#44 1% CeO,/IBAD-GZO
/Hastelloy 24 _F1Z Ba-poor %5k A iV 7= TFA-MOD 1% T1E
L 72200mDOERBM NSV 7Y 7 LIZbDOTh B,

(Y, Gd) BCO##FILIA] UAiE D FE#_EIZ Dip-coating 14T
RIBRIARIHERE 2 Tk L, ARGt O Fi{b 217 - 72, RilBE
IRRBEREOERLZ W2 IEIE, Y& Gd ERAE 0.7 :
0.3& L. BadfHkLIZYBCOMEE & [RIREIZBa, s L7z, ABES
2 23Ny FROBERF 28 H LT 50 Torr DI 55
K FTITo72,

3 BRRUBE

YERL L 72 YBCO A 1E B 23 1.0 pm T J,=2.0MA/cm?,
1=201A/cm-width (0T, 77K) % 7R L7z, Fig.1lIZYBCO#A
DTIKIZEB T B J-BFrtE % 773, SME 35 2 B Labd Ji )i
EIN L7256 4TORESE T TJ.=30,000A/cm’* % 7= L 7=,

Fig.2 (2 A5 B=0.5T, 1.0T, 3T (2R B [FE D I, &
DOREHHHT D AR R, BRI AT E v 28 AT
DR U725 TIERWAs, c#hicxt L CIATIC RS &
RN L 7= e e v — ZRRLTEY, FlZ05TE1.0TT
B 70 D DR ST, TRl — O RURL A B A TR
FT. JUMRZE, IRFNEEAR O 3 BT CHEB 2 2 THME L T
WDHR, B TORBRIZBNTEREEOMERZ 7R L, i 550
v E LCERT 2MOEEEZREL TN 5,

(Y, Gd)BCOVR: b SRARAT I

DUNTIETABERMFZHL Y A S,

J& X 1.0um D2 730°C D BERK T156A/cm-width®d & D73
T&E T, WP OREFEMOFERIZ OV TIXY A RET D
TETH D,

® B//ab
B Blab

Je (Alem?)

4
10 o

@T7K

1 2 3 4 5 6 7 8

Applied Field (Tesla)

10°

Fig.1 J -B characteristics of YBCO coated conductor fabricated
by TFA-MOD process.
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Fig.2 Angular dependence of /. for YBCO coated conductor
fabricated by TFA-MOD process.
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A relation between c-axis correlated pinning and irreversibility field for RE123 films

HER RESD, PR A, OO FokE ORAER) ; W

gefst, mE BE OuR); W2 & (7 705%A8)

NAMBA Masafumi, AWAIJI Satoshi, WATANABE Kazuo (Tohoku Univ.) ;
KAI Hideki, MUKAIDA Masashi (Kyushu Univ.) ; OKAYASU Satoru (JAEA)

E-mail : baji@imr.tohoku.ac.jp

(ELHIZ] ¢ EFARIE T D3 AL, REBa,Cu;0,(RE123)
&> Bile )71 DRGSR EIRE E (J) Zm LSEHT L, I
T B SIVRANTIF RN T TnD. —, BEARIRIARR
FEICRW T, ¢ THRBIE AT ERIEPTRO M BRI (0(0)
(281D Blle TRDT 4y I X TR SIS, Fix ik
INETIE, ZOT Ay T BARAESEREE D J, ORI
AERTHEOIRD BN EIERE BB EET 2222 o0
WZUTER[1]. 22CAENE, WRY7: ¢ filifEBIE T H1E
RO KRBz RFOEAA B LT Erl23 BRIZDONWT, ¢
FHBIC AN LD T 4y T E AR ARG O B OV TS,
[E8&H*] #REHE, PLD HEICKYRRIEL 72 Erl23 fi5
(pure Er123 film), K OV OREICE A (Au) ZIRH L2
[ Cd% (CD Er123 film) . MU KBGE L, ~v T I hs
TENEN 0.1 1T LTz, IS 3TEFDHEE T VI RIT
RIEL, Bt 4 SmEE v, EKETTROEE, i, B
Br O FEARIF A E BRI L 7. RATiRE T 13X
HHT=E 107 Qem THRELT-.

[EERHERLER]  Fig 1 IISHEEHD A, ™™ OB
BT 2T, Ap™ X p(O) DT 4T DIES 6 = 0°(Bl/c
#l) LI BATZ =120 T=100 K THRIELLIZESIK

TEOILRIFIED A, = pa(0°) - pa(12°) DI RIETHS.

Ap, 1% ¢ EFHBIE A X ARERIR IR BRI BT B oy B D)
EERLTWDOT, Ao, IIBEAIRIACIRAEIZI1TD ¢ HilifH
BIE RO N KL TWAHERIEE LS. pure Erl23
film 1% 17 T FTORIGTEIRTAp, " FHFNB ML 72,
7245, pure Er123 film @ ¢ BiifH B &5 2 B35 FIRERAL
I, B O ¢ ST ov a4 528
W3- 7=. F77, CD Erl23 film TIEFEHER R MaoE M
PR, Ap,™ D3m) 352 E03 ol EHIZ, M CD
Er123 film /%, CDIT Er123 film @ 1 T 2Rk, M5OHMC
FEWEFICIID DN D572, Ap™ DIRDERNDTE
VM, pure Er123 film & CD Er123 film (2R W CEILEIL ¢ il
R L BRI B2 LERL TN EE 2 B,

Fig. 2 [ZA4p," 2331\ pure Er123 film & CDO.1T Er123 film
DELIEYROWRERAFIELDRDTZ 0 = 0°(B//c #)D T; K
O, T DGR R T. 22T, LI T o7 BEAD
%, T720b ¢ WY BEHEIEOHIRETHD. v T
TS 0.1 TICXILC, ZRIVIFEDMNITREV 105 T DRSS

FEIK T, T, T 312 CDO.1T Erl123 film ® 038K &< 7a>TH
L. ZOZEND, vy F U TS E0ITA 7S 100 f5 2L E i
WESHET, R KRB E THLIEN ol Fiz, S
D75 EE S IR T, R K2 B3 7e<72Y, pure Erl123
film & CDO.1T Er123 film ® T, T, 1 —FK T BEFHESNS.

g

ARHFFEIIRFE (20-6749) DB E ST T-H D THD.
SE ik
[1] M. Namba et al., Physica C 468 (2008) 1652.

0.08 T r
0.06 | CDIT Er123 film
" 0041 ]
N CDO.1T Er123 film
0.02 | J
pure Er123 film
0 1 1 1
0 5 10 15 20
B (T)
Fig. 1 Magnetic field dependence of Ap,™™ for all samples.
20 T T T T T
T T, K open symbols
I\ CDO.1T Er123 film
15 | closed symbols i
pure Er123 film
Ewl -
Q
5} i
0 L

65 70 75 80 8 90 95
T (K)
Fig. 2 [Irreversibility lines at B//c-axis and T for pure
Er123 film and CDO.1T Er123 film.
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—Rapid fabrication of MgO in long length—

=1E IBAD-MgO EfRDBEF (1)
Fabrications of IBAD—MgO substrate (1)

Eh ER., U I WS Sl B R, 2R AR, A2k BELILHE BE FUR MRS, JER Bl (B LuRoeaT)
YOSHIZUMI Masateru, ITO Takefumi, FUKUSHIMA Hiroyuki, MIYATA Seiki, SUTOH Yasunori, IBI Akira, YAMADA Yutaka,
[ZUMI Teruo, SHIOHARA Yuh (SRL-ISTEC)

E—mail: myoshizumi@istec.or.jp

1. [XC®HIZ

Ion Beam Assisted Deposition(IBAD) 5% V- #d gz
e 170 B M AT [ 0, W AR AR A & U C R B AN A
SNTWDY R OBZICBW T, BV EERER 5D
728 O i il dbr ) 8 A Z ZARED IR S Tng
23, BEED YSZ R GZO % AT R T I5 Tl -+ 4y 7 dtks
B E 25512131 p miRE QRPN B L7257 Wik R
FEREE ThEm, iR ELES, EfboOED —oLx
NTET,

ITHEE MgO Z V2 IBAD HEICKVIER ICHE W EE CF
FESRIEC MG O NDT-0  KESBRUEERE N M L3 5F)0
FLH &I, BV E B R & S H 2[R RS D 2 R
Sniz[2], Fx iz hETlo, BEEE 24m/h TERIL
IBAD JE% FiVNC 41m £ —350A/cm TERH 2455 Z LIZ % Th
L7=M[3], K72 IBAD-MgO BORERELL QI A+407
7o, INEWETLHHEEENELE,

2. RERAE

AR EAET VAN D2 oD AL H & FAWT IBAD
—MgO BA R FRIALH GZO (v &) /Hastelloy™ Ak
L | BEME 7212 RF-sputtering ¥£12XD LMO &,
PLD .24 CeO, J&, HEEE, Sputtering 1280 Ag Z7E
{bJE 2 R LTz, e B 7e A A& 13 Hastelloy™/GZO/
IBAD-MgO/LMO/CeQ,/REBCO/Ag &72%, fERIL7- MgO
JEDIE I 10nm LA FTdhD, MgO JE DML, /NI FE L
FricicBAShTz, MNUEBEDOSEOY A XDAF LT %
B4 D RBIEE L2 T, A4 — LD kil %
TALER T, FE LRI E N O LA TR LT, f s O
AP XRD, M NS KV RF L 7=,

3. EEER

K11z, ARAFFEIZ BV TEAZNIZ KA IBAD-MgO Ak
BEEALE OB T EA 7R T, ARLEEI/NVIEE O35, 6 X66
cm?® DAF LT LA 2E I L TRY, /N E I L TR
JRIETY T % T AL s TNA,

Fig.1 Photograph of high speed IBAD-MgO deposition system

EH A B AL E O RAULICERL T, mVs
SRiBC A A KA CRLI=0A A4 B — LD E N - ¥ —
WEIELRD, KRR 2 FN T, R A 4 b — A4
IR 2 TR L 72 MgO J& D _E A% L 7= Sputtering-LMO J&

O T PN BC [ B RIS & o B & K 21~ 3, LMO B
JEATH 90nm TH 5, KITITfkE L TNV MgO R s SE &
W TELNTZ MgO JED EiZ LMO J@Z L 7=k o
B A A ORT, Kb, REEEEZ AW TES
iR N R I N E A D TR B O N ES
Al EEAE DT R BERERT E[R C, 60 PPV Tich BVWVETN
Bl B, 19 2472, Zhic Ly, A E 2 v T
24m/h OFFERELFOLNZ20>T203, A ERE A LTz KR
REEEFAWHRICED, 3fEUTV 68m/h DR Z EH 5
DENHFKT,

— 5 C, Bh - mE NEL A T, NS E TR LD
DIZH L TRoRofE 8] MEVME B CH D, ST, A4 7
VORBUGIZEAAF B — DO RE—PENE R ThHDHEE
255, HNELEE OB X, IBAD Sl o412
ZCHAR (N RE) OF M SRR BB THY,
St AF = LO¥) PR B Ic YR E O S EE
BHAHFICLY, LW - FEREOEBE B IET,

25

*

20 =

@

® AS-V:1300
W AS-V:1100
A small system

o

Aduvo, degree

o

0

0 20 40 60 80 100
Deposition time, sec

Fig. 2 IBAD-MgO deposition time dependence of Df of
LMO on IBAD-MgO deposited by high speed IBAD-MgO
deposition system.

4. FE

KA AL T % T HHEEEE AL, IBAD-MgO JED
B FE ] 2R A, KAEE IR\ TH /N E LR
UKW Tieh BWBLIAIAMS 540, RTR ARIELIZED
68m/h DRIFEE FE 2157, HNELAIE KRBT DB AIZLD
R A A B — DO RE— M Ry RE O E FHMEO S
XM EEnbEE 2 BND,

5. HiEF

AWFFEIL, A NID LR EE TR IR BB E R O
—EREL T, Hre ¥ — - FEEHITRA B (NEDO)
DEFECIVERBLIZH D THS,

SE W

1. Y. lijima, N. Tanabe, Y. lkeno, O. Kohno: Physica C,
vol.185 (1991) p.1959

2. P. N. Arendt, S. R. Foltyn: MRS Bulletin, vol. 29 (2004)
p.543

3. M. Yoshizumi, H. Fukushima, S. Miyata, A. Ibi, Y. Yamada,
T. Izumi, Y. Shiohara: Abstracts of CSJ Conference, Vol.
78 (2008) p.110
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Fabrication of interlayer by using PLD method on IBAD—MgO substrate.
1B JE, PR, BN TR, R SRR, ZRE TR, ARE FnE,
o R, WA —E, 8RS B, R e (U r7)
HANADA Yasushi, HANYU Satoru, TASHITA Chiharu, IGARASHI Mitsunori, MORITA Katsuhiro, HAYASHIDA Tomoaki,
KUTAMI Hiroshi, KAKIMOTO Kazuomi, IIJIMA Yasuhiro, SAITOH Takashi (Fujikura Ltd.)
E-mail: yhanada@fujikura.co.jp

1. [XC®HIZ

RE SRR AR s A B & O o A SR O B N
WA CTHED BN TRY | AL CIRITEROIED>, BLECAAA
FIZHNWONDE—F— %5 e BRSO BT A 0T,
IBAD-PLD k% AW CIIOIG AR~ 1A 7= SR
WA DI AT - T D, BB O EBLIZE R/LTo
Ic ODEEMELD, NOEIANDBE R DM B LIRS,

2 X IBAD A% GdrZr,04(LL T GZO)H»H MgO 12471,

EREROBEFELEZRFTL VD, Fry 7 BLEL T,
GdBCO JELO#FHAMEN R, CeO, 2 HL TS, 4
[7], MgO 4% VYT CeO, J8 D B 4F 72l m & Y, 10m £D
CeO, JBRIENFEEL CEI=OTHE T D,

2. REBAE

AJRERELC, WAL Ni AR T — 7 AR (1F 10mm,
JEX 0.1mm) & AV TW5, IBAD-MgO HEtridi Ny 7 7—fEs
LT, ALO,, Y,0, @ L7=bD % H\WTHY, IBAD-GZO
FEMI3 AR B 12 1000nm FEEERSE L 7% VL CTua,
F 9, PLD JEIZT CeO, % % DI CTHm LI NIz SMFIT
THBEL 72, £ kI PLD £ Gd123 B &Y Gd1(1.9)3 =
BRRIELIZt%, AN HIZT Ag JBERAEL, BBRT =— /L4l
AU, FHm T EE LT, BLmPElE Ce0,<220> D TEAR &
BED A O TV, B BWTAMIL, WA ERP TOEE
HIE TIT o7z, £ AR C I i R B R e S E s XY
70cm [EFE T Reel to Reel IZT{To7-,

3 ER . FED

MgO Fe#R. GZO FEARITIV T, CeO, JEDEL[FIPEL CeO,
R DO BEIRE Fig. 11277, CeO, DERAME 4° LLTFIZ/25
121, GZO HAR T, 700nm FROFEEA M EE LT 503, MgO
FHEATIL 100nm F2EECT 3% HIT72Y, 100nm LL_EOSE i)
THE A A TN LS MgO FEHR T T
CeO, DELHDHE T LTWDI LN b)ND, Fig.2 12 Gd123 &
NGd1(1.9)3 % 1.0 um L7297 L (10cm) O lc FiitE%
AT, GZO HARTIE Ie fERMAFNTHETIZ CeO, JE DR
23900nm A FERDIZXHFL, MgO FEMK Tl 400nm B TH 4y
T DND, Fig.3 I MgO AR TERL 7= 10m B D Ic
HPEA R, WO CeO, D A ®1F 3.9-4.0° [450nm]&72-
TEY, EFF M — 7B OB A ER T 5208 T
XTCND, ZOFEME VTG R, 250~300A DO¥J—7¢ Ic
PEAERDNTZ, 10m FEfb OVERGEE L, CeO, &A% 60m/h,
Gd1(1.9)3 @AY 20m/h THD, CeO, FEE 300nm FLE iM%
LZHFEICEIVIERGEE 100m/h HATERICARDEBbid, Zib
DOFERMNDL,  IBAD-MgO MR A AL CeO, HTtfEER
DOEHEALNFRETHHEN DA | BB FE ~ AT 7= A
HIPE O RABL Aoz, FEMIC OV T Y H A5 T E
THD,

#HiEE

BT R PESEE DT A N D LSRR A AR 1
BAZE | LU TIMANZATBOE N DT = L0 — « ERE AN &
BTEBRAE | D DZFEIC I Ei ST,

— 86 — H79m 20084F FEAKFARIR T2 - BHEA R
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CeO,~thickness[nm]

Fig.1 Thickness dependences of A ¢ of CeO, layer.
(Using an IBAD-GZO substrate and IBAD-MgO substrate)

