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Half-size 3T REBCO superconducting magnet with active shielding coils for MRI
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Fig.1 Results of the initial cooling properties analysis on the
half-size active shield-type 3T coil (cooled by one GM
cryocooler without thermal switch)
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Table 1 Specifications of the half-size 3T Coil

Item Specification
Inner Diameter 560 mm
Outer Diameter 1200mm
Axial Length 980 mm
Inductance 145H

Rated Current 148A
Rated Current Density 120 A/mm?
Stored Energy 1.58MJ
Central Magnetic Field 29T
Maximum Magnetic Field 42T
Magnetic Field Hamogeneity 1.7 ppm (250 mm DSV)
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Fig.2 Results of the initial cooling properties analysis on the

half-size active shield-type 3T coil (cooled by two
GM cryocoolers with thermal switches)
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Table 1 Specifications of the half-size 5T coil.

Central magnetic field 5T
Maximum magnetic field 7T
Homogeneous magnetic region 1.7 ppm @250 mmDSV
Inner diameter 560 mm
Outer diameter 1200 mm
Current density 200 A/mm?
Rated current 215A
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Fig. 1 1/4 cross sectional view of the half-size 5T coil.
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Fig. 2 Load line of the half-size 5T coil.
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Development of HTS high stable magnetic field magnet system for MRI
— Evaluation of shielding current characteristics in a conduction—cooled MRI magnet -
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Fig.1 Schematic view of MRI magnet and NMR probe for
magnetic field measurement.
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Shielding-current induced field mitigation of an HTS dipole magnet for accelerator system
by current control and combination with sextupole correction coil
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Fig. 1 Schematic view of analyzed magnets; (a) dipole coil [1
(b) combination of the dipole coil and sextupole
correction coils.
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coil configurations.
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Evaluation of Electrical and Thermal Behaviors
in No—Insulation REBCO pancake coil with Tape Defects
ALl B, m) R, BT & (R B o BRAEKR)
ISHIYAMA Atsushi, ICHKAWA Tetsuri, ONOSHITA Haruka (Waseda Univ.) ; NOGUCHI So (Hokkaido Univ.)
E-mail: atsushi@waseda.jp

1. IZC®IZ

REBCO ##t D Rt « (KA 2 & 5 RREZFA L T
MREaA N EZEETHZ ENTENIE. 2T THRAE
NTEEBRMOFMLAGEL 720, a4 LDOEKa A Me
BHIFFCE D, o, Hic B b4 U T b ikfiEds) 7]
e 72U, KV EWEEN - FEMEEZHR T2 ENT
X5, ZZT, %L ORMBOFEIC L - THEMRERICKE
21T 5O X BTE(ET D REBCO #ibf T L 7 #Hafk (ND)
A JUTONT, ZOEBEE « BRI MO TRET -
i % 4T o 72D THET B,

2 RHHR

S.Hahn HDIT572 25D KfaddH5 NI ET /LA /LD
SBR[ 15kt G U T fRNT 24T o7, BT LV aA LD
Jt% Tablel |2, IA/NVNOEFENR (L) 754i% Fig2 (IR~
T, MIChHrI T RET LasicEbET 6 T
(27,39,41,17,118 J& H) K7 K [an3drnt O AR E L THiFHT
11572,

3. BB R

4y BRI (PEEC) &7 /L (Fig. 1) (2 H-3 B 40 A7 it
Fr&, FEM (Z KD B oy A fihT 28l L C[2], Fig.2 (2" d
I A EF > NI BF /v af Ve —E DG EE THiEL
TITo & DB EICE DL TOMPE N BN - B IR
B NERITLT,

4 FEHTHER

TR CTHF DI T2 A V18 5 0 38 A5 B 1 D FE W 28 (b & B fift
FEHTIZED B<HB T A2 TEZ, ZHICZED NI 21/ L N
DOEFEICEHETOMPEA /BB IR DA DL
(LA AL AZENTE, £2 KD NI 2L #ok
ENT=KMaDBHHAA N LD HEATHIZENTET,

BABEREATRE RO —FIE L C, WEE I T D20 i
BIEDOEE Fig3 173, WEROMiRa ATV TL,
Hobt Ic OIRWEITNHOREU L > TG EIZE ST
5, Tibb, RMETFRTDHIENTERD, ZHISH LT,
NI A /VTiE, KAy &L F L T4 8 OB 128
NS SNHT0 ., DX, BMEZRNLERICE-
TIRZATEENIEEL TV, KD aA /L DORGE 5
EBIED 98.9%F TEFEDIEEZMZ DI LN TET,

