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) ) ) X5 X5
. 0 Ag
OST¥1,2 N 10.3
WT3] 37 x 18 FHR 0.8 - - 4 .égu - £0 oA - - 150MPa 0.6%
OST¥%1,3 S
WT4] 37 x 18 FUHR 0.8 - - sER L - - 360A 260A - -
. 4 : Ag
OST¥1,4 N >200
[WT5] 85 x 18 AR 1.3 - - 4% éﬂxgm - - 881A - MPa 0.6%
. 0 Ag
OST¥1,4 - RN 150~160
[WT5] 85 x 18 iR - 1.2 0.54 4% . ﬁAgm - - 429A - VPa >0.6%
OST¥1,4 7 Ag =aEaed
O 85 x 18 AR - 1.2 0.77 9 AgE (0.1mm - 466A - 300MPa >0.4%
[WT5] % )
NIN i Ag
X6 19 x 18 FLHR 1.0 - % AgE - - ~400A ~146A - -
[WT6] %

% 1:0xford Superconducting Technology (¥Bruker-OST)

X2: XHR[WT3]DFig. 2&Fig. 3&YEHE

%3: CER[WT4]DTable 1&Y IcEFHELTY

X 4: 3CEK[WTS5]MDEig. 6&Table 1LY

%5: B3R NENMFT=BRFT LR B TT7Ks f.H L4 2KSTTEHEL . 95% D IcE#EH5 51E
% 6:NIN:Northwest Institute for non-ferrous Metal Research

RRAARRE [WT4]

BEECIHA—FRryra— I LS




REBCO#z# (1) X 6
Fujikura [WT7] SuperPower [WT8] SuerOx [WT9]

FESC FYSC AP type HM type REBCO(w/0APC) REBCO(APC)
A E (mm) 0.11 0.13 -- -- -- --
R 8 (mm) 2,3,4,12 4,12 2,3,4,6,12 2,3,4,6,12 4,12 4,12
7 5 ot GdBCO EuBCO+BHO REBCO REBCO GdBCO YBCO+Y203
ERE (um) 75 50 50, 30 50, 30 30, 35, 40, 60, 100 | 30, 35, 40, 60, 100
ZEIR ZEE 20 um x2 20 um x2 20 um x2 20 um x2 -- --
lc(77K,s.f.) (4mm) 85 165 120~160 80~120 166~233 150~200
Bi3g e (4amm) 663 368 -- -- --

(20K, 5T) (20K, 5T)
515RIS 71 (MPa) 600 600 550 (50 um) 550(50 u m) 500 500
5| ERIE A 0.4% 0.4% - - 0.4% 0.4%
Srosph (T2 (mm) 10 15 11(50 1 m), <10(30-40 £ m) <10(30-40 £ m)

15(60 u m) 15(60 u m)
W

BEECIHA—FRryra— I LS




REBCO#g# (2) X3k T
EBSC [WT10] SuNAM [WT11]
Copper Copper SS304 AN CN LB/LS
Plating lamination lamination Brass/SS lamination
M E(mm) 0.065, 0.075, 0.095 | 0.205, 0.255 0.215 HAS:0.06-0.07 HAS:0.09-0.11 HAS:0.18-0.22
SS:0.11-0.12 SS:0.14-0.16 SS3:0.23-0.27
FRAHE (mm) 3.3,4,10 4.8,6,12 4.8,6,12 | 4,12 (2~107]) | 4,12 (2~107]) 4,12(2~107])
HBEEME -- -- -- GdBCO GdBCO GdBCO
ERE (um) 30,50 30,50 30,50 —= = --
ZELi REE 5x2, 10x2, 20x2 75x2,100x2 80x2 no -- --
lc(77K,s.f.)(4mm) 190 190 190 150~200 150~200 150~200
W% c 4mm) -- -- -- -- -- --
515RIG 7 (MPa) -- 400 == == 660-710MPa 514-524MPa
5| aRTE A -- -- -- -- 0.8-0.85% 1.1%
A TR (mm) -- -- -- -- 15 15
Sur Teohnalogy oo |
EE et s Y M ————

ﬂulg

n i drawn 1o scale: lashnglion ol show.

SuUNApM

|
BEECHLH—FR 22— L1EE




REBCO#£#t (3)

THEVA [WT12]

Samri [WT13]

3

Copper Copper Copper SS

Plating lamination plating Lamination
A B (mm) 0.065-0.075 0.16 -- --
wRA1E (mm) 3,4,6,12 3,4,6,12 2,4,12 2,4,12
BEEMR GdBCO GdBCO REBCOD #3%5E | REBCOD A 3kiE
ERE (um) 50, 100 50,100 50-65 50-65
ZELH 1ZEE -- -- 20x2 175
lc(77K,s.f.) (4mm) 250-333 250-333 249 249

iz lc (4mm)

515RIS 71 (MPa)

5 | 3RTE A

FPAM I EE (mm)

60(100 u m), 40(50 u m)

R

=

A; Lominadion (Copper, Stainkess Sieel), 20~175m

B Sdver ~Zum

£ Subsirate: S0-850m
0 ReBCO ~2um

E Buffor Layer O 2prn

m Buffer layver: LaiinQ/MgONBAD-MgQ/Y 04/ ALO,

BEECHLH—Rry=Za— I L1EE




MgB,#&#1 (1)

_ ASG [WT14-WT22] HyperTech [WT23-WT28] Hitachi [WT29-WT31]

THAR F— 7 EIMRI
&R E Ex situ In situ
Je (MgB, 51&%) 72A/mm2 (10%) 237A/mm? (10%) 140A/mm? (11%) 49.4A/mm? (12.5%)
Blgs S 75 Y (Ic 168 A) (Ic 186 A) (Ic 70 A) (Ic 74 A)
@ 20K, 1T @ 25K, 1T @ 20K, 3T @ 20K, 3T
T EA&E 4 km 13 km = 828 m = 1.7 km
(51R) (9,360cm3) (10,205 cm3) (= 458 cm?d) (22,616 cm?)
AEHE VT H ; 0.29% @ RT : (0.4% @ RT)Z&=HE
(FAALEEE) : 0.35% @ 4.2K 0.28% @ 4.2K ;
RRE T 276 MPa @ 4.2 K ]
SEE
B/NER T R
(ST 150 mm @ RT 100 mm @ RT : el zrﬂ;g R
ANTEIGIZAVN MgB,/Fe/Ni/Cu MgB,/Nb/Ni/Monel/Cu  MgB,/Nb/Cu/Monel  MgB,/Nb/Cu/Monel
3.6 x 0.65 mm ®15x1.0 mm

/Sn ® 1.0 mm d 0.84 mm

[e=====]

BEECIHA—FRryra— I LS

§<

& 9

FICW&R

In situ

170 A/mm2 (28%)
(Ic 60 A)
@ 20K, 3T

8.1 km
(2,854 cm3)

0.19 % @ RT

134 mm @ RT

MgB,/Fe/Cu/Monel
® 0.67 mm

153 A/mm?2 (17%)
(Ic 161 A)
@ 20K, 3T

0.6% @ RT

57 mm @ RT

MgB,/Fe/SUS/Cu
/Monel ® 1.16 mm



MgB,i#t (2) Z% 10
RZmiakizet (R&D)

1 1 ZX 2=
- HyperTech ({&337#8%) [WT33, WT34] H'tach'[ﬁ%ﬁwﬁ%)

BEAE In situ In situ
f;;)('\"ngmﬁ 84 A/mm? (11.2%) 80 A/mm? (12.1%) 30 A/mm?2 (9.1%) 22 A/mm? (6.4%) '
5 @4.2K, 5.5T @4.2K, 5.5T @4.2K, 5.5T @4.2K, 5.5T

200 A/mm?2 (7%)@20K,

3T

Jc 750 A/mm? @ 4.2K, 661 A/mm2 @ 4.2K, 330 A/mm?2 @ 4.2K, 343 A/mm2 @ 4.2K, 1.2 kA/mm?2 @4.2K,

