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Ag free low—cost RE123 coated conductor by using conductive buffer layers
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Fig. 1 The X-ray {110} pole figure for the Nb-STO thin
film grown at 600 ‘C on the /Ni/Cu/SUS316 lamination
tape.
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Fig. 2 The I-V curve measured at 77 K in self field for the
YBCO/Nb-STO/Ni/Cu/SUS316 tape.
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Oxide buffer layer on textured Fe tapes toward low—cost RE123 coated conductors
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Fig. 2. Atomic ordering of Fe{110} (@) and CSZ{001} (o)
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Easy measurement method of correlation between Jc and distortion of YBCO thin films
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Fig.1. Schematic drawing of Jc measurement system
using a permanent magnet method.
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Fig.2 Relationship between Jc and €.
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Introduction of artificial pins in the YBCO thin film by substrate decoration method
—Aiming to reduce the surface resistance in a magnetic field—
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Fig.1. AFM image of MgO substrate decorated by
BZO nano-particles.
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Fig.2. X-ray diffraction patterns of YBCO thin films
deposited on MgO substrate with BZO nano-particles.
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Fig.3. Surface resistance of YBCO thin
films deposited on MgO substrate with
BZO nano-particles.
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Control of angular denpendent Jc in rare—earth based high-Tc superconducting films
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Fig. 1 Angular dependence of J. of Cl-free and CLSn
co-doped Y123 films on STO(100) substrates at 77 K.

BasnO,\
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q Ba2342 |
L a, b “4
SrTi0, 100 nm

Fig. 2 HAADF-STEM images of the cross-section of a C1,Sn
co-doped Y123 film.
view around a BaSnOj; precipitate

(a)full-thickness image (b)enlarged
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Development of High Temperature Superconducting Force—Balanced Helical Coils:
Model Coil Design and Winding Techniques
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1. [FC®IC . .

R R L — I (SMES) 728 MR K I Table.1.Specification of the Model Coil.
BN BT, 3, TR AT BRI B IR E Max magnetic field 1T
7oL 72 5T D, R T) l 2 A I —F A~ )L Coil current 1000 A
AANTHY, B R~V VB EBETHIECEM % Cooling temperature 42K
KIFIIEHT 52 LB T CH AL, 7— 7 RO R B Lpual polodal tums 6x6eoilsx13
< AN ~ e . Major radius 0.12m
WA A~Y T ARITE LG & B RIS D AR 53 7o AR Y Minor radius 0.03 m

IS N EARIRAS BT BB ERZIGN T AR U E~UH
JVBREZIN > THEIT 2B BB AE TN R B D,

AT GV e YRR TR MR Al LT R ) ST~ v 3
ANDET VA )LDOFEFFE, A~V A VEEIZ TR
v OEE AL ERL, B BRI E L7 DT EO R
SR T, m I B AR T — T O~ I VBRI
DTS,

2. EFIILASILDERET

Table.1 IZF%FHLI=F T L aA /L DLkEZ RS, Fig.1 (2~
IV VKT, 4.2 K OIRE T CEEE 1000 A,k
KW 1 T DA B,
3. ANYHJLER BT

h—T 28 LD~ B VERIIR A X A0, e X v
fpE HWTLL TORTEDEIND,

¢_l 0+§:Csink0 +é W
N = ok 0 ! Fig.1. Illustration of a high temperature
ERXEB LI, =T 20/ A7 (077 1) &K A D5 T (¢ superconducting model coil.
FIICRE VA RERIS®5ZETRE L AV GE B2
MrESEHILNTED, LLLL EOBEOH T~ B e, Cd?

LA LRE L DIREDBNNST — T HRITIEANEL TLUED,
ZZTRE AV VHGEIZR DD IO IEHE O ERN
ML D, ZOBEAE2F IS EIL, EX LT, £
AR AT, GBI AHENMLELRD, - DHEA %D
THBEL,LAITLL T O TERIND,
1 b,y - ey ©)
|broleq]

72120, brg 133 AVINE D BNLIE LRI MV bZer, P
B LTIZb D Th D, Eio, MR R ¢,z V- %zl 4 Hl
(BT RS 72!, 2 PSR DHE NME L 20, =
DIEE A2y Tfay s Lyl FoXTtEEIN5,

B = cos”

High Temperature
Superconducting Tape

by, ey
y =cosTt 2L L 3) . . o
|b¢’z| |e¢’| Fig.2. Torsion control angles of a helical winding
72120, b gy |33 AVHIE O HALGEIERRA BV b2 ¢, 2> 1 machine using HTS tapes.

IR LTbDTH Y, epl3p T MDILERT e, &z szs

ERDIFEISE OO THS, B LD, BREHERT —  yoprse i HDFEERMROBREZ T TS,
TR E AU I AR EL T2 12130, ¢ J5 18] 0 [l 85 2 SEHt

Z 20T OME AR,y )DL BEETD, ZOLOBBE | mpkpn a3, Vol. 129(2009), no.11, P.1311-1317
&5 H BB MO M IERE PR L2 [2], %dei:@%n’ﬁ 2. H.Kamada, et al : Abstract of CSJ Conference, Vol.
TV FETHS,
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Development of High Temperature Superconducting Force—Balanced Helical Coils:
Development of a Prototype Winding Machine
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KAMADA Hiroharu, KIMURA Yusuke, NOMURA Shinichi (Meiji Univ.); YAGAI Tsuyoshi (Sophia Univ.);
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1 [ZC®IC

EIRABFE SRR 2 U7 miR RS ER ~Y L
A VORI HTZ Y |, BRI ORET L B O B4 %
175 CWD . T — AR D & R B A IR 72 O 9
AT E 0 R ERDS KBRS D720, ~U B VERE
M9 R CHUN & D O A 2 KT 2 BT I Ot s
EEI/R D . & 2 CARNIE ClEm IR B AR Ol BT 2
KT SHRVEBRIEI 2 HST T2 72012, ~U VB
ARIEOBREZED TV D . AT, RAIEBEBIOER
RN HONWTHRET S .