ARAFTE D%, BHFE - FARIFZEA (No.26249036) 58 &
OHAEFFES (18H05244) 12k ~7-,

SE X

1. S.Hahn et al., Supercond. Sci. Technol., Vol.29, No. 10, 2016

2. T.Wang et al.: IEEE Trans. Applied Supercond., vol.25, no.3,
2015

Table |  Specifications of NI model coil
REBCO Tape
Overall With [mm] 4.02
Overall Thickness [mm] 0.09
Copper Stabilizer Thickness [pm] 40 (20 per side)
Ic @ 77K, under Self-Field [A] 150
Coil
Number of Turns 135
Inner Diameter [mm] 40
Outer Diameter [mm] 64.5
Height [mm] 4.02
Contact Surface Resistivity [pQ*cm?2] 294
Inductance [uH] 1266
Cooling Condition LN2 (77 K)

W Local Contact Resistance between
the Turn-to-turn Windings, Re

.M Resistance of Local REBCO Winding
due to 1-V characteristic, Rse

A Self and Mutual Inductances
of Local Winding, L, M

Fig.1 PEEC (Partial Element Equivalent Circuit) model
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E %0

c 70
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40
]
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0
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Fig.2 I Distribution of the REBCO Tape Used in simulation

4

~
[

Terminal Voltage [mV]
7

715 A
INS —vns  (98.9%)
33.9 A ——V_DefectFree
—V_Defect
s ]
o Defect-Free

723 A

0 10 20 50 60 70

30 40
Operation Current [A]
Fig.3 Comparison of Voltage Increment
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Stability of NI REBCO pancake coils including local degradation

EfE B (EER)RKE h(TER &R A (EEXR) g i EEP) ;atE F5 (JST)
TAKAHASHI Shunji (Sophia Univ.); SUETOMI Yu (Chiba Univ.); TAKAO Tomoaki (Sophia Univ.);
YANAGISAWA Yoshinori (RIKEN), MAEDA Hideaki (JST)

1. [ZFC®IZ

No-insulation(NI) REBCO =iA /L CIZ, RATHIZ2 Rt %1t
ESSTEEL T, BIRAHLE &M TR 52— aiE
BIL, OB LML BRSO AL EIRIEE
ORI ATENESNTVA[L], LLens, 2084
IOV R TON TEL T, HIEDOEA W
& — o RIS Lo OV O BRI LT LS B S
(7o TR, Fo k1, 5 X —r DaAf LD FERE, 5
72BN FEATIZED 2 A B O IC LD THET 5,

2. 54— a4 )L DEER

4 mm f§®D REBCO #pf TEN- 5 Z—2 NI o7 s
U —FaA /(NI a1k, #ifk REBCO v s r—
XA JL(NS A /W) e BVEURER LR LT, 24V O ILE
Table 1 12789, 2A/WZESTH 3 X —2 HRIFOMRE IR
FRIDAY > NaEFRITHZET N THNCH LI EE~ T2, AY
v ROWEIX 0 mm (T2 BAYwReL), 1 mm, 2 mm, 3 mm &
LTzo EBIT NI AT DONTIE, 5 3 #—r th e g)v g
SNz (T B AU ME 4 mm) 2A VB RELZ, Zhb o=
ANENRIRE S P CRGENAE LD ETHEEL,

et D7y NI oAb & INS aA /L DaA )V ER
Loeoit (1 V/em FEHE) 1T 2N 11T A, 121 A THD, Thb
DOETHMAL LT NI 24L& INS AL OB RETR (OLA)
LEEEET (M @)% Fig. 1 1TRT, AV MESELE)IC
5T, NI =iA L& INS A /LD FREFIL FOESWITIE
EE DLW ORI/ ARIZR) , LNLZeA5, NI AT,
HREEERERDND B2 INS AL E L RTRESS
T, IHEBIICEAREICEDEBIL NI AL DT EL 3>
TWD, EEE, AUy 3mm ThE R EREBLLETEE
XAV, 2L, NI 2L TIEE — o b e
U725 B ~D A3 Lo THAREE T O K3 S
Bl THD,

