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Table.1 Specifications of Superconducting Model Cable

Outer diameter (mm)

Copper former 30.6 (400 mm?)
Hollow diameter 14
HTS conductor layer 35.4(2 layers, I.=5850 A)

Electrical insulation (PPLP) | 79.4

HTS shield layer

80.0 (1 layer, 1=6900 A)

Copper shield layer 88.5 (310 mm?)

Hollow copper former
HTS conductor layer
Electrical insulation
HTS shield layer
Copper shield layer
LN,

=~ Cable conduit

Fig. 1 Cross—sectional Structure of Model Cable
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Fig. 2 Simulation Results of Shield Current
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Fig. 2 Simulation Results of Temperature Increase
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Table.1 Specifications of Superconducting Model Cable

Outer diameter (mm)
21.7 (325 mm?)

HTS conductor layer 26.9 (2 layers)
Electrical insulation (PPLP) | 79.0

HTS shield layer 80.0 (1 layer)

Copper former

Copper shield layer 90.0 (310 mm?)
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o 1.0 . oy
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Fig. 1 Fault Current Fig. 2 Result of Current Margin
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(a) Cross—Sectional View of Cable Joint

Degraded location

’ Edge of the
S/ comted conductor

________________________________________

coated conductor

Temperature
772 §07 104, 11a 131. 145. 158, 172,

Unit: K
(d) Temperature Distribution
Fig. 3 Results of MO Image and Simulations
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Table 1 Specification for analysis
Width of
C.C. (mm) C.C. (mm)

Inner/Outer  Inner/Outer  Inner/Outer  Inner/Outer

Number of Gap Phase
(degree)

Cable A 4/4 15/15 0.77/0.91 0/0 - 24
Cable B 4/2 15/30 0.77/0.43 0/0-12
Cable C 22 30/30 0.37/0.43 0/0-12

Fig.1 Two-layer cables with spiral structure

(a) Tape on tape (b) Tape on gap (c) Edge on gap
(T/T) (T/G) (E/G)

25 S5
(d) Tape on gap + Tape on tape (e) Edge on gap
(T/G+T/T) (E/G)

Fig.2 Position of coated conductor (C.C.)
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Fig.3 AC loss distribution of each phase
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Fig.1 Analysis models

0o ™1 T 1 1 | F{
1500000 f_i
10 fa
gsm | Powering | 1 | I _."J
i
N ““Ljrﬂyb -J“
_%-sw —(a)
Fiowoon | Braking | | i — O
1500000 L! _I!_ . {(;;
<HO000D0

Time(s)
Fig.2 Regenerative power performance for 5 min. for analysis
models shown in Fig. 1

Tab.1 Comparison of substation conditions

Ilﬁﬂﬁﬂﬂllllllllﬂﬂﬁﬂlll

HTS Cable
Intermediately connected to NO YES
feeders (every 2.5 km)
Substation Number 5 5 4 3 3

Max. substation current (ka) 2.1 1.3 1.42 1.61 1.65
Max. substation power (MW) 3.2 2.0 2.21 25 2.56
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Fig.1 Current limiting test equipments during cooling.
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Table.1 Main Specification of model HTS transformer. E -30 inrn A \\ ” \\ \\ ]n\ lﬂ I\U{\UI\ AVAV \/AVAV AN 10 K
Prlmary‘ | Secondary 40 £ RIS 1 -300
Number of Phase Single Phase F U ]
Rated capacity 400kVA -0 : Pri. T“V"e”t 1 ~600
Rated voltage 6.9kV 2.3kV _6000‘5‘ ‘ ‘0‘ ‘ ‘60; ‘ ‘01‘ ‘ ‘(‘)1‘5‘ ‘ ‘02‘ ‘ ‘(‘)2; ‘ ‘03_900
Rated current 58A 174A e . o . . |
Rated frequency 60Hz time[e]
%Impedance 10.6% (400k VA standard level) Fig.2 Voltage and current during current limiting test.
Number of turn 576 | 192
Operation temperature 66K(Sub-cooled LN,) 4. FEDH
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Fundamental study on conceptual design for medium class superconducting synchronous motor
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Table.1 Designed main specifications of a 300kW HTS
synchronus motor

Rated capacity 300 kW
Revolution 3600 rpm
Terminal voltage 1500 V
Power factor 1.0
Frequency 120 Hz
Synchronous reactance 0.4 p.u.
Field coil operation current 150 A
Number of poles 4
Max. magnetic flux density of field coil 09T

Table.2 Conceptual design results of a 300kW HTS motor

Number of armature slots 24
Armature coil rated current 120 A
Number of armature coils 80 turns/phase
Armature coil inner/outer radius 160/200 mm
Machine shield inner/outer radius 210/239 mm

143.2/149.6 mm
110.9/132 mm
500 turns/poles

Damper inner/outer radius
Field coil inner/outer radius
Number of field coils

Field coil straight axial length 250 mm
Winding wire for field coil YBCO tape
Field coil type Racetrack

Field coil winding type Double Pancake
Field coil operating current 150 A
Max. magnetic flux density of field coil 1.0T
—— Shaft
—

9478

Field coil (HTS)

Fig.1 Cross—sectional view of conceptual structure of a
300kW HTS synchronous motor
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1. M. HASEGAWA, et. al.: Abstracts of CSJ Conference, Vol.
84 (2011), p. 55

2. Y. TERAO, et. al.: presented at MT-22 (2011), 4EP2-3

Back Iron

3-phase MgB,
Armature Windings

BT (2)

Fig.1. Illustration of fully superconducting wind turbine

generator (8 poles)

TABLE. 1 Characteristics of designed generators

Generator A B C
Output [MW] 10.0 10. 2 10.3
Line current [kA] 1.76 1.77 1.78
Line—to—line voltage [kV] 3.31 3.33 3.34
Synchronous reactance[pu] 0.53 0. 41 0.32
Field coils
Current density [A/m* ] 1.68X%10°
Total cuurent [MA] 1.18 1.54 2. 00
B, @ field coils [T] 5.73  6.73  8.05
Armature windings
Number of turn 150 92 68
Back iron
Thickness [mm] 250 285 297
Weight [t]  31.7 35.7 37.1

500
450
400
350
300
250
200
150
100

50

Length of superconductor windings (km)

Fig.2. Length of superconductor windings
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Modeling of Grid—connected Superconducting Synchronous Machines

TV aAk, B ERE, ORI 2 (KD
QUEVAL Loic, SEKINO Masaki, OHSAKI Hiroyuki (Univ. of Tokyo)
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1. Introduction

We developed an accurate, efficient and flexible modeling
method for the steady—state and transient analysis of
grid—connected superconducting synchronous machines. The
potential of the method is demonstrated by simulating a
10 MW superconducting wind turbine generator connected to
the grid through a AC/DC/AC converter under fault
condition.