2 BEBICT—TROBENEMHET 281

AU DIVERERTICHZY , RE & bAoA 25
LR A XN HRANAER ST L7 ClE T —7 IR ThH S
EIRBEEERIIENL T LEY, BRARECTHD . 2T
COFENEIRE L, D> 0BLER TR SRR
HOTHREAKET D701, b—T A@EIIR L TT—7#%
MR EATE 2D L5118, haAZlmerRa A 2Ll
MOERAZIN A T 2 Fa~& R 2T 258515512
F L (1], ZOEBITEITHE > TEMET X 23R 4 8UE
H{ToTWND .

Fig. LI~V VBB ERO 2R ThYy , trda
i E R a A XTI ~BERIT 5 & & HiZ,Fig. 1 H
WARTEIICa ALYy TAOEZ ZHIETHZ LT,
RETDERITIEEHHATE DML o TS . RE Y
MBS TWD IJEES XN & A & Bl Tk
D, NEGAINL L TR r A ZvJdim~felnl L, Z oWNiigs
PREFL QO D4MmA By T R L O E o A 7 i <
£ >oTWnD . FLTEBREEREZ Fa A XL Fm
~ERI S D Z LT, 4 5O BEREEZ TEEIC LTV
5. @Al g A T vy S e—4EHNTE
D, RueA 2V FnEEE —EREE L, TheiiEL L
ThaA XNKm, aUaRs L0 Yy T4 m o
B AN S, MHLE A R LTS .

Fig. 2 137 — 7RO SR EEMR A HEE L7725 m gD
ATV AERWT, haA X hRERe A 2R
DB HESETEREITo2HE Fig20@) &, a3
fal By T AMOEMELINZ TEREITST2H D (Fig. 2(0))
Thd. ~UBVERER LSS, RABMENSh T
HZEINHERTE .

3 SHOEE

HEIThraA 2RIl 2 —r&E L, FOEDIC
KL TLLFD 2 SRS HOMETH S .

(1) BB L

AAEMIC A Y I VB A BB CITV, v DR B A 15
LD ENTEREND . BUE, BHRBALANR X T8 TE#R
BEONEZRIELTERY , BBAAEN—E) E D DL
W C & TUNeW L BIRBItA & EEIC T 5728, thE)

_8_

—

Winding form -~

-

Winding form support

Fig. 1. Photograph of the prototype winding machine.

Bobbin
Stainless tape

i

(a) (b)

Fig. 2. Photographs of the test winding using stainless
steel tapes.(a)Without torsion control and(b)with torsion
control.

PLEZRMTHZENMETHD . Fio, BRI E
EINTELT, BHERETCHDIRETHY , Biks
b A FVF AR S DR Z OHENEE & 72 D7
O, BRIFHHOBEMENRAIRTHD . 612, iM%
AL CTODARE A IEERE 40 mm T, BRNIREIZ I8
WZHDBEOOTHBEIMESITWDRETH D . B
TEDLIETOTHEM UM EEH L, o0&
R OHIF A FTREZR AR E L ~DUENKLETH D .
(2) BAEMEDFTHI LB LT

ERETDBHGTIETT —TMICEINEN 5 0T AR E
DOFEFEARIL S LT 5 & E RIS 5 HiEOME b
RIRFICMEE L 70 5 . FPUXEMIE T OFIENE O KE 2 o
Tn< .
4 BBhYIC

ABFFEL LHD Gt FHFE O B ik £ 52 1 TIT i T
5.
SE XK
[1] Y. Kimura et al.: Abstracts of CSSJ Conference,

Vol.91(2015)1A-p01
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Fundamental study on power transmission characteristics of a magnetic resonance type

wireless power transmission system using HTS coil
FEE P, RBEOUE, EIOCE GRIEKR)
TSUDA Makoto, NARA Kosuke, MIYAGI Daisuke (Tohoku University)
E-mail: tsuda@ecei.tohoku.ac.jp

1. [FC®IZ Table. 1 Specifications of HTS and copper coils
FEHERNE LV AT AL, B EREC B B EA~OH - Wire Bi2223 Copper

BT EE L CHIFFSN QWD HTS AL i JHIZ - Radius [mm] 45

WIS BETS TR, 22T, JEdfildE )Rk A Height [mm)] 10

T LI HTS aAVEERLIZSE O HTS AV RO Turns 10

BIMBIERHEA T L | $l= A L D& LI Liz[1], L Gap of coils [mm] 10

L. JEEATE WG AT LTI, 2O ZLITBEN AL/ Self-inductance [uH] 189 | 15.5

DIEND, ANV DOFIESG DG ZZ T 5720 HTS 24
LD 2R ~D R FER TIIA, £ T, AWFFETIE, 1
WM DI HTS AV AT 2% 6% EL, TR
Bi2223 A /L 2= A L THERR S LD IEREfL T )11
EET IV AT L AV CHEBE T SR R A R LT,