SR E.51T 55T 55T 5.5 1T

- - - - 500 A/mm? @20K, 3T

T4 TAVME 20 um 19.5 um 18 um 14 um 30 um
T4 77X M 114 114 192 342 51
YARME Y F = 5.0 mm 10-30 mm 10-30 mm 10-30 mm = 5.7 mm
Wrm Az Ik MgB,/Nb/CuNil0/Cu/ MgB,/Nb/CuNi10/Cu/ MgB,/Nb/CuNi10/Cu/ MgB,/Nb/CuNil0/Cu/ MgB,/Nb/CuNil0/Mo

CuNi30, ® 0.6 mm CuNi30, ® 0.56 mm CuNi30, ® 0.86 mm Monel, ® 0.92 mm nel, ® 0.6 mm

BEECIHA—FRryra— I LS



MgB,#x#1 (3) X5 11

JeDLE: [WT36] $£4.E509T517—
1000 Sam Dong WST [WT38, WT39]
- 20 (K) [WT37]
- S
E e
< B [ Thee B
< 100 : Sl WK
f‘ A ‘-‘5_'
'z = P )
- . N 7
= [0 Tt W,
5 5 W~
- 5]
5 10 | e - Hitachi (C doped) 5%
3 - - Hitachi (2996)° = — b R
E = = H}_pm,]-r:ch (12%) . 1 éEEﬁbjj 4ﬁ$|:|
20 & - ASG 1 5Smmround (30%) ’
E - ASGMRO plus — (1209) ASG 100 km/month ASI 10%/kA/m
£ I | ‘ MgBZ'I‘.' Fraction [WT22] NAPARE sops  prispg
0 0 2 1 6
Applied external magnetic field, B, (T) HyperTech [WT28]
(2015%FKfsx. @ 1mm FLER)
10$/kA/m for 20K, 1T
BEECHEH—FY = a— F FLiE 20%/kA/m for 20K, 2T

50%$/kA/m for 20K, 3T




EZERREM OERFREIR

7 12

$\<

Robinson Research Institute - Victoria University of Wellington DGR ERT — X RXR— X [WT40]

lc_min/cm (A) 775K-0T |65K-1T  [BOK-2T  [30K-3T  [30K-5T  [20K-7T
AMSC Amperium® Type 8502-350 coil
Antaiitiuesalife! 2019 217.48 259.87 372.79 240.74

H ®
AMSC Amperium® Type 8700 cable 2017 23583 28624  402.85|  269.86 = 293.29
formulation 2G HTS
AMSC Amperium® Type 8702 non-magnetic
ble form G HTS 2017 259.64 367.76 24957 270.49
Fujikura FESC 2G-HTS 2021] 495.06 615.47]  1488.17]  1162.09]  1444.89
Fujikura FYSC 2G HTS 2021| 728.26 467.34 688.52]  1168.97 861.23  1010.62
InnoST 1G HTS 2019 46.2 87.98 576.81 348.65
Samri 2G HTS 2019 385.71 310.29 532.59 975.7 674.38 721.06
Shanghai Superconductor High Field Low 2022| 578.29 316.01 514.72|  1177.53 91353  1078.22
Temperature 2G HTS
Shanghai Superconductor Low Field High 2022| 654406 2382020  345.022| 586221  467.243  579.05
temperature 2G HTS
STI Conductus® 2G HTS 2016 209.2 349.08]  742.826 573.7
SuNAM HANZ4200 2G HTS 2017 137.93
SuNAM SAN4200 2G HTS 2017 149.61 175.31 274.23 192.86 222.32
SuperOx GdBCO 2G HTS 2021] 37881 156.25 209.26 346.13 263.22 324.73
SuperOx YBCO 2G HTS 2021] 509.73 340.46 640.37]  1209.87 915.95  1077.43
SuperPower Advanced Pinning 2G HTS 2021 380.6 244,74 419.45 1009.5 698.62 843.89
THEVA Pro-Line 2G HTS 2019 404.58 230.37 315.26 488.04 358.84 396.43
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Roebel (DT RJ) o —T )L

CORC® wire (Advanced Conductor Technologies)

[AC1, AC2]

R Ry 78R

———— —

Twisted stacked-tape cable (MIT) [AC4]

BEECTHLA—FRry=Za— I LS

Roebel cable (VUW, KIT) [AC3]




X3 15
REBCOEGER X/A Z)LELR (1) : CORC® STAR wire, CORT

CORC® wire, cable [AC2] STAR wire [A5] CORT cable [AC6]
JRALEDE=DHICITITRERDPDE —/NEITISEMEEWTZRFOERICL S LET OIG A 5
25 umﬁﬁ‘}i%ﬁﬁﬂ L2 mma 725U 7=CORC® wire [ACT] BIzEEB #EMEIFRICEEET 5 Z &I

CORC"-02 L YV1mma7IZEWL-STAR wire [AC5]
Substrate thickness 25 um STAR Wire-2
Former OD 2.04 mm Former OD 1.02 mm
CORC® wire OD 3.33 mm STAR wire OD 1.66 mm
Number of layers 16 Number of layers 6
Measured [, at12 T, 4.2 K| 6.231 kA Measured /, at 10 T, 4.2 K| 613 A/mm?
Measured J/, at 12 T, 4.2 K|678 A/mm?2 Measured J, at 15 T, 4.2 K| 454 A/mm?

BEECIHA—FRryra— I LS




REBCOESEAXR X/N ZJ)LE{K (2) :SCSCH—7 L

= 75 = = =
1—EE)Q/}IL:,E\9§ : ﬁ@ﬁ?ﬁﬁfﬁ L H,/H,=5,[=6544 Hz

Multiflament coated conductor - 113.7% !

Core Second layer #L g i

1R <

1 S : |

First layer Filament ;5 05— =

SCSCHr —7 1L X [ACS8] I i

- 5.3% s

0 I

w, =4 mm w, =2 mm, w;= 0.2 mm

Monofilament Multifilament

L,= 150 mm L, =174 mm

Monofilament, straight 10 filament, spiral
SCSCH — 7L /8 [AClO] 20210127-3,88.5mT  20210927-1, 37.9 mT

T/ 745XV MRE20 D10 LiESL [ACI]
BEECHLSHA—FRryr_a— b7 IL8E




REBCOE&EEMR R/¥A ZILELK (3) : CORC’-CICC
30|
£
S 20
o
® Model CORC®-CICC
. = 10 i made with copper
6-around-1 CORC®-CICC [AC11] strands [AC1]
Qo 07— 0 12
35 mm I Voios Magnetic Field (T)
ReBCO tapes
- Measured /. — B of the
— — fusion CORC®-CICC [AC13]
CORC®-CICC manufactured at | >
CERN for fusion magnets, and CORC®-CICC with
rated for 80 kA at 12T/4K [AC12] extruded structure [AC1]

BEECIHA—FRryra— I LS




REBCO 4E{R Roebel (BT RIL) —T )L

(b)
o= ool =" oo

##% (Roebel bar) (a) & fHH& &+ 7-Roebel cable (b)

Roebel cable D EE [AC3]

Huterﬁﬂrd Cable

CCRC(Coated Conductor Rutherford Cable) [AC16] :
ORIV —TINAEaYT5—TILE LY 74— F5r—7 LR

Z DOftiRoebelr — 7L && xtHk | [AC14, AC15]

BEECTHL A—FryZa—-—FrI7ILEE




REBCOE&E

& R&xy o8& (1) 1 LYHY

Friction Stir Welding (FSW)

Aluminum alloy jacket

High purity aluminum
(Shock-absorbing material)

Stacked REBCO tapes

(b}

Twisted stacked-tape cable
(MIT) [AC4]

Twist a conductor
0- 2 rotations/ m

%

- FAIR conductor [AC19] 3 icted stack HTS CICC
CroCo [AC17] Q-1S conductor [AC18] ENEA[AC20]

BEECTHL A—FryZa—-—FrI7ILEE
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REBCOEAEXR XKXv 8K (2) : &WHY