500 ~
B GZO[Gd123]
400 ® MgO[Gd123]
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—300 L/
£ L
NS [3)
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Fig.2 CeO, layer thickness dependences of Ic at 77K and 0T

of GABCO coated conductor.
(Using an IBAD-GZO substrate and IBAD-MgO substrate)
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300 L
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— o O
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Fig.3 Ic distribution of 10m-long GdBCO coated conductor at
77K and OT for every 0.7m. (using an IBAD-MgO substrate)
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Development of buffer layers for REBCO coated conductors fabricated by fluorine—free MOD

method
o EsE, ARE sk, B R, Bl BR, K i (ERETD)
YAMAGUCHI Takashi, HONDA Genki, NAKANISHI Tsuyoshi, TANEDA Takahiro, OHMATSU Kazuya(SEI)
E-mail: yamaguchi—takashil @sei.co.jp

1. IZL®HIZ

BEES —7 NOBEE~ T Ky MEDOB AR~ D1
F% BHEL T, REBCO (RE: & HHHICH) R O MM 5 E i
M OB HE THNATON TS, AR TII 7 vHE T —
MOD JEIZ LA B E LM RO —EREL T, HREK
B HAT o124 B R b~ B A A E R 7 SR
DNTHRET S,
2. BEAE

Tt LTl s Eotka Hvy, 20 I CeO, / YSZ /
CeO, —JEiEPMELZMIEICIY e v LRES
Wiz, MRIED T BbN =M% lem MAICHIRTL,
CeO, ¥y 7 BORMERRNOLT T ARICESHDTE
I2Eh MOD BEEEOEketEr e L T, O,
20%. % L<I% 100ppm H71, 700°C~900°C DIREE T 30 4y EAL
FAAT o7z, 2D 12 Y, Ba, Cu &4 R/ 7 vF /LT &b
F—FRIEEE AL, KR OB L DB it i C
Ar-0, IRA T AFZ AR B L OMEHE R IHR CHMLE 52T
YBCO MEA K LTz, TERIL7Z864 13 X BRIE T SEM
Bl IR 7598 Jo RICEY T=TTK, B B FiZ
B HBEERF T 72,
3. ERBERLER

K1Z, KM TT=—NEiEL7- R EE" D AFM %%
RY e T = /VIRE D EFITEVRLRDDT T AR~ &R
BRI > TNDZENT D, Fo, BBFRIREDE L
V. FAE AR O TN LT,

212, FEMEVILERIE EE & Y123(006) [ XRD B — 273
BEEDOEMRETRT, O, 20%DHEAKIC TEIEIT 72
T, B AT > TORWER I RIE R & o v — 7 90 i
LOMBRIS ALY, Y123 FHA 43 ARSIV TN D355
%, O, 100ppm DK PHEUC TR AT 72 Bk Tl B
HIRE O ER LI — 58 ENEL 725 TERY, Y123 fHD

B

AERAMEES I, B cHlBd M L2 TECNDIENy
D, BSLEEAIR AL NiO (111) [ XRD B —Zi@EE LD
BfRZ R 5L, BRLERIE FE L I C e — 7 A )8 5R< 220 | FEAR
D Ni ORRLAEA TS, £, O, IREEIMENTT DS FE D
FEAL 25 MHI S TR . BVILEE o5 o R B i 2 SR & JE AR
WA L DB DFFREWITE ST Y123 FHOARL. Blm~
DFBNREDHLEE Z DD,
4. BiEF

N R e ER YN B S5 X (R T SR ANGY T B
T, Hr L — BE AR & B % (NEDO) D& E%
ZIFTCEBLIZLDOTHD, 7vHE 7V —DOMODIRIKE Z AL
TEW = pEZE AT ARt O RE S R RIS | 1L D g+,
FE B I OR#ELUET,

5.5& Xk
[1JA. Pomar, et al.,J.Mater.Res.21(2006)p. 2176
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ig. 2 XRD (006) peak intensity of YBCO on textured
metal substrate.
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Fig. 1 0.3X0.3 u m atomic microscopy images of the surface of CeO, cap layers after annealing under different conditions.
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Development of CeQO: buffer layer for coated conductors by RF-Sputtering

v i,

s FERs, 7k & (727 7)

AR, O 2 B IR, B ER (EFER)
; el PRI, FUSROBERS, MR @t (SRL)

NAKANISHI Tatsuhisa, KOIZUMI Tsutomu, KANEKO Atsushi, AOKI Yuji, HASEGAWA Takayo (SWCC-CS);

IIJIMA Yasuhiro, SAITOH Takashi (Fujikura) ;

TAKAHASHI Yasuo, IZUMI Teruo, SHIOHARA Yuh (SRL)

E-mail:t.nakanishi508@cs.swcce.co.jp

1. [FC®HIZ

Re-123 #iM OERRBIREE (Jo) 1%, THiE 722 CeOy
g o mWNEL AT & R SEEEICREKFET L2 L
DPHEHI TN D, CeO THIEOIER T vt 213, @
FEDEL D BHEK & W PLD % (Pulsed Laser Deposition)
WL ABHNE<IThb Ty, BOEMT 5 FHNHE S
n<Tnalil, 4F, FHxix RF-Sputtering L& {#H LT
CeO: FREBDVERL 24T » 72, Z OFER, PLD ik & [FkE
IZ Sputtering {5 TH HCEMELZ ERARETH D Z & &
#eZ8 L. RTR(Reel-toreel) 7 1 2|2 & 2 K RN+
DARETHD Z L HIFRELTZ,

2. RRAE

Hastelloy C276 7 —7 _EiZ IBAD (Ion-beam-assisted
-deposition) ¥ TR L 72 GZO(GA-Zr-0) fE4& FEM & LT
FERLIZ ((BR) 727 ZA2ik) . CeO2 DAL RTR D
RF-magnetron sputtering #%£&% vy, 6mTorr, 620-
650°C DRBESAE THEME L 7=, BEOFHMIL, XRD %, AFM
BIOSEMIZ L VITo72,

ER L 72 CeO2 RO i JE & L CToOFHmIL. FEERIC
YBaCuO #E &K% TFA-MOD(Trifluoroacetates-Metal
Organic Deposition) {EIC L WIER L, AR ER (L) % &
THZEIL-THIT LT,

3. EBRHER

Fig.1 |2 IERERT & i NELH (A ¢ ) OBIfRZ 7, CeOq
B AT IBAD-GZO D mNELHEE L 14° TH D |
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Fig.1  The dependence of the A ¢ values on
deposition time for the CeOz buffer layer.
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Fig.2 The A ¢ distribution of CeO2 buffer layer

along the length direction in 100m long mimic tape.
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Estimation of in—plane thermal diffusivity in YBCO bi—crystalline thin film
by use of the low temperature laser scanning microscopy
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1. Introduction

Coated conductors, which are being multiple-layered
structures, the influence of the substrate, buffer and protective
layers on heat propagation becomes significant, which makes
difficult film’s thermal properties characterization. We propose
one of the utilizations of low temperature laser scanning
microscopy (LTLSM) to obtain effective in-plane thermal
diffusivity of superconducting thin films taking into account the
influence of the substrate. LTLSM is a useful method to obtain
local properties in superconducting layers by detecting voltage
response from focused laser beam stimulation .

2. Experiment

To investigate thermal diffusivity, we used two YBCO
(001)-tilted bicrystalline samples made from 150 nm and 400
nm thick films prepared by TFA-MOD on 0.5 mm thick SrTiO;
(STO) bicrystal substrates with 6 deg in-plane misalignment.
Samples were etched to a 1 mm long and 200 um wide bridges,
with 3 potential probes 255 pm apart at each side of the bridge.
Two potential taps nearest to a grain boundary (GB) were used
for measurements. Samples were mounted to a cold stage of the
helium optical cryostat using heat-conducting grease.

We performed 1D LTLSM scanning along the bridge length
through the middle part of the bridge, while constant bias
current slightly above the GB critical current 7.°% was applied.
1.9 is about five times less than the intra-grain critical current
(1.%) which secures that only GB is the origin of the signal, while
adjacent grains remain superconductive with zero resistance.

3. Result and Discussion

Phase difference between the laser irradiation and the
voltage response signals (i.e. phase delay) is presented in Fig. 1
as a function of irradiation coordinate (x) for different
modulation frequencies, ]:n o It can be seen from the curvatures,

that phase delay linearly depends on the distance from the
position of grain boundary (x-x;). From simplified 1D thermal
conductivity equation, it can be shown that phase delay

Ap=—(nfoy ky) - (x-xg), and thus thermal diffusivity
coefficient kg can be estimated.

The slope of the dependence d(Ag)/dx can be derived from
the data presented in Fig 1 as a function of modulation
frequency. The dependence is presented in Fig. 2 for two
samples with different YBCO thickness. Power law fitting
results in d(Ag)/dx~ (fmod)o'46 for 150 nm sample and (fy0q)™*
to 50 kHz for 400 nm sample, which is in satisfactory
agreement with theoretical prediction. Data for 150 nm and 400
nm samples are the same, which suggest that YBCO thickness
layer contribution is small, and thermal diffusion is mainly
governed by the substrate properties. Effective in-plane thermal
diffusivity estimated from the measurements is kgp= 1.95-107
m%s. From literature® ¥, thermal diffusivity of STO can be
derived at 85-90K and as to be 1.8:10° m?s, which is in
satisfactory agreement with our experimentally estimated value.
4. Summary

By applying LTLSM to low angle bicrystal samples we had
studied thermal diffusivity of the sample under the influence of
the substrate. Grain boundary was utilized as a local temperature
sensor to visualize temperature distribution in the hot spot. From
the phase of the LTLSM signal we succeed to estimate effective
thermal diffusivity of the sample. Our results suggest that using
similar technique it is possible to obtain effective thermal

180
160 ¢
@
. 140
il
o 120
)
S 400 |-
@ —6— 6 kHz
a -B— 23 kHz
Q 80 | o 1kHz
© --x--500 kHz
T 60|+ 20kHz : ‘
a0 | o | A 150 nm sample | |
-+ 10 Hz : 3
20 i i i i
100 150 200 250 300 350

Longitudinal Coordinate, x (um)

Fig. 1 Frequency dependence of the phase delay as a
function of coordinate, derived from LTLSM signal. Phase
delay linearly depends on the distance from the GB.
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Fig. 2 Frequency dependence of the phase delay gradient
d(Ag)dx derived from LTLSM signal phase delay vs.
longitudinal coordinate. This dependence allows calculating
effective thermal diffusivity. Circles are experimental points
for 150 nm YBCO film, obtained at / =43 mA, V=10 pV,
7= 87.5 K. Squares are for 400 nm YBCO film obtained at /
= 144mA, V = 10 pV, T = 86K. Laser power for both
samples was 0.5mW. Solid line is d(A@)/dx =(7fod/kaitd)> =
Liear” > With kgige=1.95-10" m?/s.

properties of practical multilayered coated conductors or thin
films, utilized in HTS applications.
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1. Introduction

In the construction of large devices, for example during
the soldering of current terminals in power cables, the
superconducting tape can be exposed to temperatures
exceeding 300°C.
It is known that at high temperature the oxygen content in the
YBCO phase decreases and the superconducting properties
(among which the critical current) are degraded. It was also
shown [1] that a further heat treatment in oxygen flow can
reintroduce the oxygen in the superconducting phase and thus
restoring the superconducting properties.
In this work the critical current of YBCO coated conductors
was measured after heat treatments at various temperatures
(up to 400°C) and duration times. The effect of post—annealing
in oxygen flow was also studied.

2. Experiment
Two kinds of tapes from Superpower were selected for the
experiment (see fig.1):

e Ag-YBCO tape 4 mm wide: a silver layer (2 um thick) is
deposited around the tape.

e Cu-YBCO: is the same tape as the Ag-YBCO, but an
additional layer (20 u m thick) of copper has been
electroplated: this is the standard tape for electro—technical
applications.

Samples about 5 cm long were cut, and critical current was
measured in liquid nitrogen. Then the samples were heat
treated at various temperatures (up to 450°C) and duration
times by placing the samples on a hot plate, in air. After the
heat treatment the critical current was measured again in
liquid nitrogen.

The re—oxygenation heat treatment was carried out only for

the Ag-YBCO samples at 450°C for three hours, with an

oxygen flow of 150 cm®/min.

3. Results

The critical current as a function of the heat treatment
duration is plotted in fig.2 for the Cu-YBCO tapes. Two
temperatures were considered: 300°C and 400°C. Cu-YBCO
coated conductor is extremely sensitive to high temperature:
I, is decreased to about half of the original value after 1 min at
400°C. At 300°C, after 5 minutes [, is reduced to 80% of the
original value.
In fig.3 the critical current as a function of the heat treatment
duration is plotted for the Ag—tape. In the same figure also the
values measured after the post—annealing in oxygen flow are
plotted. The Ag-YBCO tape is more resistant to high
temperature than the Cu-YBCO tape: the degradation rate
observed at 450°C on the Ag-YBCO is similar to the one
observed at 300°C on the Cu—YBCO tape.
We suppose that the copper layer in the Cu—YBCO adsorbs
the oxygen lost from the YBCO layer, while in the Ag-=YBCO
tape the Ag layer is permeable to oxygen, and the YBCO layer

can exchange oxygen with the atmosphere, thus loosing less
oxygen than in the case of the Cu—YBCO tape.

The oxygenation treatment is effective in reintroducing the
oxygen in the superconducting phase and in restoring the
critical current.

Cu
A8 vBCo /;g &%
Hastelloy
Hastelloy

Fig.1 Schematic cross section of the tapes studied in the work.

Left: Cu—YBCO tape. Right: Ag-YBCO tape.
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Fig.2 Critical current versus heat treatment duration for the

Cu-YBCO tape at 300°C and 400°C.
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Fig.2 Critical current versus heat treatment duration for the

Ag-YBCO tape.
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Developments of an Electrothermal Coupled Numerical Simulator

for Designing YBCO Superconducting Cables
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V-o(Vg) =0 (1)
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Cu stabilizer
Ag stabilizer

YBCO coated conductor

Cu shield layer
HTS shield layer
Electrical insulation

HTS conductor layer

Cu former

Fig. 1 Constructional example of a YBCO superconducting cable

Shield layer

Fig. 2 Numerical simulation model
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Development of 1kA-class high current model coil for superconducting power transformers
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Table 1 Specifications of high current model coil

Wire size (mm) w50X~'0.22
Structure of conductor 12 stack and 2 parallel
Inner diameter (mm) 0350

Height of coil (mm) 563

Number of turns 36

Number of transpositions 11

Rogowski coil

High current model

Fig. 1. 1kA-class high current model coil.
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Fig.2. Shunt current rate of strands at 1kA,,,; and 66K.
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Characteristics evaluation of the winding that applies low AC loss Bi2223 superconducting wire
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Fig.1 Primary model coil
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Tablel. Parameters of model coil o O Measurement
Primary Secondary I — Theory
model coil model coil 0.001
Conductor 2X2 2X8 10 100
composition (4parallel) (16parallel) Gurrent [Arms]
Turns 80turns 64turns Fig.3 Ac Loss properties
Inner diameter 240mm 240mm (Primary model coil,77K,50Hz)
Height 448 2mm 407.9mm SEXHR
Critical current@77K 1. Y. Fukumoto, et al.: Abstracts of CS] Conference, Vol. 76
(0.1 1 V/cm) 117A 270A (2007) p.17
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Fig. 1 Fault current limiting elements used in the experiment.

Table 1 Analysis Conditions

Case 1 2 3 4 5 6
Thickness[nm] 50 20 80 50 25 80
Width[mm] 2 2 2 2 4 2
Pitch[mm] 9 9 9 53 7 11

776 ] T

5 s -

Z

=

{:: 388

g 194

—
' | e

Fig. 2 Electric field at the current limiting point (Case 1).
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Fig. 3 Variation with time of electric field around a current
limiting point. The current limiting point is aligned with 0.2 ps.
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Characteristics of the synchronous motor using HTS coils and magnetic shielding bulk
superconductors for the field
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Long term operation results of KEPCO HTS power cable
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Fig.1 Photograph of the KEPCO HTS cable system.
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Fig.2 Schematic illustration of the cooling system for the
KEPCO HTS cable. T1~T9; temperature sensors, P1~P6;
pressure transducer, LG1~LG3; liquid level meter, H1;
heater, N; north terminal, S; south terminal.
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Fig.3 Heat loads of the KEPCO HTS cable system.
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Development of an YBCO HTS cable and cable joint

UK IESE, [l B-(HIET); MY MR, Al B K);
FR OER EE E(PHED); HIR @ EE T
YAGI Masashi, MUKOYAMA Shinichi (Furukawa Electric); AMEMIYA Naoyuki (Kyoto Univ.); ISHIYAMA Atsushi (Waseda Univ.);
NAGAYA Shigeo, KASHIMA Naoji (Chubu Electric Power); SHIOHARA Yuh (ISTEC-SRL)
E-mail: m-yagi@ch.furukawa.co.jp

1. IZC®HIZ

BIE, YBCO ## % AW EiREEEr —7 VOB % %
Hed TG, BB — 7 VA% CE B EEEL TR
VAR IR HY |, RBHFEO FC, E 10 mm O YBCO T —7
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A e E I A — 7 12 31.5 kKArms—2 RO EN
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WEIEELZ, &BIT, YAG L—HFI2kb, 5 45| (g 2
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Simplification of Heat Radiation Shield by Zinc—coated Cryogenic Pipe
for Superconducting Power Transmission
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TR BEEH > — VR R DGO N LR CTED. 22T Fig.1 Schematic structure of the experimental setup
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Propertles and performance of Peltier current lead
for DC superconducting power transmission system
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Analysis of the pressure drop with decentering of the cable
in the inner pipe of DC—SC power transmission line

VxR &, AV/7 ==Y, KA EH, EL G PR EC5, 1hn FERERCER),

SASAKI Atsushi, IVANOV Yury, SUGIMOTO Tatsunori, HAMABE Makoto, KAWAHARA Toshio,

YAMAGUCHI Satarou(Chubu Univ.)

