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1. Abstract

In this research the performances of nitrogen
cryogenic heat pipes with the combination of axial
grooves and sintered metal particles wick structures
were tested under the condition of a wide range of
heat load and several filling ratios. The heat pipes
tested are commercially available ones, which are
originally designed for room temperature
applications using water as a working fluid. For the
present research working fluid, water, was replaced
by liquid nitrogen. The size of the tubular copper
heat pipe is; 6 mm in the outer diameter and 200 mm
long. The thermal behavior in the film boiling and
even in the local dry-out states in the case of very
large heat input was examined to investigate the
On/0Off conductance ratio for the potential
application to a heat pipe heat switch. In the On—
state of the heat switch, it works as a heat pipe
having excellent heat transfer performance, while
in the Off-state, it is in the dry-out state having
very large thermal resistance because of dry-out
state. From experimental result, an On conductance
about 12 W/K and an Off resistance about 12 K/W were
obtained, giving the maximum On/Off conductance
ratio about 144.

2. Cryogenic heat pipe for heat switch

Heat switches are devices that switch between
roles as high thermal conductance devices and good
thermal insulators. When one is installed in the
heat—conduction path between a warm, heat—-producing
component and a heat sink, the change in thermal
conductance it affords can control the temperature
of the component. Heat switches can passively
control the temperature of warm electronics or
instrumentation without power requirements as well
as the need for heater control circuitry and
software.

The heat pipe was considered to operate as a heat
switch as well as a heat transfer device, a device
that is a part of a conductive link between the
magnet and the cryocooler, for example. The heat
pipe as a heat switch can be of both high thermal
conductance, which works in a normal heat pipe
action mode is capable of cooling a superconducting
magnet and low thermal conductance, which is in the
dry-out state, for preventing overheating from the
magnet to the cooling system when a quench occurs

3. Experimental Set up

Gas nitrogen was supplied to the heat pipe as a
working fluid and liquid nitrogen bath locates
inside a cryostat, which provides an environment at
liquid nitrogen temperature (78 K) [1]. The heat pipe
is attached to the bottom of the cylindrical liquid
nitrogen bath using copper blocks which work as a
condenser section [2]. A schematic of heat pipe

dimension, and location of temperature sensors were
shown in Fig. 1.

For both high capillary pressure and high thermal
conductivity, sintered porous metal and axially
grooved wick are combined as the composite wick
shown in Fig. 2.
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Fig. 1 Heat pipe Fig. 2 Wick structure
4. Experimental Result Discussion and Future

The On/Off conductance ratio was defined as
thermal resistance, #,, divide by minimum thermal
resistance, Ry, u, at the same filling ratio. In Fig.
3, On/Off conductance ratios of the heat pipe tested
in this study are plotted as a function of filling
ratios. It is found that the transition between the
On and Off states highly depends on the filling ratio
and the evaporator temperature. However, each
filling ratio giving the On/Off conductance ratio
more than 100 approximately, almost similar to
thermal conductance of solid copper.

The heat pipe experiment will be continued to test
with variable working fluid, such as argon or neon
by using new variable temperature cryostat
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Fig. 3 On/Off ratio of the heat pipe for several
filling ratios
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Strange characteristics of 4 K cooling power by co-axial pipe regenerator

Bl B ORERE &) AR R— (BUURT); HE ] (NIMS)
MASUYAMA Shinji (NIT (Kosen), Oshima College); MATSUMOTO Koichi (KANAZAWA Univ.);
NUMAZAWA Takenori (NIMS)

E-mail: masuyama@oshima-k.ac.jp

1. [XC&HIC

LHRB BBV TAK L~V OIR R R ST 5720
W20, BAE, 2 B Lo TRY, mEIRT— U, [BiRZE
fil, BRI ED _OMBELEIN TS, 4 K L-ULZEWT
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LOPRDEN TR TDHIEN, 4 K SR I Hik~
DT 7Ta—FD—DTHDHEEZLND.

bivbhix, Eio~Vy L pEaEEL, ME IZBHZE
ORI AT E 1% 4 K-GM GO 2 B B E R
WSL, FORMEZHEL TWA[L]. A EIE, FOREh SA
TFER RIS T HAEIZIBT, 4.2 K OETHEE /I Bisk
HHFEBRNRAONI-OTHRETS.
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FBRE S 2 B GM 7 U RDK-408D2 (SHI) (1
W at 42 K E7/V) Thh. #MEE% Fig. 1 [Z~7. 20
@ 2 By B ZHHITIE, Pb, HoCuz, Gd202S ERANFEIHE N TR
D, O X% Fig. 2 (TR T . (a) TR0 =@
(three-layer) THY, ZFEEHDZF M0, 5 ETOMIERR
EBEIL, KRESNZEISTHREIND. (b)~(d) B4 EIHE
i L7=[Fldh /<A 7" & %% (co-axial pipe regenerator) TV,
Pb, HoCuz, Gd20:8 #DENENDH L EIZ, A7 1A
AT INFFASNTHD. AT EFHFATDHET, ~ITLD
5 E ~OENEMZ DNENDHDHEE 2 THB.

JEAERIE, 227 m—/L 2 SSC-3700 (SUZUKISHOKAN) %
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TTADFIIE AE ST 1.6 MPa —EELT=.
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b, (b) OREAM ERHFITENT, (o) LIFZFERFF
MERL TS,

4. FEDH
it 4 K-GM I sREE B S 2 B AR L C, IRl A 7 & i s
DREEMEDTZ. AT EAFANT DLEICID, 42 K DM

RENIM EDORRNHDZENHLNERoT. e, ZOALE
3, BRI R ELNZEDBFERISNIZ. LLRRD, BES
LT IO ELFET 5. 4%, SbICHA%
EDLTETHD.

Two-stage GM
cryocooler
—

~—a[] b

First stage
regenerator

Compressor

Second stage
Radiation regenerator

shield

Fig. 1. Schematic of the two-stage GM cryocooler
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Fig. 2. Four types of the second stage regenerators comprised
of Pb, HoCuz and Gd202S spheres: (a) three-layer layout, (b)
~ (d) co-axial pipe regenerators with a stainless steel pipe.
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Fig. 3. Experimental results of the cooling capacity at 4.2 K
of three-layer layout and co-axial pipe regenerators
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GM BRI T~ AOHACIT N SIL, BRI
PR 2 I AT 28T 2 K AR ETOHHAEZTRELLT
WD, BEPEZEWAITIE, 10 K LT CROBREEMEIRE I LD LB
D=5 RTHMERROOLND, LEADY —7 DR ESITHEE
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WAL, RFFETIE x, y=0.1,0.2, 0.3 DFEHI SV THE
IR C R L BE I E L 7= T, ZORE A WE 5,

2. =B

BB 7 — VUSRS Lo TR, 2 0% T =— L
(800~1100 °C,72h) ZfiiL T, GdixErxNiSi, GdiyEryNiGe ®
x,y=0.1,0.2,0.3 OFEEAERIL 72, R X BRIEPTHIEIZE
S THEERATZAT o T2, WPERIEIL. SQUID WEREHT LD
{BHIE EBGEFNIEIC LD LBV E 21 T o 72,
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FHIIZI A L, Vegard HIIZHE S TV 5, Fig.l, 2 IZ Gdi
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IBERIF A RS, Br OB ESEMT I THED
v — 2 mTIREIME T LI, 72, GdiyErnNiGe @ y = 0.1,
0.2, 0.3 TiX 2 DOV —IMPHERTEZ, x = 02,y = 0.2
WCBWTE—ZIREITRED 10 K LLTFICRET S, x =
0.1,y = 0.11% 7K Pl EOIREEE T HoCu L0 KE72 1R
eEE IR LT,

