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1. T. Takenobu, et al.: “Intralayer carbon substitution in the
MgB, superconductor,” Phys. Rev. B, Vol. 64 (2001) p.
134513(1)-134513(3).

Table I. Carbon content z (MgB, : Mg : C=100: 10 : z in
molar ratio) in MgB, + Mg powders milled with oils after
drying at ¢ °C and the carbon substitution amount x in
MgB, ,C, in the corresponding tape samples.
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Organic media (¢) z X
MO(180) 5.3 0.04-0.05
MO(230) 4.0 0.03-0.04
SO(270) 19 =0
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Fig. 1. DC magnetization curves as a function of temperature
for MgB, tapes listed in Table I, together with tape using
pristine powder, in 10 Oe in a ZFC mode. The magnetization
M is normalized to that measured at 5 K, M(5K), for each tape.

oll @ pristine
H4=0
® 4=15
02H Y ¢=5
+ ¢=10
X g=15
04 i
& 7 °
< ZFC/100e &
= 2 °
J .06 .
= [
[ 4
0.8 R
1 ]
Mng :Mg=100:10
20 25 30 35 40

Temperature (K)
Fig. 2. DC magnetization curves as a function of temperature
for MgB, tapes using mixed powders of MgB, : Mg : C =100 :
10 : ¢ with MO treatment in 10 Oe in a ZFC mode. The
magnetization M is normalized to that measured at 5 K, M(5K),
for each tape.
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1. [XC®HIZ Tabel 1. Specification of wires.
In-situ Powder-In-Tubeil: CERLL 7-MgB,#i4t D I LI
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ZERRDHIE N HT B TCND. ZOMM a7 NICFET 5% N005 30 0
HFoZERIT, E@%ﬁ%ﬁ%fﬂfﬂc)ﬁﬁ@%bbW&T’%’F’K xZ N006 150 0
THA I, ZEROESCRESEMEN T D7D B DR D NO007 300-760 0
Mgt RE W e, SHITHM a7 OB ELE XD N005C 50 1.5
Cold High Pressure Densification(CHPD)% 3 AL, [T N006C 150 1.5
DI AR N007C 300-760 1.5
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BVLELZIEIT Ar T 600 °C, 16 BEEELT-. SpaE o
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DOEGDPFALUZBIRTERL, J AL L2 o= 7 Wrmk
THEI-CTHHL. F, Ma7 2887 570 EARE
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Fig. 1. SEM images of cores of wires
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Ll LR RND, B2 DRIRO Mg MARE VDI ETH : s L | |
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[1]Y. Osaki, et al.: Abstracts of CSSJ Conference. 83 (2010) 92
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Fig.1 The extruded 50 vol. % MgB,/ Al-1.0mass%Mg,Si
composite material.
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Fig.2 SEM images of (a) billet and (b) the extruded
50 vol. % MgB,/ Al-1.0mass%Mg,Si composite material.
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% 290 A The extruded MgB,/Al-19%Mg.5i (423K)
8 200 @  The extruded MgB,/Al-1%Mg,Si (473K)
15 180 B The extruded MgB,/Al-1%Mg,51 (523K)
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Fig.3 Age hardening curves of Al-1.0mass%Mg,Si matrix alloy
and the extruded 50 vol. % MgB,/ Al-1.0mass%Mg,Si
composite material.
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Fig.4 Relationship between (a)mgnetization late versus
temperature curves, (b) calculated critical current density versus
magnetic field of MgB,/Al billet, as quenched MgB,/
Al-1.0mass%Mg,Si alloy sample and MgB,/ Al-1.0mass%Mg,Si
alloy sample aged at 473K for 100 min.

4. BE

[1] S.lkeno, K.Kawashima, K.Matsuda, (1990) J Japan Inst
Light Metal Vol.40, No.7 501-506

[2] S.Ikeno, K.Furuta, T.Teraki, Y.Uetani, (1996) J Japan Inst
Light Metal Vol.46, No.1 9-14

[3] S.lkeno, K.Matsuda, T.Teraki, (1997) J Japan Inst Light
Metal Vol.47, No.10 527-532

#4861 20124F BERKFRIR T2 - BHEA R



2P-p05 HTS SV 2 - i

BT S X Gl RE AU THERLT Dy123 /LY RS
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B - ZEL, NEBICZERBNAELDEB ZDND. EDT=9,
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Fig.1 Schematic illustrations of (a) SPS process and (b)

melt—process.

0.16

ol

o

I o1

0.08

0.06

i 0.04

@

80h

2. RERAE

R B D BERE IR DS EER IR D SRS R TR DN A
TR~ REfE SPS (Spark Plasma Sintering) (2 LV EEM K%
BEAEL, B 20 mm FLE DORIBEAESC, ZhaitmkES
HHZET Dyl23 sz ERILT-. JRER RIX, Dyl123 12
Dy,BaCuO, (Dy211) % 25 mol%, Pt Z 0.5 wib#RAMLI=H D &L
72. SPS BLOZEOHOME LK E 7 2B AT HIRE LI
M O#EIG % Fig.1 12753, SPS 1%, 650°C, 700°C, 750°CD =
Y DIREE (SPS A DIREE) 12T, 50 MPa DES FT
17572, SPS (X DRIBRIARZ K& TMEL ARk
L7=#, Nd ROFERSZ2 AW CREmkE ST, 20,
450°CT 100 WEfIFREEDFEFHE T =— L EAT T2, K/ V0%
Bulk 650, [Bulk 700], Bulk 750]EFESZEICT 5. (EHL
L7 St U TR B O TEE 1T > T-1%, 3Bk &%
I C it BT LS 2 2 A 3 T 5 D A o AREL G - ik W e D 81
BEAToT.

3. fER

PERILT= Dy123 2L DSMELE, 1T FREE DS BES M
\Z8D 77 K COi#NE 754 % Fig. 2 IR X Th v
BN THERE Ga 2D/ L7 DO £ TRl d R RIS XA B A
RoNaZEnD, ZREEbE TR MR E L2 0ns.
LML, Bulk 650 CTliL, ~7u7277v 7 (K RED) BN ECTTZ
B, BSOS, BREFRLOLTeblien T, 7507
X, SPS BEFERRFERTHAT-ZEIERTLEEZLND.

—J3, Bulk 700 \2i%, v7/nier Ty 2 IIBIESNT, R (©
BOFANIPOAHEAEORARb OS2, Bulk 750 T Fig.2 Dyl123 bulks fabricated from spark plasma sintered

b IRy Ty ZIIBEESIR 2127, Bulk 700 LHEELT precursors and trapped magnetic field profiles of (a) Bulk 650,
IR R OL— 7RV b DL T, HLRT SO W R AT (b) Bulk 700 and (c) Bulk 750, respectively.