60 kA Flat REBCO CICC [AC21] " — 5=

squares: 1. test

Tes (K)

o

20

R mE
10 (SuperPower
B8 () raan 8 N
| R ERSE)
20 30 40 al 6l 7l
HTS I(-II;IEbIjS-I;]I; a Operating current, [ (kA)
T tal Cr t .ETD?“?MMJ |=10.L::.3-:I'ACF|reld. I :
oLl CTOSS SECHON 1250 mm? 1250 mm? B ™
without jacket = 100 = | 8 swevower.inm
-j ’ uperax - fnal .
Operating current 50 kA 30 kA 68 kA 5 g0 © il v ., |
) . £ 'eX ] * o
Operating field 12T 12T 11.1 T e ® sxriEk (2T
Current sharing 5 ofhes | o _ oS 7 2S5y
temperature at 8 K 21 K 6.1-75K| & ﬁ T =¥ ol R ARSI
operating condition g 20 S eesee ® o . A mEE) ; T)>L g1
- | conduchor g mAY.
Operating curment | 550 o /mme| 300 A/mm2|280 A/mm2| %o Tos T we4s e
density (non-Cu) " Frequency, Hz

BEECTH<A—FRrZa— 7R




R - Xz 21
REBCOE & 24 v 238k (3) : £UBHY =
MIT, Tokamak Energy

(b)

STAIMLESS STEEL JACKET

N HTS tape Insulstion Cooling  Structural Stabilizer
COPPER JACEET HTS STACK stacks channel  support  [Cu/Al)

COPPER FORMER SOLDER

coounc 0=
o2 oS

=
o

| | U

SILVER PLATING
COPPER SADDLE

INCHUM WIRE @97 Frnm
Pancakes and CICCs for center column cross-
Vacuum pressure impregnated, insulated, section layouts of one half of one TF limb of a
partially transposed, extruded, and roll-formed 1.4 m major radius 12-limb, 4 T ST with a net
(VIPER) cable, MIT [AC22] energy gain (Tokamak Energy) [AC23]

BEECIHA—FRryra— I LS




REBCOESERX X&KvvEK (4)

0.9 mm

Hastelloy '
Polyester g
(30 pm) '
CuBe tape Y

00
(100 pm) D::-Ub]e layer E,upe:rmﬂﬂuﬂlﬂg
REBCO Tape layers
(200 pm)

EuCARD insert cable, CEA [AC24]

Copper stabilizer
YBCO Tapes

62 mm

/| J

Electrical insulation |

Stainless-steel jacket

STARS conductor [AC25]

BEECIHA—FRryra— I LS

SR

X3k 22

Solder-filled

cable space
(strand bundle) \:\ 3

Solder-filled
cable space
{stabilizer)

Stainless steel jacket |

(splitin 2 half-profiles) =y
Tight cooling pipe

A CS conductor design
for DEMO [AC26]




o . N X|Zx 23
REBCOE&ERFR 3FEEIDLLER
2784 5 JLEK Roebelsr — 7L ARy 78K
BRoWEmIR (1RER) = A (B7 A7 M) |HA (B7 X7 M)
HITOBBEE (1XREK) 5 ((EEAMAISAIEE b (—HmEehlfaIgE &
kot s ks =TI A AR T 7 DREFEIC1RER | IRERZ EEEM D R
BHIBREORESE (RICEH) AN oy LB - A

Z & Yi#R (CCRC)

ERBREZE (LREHE)

(DEEER) &
(ZRBRERER) &

=

=]

&£ 51t L 7=CCRCIHE

R
=

=

LREME (RIER) 0L (SLEBE

BryF (#IV)

FeyyF (BE+HIY)

ReEvF HEIY)

RICx 4 5 =R OB 1E) or L WYAL
—— :

i?ﬁﬁ%—?ééifﬁ?f%éﬁ SCSCT—7)L gy F 7L EryF EIY)

%%lf A EIU~#H+3I) (CRCCTIREE Y F) or K WAL

LRERNOERBERA (97 7L HY AL

2 EEAL A AE # (RAjETlEaL) A e

o L V) IRHEIC & B R RELK
#15& (CORC®E(K)

LREKRIZK DA ILEE

«CICC&{E (CERN)

oI EIRIZ L B a4 ILEYE
(ZEEZELR L. VUW)
«CCRCIZHEZ: D H

HEHUKET IZ & B 2ES
BUER)

e KRB (VOIS ILIZHK
)

JZEE TN Z




MgB, & E K

Cable for SC Links

[AC28]

BEECTHL A—FryZa—-—FrI7ILEE

@166 | [AC30]

3 24
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X3k 26

A LEST iR TE WO 4L (1)

L—Xb+FZvyoaA4)L L —X by a4 || L—XR Ty a4
(Bi2223) [CO1] (REBCO) [C02] (MgB,) [CO3]

‘“s%

AR HE ek E

—
_.,.r -

PR

BEECTHL A—FryZa—-—FrI7ILEE




A LEAT P BfRTEW =341 (2)

LAV —&5=a34)l
(REBCO) [CO4]

X3k 27

MARRZRA AL - &)

101 )L

(REBCO) [CO5, C06, CO2]

BEECTHL A—FryZa—-—FrI7ILEE
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4 LEFT - CORC*ER, BET—7T&EW:=aM4 )L

CORC®& A% \\7-Canted REBCOEHR 7 — M zetakE L 7-
cosine theta~v 7 % v + (LBL) R FR T I/ r—% ()L
[COT7] (MIT) [CO8]

BEECTHA—FRr=Za—H+7"




4 LT - Roebelrr — 7L cEWSE-a4 L

LAYV —&ZYL /AKaq4 L
(VUW) [CO9]

7 29

Aligned block (Z3|7'mw 2)
a4 )L (CERN) [CO10]

BEECIHA—FRryra— I LS
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HBEEE MBI REET ¢
Super-GMZ BRI S 1R

B R ZXRE LT
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Super-GM®D 70 MWD SRELEFRFAE(ARDHTSHR D% S

BmE$20 KWL, 2N EZ8ET 5,

e Super-GMOEZE/CAKE (BLTFEEAFRE) - EERLBE (5F
REEEAR) - BRSO ERDOHTSH % %519 3,

c ALY DEFENLBESERAXZEET %,

« BEAERBE L. Super-GMig L FRRE & ¥ 5,

e AJREARR Y . BE(REIRH Super-GMig & RIEE & 3 5,
NFIDIRTE DIFMEAMIAKEICEI T 5 (HASHEIZFFE)

r_llﬁllj

)

(L
(¢
—

1:}

4>|-




Super-GMSRAG AR

INbTIEES

E{RDEFETT [CD1]

X3k 32

ERICEAKE (SRE) BERIGEBE (BEREE) RB IR B 1

UGB T ERT ERE 3000 A 3000 A 3200 A
RUE R AE 3600 A 3600 A 4500 A
G ERR IR KI5 4.8 T 6.5 T 6.75 T
B mE 4.2 K 4.2 K 4.2 K
S {RKTE 6 mm x 3.6 mm 7.4 mm x 2.9 mm 9.4 mm x 3.1 mm
BRMETR 21.6 mm?2 21.46 mm?2 29.14 mm?2
EAREREBE 139 A/mm? 140 A/mm? 110 A/mm?
BN ER B 85KA@4T,55kA@TT | 105kA@5 T, 63ka@7 T | oM KABET LS KAGHT,

P ERUNIZETN
BRI AR 0.39 mm¢, d =9.7 um 1.6l mmg¢, d =8.8um 0.59 mm¢, d =3.5pum
‘f?ﬁ%z 12 x6 (BEND) 9 7x11