BRI DR T e — 2RO T, IRBIRE TOR
Kz hoe—XY, ENiSi, ErlNiGe DHE\OE —271% Rin2,
GdNiSi, GdNiGe DHEADE —27% RIn8 IZEIAL TWBEE
25D, Er OEBENHEZ DI T, W OY — 715 E
fHE O b — 3B 325, LIZ3->T, LKL EED
BB OB ITER L THEAOE — 72 NS5 EE 2 50
5,

F72. RNiSi, RNiGe 10> Ni [3IEHNETH D70, BRI
Fakbb01E RKKY HAERATHY, BKEBIEE LR
TEE— AV N BB R 1795, Gdi«EnNiSi, GdiEryNiGe
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T DL I DHEIERERRF OISR N L T, BREEB IR E
W TRNELTZZ M, VD — 732 72 B2 e~ T2 IR
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Fig. 1 Specific heat of Gd1xErxNiSi and comparison with
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Fig. 2 Specific heat of GdiyEryNiGe and comparison with
practical materials®
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T R AR it 5% (2 351 DA o~ R E S~ DI E DX
L7- BRI AR ORER, & OV ORRKIRELKR O M BEFEAT
DI, BMINBEEDO MR AHFEL TVD, ZTRETEIZLI~I
K I COBAROBUZE R EIZH N TETZ GGGV L
HRV=T L H—FRvNE GM BB E AR A A7 B
VR A% (adiabatic demagnetization refrigerator: ADRIZ,
B ICHFE S YAG(Ay N AT AI=T N —Foh), 18
R~/ xoh, b—h ALy FHBIMNEANTEHIET, BIRE
AR OBIEREE 0.3 K ~HF, mEiEoRE a7,

2. BEMRT L

Table LIZ@WEHIORERLE T, 0.3 K L CEIET 5H
(BB HEZRORNEZITHT=0, HERFEBRIZHWTEZ, GGG
I2&% 1 BRI BEREINC L0 Eb NS B L7 1 K LWL HIC
RWIREBREAEV T, B8~/ 2o b, BRIEEDY,
2 ODOMRNEEWE R OBMAL T 5B, 2 BEH D
ADR ([ZHAWBEES/EEWE L T B W O S 2B S
H, GGG LRERIZZERHIER THD YAG ZHWDZLEL,
ZOPTEEDLIZLY, 266mK HTORIK LD E — 7 A3
HEATWA[2]Y @ 30 %73 Er TEMESNIZH D% HV -, B4
AA T ELT, EROHDLNIT LT A F vy T DAL T
ERRATAZELLI3], Fig. 1 124 HBE% 5 2 B¢ ADR
DIVBLETRT,

Table 1 Configuration of present two—stage ADR system
S B — LR~ R [Ty« 7T 474 HEO0S

BmmEia s 7Ly [Ty s - 2543 SWA04

1 BRHAUEEDE GdsGas012 (GGG)
BRE~7 2 MGGG ) |fcK 4T, Cryomagnetics, Inc.
3K-GGG MR YT B, Voo WL
M?\f’ﬁ%%g (%ﬁfﬁ’é)\) (EI”043Y0,7) 3 AlsOpy

R~ 7 2o NGB ) ik X 3T, Cryomagnetics, Inc.
GGG —Er:YAG MBAAS T [T I T 4T + HAX ¥ 75

: Er-doped
YAG

Fig.1 Photograph of present two-stage ADR. (a) two magnets
and cold stages connected by an active gas-gap HS and OFC
thermal links. (b) 30 % Er-doped YAG with 2nd ADR stage.
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Fig. 2 12, WHIRBRICI T D0 B4 5 DR E 2 Lok
FHERT, TR EAT -V BLUOWMAI/EEME THD
Er R—7" YAG, B{riE~ 7 xobh, HAFX vy 7 be—rA Ay
FHEATHIEIZED, CM HEiO 2nd AT —VR=EIR
Mom 2 YD ETOREIL, BARFTO 21~22 KEfENS 30 K
MLl EICRELZY, BIRERE X 3.4~3.5 KIZo72bD3 3.6 K
LET ERUE, — 5 1 B H GGG MGy o3I EiRE
X 1.0~1.1K THY, 2 B H ADR O AR{% COREE 27
IERLNZRD ST,

300
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Fig.2 Temperature in the cryostat as a function of time
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IR 0.34 K &b, 4 FERESTC 0.4 KIZ EH L7,

4. SEDFE

BB HPROBEIEIZ 0.34 K THAFRETHLDS, HKE
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Highly sensitive measurement of AC loss characteristics of short and straight HTS tapes under

transverse magnetic fields
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HTS #bf % =B r — 7 VSRR E D E LoD
729I2iE, HTS 4 OARAE IAb & O D48 I ARFHE 0 1E &
TeHUENEECH D, VKRR L Z K572 HTS At OB 3%
DT=DITIE, ZDORFRAB R FFHEE R E -l CXH L7 8
JEETRRNE S AT AR E L0, TR T, W
TR THLF v BRI, 2R Fick
BRI HTS b 0 2SR 5 itk o0 wn RS I E 3
WREZRME S AT DA T DA HINEL TS, R3EE
T, T AR ORI E L T2 B R EHUINA ~ 27 % M
TR ANV OFE FEE, R OEREOF YL 50 OH|
T s SR SR RS DR R RS DWW TS 975,

2. XFRBRAERESNEBENMBRA< T vk

AWFETIX, RIS EIIE 7 Ty 7 a v ikaE v
TIT9, Fig. 1B OINTRESFUINAH ~ 27 2o O FMELIX &
Wi X T b, KA OAT VY NELD 2 stoaA i (A a
ANEFT AN DB, B 0.3 mm D Cu RO 7 ARV
AR TERLIZL DO THD, £ 100 mm FREETOER
BRSO R AR E TEDHLIN, AT Uy M
<~ AR L TCWAED HaA L (B 7y 7 a L
Lx v a ) id~ 7 Ry RIS U CIER RN E
W ESND, BTy T a ) F v L af )L ONET
DOREESATINIRIR DT80 2 DO AL OEHIT R0
FERLUCHIE 2 RIBIE COMARRZEICHEY T v 7D
NREAETD,

3. v LY DIERBEE IS EENMER A< vk
DE&E

#Z T, Fig. 2 1T I92, B o Ty a bl y 2L
AV E R FRBLE CE DL MM HIINA ~ 7 o M ik
AT, MIE TRIENEE TOMAHREZE KL . vy
TR DIEHE RS, Fig. 3 13355 LI2~2 %y bW
Thb, TROIANEZOMMDEF: 3 $tOIA L TA D
DD, M ANALE CORSE —FREEIT 1.6%2 N THY |
BT NSO I KETIE L, IR EFRRE 77K T0.13T
Thb, Fig. 4 12~ 2y MNOWEG A ORI REFE R AR,
F7= WERTREY 7 A X1, & 5 mm X JEE 3~5 mm X
X 90 mm TH2D,

4. AEZREIRTOMBEREERICLDFroEILEYD
{ERIZ DL TR

Fig. 4 ITRLI2IDIT, =7 Ry MO U CRFRICEL &
SN I Ty T af )Ly L a )L OS5y A 1R
CChd, EvIT7 7 af )V ThRIHTI T LVORMLE &
LHIEZERE DIF 05, Fv i Baf K 45 7l 22
MIOIE BZZELSIKTZOIC, BE X v a0
BEIT T aAANDEEIVELT D, LnL, 2 2OfiH=
ANDAUEIE L A% TELIZT I ST T2 N, v
D OIRAB RN HFERPELNTNDIZD, ZZTIEED
HRAENLT, 2 SORIIANOEKEZFRCIZLT, Fv
RN VORI EY YT T A DI
RELTHIET, PE KRB TOMAHREZEEZ /NS, F