£V Dy21 1R 7D i fE A R D7 fE R, Bulk 750 TOfifE=R

1¥ Bulk 700 TOZALEDEES, SPS KFIZ Dy123 23S L SEH

TSR EPHERSNG. CNHO/SIVZIZHRULIBEENT | H. Tanaka et al: Physica C, Vol. 426-431 (2005)
b\fzz}‘i» ﬁé%@/*‘ll/ﬁktlziibffyﬁb ‘@F’ﬂ#ﬁ%ﬂ”ﬁ: pp.660-665.
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Effects of resin impregnation on the characteristics of bulk superconductors
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Fig. 2 Effects of Al,O, addition on the coefficient of
linear expansion for the resin.
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Fig. 3  Change of trapped magnetic field with the number
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Fig. 4 Corrosion of bulk superconductors: (a) pristine; (b)
with resin impregnation.
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Effects of BaSnO, addition on the characteristics of Y-based bulk superconductors
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Fig.1 Scanning electron micrographs for the powders of
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Fig. 2 Effects of BaSnO, addition to Y211 on the trapped fields
for bulk Y-based superconductors.
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Characterization of bulk superconductor reinforced by Fe—~Mn—Si shape memory alloy ring

R —H, JIN HE, Ui Wsm, $oK R, & HESE, KR R, MR CREA, & EC, B ORRE GZHTIR)

Otani Kazuya, Kawahito Miyahuji, Kondo Masataka, Suzuki Keita, Tani Masashi, Honma Yusaku,

Murakami Masato, Koshizuka Naoki, Seki Hironori (Shibaura Institute of Technology)

1. #

PV BRI RS~ 7 % v b & U CREEIS A
HENTND, Lol 2L S ISR A AV
e, BROBEOR—L YN XV s Ty I EL LT E
PHE SN TWD, 2D, 7SV BIREIROBRIRE
FYET D TEE LOBREEASY v/ Tl o 2 &
REINTND,

AL TIE Fe-Mn-Si RIZIRFLIESE ) 7 Ot R %
DT Gd RV BIRERE RV, IRERY 7L
2NV T R — A S T RO R R s I O AR

i

ZEMI L7, £ LT, ZNOREEE D LIC, molfiiEatt %
a7z,
2. EERHE

M & LT R 8 Ag W9IN Gd 2D 939 7L 7 1B R
B, BIOENEZNREDRRD Fe-Mn-Si RDTLIRGLES
A(SMA) U > 7' % A2, SMA U o 7 I AL % Jifi L
035.8 DB A AV T | LB A fE L7=D b, ¢37.7
DILPER B A I TH 2 IR A U7, 70, PR
ZHEL TRV DO BIERIL . WA JUYMEIZRN T, i
b BAFRIARBHE R OB & 7”3 Rl 2 et LTz,

WIZSMA U > 7 % 7SV 7 BRI ARITRRE T 5 729012 SMA
VT % ¢39.1 DRE SN T E{To72, £72SMA U7
FERERTIE T Ag BN Gd B L2 BBREIR OIHERES D28
{bEFHRD 720, 1T OB L HEESEEREITO,
YRS % AR — V3R 1- 2 ROTAE B TIRES S Al ESE A K 0
LT, ZOWH% VT BniE A %Z SMA U 7 & —MEs
L7, VIRBIEREEDEDYIZ SMA U v 7 E L LER
S CHEMLER 24T\, U o 7 OTGIRIENE 2RI U 7= ik e
i L7z,

SMA U v 7fiifith. T Ag UM Gd 557V 7 RO
BOWE L, s P A R E T ROV T
7o, ED%, FRIZTHRIBAOOT A=V % VT, MK

— 159 —

BT CTOBNGEIZ L 20T AEEZE L 7 — 75 &R
L7,

3. ERHERSLIUEBER
Fig. 1 I2ZNEND SMA U > 7 OIIRIEHE S OIR LR
PEERT,

2.5
£ 2 —
T
E ——————
> 15 | -
¢
8 —— 5 I RERE0mm
g 17 o E— LR E 6mm
v o B EEEE L E S Eomm
T o5 | —a— B IFERE 0mm
CI —B— B ILEEA Femm
o B EEE LR Eomm
0 1 1 1 1

0 100 200 300 400 500 600 700

temperature{’C)

Fig. 1. The shape recovery rate of Fe-Mn-Si alloy rings as a

function of temperature.
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Fig. 1 Superconducting transition for an Nd-Eu-Gd bulk
superconductor consisting of NEG123 and NEG211.
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Fig. 2 Superconducting transition for an Nd-Eu-Gd bulk
superconductor consisting of NEG123 and Gd211.
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Fabrication of YbBa,Cu,O, thin films by solid phase epitaxial growth
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Fig. 1 XRD pattern of Yb124 fabricated under same
condition on (a)MgO(100), (b)SrTiO;(100) substrate
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Fig. 2 Resistive transition of Yb124 thin films
Sample A: Ba/Yb = 3.13, Cu/Yb = 3.46,
Sample B: Ba/Yb =2.84, Cu/Yb = 3.64
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Optimization of Processing Conditions for MgB, Superconducting Bulk Magnets
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Fig.1. Surface trapped magnetic field as a function of

temperature for disk shape MgB, bulk samples (20 mm¢Xx 10
mm’) heated at 650, 750, 850 and 950°C for 3 h.
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Fig. 2. Surface trapped magnetic field as a function of heating

temperature for disk shape MgB, bulks (20 mmgX< 10 mm’) .
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Flux motion and temperature change in the MgB. bulk during pulsed field
magnetization using a simulation
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[1] H. Fujishiro et al , IEEE Trans Appl, Supercond, 22 (2012)
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[3] T.Naito, T. Sasaki and H. Fujishiro, Supercond. Sci. Technol.
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Fig.1 (a) The analytical setup for the pulsed field
magnetization using the solenoid coil.
(b) Axial symmetry model for finite elemental
method simulation
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Fig.2  Results of the simulation of the trapped
field B1€ as a function of the applied
field Bex The experimental results were

reproduced by the simulation using the
parameters of @=5.0 x 108 A/m? and n=50.
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The mechanical characteristic of twisted NbsSn wire
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Tensile strain characteristics of the RHQ—Nb,Al wire at room temperature
using the pulsed neutron beam
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Fig. 1 Cross section of sample. (Transverse)
The matrix material is Ta. (b)
Table 1 Specification of sample Fig. 2 Schematic illustration of neutron diffraction
Diameter (o) n measurement with loading of the sample.
Cu/non—Cu 1
Matrix material Ta
Nb,Al filaments diameter (mm) 0.4 Nbf’Al-iZO peak
Nb,Al Filaments number 222
~ O Measuredat 10N
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TOF (ps)