2. EBRAEE

JZ&0.35mm, 1§ 5mm OFT — 7 #EEX 0.25mm., 1§ 5mm
D Bi2223 7 — 7% VT Table. 1 (7RG /30 —Fa AL
VERILUT-, F1- AaA L Z T Fig. 1 ISR TEERET L
mIEAVERIL 7=, Fig.1 123135 L,. RIF1RM=ALOHELE

AE AR, L R I Z2RMaA VD H AV H T4 100
VALRPLTH D, KRBT, 1RMAIBIE O )N 1E705 -
JRBEA AR WS LEFEL, £, NEIT 15kHz L7325k 80 -
\Z Fig.1 @ C,. C, R, DfiEDHT=, 7235, EERITHIE L= = -
Bi2223 SA LAV ORREE L, TR 143Kz, T gL .0
15.7kHz Td-o7=, 20 Bi2223 AL EsiaA %AV, 1 g r N
WIS Bi2223 = A 2RSS = A V2 T8 & 3 wE : =
(HTS=Cu), TIME2RMAS Bi2223 aA L OFHAMHTS-HTS), & | / Exp. Ana.
AN DA (Cu-Cu) DR BN R AR EE i Hn L=, 20 /g HTSHTS @ v
T8, TRME2RANB DR EZN TR TER LI, - ’ Cu-Cu W —-—

7 Py + P, + P, ( 0 5 10 15 20 25 30
ZIT, Py Py PR IIRAIEA L 2RI AL BRI Frequency (kHz)

Fig. 2 Experimental and analytical results of transmission
efficiency in HTS-HTS, Cu-Cu, and HTS-Cu systems

BUILHEETHD,

Cu-Cu DA BT DAL ~DIREE T DO EERGE R4 4
Fig.3 &R 7, 2 &0, HTS-Cu D4 1%, HTS-HTS O34
IR TNELR D DD Cu—Cu DB LV RERDZEN

3. EBREREER R - 14 : : I I :
HTS-Cu, HTS-HTS. Cu-Cu DO¥AITBITHEENRD -

B EBE OWHT 4 B Fig.2 o5, “ILED. JHER 12 " NSRS

B A AME T3 5I2241 T, Cu-Cu DA s 10 [ e

NRPME T 5DITkL, HTS-Cu Ti, HTS-HTS D4 s A |

R D EEEE B FEND LN bA T, TIU, < 8 o,

HTS 21 /U231 D AR B B O AR BRI (7% Q M) 12 s &L N

BELTWDHEEZEZBND, £7=, HTS-Cu, HTS-HTS, g t v

(_é).l I 1 I 1 I L l 1 I 1 I 1

ot LLEXD 1RMI=A DI HTS aAVEHRA 0 >
BT . T 00 535 7 B 526 5 Y ey 2
ARELIRD N o T=, 27210, 5@34/1/’5’3H§%%jﬂﬁ Fig. 3 Transmission power in HTS-HTS, Cu-Cu, and HTS-Cu
oo 27 AT B AL, O IRHEHAY AR S systerns

N7 | AFERAE R AN TURE R R n kB 1
SNDHTENTIRIND, ZOT, %I, K@= p I
fibdE S m kA P REE T DA /LA VT, 1IRMAI~D HTS
ANV DA RIZOWTRFL TV T E TH D,

SEHK
1. K. Nara, et al.: Abstracts of CSS]J Conference, Vol. 90
(2014) p.110
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Interaction between DC Electric Railway System and Superconducting Power Applications
Simulated by Hardware-in-the-loop Simulation Using Real-time Digital Simulator

FUIL HINE, il A

, JEE BEE U, EH 8 @B, A S 00

HIGASHIKAWA Kohei, URASASHI Shogo, INOUE Masayoshi (Kyushu Univ.);
TOMITA Masaru (Railway Technical Research Institute); KISS Takanobu (Kyushu Univ.);
E-mail: kohei@super.ees.kyushu-u.ac.jp

1. [XCHIC
ARG E AT, B iR PRt O bUR e~ D E R %
FIA LTz @ 2h 28 RE ORI N2 XD, ) R ~DE A

%Fﬁﬁxﬁﬁﬁcéhﬂ\é — 77 FERITBARGEER Y ) R

B AZINDT=DIZIE, A RFOMERE RO W7 O(F AN
ngb\lx«/vf%ftbfio<_&7b>z%U@é — I, B
lDFER LTI, —ﬁr’ﬁ?ﬁ$ﬂﬁ75%?’@ﬂéﬂéﬁﬁ7ﬁ>f{rﬁ%%§
> THHERRAME R THAZ LA MR T HENI TN
BB, WD, BAREMER N E T RIS 2 D BT O
TUE, BICHEE S 22— al TRETSIL TV D, LnL7eas
B, FRCHHEI O HESSPIPUIRE~ D Sl B R &\ o T HiHR
DB PERIRDIENE | ZORED R D 2E 8 & EHEIZ T4
LTI ZNETOLZIAREEL > THY, BnE el E
J15R A 0308 () 70 FR BAE FH 2 B C & A 7270 FIE DR
MRDOND, 2 CTARWIETIL, ERFET VXL IaL—H
(RTDS) = W e n—RT =7 P/ — 730k (HILS) > AT 2%
MEEEL | EEROBREMI OZ B Z YT V2 A LZE TR
WOFEER DRFIEE L T2 28T, MR &R E DB PR
MWHAERZEE T 5252 BRI,
2. Bk

