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Fig. 1 Applied field dependence of the trapped field magnetized

by split or solenoid coil at 40 and 65 K.
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Fig. 2 Trapped field profile magnetized by (a) solenoid and (b)

split coil 2 mm above the bulk surface for 5B, =5.48 T at 40 K.
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Relationship between a position of a small hole and a trapped field performance in a
hole—processed superconducting bulk magnet
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Fig. 1. Time responses of magnetic flux density on the bulk
surface for pyH=3.9, 5.4 and 6.2 T at 20 K.
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Fig. 2. Trapped field distributions on the chamber surface in
applied fields of 3.9, 5.4, and 7.0 T at 20 K.
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Influence of the hole size on trapped field performance in a hole—processed bulk superconductor
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Fig.1. Trapped field distributions on the magnetic pole surface
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Improvement of a trapped field by iterative pulsed field magnetization on a desktop type

superconducting bulk magnet
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1. Introduction

HTS bulk has a promising performance being able to sustain
higher magnetic field source compared with permanent
magnets (PMs) once activated. The trapping magnetic flux
potential of melt-textured HTS bulk has been reported to 17 T
at29 K, 11 Tat 47 K and 3 T at 77 K [1-3] under field cooling
magnetization (FCM) when external magnetic field is parallel
with c-axis of bulk material. However, more detailed
information about the trapping flux behaviors under off-axis
field cooling magnetization is necessary for engineering
applications of Gd-Ba-C-O bulk. In this paper, we perform
experiments to clarify the trapping flux behaviors of
single-grain bulk Gd-Ba-C-O 60 mm in diameter using off-axis
FCM process with inclination angle 8 (8 = 0°, 30°, 45°, 60°
and 90°) at 77K and under 3T, where 0 is the angle between
the c-axis and the applied field.

2. Experimental

A cylindrical GABCO bulk sample with dimension of ¢ 60 x
20 mm® was selected to investigate the corresponding trapping
flux behavior using off-axis FCM method as shown in Fig.1
(a).

All these FCM experiments were performed using a 5 T
LTS solenoid magnet system with a 300 mm room temperature

core (JMTD — 5T 300M — PC, Japan Magnet Technology, Inc.).

The field sweep rate was setting at 1.39 mT/s during the
excitation and demagnetization processes. The sample was
cooled by liquid nitrogen under 3T with inclined 6 of 0°, 30°,
45°, 60° and 90° to the c-axis of the sample respectively. For
inclined angle of 90°, we defined the arrangement pattern
according to the angle between the c-axis and the applied field
on vertical direction, where aligned growth sector boundary
(GSB) pattern means one GSB is parallel to the applied field
and misaligned GSB pattern means one GSB has a 45° angle
with the applied field as shown in Fig. 1(b). We chose those
two magnetization arrangement geometries to further explore
the influence of anisotropic properties of bulks on the trapping
flux behaviors. After demagnetization process, a 15-minute
time interval before measurement was requisite considering
possible relaxation influence on the trapping flux behaviors.
Lastly, the trapping flux distribution was measured at every 1
mm distant by a cryogenic Bell Hall sensor (BHT921)
mounted on an X-Y-Z movable platform with measurement
range of 70 x 70 mm? above the a-b plane. The total gap
between the target surface of the sample and the active area of
the Bell Hall sensor was strictly adjusted to 0.5 mm, including
the thickness of protection mould of sensor 0.3mm.

3. Experiment Results and Analysis

Particularly high trapped fields were achieved when 6 is 0°,
with a maximum value of 1.60 T. Figure 1 (a) shows the
experiment setup for measuring trapping flux behavior under
off-axis FCM method.

We can find the peak value of trapping flux density
decreases monotonously with the increasing 6. The peak
trapped flux density doesn’t change obviously till 8 is 30°, as
much as 96.25% of the # = 0° condition. The bulk can still trap
1.07 T under 45° inclination, equaling 85 % of @ = 0° condition.
The peak value decreases rapidly when the 8 is larger than 60°.

