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Development of REBCO HTS Magnet for Maglev
—Evaluation of the heat load due to the vibration—
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A )NITTAF AL SRS FIF B CEBY, a4t
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Fig.3 Fluctuation of the coil voltage and temperature rise
during 15 G vibration in bending mode.
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Development of REBCO HTS Magnet for Maglev
—Evaluation of Dynamic Characteristics of REBCO HTS Coil-
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(a) Torsional mode

211Hz |

(b) Bending mode
Fig.2 Natural vibration mode of REBCO coil
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Fig.3 Vibration acceleration of REBCO coil
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Development of a large—scale racetrack coil wound with REBCO—-coated conductor
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Fig.1 Photégl“_elﬁh of large—scale racetrack coils (#land #2)

Table 1 Specification of large—scale racetrack coils

Coil No. #1 #2

Tape width (mm) 4 4

Tape thickness (mm) 0.17 0.1

Tape length (m) 978 945

Inner diameter (mm) 205 205

Outer diameter (mm) 286 257

Straight length (mm) 570 570

Turns 365 365

Coil Ie (A) 115 56

Coil n—value 23 24

® #1(exp) ®m #2(exp.) =---#1(cal.) = =#2(cal.) |
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Fig.2 V-1 characteristics of racetrack coils at 77 K
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Fig.3 Thermal cycle test of racetrack coil #1
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Electromechanical properties of Gd123 coil with stainless—steel reinforcement structure
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2. SUS ##3& Gd123 a1 /L
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MIZ7 P 7Z%8L, IE 4mm O Cu Av¥ GdBaxCuzOy 7 — 7T
Do ZINZ, AT UL ABIOE S HESL S mm OV T L, S
276 mm, WA 240 mm, JEZ 0.5 mm O HBEHAED
WHIET, G L LT, M 12.5 um ORVAIvRT
— T HBEEAN, XTI EREToT, FERRIE, 11 T O
Ry 7T FRES TR~V 55T, WEICLVER A
M7=, K 360 A ETOWEICLST, BIC iﬂiﬁf
PR AR T 1100 MPa, NATOAHFE THI 1750 MPa OFE
W &EINL7=,
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FTHELZ, AN ~DOBEBROEIMILTZB3-T, 24
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$0.4%E 7857, O, EBRTHLNARNE DO O0T
77‘& E—HT 5, ZOOT HBFELNON, Fig. 26 AK
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(LIRS DI TRV, 2, B COMATRY
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— 5T, BHEINZED0T AT KN T0.6%THY, #Af D
FloBEYOFHPRESHTVDR0.5%E 2 TW\D, Lol
IANADPBITIAE TS BIEORAEIZ RO o7, 2
X, AV ESUSHITR D BUHE 7212 LD TERE OBV ONT B3,
FOTHRELTHIMEN TS0 EE 2 HND,

4. FEH
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Fig. 1 Strains on Gd123 coil reinforced by SUS (a) outer
surface and (b) inner surface of the coil.
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Study on Stress Transmission Characteristic of Yoroi—coil Structure

Considering Bolt Fixing and Electrode
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N757 =TI TIBMER T 27280, MEERAM DI E T R
NRHD, ZHICK LT, A eERINTH 22 20#iELL T,
Yoroi—coil #IENRRINTWA[LL, L, ZhWETIE, &
Wit 70 L, FEAMLEEE LR T+ 21cdiThi T
W, EZT, ARETCHE, BmREESCRVNEE G
BB LTSI AR A FEE L, 2B EDY Yoroicoil
DRI NEPZN RN BT TR THRF LT,

2. BT A&

fRHT R ELTZ Yoroi—coil DIt Table 1 (7R, 77,
fENTET L O EHEKBL OB R E Fig.1 1277, 2114
EOMFRIEEZEEBL T 1/8 BF VE/ERR LT, fitTrET LT
X, BEEEEZEL, RAMIAS TEAEY A AN &S
B9 HIEICEVR NV NEEME AR LT, F7o, BEEa
WK EUTHR, S VA B TR & A TR A 1 0 oD F fir i
LU ARV b A TR AR S50 O BE Al T | S B S - %3 9
é ETIS I DR RS LT, 2L, N o T v 7

