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Development of Y-system High Temperature Superconducting Wire

For Railway Electric Power Applications

Kenji SUZUKI

Masaru TOMITA

The expectations of the electric power application of the Y-system high temperature superconducting (HTS)

wire are high because of not only its higher mechanical properties but also its high critical densities in higher

magnetic fields, compared with the Bi-system HTS wire. We developed not only a Y-system HTS wire but also

a method for transforming it into the one usable in its AC/DC application which has been so far hindered by its

large dissipation in varying magnetic fields and its little tendency to delaminate. Then, methods for scribing its su-

perconductive layer, etc. by a yttrium aluminum garnet (YAG) laser, and annealing it afterwards were developed.
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Y7 Ic &l le % Ic Ie X
g4 (A) (A) (A) (%)
ND1 222.0 216.8 1(1)‘2“; 23
ND2 237.8 2333 Ei; 1.9
D1 186.0 165.0 14187% 11.2
D2 164.0 143.5 12212..50 12.5

FEE LTV, SR ICITERIER 23722 <, Te @
GBRIBE T LI EHESND, Y JEELHRM O L —F
BIWrZ B W TIE, T2 T2 <, YRR omE 7
OBEEHFEIELCEE L 2D,

3.2 L—H¥#sit
3.2.1 L—vgiAE

T, REERO YL, BEERMPICE CIED
ST RER OIEENTHL R 4 2 AR R ORI A Zh 7
BALIZOWTIRR D,

AL T oY > 7 icid, 3.1 #i & Rk, IBAD
R EIER SN Y REEERM & i, b
MTICAWe L—F RS 425 3 1TRT,

x3 L—HFIZLHMBIEMITEE

L — RS Sl OiEsk | QORE | SR
#e v L JERE (kHz) 30 30 30
THAE— (W) 24 24 2.4
#RE  (mm/sec) 6 6 6
TR (um) 20 50 20
M () 0 0 35

3.2.2 BEERHMETME

MTIC X DBEEREE~OREFME LT, OO0k
R TINT U 23 v 7V 2 g0 X 5 g A B iRl E
(77 K (ikZERT), EFREE 1uViem) &k OBELH

49



#oE AR WF

FrEE PR

A A=V TEY TR BB R o, E61T, Kif
BEDIKBZ R 2R T D720, By 77 v ik
CE Y, BLBROWIEEFTo T2,

X 6 12 10mm DM MEICH LT, 20 2EhT L 72
YINVONBRERE Z R, KT, 10 5FMLIL
I INREOHA DA EERIFEA A=V v TIRIC X
D RRAL L BRSO G 2R, AFHETIE, Gk
THEIS NI 2 B H S ICE R L, ZORICHE
INDEFHIMEDHH FMERFRIC L VEETL L
T, RMaOHEREZFTMTE D, HD WIS ERLR
I TR WAL MBI T H D, L— YRGS & B
&, K£T7 4T A NOBEEFEICKERIETORNT
EDDPD, F4IT20 HEINTY > T v0 Ic PIERFR
ZoRT, MTRNCEEL, Te 28 11 %RE/KRTLTRY,
L—Y OBEE» SEE SN DI 3.6% X0 bk
v, R L U CHEEETROT R SR L -
THIB SN2 R EREZLND,

10mm

10mm

L— 4 ERETAR
7 M TRM OSSR ABRREER

(10 /%, ENANEES 20mT, 40K)

x4 fBfR1E (20 2ED FIEROD Ic BIEHER

Y| MLATIe MTE e Ie{& TR 2%E ik

Tl (A) (A) (%) # (em X cm)
260 230 115 20 10 X 1

2 257 228 112 20 10 X 1

3.2.3 WAL LITm

ML T U7z Iz onT, BRIy 77 v 7
EICTHACRR ZHIE L7z, X 8 ISR E/R7, MNT
DY TV L IR, BB I 10 pFEMLIY v S
T 1/10, 20 EINLY > P TIR0 KRBT 52 & &
R LTz,

50

#
10° S =
[ DTS | e
Tt
o o 1/10
e | losH] ¥
< e ramuio 2 ] 1/20
& 3T 205580
L =5
< &
10* -‘nf -
. 10mm BE#RH @77K
R¥JN I 1 R R
wor LS T TP T
10 10 10

1072
ENhnfg SR iRTE (T)
M8 mbBEAEER Y

3.3 T4 T4 NEIERFIEE

AR, lnik R eRibiELoE»NT, T4 T
A2 NEOEBIC X o THRAET D EEEERICERT S
EEBINRD D, BMEDRELS DL, 74T AV NH
OEHIBMET L, ZOHELBEMT 5, 32.1 TILL
P TMCHONWT T 45 Ay MNEIEHZRE L2 & 25,
10° Q ThHote, ZOWPIHEIL, BEAHROBELEr—7
ORI L2 EWE THES, Z0MholsA
BETIIXLTL L4 TER, K9 1233 O R &M
O TINTL LB~ » B2 7B 2RmT, T OREE,
ERMEITHDENARTrA (NiEGE) BLr—FmTic
KXoTEY LY, 74T A ETOT Y v 7R
BEENTZ GUERE). ZOMMTIC XL RAEL R
WSEPEFIR TOER EHEL, BIBWHEIC X 2 &K
Pk ERE L 72,