E-mail:te04011@isc.chubu.ac.jp

1. [IC®IC

FHRBEE S — 7 W E AW B RS R E AT AT
W, =7 VIR E RONDIC K REBEIE NS, 20
LN2 3B EIAT— g 25 Lﬁ/‘*fﬂéﬂé_ AAVSYAN
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Possibility of AC loss reduction of superconducting cable

using flexibility of 2G high Tc superconducting tape
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Table 1 Conductor and power cable specification

Inner diameter of inner layer 20.0534 mm
Outer diameter of inner layer 21.0084 mm
Number of conductolrs in both inner and outer 15
ayer
YBCO layer thickness 2 um
Average space between conductor in inner layer 0.2 mm
Average space between conductor in outer layer 0.4 mm
Total critical current 2400 A
n value 30

— 100 —

—3 oS

7 No§ %
VANV

—
Fig 1. Schematic of the ways to reduce AC loss
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e Y
N g AN
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%

Fig 2. Schematic of cross section of two-layer cables consisting
of coated conductors:
(a) tape-on-tape arrangement, (b) tape-on-gap arrangement.
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Fig 3. Current density in both inner and outer layer of
tape-on-gap arrangement: (c) flexible, (d) non flexible
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Effect of decreasing tape width on AC loss reduction
in two—layer superconducting power transmission cable
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Table 1. Specifications of two-layer cables

(a) (b)
Inner diameter of 1st and 2nd  22.3,25.2 21.1,23.8
layers (mm)
Conductor number of 1st and 32,36 16, 18
2nd layers
Conductor width (mm) 2 4
Superconducting layer thickness 2 2
(nm)
Avarage space between 0.2,0.2 0.2,0.2
conductors in Ist and 2nd layers
(mm)
Total critical current (A) 2720 2720
n value 30 30
(a) // = \\ // \%
77 N\ 7 A\
Y/ N\ 4 N\
i N7 Q
I ! \
I J I
\ 7\ b
A\ 7 N\ Y
\N 4 N
Fig. 1 Cross-sectional geometry of two-layer cables
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Fig. 2 Calculated AC loss in two-layer cables

H79m 20084F FEAKFARIR T2 - BHEA R



1P-p30

WU (2)

INL—ZR RSy oaA )L DE BT

Transport characteristics of racetrack shape RE coil
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Table 1 specifications of RE wire

Type YBCO (MOD)
Width 4.4 mm
Thickness 0.2 mm
Minimum Ic (77 K, self-field) 94 A (#1)

88 A (#2)

75 A (#3)

150 mm

Fig.1 Racetrack shape RE coil

— 102 —

Table 2 Specifications of racetrack shape RE coil

Wire length 100 m

Inner diameter 50.0 mm
Outer diameter 87.7 mm
Straight length 150 mm

Turns 138 (#1: 1~41, #2: 42~96, #3: 97~138)
500 50
- @- Ic (test result)
¢ n-value
400 [ 1 40
.»
. 300 [ . \.\\ . . 1 30 g
< M . ©
© o ¢ L
200 [ 1 20
‘.
100 | .. 4 10
[ J
0 ) ) ) 0
20 40 60 80

Temperature (K)

Fig.2 Ic and n—value of racetrack shape RE coil
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1. K.Nagashima, et al.: Abstracts of CSJ Conf., Vol.76 (2007) p.84
2. K.Nagashima, et al.: Abstracts of CSJ Conf., Vol.77(2007)p.176
3. M.Ogata, et al.: Abstracts of CS] Conf., Vol.78(2008)p.102
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Study of HTS magnet for maglev using RE-Ba—Cu—-0 wire
—Evaluation of / characteristics of RE wires—
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Fig.1 Measured /,of commercial RE-Ba—Cu-O wire and the
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Fig.2 Estimated mass of four HTS coils as a function of the
operating temperature.
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Levitation Experiment of Iron Block using Trapped Field in HTS Bulk Material
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Fig.1. Experimental setup for the basic experiment.
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Fig.2. Change of trapped magnetic flux density after PFM.
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Fig.3. Change of levitation gap after pulsed field
magnetization.
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Fig. 1. B, distributions on yz1 and xy1 planes in an open space
between the magnetic poles in gaps of 50 and 20 mm.
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Fig.l Applied strain dependence of the residual strains exerted on the YBCO layer
determined from (020) and (200) lattice planes, where the origin of horizontal axis
for the (200) data is shifted downwards by 0.2%.
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with carrier nearly optimally-doped state.
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1. Introduction

For wide applications of YBa,Cu;0, (YBCO) high
temperature superconductors to electric devices high critical
current density (J.) under magnetic fields are required. Many
researchers used to induce artificial pinning centers (APCs) in
YBCO films for enhancement of their J. in a wide range of
temperatures. A common way to induce APCs in YBCO films
is to ablate a target comprising a mixture of YBCO and
nanoparticles of non-superconducting phase, yielding a YBCO
thin film incorporating non-superconducting nanorods, acting
as 1D-APC. We used surface-modified YBCO targets: thin
Y,0;3 sectors, cut from Y,0; substrate, were set on the YBCO
targets, and thin films were ablated by PLD on SrTiO;
buffered-MgO single crystals. We obtained high quality YBCO
films incorporating nanoparticulate Y,0O; (3D-APCs). The
optimally Y,0; doped film raised the performance of YBCO
films added with BaZrO; (BZO) nanorods [1].

2. Experimental procedures

Pure YBCO films were grown for reference by PLD on
the SrTiO; (STO) single crystals at 800°C. The PLD conditions
were: E=340 ml/pulse, T=800 °C, pO, = 200 mTorr.
YBCO+Y,0; mixed films were prepared on SrTiO; substrates
by pulsed-laser deposition. Thin (0.5 mm thick) and narrow
Y,05 sectors were cut from an Y,0Oj; polycrystalline substrate,
and stuck on the YBCO target by silver paint, which is a very
easy fabrication technique. Areas of Y,0; sectors were
increased (2.51%, 5.44% and 9.22% of the YBCO pellet area)
in order to systematically investigate the YBCO+Y,0; mixed
films properties. Crystal phase and the orientations of YBCO
films were determined by XRD. The J./B characteristics were
measured by PPMS (T=77 K, B=0-7 T). Cross-sections and
planar views of films were analyzed by transmission electron
microscopy (TEM).

3. Results and discussion

In YBCO+Y,0; mixed thin films Y,0; nanoparticles
randomly dispersed inside the YBCO matrix were observed in
the cross-sectional TEM images. The density of Y,0;
nanoparticles in YBCO films was controlled by varying the
area of Y,0; sector stuck on YBCO target: increasing the Y,0;
concentration on the modified target, the density of Y,0;
nanoparticles and matching field values also increased (Fig. 1).
The maximum global pinning forces Fp at 77 K were 5.69
GN/m®, 7.78 GN/m’, 14.3 GN/m® and 1.15 GN/m’ for pure
YBCO film and for the Y,0; 2.51A%, 5.44A% and 9.22A%,
respectively (Fig. 2). The 5.44 A% Y,0; added sample
presented very high value of pinning force at 77K, approaching
the value obtained in YBCO films added with BZO nanorods
[1], but almost without any depression on superconducting
critical temperature: 7, of Y,0; 5.44A% sample is 89.2 K
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Fig. 1 - Plan-view TEM images of YBCO samples doped with: (a) 2.51
A% Y,0; (b) 5.44 A% and (c) 9.22A%. (d) values of matching fieldfor
all the samples.
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Fig. 2 - Global pinning forces F, versus magnetic field B (77K,
B//c) for pure YBCO film and YBCO films doped with Y,Os
compared with YBCO+BaZrO; film and NbTI wires.

while YBCO+BZO film had a 7, = 87 K [1]. The results
indicate that the further increase in Fp is possible and is
high-impact goal to be pursued, together with finding the
maximum pinning force that can be achieved in high magnetic
fields
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Fig. 1 /(6 in 300-nm-thick THEVA films #1 and #2.
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Fig. 3 TEM plan view of PLD film #3.

Fig. 4 TEM plan view of THEVA film #1.
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Development of REBCO wire by MOD method using metal acetylacetonate solution
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Fig.1 SEM image of YBCO film on metal substrate.

Fig.2 XRD pole figure of YBCO(103) on metal substrate.
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Multifilament—-process of coated conductors by modification of laser scribing method
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Fig. 3 Relation between the measured values obtained
by the ferrite scope and X-ray diffraction analysis for
SUS 304L and SUS 316L.
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Overview of the Cryomodule Development for Superconducting RF Test Facility (STF)
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Fig. 1. Schematic layout of the International Linear Collider.
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Fig. 2. Conceptual diagram for the ILC cryogenics.
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Fig. 3. Cryomodule and 2K pot installed into the STF tunnel.
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Cold Test Results of The Cryomodules for Superconducting RF Test Facility
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Table 1 Design Parameters of STF Cryomodule

Module-A Module-B

Cavity type TESLA-like | Low-Loss
Vacuum vessel length (SS400) 5515 mm 5950 mm
Vac. vessel outer diameter 965.2 mm 965.2 mm
Gas return pipe length (SUS316L) 5832 mm 5830 mm
Cold mass, kg

4 cavities 410 500

Gas return pipe 515 520

5 K shield (A1050) 185 190

80 K shield (A1050) 210 215

Helium supply pipe (SUS316L) 50 50
Heat Load (Static, 4 Cavities), W

2K 4.1 0.8

5K 10.1

80 K 71.1

Fig. 1 Cross Section of STF Cryomodule

— 124 —

BEEHEZRIL, 2.0 K OfafA ST~V v
A (JEJ] 3.2kPa) THHE I, WERFFT D720 DR 4
IENEE 300mm DZRFE N A & BN BHHECE (Gas Return
Pipe) D FEBICIRFFEN TV S, 2K EB~DEVE N %2 D
T BH7HIC, 80K & 5K D Al OGS > — L Kk 7 &
AFALy FNIZEDL, X bD Y —L REIXIRET
UH—=DERELTHWLRTNAS,

2EDEY 2 — VOBRAMMOKEHEN, £ 1ITREN
T5, 2 K TOEFEBAMIL, Module-A KU-B ITHF L
TH%4.1W & 0.8WTH D,

3. AHMEBRERUBREFAE

BB ZZROFER DS 200 K £ THENTIZ 0K D~
T LA AFEER TR, XENLL T OMEEIITRE~Y 7 A
FEBEANCTHAILEZB], 4 B50BREZERE 4.2K F
THHET DO LRI 49 B Th o 72, 2K ~D
L, WIEANY U AZRET D Z EICL Y ER ST,

K B %, 7 FGAFEY a—N 2K Si~DEFEA
I FZARIENY U AOKIEENLRE Lz, RFT
2T, BER Y FHER O FE IR CABERRFHICLY
HE L7z, 5K BTN 80K ~DEA ML, BEH > — /L IR
OWHIMELZORE FREZRETHZ Lic Lk,

BAFOMERE R L LT, 4 BD Tesla-like 22 & ¥
L7z Module-A OFERZRFMHEE L TE2ITRLTH D,
2K ~DEFHEAAMIT 5. AW EFRFHEL Y 1.3 K& 7l &
2o TNDN, FIRE L~ ~OBE LR FHE 2 B4
HELTWL BN, X, 7 I7AFET 2a— N
DIRIEZH DD | 2K ~OEAR D 5 5 3. 6W HBIRE 2R
\ZEEHE ST RE 7 — T VIS DR ABNTH D Z L vy
STEY, 5%, RF r—7 L OB R BERNAH S 2T
LA~DAMEIE DT~ DM ETH B,

Table 2 Static Heat Load of 4-Cavity-Module—-A
2K 5K 80 K
54 W 8.2 W 66.1 W
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Cooling down of 2K Refrigeration System for Superconducting RF Test Facility
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N B EFIR L CET L BET DT % Fig.1 T
R XS WTEFANCx vy 7 LTS, Z oD F A fE
ERTHRAADE TE —ARLZENEZ IR bR #H2EE6E
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! D |
Crossing Angle
(11 x 2 m rad.)
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Fig.1 Crab Crossing and Finite Angle Crossing Scheme
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Fig.1 Cooling Scheme of Crab Cavity
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Development of Bi—2223 coil for 500 MHz NMR magnet
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B — 25 - L SN EETH 5, F7- Bi BB EE
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EFLIL, Bi RBMEIE AL EIRBRENRIETO 23.5
T(1.05 GHz)NMR 2 (& 0 BH 5 2 b T B[ 1, B O H A
Ty 7 LT, AR Bi-2223 #4640 i A8 A4 THITR 95
T & TR 72 R M L BE BB AR DA EZENE D TR 5 % 1) B Xd7-
B R L, BHERaA VEBYELT-, ZDOaA V2 BEAF
D NMR <7 v hOENEaAVEZHL T, 11.74 T(500
MHz)Z 3L, BEIFEBRENREET NMR HR IS LR
¥)— O A I LT,

2. OA)LEE LT ERE

W E IR AT e X7 — M EIXAE T L
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SERR LTz V% NbTi GBI A AT LA A P, MRS
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WAV EL THAGAATS, B A L DIERERLIL 165
ALLTFTHY, &K% 165 AETHEMET 5L 13.39 T(570 MHz)
FAETEAD, NMR 2/ — )L B R3S 11.74 T(500
MHz)7%> 14.09 T(600 MHz)EBfEEAE CTH A=D1, 500 MHz
~ODhkEEIT>T7, Fig.1 135K 11.83 T(503.47 MHz) %58 4E
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Fig.1 An NMR magnet using a Bi-2223 coil was ramped
up to 503 MHz. Photographs of the coil and its
wire cross section are also shown.
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FEH BT Bi-2223 AV —haA L&z 1.05 GHz
(23.5T) NMR 43 Y28 DB & 16D TWVA[ 1], Bi-2223 #AH1E
n fEMESBIRE a4 RSB S I TR 2D FE IR BIRED
WCEDEImMB NI CTHD, 2D, BIRY v 7 A LA/
EENGE 1 OFETHS, FmhiERICEY Bi-2223 57—
B A C DR R I L DBEG O RV 7 IS 2 OFREET
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T, BRI OB 2 BN, B 2 B DR TR I 5k
o 2\ LA EAV R VAR NMR EHEIR S22 T
W25, ZOEOFHPNL IR THD,

2. EE&

B ¥R Tk ~7= 500 MHz HTS-NMR % # % &1L EIR
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(1) WA D 20 B OWY L EE % NMR A7 ML)
SRR BN SRHRIL T, SUBHIEARFEL T BRI 1%72
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=,
(3) HZo I EO—FETHDHYY F—20D 2D NMR #HllE4T-
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3 fEREER

(1) NMR B4 DRGSR E . BIBEE #2121 19ppm/h CTHEINL 7=,
5%, 0tk R oxHic bef%ﬂb THEML ., BN
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ENEATREZRZEENL ~UL (£1.5 ppm) LHEAT 5/ hEWDT,
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nTndinz s,
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Towards beyond 1GHz NMR: Drift of screening—current—induced magnetic
field and its hysteresis effect in a Bi—2223 double—pancake coil (1)

© ™

ANl R, &R R R); Y

Hi, HHA FHRICTIER), EH FtR = R0, K& 5 WE R ),

G HEA, ATH F5EIEERDE, BRI
KOYAMA Yasushi, TAKAO tomoaki(Sophia Univ.); YANAGISAWA Yoshinori, NAKAGOME Hideki(Chiba Univ.); HAMADA
Mamoru(Kobe Steel); KIYOSHI Tsukasa(NIMS); TAKAHASHI Masato, MAEDA Hideaki(RIKEN SSBC, Yokohama City Univ.)
E-mail: y-koyama@sophia.ac.jp

1. [ZL®IZ

Fe 4 13 Bi-2223 mSa A L& AV 1GHZNMR O
B AHED TWAY | Bi-2223 oA /LTI, BhlEREIC LT —
TR E RN AL S, TSI R BERY 7k
NAEUDE, G- TE Wy 7 IR EL 72720 | BiG 22 E L
BDHALL T, B RAE NMR FHUA R AT REIC /25 2, AR TIX
BAE LR Bi-2223 T —FHEBNE TN —F )L
DWW, EHCE RGNV 7 M EBR L, NMR Ba I &IiET
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Table 1. Physical parameters of a Bi-2223 coil
Number of double—pancakes 19
Inner diameter 75 mm
Outer diameter 104 mm
Length 168 mm
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Fig.1 Hysteresis effect of the screening —current
induced magnetic field as a function of the coil.
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Towards beyond 1GHz NMR : Drift of screening—current—induced magnetic field and its hysteresis
effect in a Bi—-2223 double—pancake coil (2)
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ZZTIRJNTRM DA — R —F— L COBTRBEEE -,
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BERRIGIZELT —ELREL TWDHOIZRL, EEEIZIX
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4. FEO
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(a) Magnetic field
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Fig.1 Numerical calculation model of the screening
current—induced magnetic field.
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Development of a persistent current switch operated in high current density.
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1. PCS (Persistent Current Switch, 7KAFEHEAA T ) 1LMETH
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PCS DZETENME 8% J 3 RH-E L CEE RSB ZFIN
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Table. 1 Specifications of CuNi/NbTi wire

Materials Superconductor | Nb47wt%Ti(+/—1wt%)
matrix Cu—10%Ni
Ratio Cu/Supercon 1.35+0.1
Filament Number 54
Filament Diameter (¢ m) 44
Dimension Bare (mm) 0.5
Insulated (mm) 0.54+0.01
M M2 Ma.3
- ¥ i) oy 0
E 0 ﬂnﬁ & ) - ¥
E wl® E:o o0 Oa0
E n“ﬁ' &0 B0
0 L G Qg
L] ) - » - Ll
C 1 1L ]
| 1 ET-_glmm | E"Z'lbhin Cubitb Ti wire
J2mm
Fig. 1 Cross sections of PCS tested
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Fig. 2 Dependence of quench current on the magnetic field. Opened
circles are results in parallel field. Closed circles show the result in
the case of 30° tilted field. Dotted lines show short sample
performance.