3. 53— a4 )LD [E KRR

EBROLCEER S 5 X —LaA VORI 21T, 2
BRltb# Uiz, HALEAITE IR U7 8 & 172 S AR 8 5
EDRDENRETHZOL, BRRLA L F I8 A
ML= R ER B OB E LT, ¥— B, &
EEG LA OWHAIELEL, 2 — R T EMEHC
DI oTEEE LT, o, B D L% 100 AlTHE—L, 34
— BOFIIFIZOARFE FMES 0.94 mm OHLER (4 =
Laed 7R, AUy MeRi o FHEBRa A VB RHE LT,

FT, F— UG £, 2872 100 1 Qem?[2]
ICRREL, LD 25 A, 50 A, 75 A, 100 A DEXITHOWTHE
WradTo7c, AA/VERFEGR Lo (1 V/em FEHE) % 100 A T
HLLI=L 25, Fig. | O@FINRT IO ERLE M
—L7,

WIZ, Lo = 50 A DIAANNIONWT, R ERESESHE
T VAT R~ i B2 Fig.2 ITRT, Ry D KITL S
TEEDNS ERVIED DEMMEIIRITEAE TR,
ZOHIT Ry B/ NESWIEEFRCDITEENL S _ER-TND,
ZOrE, FIF— OB FMBERITERAL, NIOBEZ—
EDNCER T BRI EL T, @, NI IA/LIcBT
HEEMERHTERIT 10-100 ¢ Qem?® DA —F —IZHDD, Zh
WNESRBIFE, BT MERNEZ, BELEICL>TE
DEADTD [ D3 EL, FERELTHILDRN AL DIED
BFDMIT SNV EEZDBND, ZD5DFWNE, < 7 A
W OIAFNTZ~ VT T 4T A MREMIZEBWT, —#D 71
FTAIREILL T, ZOEENEIE(LL 2N EEFERIL T
W5,

Table 1 Coil parameters of NI coil and INS coil

Parameters NI coil INS coil
REBCO conductor SuperPower(SCS4050)
Width; thickness (mm) 4.0; 0.1
Length (m) 0.5
L, min at 77 K (A) 164
I.D.; O.D. (mm) 30.0; 30.9 30.0; 31.0
Height (mm) 4.0
Number of turns 5
1 5 T T T T T T
—_ :;:::---“‘I— -------- '\\
E [0
€ - - i
? | e R
) -
3 Critical t
0.5 “e ﬁll%%rilr(egxperiment)
Z —+—INS coil(Experiment)
iy —e— NI coil(Simulation)
Thermal runaway current
--=-- NI coil(Experiment)
0 --#-- INS coil(Experiment)
. " %o}
0 1 2 3 4

Slit length, L (mm)
Fig. 1 The normalized thermal runaway current as a
function of slit length

100 4 HQsz2
[ |——10 pQcm

80- +1800p§20m2 )
60 —<>—109o (g?n?p

40f

Coil voltage (nV)

L 1 L
0 100
Power supply current (A)
Fig. 2 Calculated V-I characteristics of NI coils with
various turn—to—turn contact resistivities

4. FEo

SRR Bt b A EED NI A /LTI, INS A /L&
THAREBIER B DOILH ERVDRGE 2D, Z— [
PRI/ NSWEE Z OB M M58 ARD728, BEFEUEICK
STREDAANVEERETRMBE L, HILDIWaA L OR
MEIZIT 3L, Y BT, IAVDE— U BURTFHESS, £ 5 m~
DT LM~ 52 DB LI OWTHE T,

HiEF
AWFTENE, JSTASRALZAIEF2E, JPMIMILTA20 3%
ZFTbOTHD,

&30
1. S. Hahn, et al.: SuST 29 (2016) 105017
2. X. Wang et al.: SuST 26 (2013) 035012
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Significant difference in characteristics of a NI layer—wound coil using a new winding method

and a NI double—pancake coil

& (TR &if 77, R A0 (LER) U S, srH 58 (AT
SUETOMI Yu (Chiba Univ.); TAKAHASHI Shunji, TAKAO Tomoaki (Sophia Univ.);
YANAGISAWA Yoshinori, MAEDA Hideaki (RIKEN)

1. [ZL&IZ A/mm? OFEFREE CRBTRABREZITV., AL R#ES
HTS aA W ZBFENDIR#E T HHEAITEL T, no-insulation NEFELHRLTCWD, WIS ENO LA D, FEMITE