N: =k N\ #7
3. "Ej“mﬁ“”%}gﬂ**ﬁ Fig. 3 Neutron diffraction patterns and their analysis
Fig. 312, sREo i 71712 28N & 10N D5 |88 1 ZFHIINL 7= in axial direction.
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Critical Current of RHQ-Nb,Al Wires”, (2012) in press.
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[1]T. Noda, T. Takeuchi and M. Fujita: Journal of Nuclear
Materials 329-333 Part. 2 (2004) 1590
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Fig. 2(a) TEM bright field image and
(b) SAED pattern of V,Ga phase/V matrix
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Numerical analysis of heat transfer and fluid characteristics in long distance HTS cable
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TABLE.1 CABLE DESIGN SPECIFICATIONS

Construction Diameter(mm)

Inner pipe LN, flow 14
Former Cu stranded hollow 400mm? 30.6
HTS conductor 2 layers YBCO tape 34
Insulator PPLP 22- mm thick 79.4
HTS shield 1 layer YBCO tape 80
Cu shield 3 layers Cu tape 310m? 85
Outer pipe LN, flow 98.5
AL
‘ Heat generation 1.0 [W/m] ‘
dllz
Outerplpe | % I >
HTS shield layer
Inlulli;:n layer Heat generation 0.8 [Wim]
HTS ;mm layer
q
4
Fig. 1 Model for analysis
20 T
18 : A
16 l"
14 ‘-
*
T2 L
g10 \‘\ /
g8 ‘\ -e--Pressure: 1 Mpa to 0.2 Mpa
6 . —_. 1 65 K to 77 K (Inner pipe LN2)
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Fig.2 Distance of cable cooling by LN, volume flow
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Numerical analyses on electro—thermal characteristics of YBCO superconducting cable assumed

non—uniform superconducting characteristics
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1. [ZC®HIZ

66 kV % YBCO #BEEr—7 /WL, TEHEIHZS kA, D
EENESREND[1], FEAMEDOBRIZ, (RICEAMITREHY
FEMED AR — 20§ 5L, EEFHCER DM DA —&
RURIROATREME N DD, RN R THHLERETD
PP IE N — 7 VN OFFEMEEIE L0 BT 5T/ hEWN
728, BRI AEC T HILE T CORBUCIDr—T LD
BRI BERICE D ATREMER S D, D72, YBCO (BEE
=7 NOEMAEBRITICE, ERO—7VERICK
LT, BEERMEOARYE) MR R ARt RS L O
ST BALERRE LT A B M DR N L0 D, S ENE,
1 km O —7NEIHLT | BoOBEEEZTT L,
R KA DR FE LEPH MR IS R E T B b s LT,
Fie, BRASAADOREBEEZHHL, r—7 VEREET L
{EUTARBRE RS AT AT L 7200 TS 75,

2. BUEMBHFiE

fif it 787 A—%% Table 1 {27797, 66 kV ik YBCO HEE
=7 V0%, HTS BN 4 B TRRSNIEELRD3,
AT 18 (15 ROBE) 2T MEL, 1 km OFr—T7 LV E
W U O B R R R R VIR K 3 D BB i 0 A S VR PE &
FEATREA L 7=, SRR ICIB W T, R IRIE 5 kA, 1%
LC1 DD 1.25 kA, EUT-, 18 (BjEF 15 AR) o ¢ 14
DOREFF (Tape 1) 72IHICREERLEL, 2XBOEFESE
I mm-1 km EUTRTA—=Z{C LT, E72b L I3EAERC
240 A £L, XKIaE%E 120-0 A (B2 50-0%) ETEL TN
FTA—=2 T, Fr—T VR T IT  O WS E e g
EBARELT, BMEBEROAFHVDEEBRERDIIIHEE
U7z, AT 1E, PIHNERRIRE 2 64 K ELC, ARTROM
HbL U TAC-Loss &5 [E LT, r—7 NVchhE OFR DR IA
ERITEL WAL TARERE R 2R EL, F— T LET
7 O AW EST R E U, @ - R, 3,
DEHAWZRIKET VL 3 WL AREREAMAGHET
11720 ROVEKRBGE 73 O EEAAGT, M, IZFHOE CBX
CHEALHIBUA, p 1T, o 1ZWE &, k 1TV
R, QIIVa—LFEATHD,

R b, 4= v ®
m%:v.(kVT)+Q, @
3. MEREFED

K IEHRES Tape 1 ICHENDEFD peak [HEKMOGFHE
DEIMRA Fig. 112, FORED 1 A2 V58 Fig. 2 12
K9, Fig. 1 X0, KIEOAFHENKEIDIC O TREUK
YU RELIRDT0, WA, EIRIT KM LIRS,
LNL7Zen, KEEOEFHENSEEKRD 0.1%(1 m) LLTFTIE 4
N0 A ThoTHITEA L KGR NOIRFEAET T, K
HCHREADIEAE LT D2 812705, Fig. 2 K0, K LA/ hS
WIEE BB KELARD, KRIEOEFENE2ED 2-6%
(20-60 m) THREN A ERD, K2 1, 10, 100 mm (3§

— 169 —

Ba3K 0.02, 0.2, 2 W)L Tl =Bl BT 2170,
ZOWE LR OFERIBIOXRMEEN 10 mm TOKR KT
(A mMERFIT M) OWE A% Fig. 3 1T, Kb
100 mm O AITEEEENRAEL, RFTHICFEENE
ERRY e Aoy

ARHFFENET A BT LSRR TR ) B BT B 98 7
= 7h | DO—FELTNEDO OEFEIZID FEMLIZH D ThD,

Table.1 Parameters of numerical simulation

1.25 kA s (5 kA /4 layers)
83 As (118 A peak) per tape
Operating temperature | 64 K
HTS conductor