Fig. 3 Direction of Lorentz forces in the No.2 PCS
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Development of 1K-class cooler for space use (4)
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Fig. 1 Heat exchanger assembly with the orifice and

the by-pass line
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Development of new type Dilution Refrigerator using pulse tube refrigerator
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Fig.1. Principle of evaporation cooling and dilution refrigerator.
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Table.1 Specific heat of some materials at 50K [1] [2]
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1473[J/kg-K] 447 139 98

FRP support

vacuum vessel
[ ]

raqiation I ice (cryogen)
shield 7 [
/’D
HTS-coi | — | ——additional
shield

Fig.1 Cold storage system model
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T akKFZBHDLEMAREEITIZ LI, 5B DATY
TR EF AR EICET S,

3. MMRARAR
(1) RSy akHEDEE

B R LTI, A —H ik (R KFE(LH2) S B L
LTEICTVEBIKFEERL ., ZOBEEKFELLHIT L2
TR H —IROBERRL &2 RET201]) (K D)2V, 2
I T IRIR K E R OB R OB EE (B R E(LER) 2\ X
HHD, BRI REE+ um 2o he— 3 5HIC
Iv, BEEELERE 50~60% 12 ESEDHZENTER(X
2),
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TR ER CAT v 2 KFEOBEEMHERLIZ (K 3), Fiz, A
S aKBRBEREDO T Ty 2 ARE BT Ik K FEBE
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DATyY 2/ KBEBET DRI ET DAV T EDOH,
WO BLUSHHRICOWTHERML , B/ D
7= DO IEEFATEBAF LT,

HHAME L 100 VL7720 EBiEERES 7 (K
D ZBUEL, 207 R CIRIA 2 2 B L ORI /K 3B FetERED
WrEA M RE 2 RRAIE T B ek B A Ehi LT, T ORE R, 7k
MERE 5% /day 2% L 3.3%/day 28 LT-, SHIZ, HERFL
o 30%LL EDOAT v akEEEWTEERESY T~k LT,
ATy 2K T DI BOG FHUFE RLVAT v 2
AKFED BOG RAFMLI-EZA, 2 BB T 2.9%/day
LB L E MR LT,

3 ATvvaKkEBERT

4. FE

ATy a/kEORE, ik, Bl ., EERELER 50
~60%DELEL 30WthD ATV 2KEDB L FIEEITHIZ
EMNTET, Fo, ATy v a/kERE, Bk, ITETT L
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1. D.EDaney, et al.: Hydrogen slush production with
a large auger, Advanced in Cryogenic Engineering,
vol. 35
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Commissioning results of SHe circulator and GHe cold compressor for KSTAR HRS.
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1. [ZC®IZ

KSTAR (FEEH O REE 7 a7 h) CIlaBiniE~ 7 vk
ZRAEG ST A~Y T L (SHe) 12X A58 FIHB HZITH 7212 SHe
P—F2lL—Z (LT, —F a2l —%) & GHe a—/LRa~7
LyW (LT, a7 rod) o HEZFE L, H T,
KSTAR 1238 WCTH —F ol —&2B a7 Lot 1BEA
L7=, Fig.1 IR T Y —F =2 —# (Fig.1 fod Cl, C2)
12 TF AV L PF aA OB EIAELC, 227 L yY (Fig. 1)
1T —<Z L ND LHe DY 77—V HELTT A ARE
22— gl Ry AR BEN TS,

‘ SHe circulator C2. ‘ ‘Cold compressor. ‘

SHe circulator C1.

z;’X X X x\ X X

(IR

TF Magnet PF Magnet

Fig.1 Helium circuits of the distribution box [1].

2. BB OMLHR

P —F 2L —ZDOHAEA Table.2 [ICa— /LRI 7L yHd
fI4f% Table.3 \TR$, FHHE IZTWTHL EREMICEBITS
BT, P—F=2l —HI2BNFRCHRETHD,

Table.2 Specification of SHe circulators.

Mass flow rate 300 (g/s)
Inlet pressure 2.9 (barA)
QOutlet pressure 5.6 (barA)
Inlet temperature 4.4 (K)
Predicted adiabatic efficiency 74 (%)
Rotation speed 974 (rps)

Table.3 Specification of GHe cold compressor.

Mass flow rate 310 (g/s)
Inlet pressure 1.09 (barA)
Outlet pressure 1.3 (barA)
Inlet temperature 4.3 (K)
Predicted adiabatic efficiency 72 (%)
Rotation speed 219 (rps)

3. HEDHEE
P—Fal—&, ar Ly BB — N YY)
REFRHLTEY, TAANE 2 —a Ry 7 ADEZ8 {5

— 141 —

FELIZEEA L RTFEORERRCH S 2 5 LN TE D,
Tz, = I E IR BIKIR A~ OB AR R EL
Te—hMMIUZ—E7MRERITOINTEY, 80K DT7A2 75 He
TS RASETHEIBEIL TWD, —F 2L —Z Oz 1
T A ANKDOH A Z 2 H > TRY, 227 Ly P EimE
PFENZD 7 ) — 2 AFOEE 0 fihZ 2L T)D,

4. REBEELOFER

P—F =l —# (Fig.1 1> C1) OPERERBRRE F% Fig.4 12
R, FERIETARL TR LD L A TR 2o TRY, i
E [EHR %L (1044rps) FTERIF 2SI o THARE & TXTz,
B, —F=2l—FOANDIREIIIHENE TN TN
O, P—F 2L —ZDOEINIHDITHBLEN TR,

—JFar 7Ly, B RIS EH AR ESNLTOZRND
72O IEMERMERE R B D ZEIT TE Do Tz, LU, [H
AR ELUCIEIER L EL TIEL TRV, I3l i, 1|
JEL 22 E L CHEHERS TEXTUD,

2, BEIREELL T/ F RO I2L — gy
WMoz, 24N T2 OIE ) B R 2RI S
7208, =%l —HEEDHHRIIZELTEEL T
HTENHETRI N,

40
35
°
o \
30 & — \
Nominal point
o N \
_c§ 25 g
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2 &"
T 20 \
o
o
4 / i
3 15
& / 974(rps)
10 %5
/ CV
05 I\V 600(rps)
0.0
0 100 200 300 400 500
Mass flow rate (g/s)
Fig.4 Performance test of SHe circulator (C1).
SE Xk

1. H.S.Chang, et al.: “Commissioning results of the KSTAR
helium refrigeration system.” ICEC22 (2008)
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Cryogenic test of the cryogenic hydrogen system in J-PARC
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1. [ZC&HIZ

J-PARC OREFEFMEFIRTIZ, 1 MW BROBBFE— 24
(L DR SO ko CH8 AR U T i i M - 7 8 i R
7kF(1.5 MPa, 20 KIZ&> TR HMEFICBIESE 5720 DK
BKFBEL AT LERELT, FEFED 12 A0S 4 A ETORGE
Rl kD, K OMEREZfERE L, 230, IKIRKFHE AT LD
LRI IER TR E ST LT, A4FE 5 A 30 H 7Fi% 2 IRF 25 47,
B — A RO KR — 7 o M A &, J-PARC
THIO CORERE R SV A PEF DR AN R LT, ARGETE
TiE, RIRKFE S AT 2O P FFRER &2 O RS R
ONWTHE TS,

2. EBKFVRT L

Fig.1 (2RI AT LD AR T, KBIEER VAT AT,
BT AKFEA.5 MPa, 18 K)ZMEIfEERSES 2 R D/KFHE
PEBRAN T, AN N T AR BAZHigR, BLO, SR
BV IC LD E A B E S RN KT b7 dDe—2 L
N —EE TN — T ORBEELEE TEDLT HF a2 b —EN5
RERRENTD, KETRER Y AT A, PSSR E N LT
v ANAHHE (6 KW@LT K)IZKDBEISND, KFBITkT 2%
AR EL T, KEEBR S AT LMIT R CRIEMEHT A THED
N7 I MG R AL,

3. WHIA AN ER

RIRAKF VAT AOWMWENRES Fig.2 1R d, KE
PEER L AT LOEINE, FIZERELL ED 1.5 MPa IZEREFL
TRMMD, HEIRDEMRIRE (18 K) EFTHHEAIL, ®iiffirT
BRI B 1S D71, RS AR (40,000 rpm) &0
FVY 52,000 rpm L7z, 2 BAFFEROSE, WL T 3.2 ¢/s
ORI EISFONT, o, BHEBRIZBWNTTF241
—ZOEIIZNORE BN ESNZF| LT 72, 7%
2L —HEEETHINERS ST, Tz, Xa—HND~
U BH ADE 1 K EPFERS AT L LD E 1.6 MPa (2R HF
L. 9O S0 (72 —F 1L 90.5 mm IZFH
W) IZLTZ, THa b —F OB KREBRMIT 15.6 L THD,

— 05, NI LR HEIL, BIR T BV EEEIL, KK
BERIZLDTHIIITO IR EEIEZIT o7, BRI E
MENVOVEEITIE, IR I KV — A KRRy 7 AN D D& .
FARD AT AT AEW RS — O O E RIED A~V
DHALIRE T DHIEITIVKETEER S AT D~OMAIRE %
AL,

WG FUERETHD 33 K B TlE, BERHEAEZEDKFZED
WM E RS BT T 5, FDTD ., AR 45 K T,
AT RBIT AKRBMOIBEZEN 4 K LU FIZRAETHE
IR A~V A BB OWNEE— 2280 — B IR LT,
DO EXITRIRERZ O E IR LTz, IHIT, KFEMREERF
FOEEEE ERE BIEE TS 40,000 rpm (ZFHIEL 7=, 2D
%, WHEEOWNEE— X IZ LV HGIRE 2 EEEHIEL . B
REETHAL:,

BFRBRRIZBWT, KFEE—X2L0 ., AFEe—FH MR
JE& 21 KIZERFELTZ, Zhud, ERCIRRE (BEHETREE 18K, 75
BRI & 162 g/s) I2BWT, KFEE—ZH 115 4 kW (1 MW D
BB — AL DBA W IZF YY) 055 DKFe—Z H DR
FEIZH YL TWA, =Lk E 2K FBe—2 2L
BT D282 E-> T E—2DAH, BLO, =112 A%<
AT LR HEREASDOBVE 2 5 I — B IR DT Th D, —

— 142 —

5. TFa b —HE, 229 K T, _Re—HNO~NITLHAD
JESHREZAZIE L, U DT AR E R TIOR3 E 2L
FRALTHRUICT 2 bl — X RS-, TR RE
TIE, THF 2L —Z L~V RE PN E THD 49.0 mm £
TUESEDZ LT B LTz, AFIHIm BRI VT,
HLUT-HE)R — 7 22 AN T, FENSERIREET 18 I
BIUN CLEICH AT HI LR TET,

V5000
=T .
He blanket r@ L,
H, gas supply unit Adcurpulator
He buffer tank (5m?) Safety box
N, blanket
T He
H, buffer tank storage
(1m3) tang
L) Ortho-Para
converter T02®
il X V105 Transfer lines
@ IT07] H & and
- —> eat 1l M S
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Helium Refrigeration System Hydrogen Circulation System

Fig.1 Overview of the cryogenic hydrogen system.
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Fig.2 Cool-down process of the cryogenic hydrogen system.
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Mechanical Characteristic Improvement by Alumina Dispersed Copper Addition
for Ta—Filament—Reinforced Nb,Sn wire
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1. [ZC&IZ

Ta fHERTTR Nb,SnARF 11347 47 A b Ta flEIC Lo
THITRT A& E L5 TS, ZORES O RFEI At o & i
Nb,Sn #RAF[2-4] & bR TIEF I EIEHETHDHZ L, MBI
N IRAR L ODE LR 975 T4 (thermal pre-compression)
D30 1%FEE LIEFI/ NN ETHD[5], THUT Ta OIEMED
Wb L, BUEIRGRES NbySn DZRETN 0 Thod,
F72, Tafk#EIZE>T Nb,Sn 74 FAMEDS DA LI
TNLT=DIZ, B O BB MO 7 1 XL &
R TRESNZ LR TH D,

L, WEEEZERFECTTEDOREIORRD
Nb,Sn #bEHE 2 7= bEl2, KERBIRVEME CIITEKX
TUVBRE DIFZI DM Z DER BRI R E W, BIRERSZEIZT T
72, PELEOT-HINNZE (applied strain) Z%& X 5 E 3%
D, TENREVIIDPEEISHICER THHEE X HZEN
T&D,

FZTCARMETIE T EEEMOT=-DIZT VI F 5y #kR L8R
(Oxygen Dispersion Strengthened Copper: ODS-Cu) Z¥#RIIL
7= Ta EHERITRARAS O BRI 27,

2. AHBMETELUER

Table L1Zak B #E 0%, Fig. LICWr 5B 42~ 4, ke
BAIEZE B O Ta HERITR 7 o XL Nb,Sn it THY, &
VNI ODS-CuiRmoA EThH s,

FERIE 4.2 K, 14.5 TR THIRVEZFINIL 2B BER AT
ZRELTC, ~7 3y OB ZEM (¢ 52 mm) OfR2HE
BHEIL 40 mmTHY, FBILEUE L 5 mmEL7z, EIX
B EEREZ 7 )77 — U TRIELT [6],

3. HEMAEIE

Fig. 2124.2 K, 14.5 TIZ35317F 5 Ta fHERHFE Nb,Sn B4 0,
g R DO BRAFENE (-e) LI SI-ER (6 - ¢) 2T,
(21X, ODS-Cu WA EWRML 72\ &% el LT, &
7=, I D7=81Z reference[5] DT —# (Tag AR 15%) H 7
vy L7z,

ODS-Culmc &k~ T I-¢ RO~ N EmEMICT 7
FLTWD, 2L, ODS-Cu OEWERIREA KE WD
Nb,SnlZ KR EREMEENMD o7 LFR XD, ¢ M2
FEMNCY 7R T22 2T, L@ ERITHE XD AR ED R
Ehie, —J7, Fig. 2 AR X91, B ML ODS-
Cu TIMZ L TEAL LD o T2, S5 /1-TEHEL ODS-Cu 7’
mzkoTm kL7,

[1] G.Iwaki et al., IEEE Trans. Appl. Supercond. 12 (2002) 1045.
[2] K. Watanabe et al., IEEE Trans. Magn., 30 (1994) 1871.
[3] S. Murase et al., IEEE Trans. Magn., 32 (1996) 2937.

— 143 —

[4] H. Sakamoto et al., IEEE Trans. Appl. Supercond. 10 (2000)
1008.

[5] G. Nishijima, et al., IEEE Trans. Appl. Supercond. 15
(2005) 3442.

[6] K. Katagiri et al., Adv. Cryog. Eng. 36 (1990) 69.

Table 1 Specification of Ta/Nb ,Sn wires

w/oODS | 20% ODS-Cu
Wire diameter 1.0 mm
Filament diameter 8.1 um 8.0 um
Ta fiber diameter 6.4 um 6.3 um
Twist pitch 20 mm
Ta reinforcement 21%
ODS-Cu - 20%
Cu stabilizer 33% 13%
Heat treatment 650 °C x 200 hrs

{n

ODS-Cul e

TaWh. 50

TaNb:50 wic ODS-Cu TaNWbysn wi QDS-Cu
Fig.1 Cross-sectional views of Ta/Nb;Sn wires.