— 209 —

Considering the anisotropic properties of bulks, trapping flux
density distribution in growth sectors and growth sector
boundaries were also analyzed as shown in Fig 1 (c). Four
represent lines were chosen to figure out the trapped flux

behavior.
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Figure 1 (a) Experiments for measuring trapping flux behavior
under off-axis FCM; (b) Applied flux polarization
configuration for GSB; (c¢) The four chosen area for trapping
flux behavior analysis including GSB and GS areas.
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Figure 2. Influence of inclination angle of applied magnetic
field on trapped flux density peak value and integrated trapped
flux.

4. Conclusion

We have performed the experiment to clarify the trapping
flux behavior of Gd-Ba-C-O under off-axis field cooling
magnetization method. The maximum trapped field decreases
monotonously and the ratio of trapped flux area over Bave
increases with increasing inclination angle. Till 6 =30°, the
integrated trapped flux doesn’t change obviously. These results
give us more support for the future design of the applied HTS
machines magnetization system.
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Trapped field characteristics and fracture behavior of Gd—Ba—Cu—O bulk ring

during pulsed field magnetization
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Fig. 1 Time dependence of the local field 3 ¢ and the applied
pulsed field B,, at the center of the hole for 3.10 T at 65 K. The
inset shows the trapped field profile 1 mm above the bulk surface.
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Table 1. Preparation conditions of the buffer and YBCO layers

Conditions Nb-doped SrTiO; YBCO
Wavelength (nm) 248 248
Frequency (Hz) 20 2
Laser Energy (mlJ) 240 200
Gas 2%H,+98%Ar 0,
Pressure (Pa) 1.2x10* 35
Temperature (°C) 600 790
Thickness (nm) 120 160
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Fig.2 EDX mapping images corresponding to the Fig. 1.
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Development of coated conductors on a single buffer layer of clad—type substrates
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Table.1 Structure and process of coated conductors

Layer Materials Process
Substrate Clad—type substrate —
Buffer
Y,04 RF sputtering
layer
Superconductin, Pulsed laser
b & GdBa,Cu,Oy i
layer deposition
Protection .
Ag DC sputtering
layer
Stabilization
? Cu Electroplating
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— 213 —

FEADRN LT MA/ em? L ED 2B/ 5Z 8 TR LT, BEHR
22U, A B & 1% 130nm L0 Y,0, BT, JvE L
THbH 1.IMA/ em? 2157~

WITZNBO SRR, 15m 5 05 & IR AR FE b
DOVERIEAT -T2 (Fig.2), WK ZE £ P (TTK) B S éss T T
VUl i VRS K0 R B A BT L 7o, A6 R 8 TR e =
2.7 pm, Amm (EOMBELEHMEZREL, 15191 A 21372,

AR ED 77 REE b4 Bt By 7 7 —E,
RGN LM SN AE R R LT, 77y RE A 4R
FM ORI AMENLPEIINZ, gy 7 7 —f@au 452
TR ANBEEAM OB AT CE 5,

Secondary lon Intensity (count/sec)
= = g
- =
- = & § % g % %

0 0.1 0.2 0.3 0.4 0.5
Depth (pm)

Fig.1 SIMS analysis of coated conductor on a single

buffer layer.
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Fig. 1. Temperature dependence of resistance in the bulk—bulk
joint. Inset shows the photograph of the bulk—bulk joint sample,
which is equipped with current leads and voltage taps.
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Fig. 2. Temperature dependence of resistance in the tape—bulk
joint. Inset shows the photograph of the tape—bulk joint sample,
which is equipped with current leads and voltage taps.
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Fig.1 The time dependence of magnetic relaxation in different
resistance specimens between filaments.
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Critical current characteristics in magnetic fields at low temperatures of
BaHfO,~doped SmBa,Cu,0, superconducting tapes deposited on IBAD-MgO buffered
metallic substrates by using the LTG technique.
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Fig. 1 Pinning force at the measurement temperature of 20
K in 1.5 vol.% BHO doped SmBCO superconducting
thin film.