2. Coupled FE Phase—-Domain model

The synchronous machine is modeled with the coupled
finite element phase—domain model. Saturation and iron losses
are neglected. The phase-domain model is expressed as,

(1

2

3)

4

where v, i and A are respectively the instantaneous voltage,
current, and flux linkage vectors. ] is the moment of inertia,
and Tm, Te and Tdamp are respectively the mechanical torque,
the electromagnetic torque and the damping torque. R is the
resistance matrix of the windings. The inductance matrix L
depends on the rotor position 0 . It is evaluated through static
FE analysis, stored in a lookup—table and retrieved in terms of
rotor angle. The electromagnetic torque Te depends on the
rotor position and currents. It can be derived from L using the
global virtual work method or directly calculated from FE
analysis using the Maxwell stress tensor method.

3. Application Example

We built a complete simulation model of a superconducting
wind turbine generator connected to the grid through an
AC/DC/AC converter. The generator is a 10 MW class
superconducting synchronous generator [1]. The AC/DC
converter is a three—phase uncontrolled full-wave rectifier
bridge in series with a DC/DC boost converter. The objective
of the DC/DC converter control is to maximize the power
extracted by regulating the generator speed to its optimal
value (MPPT). The DC/AC converter is an IGBT-based PWM
inverter. The objectives of the DC/AC converter controls are
to guarantee that all the power coming from the rectifier is
instantaneously transferred to the grid by keeping the
DC-link voltage constant, and to actively support the grid by
regulating the reactive power fed to it. Finally the blade angle
control system ensures that the reference optimum power
does not exceed the rated power of the generator.
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Bridge Boost PWM
rectifier Converter inverter
= sM = A S = = Grid
¥
«-| Blade angle . MIE'P- . .Rcacli\,’c pn\vcr control

control | Tracking | | DC-link voltage control

Fig.1  Simulation overview, grid—connected 10 MW

superconducting wind turbine generator.
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Fig.2  Simulation results, dynamic response to a voltage sag

resulting from a remote fault.

Initially the system is in steady—state conditions. At t= 0.4 s
the positive—sequence voltage of the grid drops to 0.5 pu
causing an increase of the DC-link voltage, a decrease of the
generator speed and a drop of the wind turbine output power.
After the fault elimination at t= 0.5 s, the system returns to its
steady—state. We underline that, as opposed to the classical
dq model, both space and time harmonics are taken into
account with the phase—domain model.

4. Conclusion

The proposed method permits to calculate steady—state and
transient performances of grid—connected SC synchronous
machines. The accuracy and efficiency of the model are
obtained by the combination of the FE model and the
phase—domain model. The flexibility of the method is
demonstrated by

simulating a grid—connected

superconducting wind turbine generator under fault condition.
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Fig.1 (a) The analytical setup for the pulsed field magnetization
using the solenoid coil.

(b)Inhomogeneous distribution in bulk and positional
spatial relationship with a coil
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Fig.2 The applied field dependence of trapped field at 40K for
the center of the bulk surface.
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Fig.1 Xray diffaction patterns for Y211, Y211+30mol%BaSnO;,
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Fig2 Scanning electron micrographs for the powders:
(a) Y211+30mol%BaSnOs; (b) Y211
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12.6mm, PNEE: 8.5mm)DHIZ AT, EiteRL 7R T
AL 1.5mm ETOMMEINT 45,

(2) IMD 1:(2J:% 37 J8(Cu—Ta 37)MgB, #hF D /ERY

@ A% Amm,NEE 1.5mm O Ta tube O HLMIELE 2.0mm
D Mg A E X, JE0IZ 10mol%dD 7/ SiC ZJR+E7= Boron ¥
REFES S, ZTHABEAR 1.2mm O F R ICH N T
(groove rolling, swaging & drawing)9 %,

@ OTHERRLI-H SR A 37 AED T, Cu tube (FE:
12.6mm, NEE: 8.5mm)D I ANT, FEllRIL 7 mrE®AT
[EAE 1.6mm ETORMZIN L2,

(3) AR LR B E

EREERED dem O R EY) 57T, 670°C T 3 IRFRIEA
ALFRU 72, FRRRI SO F B2 HONT SEM CRIES L 72, 2L
PRI ORI L TRES T T 4 S FIRPUEZ > T RE
AE LTz, BSOS I L > CHE R A 2GR L
72
3. HER

(1) Wi 55

Fig.1, Fig.2 {2 /R U7z BLER % M4 D Wi 12 1T hollow(FR U
HBIMDIFESTZ core & Mg M3%~o72 core DM, FaE 4T
core [Z1E MgB, 23 ERRKL Tz,

(2) SEM Image

Fig.3 1344 (Cu=Ta 37)D core NES (Fig.2 DRV HILEEAN)
@ SEM Image Td#hb, MgB, JEIZ3\ T B rich #43 (FBV AR
YNRIFTH-EVBIETED,

(3) B EBWEIE Fig.4 1% 10mol% 7/ SiC ¥RANILI= IMD
1EI2X5(Cu-Ta 37)&(Cu-Fe 19)0D S i A=, 1l
B OBESHRAFIEIZFA L FIL TH DAY, 4.2K, 10T T(Cu-Ta
3OMHTHI60 kA/cm® E@WEDMGHIIZ, —Ji, (Cu-Fe
LB D J 1% 2Tk A/em? LEDIeh o7z, Ziud Ta @
INTAED Fe K BAFTHE—/2T7 4T A RN TEI 2D EB %
BID,