EfERIEICN T 28, S{AMTE IXFeiRL L DIRRE

BEETHSH—

RryZa— bR
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(ERICEABRAEFR DK (20 KE#R) -
Super-GM LTS | REBCO CORC"#! REBCO SCSC REBCO Roebel |MgB, {E#E5REBD A
LR B R T E AR {E 3000 A 3900 A 3000 A 3000 A 3000 A
R ERRKE 3600 A 4600 A 3600 A 3600 A 3600 A
R SRR RIS 4.8 T 4.8 T 4.8 T 4.8 T 4.8 T
EEnmE 4.2 K 20 K 20 K 20 K 20 K
B{AERE FERZER CORC*E4r—7JL| SCSCr—7Jv | Roebelr—7I FERELER
O7ERS2mm |[I7ER3S8mm | 12 mm x 0.6 mm
BRFAR 6 mm x 3.6 mm |[AEZE5.95 mm  |[AEE5.2 mm (GME DOFREE | 6 mm x 3.6 mm
JE%55 FE%59 %)
BB 21.6 mm? 27.8 mm?2 21.12 mm? 7.2 mm? 21.6 mm?2
BRERRE 139 A/mm? 139 A/mm? 142 A/mm? 416.7 A/mm? 139 A/mm?2
EAREESREMR i55 iAA%L; -.II-.’ 9750 A@5 T 7054 A@4.8 T 9000 A@4 T 5334 A@2 T
4 AR 0.39 mm¢ 4 mm x O._11 mm |2 mm x 0.057 mm 6\\mm x 0.1 mm¥ 0.6 mm¢
G=97um |E/ 745Xk |w~200um 7, £7454h | d = 100 um
TR 2L 12 15 41 12 42
- AEREIX0.1 mmt |Striationic & V) [IEMEOREESR |1 7Y v FER
DfEFE T Ic7T5% & E5ICETZER |02 TUT=501E
¥ BAERBRE XRAREEGTREICN T 2E., ERRmE TG L OREE
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(ERICE B A EAR DR (20 KiEEx) -
Super-GM LTS | REBCO CORC"#! REBCO SCSC REBCO Roebel |MgB, {E®E5REBD A
LR B R T E AR {E 3000 A 4200 A 3000 A 3000 A 3000 A
RUE R KE 3600 A 5000 A 3600 A 3600 A 3600 A
FIGERR NS 6.5 T 6.5 T 6.5 T 6.5 T 6.5 T
EEnmE 4.2 K 20 K 20 K 20 K 20 K
B{AERE FERZER CORC*E/4r—7JL| SCSCr—7Jv | Roebelr—7I FERELER
\ \ 24 mmx |~ THERL2mm |[I7EXE3mm 12 mm x 1 mm
BARFIK 5.9 mm AERE6.17 mm %E?§5 mm (SR DR | 2.9 mm x 7.4 mm
E#7 JE#413 %)
BERWTEE 21.46 mm? 29.9 mm? 19.65 mm? 12 mm? 21.46 mm?2
BRERRE 140 A/mm? 140 A/mm? 153 A/mm? 250 A/mm? 140 A/mm?2
EAREESREMR 16(5)3? IEPA\(S? .-Il-’ 11130 A@7 T 6908 A@6.5 T 9600 A@7 T 5490 A@25 T
48 A TR 1.61 mm ¢ 4 mm x O._11 mm |2 mm x 0.057 mm 6\\mm x 0.1 mmy |1.61 mm¢
d=88um |/ 7454k |m~200pum 7Y, B4 | d = 250 um
TR 2L 9 21 51 20 9
= T
* BRERDE IR ERERERMEICK T B1E., ﬁleiﬁéﬁﬁti%%%%@ L DiRRE
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BRI R B R DEE (20 KIBEE) =
Super-GM LTS | REBCO CORC"#! REBCO SCSC REBCO Roebel |MgB, {E#E5REBD A
R E R ES B E 3200 A 2970 A 3200 A 3200 A
R EREKNE 4500 A 4177 A 4500 A 4500 A
E%Exz%%iﬁjtﬁzziﬁ 6.75 T 6.75 T 6.75 T 6.75 T
EEEE 4.2 K 20 K 20 K 20 K
BRTESE XA CORC®EI4 —7JL| SCSCH—T L XEFEA
9.4 mm O7ERS2mm |3 7ERZL mm
LRV NTAVN 3 1 mmx NEZE6.39 mm  [AERE6 mm 9.4 mm x 3.1 mm
' %49 [E#513
EAMEE 29.14 mm?2 32.1 mm?2 28.29 mm?2 29.14 mm?2
BRERBE 110 A/mm?2 110 A/mm?2 113 A/mm?2 110 A/mm?2
18.7 kKA@4 T,
EAERFRER 15.8 kKA@5 T, 14310 A@7 T 8682 A@6.75 T 5830 A@25 T
12.8 kKA@6 T
e AR 0.59 mm¢ A4 mm x0.11 mm (2 mm x 0.057 mm 1.5 mm¢g
e d; = 3.5 um T/ 747 AV [~ 200 um d, = 237 pm
Y 77 27 66
e MEZ1£0.1 mmt |[StriationiZ & V) INAT Yy RE&ER
7 DIEBAET Ic75% (& T D2.5 TLUF %4348
* EARERTE I IREE R EREREICT IR EFRTEILEERA L DOIRAE
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ERICEAE (GRTE) ERICEBHE (SEREE) RB R i B
UGB TERT ER(E 3000 A 6000 A 3200 A
REERRKIE 3600 A 7200 A 4500 A
FEGER R KIS 48T 6.5 T 6.75 T
BinmE 40 K 40 K 40 K
BAELE SCSCH—7 L SCSCo —7 v SCSCH —7 v
J7EE3 mm 7 EXE3 mm a7 Ef 3 mm
BRFR AERES5.3 mm AERT.3 mm AEE6 m
JE#115 %528 JE%520
B{RMTEE 22.15 mm?2 41.99 mm? 29.03 mm?
BRERRE 135 A/mm?2 143 A/mm?2 110 A/mm?
BRRAEMR 3953 A@4.8 T 7850 A@e.5 T 4750 A@6.75 T
e 2 mm x 0.057 mm 2 mm x 0.057 mm 2 mm x 0.057 mm
IR w; ~ 200 um w; ~ 200 pm w; ~ 200 um
TR 2L 61 147 91
=3 Striation|Z X Y Ic7T5%IZ{ET  |Striation(Z & Y 1c75%IZ{ET  |Striation(Z & Y Ic75% BT
* BARERZE TR ERERERME IS T 2B, EERKTEISIEBR L DIKRE
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fﬂTSJZﬂLI HTS I bﬂ%/J\ﬁ”/%ﬁMz [CR16-18]

Cryomech GM type 600W@80K 15,000
Cryomech PTR 100W@80K 9K 25,000
Sumitomo GM 200W@80K 20K 15,000
Leybold/Oerl. GM 140W@80K 18K n.a.
Chart/Qdrive Stirling Up to 1kW@80K 40K limit 129,760
Creare* Stirling > 1KW@80K (tbd.) (158nc1)éc|)lc))o
STI* Stirling Up to 100W@80K 45K >1 000,000
Sunpower Stirling PTR Up to 16 W@80K 40 K limit >1 000,000
Stirling SV Stirling Up to 1.3kW@80K 38K n.a.

Linde Rev Brayton 0.9kW@20K? n.a. n.a.

Air Liquide Turbo Brayton  50kW and higher 35K n.a.
NIt Turbo Brayton  10kW@70K 70K n.a.

Bl || ZEFR Turbo Brayton 5kW@65K 65K n.a.

