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Fig.1 7, as a function of x in BaFe,(As,_P)), films.
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Fig.2 x dependence of J, measured at 4.2 K in a self field
for BaFe,(As, ,P)), films.
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composition ratio for BaFe,(As,_P,), films.
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1. Introduction

It is well established that electromagnetic properties in a
practical type II superconductor is governed by the dynamics of
magnetic flux quantum in the superconductor. In the new series
of iron based superconductors, however, the behavior of
fluxoid in mesoscopic scale is not yet known well. To clarify
fundamental properties of flux pinning in iron based
superconductors, we studied trapped fluxoids in FeTegsSeq s
thin film on CaF, single crystalline substrate by use of a

scanning SQUID microscopy (SSM).

2. Experiment details

FeTepsSeps thin film was deposited on CaF, single
crystalline substrate by a pulsed laser deposition (PLD). The
film shows 17.4 K of critical temperature (7;, 90% onset) with
1.1 K of transition range as shown in Fig.1. The typical 0-20
XRD pattern shows the reflected peaks from (00/) of the film
and CaF (400) peaks. In order to visualize trapped fluxoids in
FeTe(sSey 5 thin film, we used SSM system which is one of the
most sensitive magnetic microscopy. The SSM is composed of
DC SQUID magnetometer of Nb-based superconductor and 3D
motorized sample stage. Sample temperature can be controlled
from 5 K to 100 K.

3. Results and discussion

For the observation of trapped fluxoids, we applied external
magnetic field of 1 uT during sample cooling down to about 5
K. Fig.2 shows magnetic field distribution on FeTe,sSey s thin
film surface. Localized magnetic fields are clearly observed.
The localized magnetic fields are corresponding to fluxoids
because 1) the magnetic field distribution shows good
agreement with theoretical one estimated from magnetic
monopole analysis as shown in Fig.3, and 2) the localized
signals appear below T, and disappear above 7. These results
indicate that trapped fluxoids in FeTeysSeps thin film are
successfully observed. On the other hand, influence of
ferromagnetic materials is also observed. We will discuss the

details of fluxoids and ferromagnetic properties.

— 176 —

FS2617 - CaF, T (90%)=17.4K, AT_=1.1K

0,0012-|
E
< 00006 €
£ =
= 5
= EY

R R T R R A
TK)
0,0000 T T T T T T T T T
0 30 60 90 120 150 180 210 240 270

T(K)

Fig. 1. p-T characteristics of FeTe(sSe, 5 thin film.
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Fig. 2. Magnetic field distribution in FeTe(sSe s thin film at 5
Kin 1 pT.
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Fig. 3. Magnetic field distribution of a fluxoid. Solid curve is

theoretical calculation with a lift-off distance of 11.6 um.
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1. Introduction

For the performance improvement of iron-based
superconductors, it is essential to clarify the relationship
between local superconducting properties and the corresponding
microstructures in a sample. However, general transport
measurement or magnetization measurement only can estimate
averaged properties such as critical current or averaged critical
current density. In this study, local critical current density
distribution was visualized in a Fe(Se,Te) bulk and a film by
scanning Hall-probe microscopy (SHPM). This abstract only
describes details for the film because of the limit of space, and
those for the bulk characterization will be presented on site.

2. Method

The sample was a Fe(SeqsTeys) film deposited on a CaF,
single-crystal substrate. Critical temperature determined at 90%
of the resistivity transition onset was 17.8 K. The thickness of
the film was 100 nm, and critical current density, J;, at 4 K and
1 pV/em was estimated to be 1 MA/em® class by a transport
method. The film was mounted on the cooling stage of the
SHPM system by using thermally conductive grease. The stage
was cooled by helium gas flow, and the temperature was
controlled at 5 K. Then, we made a remanent state for the
sample by removing an external magnetic field after the
application of a sufficient intensity.