YA MERT AW TREILZ, 4], {ER
L=< 3o hetiaa iz Bz v v 0 o E s
HLME K OREHE Bl OWTIE, 4 B S5,
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Fig. 1. Schematic view and cross sectional view of existing
split—type magnet.
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1. [EC®IC

Bi7E REBCO #hf D FEFARBEE~ 7 R b5 BN
IHRIATOI TV, BEE~Z Xy MZBWTIER O
TmONZOIRL O 7 — 7 BRI BEAL, BMIIE T HM
ORISR LSS, ~7 3 s EHIE NS
R T B720120F, EBTBM ~ETFH MO0 E L AN E
G2 - L& O A AR T AL ERHD. £ TH
[\, BAEF & DIRL TWD A LEVEA 50 pm FEHRIED
REBCO #HIZDNT, RIEE R (LN CREF MDD
EUBIIRFRERAAT YV, #M D S-N iz BfG L7,

2. EERAK

FEAmAE U728 81 1%, 50 um JE @ Hastelloy® £ 12
IBAD-MgO JB%& e /@ L, PLD (2&% EuBCO+BHO &
I, Ag RERE, FM 20 pm B0 > EE TR LT
4 mm RO (FESC-SCH04) THhD. ZOMA DA AT i)
TINTEIT, #9630 MPa, ANA[IFOT 13K 0.43 % TH 2.
Z ORI KA I O & BALE T C LN 1215 Tl
DIRL D5 ERB A £ L2, 51RAMIZIMEROKDEL
9% 57 B A T, IS DN D B S 1-12 Hz O 1ES%
WA KK 100 BIETARMLEZ., ZOEEDRKEANIS T
Omax & T /NI T Oy D TH DI TR = O/
Omax VL R=0.3 I[CTRBRET T o7, b O O Al il i L B
DEHFTZOF AT =D TRIEL, iiE 10 kN or—K&L
THEIE L7 D 28 O 2 fg TR LIz e Lz, R
ALWE 1B L OO T B0 EITREBR AT OB ERE Lo &
BT (unload) D A B Tew (2K T D1 Iw/leo 55 99%% T
[F o7z tXDEELTERLE.

3. EEH#HER

Fig. 1 IZR=0.3 2B DEH LT IND L/lo Z 0 L[AI%L
Ty =7 — 255, LSRR ER R LRI B0
T 1%REIZS DN TNDINNCRAZ DO, R ICBX
SERBROTDK[EEHRLWEFE DOIRAILE ST LN, DIREN
BB THHEEDNDS. &AM A: (S A2V
FEI) TIX L OBAERHLNTZOBHITHERT L T DB 7 A3
HOND, IZEAE DR DS I DL BT DRI
WL CTWDZENbnD. BERmEBIET 5L, 133 THIH
L7 — EAR TR L TWBb DR L, iz ksl
DR U CHEPERI I L CUWDZEATRIRSND.

28, WL ORER I B IR EUT s TR 555
BNHLIT. TS IEPIZL > TRYNITEBI L2 D
EEZ DI, AIEIHRA ORISR IE COWR T — 2 & AT
TAHZEEAMELETZD, FOT =270y MITTT7 MR
AVl

Fig.2 |[ZHHF D SN #hifi A~ 7. #Efhi i KA RIS 1 TH
B, fIHEE LR R X R CT/RL WA, BEDIT L2
BAUTZ A, AE IR S 2R L 0D, BRI A%
AITT7 40T 4 T LT RTHD. S-N HRRIZIES &N HD
DI O YIHIBRIE S, HIIKFaDIZSSE DK MEI T
WA ThDHEE 2 HND. AR L= 4TI, HIH15R
FEDHI 80%IZdH7-5#] 500 MPa T 106 [2] DRI LA IMiT
ZAONDBIEN TG H-T-.

4. FE®H

il REBCO A4 D03 UGG 57 R 2 3T 35725, #i
DIRLOBIIEREBRZTTVY, 50um FA D REBCO #4110 S-N
HiBR A BUAS L7z, JEOTREE L5 TR 80% D3 T 106 Bl
BIRAMICTH AL EN Dot SBITELRDEHDE
fafe, IS NRENRKENANE 52 IEE 0O EZRHAEL T
TETHS.

HHEE

ZORRO L, FESLIHFTERIRIE AT =L — PEHE
HAlria & B EWNEDO) O E X B O RALNZH D
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Fig. 1 Cyclic fatigue properties of normalized critical current
Ieu / Ico for commercial REBCO conductors with 50pum
substrate of Fujikura at 77.3 K.

700 < -
T=77K N Ormax = AN
_ 650 = S A=1287
g eo | R=0.3 8 O.\. @b =-0.064
& 550 *.\.
£ s00 e @~ <
17 ~
E 450 b
£
¥ 400 @ Number of cycles at deterioration
= (Ic/1c0<99%) o—>
350 ONumber of cycles to fracture
300

1.0E400 1.0E+01 1.0E402 1.0E+03 1.0E404 1.0E4+05 1.0EH06 1.0E+07

Number of load, N

Fig. 2 S-N curve at stress ratio R = 0.3 for commercial REBCO
Conductors with S0pum substrate of Fujikura at 77.3 K.
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Angular dependence of critical current density
for REBCO coated conductor under various bending strains
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MIURA Masashi (Seikei Univ.); ICHINO Yusuke (Nagoya Univ.); KAMIHARA Yoichi (Keio Univ.)
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1. RUSIC

REBCO coated conductor {%, W55 T &\ il s8Rk
ZHERFCE 5 2 & BWREDIER IRV 2 Eh 6 | T
LiEE~ 7 %y DB I N Tws, 2ok
DI, NLEvy=v e vy —HA X OghhJ. 2K
LA LS 2 TEEA TV B[],

CIT, B Lzl hEE27-DD—DDEL L
T A IFOTARIRICHEH L 72, REBCO coated conductor
DEIED OFT AT TD J FBIBARICENT 2 2 L2350
LNTEIH2, ThzflHTsE, INETURICTLZ
M ESE2 I ERTEWRIEND S, Cn2RBT 2
gk LT, ANLE Y8 coated conductor @ REBCO &2
OFBELAS L DbhoTwEEBE. ATEYE
fIALTOgAazZME L, BeERE2z L3¢5 2L
MTELLEEZEND,

AfFFE T, REBCO coated conductor 15§ % {5 E ¢
HED VDT HERITONT, 0T A, Wi, BEAEOREE
WB L CHMICARS 2o, iiFOTARZHML 72
REBCO coated conductor @ JIZBIL T, Z DBIGAERK
FEIZ DWW THIE L 72D T, ZDHERICOVTHMET 5,
2, RBAE

1 O 97 A RIS h S SR R 22 E 2 Fig. 1
WS, ZOEEEZ T, O3 REIMIR O £k
1 DRESG A EER A 2 E U 7z S L 72 g
7 ¥ 7 7 % GdBCO coated conductor TdH 5,

PO AT ORXZAWTRE L, BEE-ICR
BT 0T RIIEBRERMMCAELET20TALALTH S

ELTCEMAEL %,
ﬁﬁUﬁ7%=%%z£§x
1T E
HUFOFARANNS 71E, Ti-6A1-4V &4 % F\72(BUF,
Ti 7 EFRRLT 3), T, BMRER E BUHREE EE
LCOBERTHY, Ti ST/ DHBIEMHICHETE S Z &
P[4, Ti P27 Z2HANT 04 T BUTFICBWTHEAERD
WE 21T 7o, BRAETIE. 6 pV/iem OB FILHETR D 72,
W 7 — 7 HmE S FZE 00 LCTHIIL 72,
3. RRER
HFOF & %25 2 7% GIBCO coated conductor DAL
TROBEG AR % . Fig. 2 12728 L7, Fig. 2 DHT,
FE B2 0 R D I % A5 T 90T o i ik M % PITRIX
ELTRLE, 0°RAIZBWTIZ 02% DT O A%z L
Z TR R D LA L T O A 0.5% TR A B
PMET L7z, 90°FHETIEHITOT AR 0% b L &<

