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Design of LNG—electric hybrid energy transmission line
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IVANOV Yury, WATANABE Hirofumi, CHIKUMOTO Noriko, KANDA Masae, INOUE Noriyuki, TAKANO Hirohisa,
YAMAGUCHI Satarou (Chubu University)
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1. Introduction

An idea of using hybrid transmission of chemical and
electrical energy by a single channel has been discussed for a
long time. An advantageous combination can be a cryogenic
pipeline with superconducting MgB, cable cooled by
transported liquid hydrogen. In the present report, we will
alternatively justify the possibility of using liquefied natural gas
(LNG) to provide effective thermal
conventional HTS DC power cable.

insulation of the

2. Design of hybrid line

The steady increase in electricity consumption since
Edison requires permanent improvement of the transmission
and distribution systems. It is expected that in the first half of
the 21st century there will be a qualitative leap when
introducing technical solutions based on HTS into the power
grid complex. The advantages of HT'S technologies will be fully
manifested when creating power transmission lines of hundreds
kilometers long. Currently, there are several dozens of
experimental HTS lines in the world, some of which are
incorporated in the commercial grids. However, the maximum
length is only 1 km, and the laying of a 2.5 km line in Russia
will be completed in about 2 years. This is very short in
comparison with the target length. The main problem is the
need to keep the HTS cable at low temperature by maintaining
the circulation of refrigerant (liquid nitrogen, LLN,) along the
entire length of the cable route. LN, is heated by heat
penetrating through the thermal insulation. Therefore, it is
necessary to build cooling stations along the route of the cable.
The interval between the stations depends on the quality of
the thermal insulation, taking into account the additional
restriction imposed by the hydraulic resistance of the
cryogenic channels. If the heat inleak to the cable is significant,
the construction and operation costs will be too high.

To solve this problem, research group from Chubu
University proposed the application of heat shield to protect
the cable pipe from heat radiation. The cooling of the shield is
provided by a return flow of LN,. Therefore, incoming heat is
redistributed in such a way that the main portion heats up the
return LN, flow, which has no contact with the HTS cable. The
temperature of the return flow can reach relatively high value,
but this does not affect the current—carrying capacity of the
cable. This design was tested with HTS DC cable in Ishikari,
Hokkaido. As a result, a record—low heat inleak of about 0.034
W/m into cable pipe was achieved. This will allow to build
cooling stations separated by the interval of several tens of
kilometers. It should be noted for the sake of comparison that
the conventional value of heat inleak is 1-2 W/m. Therefore,
heat shield—based design is considered as an optimal solution
for long lines of the next generation.

Let us now turn to the long—distance transportation of
chemical energy in the form of natural gas. As is known, the
main methods of transportation are high—pressure gas
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pipelines and liquefied natural gas (LNG) carriers. Since the
boiling temperature of LNG at atmospheric pressure is about
112 K, transportation can also be carried out by means of
cryogenic pipelines. Unfortunately, due to the high cost of
cryogenic equipment such pipelines did not spread. However,
if we have already incurred the unavoidable costs of
constructing a cryogenic pipeline for HTS cable, it is
interesting to consider the replacement of LN, with LNG. In
fact, the LNG temperature is too high to directly support the
cable in the superconducting state. However, we can use LNG
instead of the return flow of LN, to cool the heat shield. In this
case, the heat transfer to the cable pipe, which is still cooled
by LN,, will decrease by approximately 10 times as compared
to a pipe without heat shield. A sketch of the design is shown
in Fig. 1. Refrigerants flows in both pipes will move in one
direction. The issue of utilization of LN, on the consumer side
should be considered separately. Alternatively, in order to
close the LNy loop, a third pipe can be added to the structure.

Vacuum Radiation

shield

HTS cable /

Fig. 1. Design of the hybrid power transmission line.

