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Thermal response and level-detecting characteristics of MgB, level sensor

for liquid hydrogen using external heater
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Fig.1 Relationship between temperature of 200—-mm MgB,
level sensor and distance from liquid surface to thermocouple
as a parameter of heater input.

S 2.5
E
2 2
o .
= —+—3W 140mm
S 15
= ——6W 140mm
*‘:1 1 —4—9W 140mm
= —=—12W 140mm
0.5
@] ——15W 140mm
0
0 0s 1 15 2 25

Time (s)
Fig.2 Time chart of output voltage at liquid level of
140 mm as a parameter of heater input.

B
AW GE O — FAZ KL T R Bk R A B 2E BT 5T
(23656550) DI A Z T ELI-, ZZIEHOEEZERLET,

SE3H

1. K.Maekawa, et al.: Abstracts of CS] Conference, Vol. 82
(2010) p.130

2. K.Maekawa, et al.: Abstracts of CS] Conference, Vol. 83
(2010) p.280

H85M  20114F BERKFRIR T2 - BAEA R



1D-a02

A1 (1)

BRIAKZOROYL VT BT HEEHE

Fundamental study on sloshing of liquid hydrogen

B FE, A, REVET R SRS 6, BRI — CE A 5O s RE R TSI, R HEAE (M)
TAKEDA Minoru, MAEKAWA Kazuma, NARA Hiroyuki (Kobe University);
MATSUNO Yu, FUJIKAWA Shizuichi (Iwatani Ind. Gas.); KUMAKURA Hiroaki, KURODA Tsuneo (NIMS)

E-mail: takeda@maritime.kobe—u.ac.jp

1. [FLBHIC

A3 IR ST A ARAKRERBLOME B —HsF
Bz Eh, BARO =R RN — T v 7S Tn5,
JRREBEN T | A LR E LR B 72
EOBAERT AL —NEHIN TS, ZTRHO TR )L
F— | JESHIBERIAE T OML TODD T, TNEKFICEHR
LT A7k 58 (LH,) O MK IR AR RE THESt S H AR~ i
PETDRENA T OMDEZ I TS, LH, 2K BEICifE ik
FTHDIZIE, LNG OEERERICAAH KRB 7 BB
AR THD, ZOX 7 DRFIZE T, Ary o7 (K
I REOE N R BERETH D,

= H T RS 7 O RS - B s O A
FHoOBFEE HEEL T, MgB, B REMIM 2 _—AELT-, BER
HioiRm o —2aLz[1[2], 2okt —1E, %
DJFVIZHNE—F — 22BN THNROOIIEV T 5B THY |
99.99% LA EOEMMB LY 0.1% L FORIEREE AL T
Wb, BT, BHEOERm e —E X TNE A~ E L, &
Y — D EFEIREFHIIAUE, 3D (3 o) Ay 7 EH
WAHE CHHEDE T 5Tz, KPR T, FAEDIZ MgB,
TRz —2% T, #hi07e LH, K i 20 5 25l 7= D
THET D,

2. EBREELERAE

Fig. 1 IZFE B AT LB A3, FEBRS AT AT,
F1Z MgB, i H 7Y — (B 0.32 mm, £X 200 mm) ,
PR T AA ALy IR RIS AT T —HIL
g2 E (FE300 £721% NR600) | Bt B CHER S TS,
DTGAFZB M SMADE LN, R(10.0 L), LH,F#(13.6 L),
T NAER.8 LD I o QD HEHRE) R L
EIL, 7T7AF ALy O RIZEVTIT 6N TEY, 3 —=RE
— B —DNRTA=BH—HEETHZ LTI e R £
0.1 G, B AHENR =100 mm F THIFE AT HE TH D,

WO, T NAE DI EINAE CEREA: 50 mm) D
VEF R LH, O 2y b U s, RIZ, SRR
£ 0.1 G oME#EL 0.2 s G52 TH 7 AAENG LH,
R IREN Sz, Z O T2 BLINED DI AT % W TR
L, TNERMEE TR =000 J1F 5% PC 12X
PR Tl Z IR LTz, ZoLEDF 7Y 7 I, 10
ms L7z,