HiEE

AWFFEIIR A HE TR BB (S T) 0 e im AR ¢ S8 AL B Al

BRI S 3 (ALCA) D Bl &2 T,

— 134 —

Fig.1 Cu-Fe sheathed 19-filamentary MgB, wires by IMD
process (After heat treatment at 670°C for 3 hours)

Fig.2 Cu-Ta sheathed 37-filamentary MgB, wires by IMD
process (After heat treatment at 670°C for 3 hours)
R "--L—' ~F

.
. L A

Fig.3 SEM Image of Cu—Ta sheathed 37-filamentary MgB,
wires by IMD process

2

Critical Current Density (Alcmz)

—m— Cu-Ta 37 core
—o— Cu-Fe 19 core|

L L L
6 8 10 12
Magnetic Field (T)

Fig.4 J-B curve of IMD processed multi-filamentary
MgB, wires
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Development of 3 Tesla Class MgB, Superconducting Bulk Magnets

HH A B BRERT ; AR IR GRORIST SE2810) 5 Tl i —, BR . GER)
TOMITA Masaru, ISHIHARA Atsushi (Railway Technical Research Institute);
YAMAMOTO Akiyasu (The Univ. of Tokyo, JST-PRESTO); SHIMOYAMA Jun-ichi, KISHIO Kohji (University of Tokyo)
E-mail: tomita@rtri.or.jp

1. [ZC®HIZ

W EHSINENZ XD 15-30 K Chis i PTREZRIEB 5 L7 fh
FELT MgB, SV IRERFT LT, 4R R EEREL T
I E ORI T, (40 K) 2 FF> MgB,[ 1113, #EHae—L
VAR DN ELERA BT PEIPMENZ EDD | MEELF O 2 i
RIZIBUVNTE 10° Alem? DL Hed i i O BRSBTS BE U,
O ERNBEEERNEOND2], ZOfmkiEIcE
TLTREA OATE, St dmslEl 2R Icblzs T —7
HEEE R M Z T ReE T 5[3], £72, MgB, LI RIE~
TR BETRY FOWRG M ARIZELIRE KT in-situ K728
I LR S 2 B ANCIERIATRE TH D,

MgB, [FHAM LI FEBAIIZAT DAL TOD 0, 555 &
TV —ICH T DRI L RE SRIEREE[E SV CHFZE D3 A
TWABEEANLIALL T Thd, 37205, 40 K
PUT CEMERTREZR 58 M RE AT L LT, ik « R ~ DS 2
W TE, &I, @MWV ROBILS MRI, NMR
LOFHARSER A~ OIS IE T L5 2 b5,

5 F 2 1307 T 7 DR — ik A RO MgB, 2317
REAERT 28 2B L, el KB DS L 7 (R fEHY
WA[REE e T2, ABFZETIX, Mg & B OIRGHRDOIER K
BURZ IR 52 L L FIARR MgB, 2SOV 2 IR EAERLL |
OB R E A R L 7=,

2. EBRAE

Mg & B DIEAWEZ 20, 30 mmg, EX 10 mm O AR
WL, Ar RPAR R C 850°C, 3 h OFLERAT TV MgB,
PNNIRERG T2, — RO NIV IR, B B8 % b BT
BHIZMgB, 7 V7 IK/4 8/ (SUSYE AR E LTz, f3bi 7 Ly
RECEL, BEON O NNV IIKEEX 2.4 mm DAR—H—%
DU THAE DT ST RTREE AT AT 15 K
PUFETHHL, BEY~ 7 2y M AW TS FmH (FC)
SAEIZEY 6 T DR T CHEBEIT -T2, 7SIV RO
LRFEICBIL TIIAA—— N, POV R E ), F23—E
Frv 7 b T E LA —LHE 2O THIEL, il
WG ORI | W, AL BRI R L7z, 7238, BUBHE
EASVZREmOREE LT, F2, 7L EBE0 LT
FUBFA %L T SQUID #E ARG HT K e b Rtk 23 A L 72,

3. BREER

TERILTZ MgB, A2 REEHL, R I/RAT—/L D
IT97  RARFIIHONT, Bz AL\, 2L
RN HEI0 U T 3B OB LR 2 T 2 A T 13K
39K THY. J, 1% 30 K (BT 1x10° Alem?® P ETIH-7=,

B 30 mmg, JES 10 mm D2 KRB A S %, L
TR ZE 1 S B WD THRIE L7 e w655 0 IR FE AR M %
Fig.1 &, PLERTFEMEE Fig2 (R T, 15 KIZBWT225 T
NESN, 275 K RREET 1T U ED RERLD RO
W 3 A DT O, AT, B 30 mmg, EX 10 mm DO
NIEEREE 2 Rkt SIS Lo~ T B A S L
IR O H L OALE BT e 2 1 E Lz, 5607
PGS 175 KICBWT3.I TTHY, 30KFEETIT
VL ORI A LIZ, B—DEA 30 mmg, JES 10 mm D
FNVIRFRE O T RN R T A RS IT 17.5 K T 2.05
T CThotzZ b, ST REFCITE B 1.5 5L
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4 T T T T
MgB;, disk pair

Trapped magnetic field (T)
L]

™ MgB, single disk

0 I | 1 1 ¥
10 15 20 25 30 35 40
TK)

Fig. 1. Trapped magnetic field as a function of bottom face
temperature for MgB, bulk disks with 20 or 30 mm¢X 10 mm’

and disk pairs with 20 or 30 mmg< 20 mm'".
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Fig. 2. Position dependence of trapped magnetic field (@20K,
3 mm gap) for a MgB, bulk disk with 30 mm¢> 10 mm’.