Convenience of the design is that the LNG performance
can be controlled in a wide range by selecting the pipe
diameter at the design stage and by changing the flow rate
during operation.
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Thermal behavior of liquid nitrogen heat pipe under wide range heat load
condition

WANISON Ramnarong (SOKENDAI); KIMURA Nobuhiro (SOKENDAI, KEK);
MURAKAMI Masahide (University of Tsukuba)
Email: wanison@post.kek.jp

1. Abstract

A study of cryogenic heat pipe is ongoing as a
fundamental research in cryogenic engineering. It is
the primary research purpose to survey the thermal
behavior of heat pipes under a wide range heat load
condition; from the normal heat pipe action to the
local dry-out states. The heat pipes tested are
commercially available ones but working fluid was
replaced by liquid nitrogen. The shape of the tubular
copper heat pipes is; 6 mm in the outer diameter and
200 mm long, with axial grooves and sintered metal
wick. The performance of heat pipes with different
liquid filling ratios was tested. The effective thermal
resistance and the axial temperature distribution were
measured for a wide range of heat load. The thermal
behavior in the local dry-out state for large heat input
was also examined for the potential applications to a
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heat pipe heat switch.

2. Experimental Set up

Table.1 Specifications of heat pipe

Parameter Value
Container wall material Copper
Wick Sintered-Grooved
Working Fluid Nitrogen
Outer diameter (OD) 6.0 mm
Heat pipe length 200 mm
Evap, Adia, Cond length 15, 120, 65 mm
Wick structure thickness 0.7 mm
Porosity of wick material 0.57
A
Pressure
/c_nm
| #I1 £ I
N2 / P40 §
D165
3 otk we | 8
[\
Vacuum pumj A eat dpe
“ow R
6 120 15
— =

LN Cooling

Heater

Fig. 1 Heat pipe experimental set up
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Fig. 2 Thermal resistance of the heat pipe for several
filling ratios

3. Experimental Result

The fig.2 shows the experimental result of the
thermal resistance for several filling ratios.
Experiment was started at net 0.4 watt approximately
due to the parasitic heat leak from room temperature
environment to the experimental setup, mostly by
radiation. Several filling ratios of working fluid were
tested and the result were compared with that of
simple copper tube (0% liquid fill). Obviously, too less
filling ratio, 45%, was not sufficient for the normal
heat pipe operation, and the thermal resistance was
slightly lower than that of copper tube because of
conductance of liquid. There is a minimum value,
corresponding to the onset of the normal heat pipe
operation. The low thermal resistance results from the
normal heat pipe operation, and above that the
thermal resistance gradually increases as a result of
the transition to film boiling in the evaporator, and
finally, rapidly increases because of the emergence of
local dry-out.

4. Conclusion

The thermal resistance of the heat pipe was 100
times lower than that of simple copper tube. The two
states of heat pipe operation can be used for a
cryogenic heat switch that works on the basis of dry-
out behavior of heat pipe. In the on-state of the heat
switch, it works as a heat pipe having excellent heat
transfer capability, while in the off-state, it is in the
local dry-outstate having very large thermal resistance.
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Specific heat measurements of magnetic regenerator materials (Gd,Er)NiX (X = Ge, Si)
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Development of alternative regenerator material silver oxide to lead for regenerative refrigerators
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Fig. 1 X-ray diffraction patterns of Ag,O particles, bulk,

and powder.
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Fig. 2 Temperature dependence of specific heat of Ag,0O
(bulk and particle), Pb, and Bi.
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Fig. 3 Calculated and experimental results of cooling power
of the GM refrigerator with different regenerator materials.
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A miniature Pulse Tube Refrigerator by Fujielectric
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Fig.1 Type of Fuji’ s Pulse-Tube Refrigerators
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Table 1 Comparison with Stirling and Pulse—tube
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Table2 The Reliability Evaluation Method
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The measurement and evaluation of electric field—current density characteristic of a coated

conductor with magnetic substrate

A B, WE W2 OR) s B A (K- 774k DC1) ; PARKINSON Ben, GRANVILLE Simon, WIMBUSH Stuart (VUW)
LI Yang, AMEMIYA Naoyuuki (Kyoto University); SOGABE Yusuke (Kyoto University, JSPS DC1);
PARKINSON Ben, GRANVILLE Simon, WIMBUSH Stuart (Victoria University of Wellington)

E-mail: y-li@asl.kuee.kyoto-u.ac.jp

1. Background

In order to evaluate the shielding-current-induced field
(SCIF) of the 1.5 T high-temperature-superconductor (HTS)
MRI magnet [1] by the numerical electromagnetic field analyses,
wide range of electric field (E)-current density (J) characteristic
of the coated conductor is required [2]. Two kinds of
measurements are used to determine the E-J characteristics:
transport measurement, which is used to determine the E-J
characteristics at high electric field; magnetization relaxation
measurement, which is used to determine the £-J characteristics
at low electric field.