BeL Tz fiiE T mo—ESs (11T) SEIINES b eL,
aAVEREAS 100 A OLA OIS 154 %R, = IRIeH RE S
B XOfRIT LT,

3. EMERRUER

A E A 2RO RNV N CEE LG G OBEEa /I
BT —F IS5 4% Fig.2 (ORd, FXEIY, RASDJE
IZBWT, 7= I SIBEIMLTWDZERDND, Fiz,
TR SEEN - BT TIE 130 MPa F2E D7 — 75 F1AME)
TNDBDIZHTL T, BT TIL, K 300 MPa f2E D7 —
TIEFIDMINNTNDZ LD HERS LT, BRI ITARTRAL 23
BT HITWRN 2, AR E E AL RO JEL T S
aA VRIS, M‘Sﬁﬁz’)‘it%ﬂﬂbf:k%i%ﬂéo FIZT,Z

ﬁ@%m’/wma ARSI 572012, B REIIA L
MM ARBINL S G I OWTT LT, ZOLEDEEED
AN T —7 Eﬁ/\?ﬁ% Fig.3 127”77 (Fig.2 & Fig.3 DA
T N—IRBRHLITEE), 2D, Bk Ty —7
JEJVEDSEEINT 2600, BB ITOIS 1B 240MPa F2
EEL, ARVMENNRTEYE 60 MPa B2 EE R 452 L0307,
LLEXY, Yoroi—coil #i&% FEERICHEKR T 255 121%, ALh
JEAERCT7 —F IS MBI BE LB, BBRIITIZHEWNT,
T =AM REBIMT DN b T, 205G, B
DR T =7 IEFNTHONWTIL, BMRE E H ORIV
T I LIV T AN A RE TH D, LA EDERIT
Yoroi-coil ##i& & H 328541213, 5’<®T/H\%EEE§?‘%>
7ol B OMIRETRL T HIENEEL/D,

B
AL, B (15H03586) DB A SZ 1T THiGLTZD
DTHD,

Table 1 Specifications of a Yoroi-coil.

Superconducting wire type PLD-GdBCO-IBAD
HTS tape width 4.1 mm (Average)
HTS tape thickness 131 pm
Wire length 50 m
Inner/Outer diameter of coil 250 / 265 mm
Number of turns 55/PC
Frame and plates SUS316L
Separating plate and bobbin G-FRP
Numerical model z Unit: mm
Numerical model
5.2
ASREEEit roa
|
G-FRP - L, T
(e et __ I
Ll A
ENRELE R
10.4
bolt

s ¥ -7.52%10'
Fig.2 Hoop stress distribution of a coil with the electrode
fixed by two bolts.

7
¥ -3.01x10

Fig.3 Hoop stress distribution of a coil with the electrode
fixed by three bolts (one additional bolt).
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Experiment and numerical simulation on diffusion process of screening current in HTS coil
wound with copper—plated mutifilamentary REBCO tape
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REBCO HEE I A2 A\ o @EBiE=aA /1% NMR 72812
ST AL - BRI ED LN TND, m— - mEERE
WD ER SIS NMR (i H T 2B ISR/ 2023, i
B TTRS TH D, WEREFTIL, REBCO M3 T —7 ik
ZLTWAZLITERL TWAH7h, REBCO #iifa~ /L F 74
FACMETBZET, MflEND REMERH S, LL, <L
F 747 A ME REBCO M4 1%, B0 TR EE OB 22 E M
AR T D720, SAAYSBIEINDN, T OFEHE, B
IZHE B BN T 4T AV M ZETRNAZ L0, IR ER
TR B A 5.2 5 L2 b, 22T, ARERTIE, <
IVTFT4F A Ml REBCO #b AL AV —&HDHNT s
— R CTERU-FIRBEEIA BRI, n‘%w*
AR, A BIROFFER RIS O ER EIC W TE
BHRATIZ IS W TR L 7D T 372,