AR, B8R A OB S B AR MUITBAREr — 7 VA8 AL
T-BROIRA N | BRI & O TR A2 LB L
THY, BREREL FREIREDZNE N TEDORHENK
sz e LEN, 22 TAENL, 20X T ik
Db ) &3S DR RE B G A R I TEDDE MR
HIEEHBELTZ, BIEL T, FHEROREEIEEZEL.
Fig. 1 @io?@?%Tﬂ/’zﬁ%&L 7o BEATNOSNEICE %
B L TODERIC R ﬂﬁf%%ﬁ,’m ST, 0.2 BMRIC
%éﬂm%féﬂéio&%ﬁﬁﬁmw_o ZDOBR DM EINHT
OB R (SFCL) OENER | = — Mgb TR 572
WIZ, Fig. 2 DXH72 HILS AT LA LT-, BRI, F
FRTDS N CHEBABRFOFEI T, B ETOL (2.6
kA — 60 A)ZEEL Ca—MEMIZERZmET D, ZOR
W —M IR AETABIEA RSO LEEFE L TRTDS 17
4—R o745, U EOFNET 50 v~ 7ufbl bilithi, &
FUZTD =N OIRFTRL Sy D273 SFCL DZEHh LTV
T IVEA DZERIE R OWRD TN E D,
3 BR-BER

fE A Fig. 31287, SFCL & WV WA ICH BT 8
kA 720507052 B E L TUvD A3, SFCL %*Enzbfzwh
BT ED HILS #7725 F, FHlCE T340 LU (S HH)
SNTWDEETF DD D, EBICa— MR IS T D E R
HBIRIEIRLTODM, BESRETTO 60 A IZHRL T, 90 A TR
FTERNMBENTEY, ZOBROEHICL> TRITESN TS
ZERDNDL, ZOIINT, TRrIATRE DL TH -
ffb;@ﬁ@*ﬁé.o>/:iv—/a/ﬁ>%7/v{t@l¥$f;ﬂ/£%%
GETEHEOTUTA, FTHREAREORZE AR LR2ND, BIK
PR e E DR FH AT o T ZEN A REL 72D,
SEH
[1] K. Higashikawa et al., Abstract of CSSJ Conference 90

(2004) 109.

B

ARHBFZEIE, IST OEREHIA ) _—a Bl HEE T 07T A
(S-A /) TIRAARERIE S AT DA R DBEE T A )~ —
av | O—BELTERTDHEELIC, AARIFER S ORI
(26630113) DBIFAE 1T TIT2T2b D TH D,

Substation
- SFCL simulated by a
P SFCL piece of coated conductor
I,
l sc Feeder system

Fault ;
0.2 sec Train
Rail

= O

Fig. 1. Simple model for DC railway system with SFCL.

Shunt resistance for
monitoring current

Fig. 2 Setup for the hardware-in-the-loop simulation (HILS).

(@)

Simulation without SFCL

Hardware-in-the-loop simulation using
the coated conductor as the SFCL

T T T T T 1 171

Current for SFCL  Igg¢, (KA)
O =2 N W s OO N ®©O© O

2
3
o
S
o
N
<
=
=
3
)
~
o
>
1)
®
S

(b) 2

V890—
< 8ol
70
60

Critical current of the
coated conductor: 60 A

Current for coated conductor
8858
- l T T

Time t(s) .

Fig. 3. Current waveforms (a) in the simulation in RTDS and (b)
in the coated conductor at a fault occurred in = 0.2-0.4 s.
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Experimental production of flywheel energy storage demonstration machine using
superconducting magnetic bearing

ER) B, IE AA, B B (ERERE) s ATH B (R T v 7) kA KRR (e L)
K Fi(R77m) I8 i — (LALR)

HASEGAWA Hitoshi, NAGASHIMA Ken (RTRI) ; MAEDA Tadakazu (KUBOTEK)
MATSUOKA Taro (FURUKAWA ELECTRIC) ; SHIMIZU Hideki (MIRAPRO);
HORIUCHI Shinichi (YAMANASHI Pref.)

E-mail: hasegawa.hitoshi.10@rtri.or.jp

1. [ZC&HIZ Motor generstor =2y,

BIE. NEDO DB HHICIY, R &l & B =1 omoms
BTV ML EBICBRE L TS, BEBEAEL TR, X '
Fn, AN, B X — KB HSERFIL, 77154
— N ERAWEEBEEOWEAEZRHFL TWD, 7T7A4HKA—
NEBIEE L, B AR ROLX — [CE ML CHE L
3’\‘_%??57)'1&)\ ‘”f\ﬂﬁ?ﬁ’ﬂfcﬁ}iﬁﬁ%ﬁﬁﬁbﬁb Yo :@7]:’_&5\ Electric power grid
CREM S CRRE Lo TS LIRS LR E LR, (fammeniPre)
ZEEICHL, MOIRLHL AN TEDZ R LT — BN KE
W, oL ORI A E O EME RS E0, VT U A
T E DAV IR IE R EE TR TIEHE A LW e E ORFEAS
5, IO, FEBABEEM ML TG CEL720, & =g
IHERELCIEH IS A B ST O A B E R KX Photovolaiopover lant Output  TMW

Vacuum vessel
(MIAPRO)

3 Rotor Stator
(Gd bulks) (REBGO coil)

Superconducting magnetic bearing
(Furukawa electric and RTRI)

W, CHETIE . RS 70 O L — B TR E A Fig.1 Flywheel energy storage system using superconducting
ITHARBLNSNENS TR DY, 7 T4 KA — A DORE magnetic bearing