3. Results and Discussion

Fig. 1 shows the remanent magnetic field distribution
obtained at 5 K. The magnetic field was trapped at separated
domains. This indicates that there should be some defects at the
boundaries of the domains. Furthermore, the corresponding
distribution of current density distribution was also estimated
from that of magnetic field by solving an inverse problem of the
Biot-Savart law. Fig. 2 shows the results. The intensity of
current density was relatively inhomogeneous as shown in the
figure. According to the critical state model, the intensity of the
current density corresponds to J.. This means that J, should also
be non-uniform in the film. For example, Fig. 3 shows the
histogram of the intensity of the current density. The value of J;
at4 K and 1 uV/cm was also estimated on the second horizontal
axis of the graph by considering the temperature dependence
and the difference of the electric field criterion. The intensity of
current density was widely distributed; the maximum value was
2.6 times larger than the mode. The mode value of 1.3 MA/cm?
in J; agreed well with the above-mentioned reported value of 1
MA/cn’ by the transport measurements. On the other hand, the
maximum J, stood at 3.4 MA/cm?. This kind of high J. have
never reported yet.

4. Conclusion

It was found that even a film deposited on a single-crystal
substrate had a possibility to have local defects and
inhomogeneous J, distribution. The information about the
spatial inhomogeneity will be helpful to clarify the potential of
a material and to investigate its performance limiting factors.
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Fig. 1. Remanent magnetic field distribution in the Fe(Se,Te)
film measured by the scanning Hall-probe microscopy at 5 K.
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Fig. 2. Current density distribution estimated from the
magnetic field distribution shown in Fig. 1.
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Fig. 3. Histogram of the intensity in current density
distribution shown in Fig. 2. The corresponding value of J at
4 K is also estimated on the upper axis of the graph.
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Fig.1 SEM images of the polished surface of samples. (a):
SmFeAsO, 4F, ; sintered at 980 ‘C with the slow cooling.
(b): SmFeAsO, oF, , sintered at 980 © C with the furnace
cooling. (¢): SmFeAsO,F, , sintered at 980 ‘C with the
slow cooling. (d): SmFeAsO,4F, , sintered at 980 ‘C with
the furnace cooling. (e): SmFeAsO, 4F, , sintered at

1200 “C with the slow cooling. (f): SmFeAsO,4F, ;
sintered at 1200 °C with the furnace cooling.
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Fig. 2 Resistivity versus temperature for the samples
from x = 0.12 to x = 0.26. Insert shows the expanded
view near 7.°™* of the sample with x = 0.26. Black lines
are fitted lines for an estimation of 7.
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Table 1 Specification of samples

Sample Diameter(mm) Thickness(mm)
HIP#26 26 6.5
HIP#38 38 6.8
HIP#65 65 18.8
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Fig.1 Temperarture dependence of the trapped field for the
MgB, bulks. The inset shows diameter dependence of the

trapped field for the MgB, bulks at 20K.
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Trapped magnetic field between double stacked MgB, bulks magnetized by pulsed field

KZE M, WEE Bz, B e CEFK); GIOVANNI Giunchi (EDISON)
UJIIE Toru, NAITO Tomoyuki, FUJISHIRO Hiroyuki (Iwate Univ.); GIOVANNI Giunchi (EDISON)

1. [FC®HIZ

PV AEREIEPEMIL, BRI ARG A FIIN 57230 5 1
REDFEEAE DR &L W35 7 HI A5 BEIE(FCM) Z0 b Fli HE A%
LOMITRL 7225, LinL, B8~ 7 Ry e e L
W LAY 22, R CHEBDS FTHECHDLE VTR S 3 H
0. EEIEH~OHRHENEE-> TV D, PEM OAFIEIL,
RE-Ba-Cu-O FR(RE: Ay FE LM EE L7 IRIZIBNT
FEANATIOIVTETZM, MgB, BB & L7 IRIZB T2
BIXZ <721, ABFFETIX, EDISON £1C Mg-RLI ¥AIZ XY
VERIUT- @ % FE 72 MgB, /3 V7 % 2 M B AN LT RBE G, PEM
\CEDEBIL IR R E ORI 24T~ 72, £, AIREEHE
BRIz PEM O3 2l —3al 2TV [2], B E <0
JEEACE T LT,

