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Fig.1 ITER TF coil and structures

Table 1 Major parameters of ITER-TF coil

Conductor outer diameter 43.7 mm

Cable diameter 39.7 mm
i i SS316LN

Conduit material 8

Number of coils 7 (5rDPs + 2sDPs)

Number of DPs
Conductor length in DP [ 2]]);1;’ Ly
Nominal current
Nominal field 68 kA
11.8T

Fig.3 WP insulation completio
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Manufacturing progress of main structure for ITER TF Coil Structure
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Fig. 1 Sub—assemblies of TF Coil structure
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Fig. 2 Welding Basic Segments trial (A1+A2)

Fig. 3 Overview of AU main structure
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Evaluation of Winding Deformation Caused by Reaction Heat—treatment for ITER TF coil
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Fig.1 Conductor elongation caused by the reaction heat—
treatment for Korean conductors.
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Fig.2 Winding deformation caused by the reaction heat—
treatment for Korean conductor (P-side of DP1/TF03).
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New inspection method of joint resistance at room temperature for ITER TF Coil
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Consideration of voltage distribution in conductor surface of ITER-TF joint samples.
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D 5 WIAAE YT A 450 mm HHH K 590 mm FTHOT
LEITEDHERRENTWD, Zhid, JIEABRBIZR KT
30kN FREDEIMZ D88, PARTTL CRIESH AT
BRWZERRRKTHDHEEZDND, T2 T, 5IEVRER %
FAWTHE RO Y A ANy F 2B RKANIEL T, YA A
e F 2T U NS R ERIELTZ, £ OEROVERERE
FRERZEATV N, YV AANE Y F RN ARIRE (Tes) | 2 5- 2. D8
AP BB BT DY A AR Yy T O _ERRAE(Ls uL)
BRI,

BUPEL 72 EHBER LY A AR F2ARIZ LT8R D MERE
FAMRERIL, AA A S FRv &L %—(SPC)?D SULTAN
BREEE [3]1% AV T 7572, SULTAN BTl 450 mm D&
PR B 7 SR U CIR LIRS 2 EINL , 10.85 T (28
1% 45.1kA BERFO T ZRIELT-, F72, CS IERZ R
T 57, 10,000 BILL ORI A V0% 5 2 BAROREA
MEE T ~T,

3. MERHER

Fig. 112, IRV L THRRRICS IR 1 & FInL7-
XD 5 WIARN Y F OEAbE R, AR BUEIEEZ DY
AARE YT IE 450 mm 72753, BI5EV /] 0 kKN {ZBWTYA AL
B F A3 500 mm (S22 TWDDIL, #RER DI 7 2]
Wr gL RMBRLIRVBRD R LD T AT HI2D ThH D, £tk
DWRIRD Y A AN Y FITB1 R0 T L CHIn$ 2203
M0, BIEIAFZTTEFRIC 30kN ZMAAUXY A AR YT 600
mm LL EOERPRAECE LN DT,

Fig.2 |2, @ @ICBES B8R HE L 7o
IVEBRVRBRIC L > TV A ANy T 2Lz 7L
D Tes DR ERE FZ7RT, Fig2 L0, WTHOBERD Toobih
ERfE (6.5 K) L ETHDZENHER TEIZ, 16> T, 7R Xk
TR P IE BRI BV TENEN DY A AR Y F 8
586 mm, 543 mm FTH T Tos ~DOFET M LA3HD)

750 j_l TTT | TTTT I TTTT ‘ TTTT | TTTT ‘ TTTT TTTT ‘ TTTT | TTTT | TTT I_t

F @ Internal tin B

700~ A Bronze A =

E 650 m E
= = A 3
o E .
2 600 y 3
= B B ]
w - -
= 550 B -
e S B ]
L A ]

500 l A E
450:HI\Il\II\II\II‘\Il\ll\ll‘ll\ll\ll\‘Il\ll\ll\'l\ll‘ﬁ
0 10 20 30 40 50

Tensile Force [kN]
Fig.1 Twist pitch was elongation by tensile test.