ORI BSGE RO TNDIEN 0D, ek, MEERD
AEHZ 2Ty 7R AEFE DSV TR IFRD BT, JIEAHRD
RUTZBRORMES TR D DR T,

4. &

MgB, SV 7K aEL  BRBEE ANV AEL TORE %
RFTL72, 30 mmgMgB, /N7 RIZER W TEIE R R O
FHEREI i A e L . 2 DO ST R E R RS AZETH
3.1 T(@17.5 K)DOH OB 3 5072, 7SV 2RO
T | B O S B S KRB O SB5 1) A
AIHE T, MgB, » SV RITE T ATk D58 T RS L 7 R
AL THE THA VR D,

5. Hi%F
ARAFFEI R 278 B Al B 4x (23246110) DB %A 3217 T
EhiL7=bDTHD,

SEXH

[1] J. Nagamatsu, N. Nakagawa, T. Muranaka, Y. Zenitani and
J. Akimitsu, Nature 410, 63 (2001).

[2] D. C. Larbalestier et al., Nature 410, 186 (2001).

B] WA, TLIHoZ— LT, TEYR-F/ A
Tqx, FlE—, BRI, JISHE 79, 48 (2010).
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Characterization of current transport properties in low electric-field range of
PLD-GdBCO coated conductor by use of magnetization measurements

Ahf %D%, Beks BN, B (CIE, fRR SRS, JF R BRE, I BN, AZH BESBOLR);

Y, B FakE GRAEKR); M

s, HAE OESR, fiR BERR(ISTEC)

IMAMURA Kazutaka, HIROMATSU Masahito, YAMAGUCHI Yoshimasa, SAKAKIBARA Takashi, INOUE Masayoshi,
HIGASHIKAWA Kohei, KISS Takanobu (Kyushu Univ.); AWAJI Satoshi, WATANABE Kazuo (Tohoku Univ.);
TOBITA Hiroshi, YOSHIZUMI Masateru, [IZUMI Teruo (ISTEC)

E-mail: imamura@ees.kyushu-u.ac.jp

1. [IL®HIC

YBa,CuzO7s BT~ T Te 3L BESHER AL N <
% GdBa,Cuz0,.5 (GABCO) #j44 % FHV N T A4 D BH & AFF 78
DEAERS B S B T0%, BMO(M=Metal)52 DH L1
DM B R W AT = 72— D AT LY
Wt T O FUE TR E S TREED I/ BT A2 EARENT
Wh, 1, 2], ZDEMERERRMT OB I PEV | TE AR S
DBAFEHIZEL WIS 573, NMR R0Re T BFI 2 & Dk

INFEVEIRHE CEMES T AR ERIC WL, BRZ — 7 Big:
WL DAL DFETN DB E TR Z T HZ NG, Z DR EE+
SRS AMENDH D, Tb 5, 107°V/m BEOBIKE
ﬁﬁﬁtﬂi@ E-J FeE & BHIFEM AR Al K Tdbh D, ABFSET
WXL RN O CE v Ik A A LTZREHZ DWW T B
ERIEIZE T REREIRICE TS E-J FtEEiiti+ o8
Iz, POl TR L DMERE R L DL AEAT W BEERER 5D
BRICE L7 B IOV EE MBI BD E-J FFEIC DWW TEZEL
77

2. EBR

EBRICIE, BaHfO; 2R ML T/ RfexE AL =
PLD-GdBCO ###f % FH v 7z, WAL E L TIZES 3mm 8
Imm OEBEFERICIMTLELDA2, WiEFiETIEES
500pum., & 60pm D<AZ 7V I LLI-E DB L
THWz, BB ORI ETL, SQUID Z Vo REH=R
FHZE ST T o7, BEIRICEDE - HE X, EFY 5
FIEICTCERLTZ,

JRRERUEE

Fig. 11Z65K COREALOFEFNREIEA R 3, MixtE 7 my b b

THIBAC AL 3B R 7o BE L OFE TR E A LN TN D
_&ﬁ)%u T%é

AL DFEFNREIEN S D E-JREMEA DL T DR KU I > THEH
L7,

12m

/= w2 d(3l—w) (1
_ MG  dm
E= 2d(14w) dt )

ZIT.d EEE D ITED . w 3
ThD,

Fig.2IZ65K COREAL DREFIFFE LV G DT E-JFF RS
NI FIEI S LGS N E-JR s AR, W O E-JRq
DRBANCEL =B TWAZENHFRTED, 2Tk, 7
K2 2% REIC D E-JRE A RO ONDZ LD FHERR T
7o, ZOMD SIS DINERE R K OFEHT DFERIC D
WY S5,

« GIITAR AT A5

— 136 — 85I 201 L4 MERCRALIR T2 - I &

-m [emu]
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10" ——
T=65K
10 P e,
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Fig.1 Relaxation of magnetization at 65K.
- 765K 1
107 L
F g transport
E [l 4 04
E \/
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N AN
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gg magnetization
BTy
10" 10"
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Fig.2 E-J characteristics at 65K
ik

ARWFFEO—H I, A~ N7 LR TEE E I HE AR T BR %%
—BL LT, ISTECZE L UNEDOODEFEE 52T T ENM
L7,

SE 3k
1. H.Tobita et al., presented at this conference, 3A-p04.
2. M. Inoue, et al.: presented at this conference, 1A-a03.
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Characteristic Change in HTSs due to High—temperature heat
KWy ETRR, HA ML AR G, T R, BE sk, Al Sk (R B (5% (RE )

YAZAKI Shinjiro, AOKI Toru,

KAMBAYASHI Yu,

KARASAWA Akira, KOTOYORI Takuya,

ISHIYAMA Atsushi (Waseda Univ.); MIYAHARA Nobuyuki (NIRS)
E-mail: atsushi@waseda.jp

1. [ZC®HIZ

BB 2RI F A BRI, 2O LERRZ, 1XA
7T R ARF U EIR IR E DN ToNDT80, b OBt
TAIMED T —2 T T2 TEMIZIEFICEETHHEN
2D T T A XTI D Bi-2223 #4 FB L OV YBCO #ih1 %
TEIRIF ML, INEAFT% O -VERE(D)ZFIARL TE72[1],
ARNTESRFZ VT, IDEWIREBREE T CORMEEE,
BT B AD B2 YBCO MW THEREI 72D T
WEI 5,