W Stautner IWC-HTS, 10/14-16/2015, Matsue, Japan

*design study, +under devel t, $with LN i IWC-HTS, 10/14-16/
esign study, +under development, $with LN, precoc KIBEEITTHA N B BRI TT A
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[MPa] kg/m3 [kg/kJ] | [pPa - s] kJ/kg/K
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GHe 5. 2 / 0.2 21 1.2

LH2 20.4 33/1.3 71 445 13.2 9.7
LNe 21.1 44 /2.7 1205 86 124.0 1.9
LN, 77.3 126 / 3.4 807 199 149.9 2.0
LNG 112 191 /4.6 422 509 116.5 3.5
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AEIFANT ¢ Super-GMEERED SR (1)
Super-GM BEEXEHRFRTE
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RENEAT ¢ Super-GMREERED SENFAT (2)
Super-GM BEERBHRTER Xy 7 - HREEZE
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i [A] 3 600 3 600 4 500
e Bt A pEEEeE (A 300 300 3 200
g T ) . | Il f - b it [mm]| #50 890 485
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AEIFANT ¢ Super-GMEERED SEIHMT (3)
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ATy bEE

==X & L T ORI

BRI

O A JLEAMT

HT S/ & H Al

EcoSwing

(3.6 MW R o FA %)

(AN BAREBTER R EH)
[AP1-AP6]

« THEVA TPL2100

e w]2 mm, 10.12 mm

o ZEALERE : 100 um

e |c:260-360 A@77K, sf
°lc:600 A@30K, 15T

« HiR
< EEREIN

DC 330 A@30 K, 1.5T

e L—X+Z v 7EIDP
1384 mm x 221 mm
«200% —>/DP

« f2#1 & 1 500 m/DP

o O A VA TIEM % &t

« 20 K GREHEE 1230 K)

o B TESE

o BERF (L O A L & i) KR ER
i

 AEKEAy FEEEF L & ICEER

SUPRAPOWER
(10 MWHEEFBMgB2a A JL « J&H]
FiEDODERRER)

(B SRR ERHE R EHL)
[AP7-AP12]

e Columbus SpA

e W3 mm Xx1t0.7 mm

o ZEALIR : 200 um
19747 X2 b
elc:113A@20K, 18T

-
ST : DC 70 A

e L—X 7 v 7EDP
« 9 DPIE/E

622 mm X 185 mm

e 1454 —>/DP

« f@#1f : 356 m/DP

« 20K

o BEREBGESH

o BIERF (RO A L &80 Z (KRS
ICERE

o ANy FIXEERF & & I(ICEER
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(B B RBEER R ER)
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« AMSC ReBCO

e W12 mm, 0.2 mm
« ZEALIR : AR

e lc: 350 A@T7T7K, sf
e lc:500 A@40 K

« EBEREEN

DC 480 A@40 K, 1.7 T

«L—X+7 v 7EDP
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e R OA N E KD ZIKRERICEE
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CRINFT 4T A Vb
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- 515
EBEE:
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L=+ 7y 7EDP
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(B H BB ER R ER)
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o ZEILIR : AR

o EBEREEN :
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« 2500% — > /6DP

JIEBET o ZFHHANER o EBEREEN « 2 DP#&E/E e Ghe/S#D
(NEDO 3 MW#) cWILFTA4TAVE DC 200 A@30 K ¢ 1685 mm(EHEE 1300 mm) x 321 |« RELZO A LA ST EEF DK% S
(M A RERBTERIESEE) |- Ic: 200 A@30 K mm
[AP18, AP19] « 1800% —>/DP
« @M E : 70 km/12DP

AMSC, US Navy « AMSC . Hig o SHIMAER o SHAMAER
(36.5 MEHEL & FTER) o SHHREH « NBH
(finfiA AR SR BT E R HE BB 1)
[AP20]

Nz o BHiR e L—XFZ v 7EIDP « 27 K

 LNefBIR/5 3]
« RO A V2 BT RERTFEEZ S

SR OB O M LEFE - &
E%)

(s B RGBS R B #hi)
[AP22]

DC 200 A@30 K
(A LHBRLEEFR 0.7 T)

e E#Z160 mm

[AP21] lc : ANBA #HiE) « $§ 415 : 50 km/36DP

DC 58 A@27 K(EE&1E)
HEEXR, JLEIEHE, 'BHK cERETL o BHiR « HFAIDP « 1<EH
(S TIE vy 7EI100 KWE |« SEHIAER « BEER « 3 DPIEE




pessFRFEDOH D

Lm

FEFLANT - [B

i (3)

X3 56

Ay MEE

Z— X & L T ORRMEAM

SR

%52 1)

HT S/ & H A

i [E Tsinghua Uni.
Guangdong Power
Grid Co.

« Shanghai ST
e W5 mm x10.38 - 0.43 mm
o ZEALIA 1 B

. iR

DC 170 - 200 A@25 K

e L—X+Z v 7ARIDP
« 4 DPHEE
e 622 mm X185 mm

« GHef#z 5 A]
o BIERTF (FREL D A IL+8K0) % S

(300 kVarstERHEE %) o lc : 7NBH « 10104 — > /4DP
(LGB E A [7) B AR 1)
[AP23, AP24]
YT oK - Bi2223 o Hig « EHEAISP o LH2TEER S AN
_ — o ZFHHANAR « EELB T - A « 10 SPiE= o BELF(FREE O 1 IL+8K0) % 5 ED
(100 KVARHAFEBIEDRIR) || " o * 344 mm x 168 mm
(REGBI SR FHA R E ) ' 104 — /3P
[AP25, AP26]
[B] &5+ FH [B]&5 T FH [B]&R ¥ FH e GH2 L LH2/5#]
e W2 mm X UNEH « CORC"® cable e RNaAq L
«lc:480 A o 2%1R/ B x 8B (16 1R) o NE125mm, #M%132mm, &
EEFH o« T —7ILAE 3.3 mm $REB300mm
Kalsi Green Power Systems, e W2 mm X t<BR o —T7IILBY Y F :5.68mm |EEFH
Victriak e WILF T 474> F0.33mm, 65 [« Ic : 6864@20 K, sf e RLaA L

(3 MWHRZZH AR 5T)

*lc:480 A

« EHRE N : DC 3171 A@20 K

o NE145mm, 2ME153mm, B

(2B EEBHHK) [E 7 F #REE300mm
[AP27] « CORC" cable
« 2547/ /B < 8/B (163=4%)
o T — 7 IILAE 3.3 mm
o T — 7MY v F 1 5.68 mm
o BE:E : AC 3171 Arms@20 K
[B) %5 T FH - EBERE R 1 285 A(65 K) — 1600 |« ZTESL & AR DEMIA X « GHe(20 K)
- W5 mm x10.112 mm A(20 K) « LN2 (65 K)
FUP K -8R, 10um
(2 MWHR 2 #E LS 3% 5T1) & ¥
(BB - W5 mm x10.112 mm
[AP28] - %8, 10um

TN TFT 4T A FQRODEILLT)
lc:380A
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EcoSwing [AP1-AP6]

Lm

HTS coil + pole piece

THEVA Pro-Line TPL2100 EcoSwing rotor coil
Tape width 12mm Geometry Double-pancake Cold yoke
Thickness tape 021mm — oneth wire coil 500 m
L{'_-p_pcr thickniss ) 104 i Lensth. cdil w1400 mm
Minimum double bend diameter (RT) 60 mm e
Muximum rated stress (RT) 300 MPa Lap joints Up to 10
Maximum rated tensile stress (7TK)  0.3% Insulation between tums 16 gm thick foil
Minimum 1(77 K, SF) 250-360 A Imsulation between layers 25 pm thick foil

Insulation test 10 M2 w1 kY

Cument connection Two Cu connections at NDE
hatizonon Weight winding pack 48 kg
1 iz | TRL 7

sl

warConducion

Bt kyrey

LEELI

Winding pack HTS coil with pole piece

@ top steel plate @ top copper plate
3 iron-nickel core @ winding pack
® copper plate

(® bottom steel plate and side supports BEECHLHA—FRryr—a—FrJILL12E
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SUPRAPOWER [AP7-AP12]

7% 58

Cail

Stuck of acetrack DPs

Number of DP's 9 Thick copper plates 8 mm
Number / thuckness of copper caps 2/% mm L |

Inswlation lavers between DPs Gt /

Insulation layer thickness 0.2 mm

Coil radius inner/outer 100 mm / 165 mm !