FALLRE LD BN B D,

23 AN DSBS st EI L AN
Tl MR Bt 205 ] U7 fR Bl (2 L DB 2m
> CFRP m—4OHUE | Eifaf 8 & s [E #2121 25 5 BB A
Kz ORFEEIT - TND,

ZOIFE | RERICHET D EFREOMNINE TL, B—X D
7% B R OMGHR[E RIS R L LT, Z 2 CARME TIX R o
FEANZ DUV TIR AR A,

2. EFIH DM

FFHFEITIT . B R 4,000kg O v— & 2 E RS EIE S 3,000
~6,000min-1 THEET 5 100kWh BOREAFF-7- M %
BUYELT-(Fig. 1), CFRP m—# | E % 2,000mm & 0.9m T
itz >TWD(Fig. 2, Fig. 3), Fiz, M E G Z (T
—4MAllZ REBCO BiRMEE LY AT —4AllZ REBCO
ERBEEa A L2 AL WD, BRSNS 13 R
LA MEE oA VIZIEE T DL TREMEIZLD 8
S e —2E IR ESW 5, BEERAENSZ D AT =H
NIVT T AEHK 20mm 72> TRY, Efif O RKERF v
T RO TND, BRI T IV AN DWW T REEN Y
7 A A B2 L U CGRRE L TN,

3. SROFE

AREFEE L, A E %2 B AU LALECK B (LR 58 TR T
(I IMW) IZBEIERE L . Rt R Z1T > TOSTE
ThD, FtdE REBRCIL, R A b e E R
HEERITHIZE T, RUAT LOFEAVEREMERR . M A FE
2B 25 RAERIL T, — T 2 S

723, ZONFERFEIE NEDO B3 TR iR 7 5 A7 A Fig.3 Over view of Flywheel energy storage s;fstem
—VEBYAT LORFE ST T TS,

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 Superconducting Magnetic Bearing for flywheel energy storage system
—Superconducting Magnetic Bearing with High Load Resistant and Low Heat leak —

2
o
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WK S, A HBR, NE P (T R)
FURUKAWA Makoto, MATSUOKA Taro, NAKAO Kengo (Furukawa Electric Co., Ltd.);
YAMASHITA Tomohisa, OGATA Masafumi, MIZUNO Katsutoshi (RTRI);
SHIMIZU Hideki, SAWAMURA Hidetsugu, OZAWA Takahito (MIRAPRO Co., Ltd.)
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1. LIz 4. FEHESHOEE

HBFEL 7 T ARA — /L2 B E 1 TR XS (SMB) M, IKEVR ASMBE R FHL . IRV 21 THZ LT
ICEDPE ESE T EEY A RIS EHE TR —DHL WHEPEOFM 21TV, BRI T A2 LR LTz, A
ANIVEATD, BSZ T 53 C OB 72 BRI 72 2D | ik = RMTHE R DDLU SORRGERE R TR TR 35,
Bz OB AR RO A T U A TEIL TS,

Hi77 300 kW, ZEE 100 kWh OFEEE Y T A A —/L & 5. BiE
AR FAMEOSMBTlL, REBCO &R EE DAL (HTS ARFGEIL, FESTIFSERFE N =L — « FEZEH AR
AW IZE-STREBCO iR EE L7 (HTS Sv2) &N A B EEENEDO) DA S 3 L L CHEfEL TV D, HTS =21
FLlza—2% 5T 4,000 kg O LA EF 5729 Mifff JATHERE RO TYOROL 2y i D% G2 A L T
FEVEL G HEEIEN TR T, ZHIVET HTS AL O F11EH YR
HFBR[2)5 AT > CTEz, A1E, @it &, [KER A THAHS

MBZFFL, BT 21T o 1A IOV TG 5, Table 1 Analysis condition
[tem Description

2. B E. EBEASMBOES Analysis basis Non-stationary analysis

SMB Ij;”:gli\ %ﬁﬁﬁfﬁﬁﬁ@iﬁﬁ%ﬁﬁb \Tz/l)/l/ﬂ-:“/]\ Tnitial temperature 300 K
ZEOIFFL, FlAE 01T TRA— N n—4 £ 4,000 kg Refrigerator capacity 135 W(50 K) @Cu block
EE ST OMIEL RS TND, Heat radiation 5 W/ m? @side wall

HTS AL DI ANI N BE TN ZR S 7= RYRH 7 a7 & Heat load form current lead | 10 W(30 K)~0 W(300 K)
REBHE N AT T0D, KT o r 284528
T, AMEOEZZ BTN Z . N & D22 K70l 4 i L & iod

B, NHEBD HTS oA VAL RN HT 5, HTS AL TS
\IX A OB & 31T TN D, 1O B 13 SRR A5 1R R o
HTS A /VORE FHAZRLE | BRARFOZ M5,

3. SMBIREAEHT

{RBMEAT TILEBROBR AL BRSO M HGE N E B EL
T-IRHTAATUN, HTS A1 & HTS 2SIV DM EE 2R D 1=, fiF
Mgtz 1IR3, ST 300 K 22DOIEEF
FEMT AT, W s O WL EARE 77 % PN BE I | 23R U 7= B i
$i7 a7\ T 5L TSMBEG AT, PAEEERIC 5
W/m? DFEENGAN A3 T 5 2 & CHMERE [ 7)> 5 PUREBE [ ~ D o
MRS A B EL TWD, BV — LR AZNL, 30 K T
10 W, 300 K TO0 W DRABELAEL ., BERHTEILTZ 10X
(300~ WY — REEE ERILEE) /270 W DI EVE i) — N
BRI E- 2 CD, 2O CSMBANOIRENZ ETHET
fRNT 24T T2,