M9 mMIHYFILOWEERTYEYY 22
(L—HHREEED)

3.3.1 BUERUVL—YINIEH

HBFEEE O RCHTEIEE & 8 o KOG (kD #]
ESSEMEREZ, 7000CE Lk, ZORMBTHI
THZEINTZEREY IS, 1oum EOBERILYE (NiO
Cr,0,) ZAERT 52D, BALRISEED S, 500
~ 380000 B 28425 Z L MHEES N, 2Dk,

RTRI REPORT Vol. 31, No. 8, Aug. 2017



[/ ORI S

RrEE PRI

KT 2R E O R 2T 2 e fmat L, L—HF
I GUEOEFE 21T o 72, EROEHRSM: (D), B
BEREL LLBIESEE (©), MiAE 35 EE LM
REME (Q) DFF 3 & (F3) KXV MHLIN T AT >
eDb, BFERFHKH CEULE 21T o7,
3.3.2 T4 742 NEHEREM

AT OB ICRIT D, BULHEIFR & 7 4 5
A2 MEEFIOBZREZM 10 1SR, BULHEETY v L
IZRNTS, MEHREMH: XD bIEREFD L —F LY
TN OEGUE D 7753 2 K e TR L — 3T
o U TIE, 10 KifE O ZALEE CHEBUE S 2 M B L
7o MEBISMED L —HINTH v 7 v % 10 R 2V B 4
DL, &ML b RIEICEV 20 ~ 50 Q DEHUEZ
723 R IE BRI S 3 1 B R HUAE o> B ER R FE 4 77
L, V= ORFALRMEOHRICE > TR e ZOEMMK
BWEI, B OEREIEBR LU EEZLND,
F i, ERISGHEOBEZ O T IL, EHUEEER
60K 225 300K ORIT, IREDOEELZ T ihole, B
b, WEEOEERMEZ R, BUR TRy
DERPBAITHDZ EERL TS, NATuAC
276 ORI, Ni: 57 EHE %, Cr: 16 HE %, Mo: 16
BERE%ETHDH, ZOFTIENI DR LEIELLOTL,
R e 20 iEHr 6, Ni OFF ZHERL TV,
MDFTLHRIZ OV TITRIERTH 5,

102

O ammaes: |
o

10!

\
)

100 [
RS & |

107

1072

TAS AR (Q, EB)

10_3 == e = ——— — |

0O 10 20 30 40 50
EALIRRERS  (BERE)
B10 745+ FEEHORNEKEYE 2

4. FIEERER LAl

Y ZABEEHIL, ERBANZRTF e A TH B
EIRETH L — T, MEMEICER L ZREE (K 11)
OFEPER SN TEY, Y REEERM OER T vt
AB L, B EREME TR A 2B O SEEO R M
B ENTNG W20 KRG TIE, ZO%EL LT,
BEEICL S THRY A I NEZINU RBEZBL1ET 5 M5

RTRI REPORT Vol. 31, No. 8, Aug. 2017

o727,

EEMNEY T, IBAD R EIC/ER SRz Y
RIEBEEHM % Ao, B3, Ag 2um/YBa,Cus0,,
lum/ LaMnO; (30 nm)/MgO (40 nm)/Y,0; (7 nm)/Al,O4
(80 nm)/ NA T A C276 100um TH 5., BHEICL D
BHEEEA~OFEOFAM & LT, MUFEICI Y ER
BRAE (e, 77 K (RIKZERF) , A OB, BRALE
luViem) ZHWie, MRV A I REBELEY R
BEERM OWHEE 4 RY, EFICLY, FFE—0
RY A I FEEBRELNE, K132, EEMHETY
FHEEEBRM OREER P TO e IEHERZTRT, 1EIF
F%D IcETHY, Skl EELHENPTADZ 0D
Do Too FIBERG IER R O —Fik L U CITANRRFTE 5,

M 11 Y RBEERM OREEEH

R AZRE20um

Hastelloy £

M12 RUASFREEBELEY RBEERMOMEASE
(b)) EHAEBEE ()
15
= 10
i
3
5
0
0 100 200 300
BEEER (A
K13 RYUA X REFRHRDOY ZBEEKRH O Ic A
ERER
5. 8HYIc

Y RS iEEEERM ORIEZITVY, Sm TR ORI

51



FrER - PRI

Wb A

He

XV, ®SETO Je Ftkom Ea2mE LTz,
BEBREMET L 2WEBINTHEFE LT, L—HiC
X B O, ML T 247 > 72, Higb v 7L
IZONWT, BHMEBEEIEL L 25, SEFICHHIL
TR ORI AR Lz, £, FAEEOREO ;%
ELTT 47 Ay MRS A B L BVLHIC X > THIFEI T
XD LR LT, MBEEREm BRI E LT, AU A
I REEFELZT, BEEREOKTORNI L 2 iR
7o
NGO, Y RBEZRM L, ShEHEEs—
TNEIZC O LT HBUERTE T OIGAKERHCEH T 2 1%
WCETHY, 5%, HLEISCIEHL TN,