100

02%. 0.5% EHIFOTABKREL B L, BRERIZO
FTAHREEHIE T L, 2NL D RESAIMAEIC X > T
ERAE & O T AOBRMENT 2 2 LR TE T,

VHIFRSG A L 0T ADOBREZ B L 2 iR
35,

Fig. 1 A measurement apparatus for superconducting properties
of REBCO coated conductors at various environments.
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Fig. 2 Angular dependence of critical current for the REBCO

coated conductor at 77.3 K and 0.4 T under various bending

strains. The insets show the critical current of the conductor in
low-angle (~0°) and high-angle (~90°).
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High speed fabrication of BaHfOs doped SmBa2CusO, superconducting coated conductor
for cost reduction
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1. [FC®HIZ

REBa:Cu;O,(RE123, RE = Rare Earth) & iR = E AR O
RER AL, mid k- KA E L - @R kel o
BLEPDEZ L O R PR ESIN TETND, FIZIE RE
H 72 VERLE T & % Pulsed Laser Deposition(PLD)E Cld, ik
L — N2 M S W7 5E . a SINRERI AR L, @58
FEME T2, £2C, Fex OFE S V—7 T3 -
IZ Seed J&B & L T RAF7AafEdb 4 73 REBCO J& % {Eil4
52 LT, 20O RITBEERMEZ R Lo E SRRV S
#:-C Upper J& ® REBCO % i ATHE & 72 2 REBCO Growth
using REBCO Buffer-layer(REGREB) % % #& %& L [1] .
REGREB k% W2 S ERGERE o i) B2 DWW TH#E L
T2o —H. 77 K R OMEIR TORE T st se b OBl D
X, BaMOs 7/ a v Rl N T UMEHafREEI NS
FRAED S STV D, ARBFECIEREEE o mdib, Je
D ERIF OBLE D A ERGEE o mEs b2 B L7z,
FRIESEFE O @l iz oW TR L =P = 2 F— KO
FoE xRl U, BEER~O R R A R S &
5L TR EITo 72, £72. SmBa:CusOy(SmBCO)RHH
WIS AFIY T 5 BaHfO3(BHO)AE A L, kL H
Je DI FIZ DWW TG L7z, & R o ERUC 7 L—HF
— TR R —=F T )L— LD ENE, Ag ZELIE DIEE .,
R T =— L HIEICOWTHRE LTz, S BIPimalfEL
LT 2m s OER 24T - 72,

2. EBRAE

KrF =% >~ L —#—_ Reel to Reel &AWL
REGREB {£(Z £ - T IBAD-MgO 7 —7 12 SmBCO & T
BHO K—7 SmBCO ##M OIER 21T o7, EL— %
HE R SR OVERLUZ DT, Seed JBIEFE 60 nm., [
FYE 53 Pa, MM REENESE 25.2 m/h, # Y R LRRIFEL 3.
L—HP—x )L X —FE 2.8 J/em?, #9 i LEEE 100
Hz, Upper J& % [E 400 - 900 nm, FE3E/7/E 53 - 200 Pa,
FRME 0 BREE 252 m/h, ARV IR UiiEER 6, L—Y—Tx

100 T T . T T T T
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Fig. &% & F 2B TIERL L 72 BHO #INFEAM
BUEHE & [ OBMR

LR —BERE 3.0 Jem?, L—P—# VR UEE%E 100 Hz &
L7z, BMIBEEIIEEREA 7T X~ RO HTIE. i
WX BREIYT, BERRET 4 1R A VTR L7z,

-E s M " ' ' j " " BHO-doped,
3L Ek ke g g i ]

g 10 TR e,

i . e

ﬂ 2 20K u’rle *
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3. ERHERRUBER

RN S & & F A CERL L 72356 @ BHO BN
SmBCO #i#T DRIEHEE (m/Mh) & 77 K IZB1T 5 I(A/6mm-
width)Z "3, 2286, K ELIZL—YP XL F—DZ & T
HbH, TNETHRHL TERBESRMEIC bR L —Fx
FNF— O EREESEOEKIZE Y, REEE DR
ERRIEBHETEZ ERHERIND,

F 7o, BIERHC IR 2~ X 7 2 W C— IR L
72o EEIE. ATLE > & AL TV 20 SmBCO #i4f &~ A
7 % FAWT BHO I LM OREH J Bt bR
7o BUELR I (> vy [Am/h]) & 7R T, i m g3 K OMRIRIZ 38
W T EREA TR L TR, ATV EARM B3R
MIERGEEOBLE LD LA TH D Z L3RI,

FREMmE AR E X T, Ag BEMEOKE, BET =—
WVIFEIZDOWTRF LTz, I Ag RERERBUIHIR I,
2Ry AL L BT, RTR-PLD EHf AL L T& /-,
BRI E OB NRIERE OB W L 5, Rk Lokt
OB Lz, SHICPHAMEE LT 2 m i /ER %
fTol=DC, YAEMEZRET D,

B

BFFED —hi%, IST-ALCA 2% 1T CEIELIZHDTHD,
AW TIE, MRS 77 SHEBFEREL Y &BT —
TN LTI R ST,

S& Xk
1. HREEREM: 5 94 FHKIR T - HEEFEES, B,
2018 45 H.
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1. [XC®HIZ

REBa,Cus0,(RE = Rare Farth) M= I3 WO RIELE
BAHTDHZ L DiEa
RBRE A VD X D RSN T OBEERM TS 5
B OBENEHIINE TV 5D

TRIREZOBEHIRE (65 K) FIck T oS0
B, WET L ORIFERES HNE LT, RS EKIR
ERB X ORI D Y E - 72 VinBasCus0, (Y,.,BCO) i
EERLL . x DB RG22 OV TG
LTC&, £72Y O Z IS8 72 Y, BCO Mg % /Ef
LY VUyFht ) =T 4 I NVERBKRE IEHEE LT
AT SH L TRIET L oRGESERS B L LREFS
HERFEERN D/ SN—T ¢ 7 M RAZ T BT OV THRET L
F I OFSAIRE S R 21T > 72,

e CIIBEEERLAN CTT ) =T 4 7 V&R
DMELO—2>TH D RE0; 124 H L7z, REBCO M{mEMARIX
RE OFEHEIZ K » THEESCEUS 72 PN B+ 5, 72,
Gd % Sm D & 9 7¢ RE/Ba E#i% L<°77 V) RE JLH LB
IR T B, Z OBEERIIEFEETRHS O REBCO 12k~
B T2 0 | 2B OB RERN CTERIRICAR D Z & h
D 3WILAPC & LTHRET A Z & 3o TV D, 20D
X 91t DE 5 BFED RE 7> 5 %% REBCO & RE,05 D#
BRI X DS & BB O LI R A Bk
BE-N5, 2T, RE/Ba E#aA#E = X720 YBCO FEf5
& RE0; & LT B RE/Ba #2325 Gd & & A72 Gdy0,
ERHWDHZ LT, BREOHIEE RS L OOEEND
WA B2 = & T, Bt L RSN ER B
B, T AL D O IO G M OBAR R DV TR
iTo72,

2. BBAE

YBCO 7 HR 1%, TBAD-MgO Hh Ei2/ /b R L —H —7K 3515
(PLD) TEHRI L7z, FEARIEFE 7. = 820 - 860°C, M4 E
Py = 800 mTorr, L —H¥ —#r ViR UEE £ =5, 20 Hz,
H—27 sy N EER R dc = 40 nm TR L7=, RS
etk OFHMIX . OREHEFUINA R (L - B - 4) % Hl
E L, 78—=T 4 7 )VIRD APC MO W X2 L TiE, .
- T RMEIC K o TR L7z, 7288, Gdy0s 1%, FHIMEAR ¥
—#y MEVZAWT YBCO B A L=, IR E
BT T AL, AT X RRET, R
PEIE 4 -1k & O CRFf L=,

