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Influence of the Electrode Structure in Yoroi—coil on Thermal and

Electromagnetic Stress Distributions in HTS Coil
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Table 1 Specifications of a Yoroi-coil

Superconducting wire type PLD-GdBCO-IBAD
HTS tape width 4.1 mm (Average)
HTS tape thickness 131 um
Wire length 50 m
Inner/Outer diameter of coil 250 / 265 mm
Number of turns 55/PC
Frame and plates SUS316L
Separating plate G-FRP
Numerical model .
z Unit: mm
Numerical bolt

model _—

138

Electrode "-._

s

Fig.1 Analytical model of a Yoroi-coil.

400

g
2
=
B 200
™
['\ 100 —— B DA
X
' . —e—ZRUNRED A
—e— TN e U HRARE
-100
0 1 2 3
B b EE

Fig.2 Maximum hoop stress of a coil as a function of the
number of additional bolts.
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Fig.3 Hoop stress distribution of a coil when the number of
additional bolts was one.
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Table 1 Specifications of analyzed coil assemblies

Coil no. #1 #2 | #3

Number of

. 4 12 (8 in CW / 4 in EW5s)
pancake coils

#1 (EW) #3 (EW)

Conductor used #1 49 (CW) £ (CW)

Number of turns
. . 20
in each coil

Total conductor

16.66 m 49.97 m
length

EW means end winding, CW means central winding.

] 11.373 Hz, meas. - -==-=--- 24.63 Hz, meas.
@Coill#1 11 373Hz, calc. 4  24.63 Hz, calc.
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Fig. 1 Comparison between measured and calculated ac
losses for (a) coil #1 and (b) coil #2.
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Fig. 2 Ac loss density distributions in (a) coil #1, (b) coil #2,
and (c) coil #3.

Bl

AL D —FRII R R AT HRE B S O BF 78 pl SR R B 353
MRS HY A ) N —a AIHHEE T 0 7T L (S—A /) | DO
BlZXoTThiiz,

SE Xk
1. N. Amemiya, et al.:Physica C, 310 (1998) p. 16-29

— 150 — 95 20174F BERKFRIR T2 - BAEA R



3A-a03

HTS a4

4745 A GIBCO T—7 2 EREZTO/ILDEERFHE

Properties of four—filaments Gd123 tape coil with two tapes co—winding

A, W EE SRR, R GRAEX) ;

HIRE S, AR, K R,

PR, KRORAER, SREFRR (T7U77)

Y. Imai, T. Okada, K. Takahashi, S. Awaji (Tohoku Univ.) ;
H. Miyazaki, S. Iwai, S. loka (Toshiba) ; S. Fujita, M. Daibo, Y. lijima (Fujikura)
E-mail: imai_yuto@imr.tohoku.ac.jp

IiL‘;&)l:

ﬁitﬁ ESIT 25T MATLERE~ 7 Ry D 30T
~DT /771/~% AT 72 R&D 24T TD, A /LD
IS E A NE 572012, REBCO 7 — 7 b & 2 K3
URAEHE A/ VNOBREM OBIG AT LT,
30T DREBFANATREL /2D, AMFIETIL, M EFHEARAD
B TARURILER T2V DN T, B T 256
T 5 HITNY 77— g I BINIZIEE AT 4 RICAZZ
AT ERTM AT T4 T STV THERLL 7227
DAL NWNZHONWT, BuliGd 11T ORSHIZHB W CEE
L., AV O B iR LA - F 0352 1 E LTz,

2. 4745 A2k GBCO T— 2 ER&EZ=a(IL

A a2 RO LI Ofg e a2 R 1IR3, 24
JUE GABCO 7 — 7 ORB{RE g 2 A it 5 19012
B DETER LK (@), AZFATHL, 727 TR
STz, N 77— BT A’ ANE O EIZBR
BN R FEBS T TA T4 TA ORI ELTZL DO THA(X
1)[1][2],

AR — IV FE T IANVIREmMIOT AT —
ARE L, :r/r/l/ VIR 7 72 N LTI TAF A MZHY
1, 12T RS~ 7 2 FIZERE L=, @1 4.2K(LHe),
10 K, 20 K, 30 K, 40K OEFIFH, 0 T, 11 T ORESEAE,
EIROTHGEEZ 0.33 A/s, 0.8 A/s, 1.9 A/s, 4.2 A/s, 8.3
A/s IZB LS THIEL,

_ Cu(40mr

(a)/ Gd123 (SC layer outside)  (b)

Gd123 (SC layer inside) //é 123
m w " o0,

o —Hastelloy (’
\ Teflon coated polyimide
(insulation)

Fig. 1 (a) Cross—section image of a two tapes co~winding coil
and (b) four—filaments GdBCO tape.

