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Study on suitable cable structure for long distance HTS tri—axial cable
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Fig.1 An analytical model of an HTS tri—axial cable

Table 1 Specifications of a model HTS tri—axial cable

Conductor composition BSCCO 1-layer

HTS tape thickness 0.3 mm
Cu Former and Cu stabilizer 140mm?, 100 mm?®
PPLP® insulation thickness 5.3 - 5.1 mm
Nominal power 230 MVA
Nominal voltage 66 kV
Transport current 2.0 kA
Outer diameter of corrugate pipe 108 mm
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Fig.2 Dependence of cooling characteristics in an HTS
tri—axial cable on the flow rate of LN2
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Fig. 1 Schematic view of large—current HTS cables
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Fig. 3 Short—circuit current and electro—magnetic force.
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4. £&OH
FEHSIZH U AR KREBIRT — 7 VOB %%
TTO'Cb\ég BRGSO IR 5 - R ) A
RN L, MEEREO SN E RN LA MR LI, &
ﬁ"z, =7 VOB KA E DREBIZ DOV TRFTL TS,

e
ARHFFEO—H1E, NEDO OEFEICIVEMLI=H DO THD,

SE Rk
1. M. Ohya, et al.: 2014 National Convention Record I.E.E.
Japan, Vol. 7, p.195

H90m  20144F BERKFRIR T2 - BHE AR



1B-a03

RAVF T RYNVEZGRALT=
HERBEEENT—TILOXRRIELAE

AC Loss Measurement of Single Phase Superconducting Power Cable
by Applying Poynting's Vector Method

RE KE, MW R, I Al EREBRS) 2 G, R 8, B A ERER
AR R JUNRS)
KARISHIGE Taichi, OBITA Keita, KAWAGOE Akifumi,
MIDOU Nobuhiro, KOIZUMI Tsutomu, HASEGAWA Takayo, IWAKUMA Masataka
E-mail:k9952770@kadai.jp

1. [EZL®IZ

HEEE ) r—TVORBRED LN TND, F—7
VDR FRBIITNREZL T I D720, TORMZ E &
BN T D ZEIFEETH D, BENTF—7 1D
B, SHHE—EEEEE ) S — T VT, =T v
BT BB U, T & AN LS R RELZ FLIN &
b, Wb ARFHRSIOREICH D, ZDzH, BEX
BICARIBAREZNET 2 Z L NNEETH D, Foxld, =
FRE RS — T L O AR A A RET S 72012,
RALF Ty MWENI#ZIGAT S 2 E2Mmat LT
W5,

RA T T RY MVEERICAET 2121%, BEE
=TV ERERT AT R TOBRMICRT v ) — R
EWROAMTAELENDD, LOLAENLEROFr—7 )1
O T RTUIRT v LU — RERY 155 2 &k
WitCH D=, 22Tl Zr—7 Vo &7 mic—
HFOMETRESEDLZ L E2EZLTNWD, KIFFETIL,
DR EOZBEERFET 72012, BHED7r—7 v
DOWMEZEIT> T2,

2. AlIERIE

RALTF L 7 RINVIETIE, ERAERR T3 ) —
REREFGHIE Y Y 77 v 7 a At A TR T 722 R Tk
REMEL, ZNDDANFENSRALF L T _IMAERD D,
AREETIT. B —T LM EORA o TF o TRy b
NERET D, £ LT, ENTr—7VOXFREICER L,
FOWEEN =7 VAEETEBRESTAZ EITEY
R ERD D,

Fig. | (ZERHERRT vy —R ERRE ey 2
Ty T A NDOEREE R, ZOLOREHR I, T
— 7 VOl LEEE, BEEABEL /- AriElICE R E ey L
TW5, BRHEABEL 72 EZTTHO DX, 77— )V E 5 R O
RO MPNEE R 1222585 FT CRITEEI TV, BRI D)
—PERHERE A RIE T AT R0 Th A,

3. HREBEEYy—JIILOXRBLIATE

B — 7 VSR E T D A TS B L, HRE 40
~560A,.,,J& ¥ 10, SOHz L U7z, JIE 1342 CTRIKE R T
1T-7=,

Fig. 2 |ZASHHL B4 H B L 7RO A AR IR 2R
T, AT AS IR RS FEVE O HRIE . M A TS R — A
D720, r—7 VBN E Y 0O HIER AR LTS, H
ESNT- AR RO REEIL, BEERO 2 FIZHBHIL TN
72