3. RRMHERRUBER

Gd,0; DIEMTEEL @ = 20 area%LA - THEL L 7= YBCO
BT MEIRN YBCO MR L et LT 2228 1 KB K T3 %
T ENWEERE N, ZHUE 6d OBBEFRINC LY Gd/Ba &
WNZIZ Y LIMET LD EEZ DN, TOEHEIC
LD LESOERIZEY S5 DIRT L& Z &,

1T % o THERLL 7= YBCO Wil 65K, 1TIZH
G BEET S5 0 Rtk AR, L O RGEE RS M
DOWTIL65 KTHO L. - B - 8B o = 15
areal% CYERL L 7= Gdq0s WS YBCO HEEIX o = 0~25 area%
THERLL 72 YBCO MO H Tl bW s & 72 o 72,

AR SN TWB MR,

o - B - 0 HIBIRNABIL o = 15 ~25 area%h TD
EECRBWTTF =T ¢ JVEANTRIB I N8
IR—=T 4 T NVIBRIZOWTIL @ 128 LTz 5
ZllETE R,

21282 % £ TYERL L 7= YBCO #if oD 65K, 1T 23
U BREG T J-B- 0 FRtEE RS, Gd0; ¥SAN YBCO EREIN
FIR—T 4 I NEBEEICT B0 f = 5 Hz &K
PBOREZ LT EET @ = 156 area% T 6d,05 ¥SHN YBCO &
EZERIL7=E 25 A = 20 Hzf1’|5§<tt”§;ﬂ% TR
JMr o kxR L, SBIC -B- 4 Eﬁaf%ﬂﬁ/ﬁm 5
LA =5Hz1% A = 20 Hza t«fd\é< BEIeT )
IN=T 4 TAPREAINTND Z ERRINT,

PLED Z & D Gd05 BN YBCO JfRIX m 231 B35
ZENTRENT, BFED RE 28R 72 REO0s b O
IR=TFT 4 IR DZENREND L E BT, AR
F =T 4 7V APC & LTRSS . BT EIC TS
THZEHRENT,

N
~

T )
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0 area%
—4— 10 area%
—v— 15 area%
—A— 20 area%
—8— 25 area%

g
=)
T

[ ]
34 g ah
L4 “‘ ’0.. aakee
12F 0,“ ® rOM o
00‘

30 0 30 60 90 120 150
Field angle, 6 [deg.]
1 B EfmiE o TIER L7 YBCO #EEo 65K, 1T
LRI BT J-B- 0 Rt

Critical Current density,Jc[MA/cmz]
=

a=15 area%

24 L Pure, T’ =840°C
—v—f,=5Hz, T =820°C
—v—/, =20 Hz, T = 840°C

o
o
=

—_
W

Critical Current density,J [MA/cm']

-30 0 30 60 90 120 150
Field angle, 6[deg.]
2 B n £ CHERLL 72 YBCO FiED 65K, 1TIZRIT5
WGt J-B- 6 Rtk

B F
BFFED—¥B1%, JST-ALCA BhkZE=Z 1T CEMELZHDT
HD,

S5
1)  Alok K. Jha, Journal of Appled Physics 122, (2017) 093905

081 20194 FERFRIR 147 - W EES %



1P-pl10

HTS #FeE (2)

{Ea R+ REBCO ###4 A LaosSrosTiOs BB/ N\ T 7 B DIRET

Investigation of LagSry4TiO3; conductive buffer layer for low—cost REBCO wires
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1. IZC&HIC

&2 1TEK= AN YBCO #4 DBAFE% B 1, {100}<001>
HEOMME A TS NI bo& CuF—7 (Ni/Cu/SUS) ki
BEMNEETH YT 7EENLTYBCO XX 4 /LR
REEIMMBEEICEBL WD, ZOBRMIEETIX
YBCO JgD—# T ke >ﬁﬂz;mi . YBCO E#ith
DEFNTE BT 7 @R o TR ELE LM A F T
Cu 7—7ICERET DZENATRETHD, U= TITTE
T, EEM Y778 E LT SrTiossNbo.osOs (Nb-STO) %
V72 YBCO / Nb-STO/ Ni / Cu / SUS s ZAEHLL | 2.6 MA
em? (77 K, H S T) OREREREE (L) HEbhi
HEAWELL], 72, BAER () 28568,
OEHH Cu \Z[FBES 5 = & 2R LT [2],

UL, EEME Y7 7L L CTHVZ Nb-STO (3 YBCO /&
Mo Cu 77— ~DEERILH DO 1k ) A3 445 Tide<,
YBCO DRIEHIZ Nb-STO JE DESHEIIEN LA L TLED
TLEMBBELLTESTWDR], T2 T, AiF% TIX
Lao6Sr04TiOs (La-STO) ZEEM Ny 7 7EEL THWDZE
TZOEOMRPAF A T2, Ni/ Cu/ SUS EIZ La-STO JE X%
O YBCO EEMEML, ZNOORAE, BRIKHIR, LV 4
PEFS KOS A 7 <7,

2. RERAK

La-STO #E& Y YBCO HBEDOAMMIZIL PLD & Hw»
77 La-STO 7 51% Ni/ Cu/SUS304 77— _F & T¥ LaAlOs HL
i EEAR FIZREL 72, YBCO 3553 Ni/ Cu/ SUS  RIZHE
fEEL7= La-STO WD FICEBICAIRETT o7, ZAH DK
DOFHFARROBIZLE SEM & VW -CIT, B EORIEE X
FRAE AR E (S LT o7z, EERIRFTR K O -V Rt DM E

DU -2 A=, 7235, La-STO JAROHCHTRAIE X

LaAlOs B fh AR R 723N TT o 72,

3. BRRUBR

LaAlOs Hifk it B IR L 72 La-STO #EMROEHTIRIL
77K T 1.34X10* Qcm Téh-72, Fig. 1 (a) (2 Ni/Cu/SUS
- La-STO D {110} M. (b) IZLa-STO/Ni/Cu/
SUS k YBCO # D (102) #&AKZRT, W ILDfED 2

LA 3223 o7, L, 20 YBCO HiED J. 2l
ELTZEZA Je= 3.5%x 102 Acm? &, YBCO/Nb-STO/ Ni
/ Cu/ SUS FELD Je LHEARFLLURWME TH -T2, ZORK A
D728, SEM & HWTIERIL =30kt o Wrm 2 8le2L7-,
FESR A Fig. 2 107”3, Ni BICEZHOZERMBFET HT L
Iz, THUE Ni 23 YBCO #EFEIZHEBL TVDHZLa Bk
L. MM ITHR THD Ni DL YBCO OMBRERHEDMEK
TLERRETHLEE 2 HID,

(a) o (b) v
A X T A
270° ™ 90" 270Tem e 90°
Vg0 [ e -
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ol 600 i — 609/
. N M \
ot N
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Fig. 1 (a) A {110} pole figure of the La-STO thin film and (b)
a (102) pole figure of the YBCO thin film.

ZE T TR

Fig. 2 A cross-sectional observation result of the YBCO / La-
STO /Ni/ Cu/ SUS sample.