Fig. 2 Cross - sectional TEM image of (a) 750°C sample
and - (b) 810°C sample.
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The longitudinal magnetic field effect for BaHfOs-doped- SmBa,Cu30O, multilayered films
with various layer numbers deposited on IBAD-MgO buffered metal substrates
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Fig. 1 Architecture in BHO-doped SmBCO multilayered
film.
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Fig. 2 Magnetic field dependence of J,/J,*' at 77 K under

B//I in the pure SmBCO single layer (pure) and
BHO-doped SmBCO multilayered (48 ML) films.
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Evaluation of low temperature and high magnetic field properties

in EuBCO coated conductor doped with artificial pinning center
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Influence of size and spatial distribution of nanoparticles
on hybrid flux pinning in YBCO thin films
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Uniaxial Strain Dependence of Critical Current of Practical REBCO Wires
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Fig. 1 Two techniques for evaluating of uniaxial strain
dependence of I, where G10 is insulator, SG is strain gage,
and SB is springboard, respectively.
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Fig.2 Normalized critical current as a function of applied strain
for Superpower tapes measured by means of (a) (FS) and (b)
(SB) of Fig. 1.
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Fig.3 Normalized critical currents obtained by two techniques
as a function of local strain exerted on REBCO layer for
Superpower tape.
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Fig.1 Schematics of FBC for SMES and expected applied strains
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Fig.2 Results of measured strain distributions and
corresponding E—] expressions.
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Strain dependence of critical current properties of BaHfO, doped GdBa,Cu;0, coated conductors
on IBAD-MgO buffered substrates with different in—plane grain alignment of the CeO, layer
THEE B, B s, 5 OB R)EER R (KEK)  ITZE (ERESCRFEIRSE) ;&ZE §A, fiR JES (SRL)

USAMI Takashi, ICHINO Yusuke, YOSHIDA Yutaka (Nagoya Univ.);

SUGANO Michinaka (KEK); MACHIYA Shutaro (Daido Univ.); IBI Akira, IZUMI Teruo (ISTEC)
E-mail: usami-takashil4@ees.nagoya—u.ac.jp

1. [ZC®HIZ

UTAE, D BMO ¥R REBCO 58 50 S
fwéunc_hgmBMo%MRmmoﬁM%% st
T L7 DIE I, OOT B R M T2 Z & DREA ]
Kf%éo_ﬂif BHO %/ GdBCO ##4icBI L T,
BHO #MEORINIEE, I DR KA & 2 OTHOfE
(BE—=27 OFT KDY [, OOT REZ RIS LD En
I A L CE 23], £, B E W RSSO
THRMOFER, ST OT It T D 1. OZCIZERSS
BOT AT RELSERE LN ENRHLNI o2,
— 7 OFTHBEMANC S 7 N2 D%, Bt I OOF 4
KAEMEDE M TH 5 7=, BHO I GABCO #4412 31F
B I, OOTEAFHED A 1T, i 5 BHO 2355
LTWD AR & D,

AMFFETIL, RIS D BHO 7 GABCO #E 123517 % i R
EIROOPT RN G 2 5 BB E TN 5720, i
5&@%@&%%#5mmn%0%ﬁ%%w1mm%
Il GABCO #ih1 2 fERL U T OF Fa a9~ 2 B L i e
A BTG L 72,

2. ERAE

Reel-to-Reel #E & 2 A VW72 Nd:YAG-PLD 112
IBAD-MgO JE#R 12 ﬁﬁ%G&ﬂ)ﬁM\mmF@D
GdBCO #M Z RS CTIER L7z, AEBRICHW
IBAD-MgO JAR D CeO, Bl X Z N ZEiag=1.45°, 1.8°,
22°CH 5D, BHO & GdBCO DREHX —7 v &,
BHO DIRMEAS 1.5 vol.% DRk 2 VERL U7, AR OB E)
HEEA 0.02 mm/s & L. EHRDSERAE A T 780 °C 127
L9 e —F—IREERE Lz, HEAEIEOFmIC]
Goldacker BUGRERIE 2 F V>, IIREE B Callipc AL il 1 48
BaMz 7N bEOTHTILEZHE LT,

