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Fig. 1 Schematic drawing of RTR-system PLD with Mask
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Fig. 2 Composition ratio and deposition rate of fixed
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Increase of speed of laser scribing process by dual beam
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Fig.1 Concept of optical design for uniformity of laser beam
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Fig.2 Beam profiles obtained by beam profiler, (a) a profile without mask
after modification, (b) a profile of dual beam after modification.
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Fig. 1 I-V characteristics of the YBCO/Nb-STO/Ni/Cu/SS316
tape, comparing with calculated curves by a finite element
method.
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Fig. 1. Cross—sectional TEM image and SAEDs (a-
g) from each circles indicated in the TEM
image.
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Fig. 1. Sheet current density distributions of the magnetized
samples obtained by the SHPM at 3 T and 20 K.
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Fig. 2. Histograms of normalized critical current density
shown for the two fabrication processes: dypee = 170 nm and
once = 30 nm.
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Fig. 3. Current density, J, vs. electric field, E, properties at 20
K obtained for the samples with the two fabrication
processes: dyee = 170 nm and d;c. = 30 nm.
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Vortex pinning property in YBCO filmcontaining nanorods and stacking faults
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Fig.1 (a) J-B and (b) F,-B characteristics in the annealed
YBCO+BHO film at 20, 40, 65, and 77 K.
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Magnetization relaxation in SmBa,CusOy films with BaHfO3; nanorods
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Fig. 1 BHO content dependence of relaxation rate S in
BHO-doped SmBCO films at 30 K and 1, 3, and 5 T.
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Fig. 2 Relaxation rate maps for magnetic field and temperature
in (a) pure and (b) 2.2vol.%BHO-doped SmBCO films.
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Fig.1 Comparison with critical current at reel-to- reel
SHPM and four probe method. (a)Uniform region, (b)Low
1, region.
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Fig.3 E-I characteristics of the experiment and theoretical

curves including low /. region using n-value model and
percolation transition model, respectively.

H95Mm  20174F BEAK K 1227

A



1A-al0

Y SR i S

42 K, E{THEIS TIZH 175 REBCO M DEE R EFAIE

Critical current measurement of REBCO conductors at 4.2 K in parallel field
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Table 1 Technical characteristics of REBCO samples

Conductor Hastelloy Cu stabilizer ~ Dimensions
thickness thickness (wWx t)
SuNAM 60 um 20 pm 4.1 x0.10 mm
SuperOx 60 pm 40 pm 4.0 x0.152 mm
SuperPower-CF 50 um 20 um 4.0x0.09 mm
Table 2. Ic (1pV/em) and n-values

measured using the sample holder at 77
K and self-field condition. The values in
the parentheses are of the perpendicular

field.
Ic (A) | n-value
SuNAM 210 46
217) | 43)
SuperOx 126 34
(132) | (36)
i SuperPower-CF | 118 34
Fig. 1. Sample holder (116) | 31
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Fig. 2. Critical current of REBCO
conductors at 4.2 K in parallel field.
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Suppression of premature thermal runaway (quench) in high-field HTS coils (1)
— Cases and suppression method of premature thermal runaways -
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REBCO =ZA/NVOEA | BH I (=aA/VEE X EH) A 1
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3. FEH
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Table 1 Stress mode of -electromagnetic force-induce
degradation in REBCO and Bi-2223 coils. [1,2]

REBCO Bi-2223

e_9

100 mm order

Tensile

Peeling / cleavage

Stress concentration

Bucklin
& Several mm order

Tensile stress under
edgewise bending
(combination)

Table 2 Operating conditions of degradations and thermal
runaways [3-8]

N Coil Layers B, (T) Jeond Q(VxI) Thermal Degradation

o. (A/mm?) (w) runaway mode

1 REBCO 4 11.4 1025 0.37 No Combination

2 REBCO 8 177 803 | 072 Ves | Buckling

3 REBCO 8 179 883 ! 0.71 Yes | Buckling

4 REBCO 74 25 284 0.46 No Peeling /
cleavage

5 REBCO 76 276 389 | 0.4 Yes | ?

6 Bi2222 6 177 38 | 15 No | Tensile

[y ! stress

Table 3 Requirements of applications and suitable coil
configurations.