2. ()L

FENT I RO, 1E 4 mm, EE 0.1 mm (B EE=Z
1.5 um) ® REBCO ##f % v 7=, Coil 1, Coil 2 1ZZF N2
FE)TATAUN, 4 TATAVRNDOBMEL AT —HBLTHO,
Coil 3, Coil 4 IXTENZEINE /T ATAN, 4 TATANORH
R TN —F B LIS DThHD, W IDA LGP
80 mm, 4% 81 mm Th 5, EHRIREIL 42K T, Eiz 300
A £T 6.67 Als THIEL, TDH—EELT, TS OR
M2 LA FA L 72,

3. ERE RIS

REBCO #6f DJE 2 7 [0 CERE S — KL+ DT %
W, B TIEI, S AR E SO B R A B R T RE
7oA IR ERIEE M A A bW Z IR T BRI E R
B AW CIER BB O FH R AT o7 [ 1], bi@mﬁr
RIUT, fRATTIL, EBEOBREELBELC, BEYEIC
KA RIS E LT, n fEIE 35 —E &Lz, Fig. 1 L:%Jr%iﬁ'%
BERT, LAY —BL U —%ETIE, HONIEGOR
V7 DR EMNRIRDZ LD D,

BERRDO B E M ORMNEZ Fig. 2 1277, ZORIX
AL TN DEIRE FH M OB N OB S e — %
RLTWD, T—7 i AY MR IZEEHIR AL TR
TN D, ZDOWEGFDOILE 1R ADS Fig. 1 ORHFORIZR
ARILTWD,

RGBT OB, fE A BRORHEE-CBE OWERE
TEBOBRE L OEBRFERL O LI OFEMIT Y B #5325,
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Table 1. Specifications of model magnet
Coil 1 Coil 2 Coil 3 Coil 4

G Layer Layer Pancake  Pancake
Coil winding
wound wound wound wound
Mono- Mono-
REBCO tape filament 4-filament filament 4-filament
Inner diameter 80 30 30 30
(mm)
Outer diameter 81 81 81 81
(mm)
Height (mm) 94.8 94.8 97.3 97.3
4x11 4x11

Number of turns 23x4 layers 23x4 layers  double double

=92 =92 pancake = pancake =
88 88
294.30
294.25 S-10°am
— 294.20
=
E /
— 294.15
3 [ =10%0
£ 294.10 ’ p= m
-% 294.05
® 294.00 /
= 293.95 1010
w P 1U um
293.90
293.85
0 500 1000 1500 2000
Time (s)
(a) Layer winding
278.45
278.40
o 27835 p=10%0m
= ===
£ 27830 —
o 278.25
%’ 278.20 p-=10%Qm
r
< 278.15
o] p=10%QOm
= 278.10 r
278.05
278.00
0 500 1000 1500 2000
Time (s)
(b) Pancake winding

Fig. 1. Magnetic field in coil 2 and 3 with various transverse
resistivity between filaments.

Current density (A/m2)

0.000  1.300+010 2.600+010 3.906+010 5.200+010 6.500+010 7.80e+010 9.100+010 1.04e+011 1.176+01] 1.30e+011

—
Slit

(a) Layer winding

Siit —

(b) Pancake winding

Fig. 2. Current distribution in a longitudinal direction of coil
winding with 4-filamentary tape at ramp-rate of 6.67 A/s and
transverse resistivity between filaments of 10 Qm.