1 | 1 1 L
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g__:. a00 — x(,l '/ ,_f“"-‘ -
g ~ .x'i-—" !
2 A
o 00~ /.lf"’ _,--'._.r"‘ I
a .,/ .j'_,;j
F /'/ =

00— -
—— Ta/Mh Soowd 20 QDS-Cu (L, =179.8 4)
B Ta/Mby5nw/o ODS (1, ~1ED.4 A)
0 —h— IA-'NhJ.S". [TASHNG, ly=1 79 A)

42K 15T

L ] n.4 n.a
Intrrsic strain [4% .
oo 1 1 1 1
1.0 0 0.4 48] 0.8 1.4 1.7 1.4

Applied strain [X]
Fig.2 Tensile stress and normalized critical current (/o//.y,)
as a function of applied tensile strain.
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Direct 3D—strain measurements by neutron diffraction on Nb,Sn wires
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1. [XC®HIZ

F# 1%, Nb,Sn A OMBIAEREMELE LD BRA IEfEICEE
T 57T, 3 WILRIZIER L THIEZ 1T T0D[1. %
D—DDFERFIELLT, FET R ERICLS 3 RILEHR
EEIT>TWB2). FET-REIFTE WD E, HET- D@l
DEEING, Cu DR THEDNZFEM Nb,Sn A L M0
Nb,Sn DR — 2 35405, 727538 Nb,Sn Ok i i 0 [
MlRARDLI, SHICEREOLOLIKTAHZET, £
EHERODHIENTES.

AlENE, IR Nb,Sn A IZ B IRV EZ N 2 I RRECH
FEHTEREITV, ZOHEOOTHYT =2, [fUFHNLED
NAHEOEEE LT, ZOFEED D, Nb,Sn # %572
EEIT, BB PNERO Nb,Sn 23521 F BENE DIHNZELT DD
MEHGNIT 5.

2. ERAE

A.0 mm @ CuNb #f#i~7 7o X4 Nb,Sn HA&ERE % T
T, EBaATo0c. £, BEEOWUEEIT7-. #8% 130
1 mm ONFHRICHEAR B, 2z AT, i ofii(E
F)FREENERBEDOR S ROEEZRE L. ZOHIEIL,
FIRSKIRA0 KICBWTTY, ERENOIREIZIIT 5%
BEAFHOLZ.

WIZ, BIRVIS T FIZB T 0 BREAT o7z, ZOEEFEHT,

Nb,Sn #4f 7 AZTRFRIETED T, — K baEiz.
DM EB RN D, PRI ERE T/,
DEE, RRHZOT AT =T LB UG CHIRVEZREL C
BY, ZOMEEFEFRIPTHALELN TR EOME L
7z,

HEE, FA 18D RESA ZH\W o7z, 2oLk,
Nb,Sn @ 321 [EHfIZUIE > THIEZFT - 7=

EERHTIEOELaOREIEL T, MHMALEVHLE
Nb;Sn 74 Z A D, KR X BRIEIHTORE FEFIH L.
3. MREBE

Fig. 11Z518RVIE S FCRIELZ, Nb,Sn 321 BIFTe —2%

RT. 22U, BIRDEDORKEIN 0%0>5 0.5%F TOREFE,
EPuDIEAELLTO, NbSn 7A4TAMOFERERLTHS.

ZORMNG, BIRVENKEL DL, BE— IO EMEA E
(AN T TOEET- DI D. ZOFEENDRDT- 321 HD
HFRE, Z2NORHRLIZFRBEEDES Fig. 2 1277, 20
X D fdh 13 o - BT O RS R DR D THY, Hi#hIT O
B = THIE L EERLTWS, A 58, BliE

DZEDOEIN O A & 7% 8 E DO ZAL O EHENIE— 87 2.

T, M ERE TRIEEZTTo TWAOTHS—, HLLUL
EOEFOFERAS, B PNERD Nb,Sn (M- CWDFREE
DOEAERELNZEETL TN, OFED, B OETEND
LTIOABENELNIED, ZOFERNBS -7,

BHIE, 725 Nb,Sn MM OfERbEbE T, FAEEOH
ERERLELICHETD.

ARWFFTIIRLEFTE B B & AR (B) K O, B2 Je B i B
& (FERIMFTE BB E), HT =L — - PEEHEANTR 5 BH 3
HEHENEDO) AR 16 42 FE R B e Bh s F DR Bh 25
FEL.
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[1] H. Oguro et. al., IEEE Trans. Appl. Supercond. 18 (2008)
1047-1050

[2] H. Oguro et. al., J. App! Phys. 101 (2007) 103913
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Fig. 1 The 321 diffraction peaks of Nb,Sn for CuNb/Nb,Sn
wires under tensile strain at room temperature.
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Fig. 2 The lattice spacing of the 321 peak and residual strain
of Nb,Sn for CuNb/Nb,Sn wire as a function of the applied
tensile strain at room temperature.
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EBSD analysis of bronze route Nb,Sn filaments
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1. [ZL®IZ

BRI D 2R DS ELERAD5R U Y Nb,AL Tl 53RV AT
BV A EEBIER T, RINEEBH 3 £ THY R IZIh - T
0T Mt ORI REEBIRIF AL BIERESNR D, LIZA
ST Ao AL BULA W &E~T E A2 BT 5221k
STHE SRR Z N E  §HH T D2 R TEARW, 2T, NbyAl
DFE R E T 570 1B 1% 7 #ELIE ¥ (BBSD) i
2 ALY, 3kV THELTZ Ar A4 B — AL EIl L T H)
SIS TR DT N SEB TN L (CP L) L, ZHIZEF
WMERET DL AKE RSB C— I BELL
ThOPPOEB X — ot BT Ty K%
ZUTHMMAT = BT 5, B E— L OFTEITHZ
LIzkY, BE SO T MEMDIENTED, ZOEFH
ZHE B IRICEESEHZLITEY, 2R T ORE S T F A
T HZENTED, NbAl IZOWTIE, B A E SO
B TLZEDS 5° HZ DHFTICRIR 135 & EF U Ol bz
REOIEREM LI T,

ZOEINTUTEE LT Nb,Al O FAEEAS T2 24 S 3H)
WrASEEL O, 224 PEERREE T DI21E, TEM (X DRI 8 2354
REEBLBT2OREMEE LN, THITES T
2, —H . FIC A15 BYLEWTHS Nb,Sn DFEIL, £D
KRR B SRV O SEM BZic ko TR SIS
TENTED, $7abb, 7o RIETHER LT Nb,Sn 7454
VRO EIZIL, Tar KIS T 4T A RHULZRD ST Sn
DO FERELINFAE L, 7 as KM (T 45 A M ERE) (i3t
RO Sn 2 D Nb,Sn 23NEE#hA &L TARL, —
J5 . T AT AN T LIS A Do CHEIR dh 23 IR
AR %, ZH LRI TERE DS SRR DS EBSD 4347124
STHBIETENIX, AL BULEW OFE SRR D fEHT T
B LT EBSD ¥ ED R UL R TED,

2. EIWE & CP NI L -F;BHrE ) SEM Ei{g

Fig. 1, Fig. 2 (28| -RVIEWI RSO CP AN LU= i M

TR R Y72 Nb,Sn 7 4T AL N SEM B4 4779, i

BT AT A MMEERIZITE R Y F ORISR RS

Nb B EZZIZ[E D> TRE LT ARIR R 03 R & B,
/!

N SEl 150K 0 Tpum WL
Fig.1 A typical SEM image of bronze route Nb,Sn filaments
fractured.
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SEl 15.0k} ]
Fig.2 A SEM image of another Nb,Sn filament that has been
cross—section polished with Ar ion beam.

3. EBSDfEMfLI-#E&A R~y TEE

Fig. 2 @ NbySn 747 A MTDOWT, Wi s K AR AL 72
AEE TR T L E R R LTZ2D) Fig. 3 TH D, 5° %##izs
fen LD S DT DRE R AR E L TR TE
W Ry LTV, Sl SRS BT & | F R
ENLLDETHRORV T NEEET 5L, EBSD 1282 Al5 fHD
AL R OAEHT FEIBERIEL O L HIB TE D,

=%

1um=50step

IPF Map (ND)

Fig.2 Normal direction crystal orientation map of the NbsSn
filament in fig. 2.

AW FRO—EIL, i+ HZEEEOFHHIZIESSCHEF A
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Ti,Sn, Intermetallic Compound and New Bronze Processed Nb,Sn Conductor

56 #aL, HH OB (NIMS); A0 B CRIE4)
KIKUCHI Akihiro, YUSHIDA Yuji (NIMS); TANIGUCHI Hiroyasu (OAW)

E-mail: KIKUCHI.Akihiro@nims.go.jp

1. [XC®»IZ

BIFE, 4.2K T 10T LL_EOMIZEREA 1T NbySn #4123t
FAZSH TS, NbySn #bf Ot~ a2, | A OBYICT
ay AL NS Sn IEHOE . MIRIESE RS, FERABELL
TRIFIHEEOHNFTLA2 > QDD T ar XIEO B THAD,
PNER Sn HEBGEIZ 7 0o RIELDE i O SR i BE AN He
IR SIFONDN, m bl B X A7 WA R Tl
T 4T A MEOREREREE T, ZHUATREL TR 58 A
STEY, DENIRM E OB EIREZEE LR, v
JLRUT OWHRERL TlE 7 s RIEWF DT 4T A MEE AT HE
ETBLOD, NES Sn JEEEICRA OBBLERS I AT 5
REZRRAR DA R LR A E D BATE R LS T
WD BIARED Nb B IZH K2 L TR SOSSE AR T
L, 7y XIELEFEO T 4T A MRET DI BB NS D,
SENINTHOMBES B E LI R LEWDRIL T, B
117 0y RIER DO%kE 72D KO BLE M e AN By E X
7281 L Nb,Sn 4 OBREE A LI TH B,

BUTT7 oy REO R K OMEITEE R EREEEmd b2l
DR Z LD, 7 rr RIERM OB E TS E X, B
—IZJRBDOT m XH D Sn R EEA Nb,Sn FHO RFE AL
THILITIRINT D, — AT 14-16wt%Sn DT 0 AN E
BREL TSI TN D, 28U T7 2 RIE T, SRR
L7z Nb;Sn HHOFBIZIREABIRHY | EfEdhio YA X
TR 2> TOB1], ZAVT G B i B (8 KE
THE DR FThD, FRO7Tar X540 Sn EL)
BETENTWDR, S (LB HMNE L > TR T
MR RELHILT D, FAT L —IETIL 6 BP0 1
L. 20wthSn 7 R A GEnfEINRELHDM (2], 71
VRFBI DA RN @D DTSRI BRI ENE
il A U ORI 2 3 DS s ES LT 3 17

2. NATYwRTOVKEDIRE

Fexix, T RYE, NER Sn JERIE R O RIED 3 FED
TIEOR S EZFALIEINA T Yy FTuy I8 21 EL, B
177 ar REEOENME, SHICITEAEO THEMZ L
TWb, N7 VYR T ar R, BT v XL O K
RS K OVE TR A e 628, I8 UL Ao 7~
NFM(Tar Z/ND)DOW, —E8DY 7 < /VF % Sn HbEW
MARNFHEEINTZED 2— (T rr R /Sn FLE W R
B XX T, M EEIZBT 5 Sn REOHMEZ K5, FEHZ
WHT2 Sn LAWK RIT, AFEIED FZBIT L THRD
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THBEREEZED, Sn BILEWHRIZIL, L TORGOFF

MARDOLNDES ZBND,

(1) FIREZ2fRY & Sn IREDOH—H TH D,

(2) WD THE< LR S C, SHITIN T HIZE
I HEL TR R T 05 M~ O REIED BV,

(3) 18 72 E R TR AE MU L THE@L 2,

(4) RN T TR B2 1T > Ch 7 X NS
HIBRIR O TS B E 5 2720,

(5) Nb,Sn &4 T BB T &N ELTND 74T A
IZ Sn &+l TED,

3. #HLWLTi-Sn L& (Ti,Sn L&)

¢k T. B. Massalski (255 Ti-Sn EH#RIRRER T, &%
b Sn REOTREMLAEMIT TieSns 72> T 5, INES Sn
IERIEDFBICHS Ti ¥R Sn #Th ., #Wi72 TieSns KT
B HEMEL TEEN TS, EZAM, C. Kuper i,
TieSns JVHE Sn JEED Ti,Sn (LAMDIFIEETIBL, &5
IZ Fig. 1IZRTH LW oo RIREBRARRE LT, 20 Ti,Sn,
fbAE. BRI 24020l N T Yy T e X
IR CEDATREME 3 BB,

wt% Sn
0 20 4050 60 70 80 90 100
1800 1é?6 f ‘:B?{}J } t T t
| 1550 1
__ 1600 \T .
® 1400 T
@ 1200 +
S
& 1000 .
@
i ' 4
g 800%m
2 6001 Ti,Sn’f 670 | 1i,sn, T
a0l | A % 1
i TigSn | 231 232
200+— = f f f
0 10 20 30 40 50 60 70 80 90 100
Ti at% Sn Sn
Fig. 1 New binary Ti-Sn phase diagram by C. Kuper, et.al.

A Al ZIET—RANCHIGE D72\ T, Sny L &I DA B
SRRSO S T OV TIH A L T, A TiSny, By R
ZRIELTZ, EBIT TLSn, MR E AW TS T Uy R 7 rr XA
R A B LT R M b REL | IS AN 2 7= AT
SR (AR AA DN A BAL R 1% O AR K OV AR Ry
PEIZDOWTHEIL, BT 7 e XEED 1T -7,
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1) —O—JLERVPOYREREMIZE TS Nb,Sn BOER SR

Synthesis and High-Field Performance of Nb3;Sn Layers in Jelly Roll
and Rod Processed Wires

KINI 286, &), HE RRE), Ex A M), 1ha EZoAFE) CGRIER - 1), 71 ZRNIMS)
K.Tachikawa, Y.Hayashi, K.Nakata, H.Sasaki, M.Yamaguchi (Faculty of Engr., Tokai Univ.); T.Takeuchi(NIMS)
E-mail:tacsuper@keyaki.cc.u-tokai.ac.jp

1. [FC®HIZ

Sn-Ta A4y —MRBIURyRZHWTERLZ 2 —
72— /L(JRIEN MZ~< /L Fry RIMR)YE Nb,Sn #6418
T RERN DI N E B R EE R, ABFZETIE IR
& MR IERRA OFHR SRR LD LEBE, st a1 T o7,

2. REEAE
T4 OFFLD Sn—Ta (DD Ti ZEHL ., 21U Cu 27
MUTRRE MR EZENENTRO B D A6 5D DIXIT AT,
BZEFIZB W T~TIOC THAIEEL L . RZ R EHER O
Sn-Ta RE&EER LT, IREA I, RE RO Sn A4
HETVAL T L —MRIZINIL, JEEL TEX 80 um D —
FELTHESE 100um @ Nb U —hEER,
Nb-3.3at%Ta M EE DT TERLZ, R
D Sn B EE TV ALHIVHL T 7.0mm ¢ DI
EL MR EHayREERLE, ZnbE2ZREh
Nb-3.3athTa * —AIHEAL CER— /LN L%
FIELTo, JRIETIETHERREL . MR LTI E
1.22mm ¢ DA% 19 F721% 37 FHiZH A, Nb
YT T Cu 32— AR AL, Sk T &4
BlEICEVZ A ERL =,

~barrier J Z7RL7z, 19 & MR A D non—Cu J_ 1% 22T,
4.2K T JRIERH LR D~120A/mm? &7~ L, Z#UE Bronze
IERATIZ381F % non—Cu J, DK 2 {EOMITF Y 5, LasL,
22T LA F ORI BT JR IERR 23 MR VAR O Rk
% kA%, SEMBLEIC I AL JR BRI HE~T MR 5841 O
Nb,Sn J&DRIRIL, K ELIL-TERY, ZHAMERIFUZE
TAWMROE LD INTHBL TNWEEZ X LND, 725,
Sn—Ta @y ROHIYLIZ Nb & A LT MR A8 O ERIE 3
T,

DI MR B OFKEFR HERRF I M T2 L Q=
72N B SLFERR R B S QR A BRI T CR HEEIc /25
7= NIMS D) 1852 [T 2 R L E T,

— S0 M

Fig.1 EPMA composition mappings on the cross-section of 37 rod wire reacted

ZNHOBMITEZEFIZHBNT 700~T75CT 5 750°C for 100h, the rod composition being 4/1(Sn/Ta)-3at%Ti+3wt%Cu.