':,'4 B r r 17T ‘ LA S L B B B ‘ LI B B =

e PR 3

72 g & 3

— 70Ex . A E

A S

~ 68Ey B=1085T

E [=45.1KkA E

E Internal tin Bronze 3

6.6 ~A-543mm -A-586mm -

E -v-- 487 mm - 549mm 3

64 ;l 1 1 1 1 ‘ Il Il Il 1 { 1 1 1 Il ‘ Il 1 1 1 IL
0 5000 10000 15000 20000

Cycle [-]
Fig.2 Current sharing temperature (7Tcs) against
electromagnetic loading cycles. Solid symbols show Tcs of
samples with elongated twist pitch by tensile test.

ST, ZHUE, 5§ IRYARRE Yy FMEONTH 1 RS 4 RVA
AR F WAL LR8BSR T DR O RIS
AL NI ENRK EE 2 B,

4. F&oH

PRIRE U o MZB | ZIAT RRZHRIR DY A ARE T A3 i
OBZ LA TERNWZD | Tes IZH-ZDYAAN YT D
BETR AT, 7o RIEFRRENEIEBOE TS O TR
DYV AARNE Y F & KA 586 mm, 543 mm ETHIZLTH
WEEVRELIERD To EOZEITRNIEN DT, 1t
T, 586 mm, 543 mmFEEETYAAR Y F RN T, Tis
I BE 52N EE 2D

S 3K

1. Y. Nabara, et al.: IEEE Trans. Appl. Supercond., Vol. 25,
No 3, June 2015 4200305.

2. T. Suwa, et al.: IEEE Trans. Appl. Supercond., Vol. 26, No
4, June 2016, 4803505.

3. P. Bruzzone, et al.: IEEE Trans. Appl. Supercond., Vol. 19,
No. 3, June 2009, 1508.
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Internal—Sn processed Nb;Sn wires prepared from different Cu alloy matrix

PEBHE R, AR (M HEAE) ;= AR CRERES) s KJVIIKIE (WA RS BOERF)
BANNO Nobuya, NIMORI Sigeki (NIMS); MIYAMOTO Yasuo (Tokai Univ.); TACHIKAWA Kyoji (NIMS, Tokai Univ.)
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1. %5

WL T, BB O Cu M2 AW DI LIS IR D
FEMAO R C B BB R E R BB A REMEN B D, HH DI
ZOBLEDD Cu-15wt%hZn 54:(Gold Brass)z o fAf <0
[1]. Cu-5wthGe A &% AWM IO W THELZ[2], K
WFZ2ClE, 7212 Cu-10wt%Ga & &% REF IS U=t 2 1
L, ZNETOREREE RETLTZ,

2. EEBAE

Cu-10wt%Ga B8 LRI . ZHIZ Nb A EA LI-gFHE L,
Cu IZ Sn—1.6wt%Ti N A LT B #E % Nb o — AT A A
T 0.8mmd D 36 FAUTM LU, 1 KED Ar FFER S
THEULBR AT o7, BVLE % O B4 EDX (2hhEig
L. Fz, &ALz NbySn JEORLERE EPMA 43 ATz &0k
Wiz, SHICREID 7% SQUID B /1FHILVHIE. ik LTz,
3. ERfEREER

10Ga F#41E 15Zn BRI EE D EN TAR L3 LR0E L
ST, BTN L322k, 7233, 500°CIzHIT5
Cu IZXF9% Zn, Ge, Ga DEIRRIZZNEINH 37, 12,
20wt % CTHD, Fig.1 12 10Ga AT #% 700°Cx200h DEALLER
% Nb &Y EDX mapping Z7~RL7=, JESHK 12um D
NbsSn EHMEIFHL — AR LTS, K (b) D Ga lZRAF)
NbySn J& DJEVIZIEELL T NbsSn JEIZ/D B ¥ —ICEIR LI 14 .
Nb RIZEEL THEWIL T E LT 5, ZOEIT Ga 13-4
75 NbySn JEZHE L C, 728 Nb SO EVIEFS,