Table 1 Specifications of tapes and coils.

Non-scribe | Scribe
Material GdBCOw/o APC
o 1. (7T7K) of Tape A 175/182 214
E‘ of filaments 1 4
Tape width mm 4.1
Tape thickness 1111 0.17
of tapes 2 (two-ply)
Inner dia. mm 100
Outer dia. mm =185
— Coil height mm 4.5
3 of turns/pancake 107
Total tape length m 96.6
Insul. Thickness mm 0.06
Coil I. @7TK A 172 207
Coil n-value 33 15
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Fig.2 (a) E-J characteristic of the W&R test coil
(b) load factor dependence of Minimum Quench Energy.
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Table 1. Parameters of the sample coil and the winding tape.

Coil Column A (7)
Form Ring from
Turn number 1
Diameter 70mm

Tape
Filament material Bi-2223
Size 4.20.22 mm’
Critical current 115A
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Vol.93 (2016) P.12
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Fig.1 Comparison of Equivalent Circuits of Multi-Stacked
HTS Pancake Coil-System: (a) Scheme of Multi-Stacked
Coil-System; (b) Insulation Coil-System; (c) No-Insulation
Coil-System

Table.1 Comparison of Advantages and Limitations between
Multi-Stacked Insulation and No—Insulation Coil-Systems
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Table.1 Specification of No-Insulation REBCO pancake coil

Overall width; thickness[mm] 4.02;0.09
REBCO Copper stabili;er 20
conductor thickness[um/side]
L. @77K,self-field[A] >115
i.d; o.d [m] 0.400;0.645
Height[mm] 4.02
Turns 135
Coil L. @77K (healthy coil)[A] 58.9
Inductance[mH] 1.266
Turn-to-turn contact resistivity 70

Ret[pQ-cm?]

Contact surface Resistance between
the Tumn-to-turn Windings, Ret

Resistance of Local REBCO Winding
due to I-V characteristic,Rsc

¢ Selfand Mutual Inductances
of Local Winding LM

1 PEEC £TIL
Fig.1 Partial Element Equivalent Circuit Model

120

100 w
80

60
40
20

Ic [A]

0 5 10 15 20
X [m]

2 REBCO M DRFAMD lc 777
Fig.2 Ic Distribution in Lengthwise Direction in REBCO Tape
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Fig.3 Analytical Result
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Table 1 Specifications of a GABCO Coil
Shape of coil
Wire length [m] 1.45

Inner diameter [mm)] 90

Single pancake coil

Number of turns 5
Critical current(77 K, 1 uV/em) [A] 192

Disconnection current
-+-Coil@LN2
-®-Coil @styrofoam
-&-Tape@LN2
-@-Tape@styrofoam
Critical current
-+-Coil@LN2
-&-Coil @styrofoam
—&-Tape@LN2
-o-Tape@styrofoam

Current [A]

2 3 4 5
Cutting length[mm]

Fig.1 Critical current and disconnection current as a function of
cutting length
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s o
-~ [,

Coil@styrofoam

e
(¥}

Tape@styrofoam

0 ' 1 J
0 50 100 150 200 250

Excitation current [A]
Fig.2 Calorific power as a function of operating current when
the target current was equal to the maximum target current that
could maintain the superconducting state for 60s at the target
current (The maximum allowable calorific power is expressed
as a plot).
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J. Cryo. Super. Soc. Jpn., 48.
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Fig. 1. Analytical model of winding pack of HTS
coil for numerical simulation.
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Fig. 2. Example of time evolution of temperature at defect
area.

1=250A,B,=193T

—a— T,=30K

[ - 7,=32K
- 7,=33K

sk 4

-—— .

Voltage Vyp, [mV]
=N

30 75 100
Defect rate 7 [%]
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