1A-p02

1 A v 45 = %5 REBCO ##M 285+ %
ERERIC L DT BHISOEBINR

Effect of transverse resistivity on screening current distribution

in copper—plated mutifilamentary REBCO tape
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EIToT2, ZOEE, OB OB AT - 3L 7=, 7=,
SNTFTUTAMEDNREMED D DT, ~VTFT4TA
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SRIZ W TIRIRGEE 1 A/s T 150A E£THEIBLL, 2000 7
fAR—L R+ 5h0ELT,

Table 1 Specifications of REBCO model coil

Tape width 4 mm

Thickness of REBCO layer 1 um

Inner dimeter 50 mm
Number of turns 50
Number of pancake 6

Operating current 150A

Ramp rate 1A/s

Central field 0.85T

3. B Fi&

FENTICIT A R E S (FEM) CE# S EME (FEM) 2
DD SR TT RGN TikE AWiz[1], X FERERK
IZFRT, ZAUIE A AR — L D¥ER, 7757 —DER
HOWH, A —L2OEANCIVEHEN TS,

{Vxp(VT xn)}-n
+Méjw.m/:_%.n (1)
4z oty R ot
F72, REBCO bt DJE I J57 18] 0O 3 it 2 feAR 9~ D W (Ll %
FN=, ZOT 08 AYF I~ VT T 4T A MELT- 54 Ol
BT DBELTZEREL T,
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IR — VR IR 2 ISHERRE 7 L OFE RICHREL Tho T
W5, — i TEIOPIRNRKEWIES, 5 BIOBHTET L
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BELIT,

ZOFFNTHE RNDEAAY FAFE LN REBCO ##44 Tid7 4
T A NEHR PN A BRI SR B RAFE T 2 o
7o Fiz, SiAYFOWPIEE RELTHIETIATFT4TAS
MEIZE DI R+ fFHNDZEN D oT, ZHT
AT Lo T R AT DI 0N 22 b 728
7mEEZ LD,

ARHFFEII R FAEAFZE ANo. 26249036)I2L-77,

Charge Hold
0.00E+00 -
E-S.(X)E-03 1
3
& 2-filament (Isolated)
- -
§ LO0E-02 2-filament (groove: p= 10" Om)
3 2-filament (groove: p = 10 Om)
150602 -
[
¢
)
¥ -2.00€-02
Monofilament
-250E-02 iy ey 5
1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04
Time (s)
Fig. 1 Temporal drift of screening—current field in coils

wound 2-filament REBCO tape with the groove of various
resistance.
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1. H. Ueda, et al.: /EEE Trans. Appl. Supercond., Vol. 23
4100805 (2013)
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Analyses of shielding—current—induced field

in passively—shielded pre—clinical 1.5 T REBCO MRI magnet using axisymmetric model
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LI Yang, SOGABE Yusuke, AMEMIYA Naoyuki (Kyoto University);
PARKINSON Ben, GRANVILLE Simon (Victoria University of Wellington)
E-mail: y-li@asl.kuee.kyoto-u.ac.jp

1. Introduction

A 1.5 T magnetic resonance imaging (MRI) system to image
human extremities was constructed in New Zealand in 2013 [1].
It is based on a 240 mm room-temperature bore coil system,
which was designed and manufactured using coated conductor
made by AMSC with a magnetic substrate [2]. The influence of
the magnetic substrate on magnetic fields was evaluated by
using electromagnetic analysis software JMAG. We focused on
the normal magnetic field component to the superconductor
layer of each coated conductor which induces the shielding
current as well as the magnetic field in the room-temperature
bore.

2. Model and conditions

The MRI magnet consists of 32 pancake coils and a room-
temperature iron yoke. We adapted an axisymmetric model,
whose 1/4 cross-section and cylindrical coordinates are shown
in Fig.1. Each turn of the coils was modelled by a layer of the
magnetic substrate (NiW) and a layer of the superconductor
(YBCO).

We assumed that the designed coil current of 130 A flowed
uniformly in the superconductor layer. Two kinds of analysis
were then conducted: an analysis where the magnetic substrate
was considered; and for the comparison, an analysis where the
magnetic substrate was replaced with air.

Prior to the electromagnetic field analyses, we measured the
magnetic property of the substrate using a PPMS (Quantum
Design). The B-H curve of a piece of the coated conductor,
whose superconductor layer was removed, was measured as
shown in Fig. 2. The B-H curve of the iron yoke was given by a
typical B-H curve of iron in the database of IMAG.