Eiifz3
AWFFED—E1L IST-ALCA. JPMJAL1109 DX 484521} 7-
HOTHD,
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Investigation of oxygen supply through Ag tape to superconducting joint
between REBCO wires
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1. [ZC&HIZ

T2 1T P RE DD S B T REBCO B8 F+ %
BEE T DT DO FIEL LT, & B o 1Sl 3R R
DFE Ag % AV 2 REBCO M 206 i 322 & &Mt L C
W5, BITED REBCO BA5EMRM OB 7 ikiE, £,
REBCO & % & t S 7o G 4 41 [7] - & REBCO & A3 1]

PNADEIZRDIIICEE L, ZDRIED T EER 2N
JEL7230 800°C CEVLE 422 L2k, #ib [F L &Hfi
LTW5[1], LaL, 800 CHOEULEEDEEIZ REBCO & H D
BENKTCLENBEREEER KDL TLEIZD
500~200°C CHEsE 7 =—/L %417\ REBCO J&g H 2 F 48
ALTWD, 5EROBERE 7L ClIBkith . REBCO B #%
HIL TO BB E B O 2 T D728, BE SR 1T 1A
MHE AL, WEBETHEEL T REBCO BN ETEI=ET
DLENDD, FDT | itk DREHE T = — VTR FFH
B ThD, ZOWEHET =— /L TRAEEELT 572012
REBCO JBIZMEE L FMIMAG T 5412, lHFEL Ll
TYWHE THDL AgEEHTLZEEE X TS, 22 T4H L
Ag DFEHEFBIEIC OV THRFE1T 72,

2. EEBAE

AEBRTIIBEEBRMELTELERK TER) MO
Ag/GdBCO/Y203/Ni/Cu/SUS 7 —7 (LI GdBCO Bz
BAAF LW FE) 2 E A L7z, £7°. GABCO MBI E M % Ar K
WEHT 750°C X4 h OEULEEZE1T>T GdBCO & b+
DR ERNTZHE 1(Ag)E 1.5 pm)EERILTZ, 2D,
B 1 ICHL T, Ag JB% 30 pm A28 Z U 7LD IBINT
HERESH-3EE 2, BLUV 80 um @ SUS304 7— 7% Ag

FICEEE LREE 3 A{E LT, ZNHORE 1~3 &
FRPEH T 5000CETHIRE 2000CET 10 h 237 TH AN
LR FEAZRAT GUEH 1A, 2A, 3A), 7z, Ak 3A
WDV TR REAL 3R R B K 7 1 1 E 7% (T8N T 400°C
x35 h DEEHET =— %47 >7-GLE 3B),

3. MRRUER

Fig. 1 12, 3B TAGER). 2AMEARY) . SACRAR). 3B(—
SR ORAL ORI AFIEZ R T, 3B 3A 13RI
B RS oTz, 22T, ikl 3A [TBIIT 400°C%35 h
DEEHET =— V&R LTZ3EE 3B Tik, BREERB 1 HER

TE, T OfEIX92.1 K Thote, ZOTEND SUS304 7 —

T EEE LT-BIOBEE AN A L Tl/ed, SUS304
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Fig. 1 Temperature dependence of the magnetic moment of
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1. [FC®IZ

BEREME A ED 5TV 5 REBCO #fid, AT e
ENIZ X0 SRS T COEABRM LSRRI T
5[], = THOHY FIZBIT A ALY OE 2 HHA
L7-AFFEIZ BV TiE, BB O M LIS ST
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M CTHDHILICEAZ LT AAREM DRI E N TV D

(3], 9720 b HOYS FICBIT 5 AL E ISR T
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ALY UEEICLY B O ES TICRBT 2R ERRI M
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2. EEBAE
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KV TNV OEERERETAM L IZOBIZ ALY EAD
7= O DG TARIRE 21TV, FEEIE S ER 2 34 L 7=,

RV L, ISR (77 K IRIEMEAE, B O 5
T, AW TIEIC Lo TiTo 7 (BREHE L pv/cm),

BHHIHAE R FEEPETEBREOL A7 ha
HECTHEM L, BEPRFE LT3 MeV o7 1 b Al
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3. MERLER
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1. [FLBHIC

REBCO Hil#{ZEM 1L, e T LG comE
SERBE J. 26T 2720, KIERE IR DIGH
s Cw3, —J, 7%y MEMHIZE T REBCO
B DIZIRICHEIN U 72 K & 2012 & 2 A SERE H3 R e
LD, ZOMEIETIC X 2RI R 2V =71k o
THEERSEIC & b 2 WIRE L. S ORFEAREE% &
L%, X-7T. REBCO D~ 7% v MEHTIX, W%
FYU 7 k2P0 %7 00BN EETH 5,

WE FTHA DI IL— 7 TlE, REBCO M~
D& % APC IINC X BHEAER ORI D> W THE LT
E7[1], L L., 27 %y FMRHIZE T REBCO f#f1c
H 5 B IFED S RES A S 115 DIk L, LR
DOREB AN R IC O W THE DD 2\, Z2 2T
%2 ClE. REBCO ¥l 35 1) 2 WAALAEA O RS F N B
WZDWTHIR 2 72, FEEE T RMANDOEEE T T
AR E T DHET B & OIS WREGTRIE B X ORESH]
Tnfs P O LR O MIE &2 T o 72,

2, EBAE

PLD % M\ T IBAD % 112 300 nm [ SmBCO i
fiZ EEL L 72, EEZH 2 mm AICILL, DC A8y ¥
Dy 7 RHOT Ag R R IR L 72, A v 8 LTV A v
1 MPMS # T 0-7 T, 10-77 K I8 38k 25
A E X O ORI A 2 JE L 72, Rk~ D HEIN
WG %2 HET 570, 3D 7Y v ¥ —%2HwTofiE
ZHIHL 72257 =Y % HT % PLA BB AL & — % 1E
B 72, fERLL 2230 R L ' — %2 F T, c BT D 5 D
WS 0 % 0°, 15°, 30°, 45°, 60° & Z{b ¥ Tk
HMEZ2E o7, WLERATVYS ZADS J, %, WL
FREMED & BIRS LRELEERHE S = dinMydIne % FFALG L 72,
ZDEE AL MAIEEBEEE S AN AT WS ERE L,
Wit & Ml L 72,

3. ERERBLIUER

1(a), B L L), 0=0°, 45°E XU 60°I2i%%
ML 72 &£ & @ SmBCO HEIRICE T 2 S DRGSR
HERT, TRTOMICBEWTCHEL AT —Ar— L2
Wiz, 0=0°TlE, HEilt, (GG IE & SN L 72, 0=45°
T, RRESIEE SN L 72, 0=60°Tld. EiES. &
WHIEE S L 7=,

ZDOFERD S REBCO il IC 8 1) 5 BELEERIZRES A
TNAEICARAT L. i DG T E E G HINA JE kA7
PSR E LT DS DI o7, FFIZ, 65K, 1 T Tl
WG 2T 2 & S 1E 70%8L EHfl & 7,
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WEEIZ O W THIETFETH %, AGHTIZ, REBCO
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1 FLC®IC

KR SMES Tl T % )L ¥ — OB B W ERS
MNRELRD72D, RN RBHRITFBENETE L 5.
BWIEMGA~Y Hraq)L (BUF, FBC) Z¥ Y 7ILE
HIZEDE, AT RIVF — I B2 53R IS T D A
WEU B &> BEHAZHMSE, LEEEM 2 KIEI2EK
WTEBIANBIRTH B [1]. EH S IXEIEREICEN
% Hastelloy ##® REBCO ###f % FBC ~#HT 5 Z
¢ T, SMES fl@EE a1 VORE(LE2HELA1 T %
EIRREEBEHR M~ AL a1 L (BUF, HTS-FBQC)
ZHFEEZEDTNS.

— /i, REBCO ### D I, 12130 F AKIEENRDH b,
ZAIF AR IR & R AR I 2 1 5B [2]3]. HTS-
FBC TiZ REBCO ###f\Z5iRIG N2 BHIE 2 Z L TH
M REM DR Z R 5 720, Bk, 8, AHs L0
B2 X D REBCO fMM2PRBRT 203 A% I I&T
DA WEIBIZND BB H D, Z 2 TIEHFEAKIZHAWS
REBCO o Al AR O3 A (I, #EmEics L Ccod
AR EHD I B 1IBALAEF L7z EDOTA) [3], ~V
FIVIBIRTHE U 2 E AN O BT 05 il O3 Ao &
YU TIVEEN GBI U R RFER S %D & HIINATEE
RERBIRRIRINZ DO W TG LR 2 G T 5.