3. ERHER

KREJET O LH, I EIRENREIZ W\ T, o —03 L
TR AL EEB ORI AL % Fig. 2 (2R3, Wi % k4
BE, BV —13 0.1 s N THEIGEISEL TWBIERD
D, Fiz, B — SR Ui i 2 b O AL 0.39 s T

Cryostat
Voltmeter
GH, Sensor _" FE300
o Current source
Camera for sensor
Power suppl
for heater
LH;
Apparatus for

generation horizontal vibration

]

Fig. 1 Schematic diagram of experimental setup.
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Fig. 2 Time chart of liquid level change of LH, (20 K).
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Fig. 1 Schematic view of the compact DC magnetic
susceptibility meter.
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Fig. 2 Magnetic signal from water detected by SQUID.
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HTS-SQUID IEmi\ ke L 22 Mo fiteea H 9%, 2
DT D IR A CBAKREES: NMR/MRI 728 ~0 & AHFFE
MPTOIVTEZ[1]. LaL, SQUID FFDHA XK 10 mm
THY, BIRE BTV EEFHREOERED 3 Tl LG
LCIET D, 20728, F AR T A 2 b il L0 E
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Fig.1 (a) Axial differential HTS pickup coil made of Bi wire.

(b) Connection between pickup coil and input coil, which was
coupled with encapsulated planar HTS-SQUID gradiometer
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Fig.2 Flux noise spectra of bare HTS—dc—SQUID gradiometer,
with HTS flux transformer, and with HTS flux transformer
surrounded by electromagnetic shielding
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Fig.3 Effect of rf noise on transfer function of SQUID
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Elimination of shielding currents in HTS tapes using abnormal transverse—field effect
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Fig. 1 Basic configurations of main superconducting (SC)
solenoid coil and additional non-magnetic coils with (a)
coaxial arrangement and (b) toroidal arrangement.
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Fig. 2 Time evolution of central magnetic fields in
layer-wound superconducting coil for applications of external
AC magnetic fields with a pair of copper coils.
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Flow simulation of protein solution in a superconducting magnet
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Fig. 1 Distributions of (B-V)B, (T*m) around z=0 mm.
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Fig. 2 Caluration result under gravity and actual magnetic
force
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Fig.1 The device assumed in this study.
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Fig.2 Field dependence of O /( Oa+ Og) at ug=0.1m/s.
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Behavior of feeble magnetic particles under high magnetic fields
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simulation and the experiment
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Fig. 2 Results of the observation (a) and simulation (b) of
the behavior of glass particles under magnetic field
Glass particles are moving from left, the centre of
magnetic field, to right.
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ZhiL7= B BESE ( B —anneal) & =, BIERBR B I ONE YA
VIR SRR A 20 KGHe FRISETY 293 K (IR (I TIT-o72,
20 KGHe AIZEIF D& BRI, M EigE F TR RFRER b %
BHILZ2 35, b—2— XA I L =L Y, &
WA 7V S BRI B O BN TIT VL S ke
R=0.01 L. £7=. B E I 20 KGHe 1 CiL 5~15Hz, B
FT293 K TlX 10~15Hz TiTo70, NS C Lok kB 52
BLOGER#% SEM IC LA B 24177,
3. EEBRHER