3. Results

The magnetic substrate causes a decrease of magnetic field in
the room-temperature bore by 0.04% as seen in Fig. 3. As shown
in Fig.4, for the innermost conductor of the top pancake in Fig.1,
the magnetic field component normal to the superconductor
layer, which is the most important factor in determining
shielding currents, changed by about 7% due to the magnetic
substrate. The influence of the magnetic substrate is small
enough that we can ignore it when conducting the
electromagnetic field analyses to calculate the shielding current.

4. Analyses of the shielding-current-induced field
We plan to conduct analyses of the shielding current using the
following steps:
1) Axisymmetric analyses where the iron yoke is ignored;
2) Axisymmetric analyses where the iron yoke is considered;
3) Asymmetric analyses where the asymmetric geometry of
the magnet is considered.
The results of 1) will be presented in the conference.

References

1. Benjamin J. Parkinson et al., IEEE Trans. Appl. Supercond.,
vol. 23, no. 3, Jun. 2013, Art. no. 4400405.

2. Martin W. Rupich et al., IEEE Trans. Appl. Supercond., vol.
23, no. 3, Jun. 2013, Art. no. 6601205.
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Fig.1 1/4 cross-sectional of the coil system and the iron yoke

2x10°

100

0 1x10°
H (A/m)
Fig.2 Magnetic property of the magnetic substrate
1 55 T T T T T T T T
£ 154 ]
Q i
Fo------ Ignore magnetic substrate
i Consider magnetic substrate '\
1 53 1 1 1 1 I 1 1 1 1
0 50
z (mm)

Fig.3 Influence of the magnetic substrate on the magnetic field

in the room-temperature bore
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Fig.4 Normal magnetic field component to the superconductor
layer of a conductor
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Fig. 3. Alinear approximation of screening current-induced field
Bsc against operation current Jop. It is assumed that Bsc linearly
decreases when Iop exceeds the half of coil critical current ',
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Development of a persistent NMR using HTS inner coils (1)

— The overview of development activity —
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Table 1 The driven mode and the persistent mode
Persistent mode

Driven mode
Large, while it can

Field fluctuation be stabilized Small
Magnet operation Complicated Easy
Heat leak to 4.2 K Larger Smaller
. . Countermeasure is Countermeasur
Power line failure . .
required e is unnecessary

Table 2 Parameters of a 1.3 GHz NMR magnet design

REBCO  Bi-2223 LTS
(inner) (middle)  (outer)

Field contribution (T) 7.54 16.9 6.44
Total conductor length (km) 8.6 62 110
Apprommate number of 16 60 30
joints
Operating current (A) 183
Inductance (H) 1098

Table 3 The permissible joint resistance for a 1.3 GHz NMR

magnet
R-R - L-L
R-L joints R-(L-)B Jjoints B-L joints L-L
Jjoint joint Jjoint Jjoint
M—o——o—m
-t J =t
R coil B coil L coil
| R: REBCO/B: Bi-2223/L: LTS | LPCS

Joint resistance  Number of Total resistance

Q) joints Q)
R-R joint 1.00E-11 16 1.60E-10
B-B joint 1.00E-11 60 6.00E-10
R-L joint 1.00E-10 1 1.00E-10
B-L joint 1.00E-10 1 1.00E-10
R-(L-)B joint 1.00E-10 1 1.00E-10
L-L joint 1.00E-12 30 3.00E-11
R coil - - 5.00E-10
B coil 5.00E-10
L coil - - 1.00E-10

Total resistance Roverall 2.19E-09
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TG TR W EREZ A L., MR E BN
BT Iy hAOIEARFFFES QD BLIRD REBCO #jbf
ZH L7 NMR &H5UWNE MR~ 27 %y ME, EFMZEL
TR H R T AT D I R S T R E AL B IR O
HZERLTHS Y, LL, B ELEBROE AL, #h A
RO, ﬂi*{)?é?~:7“z»7b BOEYZ NI DIRIEA~V D L
DO BN, A2 BB R ~O R RIZLV /253 A
FOEEANZ 2727235, REBCO #4412 B W TH AR A EIRE—R
TOEEBENEFLL, KABRET—ROEB IZWHIT=
REBCO ##41 O BAZHERHT OV T, HHBI TRRFE A ED D
TWE 29 A a] Al B ICBAZE L= REBCO A O fdi 8 7o it
J7VE TR M e A E L LT 00 TABER H A & B AR R M L
DNTHRET S,