Fig. 2 £V 2 DORA L T2 7RI AEE ST 1L D AS i
BEN—HLTWD, LIEER->T A —7 VE EORE—7
BB FChoTh, WMERFOUEENTF—T LD
VAR F O G HEDE EEORA L TF TR
TR LA AT T 8 D A P FEAETE T,

7235 ARFIED—ERIL, REFHIEREE O =31 X —E[EH
BRIEUE(L - R AR 2 | O —BREL CEMLIZH D THD,

1200 mm
720 mm
O O O O
° [ 1§ | o
[ I > 2| I

&)
otential leads

(b) Superconducting cable

Fig.1 Principle of the measuring method, (a)measuring area,
(b)array of pick up coil and potential lead.

-2
1.0x10 :
~-[50HZ]
o
.:

— ol
g -3 o] "
= 1.0x10 o
8 |3
—
Q
< n

1.0x10"

]
4PM
0 PVM-1
P g VM-2
1.0x10 i
10 100
AC current[Aq_p]

Fig.2 AC loss properties in a superconducting cable under ac
transport currents.

SE X
[1] F. Sumiyoshi, et al.: TEION KOGAKU (J. Cryo. Super.
Soc. Jpn.), 35 (2000) p. 575

5901l

20144F FERK AR T27 - AR

I
-~



1B-a04

1500mHTS EES—JIILIZHITHEE -EHBETa—F O

Temperature and Pressure Analysis of 1500m HTS Power Cable.
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Fig.2 Preparing for cable core installation
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Estimation of current capacity of superconducting high—quality DC cable with Bi—2223 tapes

AT WS, Vyatkin Vladimir, AN B, /N HEE OLLK); KEIEX
MATSUSHITA Teruo, VYATKIN Vladimir, KIUCHI Masaru, OTABE Edmund Soji(Kyushu Inst. Tech.);
OHYA Masayoshi(Sumitomo Electric Ind. Ltd.)

E-mail: matusita@cse.kyutech.ac.jp

LIz

INFECHEFBEEE N r—7 NV OBRR BERINSE
LHEELT, FATRER N CRE SR B 23 KIE I hn4
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a=a+is, 0;,=

1 1
J(pp) = E(]CM + Jem) + E(JCM — Jem ) €OS 2¢; (2)
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% By EL, ZREERD A ORI LD 2R OB
ELTCERR G ZA5ND, ik A O EF FICRD LI E,
K @O BRSSO —T LD ER S LR, fif
MrIZ Wz Bi-2223 M4 ORGEFBEIE L o, Jom DRETEK
iM% Fig. 1 IR,

Fig. 2 lda = 10 mm T 3 BELIZBEAITNANAZRBy D
B2 L TOy %Wtéﬁtk%@@mﬁif ThEho
Beye DA Cheitli 7 0, O NTFAET HIEN 31D, ZD feiil
fx%é@mﬁ@iksﬂt@&w% Fig. 3 (IR 7, Znirb

ext = 0.12T(6,, = 24°) IZB W\ TEILAED 8.87KA IZEL,
o TRTIENRM Ay — T L DTSR 7.84kA 12X T
13.2%6&;&“%%5_&#/%%0
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0
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Fig. 1. Magnetic field dependence of the critical
current densities of Bi-2223 tape.
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ﬁ*ﬁ THLTHHEN THLZ LN BT o7z, ZHUT, Fig.

WZROHNDIINT, TEROBERES T CIEE A B i K=<

/)\ﬁ'é@ IR, MERESE T Tl B2 uninn Th b,
ZDT, MR Y 03T FREETIXIAUI BN HERF TX
HEEZBI, L2, BREEE 4 BLL EELT-KE
MAREBRHATF X5, LUTEENEL2BL, —DDBIR
W DN TN — T DRGSO BRI AR 72D, DT A — R
TVl ARNIRDEE ZBND,

T T

By =0T 0.01T 005T 01T 02T

Conventional

4000} Ber =

200G 1 1 1 1 1 1 1 1

Fig. 2. Current-carrying capacity of three layer cable vs
O,under various values Bg,. The open circle shows
the capacity of the conventional cable.
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Fig. 3. Optimum current-carrying capacity of three

layer cable as a function of B, . The open circle
shows the capacity of the conventional cable.
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[1] T. Matsushita et al., Supercond. Sci. Technol. 25 (2012)
125009