Operating current

1 layer, 4 mm wide/tape
240 A/tape, 3.6 kA/layer

Initial /
et e (load factor: 0.49)
Degraded tape Tape 1 (Tape 2-15: no defect)
1, defect 120, 96, 72, 48,24,0 A
Defect length 1 mm -1 km
Function of load factor
AC-L.
C-Loss Ex. 1.6 W/m at 0.49
120 e | NE S — ——
Fic= 121
100§ : lc—9( |
g P = g e e e e m
%— [ 1 E o |
Fa I
o e
B G e Wb e e e G O e e
Dhefeet length [m] Defect bength [m]
Smaller g Stabil wer resmstance = |anger
Fig. 1 Peak current vs. defect length of Tape 1
_:;z ; Ie -0 : J\vm-agchc:tpcrqr:]c 2 = T
37.150 - = ﬁ::_._rh“.;“'_._'!l'm_-)_r‘. oo 3:5 | !
T e i
go0 ¥, e
£200 z
‘E,|su : %2 I
B . b

e dd e
T et SRERE

o 200 400 M) R L[L LU 002 004 0.06
Diefeet lengih [m] Defect length [m)
Smaller = Stabilioer resistance =3 Largor

Fig. 2 Average heat per cycle vs. defect length of Tape 1
0

Cylindeical socton

18 me 02 W
1

100 mm, 2 W

Thermal runaway

b
A

2

@

]

ATemperature [K|

()

/ 10 mm, 0.2 W
o 1 mm, (.02 W

[} 10 0 30 40
Time [s]

Fig. 3 Temperature results (defect: 1, 10, 100 mm)
SEHK
1. M. Ohya, et al.: IEEE Transactions on Applied
Superconductivity, Vol. 21, (2011) pp.1009-1012

#4861 20124F BERKFRIR T2 - BHEA R



2P-p19

KBTI —TNV (2

Model of DC HTS cable with effect of increasing critical current under longitudinal

magnetic field

V. S. Vyatkin, E. S. Otabe, J.Wada, K. Tanabe, M. Kiuchi, T. Matsushita
Kyushu Institute of Technology
E-mail: vyatkin@aquarius10.cse.kyutech.ac.jp

1. Introduction

It is known that critical current density increases in the
longitudinal field for low  temperature
superconducting tapes and wires [1]. Increase of critical
current vs. external magnetic field takes place because the

magnetic

magnetic field and current create the force—free configuration
during longitudinal magnetic field. In present stage, it was
found that critical current density of HTS tape increases in
angular dependence but decreases in field dependence. In this
study, the model of multilayer cable with different angle
between tape direction and axis of the cable is proposed using
the experimental data about angular and field dependence of
critical current in HTS tape.

2. Model

To use the longitudinal magnetic field effect of increasing
critical current in the superconducting cable, the construction
of cable is proposed as shown in Fig.1 [2].

Fig.1. The construction of
multilayer cable. Inner layer
(7/=0) is parallel to the cable axis.
Most outer layer (/=N) has
inclination O o
Intermediate layers angle
distributed linearly from inner
layer (£,=0° to outer layer

maximal

(84, o) z =
i ,,,/N ). The calculation
performed for ¢, from 0° to
90° to find the optimal

construction of the cable.

Each layer creates the magnetic field acting to the inner
layers and outer layers. The critical current determines
according the dependence (fig.2) of critical current density vs.
angle between tape direction and local magnetic field. This
dependence measured for short YBCO HTS samples and used
for calculation of critical current of the cable.

Fig. 2. The
angular dependence
of critical current

.... Longitudinal
s

20 .
03T |

2

J, [GA/m?]

ab—plane

05T |

] 0° corresponds to
. JLB,, (field in ab-

"] plane of the sample).

90° corresponds to
JIB,,.

¢ [degree]

100

To found the critical current

of the cable it was composed

— 170 —

density of HTS tape.

the system of equation, based on the dependence of critical
current density (/) of superconducting tape in /-th layer
(7=0..N) vs. magnetic field (B, acting to the tape and angle
(g,) between tape direction and magnetic field. To build the
function A(B, ¢) it was used known angular dependences for
B5=0.3T and 0.5T (from fig.2) and linear field extrapolation for
other fields.

Ji (Bis )= f(B;»0) = [ (Jys -
i=0...N

s Jy)

3. Result

The equations were solved by the iteration method. It was
calculated the dependences of the total critical current vs.
angle between the cable axis and outer tape direction.

It is confirmed that this construction of the cable have the
maximum of the total critical current of the cable vs. angle
4 (vs. construction of the cable) even under zero external

max

magnetic field as shown in Fig. 3.

Ic, A
18000

Be=0.1T 0.06T 0.02T OT 1T 06T 04T
i)

16000

14000

srprssanasttEEsssssaransrnstt

12000
- . '“ e, ., "q.-..o--o
h -
- .,
- .. o,
0 20 40 60 80 6max, ©

Fig. 3 . The dependences of critical current of

superconducting cable vs. configuration of cable (angle #,,,

of the most outer superconducting tape) for different external
magnetic field (0T, 0.02T, 0.06T, 0.1T, 0.4T, 0.6T, 1T).

4. Conclusion

The calculation of critical current of the longitudinal
magnetic field effect was performed for the superconducting
cable using real angular and field dependences of critical
current density for the superconducting tape. While the
critical current density have no maximum (only maximum in
angular dependence) as a function of the external magnetic
field, it was obtained that the critical current of the cable
increases and weak external magnetic field lead to the further
increasing of critical current of the cable with longitudinal
magnetic field effect comparing with conventional cable.

References:

[1] Bychikov Yu F, et al., JETP Lett. 9 (1969)404.

[2] Matsushita, T., “Flux Pinning in Superconductors”
Springer 2007.
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Development of 10 kA high temperature superconducting power cable for railway system
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1. [XC®HIZ

BREMRAF T, EREXEEDEN AT OB =3I
F—{LZBMEL T, SHERBEE S —7 LV ORREIT>T
WB D, B — T LB BT OSGETE J) AT L~
DA ETER S Lo THHRSNAT0 | R E a0
RRE VL, B T R O E R I E R A B X DB E L
TR R DRV, Z OO R ER M g 00 RS BN VE R A I B
K 1~12 kA THY, EAKRKIZL > TERRD 729D | #R KT
UToiR BT L7125, #OE D BRIV TIEERR 10 kA
KR OMEREE VTS 2,