3. EEER

XRD HIEDOFERI B KPR CTER L7123 X TOMS
BRI ¢ BhEdm 2 Rd 2 L 2R LTz, F7o. BirE
JETH5H GIBCO 1L & J7mIZ[100]. [010]EL A CdH
D PEEIL 200 nm FEEETH D T L ERER LT,

Fig. 1 ([ZARFZE CIERL L 7= 3800 GABCO ## 3817 5 I,
DOOT KA EZ RS, MR RENEE—27 O3 HE R L
TW5%, Fig. 1 £V, #HI GABCO A 2BV Tl CeO,
BMEZZELSETHE—7 OFRIIRE B LARN
Z b hodz, Fig. 2 12 BHO #II GABCO #4412 31
5 I, DOT FEIFNEZ 773, TSN GABCO A4 1230 T
IZE— 27 OFHOBALB/NE o 7= DI2% LT, BHO %
I GABCO #AIZEBNTIIE — 7 OFHROER KX K L
BLLTWEDR DN, £7-, E—27 OFTHOHEIE CeO,
Boim B L FHBEIN H 0 . CeO, BLMEA/ NS WE EE— 7 (L
ENEMFOTHENC 7 P LTWD Z ERfER SN,
Y H % BHO i1 GdBCO ## iz 6 B — 2 OF B v

WBLT, B I OO TR E BB L, dEm s
15 FETHD,

— 222 —

07F & PureGABCO 4g=145" 1,=59.1A 1
O Pure-GABCO 4¢=18° I1,=34.74 A
0.6 A Pure GBCO 4¢-2. > [, 1A 1

-1.0 08 06 04 02 OO 02 04 ()6
Applied strain, £[%]

Fig. 1 Bending strain dependence of /. for Pure-GdBCO CCs The
arrows indicate the peak strains.
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Fig. 2 Bending strain dependence of /. for BHO-doped GdBCO CCs.
The arrows indicate the peak strains.
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Fig. 1 Delamination diagnosis methods using ultrasonic waves
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the opposite arrangement of the AE sensors (b).
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Fig. 1: Configuration of the new superconducting three-
terminal device element, “yTron”. The gate current /, and the
channel current I, are injected, and the current crowding
occurs at the sharp intersection P.
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Fig. 2: Simplified yTron configuration with zero intersection
angle. Two superconducting nanostrips of widths w, and w;,
carry transport currents /, and /,, respectively.
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Multi-scale modeling of current-voltage characteristics in long length HTS tapes
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Influence of twist direction to AC loss in two layered twisted HTS cable

AN, fo R, B fUME, Ve ZEME TR dhEE, MR I, NI A CINE R )
OGAWA Jun, FUKUI Satoshi, OKA Tetsuo, SATO Takao, HARA Yusuke, TOJO Ryuji, OGAWA Tomoya (Niigata University)

1. [ZC®HIZ

ERMBE A — 7 L DOBIFEIC BT, AT ER IC A
U 5B OEHEIL, 7—7 VORERES ., LT,
Ty =T a R MIEMT D207 — 7 UGN s
BRI KTTHELTMT 2T EE L b, AU
ITNE SR L L, 4MEx SV & ZH0 oS —
TNEBELE B A A NSRBI — 7 L AR
L., BWHIEEIZ L0 WA DR TEEER K T Eh
ME L=, WAEOEGNT v A% B S B2 BEORS
HRFEEA~ OO Z1T o 12,