[2] V. Vyatkin et al., Abstracts of CSJ Conference, Vol. 89
(2014) p. 100.
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Development of superconducting feeder cable systems for railway
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MAEDA Atsushi (Railway Technical Research Institute)
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Fig.1 300 m—class superconducting feeder cable systems for railway
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Development of superconducting flywheel energy storage system for power plant

ER)I %), BUg B (BRERSD AT B (R T v ) kR KRR G T
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2. EFIHEDERK

FEIAETIX, 7T AR A — L OEEREITERK T 3,000~
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MDE Ea o T BB AR FTEUYEL TD,

DX TeMERER BT BT 45 FE A 1BV T, iR
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FRIZRERE CFRP m— &0 S S O BHAIZ DWW TIE
THEBINI2N D | BIERBRZRIK L | FEREHE A e E 2
LT A(Fig.1),

3. KEEAHREREDRMESR

LR A (LT IMW DK Y3 BRT S SER L, 35
AT TND, ZOFEITNT, EFEARE L PRk 27 45
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CFRP rotor
(KUBOTEK )
7 =

Motor generator
~ (RTRD

Electric power
grid controller
(Yamanashi
pref.)

Vacuum vessel
(MIRAPRO)

Superconducting
magnetic bearing

(rotor)

(RTRI) (—L) :s"at)
Y type bulks MIRAPRO

Superconducting
magnetic bearing
(stator)

(Furukawa electric)

Specification of flywheel
energy storage system

= Output andinput: 300 kW

= Storage energy: 100 kWh
(360MJ)

- Rotating speed: 3,000~
6,000 min™

REBCO coils

Fig.1 Flywheel energy storage system using superconducting
magnetic bearing

1g2 ver view of htvoltalc poer lant
(Komekurayama hill)
SEH
1. H. Hasegawa et al: “Study of superconducting flywheel

energy storage system for power plant”, Abstracts of
CSSJ Conference, Vol. 88( 2013), p.202 (in Japanese)
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Development of Magnetic Bearing for HTS Flywheel energy storage system
No.1, — Design of HTS Magnetic Bearing —
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NG rm L& BRI DR RS L TR AR A
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A JUTHD DI INTE F R0 b K& 101A HEREC Table.1 Rate of stress to proof stress

1% 43. 1MPa &7eo 7z, BAERGM O 2T D501, &

KU FRP 7% 1SYREE bl BIEM=A LA 100 OFF R
klziz B LA TR LIz,
SUS Plate(%) 1.1 2.1 2.3
4. FEHLSHDEE
BRI IRNT L RESERAT OFE TS §f7°/l//\°//7*__ﬂ?;;|1@ Inner FRP(%) 13.1 3.2 1.7
HEE AL T AEBEE LR 4 B VO T 10t Outer FRP(®%) 39 8.2 17
Y95 98kN DiF EHAESN, Hoéﬁfﬁf%ﬁﬁiﬁiﬁb\
S LAHER LT, Other FRP(%) 8.5 1.7 2.0
FEHFRBR L, BB DAL 5 LB EE L IIK 3 Bk Cu Plate(%) 15.1 8.0 1.4

BB 100kWh ORBEE 7T ARA— /)L SR 1T
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Development of Magnetic Bearing for HTS Flywheel Energy Storage System No.4
Cooling Test of HTS Magnetic Bearing
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YOSHIZAWA Keisuke (Railway Technical Research Institute)
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HRHOBEE T TARA— )V EBEEOHIEELED TND,
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o, FHREUC IR AR o7, 22T ARBHFS Clddhs 128
B~ 7 Ry N L7 O T S i S2 A FEE
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2. FTIL-IRor—Fa( L OFHELBERE

B B2 300 kWh D 1/3 5 /1&725 100 kWh 75 A7k
A— VD EFERBRICIANT T, AR DGRBS 2 0
feaA O AMED RBRAETT -7, FHE LR 1T, A—/3
— TN RFEL 7= REBCO #61 THY | mféds cothae
WM AR, AL E W, BRELT S~
b, EE 120 mm, AR 260 mm D& TV —Fa
AT, PERE IR LT AW oA v Hif 2 v il
EUT, TEAW A Vit IE, AV N OB B S I
928N ) & BB SR BE T D aA VIR T 2 D)5
BT, REBRMEIZMZ DM EOHLARIA /AT LT AV
LB 221, KE TS —Fa L OfEEZE RIS
SR, WAL, KA LA EZERIROP T, GM Ktk
TIRERAIL, 54 K OIREITRFFLIZIRILCTERLL , ERH
At (110A) LU vl e/ LA R LT, 21221 /Lil
BRFOTEN — BIEREE R T,