Fig.2 (2 750°C x 100h ZALEE % D NbySn JE D Sn, Ga, Ti,
Cu @ EDX T &7~ L 7=, NbySn JEDOEXIT Fig.1 J0#
FHIMU A 15 umeied, 7eds, MM TR BV ITA T
FICIVERDEE BV THD, £rFED NbsSn BND Sy
MIREFE—TH 5, Ga (21E Fig.l IHBNDI L Z IS
LCNb Frice—27 DI ROH HID,

Table 1 {Z 700°Cx200h ZVILBRT% (24 k&40 Nb,Sn J& D
KA RTHRO Cu A HR(Cu), Cu-15Zn FHHR(15Zn) K Y
Cu-5wthGe R HR(5Ge) DL L TRLTZ, 23kEHZ D
WTC TR IwthE E4, Ge, Ga &=IE 2wthi % Th D, Cu
1% Cu MR TRR%L, 10Ga MR TR0 7220, Sn &
13 Cu BEMHRE 15Zn B CRIFRE THDA, 5Ge BEAH
T, 10Ga R %<7,

Fig.3 (2134306 onset 1< D 7,38 B % bt ORLTZ,
Cu REM#RE 157n BAHMTIFIERLT 7,47RL7=25, 15Zn
PHHRD 7 BRI IR008 , ZHBICHEL T 5Ge BEAF#R
X 7. 0MEL, 10Ga B RRIZ S, 5Ge BHRD 7,13 750°C
OESILT RO DI, T00°CELEED Cu B HFRE Y 15Zn
B OB ED &< %, 10Ga BB IZE SO T Tl &
Wi AR, T.0% Table 1 (Z7RL72 NbySn B Sn £:&B
£&L, Sn BDOZWEE EL2D,

INETICHW A O &M E LR T 5L, 157Zn
M THES B LL, Sn DI EREEL , Zn-Ti {LEH D
ARt 72<, NbsSn kY Zn T2 O FERMITELD T,
FEHER) 22 R £V 2 D, 5Ge FEFA 13 NbySn JE D JEVIZ Ge U
THEIGRRTDDODEHIET, Sn D Nb S~y A B HE 53,
NbsSn 8 A TR ANCHITRL . E-RRIRHEICH A FIT
B9, 4RO 10Ga R FRIZI VTR Nb RO FEDIZ Ga
Vo T BIEREND DL, Nb-Ga HE @M ERR ST V=
WEEZHND, 10Ga BAHIE NbsSn 10D Sn JRENR %L, 7.

DEVOPFCTHD, RREORIEIISHLL B, BEO
AREMERBHDEE 2 HND,

(1] KIJIZSIE, FEErE R, BARY, B AREREPESEE 80
% 7 5(2016)480-486, [2] N. Banno, Y. Miyamoto, K.
Tachikawa: Abstracts of CSJ Conference, Vol. 93 (2016) p.33

Fig.1 EDX mapping of Nb and Ga in NbsSn filament reacted at
700°C for 200h.

Arbitrary Unit

. . Nb
Matrix Core

17.14 ym

0 Distance

Fig.2 EDX line scanning chart for Sn, Ga, Ti and Cu across
the NbsSn layer reacted at 750°Cfor 100h.

Tablel Composition of NbsSn layer in different matrix wires
heat treated at 700°C for 200h.

Matrix Nb Sn Ge Ga Cu Ti
Cu 70.60 | 22.49 - — 5.62 | 1.29
15Zn 71.78 | 23.28 - — 3.83 | 1.11
5Ge 71.80 | 21.06 1.93 — 4.12 1.09
10Ga | 68.02 | 25.88 - 2.10 | 3.13 | 0.87
ok 10mT
= ZFC |
Lo
>
Er N
L
c
ke
T 2T h
N —=—10Ga 700°C
Q —e— 10Ga 750°C 1
S —e—5Ge 700°C
g 3r —%—5Ge 750°C ]
—a—15Zn 700°C
—w—Cu 700°C
4 M M s M
16 17 18

Temperature (K)
Fig.3 7; transition for quoted wires measured by SQUID.