FENT U2 IR EE 3 AR 2OV T 1,2 127, SMBINEROIR
FESYARNZ DOV, WA A2l B LY — R e ESMB _E
ISR T T2 ¥ 7 M bOBUR A LELH &7 5 TND A,
HTS 731278 HTS A ~OREEIT/NE, X2 TEEK 1O
HTS /3128 HTS SA /L DI E S Fi % £ LTS, HTS 7L Fig.2 Temperature distribution
7 BB, X7 MPBORAMC o TREER R LTS (REBCO HTS bulk, REBCO HTS cofl
D, FATH 24 K ECHEANAIRE TH D, HTS A /WFRRE PR
72 LY — REEREH & B O BUR G~ a7 DAL E R =
(RITED . EEENE LTS, L. IBEARNE 17.0 K~ 1. M. Furukawa, et al.: Abstracts of CSS] conference, vol.
17.8 K OFPAICIN E-> TRV EIEH —IZ HTS A/ %G H] 90 (2014) p.27
AIGE e LT\, SRR T 50 K 24 L CULOB 2. S. Mukoyama, et al.: Abstracts of CSS] conference, vol.
i, SMBOEIHEIC R IR LA REBLIE, 001 p28

Fig.1 Temperature distribution (SMB)

— 12 — HO1MH 20154 EEAFRIL T4 - B EA R



1A-p07

&8
A
o
W

ISR — LV EBEERREEHSMB 0K
~EEXRRRLREREEE LRI RRER ~

Development of Superconducting Magnetic Bearing for flywheel energy storage system
—Result of load weight test and validate for stable lifting in unusual situation—

R G, R KRS, I B GHEIEE D) I RA, IR R, KBRS (BoE T

NAKAO Kengo, MATSUOKA Taro, FURUKAWA Makoto (Furukawa Electric Co., Ltd) ;
YAMASHITA Tomohisa, MIYAZAKI Yoshiki, MIZUNO Katsutoshi (RTRI)
E-mail: mr251726@mr.furukawa.co.jp

1. [FLHIZ

BT TARA—/VE w2 (FESS) 138 w5 8w KU =
(SMB) IZ&»TT7IAHRA— V7% L FHRSE 5720, SMB
W TOZRAX—HRNPMEL F2, BFET DL M=
AT F U AMEICHLENR TWD, SMB X, 2T —Z D
REBCO @B EE oA L (HTS 2A /W) IEEL  FARR L
o — A8 REBCO iR E L7 (HTS 73v7) D5E 2
WP IV EDN D RERPR IR LE3E5,

Z[RIBHFS L7 SMB T 4,000 kg D7 FAHRA —/L% HTS =24
JLHTS 7L 7 B O REE 20 mm C/RTUAIE T LT 512
1 HTS aA /LB L ORI CYE B35 HTS 7S Z70mEIN
TREZMGEL - B 5 & . 4,000 kg DTN EZEREL 2l 74
BB DD,

A [A], FESS AMRIZ BRI Z0A Te SMB & 58S, i H
REE, AL, % B N7l ER LI FnEwmE 5, Fiz.
(EERE REFENRAELZGA T ERM 7 7 AR A —
VER EARETHY 72— —T L7 TWAZEE K1
A OTHRBRIZIBWTIE~ 500 W LREEHERFTED
R ERGEL =D T A,

2. BAERETOREE

HTS A VTR B DAREWRZ W Tm AL, HTS 231
1L HTS A A —AN%ET T2 L7z 10 Pa D F U7 LA A
DOMEZFNH L THAILTZ, ZOIRRET, HTS A /L& HTS
2NV DBEREZFRL HTS AV OIREAE B IED
YRR LT,

Table 1 (24 #BODBI IR EE AR T, T— /LR~y RIRED
14.4 K THAHZ LML BWEE 3, HTS AL Ea— LR~y R
DIRE AR PR E DGR 5D THAHZ DR GETE
77o HTS 7L ZIRIEY 22.2 K EA7 DT LH A E0AFIH
K TCNBIENRFETETZ,

3. REZR EEH

BB HTS 7SV O Z AN TE v 7 hE HTS 2/ L%
HHBEHOETHEL, OFTHF =D CRAMEBELZFENL, 7F
A E S LI TR A R LT,

Fig. 1 735 HTS 2iA/LIRJE 30 K CIHEE M I3 HE
(IR BT PEDS TERR BRI 77.0 A TIEFFRAED 95%2
Y T2 40.3 kN OFF ENRRAETLELMRTEZ, 2h
12k, SMB 23 B 4,000 kg DOff EIZI 2, 7% L ATRESH)
K7z,

50 K CIFHTS 7 L7 ~DREH512 AN 2 52 L bR FLAE
LOIPWEERARLND, WEERE 80.7 A IZHIAET LR
39.8 kN (4,000 kg i) D¥F _EIELIDHZ ELHEFRL TUVD,

4. BEFEESR

FESS I3 K 100 kWh DK E72= RLF—%72 D7
O AEERE DRSS — EREE EafilT o s ER Y
YT b, FESS IZITB AR Ry T 27 il T h R E S
TWDDS, M HHEAME (L7354 T 30 )iz B CEDHL
NT HTS aANVORGIEREZ - A GR A2 L CD, 4
], 0 P S R A s U IR b F AR A SEBR I e
T B R E R A S LT,