TABLE 1 SPECIFICATION OF THE HTS DOUBLE-PANCAKE COIL

Item Specification

Wire Product of Superpower
Width of tape 6 mm

Thickness of tape 0.1 mm

Inner diameter 120 mm

Outer diameter 260 mm

Height of the coil 17.6 mm

Fig. 1 2G HTS double pancake coil

3. FLNAIERER

BT e =X af VD ERBEE MR LIZZEND,
B SR OBELE ANV IKESHOL T ) —%
aAfNVEBAEDE T, 3 BN ERETo, 22T, =24
JWRE% 30 K L FIZH°oL T+~ —T v afiolzb b
TEMLT=, Fo, BEEA L EBEE VI EO SBE
BRI L DRI, IR LD A2 £ Tl &
HLT, m—REAZ2HWTHIE L, BEICLDE Ep3
MMLT, KBITR T IDIUREEEFHEE DD 40 kN (4.1 ton)
DOFRFEEER LT, ZORIRLY, KA /1% 100 kWh O SERE
ISR AR T,

80
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Fig. 2 1-V carve of HTS double pancake coil at 54K.
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40 | f
30 | =
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Fig. 3 Result of levitation test of HTS bulk and 5 double
pancake coils.
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T SINZIZNe ) DR K3 KU ACERE (BR) 12
L ET,

]

SE 3K
[1] S. Nagaya, etal, Applied Superconductivity, TEEE
Transactions, Vol. 23, Iss. 3, 4601204, 2013
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Development of Magnetic Fluid Vacuum Seal for Superconducting FESS (Second Report)

st B, W AU, BiE B ERERDD R E R, KB SR, HE ER, &% R (r—2 1)
ARAI Yuuki, YAMASHITA Tomohisa, NAGASHIMA Ken (RTRI); TAKATA Hiroshi, OSAWA Yoshio, NISHIDA Shinji, TAKANO
Yoshihisa (EKK)
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Fig.1 Schematic view of experimental apparatus[2]
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Fig.1 Desing map of MMS method
Table 1 Specifications of Multi-Material Shaft
Diameter D120
Length Around 300
Number of materials 3
Core material SUS403
Middle material Cr—Cu alloy
Outer material SUS630
Fig.1 Cross section of Multi-Material Shaft
SE Xk
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Fig.2. Heat-treated regular DP winding for TFO1.
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Fig.3 Length error in each turn.

Fig.4 Heat treatment oven.
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D—shape RP

Fig.1 Full-scale trial RP Manufacture.
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Fig.3 Test for CP welding of rRP curved mockup.
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Twist pitch distribution in the Central Solenoid cable during insertion into the conduit
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jacket.

550 FFTTIITIII IO T IO T IO [T T CH 3() — 40
L —o— Twist pitch ] 3
[ —HB-Rotation number 25 E
- —— Pulling force ] 7
525? ] . — 30
Bl - J20& 4 2
g - ] 2 4 =
£ B 1 £ 4 B
= - ] g 3 @
] - 152 H202
2 - 18 3 %
R 1,83 =
Z Jus 3 Z
1 7 Jo
s E
450 0 oot b B 0 o

0 200 400 600 800 1000
Insertion length [m]

Fig. 2 Twist pitch, rotation number and pulling force at the

cable head. The twist pitch at the cable head is elongated with
the increase of the insertion length.
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*The views and opinions expressed herein do not necessarily
reflect those of the ITER Organization.
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TABLEI PRIMARY CONFIGURATIONS OF CONDUCTOR SAMPLE

sample ID sample A sample B sample C
5™ stage twist pitch 465 mm 514 mm 528 mm
Cable diameter 32.6 mm 33.0 mm 33.0 mm
Void fraction 31.9% 33.6% 33.5%
Avg. strand /. 303A 286.7 A 3059A
Avg. strand 0, 239 mJ/em® 2452 ml/em’  248.6 mJ/cm®
Avg. strand RRR 150 179.7 169.3

Sample current 45.1 kA, Background magnetic field 10.85 T
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Fig.1 (a) Difference of T, from the initial value (47,,) against the
number of electromagnetic cycles and thermal cycles and (b) E-T curve.
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Fig.2 AC loss per cycle against the frequency of the applied
magnetic field with a background field of (a) 2T and (b) 9T before
and after cycling.
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