BULBEL | BB LTz, #AF iR Ok A2 EPMA &
EDX IZED L, /B ER [ A EER T
T FEIZE ST 1uV/em OIERETHIEL. 1
Z A EAE THRLC non—Cu J. &b 877,

3. ERERLER

Fig. | IZBVLEL# 0 37 % MR 5 Nb,Sn b4 7
[E 25 Cu, Nb, Sn @ EPMA &~y 7%
RLTZ T_TO Sn A4y RD Nb-Ta & —A
#BIZJEL Nb,Sn BASERES T, Nb A7k
D Sn 2% Cu ¥ —AIZIEIFH &3 -7, Sn
HEEBTYRPHSTH7ITIE Sn BFRE L THRY,
F72 Nb A5 72805 MR IERAIZB VT
JR JEMAFLIRIERIC Sn & Nb OFAEIEHNCLY
Nb,Sn BB ERSNDES 2 HILD,

Fig.2 (2 Fig.1 @ Nb,Sn JBFHTOIE KB IO
JRIEBRBT E IR U7 TE B AT TR Uiz, JRE
#iEF D Nb,Sn JB T Sn EAMLFERHILDO~
25athE ENDHDICK LT, MR IEA Tld~23at%

Composition of Nb;Sn Layer

'a"_,; <# < in MR Processed Wire
LA % g:“ at% [0) ® ®
A g Nb 726 729 723
Sn 23.0 22.8 22.7
Ta 3.8 3.7 39
Ti 0.6 0.6 1.1
Cu 0.0 0.0 0.0

Composition of Nb3Sn Layer
in JR Processed Wire

at% On Sheath JR Part

Nb 70.5 70.6
Sn 24.8 25.8
Ta 34 2.0
Ti 0.1 0.4
Cu 1.3 1.2

Fig.2 BEI image near NbsSn layers formed in the 37 rod wire shown in
Fig.1. The composition of Nb;Sn layers in MR and JR processed wires
are also indicated.

Table.l1 non-Cu J/non-barrier J. of different Nb;Sn wires at quoted
magnetic fields and 4.2K. Only non-Cu J, value is indicated for the JR wire.

L tahot, IR SBT3 5 Sn OikEIE . Wire Specification 25T 24T 23T 22T 21T 20T
MTEHT Sn Koo rs —MTHELTE Nb & —hos PRodWire —y sammy 1435 459 820 1190 156.1 202.9

EHEANCIEBT D3, MR BB CTIE 747 Ak

3/1-3Ti+2.5Cu Rod

18.1 57.3 102.4 148.7 194.9 252.4

DOPWRNHRA S Sn H G4 uy RHIMElD Nb
T ANPEHLL L ZAUC Y Sn B TEVDIAEL ST

37Rod Wire 13.5 41.8 723 104.7 138.8 176.1
4/1-3Ti+3Cu Rod

250mmé o s44 941 1363 180.6 228.8

REPERDH A, FTo, MR IE#RFS D Nb,Sn JBIZE F

JR Wire
4/1-3Ti+3Cu Sheet

1.42mm¢ 123 43.0 79.9 125.1 175.1 230.0

D Ta X0 Ti BiE JRIEFANIHLEL T2,
Cu IS higinoTz,
Table.1 (Z #7272 Nb,Sn ##44? non—Cu J, & non

Bronze Wire

* Nb-7.5Ta Core/ 50.0 80.0 115.0
Cu-16Sn- 0.2Ti Matrix 53.0 85.0 123.0
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* S.Endoh et.al. : NIMS TML Annual Rept. (Aug.2007) P57.
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Superconducting properties of RHQT-NbsAl wire processed by dies

W - MRS BB

B FatEnL, FREFE R, TNFETR

Y. Iijima, A. Kikuchi, N. Banno and T. Takeuchi

National Institute for Material Science, Japan

E-mail : IIJIMA.Yasuo@nims.go.jp

[1]IZL®IZ

SELSMENEE N AVRAIX, m#SC O R B s T
BEAMBEN TR Y, £/, BT 5B EESEDHER
DIRNT LS RZERNZEBIES LB MAFH~ 7
v NROEAMEENMR ~ 7 % v N EOGEMMEE L CHE
FENED LN TWD, BIEIRRICEWT, Bxld~ U >
7 A% TalZ L1= Al JEDEU JR EELE Nb/ALFRBT % AifER
B O BBV AL PR S L BB RO BfRICD
WCHEEIT-72, Ta ~ b U v 7 2 TEBRH COMIR
EREZEMORA RO AL R~ U v 7 A~GEE UL
FRALR N DTS Z L ZBIET B 72DICHVTW S, £,
LA IR R & P & TR B L OvamiE iR
THETOTNRAEL, ZN0BRED S - B8R 2R
TENEZEZOLND -0, AMARLIREEDEWIC L
ARSI~ DB % WAL 2 7o O I USRI 2 v
7o T OFER, Nb/Al LRI O Al E% 600nm & K& < L
Th, HEED Al EDOFE JR 7 NbsAl 0 L1312 R
LOBBERHENE O,

ARENEOBEARR I N T2 T 5L, ZRESLEE
%O J-B Bt LT 52N msN TV D, A T,
Ta~ bV v 27 2 JREEENVAIM OBEG T EME
PN T U, SRS LRSS {38 X OVIN T & A T8 i
DEMRIZOWTHET 5,

[2]=8FA%

Ta wR w2 A JR ERUS BRI (X B 2B CIER
LT84 % IV, #8213 0.53mm. Ta <Ry ALk 0.6, Al
JE#9 600nm T 5, RHQ ALHL T, 38 75 FEH: M : 300mm., #t
M :0.33, 0.40, 0.50, 0.67. 1.00m/s D5EAFITo72,
e BIEEIRE o FIRMFEL TIE 090, 0.75, 0.60, 0.45,
0.30sTH D, TDEMEON, IMTIHELT I FFEOEN T
FIRFER 0.75s & ZNEDFIERFFE O 0455 D 2 F:ED
SRR EFTOMME . 5%IRE DR HRERTE O AR R L
L. SHREZ A A& VBRI Ta2 L 72, ¢ 0.53mm7A>5
# ¢ 03mmETERIBT 6 FfFYF TV TL, ¢03mmTD
AR R IR 70% Th -T2,

A5 FA~OZEREBLIR X — %72 800°C-10hr DESL A
800°CE T 1hr TH-IR. 10hr fRFF, IFFHL THEMELTZ,

RBRE AR 4 S FIRPUE CHIELZ, T, 1385 EB O
FUSOIREELL, LIXBEN 1 Viem BAELZLEXOEREEL
Too o LEE XM EEOTZD O v MEFIEHE LT
1107z, B MRBBIEIZIE, M SE VW,

— 148 —

[3]=E#ER

AN TIEAFH RN T EENT NI T DD X A A
HHREL, Nb (2D FFETITL A AHIRAH KA =g
M EU TR R ISP R (L2 BE L CTIT o 70, F-IR R R A3
0.45s& 0.75sD 25OV TR N AT 7228, F-IRRF
RA730.75s, AN /L3 — A% 5.19)/mm® D FEFCi& T 1 |
T E5RbONE N, LL, £ TORER &K 0.3mm
FCRIBEZRIRE N T4 D2 &2 k7=,

K TIZHRRERT DY 0.75s D3I Il T. L 7= & & O
LT EOPHRE T, W ZEZ KEL TOLKEMD TALT
DY IHICKRET HEK 50% THRKEERL, WA THEN
A E R LT, FIREFFDS 045sO5A bR mEZRL,
Fo, T, BEOEALD KESOBENEH DL LA THIZIF
R A A N FETHELN WA, BE I T Ui E ¢
bR RED T, 1% 1791K ThdH, ME T /L —0
5.193/mm>® OFBHE T, BITSHOVTUVA, Z AU E N T
DEXLKONBENTWAZENS, BTN ED AlS
TS BN LB CREHEAT I L TUVee b b B2 HiD,

21T TOWEHEL ], EOBIFRIE, WA 20% ETIHM T
MLLIFITRT J, 20, SSICHEHEFEZ KELTVLER
T0%FET J BN D313 D, LinLe3bZ0RmElL, %
M AL RE OB ORI Th D, FHMIEY B #
HT D,

AR FE D —ERIE IR 28 O T SR E R 5 8
REZTCEINZLDTHD,

180
Heting tme: 0.76 =
Heting energy (Jimm’)
17.9 * 518 )
o-536 /
. & 557 A o
n
178 ‘ . 8581 &
I /
. \ \ , n
x
4 \ \ g ]
176 * 0
“‘ vv’.,
175 i \/
.
174
0 20 40 80 80

Reduction area (%)

Fig.1 T, versus reduction area curves of the RHQT-Nb,Al wire.
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KR NINEZSH Ta <KX RHQT % Nb,Al 84 D BAH

Development of Ta—Matrix RHQT Processed Nb,Al Wire for Future Accelerator Magnet

A LRERF, BET i, CHMAE, D B SLEAREE)
PIPEERR A, MHEE KA, SR A SFERE B HEIEE B, (LA B,
BUEZ S C, SMTERL C, PINFER O TARRM C. fREEMERR C, MJINGE D, mhfnse D, HJIFnE D
A Sophia Univ., B KEK, € NIMS, P Hitachi Cable
K. Takenaka®, T. Fukuda®, T. Takao®, A. Terashima®, K. Tsuchiya®, A.Yamamoto®,
Y. Iijimac, A. KikuchiC, T. Takeuchi®, S. Nimori®, S. Banno®, K. TagawaD, K. Tanaka®, K. NakagawaD

1. [FC®HIZ

AEEN - ZRERHQT)EIC L 5 NbyAl ML ZE 2
BRI, omBE CEWEREEN/RIND Z
EMD L FERROIER @AM L LTl B D b0
Thb, Fexrix, 15T @G AHBRME LT, 20
MMBAREZED T D, JRLEDL, T4, Nb matrix Nb;Al
MM T VKRS R L E V22 md e bt o
72 ZOJRKFE LT, matrix $1 & L TEDILTUV D Nb A3
EBEZHI, FRCE DB EHOTZENEERD, K
BFZEClE, matrix #7& LTNb L0 b T, H, MEV Ta %
Rz NbsAl #81 2BUE L, 2 OB & BB
FEEARTZOT, TOERIZHOVWTHET S,

2. BRMET
FAME L 7= Ta matrix ##8F (ME476)3 X OL#RIZ V=
fiE3k > Nb matrix ##4f (ME451) D745t % Table 1 12777,
Table 1 Wire Parameters

ME476 ME451
Wire diameter (mm) 1.35 1.37
Matrix Ta Nb
Matrix ratio 0.8 0.7
Filament diameter (Lm) 69 63
Filament spacing (1m) 8 6.4
Number of filaments 222 294

3. HEMWAISRE

Je FEEN DT GEE L, BB - SURILBEEE ORI
VZIRUED N (AR: Area Reduction) 23 i S35, D=8, =
DOIRFRIZ I DM OB REE (8 71— AR, B
RIREE, MOV &) OWUEEITo T, BM W& O fE
MR SNDMEITIMLE L & IR I LR, @
HOREFEORBANTIE, BHARZITAEC RN &
Nb matrix #44 & tb~2 & | Ta matrix 6 O TIZ & D8
fRIZD LREWVWZ Ebbholz, BIRRBRERLVRD
72 0.2%Ifif 77, AT N matrix #7735 Nb T Ta TH K&
REFRNZ ERbhroTz,

4. ERHRERFMH

£ & 340 mm O = A VIR & FIVCL10~18 T fEik D
LBME%IT-7-, Fig. 1 I RHQ EIfEAEL 2 I-HED
non Cu J Ml% /"9, @& J 6% 5720 0OfE RHQ Eift
fEI% 226 A, i AR (X 45 % TH D L binotz, K

— 149 — H79m 20084F FEAKFARIR T2 - BHEA R

FTH/E LN K Non-Cu JfEIL 15 T, 4.2 KIZEBW\T,

807 A/mm> Td > 7~
1400 —
8 —e—223A
1200 —4—224.5A |
L —E—226A 4
< 1000 — —o—220A ||
E L —&—230.5A
= 800 \\
600 \\ \\\\:'\ - ]
[ L
= [ !\\n\ \ ~
g 400
Z I N
200
I =
0
10 12 14 16 18

B(T)
Fig. 1. Non-Cu Jc of the samples treated by different RHQ
currents. The diameters of the samples are 1.0 mm, which correspond
to 45 % area reduction.

5. Wit

Ta matrix 4 (ME476)% 1.0 mm ¢F TIH ML L7-
b DO ORI % Fig. 2 12”7, Matrix 7% Ta (235
ZEIZL Y, 42K IR T B IKREYS Flux jump X E 25
ZENHRTE, L L, 2K TiE, /M & 72 Flux jump
DHEET D ERbhoTz,

L I I R
200 1 ¢ 44K 4&}
R ,/'X
’g L
i 100 F e L ~¢\
= j-“_,.'—‘4"' s
Lol
= C
g 0
s — k
ot e
R () B xs  B LT
oh N T
Lol
- C
r )
-200 %;V
T R 1100 A A PR S 1101

2 -1 0 1 2
Field (T)

Fig. 2. Volume magnetization of a sample with Ta matrix (ME476) at
44Kand2K.

o
6 H:I!I:EHH

Ta matrix ## THX, KR LZEER PRV I 26
DT L BEPRHE S Nb matrix DA & RAENRND
EWGy o Tz, SR L7E S non-Cu Je fIE 13, 762D Nb matrix
LR ZAMERNE85%) L 5 Th D,

SE XM

1. A. Kikuchi et al. "Characteristics of round and extracted strands of Nb3Al
Rutherford cable," IEEE Trans. Appl. Superconductivity, vol. 17, no. 2, pp.
2697-2701, 2007.

2. A. Kikuchi et al., “Cu stabilized Nb;Al strands for the high field accelerator
magnet,” [EEE Trans. Appl. Superconductivity, vol. 18, no. 2, pp. 1026-1030,
2008.
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Fabrication and transport properties of re-stack NbsAl wire
by extrusion process

H FigE, I FE, B 3ETE (ASCER S
FREF (Eak, 7TPY 3%, il 0. i B0l (kA rERE)

TANAKA Kazuhide, NAKAGAWA Kazuhiko, TAGAWA Kohei (Hitachi cable);
BANNO Nobuya, TAKEUCHI Takao, IIJIMA Yasuo, KIKUCHI Akihiko (NIMS)

E-mail : tanaka.kazuhide@hitachi-cable.co.jp

1. [ZL®HIC

F 2 1IZZNET, N, AL 7 AR A B HAHLA A T—K
LA ERL ChE2 2B mRHQMEL-%IC, =
W EMEL TEELCUTTE, BEILTHVAZ Y
Nb,ALGAT | DR AT > TE7-[1-2],

ZOMMIL. AW HOND (AD BRI EVERORIET,
CuZEACM BRI AT 53 A7, BRI LA fEL
TV, ZOINTICID, Nb (Al @ FIEA S I, &
BEORMECLAHNOT AR —5ERTHL
NA[RELIRD, FTo. T4 TAVPDOKERALL BHTEHILED
O, MR FFE IS @ ot & U TR S A,

AT ARBEHMEM Bt D Tae~ N w7 28 L LT-U A4
> 7 Nb, AR % . B PEALICE 3 287 0 TIC X /ESRIL
PO DI TAHEE J R A R L7255 Tl DTt
HT D,

2. AL

NbI —hEAR —hE LB &L 72 =) —r— /L /Nb, AlFTHR
EEANT RS EH (B4 #ERI L=, 2N ERR
1.38mmE TR . RHQMLEL+2Z L2k, Nb/(Nb-ADi#
0 EIE AT L LTz, 5N 2 S AT IR ISR L
7ot CuXA T ITISARHIA I, IR Z MR (VAZ v I#R) &
Lz, ZRZEOFHEIMT U546, Q®5 X LZEA
D25 THERM L7z,

Table WZAEBILIZRAZ v 7 OALRRE 7R3, 74T A
MERLAYT BRI, AR ImmE TN T L2 EDRET
D, A OCuI0.99THY , MEImmETIN T 547
AT AR p mERFELHND, Fig. UTVAZ w7 #bF
DORFREWT R 2R, £ RITEEG. A XIZR
L OIERK THS,

AISFI~DZEREBLI L, 800°C, 10MEf] (B Z=rh) T3
L7, IleDBE L, 43 - HBTiEE O TRIRA~Y D A
TATO, Teldl w V/emDEREHETER L, Jeld, Izl
HNDOCuLIADOHEFE TR T HIEICIVR DT,

3. BRERUBR

YAZy 7 e n | T 58 BRI 2mm TR A
WSO FAELTZ, —F, fFHIN T2 A L5412,
SUNOIEER IR SN, ZHuE, FFHIC X250 T.TCu
IRAT ENDAIT AT A RDEEF MR ELTZleo B RS
Nz, £, N T217->Th, B LOmmE TN L TX
72203, RHQUUER S CHI S E H TR CThHZ L2
FELT=,

Fig. 21PN T U256 L35 2R LT85/ DU A
Y IHRREONon-Cu JeDREGHEIFHEE R T, D7Dz, Y
AR T HIO— K% (as RHQ)D JelZ DWW Th TR
T, PN 217> Ch, MBI &MHRLIEE LRIZED Je i

— 150 —

BondZENDoT, FHMTUBA B TE, B
£1.0mm&0.6mm TH B ZEZNRNZENDLIoT-, £, VA
B T BIOMAM DJes bR LT, 20T THIL.2f12m 3%
ZERboot,

MH X, TR O =0 FE i L7 R BESL DA %)
PEIZOWTHEE 35,

Table 1 Specifications of the re-stack NbsAl wire.