Fig.1 1Z Ti64 ELI &4 (a+ B )-anneal #3508 —anneal #1
OB EEA 7T, (a+B)-anneal BT o LEHRERELD
IRAME LTS, —J5, B -anneal MIFEHIRALAELT, 1B B
BLFUTKITR o DSBS TS, 20 KGHe TICBT 55| ERER
DOFERA Table 112779, Ti64 ELI &4 B —anneal £ 0.2%]lif
71(0 ) BEOBIEMRE (0 ) 1%, (a+p)-anneal B EDZENZ
UK 200MPa. ) 100MPa {& FLTV5%, FHI2I% Tied &4 ?
DL RLTHDI AR FOEA WL, AR O B —anneal #F
MNEVPEETHD, 20 KGHe FUZH1T5 Ti64 ELI 4D (a+8)
—anneal #1& B —anneal 4 S-N ghifii% Fig.2 (27”74, 107 [1]l23
VB 57 IR (107 [B1 AR5 CREWT L 7= el BR IS J1 &, 107 IR
T W D 5 BRI 7 0 Y4 E) 1%, B —anneal 4D TN (a+ B)
—anneal MIZHEREVMEEZRL TS, Fig.2 HUTIXFiRIEREL
7= Ti64 &4 B —anneal ¥ 2007 — &1L Th DA, FEBREEFAN
IZBWTIL & D B —anneal 440 107 B 55 TR 01T, 1ZEAE

BTSN, 77, B-anneal S 107 [BIE 575813,
Fox NN FETIZHIEL TOBTF X A48X0L BERLT0naAIE
MihoT=, 20 KGHe HERERTE O B —anneal # AL A4 7> SEM (2
LD SR BIER ORGSR NEBIE S B S T, A B 23
BOFEIZOWTL, BRY BIITHTETHD,

SE Xk

(1) NIMS SPACE USE MATERIALS STRENGTH DATA SHEET
No.1: National Institute for Materials Science, Japan (2003)

(2) T.YURI,et al.: Abstracts of CSJ Conference,Vol.84(2011) p.13

(3) T.YURI,et al.: Abstracts of CSJ Conference,Vol.82(2010) p.19

(4) T.YURI,et al.: Abstracts of CSJ Conference,Vol.80(2009) p.75

Fig.1

Table 1

Optical micrographs of (a+ ) (left) and B -—
annealed (right) Ti—6Al-4V ELI alloy.

Tensile properties of (a+ ) and B-

annealed Ti-6A1-4V ELI and Ti—6Al-4V ?alloys

in gaseous helium at 20 K.

) Op2 Op
Materials
(MPa) (MPa)
B -annealed | 1317 1507
Ti64ELI
(atB)-
annealed 1524 1616
B -annealed | 1488 1653
Ti64d
(atB)- | 1604 1710
annealed
600 -
20K (GHB) Uniaxial
R=0.01
= So00f
=
E 00 °
= 400t A c e
o A ®
. ® @0 A
- 300+ & e
E 0% © oo=
=3 o 000
g o 0
< 200} CO+O—=
w C>_—
§ @ § -annealed
by Ti64ELI
« H)O- a;n:;llzd
Ti6d A [ -annealed —= Not broken
0 ’ ) . \
10° 10 10° 106 107 108

Number of Cycles to Failure, Nf

Fig.2 S-N curves of (a+ ) and J—annealed
Ti-6Al-4V ELI and B —annealed Ti-6Al-4V ? alloys
in gaseous helium at 20 K.
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CIC EARREDr—TIILREICHRND D MEHEIZONT

Distribution of Strands Appearing on Cable Surface of CICC

AT b, i, iR KM, Ehk KW, B OEE R &R GRIER)

BE M(CEER) S 52, MR R R0  BAE 715, @ —h (NIFS)
MORIMURA Toshiva, NAKAZAWA Shinobu, ARAI Daichi, MIYAGI Daisuke, TSUDA Makoto,
HAMAJIMA Takataro(Tohoku University); YAGAI Tsuyoshi(Sophia University);
NUNOYA Yoshihiko, KOIZUMI Norikiyo(JAEA); OBANA Tetsuhiro, TAKAHATA Kazuya(NIFS)
E-mail: morimura@ecei.tohoku.ac.jp

1. [ZC®HIZ

ITER TF ZA /WSS CIC AL, SO BELE S
WAL CHRON T — T VB Dy ML=k &
TpoTCD, ZOEKE LEBR T 50aA L MBTIE, &k
PROE S FFLEE DR 7 2GR A — 7\ B B A T &
LIZLTz 2 RO —T7 VAT D& SRS Tnd,
FRRLERNAY — 7 OHERRE Y 2 I LT — 7 VR &2 B AN
AT, B TO ROV TR — 72513, A
NDEIAAR NI D EE 2 BND, LinL, EFRICITHE
FREH R — 7 DOBERIRFUITIE S X BB 520, B
FMRRIE— LB LN TSNS,