Ala], FEEHCHE H ATEEZR 10 kA DR ERME A9
LT — 7 VaRRE BUELe o TG T 5,

2. 1BE

Table.1 \ZHUEL/-BEE 7 —7 L OMEARE | Fig.1 IZWN
kS A R, BEE S — T VOB G REARTE 1A
TR CXDOMELTH0, 74—~ EERETHIETH
PBERRIREUTe, WIEDE SRR EEE T DL ¢ 30 mm R2ED
WRBLELT2 DT80 NEE ¢ 31 mm, #ME ¢ 35 mm @%K
TAIFFEL, BUNHERIL D= 74—~ I PPLP B!
Too Fio, FHEBYEIORBIRMRHEOT DM % 70 mm? u
BHESED VL P BOWNEIL ¢ 41 mm RELRD, 08
B BB 2 BAET 53 ABRTLIILENTE, 1 Ad
TV O EFEE 190 A &9 5L, 10070 A L7820 10 kA @
FE R B AT 295, P B N ERICITEEE L3 N
JEIT 2 @l MEBEEIME 61 ALK,

3. BEHER
f%ﬁ)ﬂﬁ?‘-é%/f— VERIREFRIRTRAIL, P Bl L
O N BEhchis@EEL, Eii-EERsEERIE L, WE

fER A Fig 3 1O d, P8, NJEENZAT 10 kA 22 Dl
RETEE MR LI, P JED 1 A0 EFEIE 191
A L7201 BB OB LD R R BT IE O T id7e<
EHBVBR TE WD EEMER LI,

HitE

ABFZED—FRIE, [E 22588 OB &a 5% TT -7,
SE 3k
1. M. Tomita, Y. Fukumoto, K. Suzuki:
Conference, Vol81 (2009) p.95
2. B ¥, SRBELERLIM, Vol22 (2011) p.54
3. M. Tomita, Y. Fukumoto, K. Suzuki, A. Ishihara, M.
Miryala: Abstracts of CSJ] Conference, Vol84 (2010) p.138

Abstracts of CSJ

— 1M

Table.1 Design of 10kA HTS cable

wire DI-BSCCO Type-HT(CA50)
Positive Layer :2 Layer / 53 tapes
HTS layer Negative Layer :2 Layer / 61 tapes
Ic DC10000A@ 77K
voltage 1500V

Former( pipe) $31 X 35

Copper protective layer
for Positive layerd41.3

HTS conductor layer
(Positive Layer) $43.7

Insulating layer $49.1

HTS shield layer
(Negative layer) $51.7

Copper protective layer
for Negative layer

53.4
Core protection layer ¢$55.9

Fig.1 Schematic of HTS cable for railway

2
12 = Positive Layer
E 14 - ——Negative Layer
\>:;1.2 T ].HV/Cm I
o 1
30.8 1
206 -
~ 04 -
0.2 -
0 _m: T
0 5000 10000
Current(A)

Fig.3 -V curve for 10kA HTS cable
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Current measurement of the superconducting cable for railway systems using solar power
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1. [ZL®HIZ

PHERAF T, SHEXERICHERAT OO BEEES
=7 VOB EED TOD[1], £ KEEEHEE &?ﬁ@/
AT BN OFAMZ B LU T, MHEETENIZ, 50 kW #&D
KGR EL AT LEFREL, BUERBEAZ KL TV
2o

Fexlt, BRZ ANV — 2ol BU AT LEAEL,
KIGHEFBL AT AEBEY r— 7 VS, RE AL
DIRNETREBEDORITEREI T2,

B OE B B2 ~OE % | JED H o B %
DUNETHHIN, RELW ORIy NOEERE T O 23
HRESH, kD —oDREERRELL THIHTXS,

2. it

iﬁ%ﬁ/f~7“w %, Fig 1 lR3°89, 2K 9 m(BEEH
6 m) T, MITERAREHD 2 KOOV —R2Migz <
HD, FDOY— h&ii’ HEE A RSN TR, F—T VN
i«&ﬁi%ﬂe _iofﬁfﬂéhéo

Table.1 T, BEYU/Fr — T VOHEEEZTT, KEYHE
“/X?L\@%ééli‘?‘éc?'-é i, A>3 —FEEFT DC 250 V,
AL NR—FE LT DC 300 V BREHDHZD, ZOMHEER
BB —7IVOMBILEL LT, bleAic, KBEEEBELA
TEADAN—4 5 2=y 1 2=y O HHOREER
13K 30 A THD,

Table.1 specification of DC-superconducting cable

withstand voltage 300 VDC
critical current more than 150 A (in LN,)
wire Bi-2223
size 4 mmwidth x 1 mmt
length 6m
coolant LN,

3. MEERBR R UE R R

B EE A —7 )V OWE % Fig2 (R, MHEERBRT, =
IREMRIRZEFRIRE 77 KOSMET, pELERAGH. nfEs
SR, p e n B, OFNENEI T, B EGR
HE, RIKREZIRE 77 K OFET, BEEETHS 1
uV/em BL T TIT o7z, LN ARFFREHIL, 77— 7 ViR DA
o 3 ISR EFEREL, X TOMRT 77K ZRFFT
ETCWAIERIZE LT, Bl EOPERERBR DR 5% Table.2
IZRT,

PEREFRBATL | Fig.3 1989, KRB I AT LICE
EE S — T VR LT,

FERBNT R LT BRI E RO % Figd (RT,
IFE—EDOBEBET, BCOMEEICEFIL THIEL THY., &
KIELESEFLL T CEE TEXQNDIEN D,

Table.2 Performance test of DC-superconducting cable

withstand voltage test

more than 320 V DC (RT,77 K)

critical current test

more than 200 A (in LN,)

LN, reserving time

4 hours

SE XM

[1] M. Tomita, Y. Fukumoto, K. Suzuki: Abstracts of CSJ

Conference, Vol81 (2009) p.95

— 172 —

Fig.1 Photograph of prototype DC superconducting cable for
photovoltaic power generation

LN,

vacuum
SI
— SUS corrugate tube O.D.049.8

SUS straight tube O.D.927.2

12 mm width Bi-type wire(p)
12 mm width Bi-type wire(n)

polyimide

Fig.2 Cross-sectional structure of the superconducting cable

power system
in ourinstitute

Fig.3 Schematic illustration of photovoltaic power system with
our superconducting cable

150

100

» current(A) left

< illuminanca(klux) left
4 voltage(V) right

00

1]
11:20:00 11:35:00 11:50:00 12:05:00 12:20:00

Fig.4 Result of current measurement in the superconducting
cable using photovoltaic power generation
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Application of superconducting power cables to double—track DC electric railway systems
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1. #9112