(NDIERE N THHH, KABRIA/MEL, F7-, ¥Rk RICTTHE T D,

BEBLT VLAY —Ba LT, RO ELNAELS

7~ TERD o1, WA ITZOREER R 57-D12, AT, IST, KK ZAEFZE, IPMIMITTA2, KT,

JE N Hadgs — eSS — R AL Clhlg#E G 2 28 st BRRF O KRS BV —F 7 A M D A2 %

5 intra-Layer No-Insulation (LNI){%% W55 C, fGEIL DTHD,

DORFESE 3 M TEDLEERLI1],

AT AREFRTERD LNI =A/bE NI T 8 ir—
FFaA %O T, RIRERB A H FICB R 'l Insulator sheet
BRAATV, W OBERE - A CARMER MR IR L, Fo, !Ti c heot
TEFRHTIZ &> TR RN DA VAT — ARFHER LB T2 \ opper shee

ZLT, WEOREE RFAIC ML, IR

2. ERAE !
7 VU FHERLD REBCO ##h1% VT, PN 80 mm @ LNI |

AN LAY —X16 X— )b NI X TN lr—Fkaf —\

(16 Z—2 X9 X TN lr—X) e ELT-, Fig. 1 IZRT _ . : . .

FEIZ LNI A UL A Y —RIZHRVAIR T —NEX 12.5 u Fig.1 Cross_ section of an intra-layer no-insulation (LNI)

m)ESAS —MEE T pm)ZFALTVD, ZHbD=A /L% REBCO coil.

WA E R P CmERABRZTT o7, LNI 2A /L TiE&L (a)

HTS conductor

A —DEEE BARRLD Vu~Vig), NI ¥ 75 i — S o5 S
BN TS T NS =% DBIELE 5 (LEBLD Vor g 0.4t | o v
~ Viowo) B =A MAZFUNCBIR BT (Tsuppiy) 7R T D -3+ £ 03 3| 6 W
LS s RSB A T2 — L I LB BESHE 5 (Bup, S 02 2| g e
Bcenler, Blow)%§+?ﬁubf:o %0‘1, % ; ytg
] » 7
3. RBHRLER B 5o Vo
Fig. 2(a)lZ LNI A /L D BRI T 2% L A¥—E = g
JELEIRE A, Fig. 20 KETHRIEMEL 2B 2 R, S2 4
t=1507.9 s (Isupply = 150.0 A) T, Via AW LR LEARAE 8o
BIEL TS, BB ISME R P RNCEIEL | FAk i 82
(20 1= 5132 s IZBWTRANE ThHS s Bk Eash, &L w509
AY —BEIL 0.1-04 V OFPHTEFIRBICE-TND, - e
Beenter 13 Via DNLE EBSTHE 7.1 s 50D 1= 5150 s IZF0 ZE O gls 5055 57 &is
TRERGERTD 15%F TR L TOD, I 12.0%/s D Time, ¢ ()
@fﬁff‘“@ﬁbﬂ‘@ o . . ezt Fig.2 Transient signals of the LNI REBCO coil during a
Fig 3@ NI #7 b/ iy —2 B2/ O eI thermal runaway in an over-current operation.
BILEH T NN —REELERERL ., Fig. 3(b)IZHK (@) i 385s i =~
RIETHIAL LB =T, BESEIL £ = 541.4's (Touppiy = . i ! <
136.5 A) (23T, Vor BFAEL, BEE FEIOZ 7 1% - JaW: SRR L G
= ALEREL TS, =576.2s T VDP9 33LH EA- e : i 100 3| 5 Ve
7‘:?&\ i@%iﬁ:i’)f%{ﬁﬁgﬁ%ﬁéﬂflo Beenter 1% VP2 75‘?& g‘g 1:7 \ o, & —Z_‘ BS
FELTHD38.5s %0 1=579.9 s 1IN T, BUERERTD 6% ggost i 50 5| ¢ e
FETRALTIY, FHIMICIE 2.4%/s DHEE THEL VD, 8 obtleli o olo oo uld g 5| X Ve
A VOB ERFDIRDIENA LI T DL NI &7 /1% (b) 540 550 560 570 580 0 2l v
=B IR — DO JEER AR B DI R AR T = 5 Time, t(s) : -
DIZKL |, LNI A VR 03— D e 19 = LT B2 R *  p—
Do XL, TN lr—F B VT, BB ERRIC Sz 1 ST [T Bt
PRI TN — RN ER L ZOREED S5 ! -
N = TR D FIC Lo TG BIE TR R 2D S5 F o ~— 7
(6L, LNI A LT, LAY — IS 7 L2 — R BB 55 of- i6% - - T B
EBHL, LAY — & EE T 55 TSR T 57 “E 540 550 560 570 580
D THD, LAY —DOEREIIL A v — [ LD IRl R Time, t (s)
ENUREISINZ, KL A Y —ROMO RS IZE-o Fig.3 Transient signals of the NI REBCO double-pancake
THHREND T2, 2D KSR K] — D8 72 BE G IRR T coil during a thermal runaway in an over-current operation.
2%, ZOXIRBHENT, BRES DT T Al
LBAEOHERITHD,
4. F&0 BE 3k
LNI SA /U NI Z 7 o= o LR LT %) [1] K&, 2017 FF KRR L5 - BB E 2 1A-p03