AMFFETIL, EBRC CIC BIRNOEFHERD 3 KochliEsr
WEL, 7 —7 VERENBNDIERO iz Rz, £,
ST PIEONC X B U BRELE IOV T, &R
R —7 L DR & AR, FER OB R LB
720 BT, RO F O I LD ERH A D E A
REtliz,

2. CIC BEANFRIREEDEH

ARHFFEZ V= ITER TF AL CIC EROHE 5L % Tablel
WZRT, X160 mm @ CIC H{A%#) 10 mm fFEOTFEFRIC
SrEIL, RO CRROEIEZRIEL, SHGRERE
PRPUAEZ L0 R & THR - B 70 S0 L (8 4 spline BE 4%
FAOTHIM T 228T, BIRNE O TR E 2R 7-[1],
6 KD 4 RHTlr—7 ME, MBI H DT, AlEliE
EBED 1 ARD 4 AT —T AT DNTERILZ,

PR P T A7, FHIL 722 MEEE VG, ¥
AV MBI DHFMETAR) —7 DR EZ RO, TaAf
UMBTCIE, 7 VR ENAFIET A FEMRED M A I LT
A —T7 LS5, BTN T LAROFRAFA) —7
LRI A IRBE O TN A AR L Uz, FER O FARELE D
ST~ B D AN/ 5% Fig.1 @ ‘measured’ L TR,

3. CIC EANFEREEDHEITERVE Y FDREL

=7 NVEEIIZB W, £V T —7 00 5D 5 mET
BLUWCREL, &7 —7 IR F L& T 5 [ RS
WS UT- A ECRERTHEE 2D, ZDF 2 LR Li-fif
Brig LA HWT, BE 160 mm OB RPN HERLE 45
HIL, LA LRI a A MBI A HE R LAY
— 7 OHEMEE RO, FOBANS T A% Figl
@’ calculated” EL TR d, Fig.l X0, fEHTHIFEIZLYRD
T-E R E OB TR OLDE XL — L TBY, Yaf b

HCOEMRZFM T 572D AR FEEE 2D, £ZT,

EFEOTVaA M OES 450 mm O3RN FERREC & 2 AT
TR eD, BE R 25T L 7=, Fig.2 @ ‘calculated’ &L T/
L7ZEARN T ALY, EEEOVaA METE, A —7 L8
fRLZ2 RN 2L, HMRICH RERIZOLOEINALNET
Aotz

KV T —T N OPROE Y TIIHE R E L2 RDD ETOE
FERERTHD, T T, MY F O bizy s, #Eil

P OBEL A LTz, 2 CORBPEAY —7 LEEARL,

MOEALE DXL OE N i/ N/ D FMEE A o &L, B
{RIT VTV X LNZE DT DRI A THoT2,

PR 0 LB T OfAEDED 1| DELT
25 /55 /110 / 225 / 450 | DNZETFHND, ZOLEOHEfIE
DEANT L% Fig.2 @ ‘optimized’ &L TR, Fig.2 K0,
EKNOFRETHRA) —7 LML, 1IE5-o&b /&<
HTENRDND, LoT, VY FOEEELSTEDHTENEH
AN —T L OBERMHU AR OUGEIZA e LTz,

4. F&oH

ITER TF AV OFERECEZHEL, Bt 2 A Cldr
ANZE U7 B E S e U722 A, fERITE—&L T
W, BT, BEOVaA L M TORERLE 2RIk
12LZh, BEOEA) —7 LIERML FRNFEL, Bl
DAY —THDHI LNy oTz, TOREME Y OW#E T
RO T ORBEILBEHTHY, ZIUE-oT, Pas M
(BT D EEIR P AT 2 CE D EBZ A BIND,