2 HTS-FBC O AFEERAELBIFRVT &

BEHIANVIIZBIIZ ) TIOVEM KL Y, B LR
WM OB My, 1, BRTRIVF — B frEis o i ks
HIETT Omax EBEE psup EHWTIRA TR I NS [4].

Msup = QmaxpsiE (1)
Z 2T Qumax TR T 3V F — L EEM AR TRIE L E 1
7= BRI DOMMALFEIIE S T, FBC TlE Qmax = 0.5
TH 5 [1].
MELBIEAROBERIE, ZOBKDT VRT - A=
CEEER Ix SRR S) ITHH#14 5 [5]. ZZTREBCO
HRb AR 2 R & AR L, TR IE Hastelloy MR CH
T2 L HET NI, WM T 725 Hastelloy FRDE
B Mgyp & REBCO ###412389 % Hastelloy £ D KFE
Wy zHWTIRATHEA SN S.

I
Msup = PsupY 57— (2)

Jop
ZZ T, psup 1T Hastelloy MR DEEZIEL, Jop 1FEK
F—=N—F— VOEEBREETH 5. KB v XERK
FLIEVIBED Z M4 )E A (0.16 mm) & Hastelloy 36
JEA (75 pm) DL EETH Y, v =047 &4 5. HTS-
FBC O#%FHEIZH DL L 42K T1 THETH-DICHE
THEEEFEIX T = 1000 A, BREAEIZS =108 m T,
IDEE Jop=125x10° A/m* BEOF E=12k] TH

% [6]. L7hoT, R (1) &R (2) »SFIEDRKT IV
F—2 A BORKFEEIS I
Omax = 14.8 MPa (3)

L RAfH 51 5. Hastelloy KD 4 K FizBiF5 v
1% 210 GPa B [7] B 728, gmax 12 & 0L B8R
O A gy = 0.007% FEE L H#EFH SN 5
3 A AILEIRRDORE

REBCO 4 I3RIRIC 2 2 1F X0 AR E DM T 3
720 (8], 4 K FOMBRADTHE 77 K FIeRKE <
mBHLEZLND., NRTIEEEMNIZ 77 K N TOA#R
ROTHED LITRGZ2H#EDD. A~V HVIRICKEEA L 72
AT CHEEE AR T 2 M EF A0 3 Ald
KT epena = 0.240% & HEEH TN [6], /9 5 REBCO
b D 77 K IZB 1 A RA O T AL el = 0.280%
METHD (3. IEDHWRT 2 ILF —2ERL ZBRICE
UBBIROT A% g = 0.007% & FTHIE, ~V HILEK
FREDIRINZ X D AT E BEAFIERO T A ey 1

Ewt < Elimit — (Ebend + €1) = 0.033%. (4)

BT 2 EETIZHWT REBCO ###f DY » 7% Epp
X 168 GPa 2 T [7], REBCO ##44 D 44k o W i 7%
A=80x10""m? Wz, X (4) & W EABMIES F &

FthA'th:A'ERT'Ewt:44N (5)

rEzo6N3. LT REBCO #ibf O EhiRE &
WhrzaHT 225G, ~VAVERENIIRAT 4N
(55 MPa) DR LS Ao 7z, #EHTIZZ OWGE
MY DEEBRNZTFAE L MR WG 5.
SEE

ARHFZE 1 H AR OB 7 B Bk 2 (LA
7% (B) 16H04321) DB % Z I TEMINZEDTH 5.
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N DOFIRERFON R LKA | N RV OB
WPLE RTA—=H L LT 5 W70 BUEREAT IZ KV FEM L,
SMES ~oii il Al REME I W TiE a1 T o7z, B TLA
DOIEHEt% REBCO MM 2 H B X LI A DR EIT o720
T, HET D,

2. R AE

TR G2 Da AL ELTIENES Im T 100 X — 2 DOEHREX
aANVERICKRE 15D 25 X —0 D 4 KX RvaAf )LV &2 48
FELTWAN, SN HEE LT 5720, BN UK
JVEBROFREBIZE T L TR TNDH O LU TR AR
MaAT -7, f#HTIZ PEEC 5 /VIC LD EIR S ATt & FEM
(DB A AL LTI T o 72 1], FEERIE T 30K &L, 15
HAHIGMTICBWCGEEERRKMEEZ 2160A, K/MEz
1680AGRA 1 AdbT-V K 540A, /)N 420A ZHE) L T—
EBN CTORLBRIEEITOELER], TEEFYIL, AR
EENMHEAIE LS 18 ez, ZOMD T T, S kv
BRI O g B SIHUEE 700 1 Q-cm?~70 Q-cm? D
TELSHE, £HE OB RNX — LRI E RO T,

3. FRITHER

A KRRV ag )L g OB E D NI A /U281 AT
FNX—DOBMELEZT NN Fig.l & Fig.2 (281, mi#
LB JE M ESIRPUES NSOV A TIE, BRI
GREZV0T LD, FREIEIEETETNRND
LGB, LN, MEEERTDEAB SRV aA VDT
EEE~OBREME T E AN o7z, Fig.3 AT
RO EFERERT, 4 MRV RAal NV OEFRIRD S
F703@E D NI A NDT T 7L TEMA~ 7L TED,
B M EAIERPUEDS 100m Q -cm? LD/ NESWEAIZRE N T
BRI R o\ LA BBz, Zhud, AN RVERE T
WCEVIANDAUHE T E U ZPMEIL, TE AR O 03]
Kol ThLEEZEZLND, ZHICEY, NI a4/ 1%
SMES 2SI 2581, /U RVER(L 52 LI LV ETRR
R E R L CEBRREMERH DLy oT,

4. SHEOERE
A Bl O FRMTHRE FAL 5 3 B L Bb o THY, FEEE
IR RVER N CORRRBIR R B BT DL ENHD

LEZLND, TDTD, SHITESHITHEMR G EEITIZ I
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1. Introduction

Nowadays, superconducting cable has been widely used all
over the world. With the increase of power transmission in
power grid, the traditional cable may have great difficulties in
transmission capacity. With the advantages of low loss, high
capacity, DC superconducting cable may have great
importance in many occasions. One possible application is the
use of the DC superconducting cable in the Harbin data center.
The power consumed of the data center is 150MW which will
be powered by 500 meters, 200kA DC superconducting cable.
And this research will talk about the design of the 200kA cable
as well as the thermal analysis of it.

2. The design of DC superconducting cable

For the data center in Harbin, the power consumed of it is
150MW, and the voltage of it is 240V, so the current of the
superconducting cable is 200kA. Because the current is 200kA,
so considering the bending problem of the superconducting
cable, firstly, the 200kA superconducting cable is consisted of
four parallel lines, carrying 50kA each. And because 50kA is
still a high current level, so this time, a five—around-one
configuration will be developed to solve this kind of problem.
And figure 1 is the construction of the five—around-one
configuration. The grey part is the aluminum alloy jacket, and
the red part is the hollow tube.

3. Simulation results

In this part, I mainly do the thermal analysis of the 10kA
superconducting cable because the five—around—one
superconducting cable is of five 10kA
superconducting cable. The length of the superconducting
cable used in the data center is 500 meters. And the figure
two is the relationship between the distance and the
temperature.