Premature thermal
runaway (quench)

Pancake
NI High field

Layer

*Persistent

current { Defect irrelevant [9]
*Homogeneous
field Bi-2223:
Insulated | Applications which cannot Stress management
REBCO:

accept field delay and charging

Stress management
loss

and heating criteria

HEE AR A B IR B O TE R R PI .
WA ) —a AlEHEE T 07T LD E 5 T T,
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Suppression of premature thermal runaway (quench) in high-field HTS coils (2)
- Joule heating criteria of a thermal runaway for an insulated coil -
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3. EMIER - HTS A ILDEEREISATIT
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4. F&OH
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7o BBEEY; NMR 72212 > CHEAMDRIRER L (>20 T,
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ERDH D, FRZ, RTS8 E 2 il 52 L3 K e
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REBCO (/77 o 200 A)

g + Heating length: 10 mm 42/K||OB: 0T
= + No cooling effect of cryogen J.: 4292 Almm?
Ke] g T.:90 K
8 =2 Tohoku Univ. AB:10T
LG Cryogen-free RIKEN 27.6 T Jg: 2429 Almm?
5 % 25 T magnet [(zi] magnet [4] T.: 845K
o S Je - 897 Afmm J, 839 A/mm2 | |0 Be,:20 T
£c | J.: 1921 A/mm?
w1 T.:80K
T g 0.85 W( )

£ %0.4 W(measured plot) 0.2 V\? O

0 1537
0 200 400 600
(80% of J;)

Conductor current density, J.,q (A/mm?)
Fig.1 Oy~Jeond curves of a REBCO coil (ID 80 mm, 5 turns).
Bi-2223 (I 77¢, s+ 185 A)

6
42K + Heating length: 100 mm OB,: 0T

- gs r No cooling effect of cryogen J,: 889 Almm?
9o = s T.: 110K
s, P Ou AB:10T
o ® TO J,: 536 Almm?
= D
= 2 —— T.:60 K
O 3 N OB.:20T
£ g, J,: 454 Almm?
T T2 - B T.:40 K
o) 0 .
TE . \

o1 O I

=] L

0 P— P N P
0 200 400 600

Conductor current density, J..,q (A/mm2)
Fig.2 Qy~Jeona curves of a Bi-2223 coil (ID 80 mm, 5 turns).
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Suppression of premature thermal runaway (quench) in high—field HTS coils (3)

—Compatibility of a short field delay and self—protection characteristics for a NI layer—-wound coil—
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Radial contact resistance
(+) Y

1st :7
tun |

1 turninductance

2t "
turn |

s e e

1gn |
turn ]
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Fig.1 Circuit models. (a) NI coil. (b) LNI coil.
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Fig.2 Measured magnetic field of current dump measurement.
(a) NI coil. (b) LNI coil.
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Fig.3 (a) Layer voltages and (b) power supply current and

normalized magnetic field in an over current operation.
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Quench protection technique for a conduction—cooled HTS coil

—Development policy—
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Fig. 1 Schematic drawing of HTS coil impregnated with
conductive epoxy resin
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Quench protection technique for a conduction—cooled HTS coil (2)
—Protection method using flux flow resistance —
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Quench protection technique for a conduction—cooled HTS coil

—Protection method using conductive epoxy resin—
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Table 1 Specification of single pancake coil impregnated with

conductive epoxy resin

Tape width (mm) 4
Tape thickness (mm) 0.17
Tape length (m) 20
Inner diameter (mm) 100
Outer diameter (mm) 128
Number of turns/pancake 60

Fig. 1 Photograph of single pancake coil impregnated with
conductive epoxy resin

1.2
1
\
. 0.8 \\
Q \
S~
@06 | N
[=) \ —1/10
< ~
0.4 AN -== B/BO
\\\
02 - Yead
““"a-*\a.
0 r r T — =

0.0 0.2 0.4 0.6 0.8 1.0
Time (s)

Fig. 2 Sudden discharging test result of single pancake coil
impregnated with conductive epoxy resin

120 L+l [ 250
r 0
100 = | |20
| Voltage/':?‘r —
— 80 ] S
< | Yo L150 E
" £
§ 60 - B %
5 ,' {{ 100 =
Y 40 -~ >
20 } |1} s0
0 . e cavuree” -0
0 1000 2000 3000 4000

Time (s)

Fig. 3 Overcurrent test result of single pancake coil
impregnated with conductive epoxy resin
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Fig. 1 1/4 cross sectional view of the half-size 5T coil.