o4 20174F EEASRIL T4 - EHEES R



1C-p02

A15 bt

Brass j&IZ KA 1BHH % it NbsSn #RD/E R ELHB

Multifilamentary Nb;Sn wires fabricated through Brass method and their microstructures

PESHEER (M) s B ARRE CRIBRT) ; KIS (b HstE, SRS
BANNO Nobuya (NIMS); MIYAMOTO Yasuo (Tokai Univ.); TACHIKAWA Kyoji (NIMS, Tokai Univ.)
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1. %5

PR IE B0 NbySn B2 38V T, Cu BT Zn ZERINL

C B A~ NI 2B FWDE, Sn fEEAMEES L, REMICRBT

BFEEE Sn JRE DAL T EEBIT, JE NbySn JB O AICE NS
ZERINFETOEBRIERDOPSNEIoTET, FEHDLIT
SHIZ, Sn LD E B2 B EE H HIIZ Nb 747 A RO Rl
L&Y, ikt RO Z R~ &7 (1, x T, L
B_E2iE Nb (SEEROR AR R ERD, RFFETIE, T
WA m BB L, ZVIRED Ti (LS WD AR EIIHIL >,
Nb (EREROENEZX 7=, 23Uk, 16 T TIX 600 A/mm?,
12 T Tl 1400 A/mm* 2 B2 5~ NIV L3 f5F6 7, Zib
DBV T o RIERM OF 2 ERE 5, LocL., Wrimakst.
BGLIRGAFILFIZ TR TRl (LS TR LT, AR 03
TERZRART oV ISHIRFCTE D,
2. BBAE

HEANZRRABOERIFIEIZROLEBY THS, £ Gold
Brass (Cu-15wt%Zn 42 Z R E L7 Nb .58 a1ERIL
BT Cu 2R & L7 Sn-1.6wt%Ti B A ¥l 45, =2
T, YT RURVOREREZEEL T Nb £ HrE Sn—Ti B
LT DD1E, Nb SRR L CHREBESLZ ATREL L, B
U723 I TR R T D720 TH D, IRICENENERF
IZEDETHTEDA T S B b7 47 A Ml &
BLT=DH, ST LD Nb 3 —A, Cu 3 — AT AR IA TS,
DB | I LA TR 2 BT ARR E 375, ARRFSETIE,
Nb 4%, Nb 74 F A M, Nb (SRR O 275 3 FE O FH

TS RTE AR (MF817, MF4477 . MF684) - ¥#Efii L 7=, #
Mg L% Table 112, E-AMOWTH% Fig. 1 1R T,

KA 1E 550°C X 50~100 h, 650°C X 100 h O Pl nE%
L7=DH 700°C X 200 h DELFLZfi 7=, BVLELIT Vb
1 &KJED Ar FHEAF T 7z, ZVILETE O K6 I i &
FESEM, EPMA, EDX |ZXWBIZEL | v~ N7 AL NS
FU7= NbsSn B ORI 21T 272, EIBEE T o LEET
W, I T A MEIR IR CHRL T LRz (N2 L),

3. ERfEREER

MF817 #fi%, 747 A MEIKD Nb HREENMEL, < )7
AN RED T2 Nb 74T A M +4372 Sn—Ti DYk
ORI D3RR ST, Sn, TiHZAMAIE T3 58 L, Nb i
VFIE NbsSn JE~EZAE L, Nb S L DR B AR ST
W5, LL., ZMAI Nb 74T A M TR0 Nb s
RHITEY, dEORMITFERSNATWS [1],

WD MF44TT BRZOWTIE, < 7R E KL T,
Nb (EfER%Z 2 [EE<E D, AT Nb iBRESS IR
5ZET, )M EEBRT AR E LT, A E RIS
550°C., 650°C. 700°CEEVLER A T o742 A, 650°CEIBZ T
BOE, WD 7 4Z AT S RVING Nb 53 NbySn
FAZALT DD EST, NbySn BOBEIEL . 74 FAV T
INURVET Ti ALEWICLDIERAREE DFEEONRAE LD &
DRI, ZAIUZIE Sn iSO Ti RS T E-2EbE 2
b5, Fig. 2 1RT 891, Ti (LA DEEEDIT 700°CEKL
HEBIEINDZE137e<, Sn JEHS 7 ey 7 S 4, SMAI Nb
74T AN TIL NbsSn J& DK 2D TR+ 43 &7eo72,