Table 1 Specification of CIC conductor for ITER

cable pattern [(2SC+1Cu) X 3 X5 X 5+core] X 6
core : 3Cu x4
cable length 160 mm
strand diameter 0.826 mm
central hole(id X od) 6.7%X9.0 mm
cable diameter 40.6 mm
conductor diameter 43.9 mm
void fraction 32.9%
twist pitch 45 /85 / 130 / 250 / 450 mm
31
-
$E L clulated]
5 & N
=
E 0 20 40 60
V4

Contact Length between Strands and Cu sleeves
Fig.1 Histogram of Contact Lengths (measured and
calculated).

| E
R # calculated]
M optimized ]

0 20 40 60

Contact Length between Strands and Cu sleeves
Fig.2 Histogram of Contact Lengths (calculated and
optimized).

Number of Contact
Strands
[\
(=)

SE Xk
[1] S. Nakazawa, et al.: TEION KOGAKU, Vol.46 No.8 (2011)
P.474-480
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Ta YRV IR QBT A EREE NbAl IS HEM D BIEERFE
Superconducting properties of Ta matrix RHQT-NbsAl single core wire

ISR N SHUR NS S S N (B o S C 7L 1))

IIJIMA'Y, KIKUCHI A, BANNO N, TAKEUCHI T (NIMS)
E-mail : I[IJIMA.Yasuo@nims.go.jp

1. [ZL®HIZ

SRR EREIEND AL, Es C Ol R ETRE
FERENCTE Y, E72. NbsAl IFE kT 2 BEE R E
DOHACD DI & DD | KZEMN RS D LB A
FH~ 7%y NOEREENMR ~ 7 % > MO E
ELTHIERNED LT 5,

Fexiz< bV v 2% TalZ Liz AlJEDE U (LR
DEFN) IR EHUE Nb/AL HIER AR 2 Vv, SEGEm AL
PR & B EE A E OBMRIC OV TR ZIT> TV 5, Ta
< b U v 7 AHMERESA T OBIRER L EMEORD KO
Al B~ R v 7 A~NEB U R FEEGRAE b ThD Z &
ERGIET A7DICHNTWS, Eiz, BARBLE SO
EWIE X 2B RGO 2 Hllib 7 5 7o OIS
MRV, ZORE, Nb/Al JE8S O Al JE% 600nm
ERESLTH, HEkD Al EOHE W JR ¥ NbyAl 5
&R LT HIZIERIZEOBEEEEN G D, F,
ARENEOSBGM EFMITE I LE 5L, AL
D J-B M BT AN ML TS, RS T, Ta
~ MU w7 2 JR ¥ Nb/Al BLERM O 28 GS £ £k
ORI T U 72 30 O BBV G AL BR S 36 K OV L
LBEEFFEO BRI OV THET 5,

2. BEBAE

Ta~hy 7 A JRUEHUE RIS 13 A BRI CrERIL
T4 % V=, #R2E1E 0.53mm., Ta <R w7 AL 0.6, Al JE
% 600nm THDH, RHQ AL, 1 &AM RE: 100, 300,
470mm D 35{F, B FEENELE :0.33~1.00m/s, ZHLAE D
FILEMIToT, B EERE ETOMERERELTIE 0.1
~1.2sOFPHTH D, fxmBERE (L@ BENBRFO IS E
EEEEL o7, WM TiE, I TERS/NSWNSDITE
R [ B A 300mm D% 3 V5 % I FE D AR IR O ¢
BB L L, 513 ES A 2% W ¢ 0.3mm E TR T2 )i
L. INEERREOEOITEME IR 470mm O 545
W 5.02.7mm @ Ta FIZ 18 BAFAL I By bR—F—F A2
(CRD) %AV ¢ 0.54mm TR @M TAEIT-7,