A SMB TORHEIRIZIE 30 4 L@ E Al fE/ R & E0 UPS
2 CRY, T —mHEECIEMREAME LT 30 477
ARA—NVEFF ESWRT, ORI T TARA— IV ER 4T
EIEH kAL T = — N — T DOBEEL TS,

Fig. 2 K0, A B A5 1L U EA D DIREN FHL, 30 4
BRL72%b 10 KEREORE EH-THY, SaloBGEE O %
WA RRAECTEI2EE 2D,

5. FEHESEDEE

FESS JH SMB Z{EHIL . HTS =A /L -HTS 7L 7 D ¥ HIEE
FEATE EITRE AR L AZ R 8 o B R E R R C
DZ GRS 500 R O KR 2 E % L& FERE &=L
M. A SMB R 1T 5558 I A5E R E A A LT D7
EZ TS, SBEIVLFLR RO KA 1L - KBEEIE BT
TOEWE s EiR R R E F 5 T & ThD,

6. HiEF

AWFTE L., ESLAFIERE A IE N BT = L — - BEE TR A
BASE A (NEDO) D Bhpk F26 LCEfEL TV D, HTS 2o
W HEREE ST (BR) D TYOROI =iA /v #1EDR 2w AL T
W5,

Table 1 Achieving temperature

Cold head | 1st DPC 5th DPC
14.4 K 17.2 K 16.5 K

Bulk
22.2 K

Fig. 2 Time dependence of the temperatures
after stop refrigerator
S &30k
1. M. Furukawa, et al.: Abstracts of CSS]J conference, vol. 90
(2014) p.27
2. S. Mukoyama, et al.: Abstracts of CSS] conference, vol. 90
(2014) p.28

HEO1MHl  20154F B2 A F R T4

RS



1A-p08 W

BEEIOARA— I EERERBEESH BT DR
BB A - SR BIERR EXFHADRF

Development of Superconducting Magnetic Bearing for flywheel energy storage system
High—speed rotor support with a good balance, low heat leak and high stiffness
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YAMASHITA Tomohisa, MIYAZAKI Yoshiki, HASEGAWA Hitoshi (RTRI);
MATSUOKA Taro, NAKAO Kengo (Furukawa Erectric Co.,Ltd.); MATSUI Yoshi, DOHI Tetsuya (Matsuikozai Co.,L.td.);
UEJIMA Fumio (Stainless—product, Ltd.); MORIMITO Tomiji, TOKUNAGA Hiroshi, ASANO Yukio (Mitsuboshi-kogyo, Ltd.)
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1. [FL®HIZ

PEFRMHE, REBCO mHRMEE=1(/LL REBCO iR
TSV (HTS 7SV7) ZALE T B SRS <=2 (SM
B) CRE®ETITARA— N EIEHERMIIFT 5L E R EL
TR EE T T ARA— VB EEEAEB L., BIE, NED
OD AT AT A AN LT 4000 kg D KE BT T
ATRA—/LZ 30006000min" TlEliE O - J50H) S, 100
kWh OB LB FHERZ L% ERET HET SO # %
MWD TWH1], BENEE 10Pa@H A7 N T 7= DI,
EAE 2000mm DK 8T T AHRA—/LOASE KRB L OSM
BoOE AR —Z(HTS 7S 2) e E 35720 Thod,

AR, TR W EWE BN D T Ll ME & AR U ft
REE7e DA R (AFRP) LIEARD F722 2 FFHD HTS N
NI ERAG T E ORERAE B 42385 . B 161mm DX
BN« R AR o — S i SRR A B LT, £ OB
FHAZHLAATZSMBT 4000 kg D RKERETZIAHRA—N%
R — 0 A D LR ) CIUE~ 500 Refi] e iz LSE 5
ZEITHI LD THAE T 5,

2. oI

SMBE—4 fuf I RHEDN R TR EEHTILL T D LE0
ORI TATA — N OWEE L2 ZEF L TEH2E
@EWELMEER L, @il ERIC xR &AL
@UWTRAESNZH LT RBYR ML E R TEHIE
OHTS /I EREICEEL DO ERIMHAITELI L

3. FREt E D

Table 1 (24 [BIBAYE U797 B SRR DR EHE LA R T,
Fig.1 {24 EIBHF L7=SMB & [Efizn— X O/ 2T,
SMBR—Zfif S FHADFFHE, ROR-HNAFRPRHE %
AL TRIBRE OHTS 27 [ 2] 2T AGFRPA LA — &
SUS BIDFIRAM 7 7> VA5 2 & TR M LW B2
WNLL ., i B R Sk T A7 AR AR L & — L RAR
TV AT H AFRP my R & (Al IS Bl i L, Wi
EEWRDMEE TN T AZEN BB TH D, KO- A
AFRP faild, ZOBFE D& B EEO A5 (5 K7 5 10,000 kg)
VZRHIG ATREZRER BHE T 672 AJEA12.5 mm EREL 74T
AUNT AT 2 TR0 RE U T2, 2 OO JF M 5 B 1
30,000 kg FITHHIEEFEBRINTMFEL , e KATE 10,000
kg (ZXL CHRE RN HO LR TET-EEZTND,