2. EBRAE

uit*/l'“f‘;ﬁfﬁ—@uﬁﬁa‘m%{mr—% Table 11 ;/T‘é“ (mr%\_
O E LT=DIILL T O #1255, Sample 1 122V,
ATEIOSEER1]CIE 4.8 mm OFRFF 23 220 CHUTTHILLIZ
ZEND, AEIONE 4.4 mm OFKTIEL 200 CHHTEN
R AR ﬁbto Sample 2 ([Z2OWTCIE, SR THIE L
OCHiE R, BEEANVEYWERCAWATRE S H O
(BIREESS, N A RS A B FEL T 130 Chb 250 ‘CETIAL
RE AR ELT-, Sample 3(Bi-2223 #ANHIZHOWTIX, BilE
250 ‘CLL R TIEHAL L ~7=2 8, AlEl 300 CLLED
REZREL,

XU, BEERM O [ 25 LZnE# L0)ET 5,
LREE 77T K IR ERRESH, B BST, 1 pV/em %
YeCTiT o7z, BVER =B A NIy L, BRER
FEICEELT- DA 2 K B EIREE I D& 2 R OMlES
BHEL, # 38 A& AL, BRI Z 10 23 B CREIEL
(—EIREZ MR, IREAE T AL LU TR L ETI T
Vo Tm, BB, FIRRBRE O LEEITY, Lot 52
LCIREL [/, DBRATHMEL-,

Table 1 Specification of HTS samples, preset temperature

Number Sample 1 | Sample 2 Sample 3
Material YBCO Bi-2223
AMSC SuperPower | Sumitomo
Manufacturer SCS4050  |DI-BSCCO
344Superconductors
2G HTS (TypeH)
Process MOD/RABITS  [MOCVD/IBAD| CT-OP
Width 4.4 mm 4.0 mm 4.3 mm
Length 100 mm 100 mm 100 mm
Thickness 0.22 mm 0.1 mm 0.23 mm
/(nominal) 90 A 135 A 140 A
150 C
180 C 130 C 300 C
185 C 150 C 350 C
Preset 190 C 180 C 400 C
temperature 195 C 200 C 450 C
200 C 220 C 500 C
205 C 250 C
210 C
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3. EERHER

Sample 1, Sample 2, Sample 3 O HA2FNEh Fig. 1,
Fig. 2, Fig. 317, sBHIR EREZ LITH LB DIZA
BLT=DT, KENTA—RIOX2ROEEZNTN T By L
77, Sample 1 1% 2 AL 200 CHFENG e O 23R
L, 205 CIZHEWTIL Ie BBEBEZE 109K F Lz, 6T
210 Cffﬁﬁf»{k EN3Jeioiuiz, Sample 2 IZDWTH 2 AR
200 CHITD I EOAR FEIA D3RR SAU7278, Sample 1
DFNELE LU CIEF TN THY, 250 CTHLEBLE 5%
K TFLI=DO B TIHo7=, F7= Sample 3 122\ T, 400 Cft
PG I EOIK T AMERSA, 500 CTHRIBEZE 206K FL
77

IcllcO

175 180 185 190 195 200 205 210 215
Temperature(°C)

Fig. 1 Temperature vs. 7//, of Sample 1
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11+ — .
0.9 .
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0.7 £
0.6 £
0.5
04 £
03 £
0.2 +
01 £
o
120 140 160 180 200 220 240 260
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Fig. 2 Temperature vs. 7./, of Sample 2
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Fig. 3 Temperature vs. 7/ 7, of Sample 3

AL TR G IE A NICED L2 D Th D,

SE3H

1. A. Ishivama, A.Karasawa, et al.: Characteristic Change
in HTSs due to Temperature Rise, Abstracts of CSJ
Conference, Vol. 84 (2011) p.151
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Influence of defects on delamination of RE123 coated conductor
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SAKAI Naomichi, SHIGEMORI Masataka, MACHI Takato, IBI Akira, TAKAHASHI Yasuo, TOKUMARU Miyuki, YOSHIZUMI
Masaaki, TANABE Keiichi, IZUMI Teruo (ISTEC SRL)

E-mail: nsakai@istec.or.jp

1. [ZC&HIZ

UTAE, RE123 527 — 7 R4 % FIV = 5 FRE 2R BH FE N 78
IZHEDBAL TN D, 22T, BEAR U E D BRI KA O HIHE D
N THRMEL L LT — AN Ol S TR Y, (B EME
m EOBLE TR EEEOSGEEN RO LI TND, DT
Tk % 1%, RE123 27— 7B OFIEECRIL . Z DK A 32
FTHEELIINFTE T IEORFEIT> WD, HIBEL- M %%
BRA LA R FIEET 28N IR S FEL TRY, £
DRMaAE LT, F D% DA TR LD CEE
FIZLDRBENAE U O RIS LT, FIBEOHTTIZIENL
OPDOFEHNDH B, ARG TIE, F0Hr5, YN LT
NS K3 L ORI NTET DR IAIZ LD B BIL T
W72,

2. EBRAERUSGER

FIBERTAMG 3, 2L 5 | 55 1 7 B AR 36 L O EPMAIZ L %
FEAR AR ATIC IV T o7, Fig. 1)z, TEE 5| 55 R i B
AERiE BN G E AR, fFMEUEH T, FITIBAD FEAKR
(CeO,/LMO/MgO/GZ0/Hastelloy) LIZPLDETGA123 %k
L 7= (Aghl ) & F -, BLUF . YU LENTET B K
fa DRI Tk~ 25,

(1) YIEmIngEE

10mmiEDFFH %2, YAGL —H—Z T 5 mmig i BIkF
L7, 22T, slBHAIL AR ME 40 pm T DR O L
—F—THIL, FEIBIE, AR ME 20 um TR R
LI B L —F—CUIl L7z, b, Fig. LR
FTHEZ. 3 mmADCUT L E N EL —F —GWric o 2
U RIBERR B A S L 7o, I BETR B 2 Fig. 2(a) 12, FIBEL 7
FERA DS B B A Fig. 3(A) B L OBNIR T, 3UEHAD HEfE
FREEIE, 10-20 MPal A<, Sn#lhicid 150-200 pmdD K Fa(H:
WOFBHNIAEC TNz, — T, B HBOL—HF—THIE L7z
FBIBOSEEE 1L, 30-60 MPal &<, YWl K &7 R FaI
BlESHRAR o7z, BMAIL, Z OB ORIKREFTIZITCaA
IALDBRZ, AR TRoRIBEN ST, — ., MBIz b
BLRIS LD =T, 2D GIROIN T RE 8 A S KA
DRI Lo T2 B 2 bz, Fio. ZOFIEEZOIWT S
OFAEEICIVEREFTRE THDHZEMN DT,