A15 FH~DZEREELIR X —AXAY72 800°C-10hr DEMLEE %
800°CEC Lhr TH-E, 10hr fRFF, AL CEMLZ,

BSR4 S IRBUE CHIEL 2, T, (HEPTER O
FAROREEL, ITEEN 1uViem FBAELZEEOEREE
Lic, o, IEITBM REDT-D D v MEFTZE AL
T o7z, BB B ICIL, SRR SESE AV,

3. ER#HER

INTAELERELD J(21T, 4.2K) 1X, Nb v N w7 AL HM &

L C ALTE RN BRI AR O INERE ] 23[R U 45

AL BETIRWVERESND, LS, B ZEL
TV E Nb R 7 A T INERER S 0.5s%# iz 5L Al
DANb ~ )7 AR 22 LN FIK &g I, O T2
BlEzasnsd, —F. Ta v N7 AT INEARE R 23D 7e< &%
IsETIL I 23E EL. Al OV Nb < N w7 bt &R 4%
D JAERELIT,

W TIX RS — 22 T OF HE /ST D70 HHR
I REZ A ABL N 18 1% CRD TFREIT 72, BLRHR
D Ta NI ATZEDOFEETITST A AR H AN D T
VB &L TR 2R 11 V2 B AR R AL 2 A1 1) 5 2 & TR <
TFHIENTE, 18 LAY WEREL T Cu, CuNi %
TAT -T2 2N B EFD bee FBDS B0 B 721 T TL £V CRD
BB CTWIRRL TLED, I EME Ta ICT5H2ET
¢ 0.54mm FCTHFRIN TF DL AFEIC o7z,

BN L U723 T, b E O B O BR A =T, &
O P HMEOFREE OB C A LB S O B
DLW EDRL TN, EOT HEINTHEmINT T, 1%
RTL. 0.35% (B % T 50%) T T3 K& RL, Tl b
T T ARERPIELNT, TS T, MK T 35/5
RN OWTEEREHNIAT o TORWLA, F D T 13 17.9K 23
BHITZ, LOLAns, 21T O J i, T, KR ELER-> TS
WZHEDBT, BOT A2 0.6%E 1.7% CTRZ%D J A
N ZOMIET —ZNENDTESEV LIS 2RV, 7
WL ED I, BHIFFCE, 7 3o MERIFFSE I BT K&
ROT BN THEFUTER T J AR T 8T DD AT
REMEDR D,

18.0

JR S31-1
800°C-10hr

18-core
... Heating Time: 0.78 s

&
o
[ )

174 L single core

’ Heating Time: 0.75 s
172 F
17.0
0.0% 0.5% 1.0% 1.5% 2.0% 2.5%

True strain

Fig.1 T, versus true strain curves of the Ta matrix RHQT-Nb;Al
wire.
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Grain morphology and possible pinning center of transformation—-processed Nb3Al
superconductors
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BANNO N, TAKEUCHI T (NIMS); TSUCHIYA K (KEK); NAKAGAWA K, SAKURAI Y (Hitachi Cable);
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1. XL®IC

Nb-Al AR E IR R AL > TR SN
Nb, Al ARIZIE, RIR DI I 7 a ot r7m v
F2 2 0> R RR THOIR R 23 Rl g & Ao 7 i i X Bl fE Ik A3 771
LTW5, R FUERHEE & B FLFE R BRI & OFIRE % /LT A
5 e, T UGB FEBEBR D B D o) TlE RN 2 &
MmH, Br=r 72— LR RAOIENIC, 2
DO RMBEEIZOWTHEHEE LR TEWITFRWniEA
9o TAVET, FEEKMGITEEE TSR LV R EL
BEINTIINWDEN, BET7 —XORENS, EEXMpE Y
U TR E OB OW T aRE SN T o
7o

—ICHEB R = TR DM E S - Th.,
TEBRMaE R 2 & 9§ LT < st Ly, B E e i
BT /) A — ML —F — ORI Z BT 5Dl
XMW TWAD, ~ 7 a7 I RE & IS 2 o l2iXm)
WWTUWZRVY, 23 & W o T EBSD (T & Db T RL o Hr Tl
BRI T FE BRI B CE 5 b 00, HONERIZ
I B AFIET DR KA Z 5 Z L IXTE A0,