BEAAROBLREE CIASHAWDN TWDEKEEL AT
AL, B HUBIEMEWZ LIS D6 B OB &, 4%k
INZEARAET L —FOBEO RFEFZM, L CZnbici
K428 IR ROIE T SRR S 5, 2w L.,
B EE AT AOEERENATICHEEE B —7 V%8
AT BE, BHREROM E, EEVAT ANOH KO,
SOICETBEITE ORBARHCME % OFARA FOHNFE O F
DR CED, Z2C, MiREESr— 7 LA Eii & EE
NEATLHILICONT, EFABHREREL, TR
X —BDOGRRHE R CERENABE ROV T 2L —
NI ORI EAT o TE[L

AENTET VA PLIRL  WATL TGRSz Eofe
TR, ESBICINBICHRET D B 15EE S Ko EEY
AT LT M LTe, EHMEETTHEK L, L8l
RICEIL 72 & SR U= 7 U k&2 T o7, LT, 2
DRI ELGr— 7 N EEATHIalb—rar B FEMEL,
THUCEAE = RO A m OB AT eI E A L,
FOBF NN RO EAT -T2,

2. ET IV LR

Fig. 1 \CHEHTICHE A U720 B AR OIS 2R3, B8R
A R13 26.5km, BRUEL 24, ZEEATEL 5 (SS1~SS5) &L T,
EORRE TR T DHEMOBEAEL, 20 RS 1R
DEFEM . BIOFIUCWHNTEERESN- 1 KOBELEr—
TN EERAT Do TWDA(E P FEEE TR, BE
B —7 VX, 5 BTOE BT STE TEALR,

B BT oA, KBRS EE S W,
WAL TH I FFE B L OEITII A (LT 2T L ELT,
ZO¥EE Fig.2 (TR,

ZOHNHEOESTHIRIE E FRRENZENT 5 R TH,
FOBOFIFEN 1 FHOREFHEETHOLFEIFZNC, TR
DFNEN 24 & H OBRZE G R TRETHHOELZ,
5 43[R Tl — DT/ F— U DR IR S DT80 | fRATIZ
D 5 53NN T T o7,

3. fRMTHER

HEE Y, — 7 NEBANTDHH%D, EBEVAT LR 5
OB A LA T R —RE Fig.3 1o, ZBEAHTD
RKH D% Figd (R d, BEEr—7 L OEANZL->TE
HEEERBN A L, BEATAIZR 16%818 3581 F 1385
EWHIRMTRE NGO, Fi2, BEHTORAKEIE 30%LL
FNEL s TEY, BIHA RO RN HHEE 25,

4. F&H

BEL r—7NLOE AL T, EBEVAT LD RILF
—FIHZ RO L0, SRR O mHIKA A EhbE
T AR RERDI,

ST T IV DN T, FIHLOES T LM &
BEARDOIRSLLE BT OER LV - T- SES ER K2 EbE T,
FNENTH L TBEE A —7 L OB AR B2 LT
<6

— 1713 —

S Xk
1. H. Osaki, et al.: “Application of Superconducting Power
Cables to DC Electric Railway Systems,” Phys. Procedia,
vo. 36 (2012) pp. 908-913

Substations
[ss1 s52 | 553 | | ssa | |ss5 |
Supercenducting cable
22.2
Feeder system
Rail
= Train = Train = < s

0000000 OO0oO0O0O0oo0o0ooooooooo

24 Stations

< 26.5 >
[km]

Fig. 1 Analysis model line

E5l3RH FEHH

TRl

Eisk sl
I
SIskA

0 v, v, i
Fig. 2 Tractive force, train power, and train resistance

Conventional
Superconducting
0 1000 2000
B Substation input (MJ]

® Regeneration energy
Fig. 3 Energy consumption and regeneration (5-min)

Conventional

Superconducting

|

! T 1
0 2 4 6
[MW]

Fig. 4 Maximum substation output
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Frequency dependence of transport AC losses in a small-scale Bi-2223 coil
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1. [ZC®HIZ

Bi-2223 EiRMEE AR A ER KD E &
HREA FAE DR 21T - TA,

ZIVETIT, YAARRL TR Bi-2223 T — 7 & L7

INRLEZ T o =2 A )L (DPC)(8stack, 16stack)% BL/EL

TRIEA~VT AR CORE B EGEER O/ L OBER KL
BIELZ[1], £7o, WEREOaA L ORER 5 AA ICxt G352
ANVERRD SR FTH IR B B R TR L CaA L OlE
HRAMTL . FEREE O EIT-72[2],

AlENE YAAMZEVR KA A K~ 72 Bi-2223 7— 7%
ZfFE A L7=/VE DPC(16stack)iZ-DU T, A & I 4 fE ik
ICBWORRZERZ P CREERLEZNEL, BT
W72 SRS AR % PR T AT G SR & Bl - R L 7= ¢ %
DOFEREMET D,

2. aA()LDETT

S U1 16 HD DPC & HEia7- 32 BRERL TH, S, N
£, \mEIENEI119 mm, 84 mm, 116 mm THD, X7
Z 2D FERNEIE 59 mH, BRI A 41T 8.2 mT/A THY, 30
A DOBETHOMER 246 mT NRAETS, aAf/Lo s
SR A L 72 Bi-2223 7 — 7 (Wire I, Wire 1) L7276 ¢
% Table 1 [Z7~77,

3. R AE

FP A LB BRI L RTE T VA2 ER L, =
AIVEBR O R AT ROV, TEE R L TR
DE TN CTHEBIT LR DT, —FH T, TmEER LT
TTBEFIT R DB D48 R B O SR R M 2
THMEL, Fig.1(0.1 H2Z R T It a1 T -7, JEig
BT LOUTLIF A Table 2 (T3, WRIT, BHREBO SBFTRLR
DIEELR 53 DT AT AL 03 3 BRI BB FI AN
ENTZREDASHARR . Wierp & Woara, ZHNE LI R FEL D2
TRARREEIED SR | IFUTR T X011, ENEDOFITHHR
RO SR AT 7R R Tt T DA AR I A IR LT,
W(r,2) =W, [ B AW, [ By (7. 2] (1)

perp L= perpm para
()X THELNARZ AR R oA V2R CRE T2 8128Y

AV OMERREZFML Iz, 22T, BERLFELIZON

TR AR DIT Y — > DR BIL BT DR B D,

4. BRHERBIUVER

FEEL RIS DNV TIL, A VB OEREEE 6 #
BB L0 EMEICaA N OUTHEY — D REZEL
TEHIEZITO, (DRE W THRLNAI AV OIEER IO
BriE (BRERVED) % Fig. 2 127”97, 0.1, 1.0, 5.0 Hz D% &k
BT, ERIR2]0RE R (HHREED) SMHTEIEI—EL B
D BBRO IR AR I DT AT IC X A v O AZ i
BRI I DR TE R IITHEE TEATEN DA -7,