IHBDORERAEL LT, MF684 TIZTATAL N T SR
flo> Sn, Ti #RIEEMELRTDLED Nb %k, Nb 74T A ME,
~h I AEFT YA LT, 700°C THEALERL 7-530EHZ S

WL RERR LT= L2 A, Ti{L A OFEEVITMER I N2>

Too BT INURAND Nb 747 A MEIFFER 12, 7N

VRUIE NbsSn BELURIE— b5, TS RALNT

'3 Ti 1 NbySn JEIN%E Sn EEBITRIFEEL T DEZ X

BIND, ORISR O W BIC KWK L3 kL7,

[1] N. Banno, Y. Miyamoto, K. Tachikawa, IEEE TAS 27
(2017) 60000205.

Tablel Specifications of multifilamentary—type Brass—method
NbsSn wires.

MF817 MF4477 | MF684
Wire diameter (mm) 0.6 0.6 0.6
No. of filaments 19x43 121x37 19%36
Filament diameter (um) 5.94 3.5 8.18
Area fraction in filament region (%)
Matrix 63.5 35 43.2
Nb cores 23.5 44.5 36.3
Sn—Ti cores 13.0 20.5 20.4

Fig.1 Cross—sections of developed precursor wires, MF817,
MF4477 and MF684 from left.

T 700°C

Fig.2 EPMA mapping (Ti,
MFE4477 wire after the heat treatment at 700°C for 100 h.

1600 P—r—rrr—r—rr1Tr—rr1T T
I 700°C x 200 h
1400 | -
L —0—MF817
1200} —O— MF4477 J
NE L —A— MF684
£ 1000 | <
3 L
- 800 <
5 o
x
£ 600 4
o L
= 400 |- <
200 <
t 42K
0 'l 'l 'l 'l 'l

8 10 12 14 16 18 20
Magnetic field (T)
Fig.3 J.- B characteristics of all samples. /. of MF684 is about
600 A/mm’@16 T and 1400 A/mm’@12 T, which are far
beyond those of conventional bronze-route NbsSn wires.
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Unidirectional tensile strain effect on superconducting property of NbsSn
multifilamentay wires using various Cu-Sn-Zn ternary bronze matrices

ZE Bt (R aan) ; /N e GRER) ; A0 e ((BR) KIRGeTER) ; 49ith =5, (W'E - MEHIFZERERE)
HISHINUMA Yoshimitsu (NIFS); OGURO Hidetoshi (Tokai Uni.);
TANIGUCHI Hiroyasu (OAW); and KIKUCHI Akihiro (NIMS)
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1. [FC®HIZ

Zn ZEAELZE Sn B Cu-Sn-Zn A&~ EHW-
Nb3Sn HH1Z FE OFRSEIZH L Zn 1285 Nb3Sn FHD
A RARAER R Y B 7 Zn ORI R COFRFEREL VD
[1], ZL T, FEAELI Zn 25 NbaSn FHAE %1% 00 RlA4 0 [ 758
BT H B DATREMEAN DY . NbsSn #bf o & s b ~D T
LWRAERDEEZOND, 22T, Zn ZEELE
Cu-Sn-Zn A& RH1% V7= NbaSn FAIZL AT OB bk
PEEBABNTT 5 BT, A — s RO AZENL
ToRED G B R E D IOV CREI L 72,

2. EBAE

Table.1 (Z/RTEH7eFix D Sn L Zn £ Cu-Sn-Zn
BHMEH W=7 ar X% NbsSn WA B GRS
0.9mm) Z M E L. 550 C-100 h+650 ‘C-100h > By E\iLss
wiToT, TOBE, Ar FIARE LT, 2L, BVLELERR CO
Zn OFEFBEEWEITDHTHD,