(2) RETHRIEDFE

M TPICIEAR M D= 23T v AL O R BT
EE T DR PIET D LN DD, £ T, FIETDHRIME
TREEDBIMRIZBIL TRA L 72, BUBF C 13, GZO N REaik
BREGIZ MOD V£ CTRUBEL 7230k (MOD <o R) THY | 5k} B
VLA Z L TR LT AR 70 30 T D, FIBIETR E (3
mm ¢ A B B g O E) 38 L OVRIBIE i (AR AR o
kA 22N Fig.2)BL W Fig.3 (CL), ODDIZRT, Ak
C OFREEIX, 10-15 MPa T, FIBER I HA TR H L7 KB
NEHALNT-, Fi=, 7k D OE L, 30MPa-70 MPa &
MG LS AT LTz, Z2C, KD OFEMEWE T D1 o
FRES . FIBER IIE, 20T um O R EABLERS L, TRE D
FWERT D2 12IE, 2O R EZR R aIE b ->7-, Z
NHDOT LG REZRRMEOFTENDHIBERE A5 X2 L7
HOEHERHISN Tz, 22T MOD Ry RIEICBEIL Tk, 20t
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DERAFRIE LY IR E D E A UEL | RIBEREE D U
ARE CHDZENRMENDHILTND, FTo, A ZINFREEE
Z COBRIEEOIHNCBIL Tk, Yy oib/al CiliEnl
FETHHEB X TND, 7ok, AR FEEE X — 2D f]
THY, B ERSSA I 20 BARD A1 DD,

(a) () GdBCO tape
Support

Top anvi
P cut

edge

GdBC

Top anvil

tape position

Fig.1 Method of transverse tensile test.

g0 ,

0 T T
S O £ G S
£ g 90 4 &=z anf .

5 CreD1;
L S | o W
L B [ I

Fig.2 Transverse tensile strength for various samples.

_—
Defect 300 um
Fig.3 Photographs of defects shown in delaminated
surface (substrate side).

3. FEH

BN LR e AR ISR I N B S CLE o T2 K i
DR DO FIBEIC L CWDHZEE R LT, LInLRNS, 4l
Wil L C A S KBl XU Stk ootk B TSl /TRE Td
0, NESNT-KaERETAZEL TRETHAZ LMD, Hi
IEARE e BTl e, BB m e A Eis b sl
bz FwES N, MM OEEE R E95508E 2 T,
AIFGELT A MY LR e H N B 7 m o=
R ELTNEDO OFEFEICED ENiL7=H D THD,
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Measurement of AC losses in HTS bulk by the harmonics magnetic field

i — A, AR B0 FRIEER) ;= Kl GRILK)
YAMAGISHI Kazuhito, TSUKAMOTO Osami (Yokohama National University); MIYAGI Daisuke (Tohoku University)
E-mail: yamagisi@ynu.ac.jp

1. [ZC®HIZ

Fox 1L, ST BRERE AW b SRR SR O
FEFEDT=DIZ, 7L RELENDEE & 2R BRI LD
PRI R A~ DB SOV T AN IE A T TE[1][2]. &
72 & DA Wi gk 2 Te BB S HETRY, £
DOEBBIFNCIV R TRIBRDIEA TS, TORFAA KLY
2V OIRE NI, RO A5 T,
AT, PGS CRIBE R Em A Ry & AT
TGRS SN DA FRIB R G- 2 DB OV TR 24T
ST=DTHET 5.

2. BEERAE

ABlOFERTHEHLEZ HTS v271%, Gd F O HEE
34.4mm X JEX 10.4mm O FEROL DO THY, e KIHHERS R
ITIRIRZEZIRET 1.17TER>TW5, IR EBREE J13,
FHPERE Ry A KO RO T-BIFERE R 2 ISR LTZb O THY,
BLE 6.8X10°A/M? L2 TWWB. Z0 HTS 73V %[% 11T
R EH72 FRP OV T /L2 — T A dr, 737 1
B AR B L Oy 7L —a O — 2N ERES
NG, 2L FRHDCIEIRE ES27H 95720 0,
BRI EL, ISR R E R E T 5720 DR —v
TUYRREIN WD, T, NI OREEEE A TRE T
LDV B R BR TEV, U VA —% |
TIZJEME T 228 T, MRFEAITOZ LA FREL LTZ. 20 HTS
PNV TERY N TV E =X, AR A EIIN S
72T 2 IR T L7, IRIRE R TH RSN A~ 7 %
ROFLNTEY RSN TS, ZOASH~ 7 Ry hOEIRIL,
S hr— TR, Bk x R TE A T D2 LN AT REE
725 CTRY, ATEIORIE T E & AT L0 i
AToT. SBIZ, HTS VI EERET D207 T A A Ay
M fRA R ST ECHAESEDLZENATRERE T~ 27 Ry MT
FHAZINTWD. SEIOR R K ORENL, FIIIEES 03
TEAZEm T D 2 £ D720, K O VK IHEE
WEE TRV, Ko T, BVE A WV CEVE )N B IR 22
ETHHaUAN LB EOREEITT.