Second stack

(Re-stack)
Wire diameter (mm) 1.0
Number of filament 84x18(=1512)
Filament diameter (um) 14
Barrier Ta
Barrier thickness (pm) 2.3

Matrix/SC ratio (SC fraction %) 0.80 (28%)

Cu/non-Cu ratio (Cu fraction %) 0.99 (49%)

Fig.1 Cross sectional view of the re-stack Nb;Al wire.
1200 : :
r ; ; ; A Drawing (¢1.0mm)
1000 &----------t----mooo-d Rt Bemees O Extrusion (¢1.0mm) --
— | ; ; @ Extrusion (¢0.6mm)
e 6 : X as RHQ
S e i aebbbeess " — -
< & | |
BT S S S M
3 " A | |
S 400 [ R deooeeeeoe
z 8 | |
U e R G oo
42K ¢ 4 3
0 . i ‘ ‘ ‘
14 16 18 20 22 24 26

Magnetic Field (T)

Fig. 2 Magnetic field dependence of Jc measured for
various Nb;Al wires.

SE Rk

[1IN. Banno, et al.: Abstracts of CSJ Conference, Vol.76 (2007)
P.187

[2]K. Tanaka, et al.: Abstracts of CS] Conference, Vol.78 (2008)
P.80
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—ERNEE A = 15T (Nb,Al/Nb-Ti) BBIZE < T Ry b DB e LR B
Fabrication and trial run of a 15T superconducting magnet consisting Nb,Al coils connected in
series with Nb—Ti one

M R, 8 Eek, Ak o, 49 =9, 8E 2% (ki) ;35)1 IEM (JASTEC);
B 35, mfnse, f)IfnE (B SZER
TAKEUCHI Takao, BANNO Nobuya, KITAGUCHI Hitoshi, KIKUCHI Akihiro, IIJIMA Yasuo (NIMS); YOSHIKAWA Masatoshi
(JASTEC); TAGAWA Kohei, TANAKA Kazuhide, NAKAGAWA Kazuhiko (Hitachi Cable, Ltd.)
E-mail: TAKEUCHI.Takao@nims.go.jp

1. [ZC®HIZ
SENVE - £ HE (RHQT: rapid heating, quenching and

transformation annealing) ¥ NbsAl A4 1L, FAR A0 7R ATkt
T HBIRERFED LA NENENI RO -1, AL
B AP - I 8 RETR BRI REBRE~
S M ELCRRFESED BN TWD, —T7, B/ FTO
DR SR ES FE R O D L T NE R R G E <
Fy MR ELTHEAL~ORERHY ZHETIZHHED
NONEIANVERIELFOREIRORE REHREL TET,
RHQT ENb; AR T AT AL IR T il ~ N w7 AR
2 Nb D7z | KRR THBRPKEIVEBERA AR E
PERAEL ., oo T o PRI CEIEIG T 5L NbsAl =
JVIERERT T IR v THRFEAETD, L, Nb @ B,
YLDy o7 o 7 RER TR BT AU KB R AR E M
ik Tx %, FEEL. 2006 41212 10lmm OZVTRTIZ 15T &
F&44% NbySn/Nb-Ti g~ 2 Ry M NbsAl g =oAL %
FLIIA T BB TG T 52812k 45T ZBIMLTAE
19.5T OWEFFEAEITRIILTZ, Lol ZD X573 2 Ebi
FRIFEHBEE 7 Ry LT, TEAUTBET 20,

ARFIETIE, B ERNE S IR A T2~
o h T, Nb-Ti 4MEaA1E NbsAl NEaA /L& ES)
Bl | BTGk 5 15T BziE~7 2o b flfEs
RAT=DT, FOBELFEERRE RIZOWTHRE T 5,

2. ¥k

i L 72 Nb-Ti /M@ A NT, 3K, F=— 775 Nb;Sn NJE
aAVEM A G DR TC, —FERBGEIRICEY, ERE 295A
THZYTART 30mm ¢ DZERIIZ 8.1T (Nb-Ti)+5.9T (NbsSn)
=14T ZRAELTCHNTZLOEFHALE, it~ Ry hERL
EREBEREERAL T IT &V 15T (NbsAL: 6.9T) % 10mm /i
VY 40mm ¢ ZERICH AT DR F U, EBASEICA D
D12, Cu 77y R EIL NbsAl AR T, 26k (1.8Y x
0.8" mm?) KV Cu 75 R EA#R (1.6Y x 0.7 mm?) Zf#
LT, % 1IC 15T Bi5E~ 2 2o hOfEEZ 7T, Nb;Al D4
BEIMEZT 1021m THD, MaEE 127 VT ) DHELE
i A CEL 22 5% PR & T O A BEEMLEE (800°Cx10h) 1233\ Tik
FIR&F D 500°C T 2h OHEAT — VA LT, ZREEAL
BB AU L —BRFMBEREL , SDICY v 7 AE LB S

#1 Nb-Ti/Nb;Al =1L DAL,

Nb;AlL (1) | Nb3Al(2) Nb-Ti
Bare strand size (mm”) | 1.6x 0.7 1.6 x 0.7 1x2
Cu/non-Cu ratio 0.4 0.4 2
Djpper (Mm) 45.0 71.3 139.6
Duter (1) 71.3 116.4 2542
Height (mm) 200.0 200.0 250.0
No. layers 14 24 56
No. turns 1484 2544 6886
Length of wire (m) 271.1 750.3
Inductance (H) 0.9 4.8
I, (A) 295
Generating field (T) 6.9 | 8.1
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S e i3
1 Nb-Ti/NbsAl A /L DERGERDRE T,

a7z, 2 > NbsAl AT A N T TS Tl BsE A
LCEmEERLZ (% 1),

3 BEHRE
18] B Db T, 290.5A FCTHEL7-EXT Nb-Ti ZA /L)
BUTUFRIFEL -, Ne—= 2 IS CHEAHIE 2 [
HO FhEa1TolcelA, BASTEBIAED 295A THEETD
ZEIZRFI LTz, X 2 12 Nb-Ti SMEaA/VEE, NbsAl NJE=
AVEE, BEEERE, A—L v —TE=F—L7=F0
B R ORI Z R T, ERER TREFL TO DRI
FEJR (300A max) DNZEHB AR ENLIBEDT-D vy hE T L
7MW, <7 Ry NIZ o FEFTITWREL 72, FLFIT/RUZHE
FHZB VT, BAESN QW TIRBRA AR L EMN (T Ty 7 AV X
UT)DREL T, — B E CaA LV ERA NS TV
JhBE BRI Z O FFEEER A MU T b, 72721,
FLBERIT T T 7 A v PTG L TR T L=, A
A TN Rt LT AR IR P EBIR BN i LTz 7= & E b
na,

ARIFFERO—FRIL, T IR R &t 2R AL T
bz,

8 - 16
Shot 6
- 300
6 lop(Max):295.122A | 114
. Bhail probe* 15.12916T 15 4 250] ,,
1 Bouent 15.0062T
=21 < { —~- 2001 10
%, D i
- z | =
%0 ) VA 240 48
>Z S - 150
2 -6
- 1001
4 -4
-5
- 50
6 -2
-8 T T T T T T T T T T T T -0-0
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600

Time (s)

X2 EH(295A. 15T) ITELIZE XD 2 —2,

Bhall probe (T)
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Evaluation of flooding limit in helium heat pipe
I fLE], $eAR s, RS 88 (GRTR) 2L & ORE)

YAMADA Kouji, SUZUKI Hiroa, OKAMURA Tetsuji (Tokyo Tech); KURIYAMA Toru (TOSHIBA)
E-mail: yamada.k.at@m.titech.ac.jp

1. [FL®HIZ 2. M. Monde, et al.: Transactions of the Japan Society of
HEERIROBHNE— AT ER AT 2N TERIL, Mechanical Engineers. B, Vol. 61(1995) p.4101-4108

RIS EN A WS D AR 5 B O BB R0, m O EL

BRE N2 A U A BRT- LU COTE R D Sh 2, i safty vale  Gryocooler

FIREH MBI T DT DA B R L L= — [

Y AT 4 Re— b A T OEEER A DA D —>ThD g5 >
TS5 F 4 TR EE— AL T DN, SR EDOBRIZD
WTEBRMNMTONTHNDEY, KIFFETIE, 779 T 1 7R
DERELZHTICERL, ZOFEEZHANTI Iy T4 7R
AN B O EIT -7,

Condenser _

Heat Pipe .
2. RERAE M
Fig.1 |ZFEBIERE OB X 2R3, IEFDITHR IR~ T 2 Container -_|
ZRT, JEENCEOA T 72— 2 LB A D 2 28 LS, kIR
NI BEIRFESE D, HIELTAIT DA AL LR, Fe B e

DUHFEAAZ Hien T GM I > TRbS i, EHOZE
THEE 2RV, BONRITFOIZIE T 5, REBRTIX, A0
HEICBWT, HOREMICB W CGRIFDIRENEMIC EH-L
TolX, 70T A TBIGINEI o Te ST LT, 038

Fig.2 ([ZNFE 3mm, & & 300mm Db—h 317 TOEREEN
IR OIREEE 4.4K ([ZHIBIL 72356 ORETH IR A 231
FHFTDETCORBMEANBEOEBRE RS, 2OT—XD
TR OB RREY, ZO&M: Fickibe— AT D75
VT AT BRR B AR 0.16TW THHLHIWTL 7=,

Fig.1 Experimental apparatus
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Fig.3 [ZF £ 3mm, & & 100mm Oe—MIATI1ZBITHTT Time[min]
YT A7 IR RS R LR OBR AR T, ZORLY, 1R Fig.2 Dependence of flooding time and heat input
Wi D BRI 8IS T 45 &7 742 27 R SR it B (Diameter:3mm. Length:300mm)

DI TWBZEN DD, ZHUE, I AT TR ED
b1 KEORFIREICED ECTICRBEENZIMIZ EFI2
ZEDD, MBSO T ADE &t &0 352812720,
TI9T AT BBEPE LKL e o loledEeE 2D, A
BRIE, PO R LT, KEEBRIKLLIZT Ty T 4 TR
RAM RO 0 R E BRI E D EROMEE~TY L H
W IELIZ GO ERE R ThoD, 2O RIL, B IEFHN
REANDZETNIY AEAEBIRE LIS E D7 Ty T 1
7 RSN 5 B ARRFE 10% AN OIS CTRAE CEDZ L a2 R
TWD, LnL, BINEREITWV, EEFMEOZ Y MEIZoN
THREZAT o7 5, &8¢ bmm, & & 100mm Ob—k A7 T Fig.3 Dependence of temperature and critical flooding heat
IR KT A0%DFAZENA U7, KBRS R 2L 281z (Diameter:3mm,Length:100mm)
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%, Fig 412 4.6KICHBITDEe— AT DT Ty T 4 J IR LE = .

&, EEOBIRETT, ZORLD, 7597 407 TR S0 ]

BB ROBIMICAES THML TWBIENbD, £z, % ® s

£ 3mm [ZBWTUTE R OHINCIE->TT Ty T 40 7 TR B 304 1

AR LT, E R Smm ICBW T RAE(EL S0l ° ]

THIRFELL CORNIEDDDD, HRICE>TERIT T g s

T A T RN AT T BN B DDONENI T EELVFEL o $ . + +

<%$Téf:&), /%\f;éliiDfﬁ%ﬁ@%@f?@%ﬁ%??5%%%éo Diameter[mm]

é&%xrﬁk ‘ ® L100mm 4 L300mm|

1. H. Suzuki, et al.: Abstracts of CS] Conference, Vol. 73 Fig.4 Effect of the diameter and length on flooding heat input
(2005) p.173 (Tmperature:4.6K)
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Analysis of Pool Boiling Heat Transfer in Liquid *He by Visualization

JIUH BSE ol BoE, (UE ERS OO A, S B P BAE (LB
KAWADA Sohei, KATAGIRI Masanori, YAMADA Shinichiro HORI Jun’ya, FUJII Yoshiko, HATANAKA Keisaku (OUS)

E-mail: s07pmOSks@std.ous.ac.jp

1. [FC&IZ

R BIEIIEL. FEPEIRIE ISR AR ol C BT T T T
IRBMREERSMAATL TV, LU, IS SIAOTRS 28 >~ W“
IFFEFNHEHECHY , Z OB OV Tl O F2 P83 S S AN R
BADVRSHUTU VRN, ARIZECIE, R~ 2 3 OKIADIRG T a0, Moo

B AT PV CRRREE ) AT CHRIEL . ZORTA T T, SR ¢ TBES
2. FEREE-AK ’ o, B, Tf”
Fig. 1 {7 iYL/ 7, IR Tmm O SR REZASEMALL 2 ?@E B, o ° © 7]
(RBP4 AR LT (ST AR A 1T\, 207 x cho I/' |
EREDNCA BT, (EEEIC 2 OB A EIILI- KT, 006 08 10 12 14
TR RIS LS T S R 257 1% VORI A BRI - Ty (K)

(EANHIRLE  FEVLACHE, (AT RTINS AT S,
SR DN TN A T T,

Fig. 2. Ty dependence of boiling point number N,

3. BIEHER 0.16 I I
Fig. 2 \AGENHIREE Ty LTS5 N, DR Z =3, Billsns o T,up lst
FEV ST Ty LR RS CREAR e ATV AR 0.12 A T down Ist [
. oy e — . O T,up2nd
L7z, Fig. 3 \ABENELIRIBOIRIEE AT & Ty OBIRER T, AT o o T, down2nd
1 Ty 2% 07K BAF CABICREL Tz, FEIDEATYS AR < 008} X -
JEUTz AT TR Cd, Fig. 4 | ARBNE HRERL N
ToRIEE Ny & Ty OBSRE R, [ ZB THIRIKIRED + 0.04 —
HIEL PR CREIREAT VU AN AT, B S CaEm
DIDHET 2RI T, A DB L > TRES R o7, o ! L L L
- R TR\ ORI KSR DI 06 08 . (‘K‘; 1214
. G0 NS IS B R B L, ST Fig 3. Ty v8. AT= Ty—T,
AR CHERF Ut T 7, Nz 72 BB IXTADIBEN L~ T
IR RN R B B AT D T LT LRI D 2 @D 2000 T T T
<
HDI, BIE, FIRETEORREHEHTTHD, s,
R0 Pesanes 1800~ mpe,0,e% oog
—_~ <o
[\qg i—/—é 1D "o
In Gasket _! \% 1000 — ° < ¢ a © -
Gopper = LS ®P0 ©
Surface ™™~ Optical Window o
(Quartz Glass) 500 [m] o o -
# 40 © uwis
%g ‘J » o0 2 T, up 2nd
Ge Resistance 0 I I I K -
Thermometer Stycast 2850FT 06 08 10 12 14
Heater T om TW (K)
Fig. 1 Visualization Cell. Fig. 4. Ty vs. bubble number Np.
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Small Specific Heat Measurements below 1K

I AT, RE i, B woK, 8 Al e &7 LER)
YODO Hiroyuki, AKATSUKA Tomonori, FUJIMORI Yuta, HORI Jun’ya, FUJII Yoshiko (OUS)
E-mail: s07pm16yh@std.ous.ac.jp

1. EC®IZ

TN ACEY) ANVSs 1T Nb,Te, fiiEE2AL, V-V U7
PN il 7 ISR b & Th D, A=In, TI D
M ARRE CR AR EEAT ol 2 A, ZEREE LA R
L, BEEEB L, ZhbOWE OB EEmBIEEEZ A
PNTT DT OBFREFNEIZIDA 0.2K TR BRI E
E{To D, 22T, MR R TR E T A E
BRI OWTRET D,

2. RIERILLES

/N BR B E T, BE B KRB AE BT
DL T T X OBERERBI ORI L TTELET
ST DL E B EBRZ RS BRFIR LIS S DB
DAV Z/NELT DL, BRITHEIE B /VZR L T 728
REEFOIENEETHS,

Fig.1 1ZIE B/ Z7R T, REFHTIE RuO, HREUR R
(Imm X 2mm X 0.5mm) %, b—# —|ZIXARL A7 —2 (=
IEHERHL 350 Q) &AW o, IREFLe— 2 — DU —R#RIZIT
Nb-Ti #BIEMRE AV, 2, b—F—DU—RFRETHIE®
NESCREUT-, BRPTRRICIT B4R (¢ 20 uw m X 20mm, #li B
99.98%) % FV 7=,

T E [0 13| TR E 12 22 i 77 ) ¥ (RV-Elektronikka
AVS-46) Z v, BERFIRF ORI E 2 Ay 2 AT 7
(SRS SR830) & MV 7=,

3. RIEHR

Fig.2 [ Gl TN) OBV Bl i it R & SCBkE DAL
T DB Ba T, $iOBERREICLY, For OBER
HE DS 1K LLF Tl 2.8% THHZ L HERR ST,

Fig.3 [Z7 7 4 OEE Rl ERE R ESCRELVEHR L2 T
T UH DEIROBIR B 7T, Fig.3 (28T, CHE LY E
BT 7o H OEHOBEEOAFH )&, For MNEBIZHI
ELTT T OBRBEOZL, WEEVIHERAL TV
RuO, KFTIREF &, e—F—IZLDLDOTHLHI Db
72

ZORERE P E BB OBIRTE B SR D,

Nb-Ti wire

Thermometer (RuO,)

C (n)/K)

C (uJ/K)
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. Cu foil

fe—— Ptwire ——»

T Ag foil

‘«—— Sample

«— Nb-Ti wire —>
Heater

A (B)

Fig.1 Schematic drawing of a sample cell.
(A) Upper side. (B) Under side.