B S S R I B T DB IR O 2 2h Rl ARG A D
B E O R IC ERR O HDHAL KO OB &
Fig. 1 \ZR T 985355 T ol RO B FINEE B 4 O CRE L 7=

Table. 1 Nominal composition of the Cu-Sn-Zn bronze
matrices for the bronze processed Nb;Sn multifilamentary
wires

Item (code) Matrix (mass%)
Sample-A Cu-10Sn-10Zn-0.3Ti
Sample-B Cu-12Sn-6Zn
Sample-C Cu-12Sn-6Zn-0.3Ti
Sample-D Cu-13.58Sn-4Zn-0.3Ti

Stepping
motor
E

Conditions
Tensile strain <~ 1.0%

Temperature 4.2 < T <300 (K)

Magnetic Field <18T

Electrical Resistivity by four probe method

Fig. 1 Sample setting configuration of the H., measurement
with unidirectional tensile deformation

[2], MM RIE 15Smm EL, B2 Cu FEMRIZ AT
7=o LT, BJEMBEHEEE 10mm L7z, LT, — 5D
BRI T ENCATARNTHZETRMIC I D5 1EAE
FERMAHALE, BITRARAC Y O AL, #iM % T
Bie IR LI O A7 — PO OEMEE LT, R
BlaE by L7 0—7% 18T s~ 2y MIE AL,

T RURPUR LIS OISR (R-B - #iR) 1%, 3B P E
DOTHEMZT-HIT, 100mA OEFAEEBELZRBSIER
WhERs | Uiz, BEREYS (He2) 13, R-B #HAROA 7w ke
L7

3 REER

Fig.2 (2, Sample-D #2351 5 —F M5 9RZETERIE D
R-B iDLl 2779, AL 10K & LT, 28Rl g s
PHX, 15444 T ERFELONTZ, — 7. 0.1% OF[EOT A%
FIIN92&, 15.667 T &b, Fetkdsm EL7z, Zhud, st
TBULRFIE O ZE B L[FERIT, B NEB OB O3 23, 51k
BN THERISNA T2 ThHEE 2 b5,

zlu—.,,.,‘..‘,:..‘.,r...,_..T.F‘,..T..,' -
L Sample D E E

£ | (13.55n-4Zn-0.3Ti/Nb)
g 151 7771 Multi
- - Temp--10K
x -
= I
7]
o i
e 05

0.0

10 11 12 13 14 15 16 17 18
Magnetic Field (T)

Fig. 2 R-B curves under 10 K of the sample-D wire before and
after unidirectional tensile deformation

1) Y. Hishinuma et al.: J. Cryo. Super. Soc. Jpn., 50,
(2014), p.194-201.

2) H. Oguro et.al: IEEE Trans. Appl. Supercond, 20,
(2010), p.1424-p.1427

ARFZEIX NIFS Bl T5 7 12 =7 M(UFFF036) | NIFS
— % 3t [F BF 9% (NIFS14KECF013) . K& OBl AfF # (= %
(B)16H04621) DX EH#=Z1F 1=, 2L T, BIIEOT AN T
TORE I, HALFKF AR F) AL (15H0024) [ ZERR
SN TEES T,

o4 20174F EEASRIL T4 - EHEES R



1C-p04

A15 bt

BEAXEE IOV XE NbSn 18#l 2 5 6 DR ZEEH
Research and Development of Super—High—Tin Content Nb;Sn Maltifilamentary Wires

o oL (NIMS); A1 1, K &K, KHE R CRIRE4E) ; i 25 (NIMS)
KIKUCHI Akihiro (NIMS); TANIGUCHI Hiroyasu, MIZUTA Taiji, MIZUTA Yasunari (OAW); IIJIMA Yasuo (NIMS)
E-mail: KIKUCHI.Akihiro@nims.go.jp