— ORGSR T D, £ NI LT AT 700 [2] Yanagisawa et al. Physica C 499 40-4 (2014)
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Measurement method of turn—to—turn resistance in NI REBCO pancake coil

5O R (AbEE T /MIT) s SCH &, REH JE 5, & 8 (IR A1l 8k (RfHEKF)
NOGUCHI So (Hokkaido Univ./MIT); TATSUTA Takahiro, UEDA Hiroshi, KIM Seokbeom (Okayama Univ.);
ISHIYAMA Atsushi (WASEDA Univ.)

E-mail: noguchi@ssi.ist.hokudai.ac.jp

1. [EZC&HIZ AN

i fx B AR T (No-insulation winding technique; NI) 13, Ret
BRI ENELTEOL  ZLORBEFER ~7 1y MR — I —
HESHIRD TS, mEAZ EMZ BT D123, #— M NN
BERURITE A L 2 AD NG U AN EE THHZENHAL
MRS TWD[1], Ll F— IRt o Rtk iT w4 Fig. 1. Equivalent circuit of NI pancake coil.
IR STVl I A2 EB LY, BURER T, =21
IV OBEWHRFED D | R EE A SR | & — L [ iR A 5 TABLE I
L TG, & — > IR R R, SRS ___Specifications of NI REBCO coil
DB IS BEBDITODR, EBEOFHIITIELL, & pds od. (mm) o7
— MEMIEAOSER AL o T, s (rm) A

%:-:C\ A T:Cli\ 5H/Fﬁﬁ*ﬁﬁ$%m@¥ﬁbl/ \{/Eljiji(f Inductance (mH) 0.410
EHERT D, RE T HME S5 TIX NI REBCO /o — Contact resistivity (u Q-cm?) 70
¥eaA U 5~50 Hz BRIEDOZMERETL, ZDAE— Contact resistance (mQ) 0511
B ARREST HIET, #—r MEMEUTEL KD TWD,
PUFIC, Bl LOERERE T T, - z] o [Re@)] -+ Im(2)]
2. A—UREEAIEREIEE o

NIREBCO /o7 —3 « 2 LSRR AE Tl B, & — . 4.%1 U
VRHERR RS Ra AN A2 F 0 2 A L DA B AL E I 72 £ o
FTIERTED (M1IBR), ZOREOAAN AL E—F R Z 5 03
=S g 0

= Joirig 0
LB, 22T ) o E ARSI, f D, ) | ]
IRt < ljwL| DA (HFUE, 0.1 1 10 100 1000
Z =Ry ) Frequency f (Hz)

LRI HD, LTED3 > T, B E O ER BT, A A Fig. 2. Coil impedance vs. frequency.

B AL, A R B L 2D, Ll FERRITIE,
100 Hz % H#2 535722808 BT, a8t RS RELAR
v, KNI 7=702<725,

FITC, Z— IR B E A B B R R 1T
R aA N THRE LT, $FHZIZ. PEEC(Partial Element
Equivalent Circuit)i&[2]&f L7, =4 /1120.5 Hz /> 1,000
Hz O REREZEET I I2 —arZEL, O
DAANAALE—H VR 7 B, 205 (Re(2)) LR NN
(Im(2)) ZFAE LIz, K212, ZORsREFRT 5, F-, 43 e
ICEEE B ONAZEEZ R, ZHDID L 03D I,

JABEEADME DRI, A E—F AR L, 2o

Phase angle (deg.)
. Vn/ﬁ‘ b

Fig. 3. Phase angle between voltage and current vs.