S OICREE R MG & 5 BLR TR, BOIR RO IR
DWTHEEMITLIMNENRH DA, X LIZKIpEHEED
YA R, . MR Y BERMREE LY =0 Tk
PEDOFHMIZ TR % R E T 0L TV AT Th b,

INHTARTEUAEICTMT 52 L XLy, 22T
ARIARAZETIE, FO—o0H#E L L THEBEXMpEED 5
RN ZEICEAEZRY, FRETHME#RS 2@

THERTAZRRLBRIC X0 RMams 5 A 3R 25K | B B,

BLOWSEREE J, & OB OV THERIISH AT,
BHiEEEMBTERICB W CEEB FRAR ISR L
THIZ L., BEXWEROMEIZ OV THELE LD TH
H9 5, F 72 EDXMRHTIC L0 Kbass Rk L 2 5 T
UWMEIBORELA A JIE L, RS KO A A &kl i e LT
WANDTDONWTHEL LT,

2. BRHEH

POBHIRE SRR ERRRES B, (T 72 AL R
DI D AFEAME L, 1 O RmuEigin mainx
TEOICHER IS/ b0 #1508 0RA) T, ZiUThiE
Db RELS, £72 B, P& bRV, 2 S HITRGELHAR%L
45% DI T A2 Z 7= 6 D (#2:45RA) T, R RUL5y
AL S A, B, 13 25. 5 TR TORA LV 1 TIZE R,
3 O HIZ AW AL 95% D N T8l - 7= 3k
(#3:95RA) T, T HRIREMA/NE <, B, 1T 45RA & [A]
BRETHDL, REBEFPLCOHRCTHERSEZRET, B,
2281 T b, BRIL 45RA LRI TH D
(#4:40RA-1200C) ,

3. #R

Fig. 125U} 45RA @ TEM 18 & BERSIX & 7~ R BGREIR
SAEE (B X, REERLE KMk E b L— A Ui fig
P LV RDTZ, ZOFEEE BB+ L3 F 220V RE
DR 10 (HFLE DR Z A TITVVEE LTz, Fig 2
I L& B, ORKMERR (A4 KFEEZRT, Zo& 0 &
RO D Z EITHE L WS, By IERMAEBEICKE < BB
L. TS T L OEEINTND, —F, KipEksE
FEDMEWERL T, B, 25 B> TWDDIZ L OMBNT Z 2320
DX, —2OFEZRL L THBEBRIEPMERBAOE = 7T
ERHLCWAZwEEZDLZLLTED, YA L~v—
2y FEHWTE SV LFHELIELET D,

Grain boundary
stacking fault region

400 nm
Fig. 1. TEM image and its schematic of sample 45RA.
800 T T T 30
ol o m m "
o #4 129
E oo}
23]
;2, 500 | Higer temp. #4 ° 128
[ transformation #1 -
© 400} 1200°C for 15s 127 =
% +800°C for 10n *
300} °
S 126 @
£ 2001 ® o o ™3
E 100 #1-#3: Transformation condition 4_7 25
i 800°C for 10h #1©
0 . . . 24
20 40 60 80 100

Areal fraction of Stacking fault region A _ (%)

Fig. 2. Correlation between /. and Ay of all samples.
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Development of Nb,Al Rutherford Cable for High—Field Accelerator Magnet Applications
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1. E2BLUEN

SENEM 2 (Rapid Heating Quenching and Transformation) 2000 S
15 Nb3AL A4 (1113, Nb3Sn L VW B /=i E AR EE2 A L - K1 cable
T3 (2], Bl @BEHBAa M e L TN H 5 b 1500 ‘ —*—K2cable
DTh B, For TR HANEERO SRS A & LT . e
W\ 2B T DRI RN ZEEZ AT Ta v~ Y v 7 A
Nb3Al M R ONVE DT 74— R or—T NV ORFE & D
T2, AMTIFA ETICRIE L ATREOBM & 7 —
TILDORHEIZOWTHRET 5,

1000

500 [

Non-Cu Je (A/mm?)