2. T—J I DIEEERRAE

K 128y A A EIRERE S — 7 L OIS X % R
9, Bi2223/Ag MM A NEELE 20mm (2 9 A, FMEER
26. 4mm |2 12 A% Z N IVMSE B COR & AT 72, 8 A
W3t d %Y A A MAEEIINSNE I 45 L L, Bp R
B 1mm & U7z, JE T DABARE RS 2 2 BV ) A B
D AT B A SRV AT a0 — L TR AGATe 2 & CITEV L
RUEAR I LB IRE EFOREEITo 72, NIEORRK %
ELHIEERE LT & X ORFSLEREIL 74. 0A, M8 DR %
BllHEe U7 REO G B IRAIEIL 83. 1A & 72 o7z,

WIE . SME DTN O ITIE S B Chiis v TR
0, 2EREHNENENDIE OB AT AR ESE TR
TR O Z AT 7=, £i2. ERZM SR+ 57
DITIMNENEENE IO EIEE 8A 7 5 64A FT8A T
NS CTEBRZITW, ZOKOREENS T 40T 4 7%
ITWENENDBIR AT AR DA IR R EEE
L7z,

3. EEER

B 212 S-Z#kD L S-SRV DO JEY A A b HIRBRIsE
=T VBN TERNT VAL ERT & & DOR
BRI 2R, TN DX O 7 — 7 V2R o
YRR, BRI 1AM 72 0 ONSNE OB O &
RLTWD, MO FBLIINE, sMEThEnfiEFE
B72 1 RKDOZHRHEIZME L, THLENDAE THIT T
HIH L7, 72, TNENOXOETMEIL. AN E
OBFENPKE L, HRANEOERENRE N & &

Inner layer

Outer layer

\
Bi2223/Ag tape &

Fig. 1 Schematic illustration of two layer twisted
HTS cable

— 221 —

IRLTWB, ENEND/RNT A—H T —7 )Vl % il
W HrBEHEEELRLTND,

M2 kb, S-Z#V, S-SHRY & 112 50 : 50 (U TH
— TN BEROR R RIIRMEE R, 22T, r—7
JNZBITAEENFAETHERE LT, @EICLDHHEK
E RO BED BRI L D EENEESND, NE
ORI &S E OPE B Il S v T . 4b
JE ORRT NG OREHANE B B 7 1SR & Vg O#RDME B e
RN EDHENET D, S-ZH#RY & S-SHRY Z T 5
BT TG EINENE T DN, SSZH#0 O
F 9 BPINCER AR L7ZIES I 7 P LTWA, 20
PR & U CNAMNE O ARSI Bre 5720, WHEOIE
DHEBER DI E S1H 50 1 50 THERL . S-Z #A Y DA
IENIMEDME DR R F v LT B HIANCAE T 7
B, NBLEABO N—Z L OBIFMMIFITE LR
KNSR BD Z ENTHEND,

AWFFE TR L7zl ) lBIsE r — 7 L & 1l LAl
B DRHEREEZITMMCE 20, 4%, VA
A NE T R, M O & & X TRk FE
BRAAT D Z LI X0 IRRIIC R B REEH 21T 5 TE T
»5b,

3
610 | -

——— 1200A
—a— 1100A
——— 1000A
—e—— 900A

510° -

t

410° -
——— 800A
310° —=&—— 700A
—— 600A
210° |- ——+—— 500A

—>—— 400A

0 7

100:0 50:50 0:100
Transport current ratio( Outside : Inside)

Transport current loss Q
(J/m/cycle)

110° L

6107

——e—— 1200A
—a— 1100A
——— 1000A
—e—— 900A

5107 |-

t

410°
—— 800A
310° & 700A
——*— 600A
T 210 1 ——+—— 500A

—>—— 400A

0 7

100:0 50:50 0:100
Transport current ratio( Outside : Inside)

Transport current loss Q
Jimicycle)

110° L

Fig. 2 AC transport current losses in twisted two
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AC characteristics of a prototype Bi2223 superconducting coil

using a magnetic flux deflector
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