2

AWFRICRBN T, HARMEEANERBEEEERRK
MioE L v 2 — R O'BARE O ERROSRITEHB L £7
X ®
1) BHDL : $hEMBEL — 7V OBEAMENM, SHERD
W5, Vol.28, No.2, pp.53-58,2014
EHG ALy ZRICHER L IcBEZ T — 7V O ER
RRPERAM, 5792 MIBKFIKIR T2 - BEEYS G
£#£ (2015) pl49
JREF B+ Ay HHER S IR B 2 W IS T00KA
FEAR A VOB, SRERBFRE, Vol31, No.l, pp.5-
10, 2017
WTS : BEET T A RA—VEEY AT LOEHEERTE
LEGE~OIGH , $ERPF#R S, Vol.31, No.l, pp.47-52,
2017
RS EEEFAEROFE RIS T2 IR &
W HE A 8B RAFE S, Vol.23, No.ll, pp.23-28,
2009
B ARZSFAR Bi-2223 MEEM OBF , # 74 KT
R - MBS HEEMESE (2006) pl08
S. Kobayashi, et al “Controlled over pressure processing of
Bi2223 long length wires,” IEEETrans. Appl. Supercond. 15
(2005) 2534-2537.

2)

3)

4)

5)

6)

7)

8) Y. lijima, et al : “Inplane aligned YBa,Cu;0, thin-films de-
posited on polycrystalline metallic substrates,” Appl.Phys.
Lett.60 (1992)769-771.

9) D.P.Nortonetal: “Epitaxial YBa,Cu;O, on biaxially textured
nickel (001) : An approach to superconducting tapes with

high critical current density,” Science274 (1996) 755-757.

10) )55, REBCO @iliB=EMM OBE%, BARGRZSE
% 80 &5 75 (2016) 406-419
52

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

K. Kakimoto et al: “Long RE123 coated conductors with high
critical current over 500 A/cm by IBAD/PLD technique, ”
Physica C 471(2011) 929-931.

Zhang Y et al: “Progress in production and performance of
second generation (2G) HTS wire for practical applications
IEEE Trans. Appl. Supercond.” , 2014 24 7500405.
Francesco Grill and Anna Kario, “How filaments can reduce
AC losses in HTS coated conductors :a review” , Supercond.
Sci.Technol (2016) 083002.

HADL : B RA TFA-MOD 2 £ % YBCO #hf 0 g 5 & i
fEm B3 285, (RIE L5 40 (2005) 64-68

KES v NVFTN—A v NVFZ—2PLDEICL DS
Ic YBCO £ R, IKIELS 40 (2005) 585-590

S Furtner et al : “Reel-to-reel critical current measurement of
coated conductors” Supercond. Sci. Technol. (2004) 17 S281.
K. Koyanagi et al : “Measurement of local current flow
around transverse defects in YBCO film by use of scanning
SQUID microscope,” Physica C 445-448 (2006) 677-681.

T. Machi et al: “Development of a magneto-optical imaging
equipment for long length 2G-HTS tapes,” Physica C 445-
448 (2006) 673-676.

M. Iwakuma et al , “Theoretical investigation on the detec-
tion ratio of the magnetization in superconducting wires by a
saddle-shaped pick-up coil” Supercond. Sci. Technol. (2003)
16 545.

K. Suzuki et al: “Development of scribing process of coated
conductors for reduction of AC losses ” Physica C 468 (2008)
1579-1582.

ME 5 YBCO BIRIERE T — 7V O RIB RN, 8
75 EIRKFERIR T2 - BEEARFIZEE (2006) p298
K. Suzuki et al: “Development of a laser scribing process of
coated conductors for the reduction of AC losses” , Super-
cond.Sci.Technol (2007) 822-826.

ERR D, FEFFH 4777749 5, (RZZHH K BRI Y E R E
hoBES Tk, 2011

I. Kesgin et al: “Influence of superconductor film composi-
tion on adhesion strength of coated conductors” , Supercond.
Sci.Technol (2016) 015003.

K. Mizuno et al: “Fabrication of 5 T magnet 2G wires direct-
ed at maglev application” IEEE Trans. Appl. Supercond.” ,
2013 23 3600104.

U. Trociewitz et al: “35.4T field generated using a layer
wound superconducting coil made of (RE) Ba,Cu;0; coated
conductor,” Appl.Phys.Lett.99 (2011) 202506.

BHE, SAREK, A 2010-209116, #EBEERM O
ROk, RSP DR F LK OB EERA,
2010

RTRI REPORT Vol. 31, No. 8, Aug. 2017