SE Rk
1. K. Nogami, et al.: Abstracts of CSJ Conference, Vol. 82
(2010) p.201

2. T. Yahiro, et al.: Abstracts of CSJ Conference, Vol. 83
(2010) p.261

3. M. Kurawaki, et al.: Abstracts of CSJ Conference, Vol. 85

(2011) p.91
Table 1  Bi-2223 7— 7O F7e5E 7T
Parameters Wire [ Wire 11
Width 2.8 mm 2.8 mm
Thickness 0.25 mm 0.25 mm
Number of filaments 55 55
Twist pitch 8.0 mm 8.0
I.at 77 K and s.f. 64 A 70 A
Table2 AR DITPAD /T A—H
Woers = @ Boerm” (Wire I1)
Hz Range for Berpm a b
0.1 | <19mT/19mT< 3.0 x10%/2.6 x10° | 3.2/0.86
1.0 | <23 mT /23 mT< 8.3 x107/1.5 x10° 29/1.3
50 | <38mT/38mT<| 4.2x107/2.3 x10° 28/1.2

Wara= a Bamb (Wire I )

Range for Bpram

mT< [ 9.4x10°/3.3 x10 2.9/1.0

0.1 <15mT/15
1.0 | <15mT/15mT< 1.0 x10°/ 6.1 x103 2.4/1.2
5.0 <15mT/15mT< 6.5 x10° /7.6 x10° 2.3/1.2
4
10 T T2
Wy (Wire 1) Mw”z
R
—~ = b )
i 103 Wper p aB rpm j(@}y
? <
= P Sk
= A il
2 0 W (Wire D)
£ SigFims Tpara
A 75
2 . b
S 1 /vwl)ara a ram
v 10 /
< p, -
f o < Experiment (0.1 Hz)
/él / — Approximated line
10° - - —— .
10° 10°
Amplitude of External Magnetic Flux Density (T)
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AC loss properties of superconducting 2—strand parallel conductors wound into 2-layer.
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Fig.1 A transposed two—strand parallel conductor

Fig.2 A parallel conductor wound into a coil
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Fig.3 Schematic illustration of non—uniform
magnetic field
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Fig.4 The dependence of the additional
ac loss on B, (Al,/w=10 Al,/w=20)
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Study on the current sharing properties of superconducting parallel conductors
wound into pancake coils
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Fig.1 Most effective transposition pattern of 4-strands parallel
conductor
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Fig.2 The branch current ratio in a 4-strands parallel conductor
dependence on number of coil
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Evaluation of ac loss properties of Y-based superconducting transformers
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Fig.1 observed ac losses of Y-based superconducting tape
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Fig.2 Dimensions of the model transformer
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Table. 1 Specifications of REBCO Superconducting transformer T :
e Primany | Secondary | 10'
| Conductor | REBCO tape (non-divided)
5mmx0.27mm
>350Aat self field,64K
1,075Vpeak ke [ non-divided calculated
200Apeak : ‘ 4 non-divided mesured
©183mm ©128mm 10°
0226mm 0171mm o' 0° 10°
| Height | 107mm 107mm Current [Apeak]

Fig. 3 Measured and calculated ac losses of the model
transformer
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Evaluation and Analysis of the AC loss of the racetrack—shaped REBCO coil
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Five tesla class YBCO magnet cooled by single stage cryocooler

— Element tests -
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Tensile stress (MPa)

Fig.2 Tensile bonding strength result of epoxy resin and

| 171 w271 =31 41 571 |
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Field anzle (desree)

Fig.1 I.-B=0 results of REBCO wire at 50 K
(Wire [: 125 A @ 77 K, s.f.)

Delamination of the
conductor occurred

Cyanoacrylate

cyanoacrylate resin at 77 K

! \ Double-pancake winding
f

Fig.3 Appearance of unit coil (#1)

Table 1 Specifications of unit coil

Wire REBCO(MOCVD) / Hastelloy
(SuperPower: SCS4050-AP)

Width / Thickness 4.1 mm / 0.1 mm

I (77K, s.f.) 100 ~ 125 A

Turns 672 turns (336 turns X 2)

Wire length 196 m (98 m X 2)

Insulator Polyimide tape

Inductance 40 mH

Detail of thickness | 9 mm for winding setup, 1 mm for

direction copper frame

Weight 1530 g
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Evaluation of conduction cooling effect of cryocooler—cooled Cu model coil for SMES application
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TABLE1 SPECIFICATIONS OF THE GdBCO COIL
GdBCO coil

Conductor Fujikura Ltd.
EHRABAGE oA L OBE  FRPEFE 21TV, SRR SR Conductor width x thickness (mm) 5.00 x 0.22
O & B A AT OREEL A HE D TE 72, REBCO Insulated conductor (mm) 510 % 0.32
ANV BRE 4.2 K OWRIEA~DY DR, 17.2 T OSRES, HASTELLOY” substrate (um) 100
HITATV N, RS 1R A Rl L . REBCO ##f D=1 11k Inner diameter (mm) 79.00
I EfEI L CEiz (1], Fo, Soni-a U bEiFEb iz, Outer diameter (mm) 85.30
EHEY A ZXDOWNIEAED D GABCO insert =A/LEBAZEL, Coil height (mm) 100.54
4.2 KOWAEA~SID NREE 17.2 T OIS HICI 0T 321 Total layers 10
A, K7 =75 71 (BJR) 408 MPa OFERE ) FIck\W\TC, 4+ Total turns 186
LG E T 24.0 T OESGEIA NI AESEDLD Conductor length (m) 48.02
LIz LT=[2], BAE, 600 MHz #% REBCO NMR ~7" % Winding type Layer
rOBFEEZ B IEL TWD, Impregnation wax

REBCO =iA/Vi%, mHEsm A G N CoEIRS HIFFSi T Operating current @ 300 A

W5, MBS A KOG E, af V2R U BB CEIR Magnetic field @ coil center (T) 0.54
FTDONAA/REN LS T ELW LS TS, B D Current density / coil (A/mm’) 176.0
HEEORER DD, VI A(RTT 4 ICL D8R EI-EE Current density / conductor (A/mm?) 273.0
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2Ttk 300
<

) = 200
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Gifford-McMahon (GM) g% 265X L7220 T A A A5
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EBRE ERLEENTOD, ke .

o, A UL TOBT RS L O A LT COR 45F N ]
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SN R M ED RIS NIRIK O | I ERS oA L DF% —_—
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1. S. Matsumoto et al.: IEEE Trans. Appl. Supercond. Vol. Elapsed Time (h)

22, no. 3 (2012) p. 9501604.
2. S. Matsumoto et al.: Supercond. Sci. Technol., Vol. 25, Fig. 1 GdBCO coil voltage and the temperature with the

operating current /,, between 0 A and 300 A observed in self
magnetic fields. (a) operating current (b) coil temperature (c)
coil voltage, where V; = L(d[,,/df) is estimated using L = 1.62
mH and dI,,/dt = 0.2 A/s. The value of 0.1 uV/cm including V;,
is indicated.

no. 2, (2012) p. 025017.