Table 1 Specifications of the half-size 5T coil

A )L 280 mm
A VIR AR 600 mm
oAVl R 1020 mm
A )VE R 200 A/mm?®
N2 N R 50T /67T
Tt ) — (¢ 250 mmDSV) 1.7 ppm

Table 2 Inhomogeneous magnetic field over 250 mm DSV

Name 72 74 76 78 710 712
Value 172 | 310 | -2.63 | -15.41 | -1.22 | -1.81
(ppm)

SHPRSA

Fig. 2 Leakage magnetic field of the half-size 5T coil.
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Fig. 1 Trial design result of a 3T whole-body MRI coil
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Fig. 2 An analysis result of magnetic field in a
homogeneous ball space (500 mm) of whole—body 3T coil
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Fig. 3 An analysis result of temperature dependency of
DC current transport characteristics of Fig. 2

95 20174F BERKFRIR T2 - BAEA R



1A-p09

HTS~Z7 %> b

MIRFFFA HTS <5 v D RS (5)
—SuperKEKB E 3R R FNIEY T RybDIA LA EF—
Development of HTS accelerator magnet (5)

— Fabrication of prototype coils for SuperKEKB IR sextupole magnet —

R ELE], R AL, S R, BN S (FY7)
KW FEAN, ZFH B3, S5 B, B8 EE, £ R, TR HE (KEK) ; 4t =50 (W0
FUJITA Shinji, MUTO Shogo, IIJIMA Yasuhiro, NAOE Kunihiro (FUJIKURA) ;
OHUCHI Norihito, TAWADA Masafumi, TERASHIMA Akio, MASUZAWA Mika, WANG Xudong, TSUCHIYA Kiyosumi (KEK) ;
KIKUCHI Akihiro (NIMS)
E-mail: shinji.fujita@jp.fujikura.com

1. [ZC®HIZ

BEARRDED SN TUVD SuperKEKB 1280V T, B E
MHIEM DD HTS A~ %y kS TVA[ .
HTS i#E{Ak& L TlL REBCO 7 —7# A8EL THY, ZhE
TH & X~ 2o hakdt2], /MY REBCO aA V& vz r—
T RER(3], V=T O BUEMRNT4)5 T e L TXTZ. 4
[\, S~ Ry b ) —< L ASKEHOEFL — AT 7T
KD REBCO aANVE(ERILIZDT, ZORMEIZOWTHE
I 5.

2. a4 )LiEH

AV L7 REBCO T —7 #1372 2778 4 mm
&, 75 pm F5bi, 28 20 um JE Cu D> A (RVAIRNT—
THak) THD. A ATAER Table 1 1RT. BT EHKRL
THY, BEHIEOMA%Z R85 mm ELTZHEEL —ANT v IR
ThHD. AL 2 BONSU A —Raf /L THY, GigideR
X UBHIEIC KA B ZE G L LT, BRI IR [ £ o2
H#seE 3 #iTE A TVA.

3. A LEERER

Fig. 1 IZRIELTzaA VOB B HA RS, ZDXH7eaA
WG EMERLL, WIRESR T T FVRFEZRELT. FV
A — VTR PUCE N 3 24— V7 7efll& b5, £D
WP 22 LI FVRHIEER X 2 IR, 21D ],
nfl, B, AV HEORERE Fig. 2 1R, a4V [
HA LI2EoTE D DIEHHSETHLN, n T T 20
P EThy, BFRFEENELNT. SHEICBEL TiE,
Table 1 O~HEAARIZH L TE0.1 mm (EFELLIE£0.05 mm)
ZHEEIUEN, FERELT 1 mm FBREDORENEL. 5%
EBRHTERE DU HEN LT THD.

4. F&H

AN~ 7 2y MDY — AT v 7 REBCO =A% 6 ]
ERIUT, BRI BRI BAF CH o708, ~SHERE S (X H
WL T, 5%, ThbOaA VS~ 2 %y MO
TIALTC, RSS2 D2 A2 4T T iE Thb.

Table 1. Specifications of a REBCO coil.

Values

Parameters
REBCO tape width, thickness
(with insulation)
REBCO tape length 110 m
Coil width (inner, outer) 38.6 mm, 83.6 mm
Coil length (inner, outer) 155.0 mm, 200.0 mm
Coil height 9.0 mm
Inner radius of curve part 8.5 mm
Number of turn 121 turns X 2 layers

4.1 mm, 0.185 mm

Fig. 1. Photograph of a REBCO coil (#6).
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Fig. 2. FV characteristics of all REBCO coils at 77.3 K.

Table 2. Results of REBCO coil fabrication.

#1 #2 #3 #4 #5 #6

Coll LIAl " 355 803 791 789 884 886
(0.1 uV/cm criteria)
Coil rrvalue 36 34 29 31 30 37

(0.001 ~ 0.1 uV/cm)

Jointresistance 5o 047 041 053 052 070
[uQl

Coil width (outer)
[mm]

Coil length (outer)
[mm]

Coil height

[mm]

84.45 8469 8452 8382 8375 8407

199.14 199.49 200.11 199.84 200.10 200.13

8.85 8.84 8.83 8.90 8.97 8.90
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