2. REAE

HIE A= MgB, 7 L7 iK1 E Mg-RLITE I I PRSI S U=,
FENL (55 mm X 10 mmY)E FEE3L27 (¢ 54 mmX 15
mm)DEIZ 1 mm JEOEERN TIEE A, PEM IZED FHREL T,
PRM (3& B EIRE T, YL /AR L ZaA V&2 W T, X
JVARESE(SE S EASORER] 12 ms)ZEIINLT=, 2NV 7R E I,
THE VI D&Y7 EBIT cernox IR FH 2 THIEL =,
FERBAIE, L7 BB LS L RIENCER E LT —
e —IZKORE LT, %, B oR—tB2
—ZHWTHEE 1 mm -5 ORIRRES A &2 E LT,

3. EERHER

Fig.1 1T 14 K (ZBIF DL NHELE 2 o WP iR G
B, OISR AR T, WL OREIZB TSR
FOLRE RIS, TN 046 T (B,=1.8 T), 031 T
(B.=1.37 ) Toh-oT=, 7SI RED TN, NEREVH K]
IS CRERIMR A LT, iz, iR O — 27 % 7~ 9H]
NI R LN TR -T2,

Fig.2 IZ PEM D332l —ia40k5, 1 Bed MgB, 23127
DR DR EEAR M2 R T[], V7 Fef, NED
EBIZRICFIINEES TR AV IR | B — 2% R LT R ICIK
T AHZETEMEMITITERMELZHELL D, LnLyia
L—a Tk, D BRI CR I OFF RS Y h L0 &
WS CHD DY, e KIS 2 RIS 1255 LS, &
Bt R & —ELginolc, ZORRKEL T, 7L TDHHINIR
F43THDIZD LER ST OIREN TV X0E L2 > T
WD, FE BTV OBEERHEOBE N RENRE D
o,

0‘5 T L] T T T
—&—center
—H—surface
04 | -
T=14K
0.3 | m
E
©
o
0.2 |- -
sureface
o1t — 1
“center
0 L L L
1 1.2 1.4 1.6 1.8 2 2.2
Bex [T]
Fig.1 Applied field dependence of the trapped
field by PFM for the MgB2 bulk
1 T T 1 T T
sureface
0.8 |- m
0.6 |- m
— center
e
©
0
04 | -
Ts=14K
02 |- .
—@— center
—=—surface
0 L 1 L L
1 1.2 1.4 1.6 1.8 2 2.2

Bex [m
Fig.2 Applied field dependence of the trapped
field by PFM simulation for the MgBz bulk

FHETIL, 1 M3 v 20 PEM OFERG#HE T 5, F72, 244
HERANNLIIZBITALPEM O a2l —val i BRIz OV TH
HTHIET D,

SE

[1] M. Oyama et al.: Abstracts of CSJ Conference, Vol.
86 (2012) p.164

[2] H. Fujishiro et al.: Supercond. Sci. Technol. 23
(2010) 105021

— 184 — AT 20134 AT T4 - EHEEA R



3C-p01 ITER

ITER Ry L /A K BB IEERDEREREST(HE

Performance of Superconductors for ITER Central Solenoids

AR RS, U R 5%, R B, BB B, R0 RS, AR B2, R &, R0 R, R EE,
bE SEEH, U REOL, UM L, FRED MEsE, MR FosE, &R BAn, BER 3 R IHE)

NABARA Yoshihiro, HEMMI Tsutomu, KAJITANI Hideki, OZEKI Hidemasa, IGUCHI Masahide, NUNOYA Yoshihiko,
ISONO Takaaki, MATSUI Kunihiro, KOIZUMI Norikiyo, TSUTSUMI Fumiaki, UNO Yasuhiro, KAWASAKI Tsutomu,
OSHIKIRI Masayuki, SHIBUTANI Kazuyuki, TAKAHASHI Yoshikazu, OKUNO Kiyoshi (JAEA)

E-mail: nabara.yoshihiro@jaea.go.jp

1. [ZC&HIZ K TEBSDERIFFIC, 0,0 EFRHEASIEN CTE DM/
ITER O HLL L /AR (CS) H Nb;Sn EAK (EKK FEIT 40kA, SOPVE T 2R E T OHHNIENSRITEBIRDEE XD,