3. EERFERLEFELD

3T/ NIV IS RES I TRV R RE D A it 48 2 O
ERERAZ T, Q23, FARW THD 60Hz DA PikE 2 FIN
L7z KR DMETHY, TR CRENT-AEIL Bean €7 /L
LA KDEFHEETHD. 2D " HDfEIE, BL—FL T
HZENDOND. Qs 1, FEAIEIC 3 ROEMIE(180H2) % 5
DIZBEOBEAOHEETHY, AR OLOEA I RT
BT TIEHANREIRMEL 2> TND. FRBRIC Qs 1T 5 &
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superconductivity power transmission

ANEC NG I BB FR & P S0, il AR, TR BOE L in ERBR(REE)
Ohara Hisato, YAMAUCHI Shun, SUN Jian, WATANABE Hirohumi, HAMABE Makoto, KAWAHARA Toshio,
YAMAGUCHI Sataro
E-mail: te11006@isc.chubu.ac.jp

1. [ZC®HIZ

R EE T — 7 OB A, FEEEA~DIGH
L BRtEh, BMEEENr—7 VOB LA TE T2,
—J7 . ISR —DIBEE AN AN =72 EORELE - K
EREVS A OB b ITh T 5 D2 EIE 1L DC400V —
DCI500V FRETH V| BEHtIL 20kA LLETH D, A
LLTIE, =22 —(DOREXEER END D,
iDC CIXHEFEEFAT A Z LTk » T, SiEIic>2n0,
KEFISHE LTS TV, £7-, BREETIX
ELHEBEAEDONCE T, BEEMHAIZL Y BRICH-
T-EBAEERN L, A MIBICORA % EEbhTn
5.
— 5T, BEEr — T VIS KER AT L H OB
KRELRY, T—THMOERERNTNRDLZ BB D,
IO, KRBT CIEAE CBSG OB L R/MET 5
EREETHD EBbhD, AEE T, HOBED
WA VIR RBH LT =T HEMERBELZZ LI2on
Tk R%, ¥/, ZOZ ENLBEBEREr—7 V0% %
FRE L, # LWEREEORG 21607,

2. EBRAE

INETICEAY ARG CIIE#EEEZ I . &8
HOBERFRIT %2 KL SEHHEENRREN TS DY,
Fig.l \ZHMBLE O — Bl 2R, 7 —7HHM Th HHERE

RILERBI23 2 FNENH T b T —FTEKHME L.

FHEREIZ 72 > T D, Figl ORRICHEMIEZ -7
DEIREERICANTZ, FROT — T O g BT
EEIT- T2, ZOM, ETFOIERERM I —EERZ 0
~160A OFPHTHE L, ETFCTHAEERE Lz, £72. &
RO ITPNERZHE -, ZEOSEA IR
—RIZETHRNAD L 22 L, WEoHEITIEh o K
ICHEEBRASRN O E Lz, Zhuc X » T, EIRE
DOREGIIRERIZ 2> THEL BT, BT —7HIC
WEGFMOBIGIIEIFE 261D, ZHUIEA< 2%
BAICH > TR E L, lRERDPEKRT D,

S HEREEBE

Fig.2 \CEE R EROWPER 273, FERERI O ERRIE
0A TH D, BMOBEMTOERBERAETIE, TNEh
164A, Th > 7273, FEHE TIIMM OERERITTNT
FU221A,248A LHAK LT=,

Fig.3 (ZFEMEMH IR T BN & 248 X TR DR O E S
B ERT, MBI RO BRI, AR ER
NRICHEML TS Z ERNDnd, FricluEoEa Ik
BITERAZ 140A Wi L7286, 240A ETHAML TV A,
F7-ZBOEAITIZFEEEC 160A i L7256, 248A £ T
MU 7z, ZHUTHIINRIC L TR 50%Em L Tnb Z &
12725,

DIEXY ., ZOX D 728 BRI K - CTHEREM B2 5t
HAREMEN T T E T,

— 140 —

Bi2223 tape 1’373}1?1 thickness Kapton tape /60pm

| 1 | &)
| 2 |(®
| 3 | X
I 1 |
| 2 (@)
| 3 | &)
| 4 |(®

Fig.1 The schematic arrangements of the three and four HTS

Critical current[A]

tapes in the experiment

= 3
g ® three stacks : A °
2 B single : [ )
> 2 A four stacks A Y
= £ e
3’ 1 164A 221A f ; 248A
‘o
C i
3
€0 S i
o
o | |
L 100 150 200 250 300
current[A]
Fig.2 V-I characteristics for critical current measurement
F—4 8 15:58:35 2011/09/30
250 — T o
----- - % e LM -
230 single g B
2!
210
190 ®
170 single
) R |
150
-50 0 50 100 150 200
Current[A]

Fig.3 Critical currents versus outer tape current for Three and

four tapes stack conductor

SEH

i)
2)

3)
4)

PIHE == PR S REBHES-236649 FR{LW

e T A B AR D A EE I 1

M. Takayasu, J. Minervini, L.Bromberg, CEC-ICMC
2009, M1-K-04, Arizona (2009)

Ballino Amail et al, 4-LD-P48 EUCAS 2011
J.SUN et al, 4—LB-P31 EUCAS 2011

85 20114 BERKRAKIR .57 - i EF 5



2P-p24

e (2)

BIZEREZELM DIEETO R FIRTEER

Neutron Irradiation Tests of Superconductor Stabilizer Materials at Low Temperature
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FIGURE 1. Cross section vie w of the alum inum stabiliz ed
superconducting cable designed for the COMET experiment.

FIGURE 2. The aluminum sample cut from the a luminum
stabilized superconductor attached with a voltage sense wire.
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FIGURE 3. M easured resistan ce ch anges dur ing n eutron
exposure by KUR as a function of exposure time. The orig in
of time is set at the reactor activation. Thick red line indicated
the irradiationdat awi th a5 MWre actor oper ation
(~3000 min.). Fineb lue line i ndicates data with a1l MW
reactor operation (~2700 min.).
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Effect of Neutron Irradiation on High—Temperature Superconductors
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Table 1 Specification of HTS Samples

Sample 1 Sample 2
Material Bi—2223 YBCO
Sumitomo American
Manufacturer .
Electric Superconductor
Model DI-BSCCO 344 Super
number (Type H) conductors
Process CT-OP RABIiTS/MOD
Width 4.4 mm 4.4 mm
Length 90 mm 120 mm
Thickness 0.22 mm 0.22 mm
[ (@77 K) 146.0 A 90.0 A
Voltage taps