2. RBRYUTIL ‘

Table | |\ OFETLERT, MM O=aT | 74T A 8 10 12 14 16 18 20
NY T — AFOEMITNb, Ta ZENFTTND LD B (T)
ANWKEIENTH D, MM ORERIZ, KL, K2, K3 (2 1. r—7 Mtk O Fi#k Dnon-copper JAH D -
BT 4, 7. 5 EIOWHFRNSFEAE LA, K4 TIEWkix Fig. 1. Average non-copper Jc of the strands extracted from
U Tz, JRIKZEHH O 7= 0 I A T T 45 B O R % cables.

AT UTHRIRE & 725 £ 5 ABERE IR O o 250 S
o WIT, CREOEMERNTIF 74— Kr—T E b =T
DIFBREFT, 2 DR Z AT, < o0 [N e K2 cable
- N ----@--- K3 cable
ﬁ 1 %ﬁ*ﬁgﬁﬁ § N —e— K4 cable
Table I = Main Parameters of Wires -5 1500
K1 K2 K3 K4 g Sy
Wire diameter with Cu (mm) 099 1.0 1.00  0.99 E o[ H2K S
Wire diameter w/o Cu (mm) 0.71 0.715 0.71 0.70 o SN
Matrix material Ta Ta Ta Ta c
Central dummy material Nb/Nb Ta/Ta Nb/Nb  Ta/Nb =500
Skin material Nb Ta Nb Ta 12 13 14 15 16 17 18
Matrix ratio 0.8 0.8 0.8 0.95 B(T)
Filament diameter (um) 36 36 31 34 2. I —TNWBOREBRD T 4 T A NEREE
Number of filaments 222 222 294 222 ( JSC) RAS
Fig. 2. Superconductor current density of the strands extracted
3. ERAE from cables.
BEFRE N —TND T REEIT> 7, WEE 10~18
T OHFPATIT o7z, F 7L 340 mm, EEX » 7H 5. f&sm
BT 150 mm T D, Tc fEIX 0.2 pV/cm DEFRPFEA L 4 %i*”ﬁ@/f 7V O B FRRE 2 E LIRS R, Tsc

TfEE Uiz, 77— v® Ic WIEIX, 7F—7 AL ED H EIXFERCTH D Z &N D > 72 (—1400 A/mm* @ 15T,
L2 TITV, &5 0 7 Licid 800°CX10 H o —kEh 4.2 K)o A% NbB3AL B OERLEED 5 72 DITIXATER

WLER A fi L7, REGERF O W IE Z R T2 ZENHETH D Z L3
FIH LT,
4. RERFER
Fig. 1IC7 —7 ABE0 H Lt%ﬁ@ non-Cu Je o SEXH
S AT, K4 LSO —T 0Tl IZIERC Je i T [1] T. Takeuchi et al., “Status and perspective of the Nb;Al
development,” Cryogenics, vol. 48, pp. 371-380, 2008.
& o7 (~1785 A/mi 015T, 4. 2K) nglg' 2, i =7 [2] N. Banno, D. Uglietti, B. Seeber, T. Takeuch and R. Flukiger,
VDT 4T A NETRE . &Y. ZOfEIE 4#& b “Strain dependence of superconducting characteristics in
FULORELZRY, K47 —T /LD non-Cu Jc fEAMtLD technical Nb;Al superconductors,” Supercond. Sci. Technol. vol.
HbOIVEWERIZ MY v 7 AHBRENTZDTHD . /1\&12?]&28}:%—288{2035- bilized NboAl stsands for the hish field
- " . Kikuchi et al., “Cu stabilize 3Al strands for the high fie
S EnghoTe, Jse BOBTEZFMICRL &, 0T accelerator magnet,” /EEE Trans. Appl. Supercond., vol. 18, no.
%%}ﬁ‘ 16~18 T Tﬁi Kl K3 73‘ 12~14 T T@i K2 K4 2’ PP 1026—1030, 2008.
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