Total thickness ~91.6 mm

Straight side length end pans 185 mm GQPE‘H e
Straight side body 622 mm ’7"’

Totl Wire length - 3200 m

SC4

Racetrack DI cotl

Mean dimension per wire in the coil

Number of tums per luyer 125

Number of layers 2 8 Each coil contains 9 doubla pancakes

Layer jumg length 185mm ® Two thick copper plates are mounted

Total number of tums 145 ;

Cross section 5.4 x 8,40 mm’ ® Working temperature: 20 K

Copper sheet thickness 2 mm 8 Maximum temperature rise: 3 K y i
Total coil ihickness &40 mm Copper plate <~ MgBz winding
Inner / outer coil radins 100 mm / |65.4 mm '

Straight side length end pans 185 mm

Straight side active parts 22 mm Vacuum
I'otal wire length -356 m yegee|

Impregnation
Minimum le.conl 4@ 20 K

3.200 x 0,885 mm

Analdit F, {vacoum impreg.)
355 A

Tharmal

Maximum Becoil @ 20 K 0787 i
Self=induction 56 mH B ollactor
Resimance (T=300 K) 6.61 £1 \f
Wl m
MgB2 wire Sandwich class e |
- = VESSE
Batch / Sheath V1579 /Wi
Dimensions 3 x 005 mm
Number of MpH» Glaments 19
Filling Factor {no stabilizer) 24.1%

Stabilizer
Stabilizer featurcs
Ingulation

0.2 mm Cu strip (RRE, | 50}
One side SnP'b goldercd
Dacron 62.5 pm

Wire dimenzions (bare) 31x0.7mm Thermal

Wire dimensions (insulated) 3,125 x 0.825 mm 3

L@ wH=18T,20K 113 A ) shield

dle/dB &) ualf=18 T, 20 K 100 AST Rol@ry loint

Jee (A/mm®) @up =18 T, 20 K S8.1% A/mm2 :

Bending diamweter (Cu outside) 130 mm Vacuum vessel

Vacuum vesse

T

MgB2 Coil

BEECTHL A—FryZa—FrI7ILEE
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HE2ERAF D R OB o
NEDO 3 MW fHHE— %
: | [AP18, AP19]

i (6) X7 59

O 7 1MW ZRE#E [AP17] DOOSAN 5 MW fiHFHE— % [AP21]

Table 1. Parameters of 1| MVA Synchropons HT5-2G generator

List of Parnmcicrs s value

Noaninal l.'l:|1|1|:|l-j"'m1.cr kva 1006 RE BCO"%}%*)j

Phase voliage v B0 4.0 x 0.24 mm?

Nominal Speed miin* 600

Pole umber . 10 1330 mm(@f@gglzoo mm)

Tonmmal enrrent A 00 N

Inner diameter of the stator i 800 2500 Q -7

Active ligl i 400

Mass ks 4200

Material of stator winding - Cu

Operanng temperature of stator winding K 300

Material of field coils - HTS-20 tape
Length 1620 mm Dperating temperanire of Geld couls K T -
Width 120 mm Notunal current i Geld coils (i 0.5 T field) A 40
Straiehr section length 1300 mm Number of fum per one pole B iBE e —— N =
Inm'rgdiamclcr " 50 mm Operating Power factor 2 0.95 - 0.9% K IT ¢ E I:FI j:iiﬁll'j( 10 kW % 'jE: %2
Winding Double pancake Full Joad efficiency (without the cryocoaler) b 97 -98

Number of Coils

Amount of DI-BSCCO wire
Number of total turns
Rated current

Inductance

Withstand voltage

24 coils /6 poles

70 km| 24 coils

21,600 turns

2004 at 30K

08 H at 1 Hz, room emperatune
1k

[AP15, AP16]

Coanduction Coabing Terminal

Pancake lnterconneciion
Terminal

Stuinless Steel
Farmer

Copper Mates
iy ok o
=32 lmm
HRREE $Hikm @
DPC O

L
R
L Typen

25 1685mm

AMSC - Type 8501
4.8%0.21 mm

BEECTHL A—FryZa—-—FrI7ILEE
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Peas B FE 0D B oD Ho@ AT

th[E 300 kVar [FEAZAMERE [AP23,

(a)

Mulii- jon = =
Flexible Coupling Talii-Tunciion Shafi Assembly

Hleblow Shaft

Connect fo Cryogenic Unit

HIis Riviur

Slabir Slip Ring
ridAL}
Vacuum Fomping Interface g
Thickness of Straight Round End
HTS Insulated HTS Length Inner Diameter Number
Coils of Turns
Tape (mm) {mm) {mm)
Coil 1 0.40 300 60 166
Coil 2 0.37 300 6l 250
Col 3 0.43 300 6l 248
Coil 4 0.38 300 60 346
{b.‘! NDE Torgue Tube Beinforcement Rings Dirive-end Torgue Tube

Ceramic Sheet .."-“ e -

T @ HA2

lron Core
NDE Heat Exchanger REBUO Coils

Drive-cndd Hest Exchanger

Test Magnet
SRETSRR M i

i (7)

AP24]

CP1 (Plate () and Tube 1)
DP Coil 1 Assembly

Plate 1

DP Coil 2 Assembly

cP2 } Plate 2
CP2(Tube 2)
DPF Coil 3 Assembly

Plate 3
DP Coil 4 Assambly

ETHLH—FRy=Za— I LS

§<

% 60
Y7 rK
100 kW I_JHH% ffA% [AP25 AP26]
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KalsiGPS & EZ MU 7K 3 MW MiZE#ASBEEET—% (BSi%sH) [AP27]

Lm

Parameter Value Parameter CORC MgB;
Motor Rating 3 MW Motor power rating, MW 34 3.5
Motor Speed 4,500 RPM *Line voltage, V 1103 2206
Line Voltage ~1000 V *Line current, A 1785 920

Rated power factor 0.9 lag Frequency, Hz 150 150
Motor diameter < 500 mm Base Impedance, ohm 0.36 1.38
Axial length < 800 mm D-axis synchronous reactance (Xy), pu 0.58 0.33

Field excitation winding CORC D-axis transient reactance (Xy'), pu 0.23 0.11
Armature winding CORC and MgB: D-axis sub-transient reactance (X,”), pu 0.21 0.11
OP‘?l”a_‘i“g tempcerature 20K Q-axis synchronous reactance (Xq), pu 0.58 0.33
Ambient temperature 120K Q-axis sub-transient reactance (Xq"), pu 0.23 0.12
Field winding current at rated load, A 3171 3195

Load angle at rated load, deg 42 2R

{11 G10 Motor Case

Stator Coils
__—Femofluidic Seal
“ Parameter Rotor Stator
Central former material Aluminum Aluwminum
T TsgerDis  Width of REBCO tape, mm > >
EM Shield Mumber of striations ] t
Width of cach striation, mm 2 0.33
Number of layers 8 8 "
MNumber of tapes 16 16
Tape pitch, mm 5.68 5.68
Cable OD, mm 33 33
Critical current of each strand, A 480 480
Self-field entical current, A 6864 6864

BEECTHL A—FryZa—-—FrI7ILEE
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MR O R O L@ ¢ ElERiE (9) X3 62
AR 2 MW AL BIEE T — 4 (BE23%st) [AP28]

Width 5 mm —
Thickness 112 pm y
Substrate Hastelloy (110 pm) ’//

Buffer layer Ce0, (0.62 pm) + LaMnO, (0.008 pm) +

MgO (0.005 pm) +Y 0, (0.014 pm) +

h“PErT;;'i“CtI"g Gd,Zr .0, (0.055 wm)
Stabilizing layer FuBa,Cu, Q. ,+BaHfO, [3.5 mol%] (3.6 pm) ‘
Number of Silver (10 pm) |
filaments 1 - 20 (Laser-scribed) |
f: at 77K, self field =380 A
_ . o= B LN, or GHe cooling
Output power 2 MW NG | - B GHe cooling
Voltage 615~3710 Vrms —
Armature current 202~1131 Arms
Number of poles 2 — 65 K
Frequency 50 Hz R i B e B
Number of revolutions 3000 rpm —O~Fuia wingings B = 15T D= 300
Field current 285~1600 A 800 4
Operating temperature 20, 40, 65 K Working point of ’
Cooling GHe. LN, goo | \ | 3rmature windings
COP of cryocooler 0.0125, 0.025, 0.1 Worklng point of
Ratio of the rated peak current to I 0.8 T i / field windings
Rotor diameter 120~240 mm - =
Effccri\rc lcngth ].DUU mim i // \
0