2 | v
15 ".
J._

10 | -

5 /¢'“”
0 - 1 1 1
0 1 2 3

7 (K)

Fig.2 Heat capacity of a copper (396.21mg).
The solid circle points are ours.

The broken line is a calculated value from
a reference.

(a)

N /
A AA AAAAAAMAMML
01 ”/’SL/’}/,,,,
0.01 ﬁ/(c)

0.001 r @
0.0001 L
0.1 1

7 (K)

Fig.3 Heat capacity of an addenda. The solid
triangles are ours. Solid lines (a~e) are heat
capacities of each materials calculated from
references for our addenda.

(a)Cu, (b)Ag foil, (¢c)GE varnish, (d)Ag paste,
(e)=(a)+ () + () +(d)
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Temperature dependence of attenuation in Al using vibrating reed method

OHEE EORH, WA Rkz, R AL, BRIE A, At R CEILEER)

ITO Keitaro, NOMURA Akiyuki, HORI Jun’ya,

FUJII Yoshiko,

E-mail: s07pmO03ik@std.ous.ac.jp

1. ¥
AIUNIASAT VAT A T V—=RIEEHNT, Al ORI
I" 23R (300K) 2O iRE# (T7TK) FTRIE 2285 H
IELTWD, I 17 LITRUEHE B DR (PEBEEE) 2R

FIET, FT, RO ERE TRESLEDLEEZ LN

WEONE#EEZ MU DG AR ICEE LD THDH, N
ATVAT A7) —RIETRIR I E NICALE CELRE D/
7B CHIE [ ORENFIRERT-, ZOH k% v
T E T TN D,

i

2. REAERUEF

Fig. 1. ICHIE R ORXK 2R~ g, XA T VAT 407
U— RIETIE, REto—ima s —IZBEE L, BB
TS ATHMICEREZRET 2, Z4UCky, 3BLE
RO T = y%yﬁ—ﬁiﬁfﬁﬁéné HIE TIX, Drive &
A5 ORMERBICEL VR EZEXINICEH S
Detect %f@fﬁﬂ@%%%ﬂ%@ﬁﬁaﬁjﬁﬂﬁﬁ)%i‘é?&%?ﬁiﬁl fo
LIRME DRI AT 9,
NAT VAT 47U — REIZBWT, BRI I3k T
BINns,

I'=Adw/2 .. (1)

ZITC, JolXREOHEIECH D, EbE IR K
fo DIRMEE 1/ Lz KRE SR DEARKOETH D,

ALIFHIEE 99% (2N) & 99.999% (5N) (DWW CHIE
EiTolo, AFHORRDFIER E e (= ) 2o
U1 H L, BVLERETO LD L, BEXARE L LDIZHoON
THEEIT- T, BVLHET 400°CT 1, 4, 8 KM 3
ATV, FEE72E Uik 36 KEf DT Tkt % 150 CICE
L7z, #BtOIRIZE & 20 m, 1§ 3m, E X 0.3me 0.5
mm® 2 FEEE & ATz,

3. HIEHR

Fig.2. Fig.3. 1221/ (300K) 2D iR 25 % (77K) DR L
PN I OV F7%537, 2N O ALTIRER FA5Ldk
I, WENHEREIETL T -7228, EfED 5N o Al
130K fHEce—2r sz, ZOREEZFTH~D7-012
Al % 400°C CEVLHIFH 2 2 LS B i bREs e E L AT -
720, EIERREA 2y MBREHEEIY L CHIEEFT - 72,
FIRBOE BB B LS HT2, t°~—7o>j<%é (YA
130K 1B =BV, FZTITIFRL TR N AER
JUHERIZ IV — I NIRRT R & i,c{ﬁf 130K X v &z

HATANAKA Keisaku(OUS)

2B S —HH 0, BAEILZOFEREZ W]~ 2L 720 OBIE

%’/f? D T A 5 o
Drive Detect
electrode electrode 0.47 4 F
, ﬂ ‘ : Pre-Amplifier
Sample % IM
— Two phase
Holder ISOV Lock-in
Amplifier
= = 7Y |
v v v
Voltage Frequency Oscilloscope
Controlled Counter
Oscillator

Fig.1. Schematic set—up of a vibrating reed and block diagram.

& A12N-rolled metal sheet+0.3mm

8 r m Al 5N-rolled metal sheet+0.3mm
A Al5SN-ingot+0.5mm
| |
6 ma
—~ P‘I ﬂ. A
— A
I~ RQEAA A .A.A. " L2 A4
L ot
2 vye %4
m”~:
O | |
50 100 150 200 250 300
' (K)
Fig.2 Temperature dependence of attenuation for various Al
samples.
& Al 5N-Dbefore annealing
10 - H Al5N-annealed sample (1h)
A Al 5N-annealed sample (8h)
8
*
o*
- 6 ” mR
=, AL
~ 4 .OO‘Eﬁaﬂ uﬁuz
2+
O |
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Fig.3 Temperature dependence of attenuation in Al for

annealed samples.
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Cooling performance of a GM cryocooler altering 2nd-stage regenerator materials

A EML, BRI OB &) W R (NIMS)
IMAZU Takuya, MASUYAMA Shinji (Oshima National College); NUMAZAWA Takenori (NIMS)
E-mail: masuyama@oshima-k.ac.jp

1. [XC®HIZ

4K /N BSOS DR D AR 0T, A A
KB TOBHAREIZEBWT, Kb MRS TS EMT AR
D —>ThD, /NI HEHEOMEREICKEEEBL QDL
DOELTL, BERMDBRTON, BICEOBERKEITHD,
Er;Ni R° HoCu, 728 OB M OB T I LY, 2 BVl
BT 4K LUV DB HID A REE /2> TUND, FR
DEBMELTHESNATWVD Gdh0,S(GOS), GdAIO,
(GAPYREDETIv I AFEMMITEH, LB T X&ThHD,

ARFIETIE, 2 B GM B 2 B H S M1 GOS &
HoCu, # & S m lMERERE M 21T o - fE B, BL O
REGEN3.3 |2 LA E M ar O BUE RN #E A5 35,

2. GM A EHE 2 BRBES

AWz CHERALZ 2 B2 GM %R, SHI ® o
0.1W@4.2K €7 V" Thd, ZOMHEMEIL, 100V FAHERT
BET DM T Ly B ET) 1.3kW@60H2) 2L
TWAD, FRICIBIKEN GO B HIED — > THD,
BT, W E TRk (E— R~y R3S &) Tff
HLTW5, 7z, BifEE#E 1.2Hz TH D,

112 2 B HEBM OMIEREZRT, EmhiL, RS
100mm, PR 15mm O M fHZE NI TES LD, 4B, &
HEUEAMS 40mm £ T Pb Bk A, —EELT, 8V 60mm
DZEMINZ HoCuy ER(EEE 0.2mm), GOS ER(E % 0.25mm)% &
HL, ZNO0EIEE2EZRNOMERREITo T2, T,
GOS DHEIGZ TR TIHEELKIZARTLOICRD T2, DFED
x=0 T, GOS:0%, HoCu,: 100%, x=1T GOS:100%,
HoCu,:0%, &£725,

3. BEAERMEMTY I REGEN3.3

NIST ABHFEL TWDEMEMENTY 7~ REGEN 1%, 2008
4 Hlo—Tar 33 REE[EN,

FHEIL, 2 BEEEBROBREIT oI, BHRESMFEZ N D)
WS 2L, FEmiE 150 3F, miEh - IREmIREE T
Fh 35K, 42K LUz, £72, ENX, &E 2.1MPa, 1KJE
0.8MPa EL7z, ZDOMOEME, K 1 D x =0 ORFIERRD
LN HAE 1(0.15W@4 2KIZ A SO E LT,

4. EERFER
41 AHEE

218, x % 0~0.67 ECE{LIW 2D M AFHEE =
T, BARBIFEIRE L, Wb 3.1~3.2K &, [FZFATTHD
B, ZOHHBRRIGEVIHTZ, GOSEHECLTUVKE, £
BENERENDETIZEL OIS B L2 5 TWDLIEN
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Fig.1 A schematic of hybrid regenerator materials

2nd-stage temp. [K]

2nd-stage temp. [K]

7080 90 100 110 120 130 140
200 Time [min]

0 50 100 150
Time [min]

Fig.2 Cool down curves of the 2nd-stage

35 0.20
3.0 F +iig‘l7 Simulation
z —A—x=033 Z 01546
225t 3
5 —®—x=0.50 P ] -
220 x=067 g _
2 2 0.10 I Experiments
e 1.5 e
g £
S S
5 Lo S 00s
0.5
0.0 e L . L 0.00

0 5 10 15 20 25 0.00 020 040 060 080 1.00
2nd-stage temp. [K] Normalizedlength of GOS

(a) (b)
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Consideration of GM Cryocooler Performance by Varying Regenerator Material Configuration
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Fig.1 Classified categories according to a diameter of Pb spheres.

Table.1 Details of the tested six regenerators.

Regenerator No. I [ |m|[w]|[vVv]w
Diameter(mm) E
Hot side Porosity(%) 37
Weight(g) 355
Diameter(mm) B C D F H J
Cold side Porosity(%) 39 | 38 | 38 | 39 | 38 | 39
Weight(g) 339 | 346 | 346 | 335 | 350 | 342
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Fig.2 Cooling capacity for each regenerator.
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Fig.3 Dependence of the Pb spheres diameter on the cooling capacity.
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Fig.4 Effect of diameter on the cooling loss in the 2nd regenerator.
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Measurement of Thermal Contact Conductance of Solid Nitrogen by Visualizing System
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Fig.1 Schematic diagram of the experimental system
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(b) by depuressurization

Fig.2 Visualized solid nitrogen for different method

(a) by conduction cooling
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Fig.3 Thermal conductance vs stage temprature

WRIZ, o & 72 2D EZ Kb 5, FHITRD
DNBET LY B A TR ) B A ([EIREE
FNVBER B XI5 AD A RIE TdhD, il
Y AFENRZEFEDESIC LSRN DT, [EkZE
FOESINEIN DI 705 25 EHET, ik
B YR AERGHT LN TED, Table.] 1T LA
DESEEZEEORIF IR A7, ZDEED
AT —REENL 25K Thd, ZOLE, JEIN 45700,
B Z 72 A 74 WKmM? 75 5.9 WK \AR FLT=,
T, BB 2 75 2T 8.1 WK, (i
2B AL 8I3 WK T h EEZBND,

Table.1 Thermal contact conductance vs thickness of solid

nitorogen

SN, thick[mm] 1 4

Thermal conductance [W/Km’] 74 5.9
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3) T Nakamura et al.: Abstracts of CSJ Conference, Vol. 69
(2003), p.61
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Liquid level control in a Helium Circulation System
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SYNTHESIS OF CARBON NANOTUBES IN LIQUID HELIUM
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Fig.2 FESEM images of the nano-material products using
contact arc experiment in liquid helium.
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Fig.3 TEM images of the nano-material products using
contact arc experiment in liquid helium. Though its
inside diameter is 2 ~4nm, its outside diameter is
approximately 20nm. Unfortunately, it is not possible to
find out how may walls these clusters have because of
the low sensitivity of TEM imaging. This shows that it
has multi-walls.
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Fig. 1 XRD patterns for MgB, wires in flowing Ar gas and
static Ar gas

Fig. 2 SEM images of the MgB, cores. (a) sintered at 600°C for
4h in static Ar gas, (b)sintered at 600°Cfor 4h in Ar gas flow.
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Fig. 3 Critical current densities of the MgB, wires as a
function of applied magnetic fields at 20K
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[1IM. Maeda et al, Supercond. Sci. Techol. 21, 032004(2008)

Table 1 Specification of samples

Sample = Mg:B mole ratio of mixing powder Density (g/cm’)
S1 B only 2.0
S2 0.1:2 1.6
S3 0.5:2 1.2
S4 1:2 1.1

MgB,
= S2
<
z S3
g
i} MM
~ =
2 (=3
= =
| |
61.5 62.5 63.5 64.5
20 (deg.)

Fig. 1 X-ray diffraction patterns for samples within the angular
range from 61.5° to 64.5°

J((A/cm:)

Mot (T)

Fig. 2 J. vs B cureves of samples
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Influence of oxygen exposure on intra- and inter-grain critical current characteristics in
polycrystalline MgB, bulk
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Fig.1 XRD patterns of the as-grown s and post-anneal
samples.
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Fig.2 Magnetic field dependence of intra- and
inter-grain J, by Campbell’s method

SE X
1. Y. Morita et al.: “Estimation of current path in
polycrystalline MgB2 bulk using Campbell’s method”
Abstracts of CSJ conference Vol.77 (2007) p.183.
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Fig.1 The temperature dependence of the thermal
conductivity for four types of DI-BSCCO tapes.
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Fig.2 The temperature dependence of the electrical
resistivity for four types of DI-BSCCO tapes.
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S. Yamade et al.: Physica C 463-465 (2007) 821.
http://www.sei.co.jp/super/hts_e/index.html

For an instance, T. Sasaoka et al.: Appl. Phys. Lett. 64
(1994) 1304.
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Effect of rolling condition on the shape of filaments and J, of Bi2223 twist tapes
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= ().5mm

Fig.1 Cross sections of the tapes with twist pitch of 2mm. (a)
PR=3%. (b) PR=15%.
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filaments of final tapes. (a) PR=3%, twist pitch=2mm. (b) PR=3%,
non-twist. (¢) PR=15%, twist pitch=2mm.
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Evaluation of remanent magnetic field on Bi2223 twisted multifilamentary tapes
using Scanning Hall-probe Microscopy
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Table 1. Characteristics of twisted tapes.

Name T1 T2
Tape length 600mm 780mm
Tape cross section 0.316 X 3.63mm’ 0.347 X 3.49mm’
No. of filaments 37 37
SC volume fraction 23.3% 22.1%

Twist pitch 22mm 6mm
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X|mm)]
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B 57 10 0 iy
= 0 ‘ : ,
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Br[mT]
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(b) T2 (6mm twist)
Fig. 1. 2D-distribution of remanent magnetic field B,on twisted tapes
with different twist pitch lengths.
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Fig. 2. Longitudinal distributions of both I, and B, values for
twisted tapes with different twist pitch lengths.
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Evaluation of remanent magnetic field distributions on Bi2223 tapes with barriers by using
scanning Hall-probe microscopy
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0.5 mm

Fig. 1. A transverse cross sectional view of the barrier tape.

Table 1. Specifications of barrier tape.

Tape cross section 3.83 mm x 0.276 mm
Average size of a filament 0.420 mm X 0.028 mm
I.(J) @77 K, 0 T (16cm-section)  28.6 A (14.1 kA/em?)
Fraction of Bi2223 filaments 20%

m 1.00mT

0O 20 40 60 80 100 120 140 160 180
X (mm)

Fig. 2. 2D contour maps of remanent magnetic field B,, on the

broad face of barrier tape.
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Fig. 3. Distributions of B, values at X = 70mm, at along a ¥
direction of barrier tape.
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Fig. 4. Longitudinal distributions of both B, .x and I, values
for barrier tape.
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Influence of enhancing matrix resistivity on AC loss properties of twisted Bi2223
multifilamentary tapes
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Table 1. Specification of twisted tape with Ag-Au alloy matrix.
Number of filaments 19
Twist pitch L, 4 mm
Tape cross section 2.50 mm x 0.25 mm
Filamentary region 2.20 mm x 0.18 mm
Averaged filament size 0.37 mm % 0.017 mm

J.at77Kand 0 T 10.5 kA/cm?
Fraction of Bi2223 filaments 21%
E b | . . LA LR | L . .
r Coupled
sl 77K, 45Hz |
10 :g 35 3
) E o
g 4 -7 1
5 10 F 4
c 3
= Decoupled
o 10°F 3
W
3 Vs
10 E
< =
10-"' 1 . R | A PR
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FPerpendicular field amplitude Bc (mT)

Fig. 1. AC losses Q,, at 45Hz and 77 K of twisted tape with
Ag-Au alloy matrix plotted against AC perpendicular field
amplitude By.
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Fig. 2. Loss factor I = 110On/2Bs’S wpe at various fixed
frequencies of twisted tape with Ag-Au alloy matrix plotted
against perpendicular field amplitude B,.
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(a) Bi-2223 (b) YBCO
Fig. 1. End-to-end I~V curve in (a) Bi-2223 and (b) YBCO placed in LN,
before and after 2-Gy irradiation.

Curent (A)

Table 2. Induced RI by 2-Gy Irradiation
at Room Temperature
(a) Bi-2223 tape

Radioactivity . .
Daughter Half-life | 35 min after Rad{oact}Vle Mother
nuclide . L after irradiation| nuclide
irradiation
""Ag [250.4days| 9.403 Bq 9.404 Bq Ag

This measurement has been carried out 35 min after the irradiation.

(b) YBCO tape

EZHND, Ag XL ELIRB L, ARSnizboL
HZHND, . . . ; Daughter 