S EREE 13T) LU T, EE613m DK 74, 918m DA

é) 49 ZIK\ 3‘:( A Zﬁﬁlﬁﬁjﬁﬁ_é cS 01/\()/1/7@@?5.&?_573&)\ 75 Samplecu:rem‘i()kA. Backgm:md magne;ic ﬁeIdIO;SST
BIRA~OMBR R ATEIZEY ST HAARE T, MET 3257 *7-4L

REPER -T2, RO Y F A EL T BT T, OIR T ABLE
BAHZERRENT[1], 22C, BARDHERA—D 30 0E £
L7z 4 FREOFERA WV, SRy F O R ERE 4 A

Current sharing temperature 7, (K

. 7
HIVEL T, WELE 11 A D DAL AD CRPPIZH DY L& L 4B % ool
FUNCHLR MR AL 7=, € DR A AR Tl 5. o
6.7 1L(mgucmr/§ (Original twist pitch: 4585 X 145 X250 ><450mm) \\‘7~ B
2. FRBIEREISOLT 6.6 | "8 Conuctor L (Spor twist pitch: 2045 X 80 3 150 X 450mm) ) .
=] o o ’ conductor " svarm-up/cool-down | |
RO F ORI AL, YL T DR B~E 635 5 2200 @00 600 000
@ 4}'/(711/ ;5( Z ;d—j—ZD TLS (@ Eﬁ’,f’{}lb 40kA EWJD ﬁ%fﬂ Number of electromagnetic cycles (-)
10.85T) % Fig.1 &7~ AR A XV A7V 306 L TERIFHE Fig.1 Current sharing temperature against number of cycles
BREVIZ T PME T L2, A B~E 1T T, A7
PN ER U7 IEE B LT, Fo, BRA~OHE-F 9
T T

T T T T
after 9,000 cycles

HENCBELTH, EBIR A O T 3 ENIR FLIZ0ICRIL, &
K B~E O T, 1T EHMBEM%ZRLZ, K B~E O I, BNMET
LIRDoTzDIE, LIRDD 4 IROPROE y F 2K 431 LT
TLT, K HRE 2 B Z LI L BROERE/NE
<HxBNTTeD EMERIND, £, TS ERLIZOIE, #10
o F LTIl THRORIME R B Eolzlod | &
B D% 7 M I B2 T TN T2 K& 7R B G 2 3854 il 5 1
FRE L7 A B TIiE iz ihiadle s T R PR O
UWHEZE MRS THT T2 2 ER R R E b D,

Fro, PAFAEE T 13T ICBIETEARWED, BEE
7 40kA CTEIINREEYS 9.95T, 10.25T, 10.55T, 10.85T 2815

conductor D 4
® conductor E
X spec.

(o]

9.95T

10.25T
10.55T
10.85T
Background

magnetic field

Higher than the spec. |
conductor D +1.43K
o conductor E +1.09K J 1

sample current 40kA

N
T

Current sharing temperature 7, (K)
-
T

X
BIRD L E D T, A7 /VEBIRICHIEL, 13T TO T,% %10 ' 1'1 ' 1'2 ' 1'3
RS CHERIL 7= (Fig.2) . Z0RE . HEAEEO 5.2K |2kt Maximum magnetic field B,,,, (T)
L. 8K D 1% 1.43K, SR E 1% 1.09K OB EE R HHZ L0 oh Fig.2 Current sharing temperature against maximum magnetic field
o7z, Fig.1 TEILKB L C D T IXEKRD & EOHREICHDHD including the magnetic field generated by sample current.

T, EABEC D 13T TOREIT 1.25K ETFHEIND,

3. ZRBEITONT T LA IR L B

YA VR DR A~E ORI 0, % Fig.3 (TR | o onductor | aftercycling I
T, BE, MOy TFEEITDLE Q&SR RN = &~ conductor €
BTV D, LavL, ARBSIE e, ik BNE @ Qi 10F| —e— conductor E
Oy HEMR A D 0, K0F 5 fELEV Y, AL, W%H# S S
T~ FRROL EACTERDIENL Cr AyFOHNT J:OT[I] ? S short-twist-pitch conductors
/\HA%F'EJ@':F j:}}gj:*ﬁ {&be__&ﬁ)ﬁ.&};z_gﬂéo #\\ﬁ 8.4 o original-twist-pitch conductor
OIS Cr AV BHREROREC SRR & P :
DM, BUROIEH I RVE Y T Tk, 2B < A Somol oA
B LIV EDND, 1] -7 Background field i 2 T. 3