[ o

30 mm 30 mm 30 mm 30 mm

Fig.1 Arrangement of Voltage taps
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Fig.2 Experimental Result of Samplel
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Fig.4 Experimental Results of all Samples
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Design of Next Generation HTS Cyclotron: Analyses of Electromagnetic Stress
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Fig.3 Magnetic Field Distribution of
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Spatial and Temporary Behavior of Magnetic Field Distribution by Shielding Current
in HTS Coil for Next Generation HTS Cyclotron application — (2) Calculation Example —
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Fig. 1. Schematic drawing of superconducting coils for next
generation cyclotron.
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Fig. 2. Cross-sectional view of main coil for next generation
cyclotron.
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Fig. 3. Magnetic field drift at center of coil with time.
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Three dimensional magnetic field design of coil-dominated magnet for FFAG accelerator
considering flat tape shape of coated conductors
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Fig. 1 Arrangement of magnets and beam orbit of designed
radial sector FFAG accelerator
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Fig. 2 (a) Bird’ s—eye view of designed focus magnet (b) Top
view of inner—most layer of designed focus magnet

TABLE 1 OutLINES oF THREE-DIMENSIONAL MAGNET DESIGNS

Type of magnet F magnet D magnet
D secclrmor ey 433m o 43sm
Radius of beam pipe 1.2m 1.3 m
Inner radius of iron yoke 14m 1.5m
Good field region +0.77 m +0.77 m
Operation current per tape 461 A 465 A
Integrated field at /=4.35 m 1.64 T'm 1.06 T'm
Number of turns 2158 x 10 2066 x 10
Number of layers 10 10
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Warm bore anti—cryostat to investigate temperature profile
of the SuperKEKB IR magnet coil bobbin
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1. Abstract

In the proposed SuperKEKB interaction region (IR), the
superconducting (SC) quadrupole magnet system is designed
with a small coil inner radius. The vacuum gap for the thermal
insulation between the cold coil bobbin and warm beam pipe is
just about 3.5 mm and the thermal radiation will increase the
coil temperature. This paper will introduce a warm bore
anti—cryostat for investigating the temperature profile of the
coil bobbin and the preliminary results and analysis.

2. Introduction

The SuperKEKB is proposed as the upgrade project of
KEKB, with the 40 times higher target luminosity. In the
interaction region, the final focus system for each beam
consists of the superconducting quadrupole, compensation
solenoid and correction magnets. The quadrupole and
correction magnets are located between two beams and are
required to be as close to the interaction point (IP) as possible,
with strong space constraint. The superconducting wire will be
placed on the bobbin with a small inner radius, against which
in the cryostat the beam pipe will be kept at room temperature.
The distance between the warm beam pipe and the coil bobbin
is only about 3.5 mm, as shown in Fig. 1 of QCIRP half cross
W The thermal radiation from the warm tube will
increase the coil temperature and limit the superconductor
operation. This R&D is dedicated to investigating the
influence of the thermal radiation on the superconductor. A
vertical cryostat prototype with warm bore was designed and
fabricated. Several multi—insulation layers were applied in the
evacuated narrow gap of 3.5 mm between 300 K and LHe
temperature and cryogenic experiments were carried out. In
this paper, the configuration of the cryostat prototype will be
introduced and the preliminary results will be presented.

section

positron beam and correction coils for electron beam.

3. Configuration of the anti—cryostat

A quarter of the warm bore cross section of the vertical
anti—cryostat is shown in Fig. 2, in which the LHe and vacuum
vessels of other side are schematically sketched. The inner
tube is kept at room temperature by blowing the gaseous
nitrogen of 300 K. Several multi-insulation layers can be
applied in the vacuum gap of 3.5 mm to reduce the thermal
radiation. The helium vessel inner tube is covered by a G10
cylinder and attached by three precious Cernox temperature
sensors. The liquid helium (LHe) temperature is also measured
by an immersed Cernox sensor. To reduce the heat leak to the
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LHe from outer side, the vessel over vacuum chamber also
accommodates [LHe to keep the same temperature.
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Fig.2 Quarter of the warm bore cross section of the
anti—cryostat with a schematic sketch of other side.
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Fig.4 Measured temperature differences with insulation layers
and corresponding the heat flux density and per length.

4. Experiment results and analysis

The measured Cernox temperature evolution with the LHe
level is shown in Fig. 3. By comparison with the LHe
temperature (Cernox X40885), the temperature differences
can be concluded. Due to the narrow gap and the assembling
accuracy, the insulation layers may touch the LHe tube, which
will cause the thermal short circuit and can be reflected by the
standard deviations of the three Cernox sensors. Fig. 4
summarizes the results with small deviations (<0.03 K, shown
by the error bar in the figure). The heat flux density (W/m?
on the R17 surface) or per length (W/m) due to the thermal
radiation is calculated according to the heat conduction over
the G10 wall.

5. Conclusion

A warm bore anti—cryostat was designed and fabricated for
the investigation. With more than 3 layers of thermal
insulation, the temperature difference is less than 0.4 K and
correspondingly the heat flux density by thermal radiation is
less than 10 W/m?.
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Trial manufacture of 2T class superconductiving magnet
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Tablel. Regenerator type and filling volume ratio
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[1] S. MASUYAMA, Y. TAKIGUCHI, et al; Abstracts of Fig. 3 Achievable lowest temperature and filling ratio
CSJ Conference Vol. 83 (2010) p.54 of regenerator materials
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Development of an automatic control system of the Helium Circulation System for MEGs
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Fig.1 Helium circulation system
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Development of cryogenic oscillating heat pipes
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— An application of semi—empirical modeling to prediction of the heat transfer performance —
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Fig. 2 Comparison of a semi—empirical model with
experimental results. Legends in graph indicate the

inner diameter of OHPs.
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[1] T. Mito and K. Natsume et al., “Achievement of High
Heat Removal Characteristics of Superconducting
Magnets with Imbedded Oscillating Heat Pipes”, /EEE

Heat flux into OHP [Wm™]

Fig. 1 Measured effective thermal conductivities of OHP
in vertical operation mode. The fluid filling ratio is fixed at
50%. Legends in graph indicate the outer diameter of

OHPs.
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NO.3, page 2470-2473, (2011).
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