Besides, sometimes the heat invasion from the external
environment may change from 0.5W to 1.5W. So, the thermal
analysis of the comparison of heat invasion is also developed
in the figure 3. And from the figure 3, we can find that the
influence of the heat invasion is not so large because the length
of the superconducting cable is only five hundred meters.

consisted

Fig 1. Structure of the superconducting cable model
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Fig. 2. Temperature distribution of 500 meters long
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Fig. 3. The figure of the influence of the heat invasion

from the external environment

4. Conclusions

This research talks about the use of the superconducting
cable in the data center. And also give the thermal analysis of
the 200kA DC superconducting cable.
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invasion Rotor invasion
(including field winding)
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Fig. 1 Analytical model
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Fig. 2 Relationship between maximum temperature of rotor
surface and rotor radius at different rotational speeds
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Fig. 3 Relationship between maximum temperature of rotor
surface and air gap length at different rotational speeds
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AC loss analysis of MgB, armature windings of fully superconducting synchronous machines

based on 3D finite element analysis
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Table 1 Parameters of analysis model [1]

Motor output power 1.5 MW
Rotational speed 5000 rpm
Rotor radius 175 mm
Air—gap length 20 mm
Thickness of armature winding 3 mm
Effective length 470 mm
Number of armature winding turns 28
Material of field coils YBCO
Material of armature windings MgB,
Armature
Winding(V)

Armature
Winding(U)

Back Yoke /7

Armature
Winding(W)

Fig. 1 3D analysis model of a fully superconducting machine

Table 2 AC loss estimation results

2D Model 3D model
AC losses of effective length part 891 W 880 W
AC losses of coil end part 927 W 138 W
Total 1818 W 1018 W

SE Xk

1. Y. Terao, et al.: IEEE Trans. Appl. Supercond. Vol. 28,
No. 4 (2018) 5208005

2. S. Kalsi, et al.: AIAA Propulsion and Energy Forum, July
9-11 (2018) 10.2514/6.2018-4796
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Development of Superconducting Flywheel Energy Storage System
—Evaluation machine for reliability and durability of Superconducting Magnetic Bearing—
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Flywheel

Number of
revolutions

Fig. 1 Schematic representation of FESS operating principles

Table 1 Specification of SMB evaluation machine
Item Specifications

Maximum levitated load 156.8 kN
Maximum revolution speed Above 3,000 min™!
Atmosphere Gas He

Pressure 10 ~20 Pa
Maximum amplitude by control | 60 pm

Arrangement location of SMB At the top and the bottom of
the machine

Output power of drive motor 9kW

Active magnetic bearing At the top and the bottom of
the drive motor unit

Made of Si3Ny balls

Touchdown bearings

HTS coil unit
HTS bulk body

Center of rotation

Upper SMB unit
For load ]
SMB unit

. Levitdted force
Refrigerator "

for upper SMB

Electroniagnetic - -
vibration Drive motor unit for vacuum

E i -
Drive motor - 3
Ly ] oty = s
Drive motor RV 8¢ 1

Ek-clm "w‘,,‘:alir Active Magnetic Bearing
vibration

Levitated force

Touchdown bearings

Lower SMB unit
[ For evaluation ] y

SMB unit Vacuum vessel

HTS bulk body
HTS coil umit

Fig.2 Configuration of SMB evaluation machine

SEXH

[1]1 Y. Miyazaki, et al.: Abstracts of CSJ Conference, Vol. 97
(2018) p. 147.

[2] H. Shimizu, et al.: Abstracts of CSJ Conference, Vol. 95
(2017) p. 165.
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characteristics of Superconducting Magnetic Bearings supporting large load—

EIR AR, KEF EfR, N IESC T RIA, RIE B (BRERAT

M & —, SR AR, AR B (GETE L) ;

MIYAZAKI Yoshiki, MIZUNO Katsutoshi, OGATA Masafumi, YAMASHITA Tomohisa, NAGASHIMA Ken (RTRI);

A HR, N FE

IT77m)

MUKOYAMA Shinichi, SAKAMOTO Hisaki, SAKUMA Yosuke (Furukawa Electric Co., Ltd.);
SAWAMURA Hidetsugu, OZAWA Takahito (MIRAPRO Co., Ltd.)

1. [ZL®HIZ
F 2 1T HTS R /L L HTS 52/ VL7 (R &L A AT

FTAKRA — /L EBIEE (FESS) 1A /& 1518 E 8 A i
(SMB) DB% %D TRY, T CIC LR KA 1L KB
BN PR SN E I I 98 1 R o> FESS 0 SEGERE
Tl SMB #H W 2T TARA— N DL ETF L - [Alfink SZEEL
TUWB[1], FESS &8k D[a] A Je3h Bl 1k 0B E K T X3RS
WHT DI, SEREERERN LI 7 IR —1nm
—HG BNV EE 2T EDD, RATEXG SMB Z#BF L
[2]o & EIRTFE RS SMB IZDUNT, & Hi5E A48 E L7
EUB R RRR e, B2 — 7R L 2 £l L7z
DOTHET D,
2. #ERUBNEREEER

EMIERICIITS SMB O AR5 HINT, BE
oA )L ~DHTEREE 150 [EIfuRL TITW, % B2 kD
B MEAHEER LT, Fig. 1, 2 12 SMB FHli3EE D BE K OREAL
Y, aANE NNV DRINCATL I 1% EEioa—Rt
VT LTI ELTHIELTZ, SMB D% _E ) -i@E BRI
DWW, #E 1A H & 150 [A] B Dk % Fig. 3 12737, W

DOFHRMITIBGTHY, BEURHERICE A% EOZE(IX
TN EmioTz,
3. REFMEV TR ER

BEH S 0> 8 Ef 7V — 7 Rpth i BR[3]ITHeZ, 200 IRefilE D
B FRBRE ML, JVERBOZY—7 Rt a2 R m L
7=(Fig. 4), 200 H§R#% O LT 1.2%, BEkIR AU
MEREEOKTHEEEBEL, ERERE 70T
T 5L, F# EIETIE 1 4F%TH 2 0% BRELFHFESN, 20
FEE D7) — 7t ChiuR, BEEaA L ~0i@EBFH
BICED, ZIA4F-A— N1 LEmSO—ERFFNRATHE TH D,
T b I RREERR IR % O i S B I E 72 5 O n AL E 5 5
IR SRR O M L RS TTHY, RERATHR TORMEZL
1IN D RSN,
4. REIRTFLEZNILOKROH RIS ftFtE

Fig. 4 12, EHHRESNIZ VLK (A A HUgkH RE-Ba-Cu-
0 ;ﬁ/\/l& -QMG®-) DFFRIES 73 A (TTK)Z R T, ()l
B ENLAFFE AT CHAEALRIEERBRZITOEATD 2011 4F
DORERER, ONZEHRFRBRZ ISR DI H L TRAF
L 2018 FICHIELAE R THD, MBS D AIC K& 72E
W7, BREFZAL DYV NSV L3RRS T T2,
5. S&OEE

L1 EHBEE T FTARA— L OEQD | THHET A5 E
FEA Lo BIEERER S FTAEZR SMB {5 #EM: « M A ME SE A 4
1B 1[4]% FV, SMB 05 it AP s a0 2 o R ik
BadEhl, SEHEZMEEL SMB O & D 5T
EThH5,
HiEE

B LT SV 2 IR ORI BESS A7 B e A 2 17 )
TEz, AARTEE (FF) O PR —RIX U S IR e it
OERRITEHB L L E9,

Fig. 1

Fig. 2

160

=
=
S

]

-
I
8

100

Levitation force [kN
N s o ®
s & & &

o

E-mail: miyazaki.yoshiki.23@rtri.or.jp

Photograph of experimental set up for the SMB.
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Schematic of experimental set up for the SMB.
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Fig. 3 Test result of SMB levitation force on the repeated
magnetization and demagnetization.
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Development of flywheel energy storage system with superconducting magnetic bearing 3 —
Reliability test of SMB support—
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HeF 2% |- A1 B 2 3 N a5 [H R o N 7 L7 % calculated force of the strain gauge output at the SMB supports.
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Development of large diameter high speed rotart magnetic fluid seal
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