3. T. Takematsu et al.: Physica C, vol. 470, no. 17-18
(2010) p. 674-677.

4. Y. Yanagisawa et al.: Physica C, vol. 471, no. 15-16
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Development of a Field Measurement System for the Bulk HTSC SAU
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Deve lopment of Next Generation HTS Cyclotron: Neutron Irradiation Exper iments on HTSs
(Superconductive Characteristics)
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Table 1 Specifications of HTS sample

sample
material YBCO
AMSC
manufacturer 344
Superconductor
process MOD/RABiTS
length 100 [mm]
width 4.4 [mm]
thickness 0.22 [mm]
I, (nominal) 90 [A]

Fig. 1 Experiment Apparatus
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Fig. 2 Schematic drawing of measurement of Je-5-¢
property of HTS tape
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Superconducting, vol. 15, No.2, pp.2645; June 2005.
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Development of Next Generation HTS Cyclotron: Neutron Irradiation Exper iments on HTSs
(Mechanical Characteristics)
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Table 1 Specifications of HTS samples
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Fig. 2 Mechanical Property of sample 1

samplel sample2
material YBCO YBCO
AMSC Super Power
manufacturer 344 SCS4050
Superconductor 2GHTS 09
process MOD/RABiTS MOCVD/IBAD =@=non-imadistion
length 100 [mm] 100 [mm] 0.85 ~¢—iradiation
width 4.4 [mm] 4.1 [mm]
thickness 0.22 [mm] 0. 160~0. 212 [mm] 08
-0.1 0 0.1 0.2 0.3 04 05 0.6
I, (nominal) 90 [A] 135 [A] strain[%]

—————————=——Handle
Strain Gage Sample Tape
il

Current Lead Current Lead

Vn_itagc :I'aps

Sample Holder

Sample Tape

Fig. 1 Experimental Apparatus
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Fig. 3 Mechanical Property of sample 2
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1. A.Ishiyama, M.Fukuda, et al; ASC-10-033.

2. H.Ueda, A.Ishiyama, N.Miyahara, et al.; IEEE
Trans. On Applied Superconducting, vol. 19, No. 3,
pp. 2872-2676.
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Development of Next Generation HTS cyclotron: Neutron Irradiation Experiments on HTSs

(Activation Analysis and Radiation Damage)
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Table 1 Specification of HTS samples

Samplel
material YBCO
Super Power
manufacturer SCS4050
2GHTS
process MOCVD/IBAD
length 100 [mm]
width 4.1 [mm]
thickness 0.160~0. 212
I (nominal) 135 [A]

Table 2 /. Comparison Before and After Irradiation

Sample 1. [A]
No. Before After Tearier/ LChatore
#1 134. 58 135. 35 1.01
#2 118. 87 121. 62 1.02
#3 136. 11 137.55 1.01
#4 127.55 126. 57 0.99
#5 132. 65 133. 47 1.01

Table 3 RI Induced by Neutron Irradiation

Nuige Plete O umberar

(KeV) (Ba/g)

106Ag 8.4 1045 788.6 21257.75
1570 41 344 195.4 1827.20
SFe 44.6 1099 100.1 678.84

5cd 448 933 4392 98927.65

%Co 70.8 810 21013 76043.28
56Co 78.8 846 2492 887.60
Sy 107 1836 48.57 169.60
11omp g 250 884 335.8 1536.05
Co 271 122 4461 17313.31
S*Mn 313 834 209.6 693.73

Total - - - 219334.63

ek, AWFSEIIRIIE (FRARRFSE A - No. 23246053) (2
KoTeZ L 2fFFET 5,

SE K

1.  Toru Aoki, Atsushi Ishiyama, et al.:IEEE Trans.
on Applied superconductivity, vol.21(2011)
pp. 3200-3202
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Development of Next Generation HTS Cyclotron:
Analysis of Magnetic Field Accuracy in YBCO Pancake Coil
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1. A. Ishivama, H.Ueda, et al: Abstracts of CSJ Conference,
Vol. 85 (2011) p.144

2. H. Ueda, A. Ishiyama, et al: 86" CSJ Conference,
2B-a04(2012)
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Table 1 Specifications of Main Pancake Coils

Main Main Main Main
Coil 1 Coil 2 Coil 3 Coil 4
fnner =1y hggem | 0.5422m | 12m 12m
Radius
Outer |1 4199m | 1.6421m | 13658 m | 13822 m
Radius
Height
of Each | 0.0381m | 0.0082m | 0.0569m | 0.057 m
Coil
Gap 0.3856m | 0.3692m | 0.204m 0.09 m
Current | 1.13522x | 1.30277x | 1.14130x | 1.13856x
Density 10° A/m* | 10°A/m® | 10°A/m® | 10° A/m®
: ——wnwt| [ o—mmen)|

o | =t an

2

12007TeT Coil 1
71135337 Coil 2
i Ll

e

re—
T

ot Coil 3 R
FES IR ") CO]I 4 Poama )
Fig. 1 Setup of Main Coils and Evaluation of Magnetic Field in
Mid—-Plane

pm

_/_//(:!Dy m

| i 2 ;:::uu m
2=10pm

2= 10 pm

(1 02 = i R 2oum
Az=-30pm

Ar=-40pm

R(m)

(b)

Az=20pm

Az=10pm

= dz=-10pm
Azw20pm
T gz 0pm
T Azea0um

R (m)
(c)

Fig. 2 Result of Magnetic Field Accuracy: (a) Radial Winding
Error existed, (b) Axial Winding Error existed in both
Coils of DP Coil, (c) Axial Winding Error existed in
Single Coil of DP Coil
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Development of Next Generation HTS Cyclotron:
Experiments on winding accuracy for YBCO pancake model coil
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