2. B OBEGRERUVERAE

AW T, Ag #7#J8, GdBay,Cus0,,/ Ce0,,/YSZ,/
Y,03,/Ni,/Cu,/SUS 75722 REBCO #bf & F L7, At
IEVE 4 mm E CTdHD, #bF OB T O Ag Rt B A TREL .
HMEEmABHSE%, 2 SOBM AL TREL., ©
NEORM SRR ARG L 3D L0\ Bfee F oo A 7B B st (LA
Joining CC L3R 70) & B8 i [ L 3B -5 IO TRl & L 7=
(Fig. 1), Joining CC D FEAAEIE 1T EEHA LRI THDHDY,
HREEEEEIC REBCO MEMmBEE R D mN R,
Joining CC &#ps @ﬁﬂiﬁf)ﬁ%%ﬁﬁéﬁt%ﬁff ERLPE 4
HETESRT B, HARIIITIL, #-44 L Joinig CC % SUS o
TR ECREEL, #mA T jj%EWJDUthﬁ T800°C DELLFR
AT o7, i DERE T = — )VALF T 1 atm OFEEE TR
KT 500°CH 200CE T 6 FEETHNT TIT o7,

3. BiRESTRMD -V

BERLE T [~V RREOFHIL, 8% D REBCO #44D 1.
‘Mﬂﬁkﬂﬁ@mﬁ%%@gifﬁoto %ﬁﬂ@»ﬂﬁ _s@muﬂrﬁ
FEIZATETHERE L 255 18 BT o AR AR L 2 BB i - 2 i i
THELT=, MEILIREEFR (77.3 K) EF’C“ﬁof:o

Pt T ORIOMM &, Bl praEde 2 M TRlEL
7= FVERED — % Fig.2 (289, B D LI% 158 A THD,
Joinig CC Z MWL 7R BE TR E L, BULPEA L
T=b DI 72 -V RER 7R L, 10°Q FEEDOIPIAR A
LWy, AR HEITE W TR A T2 DId
B E A L FRR O -V AR LTS, BN EEREE 1
em LT 1 uV/em OBME TR LM O L2KDBE,
Bt [ = 71 A ThHolz, b= A7V RBRELT 17T HIZIC
HHEIELEN, FRREDO [ THY, Kiges{bid Ao
STe, MOFIELT, Bt [=107 A BNELR TS Y,

AR EAHEOWH A SEM TEIE 54, T’ﬁ/\éé’btuﬁ
OIS AT I ZEBROMT AR 28 b=y, 824
BEEBEROHIBIN R 2R Fp /s A IR EE U@oto

Joined CC

GdBCO
intermediate layer
GdBCO layer

Buffer layer

Clad tape

Figure 1. schematic drawing of joined CC.

4.0 I
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3507 - IstI=T1A
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Current (A)
Figure 2. /-V/ characteristics.
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Development of a persistent NMR using HTS inner coils (3)
— Evaluations of persistent coil field decay and Ic—B characteristics on a REBCO superconducting joint —
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Table 1 Parameters of a persistent REBCO coil for