C Applied magnetic field is AB=%0.2 T. ]

4 FE T - ST

B A#L0D 4 TR O % T CEVROE s T 0O A% 4 Frequency of the applied magnetic field (Hz)
ABUVEL | YL 2o S G R PR RE R AR LT, Z D B Fig.3 AC loss against frequency of applied magnetic field.

T XY A7 VAR TR - R AN U TR R4, Bk SERt
%ﬁf%{tf:’@#l_OK JJJ:O)%;&IPZ)W)E)\_E;EEELM L7, — D 1. Y. Nunoya, et al.: Abstracts of CSJ Conference, Vol. 86
o FEELTHIET, LA RITN b 5 IT8mL7e, T, 0 (2012) p.221

— 185 — AT 20134 AT T4 - EHEEA R



3C-p02

ITER

ITER iy L/ A4 F(SC)a A JLA NbySn R DB %
Development of NbsSn Cable for ITER Central Solenoid

mfls BN, AR R, RBEFGR, LR 5 R SE.
s AIER] (ZZEERY

(FF4A) A =2l (JASTEC)

BREF FUL. MRO) SR, LR L TR RESA. B FsE

BRI, ks (ASCAERY  ARBL (HET)

TAKAHASHI Yoshikazu, NABARA Yoshihiro, OZEKI Hidemasa, HEMMI Tsutomu, NUNOYA Yoshihiko, ISONO Takaaki,
OSHIKIRI Masayuki, TSUTSUMI Fumiaki, UNO Yasuhiro, SHIBUTANI Kazuyuki (JAEA); MURAKAMI Yukinobu (JASTEC);
TANI Masanori (Mitsubishi Cable); TSUZUKU Seiji, SATO Go (Hitachi Cable); SUGIMOTO Masahiro (Furukawa)
E-mail: takahashi.yoshikazu@jaea.go.jp

1. [ZC®IZ
ITERFHENZHBWT, R I I LY L /AR (CS)=
ANV FREAROFZE A L UEL 72 CSE Rz = A L LE
Y O KENERT DI LT > TN, BR T —T L
A earYy MELIEEND SO T, 576 KDONb3Sn #
ik & 288 AROHFIFEM TR SN DA FEEOFIZIE
DRWD D~ 8 (JK2LB) 8L v 7w MTHA L,
Vx oy FEEMRA LI O TH D, RERITSEME O
HRCRERR AL, 6 R DAL 2 LT v > F L OJE D ITHR
DERELELDOTH D, Tt WEROFRFI LV AW vy
F OPRFROBRNE JCERRER (v & ) [1ick
W, Fig. UIRT LI, M0 iR UEEIC L 28 sE
AN WIEFIC BRI 2R 2R LTc, Ll o v
v TN, [F UAMEOWRR &2 BUET 5121, LYK
Elpa Ny va CERPREEERIIINZ A2 LER B DH D
T, ary Xy vary-a—I%TRL, BRERR~DOF
A=V ENELTHULERD D, AFFHTIE, ZOEWR
D vy F OO BUWEEIT K BRSO X A —T O
ik Eicon s 5,

2. BROBMYEYFERA KX

WEFROPRY B2 F (NTP) LBEWARY v F (STP) @
BBMEOHY By FIL, 1 IR E 5 IKRE TOIRFTENE

7.6 ! |
) S R B
N S
e S
g ropPo— 1
;; O\\r\\
S 68 | —0
T
o |cs SULT{-\N Test | e
—A— A strand STP % Warm up & cool down ¢
6.4 —®— Bstrand STP |75 750 4580-150-450
%Bftrané NTP‘ -| NTP: 45-85-125-250-450 |-
6.2 — :

0 2000 4000 6000 8000 10000
Number of Cycles

Fig. 1 Measured Tcs of SULTAN samples. STP: Short twist
pitch, NTP: Normal twist pitch.