RN > frequency.

IV A AP ERMIREUE & B2 D80, — 5 A
WERE OIS, A= AR KL, 241 TABLE II
A —H L AP UE & B DEIC - TRY, AR Contact Resistance Measurement Results
ROFBLEOND, ZNHDFE RS, RaA/LTlE, 505 Sudden AC current
100 Hz BV, B4 A8 Cind L i, discharging (Proposed)
3. A— REiEAE R E i R Contact Resistance (nQ) - 237.91

FURUI=TA LD 5 — o B R 1L THE Contact Resistivity (uQ-cm?)  28.7 119
Lz AR 20RT, WIEIE 10 Hz O ERZHE AL, sEH
VEIJ/E’%%@‘ {*‘E\%@ﬁﬁm;{?m@ﬁfﬁj‘jﬁ&H@ﬁ% 1. H. Ueda, et al.: IEEE Trans. Appl. Supercond., vol. 23
AT, Ll BEWTIC LD HIES AZWHEEN G ENTNDHE (2013) 4100205.
EZoNBIZD, A= —D—ETHaLiEbnsg, 2. S. Noguchi, et al.: IEEE Trans. Magn., vol. 54 (2018)
4. F& 7201904.

MEHaf% REBCO /> —F - A /LD F— 1 [ HLO 3. B0 OB 20174 AR T B T
FTUWNHIE FIEEIRR LT, 7=, B35 O AT WEE4E 1B-a01 (2017)
[EAFRERCHER LT, 5%I13. IRE 0N E 2 b X 4. H. Ueda, et al: IEEE Trans. Appl. Supercond., vol. 24
H, Z— MR ORI ST L TOETLY, (2014) 4701505.
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Quench protection technique for an HTS coil using conductive epoxy resin (1)

—Overview—

ERE CRER, AR HRE, TR RN, BB &N, U B, TR 28 CRE o LF — U AT AX)
MIYAZAKI Hiroshi, IWAI Sadanori, UTO Tatsuro, KUSANO Takashi,
ITO Toshinobu, NOMURA Shunji (Toshiba Energy Systems & Solutions)
E-mail: hiroshil7.miyazaki@toshiba.co.jp

1. [ZL®HIZ

%Ekﬁjﬁn?&%?ﬁ%é‘é%wfszﬁ?ﬁ%%t#‘éﬁ&&
T, EEBEMEBIEE VT — AR ERSE, BERIC
HEMMIEE T Lf%zﬁ%a_liléﬁéﬁ{ﬁ%ﬁﬂ%%ébﬂ\é
fetig a.{ibf_:wm%fﬂﬁ#@%&mﬁf%{t@“é LEBA Ik
T DI, aANVERTT NS ETEERRAL, &)
MDsyEI L — M OEAEE RN T 5780, BEAAEEL 727
VAIRT—7L REBCO BEEHRM & AR LI-FiRaAMIZ
BT, AN IEO R E BT CEIR TR LT,

AR I, HEMERIEZ AT L &R oA L DR
F OB RN LB ERBRE RE IOV THETD,

2. BEEMHEEEMLI-ERa L

BHR &R Lo A VBN EIRFOBUS S CHb T 5%
Bl BH7, 7 — IR L 72 RV AR T — T %4
AL, 7 —a A VORI B R R 2 A 3 DA% AR
LUz, 7997 A7 o — RPN R A LT BRI, B g
N LU CEREZRSEHCEERETHIENTED, HEN
IR OB ZhMEZ MR D728, EBEMMIR 2N 2\ vl # O
oAV LB MERIE 2 B AR Lo V& 2 TR AEL, (Rl
WHEIPIZ R ERRERZ L 7=, Fig. 1 3L Table 1 (2
2 FHOaANOABB I UG TE R T, EMMIE= AV
DO —URHRHIE, IAVIRE 40 K CREIENT R S
L, OSSO E SR LT,