1. [FC®IZ

Tal A NbySn #MF O EERE I, 7 e X FUEL O
Sn BEELICIVERSN TE, Foxld, 7o X1k NbsSn
WA O— ORI EERDIZ0, FLWEEE Sn R
TurRAEEDRRE R RITHEEL TWD, o fHD Sn
BRI DICE AR ERED Sn BELD Cu-
18.5mass%Sn 7 R A ThH, Ti BNEZTHET HZETEN
Tom RN THEMRFBLT 5, 4 EL HLVVE Sn igET X
% JFBHT RN 2 SR O RIEE T o 72,

2. @Sn BEIJOVXREHOER

FLVE SniRET o X541, BEnH L E#EkmL
el — e E S A K H B E ICE0R L,
RHBIT BEY A X (~ ¢ 220) KDH/IEWV ¢ 80 DERRY
ART, AR TR ORI AL D726012 600°C T 200h D)
BibB WM EZ KK CTEBL A, BkIE Cu-
17.5mass%S—.0mass%Ti 2 0N Cu—18.5mass%Sn—1.6mass%Ti &
B D= D@ E O Cu-16mass%hSn—0.3mass%Ti FLELDT
T ABERILTZ, & Sn RS T m s R0 2 e B SR Bl A
FEHtE L TR I 21T o 72,

3. BRRHMT

Fig.1 1Z 19 YT =L FEL VOB EE CThH D, Fh%
MH) 50mm TWNEEDHK 44.5mm O EERE F& 60 E 12, A
44mm @ 19 BT e ALE L HCE Y — AL
T CIP 247572, ZHAREMHL T, SME 15mm ISHFtEL
72 Fig. 2 13BA\EH%Z O 19 BY T <A FONBLTHS,
BRI I3 RS T T, MIHILIE 1.1 THD,
ELITHIHZ D 19 5H 7 < L F 2 A A TERIC#R N L,
FNEHENT Nb B 1615 RLRBIHR~NLFEL Y
TERIL 7~ A F L RBR AR B A L7, ~ LT
Ly MO S 2 M T T2,

Fig. 1
alloy.

mitisw ID-33: @15, L880 ‘

ID-44 : ®15, L855

e
OO DR IR RN s '.'rlmrfm__mﬂm

19 filament sub—multi rod after hot extrusion.

19 filament sub—multi billet using new high tin bronze

S S

Fig. 2
Extrusion ratio is 11.1.

4. {EHZ SR O SEERENT

B I O~ VTR, 3 T ORI T bEsh A
1T>7C,AME 1.0mm FTHIR LTz, SO TIEE MR T2
7202, —EBIXAME 0.3mm E MBI T 24772, Fig.3 (X
18.5mass%Sn—1.6mass%Ti FHALDE Sn EBE T L XE548%
i U7 fifi 22 B8 6 O Wi im C L AMEIE 0.3 mm ThD, =
NN Z S T, Wi DR IUL AL, E5IZ Fig. 3
DO—EEILRUTZEEN Fig. 4 THD, 747 A MEIIK 5
Irny, Tar ARy AT T Ion 20 Ti LAY
Wi FHElEEIShD,

Fig. 3
18.5mass%Sn—1.6mass%Ti bronze alloy.

1615 filaments bronze—processed wire using Cu-—
The wire diameter is
0.3 mm.

Fig. 4 Enlarged image of Fig. 3.

is about 5 microns.
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Characteristics of Nb;Al wires with interfilament matrix of Ta—Ni alloy
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1. [XC®IZ

T4FA MM A Ta-Ni &48ET2H LT P a1
NbsAl #A OBFZEBRFE 21D TN D, P —a— L 7L
Ly hOFS L, ZHET Nb {EHDVNE Ta §BOHEE
BB THERONU T (Z 4T A MERAT) EL T8, Nb
FEHDNE Ta fBEEBITIN TN BRI Ni fED[RIRFIZE
TR SO S TH e LT 5,

2. HIBR{KRERH

Nb/Al V=) —r— VB R DS EN @ E X Ta {ED %
BEANTIEBNI T ET50, SEIOT A%, Ta (B (&
S 100 I712) ORI NI §8 (JBS 10 I700) BB XA T
EIZLTWD (Fig. 1), MTHKEREIN LEITV, 20
BB T U CANAITRBIL =Y =) —a— Ly 7Lk
% 18 AT/ FE Ly ERIL, O CTRKER
HUIM &I T XY 4% 1.0 mm &L7z (Fig. 2),

Ni NiNiNi

Al Al

Fig. 1 Jelly-Rolled single precursor with pure tantalum and

pure nickel lamination barrier.