Fig. 2 Appearance of STP (top) and NTP (bottom) cables
without wrapping tapes.
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Fig.3 Typical results of destructive examination on SULTAN
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Fig .1 (Left:) The size of standard artificial defect.
(Right:) The arrangement of the defects on the samvle.

Fig .2 (Left:) Schematic view of Linear Scan. (Right:)
Schematic view of Creeping Wave Scan.

| Gain Value : 18.0 dB

Fig .3 Typical signal of longitudinal standard artificial
defect at 22.5 degree position of outer surface of the
sample, detected by Creeping Wave Scan.
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. Sub-assemblies of coil case
Winding pack (200ton)
(WP) (110ton)

16.5m

Winding pack and cilcase

Anpair of TF coils

TFWP inboard

Regular double
pancake (DP) ( 5 sets)

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

Turn insulation

DP insulation

Radial
plate (RP)

Conductor

RP groove to
Cover plate (CP)

N
insert conductor Side DP (2 sets)

Fig.1 ITER TF coil and structures.
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Fig. 2 TF coil case and its components.
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Fig. 3 Schema of TF coil winding machine.
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1. INTRODUCTION

ITER TF coil structure (TFCS), which is the main structural
component in the magnet system, plays an essential part for
supporting of the out-of-plane magnetic force as well as
restraint centering force of 400MN. The deliverables for this
structure consist of 19 sets including 1 spare and the supply is
split between EU (10 sets) and Japan (9 sets). JADA (Japanese
Domestic Agency) who has the responsibility of this structure
had a contract for EU TFCS with HHI (Hyundai Heavy
Industry). This paper will focus on the brief report regarding the
status and future plan with schedule of HHI’s procurement.

2. MANUFACTURING STRATEGY

TFCS consists of TF coil case and attachments. To be exact,
TF coil case is the manufacturing portion of HHI and it is
mainly composed of AU, AP, BU and BP as shown in Fig. 1.

TFCS manufacturing is divided into 4 serial phases from
preparation of call-for-tendering, basic design and development
to procurement for real product based on final design. HHI has
a responsibility of Phases 2 and 3. Phase 4 is before making a
contract and HHI is expecting to obtain this order. These
fabrication schedules are presented in Fig. 2.

Phase 2 is for completion of detail manufacturing plan and
design, and qualification through 1-m mock-up and a full scale
basic segment trial. The objective of 1-m mock up is to check
the weldability and the tendency of deformation caused by
welding. In addition, the jig availability can be investigated.
This preceding work was already carried out as Fig. 3.

The full scale trial reflecting the performance experiences of
1-m mock-up is conducted to simulate the expecting behavior
of final product during welding as realistic as possible. The
widening and shrinkage of width direction, shrinkage of
longitudinal direction and angular distortion due to welding
deformation are items to be confirmed in this stage. The
applicability for jig concept shown in Fig. 4 is one of the key
factors to be demonstrated.

In the step of Phase 3, the manufacturing plan and drawings
for TFCS are finalized from the results of Phase 2. For the
closure welding test of a TF coil, mock-up structure is also
fabricated and shipped to EU with welding wire. In parallel,
first module of TFCS and 5 sets of TFCS material for EU are
procured. The basic module of the TFCS has two subassembly
weldments, a case and a cover plate. Each of these
subassemblies contains the parts fabricated by bending and
machining of rolled plates and forged blocks. A number of
welding and jigs are required in all stages of fabrication to
ensure that the TF coil modules fit together properly and to
match them with other components at the time of final
assembly.

3. CONCLUSIONS

The manufacturing design for ITER TFCS is on the final
stage. The structural design of major components has been
almost completed and will be finalized by JAEA soon. Through
the manufacture of some trials, higher manufacturing
techniques are being developed to satisfy the severe criteria on
TFCS and to reduce the cost. These preliminary studies
between JAEA and HHI will bring successful result of real
manufacturing and it will set an example for international
collaboration in other projects.
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Fig.2 Full-scale trial RP Segment manufacture.
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Fig.3 RP Welding Test.
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