3. BEEHR

f%f%:%/v:boto“i;%%'éréﬁﬂa:%zlx%{ﬁ%%fﬂ%%bc%ﬂ
FRirFr, I 2 BeAT —VICHOfHT e — 2 Ickh=Ar
IREZ 40 K RS EHIZHIEL, L@{)lb@%ﬁ%ﬁ’%%ﬁ@b
7o AANVEETIZT Ty s 27— KU LA EBIEDIR LS
eaBt%, Bind 1 A Z A THINSY, ﬂfr NI EHL,
I F RN EIET A ETHEEL, 22T, Jo TR
HERNEETAEEZE 1.1V, MHEGER 5= CoOrE %
0.11s EL7z, #ifgaA L BLOSEE MRS AL OB EIR
REROFERE Fig. 2 1”7, limA v Ebic, @EERS
415A BRI AT, BENAMIC EHL, 72T i

IRMSEEL TS, EBEMEBHEaA T, BE LRI CE
FEOFE RN S 7=, BT, Mo AL OER-E
JERFEA BUSUTfE J, fif oA W3R T I — R Eda
MWERLI, HAELTZR, EEMEMAG2A I H b7, BEfE
T RRECEDT LR LT,

4. F&6H

PERDMIFaANE, RFETTOEEBE RV ETNE
REGHA T CEERRBREZ L, ko rngbd
DEFITRNTS, HEMEBIE /WIS LE R TEL L
ZRUTz, 51%I1E, JVEB= X —R@EOFHC T, AT
EOFHEERFEL TS,

Fig.1 Photographs of (a) impregnated coil with turn—to—turn
insulation and (b) impregnated coil using conductive epoxy
resin

Table 1 Specifications of two coils

Unit | Impregnated coil | Impregnated coil
with turn—to—turn |using conductive
insulation epoxy resin

Tape width mm 4.1 4.1
Tape thickness mm 0.17 0.17
Inner diameter mm 100 100
Outer diameter mm 192.4 192.7
Turns 200 200
Inductance mH 7.3 -
Turn—to—turn puQ/ |- 11.9
resistance turn
450 (@) Impregnated coil with turn- r7
430 |to-turn insulation F 6
— F' 5 —~
< >
= 410 A \} L4 <
c Coil current 7\ S
8 ©
S 390 Power supply current 3 £
O Lo >
370
Voltage N rl
350 0
0 2 4 6
Elapsed time (s)
450 | (b) Impregnated coil using 7
430 conductive epoxy resin r ?
< i S
= 410 b4 o
S Coil current 4 %
£ 390 Power supply current F3 =
) Lo >
370 L1
Voltage
350 N 0
0 2 4 6

Elapsed time (s)

Fig.2 Overcurrent test results of two coils at 40 K
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Quench protection technique for an HTS coil using conductive epoxy resin (2)
—Over—current test results of a REBCO coil composed of a stack of six single pancakes—

It EGE, ER SR, TH

RS, REF A, DY B, BR A GRETRLF -2 RT LX)

IWAI Sadanori, MIYAZAKI Hiroshi, UTO Tatsuro, KUSANO Takashi,
ITO Toshinobu, NOMURA Shunji (TOSHIBA Energy Systems & Solutions)
E-mail: sadanori.iwai@toshiba.co.jp
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Fig. 1 Large—scale single pancake coil #1. Conductive resin
was applied on the coil surface.

Table 1 Specifications of the six single pancakes (#1~#6)
wound with the REBCO tapes.

Coil No. #1 #2 #3
Tape width (mm) 4.1 4.1 4.1
Tape thickness (mm) 0.1 0.1 0.1
Tape length (m/pancake) 258 258 258
Inner diameter (mm) 501 501 501
Outer diameter (mm) 554.5 554.8  554.5
Number of turns/pancake 156 156 156
Coil Ic (A) 7 67 64
n—value 29 28 27

Average turn—to—turn

resistance (uQ/turn) 23 20 1
Coil No. #4 #5 #6
Tape width (mm) 4.1 4.1 4.1
Tape thickness (mm) 0.1 0.1 0.1
Tape length (m/pancake) 258 258 258
Inner diameter (mm) 501 501 501
Outer diameter (mm) 554.5 554.6 554.4
Number of turns/pancake 156 156 156
Coil Ic (A) 68 60 70
n—value 30 33 29
Average turn—to—turn
resistance (uQ/turn) 12 18 3
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Fig. 2 Over—current test results of the REBCO coil composed
of a stack of six single pancakes.
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