723 k> AFRP By RIZETROSMBAT —% REBCO &
IRBEEIA NN O ESRM L RAAEOL D THS,

4. BEEABRAREHERIZONT

i L SRR DO PR MGERRBR E L C | [RIHR/ T L A HE AR |
BMRAGRBR, (AR, il MR RUBR ATV B SRR
DB R L% T 7 NMRITHIA L, BEET T4

A — VEBIEE BT HSMBOMA B2 1D TUD,
Table 2 [CZNETICHERSN BB iR A s,

A TRBR CIHM L7 4E~ 500 RO SMB O R ENE
FRFERBRE O FE LW ERERAE ROV Bl 975,

5. 5BDFE

A [EI B ST A Eh L 7= S M B & i [Al s = — 4 fif 81 3 FFIR%
FHIATZ 100kWh DOZEE - FUEERETT WO KA LK
FEEANC BT AiEGOER AR A @ L T, SMBOIE B4
HR— AT —HEHAG HERE L SN - TR R RE D 5 22
ICAESE T,

ARFIEILE N IFIE B 585 AT =L — « B HTR &
B HERE (NEDO) OB 3L L THEMEL T D,

Table 1 Specifications of SMB high speed rotor support

Maximum load 10,000 kg
Maximum speed 7,000 min ™!
Levitated gap 20 mm

HTS bulk for levitation
HTS bulk for guidance
Temperature of HTS bulk

dia. 120 Xt20 mm, 1 peace
dia. 90 Xt20 mm, 2 peace
Less than 65K

Heat load Less than 3W
Diameter dia. 161 mm
Length Around 385 mm

Side of low temperature

Side of room temperature

4

& Center of rotation

AFRP tube

Case of HTS bulk

Fig.1 Outside view of SMB high speed rotor support

Table 2 Test result of SMB high speed rotor support

Test item Result
Balance adjusting test OLess than G2.5 @1,000 min ™
Heat load test OAround 3W
Maximum load test 04,000 kg

Maximum speed test 07,200 min ™
SE
1. H. Hasegawa, et al.: Abstracts of CSSJ Conference, Vol. 90

(2014) p.26

2. E.Teshima,et al.:J.Cryo.Soc.Jpn., Vol.46 No.3 (2011) p.73
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Development of Superconducting Magnetic Bearing for flywheel energy storage system
— Measures to Eddy Current Heating at HTS Magnetic Bearing —
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1. [ZLoIz !

Bulk superconductors

REBCO @il E /L7 (BT, »3L27)E REBCO i
BE AL (LLT, aA0) A, 4,000 kg D7 FA7K
A—a—Z i b RS A E SRS 2 B LT
(1, 2], BB A7 R ERE 21T, JREN Ik 7 X
=X RO HSAB IR B R4 U TR BT S A HEMED
b5, BEREFIRNTORER, 5 SDOBEFRKDYE, SAZIE
N 2 A DR ISR ORI EDS, LS & ik L TR E
W2 e oT, FIT, $E Ay a MICE T UARFEEL

mm

140 mm
20mm Cooling plate (t 1.6 mm)
40 mm| 20 /

T90 mm

Fig. 1
(SMB).

120 mm
108 mm

70mm

Superconducting coil

Cooling plate

Analyzed model of superconducting magnetic bearing

bEATSTeDTHE T D, 1;’2 N
— 80 o ¢
2. BEBHSMZ % 70+ e
TIABA — /LB ILE S S E Fig. 1 Seo p
(DR, R AR SN (T — 2T N v (B 140 mm: § 50 o
1A, B 90 mm:2 ), AT —ZNZaA V(G X T NS 3 :g
—F)EMEAL WD, BEERKZ T h H %, 2 .
HEEAA VBB THIETREMIC LD ) Tr—X 10 .
AT LS 0, BEEMKMZ DA =N IV T T 0 : : : : :
0 50 100 150 200 250 300

AV B AAENSHI 20 mm, 5K 2 mm E7RoTEY, &
WENDKRERF ¥ T HRo D,

3. AHERRDBER R

WHEISAM O BRI R 2R D720, BRI RITIZED
EE I ED RFEV 21T o 72, BRESRITIZIZ YA Ry
Y=z—3a XD EMSolution %V 7z, 7N/L7RaA sl
T ETIES, WS EE), o=V #EEE LT85 O,
5 KD HEEANR DD B/ 7 (I 2 BB R S BN
T HZENDIoTz, BT HICIREILZ56 0, EIFK
DOIREFIEEEE Fig. 2 1T, IEBNEI S 100 Hz, &
RENITE2 mm EUTz, S EEA 03 L 10 /BT T
KE7eD, ZNX0b nEEAE LT DR NS L3 M
Lipote, 22T, ZO EE 2 MO W EERANZ, HA&A 1 mm O
SRR E R AT VAHE TRV A S AY > 2 R ELTZH DI E
W U7= (B8R 280 2 ENHE Y, Fig. 3),

BSE LT 8 A o 2 b OBMBE R Fig. 4 1IR3, Ay
M IR B R S E R TR S > 20 K~50 K T 150
W/(m-K)LA EOBYREREZFLTRY, a4 VOBANC 5
TRMEREE AL TV,

SERR LT R O r— 277 FRBRIF IS DA VIR E A
{BIZDWTIE, Y H s T8 Tha,

AWFFEN, [ESEAFFERRA FEIE A BT =L —  PESE BT

250

Number of Division [ - ]
Fig. 2 Results of heat generation for various division
number.

Warp: polyester

50 |

o

0 10

20

30 40 50 60 70 80
Temperature [K]

4 Fig. 4 Thermal conductivity of 280-divided cooling plate.
& PRIERERE (NEDO) DB R gL L THIEL TV,
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