Fig. 2 78 filaments precursor wire with pure tantalum and

pure nickel lamination barrier.

3. 2B snE

Fig.3 13U T E &5 K LT- EPMA 1285 Ni O~<oE'r
T THD, BEGIRALERFTD Ni 1330 T ERIZHINL S5 L
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FROO SR AR CREET 5 Ta ERUSLT Ni 25{KkL., 7)Y
7713 Ni 2358 B R 9 kL 7eoTd,

(a) Before RHQ

(a) After RHQ

Fig. 3 EPMA mapping of Ni for filament barrier region (a)
before and (b) after RHQ treatment.
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Fig. 4 Tensile test of 78 Nb—Al solid solution filaments wire

with deferent interfilament matrix.
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Experimental study on rotating characteristics of Bi-based HTS induction/synchronous motor
under refrigerant gas cooling
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5, 1 =
2. 5 kW SR DR ELABR A % i 2 NS
AW T, B R ARSI EET — 7 A LTS (a) Fabricated motor (b) Cryostat
kWi [al#5 7~ D F% &t - s EA B he L7, 7] e85 1 L 46 [ E 1 Fig. 2 Photographs of test system
(3FEAMR) ZHH 2 & (Fig. 1), 22 O8E ErEIcREL T,
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(1, BRI LS — o R B LT RO A BT g
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1. T. Nakamura, et al.: Abstracts of CSS] Conference, vol. = r 7
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Fig. 3 Typical results of no-load acceleration test
(Nitrogen gas is sealed and cooled by the use of a GM
Fig. 1 Photograph of fabricated 5 kW class HTS-ISM cryocooler)
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Feasibility study on rotor cooling of fully superconducting rotating machines using gas heat
conduction, convection and heat transfer based on thermal analysis
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Fig. 1: 2D axisymmetric model of the fully
superconducting machine

Table 1: 4@ HEE AT T /L OER

Model 1: Low—speed  2: High—speed
Power [MW] 10 70
Rotational speed [rpm] 10 3600
Air gap [mm] 80 20
Rotor diameter [m] 3 0.88
Axial length [m] 1.2 2.435

ANEDMER TR 1800 [WIE K ELARDZ LN FREND T FF
B NEE RELTHMENRD D, 2Tz mliE 7 b
L2 A Z DWW T He O EEZEZ CERNT 21T o7&
AT EE RESTHEHFRIBZANRKREIARD mENZEB L
Z 1 [kg/s]DFRENB LI THHZEMN 3D -7=(Fig. 3),
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Fig. 2: Permissible heat invasion and winding loss as a

function of pressure
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Fig. 3: Permissible heat invasion as a function of flow rate
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Magnetic Field Analysis of High—Temperature Superconductor Field Pole Using Convergence—
Magnetized Method with Closed Magnetic Circuit
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Fig.1 Schematic view of HTS motor
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Fig.2 Trapped magnetic field distribution of bulk HT'S field
pole after magnetization at 1mm above the bulk surface

Table.1 Numerical parameters in HTS motor model

Output Power [kW] 15
Inner radius of rotor [mm] 70
Outer diameter of back iron [mm] 300
Thickness of back iron [mm] 20
Rotation speed [rpm] 1800
Output Torque [N+m] 80.9
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Development of Superconducting magnetic bearing system for a CMB polarization modulator

operating at below 10 K
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The shaft is coupled to a
motor mounted outside of the
cryostat via linear/rotational
feed-through.

Aperture (a half-wave plate diameter) ®S0mm
Operation temperature <10 K
Rotational frequency about 1 Hz

£+ temperature.

Figure 1 A prototype polarization modulator unit
using a superconducting magnhetic bearing operating
below 10 K. [2]
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