1 2 3
Perpendicular magnetic field to the tape face [T)]

BEECIHA—FRryra— I LS
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7O’y bEE

= —X & L T OB

BRI

3 A LA

HT S/ &5

UMK
(22 kV/6.9 KVZ £ 28R %)

* Bi-2223
* FHIARA

o LRERR  2F4F
:AC45.4 Arms@77 K

 EBERER -

IRBFALA YV —F
2RERR 2L 4V —&

° LNZ/X/E/'H iﬂ

[AP30]

o ZEALIF : 300 um
e lc: NFH

[AP29] « REALIH : A Y BES
elc:42.4 A@sf, 77 K « EBEREJR : AC 174 Arms@77 K
« YBCO o IRERR  BiR eI 6L AV —, BI6R— |e YT —IILBELH
FLMN K, ISTEC W5 mm x1t0.16 « BEE : ACH8 Arms@66 K |» NE404mm
(6 9 kV/2.3 kV-400 kVARRARZ |« ZEALEF : 50 um « 2XERR I 3FRIR e 2R2L ANV —, 192K —
S2EEF) e W5 mm x10.41 BEEHR:AC 174 Arms@66 K |« NE346mm

New Zealand

Industrial Research Ltd.
Victoriak

(1 MVA-11 kV/415 VZ £ 2559)
[AP31-34]

» SuperPower

o LR(EAR) : 4mm % 0.22mm

o 220 (BAE) : 12.1mm x 0.80mm
e lc:2093.5 A@sf, 77 K(2:k)

» General Cable
Superconductors, Ltd. (EfE
1t)

o 1 : iﬁ

° $$K EE;/)IL : 30 Arms

¢ 2% : Roebel Cable (15%%%,
%%?%5 mm)

o 1_$I\ EE,/)IL 21390 Arms

e 1 :912% — v
(48% —>, 19/8)

2R 120K —
(2052 — >, 1/8)

BT —NEBREH

FRE T
(Fepis 4 MVATZEEE D2 -

- F KBTI, Bi-2223
« w42 mmx1t0.24 mm

- IMUEE SR (8%FR)
- 64X — VEIZERNL

e NEZ305mm
e 5&612mm

s LN2;Z 8 /54

Innova Superconductivity
Beijing Jiaotong Univ.

(6.5 MVA-25 kV/1.9 kV§kEF
EEE‘E*E% e an-[_)

[AP36]

© FHAER
- lc : 550 ALl E@s.f., 65 K

- IR E SR

- 1R 1 2-3F4%

- BEEIM:264 Arms
2R L 6HRAMRER X 415

- BEEM:3400 Arms

- FITHLSE © 0.38 Tp

- EEHR 019 Tp

o NE430mm, 2 ZE470mm
e 2149 % — >

.« 1

%305mm, 2AE365mm

o B :491mm

AR, - cWILFT 4T AV b 'Lﬁﬂ%m-?SOArms 96X — - 1B
=] El o = o 705
FEE;%%%?JVF AH) ‘lc:72 -84 A@T77 K, s. f. - SEATRESE 0 0.247 Tp
. ﬁ@ﬁﬁ_ﬁ?? :0.069Tp
- Innova, Bi-2223 e1X 1 1961% — « BT —ILBEAH




BeSSBFR OB OLBIEN  BEZR (2) X3 64
MK 22 kV/6.9 KVZEEZ5B3F [AP29]

() (b}

HY
Former HTS
(GIRIT) T winding

Fig. 1 (a) An overview of the model coil for over-curtent tests, and {b) a
cross-sectional view of the local model coil for AC withstand voltage tests,

40

II().'ld Iirle FQL_

*"" the seeondary I?
load Line far 4
the pr:mnrygy

30 }

paral lel directiom
20 it

perpend icula

Fdirection
o f d\—o\g}‘(}-ﬁﬂ_
/ 77 K

0
0 0.01 p.02 0.03 0,04 0,05 0.06 .07 0.08
. Magnetie Induetion [ T peak ]

Critical Current of Strand [ A rms ]

Main DESIGN PARAMETERS OF HTS FIELD-TEST I RANSFORMER

Parameters

Design values

MAIN RESULTS OF CHARACTERISTIC TESTS FOR HTS TRANSFORMER

Capacity
Primary/Secondary voltage
Primary/Secondary current
Winding type

Laver number

I-turn voltage

Operation temperature
Frequency

Magnetic induction in core
% impedance

Coolant

Strand

Twist pitch of strand
Mairix of strand

Strand number in winding
Conductor type

Maximum level of aver-current

AC withstand voltage
Lightning impulse voltage

I MVA

12kV/69EKV

454 AL 145 A

Cylindrical / cylindrical

472

B3IV Y

77K

60 Hz

1.6 T {(room temperature)
5.0%

Liquid nitrogen

Bi-2223 multifilamentary tape
Mo wist

Mn-Ag

276

Transposed parallel conductor
5 times as large as rated level
50 kEV ms

kY peak

Test items

Results

Individual tests
Short-circuir test

No-load test

Rated capacity

Efficiency

AC withstand voltage test

Lightning impulse test
Field tests with cryocoolers

Short-circuit test

Ineush tests
Connection with gnd

{operated in liquid mitrogen of 77 K)
AL loss of windings at rated levels of
current @ (0,206 kW (in liquid nitrogen)
Core loss at rated levels of voltage :
3.20 kW (in room temperature space)
100 kWA
99.4 % (refrigeration penalty: 10)
SOkV, 60 He, 1 mm. {OK)
Peak level of full wave : 100 kV {(K)
(operated in subcooled liquid nitrogen)
H0-hour steady operation equal o 1000 KVA
short-time operation equal to 1670 kKVA
S-time inrush current tor (1.2 s {no quench)
1 8-hour steady operation of 821 kVA
144-hour steady operation of 586 kVA
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TABLE 1
PARAMETERS OF 1@-400 kVA SUPERCONDUCTING TRANSFORMERS

7% 65

SRIERHT  FTERIRFH4A MVAZ EEZR D2
R-NIERIELRIE - 552 [AP26]

SpeciFICATION OF HIGH-T - SupERCONDUCTING COIL

I T T T
Number of p.hab&' I - Wire Bi2223 silver/manganese
Rated capacity 400 kVA Material alloy sheathed
Rated frequency 6 He _ i"gmmndu'{:‘iins tape
Rated voltage (Prim./Second. ) 69 kV/23kV E":::]“‘_ll“i;‘:“’“ P'G[L‘“" % 0.24 mm
Rated current (Prim./Second.) S8A /174 A Number of g
Y Impedance for tvpe-R 15 % (400 kVA standard level) Parallels
% Impedance for tvpe-L 10 %% Winding :![mlcrhnlliunmlcr ({:] ;f}ﬁ mm
r - . 1] ] mim
Number of tapes in the parallel 1/3 :

: 3 Number of 96 t 1 lavers = 96 1
conductor (Prim./Second.) tums s x 1 layers = = ums
Number of turm / phase (Pri./Sec.) 576/ 192 . Multi-strand single-layer solenoid coil

Number of layer (Prim./Second.) 6/2 Structure 13 times ”T:ﬁ?:':::ﬁimq
Iturn voltage 12.0 Viturn Current 215 A @ T7K, self-magnetic field
Winding form Cylindrical winding Induetance 1.16 mH

Total length of YBCO tapes
Dimensions in Fig. 2 (A. B, C, [}
for type-R

1.60 km (type-R). 1.66 km (type-L)

206 mm, 346 mm, 17,1 mm, 41.0 mm

Fig. 1.