evaluating the joint resistance

Unit Value
2. KABHAA NI &S EAEH DT Conductor
IR BRI CEEA L= REBCO ¥ 7 L 80 i —Fa Conductor Wi.dth : thickness mm 4.0:0.14
N e o Copper stabilizer - None
ANVEBEL RIRZEFRTT 10 A (AWER 13%) TCRBEL Insulation i None
T-t% ., KABIROMGHEE R —/VHE - CTRIEL, AV Conductor Ic at 77 K A 160
D/3FA—4% Table 1127”7, Fig. 1 \TRd 18D, HOE Conductor length m 3.9
L BB S UIEOI IR EBIEANITEEEL . ¢ = 5 h 1T Coil
BUBEFHERGT R 1% 3X 1072 Q Thote, OHITXHLH Winding - Double pancake
Fiy i AR L RS TIHCISITS RIZ5X107° Q 12 Impregnation - None
FOINS aote, ZORBINT, A% ST EK O opelb mm 00
PEIRHIANE R/ R R BRI CIBsk ) — 7 728 0 N e ) 30.(15 x2)
BRI ESNDZEZRBLTCND, Coil Ic at 77 K (meas.) A 77
Joint Ic at 77 K (meas. A 140
3. EERD Ic-B #¥%E Self—inductance,(L (cal)c.) uH 53.5
77 K HOREICHITS LA 17.5 A OEESEIZHONT, Coil constant (calc.) mT/A 0.87

4.2 ,50 K, 77 K @«mgz iju\f\ 0 - 10 T OREE

RERZ NIMS IZB W CEHRIL 7,
SMERTESE DN 2V IRHE T, 4.2 K IZBIT DA [

77 K &~ 7 1%, n 1359 5 1% 75>o7‘_0 ERETEICN 4.2 K

ﬁﬁiﬂﬁ%’a\@@@%r o TIEFICHFNEL, Fio, B
L OSBRI - FO7 I3 L1220 A NI D

ﬁ%%%(}lv\zé%o_Eﬁ‘Tuﬁéﬂf_o T —2E W)

BRI PSS TRE T 5,

CORE

4. FLo

77 K HEMHBICBW TELNZBEAEHTITE X107 -
GBX107 Q Thoiz, ZOMEIF, 1.3 GHz NMR BEA IR
T HTS-HTS #:AICEREIND 1071 QUYL [2]%& FEI->T

N
oe]
T

Magnetic field By (mT)

~
+

\,w..‘ ! l
W v ""A‘mww 2 .,H..m P ..r
WiMWMW W/

—— Measurement
BO(t) = BO*exp{ t/(L/R)}

——R=3x1 0 Ohm

— —R=5x10"0hm
—-—BO(t) = 7.95-0. 0475Iog(t)
7_6 T n T . |
0 20 40 60

Time, t (h)

Fig. 1 Measured decay of the central magnetic field of the persistent
REBCO double pancake coil charged to 10 A in liquid nitrogen. The
white curve is averaged data of the measured data indicated by the
solid line. The dashed-dotted line and the dashed double-dotted line
are exponential fitting lines of Boexp{ - ¢ / (L/R;) } where R, is
characteristic resistance. The dashed-double dotted line is a
logarithmic fitting line.
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AEWERL 7Bt IR OISR E Fig. 1 1ZRULTz, WM{HloH#R
MEROHE LB 2 RELIEIT, Gd123 Bl L o%tk
A TERER EAT o7, ALY 7V idBE R T
W7 =— LU IR E RIRE CERFHEDOREZIT T,
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WA CIMB IEIZEVEEA LTz, Fig. 2 IZKANERA LV ER
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Gd123 coated conductor

E%W intermediate

|:| Two boundaries between wire and bulk

Fig. 1 Joint configuration in in this study.

Fixing bracket

Joint

Gd123 coil

Fig. 2 Persistent current coil prepared without PCS
unit.
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Jointing of coated conductors by using nano-particle metal pastes
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PLEFRETH Y, RKAP CTOMMARITIEIC L » THAIK
AR/ Y SY 4V

1B LNTEERIRPL L, 519k D BREE O BVULELE
FERAFPER X 2 1277, BEpiihtiT 100C & 150°CTER
FEEENTR o T, FHO5| -8R Y JREE 800 N LV H 1K
Motz, ZAUE, 100°C CTOEELCIL A 52 21T
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Electric field (upV/em)
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200 250 300 350 400

Current (A)
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Fig. 1 I-V curves between the voltage taps stepping over the joints
in the specimens jointed at different jointing temperatures [4]
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Au nano-paste jointing
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Fig.2 Temperature dependence of the joint resistance and tensile
strength jointed by Au nano-pastes [4]
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