Photograph of a 16-6.9 kV/2.3 kV-400 kVA transformer [5], [6].

for type-L 195 mm. 374mm. 54.8 mm. 16.9 mm Imnlmre Secondary Primary . w55
Operating temperature 66 K subcooled LN, : : o ket B8 1 E= Crltlc:lal ::urrenll
Outer Size W 1175 x D 1020 x H 2284 mm” ! AJEEiEiEll s 1 Al b g
Weight 2.8 ton ! ' ' T
\ )
} Parallel .~ |
TABLE 10 : Perpendicular
PARAMETERS OF REBCO SUPERCONDUCTING TAPES A ! g .
Production process IBAD-PLD ! % iy [ 5‘% £ 100
Superconductor YBCO (1 pum) : | H O ’\‘
Buffer laver AlyOq (120 nm). Y,04 (20 nm). ! I 200 —
MO (10 nm). CeO, (300 nm) : ' /‘ sl ek
Substrate Hastelloy (100 pm) i . i 100
Stabilizing layer for type-R Ag (8 pm), Copper (300 pm) | Al i
Stabilizing layer for type-L Ag (18 um). Copper (50 um) | ! 0 e
p i e oy 21 3 = / ' - S| e S e s e P LS 02 04 : X A
Cross section (Width x Thickness) Smmx 0.16-0.41 mm : —'—|~— +_D sle T ,| 0.0 Magr?etic ﬂell}do?T) 0.08 0

The numerical value in the parentheses corresponds to the thickness.

BEETHA—

RyZ—a—bFJ7 LS
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New Zealand Industrial Research Ltd., Victoriak 1MVA-11 kV/415 VZE [ 255 % [AP31-AP34]

Parameter Value
Primary Voltage 11,000 V
Secondary Voltage 415V
Max. Operating Temperature 70 K, liguid nitrogen cooling
Target Rating 1 MVA
Primary Connection Delta
Secondary Connection Wye
LV Winding 20 turns 15/5 YBCO Roebel cable
LV Rated winding current 1390 A rms
HV Winding 918 turns of 4 mm YBCO wire
HV Rated winding current 30 A rms

40MVA 1T MVA  Ratios

Rated power (MY A) 40 1 40
LY cable length per phase (m) 167 M) %35
LY winding volage rms (V) 6350 240 26.5
LY rated cwrrent amplivude (A) 2069 1564 1.51
LV £ (A) 3500 3500 1
| I P . 0548 0.561 1.51
HY wire kength per phase {m) EL5N| 1 1.0
HY winding voltage rms (V) 110000 1 10K} il
HY rated current amplitude (A) 171.4 429 4
HV I, (A) 194.4 194.4 | LV bushing
HY loy eI 0.882 0.220 4
HY LY | ——Foam plug
Internal diameter (mm) 145 310 |
Mo, of mims in axial direction a8 20 . |
Mo, of twms in rchal direction 19 1 Warm shell ' Winding
Toial mms 912 M B | L assembly
Conductor width (mm) 4 121 LV lead —| |
Conductor thickness® (mm) 0.2 080 | | i
Axial gap between turns (mm) 2130 21 Cold shell —| I
Rocbel strand number — 15 i
Strand width (mm) - 5 ; "
Gap between Rocbel stacks (mmj — al 'HBEETCHHEL HA—FRryrZDa— 7 LeE

Superconducting layer thickness {jam) 1.4 1.4




No.

HBRR DS

B4

MIT

HTS-110

MIT, RTRI

Rz

Pl&, ¥—7—F )

1.3 GHz LTS-HTS NMR
Magnet

REBCO (SuperPower,
advance pinning)

1.5T-YBCO MRI REBCO (AMSC Amperium

wire)

half size active shieldtype REBCO

3T MRI

compact NMR YBCO annuli REBCO

3T HTS MRI REBCO

DHLBET - REBCOG

EFEHETT

AW T—FiEEI1),
Coil1(26p)+Coil2(32p)+Coil3(38p LHeZ&E/SHEN
), RE ¢ 91~ ¢ 169.9, 4MZ ¢ 119.1

~ ¢ 211.3, F&323.65~465.8

125A-1.5T (20K) TRCTAl
A 2IAIVAREE ¢ 560, 9MF ¢ 590-  (RESAD

670, >—=)LRIA(ILAR ¢ 1140, MR
¢ 1200, EHKRISOmm

BEIL—N, NE ¢ 26, D40mmFEfz (HENARAER)
(F046mm. 0.08mm/Z

MainCoil3#E ¢ 501.5, SMF ¢ 567~ (REISEAN
¢ 592.6, 142.7A-3T (20K)

mEAR

X3k 67

INMR - MRI~ 7 % b

5%, s e

AR B ORERTII> T
[REMHETE . RERBF(CTAILD
BIS93(FEEN VR BEEN D
5 o

YBCO#E CHE/SIEDI> /I
B15TMRIOFEAE(CARINUEE
R

3T MRIDZE#ET. EE/N
2 —F0A)VER22048, #R44
R77km, STEZEFILERAE.
=E/M77230mm, 35ppm,
100mmDSVTIRE&T T

YBCO#&ETL — hTHBRLIZ
1>){ ANMR TOIER%
oE_EICRE I BERE

B4z £ fcREBCO]
I TOEMEL /251 XDOMRI
SHAEH . ZERMR7380mmT
3.8ppmVRMS, 200mmDSV

51 RT

[AP37]

[AP38]

[AP39]

[AP40]

[AP41]




No.

HeesBFE D H

%

LBNL, BNL,
NHMFL, FNAL

BNL

CERN / CEA

CEA, Univ. Trento,

etc.

LBNL, FNAL, ect.

LBNL, NHMFL

B AT

P&, ¥—7—F

REBCO - Bi2212/¢

A

US-MDP / Stress management Cos-theta REBCO CORC4# — 7

(SMCT), Canteed Cos-theta (CCT)

FCC, HL-LHC

EuCARD2-WP10.3 Feather-M2

ARIES (Accelerator Research and
Innovation for European Science and
Society)

US-MDP / Canteed Cos-theta(CCT)

DOE-OHEP / Canteed Cos-theta (CCT)
coil

1%

REBCO 4-ply (ASC)

REBCO Roebelsr—7

1%

REBCO 2-ply

REBCO CORCE{E
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& 720 mm, 6.5kA-3.3T gHe B A
(5.7K)

1234 v bAA FEE. (FHAXTH)

EREME62km, metal-
insulated, 2052A-11.9T

E(REKE30m, aperture 70
mm, 4.845kA (4.2K, 1.2T) He)

350A (4.2K, 15TH), 0.3T (AFAXTER)
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vapor cooled (N,,
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SUPRAPOWER e Columbus W3 mm « ZELEH ¢ [+1c 160 A o HiR L—X+FTyoH «20 K
(RN A, REBEE) x 0.7 mm 200 um «Je 76 A/mm2 |« EEE « 9DPHEE o B ERMRE S A
(10MW#MgB, o 1 ZEIRED @20K,1.37T DC95 A 622 mm X185 mm o e F Z (ERESICECE
- SHIOERHER) @20 K,1.37T «145% —>/DP o DB~y FIZBERF
[AP55] « #8414 : 356 m/DP & eIz
INNWIND « Columbus e W3 mm o« ZELEE ¢ [+lc 235 A o iR eL—X bS5y oY «20 K
(BhE, e | Y SN x 0.7 mm 200 um eJe 112 A/mm?2 |« BEE : - 10DP# /= o BREBEESH
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—_— ~ 1] y

(#F—7 7)) [AP65] @15 K, 1.45T
MIT EtEt N =fiva o« $2120.64 mm [« ZE{LE | lc 230 A o BEAR (BER) VL /A RaqnL «10-15 K
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(kA EBRIEES) @10-15K, 22T |+ PCSH —& &L « PCSHf#h
[AP66]
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Resorve Univ x 11.19 mm e Je 207 A/mm? |« BEEE T : e BE1~2m o SHEEMTEGAD
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(3T =) =72 L 20 K X 11.19 mm ¢Je 186 A/mm?2 |« BEE 0 - e BR0.7~2 m o SR RE LA
(Ya-M 7 1.37 m) DlclZ iR A @20 K, 6.54T | DC270A «EME #9100 km
[AP68] L @20 K, 6.54 T
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