The coated conductor used in the MRI magnet contains
magnetic substrate (NiW). And the magnetic substrate might
affect the FE-J characteristics determination, because the
magnetic field seen by the superconductor might be affected by
the magnetization of the substrate.

2. Influence on transport measurement

Once a transport voltage (¥V)-current (/) characteristic is
measured, an E-J characteristics can be is calculated simply by
dividing ¥ with the voltage-tap separation and dividing / with
superconductor cross section.

Note that the current is almost uniformly distributed in the
coated conductor, when the transport current is close to the
critical current /.. Assuming such uniform current distribution
in the coated conductor and using the measured magnetic
characteristic of the substrate, a static magnetic field analysis
was conducted to evaluate the influence of the substrate on the
magnetic field seen by coated conductor in transport
measurements. As shown in Fig. 1, the influence of the magnetic
substrate on the magnetic field seen by coated conductor is
negligible when the normal component (component
perpendicular to the sample surface) of magnetic field is larger
than or equal to 0.5 T.

The determined E-J characteristic of the coated conductor
with magnetic substrate are reasonable and similar to those of
coated conductors with nonmagnetic substrate.

3. Influence on magnetization relaxation measurement
E-J characteristics can be indirectly determined from the
magnetization relaxation of a piece of sufficiently magnetized
coated conductor [3]. In a sufficiently magnetized coated
conductor, current, as well as electric field, should uniformly
distributed in the sample. With this presumed distributions,
current density J can be determined from the magnetization of
the sample, and similarly, electric field £ can be determined
from the temporal changes of the magnetization of the sample.
A static field analysis done for the magnetized coated
conductor sample with the magnetic substrate showed that the
influence of magnetic substrate on the magnetic field seen by
coated conductor should be negligible under sufficient external
field. Therefore, we did not expect any peculiar behavior in the
magnetization relaxation in the coated conductor with the
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magnetic substrate, but an abnormally slow magnetization
relaxation was observed.

X (mm)
Fig. 1 Influence of magnetic substrate on magnetic field seen
by coated conductor in transport measurement. BNiw.n,
Bin, indicates normal component of magnetic field
induced by magnetic substrate, conducted current
respectively. Bo indicates the external magnetic field

applied perpendicularly to the sample surface. “x
indicates the coordinate along the sample width (4 mm).

O-’ISVII \\\\‘I\I\‘\\\\‘\\\\73
=017 \ 5, 2w
§ with NiW | =
s 016 , 1 3
| | without NiW |
0_15HH\HH‘HH\HH\HH\HH\ 0
-500 0 500 1000 1500 2000 2500 3000

t(s)
Fig. 2 Relaxation curve of the combined sample and control
sample. “with NiW” indicates combined sample with
NiW tape, note that the magnetization of substrate is
subtracted. “without NiW” indicates the control sample
without NiW tape.

To confirm that this phenomenon is caused by magnetic
substrate rather than the property of the superconductor,
experiments were conducted using two kinds of samples: the
combined sample, which combined the coated conductor with
nonmagnetic substrate and the magnetic NiW tape together; the
control sample, which is made from the same coated conductor
with nonmagnetic substrate. As shown in Fig. 2, slower
relaxation was observed in the combined sample, indicating the
magnetic substrate is the reason for the slower relaxation.

A possible explanation is that the sample is not sufficiently
magnetized at beginning of the relaxation. Further
measurements are planned in order to clarify the mechanism and
to develop countermeasure.
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Experimental evaluation of the influence of the power supply terminals
on current distribution in a high—temperature superconductor tape (2)
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1. [ZL®HIZ

YT NVENG A IR A OB 8~ 7 3o NI E K TR
BiEE AL CRY, /EROEFEEEZO A TITRERTHIC
B EESCTRIERS D, mIRBIEE (HTS) 77— 7 M4
AW BT~ 7 2o O RRIKIZZ OB EZ R TE D
FFELLUTHIFFEN CWDL], — 7, mElEn-Ek—rs A
VOB IR AR O S TR A R R T
ATREMER DY, ZDORBE M I HZEMRDEN TN, |
MBI =M, HTS 7 — 7 Mk ehaE s —I v ol S
IR DHIEILE ST, EARO U AN E it O BI040 IS
2 DB OWTHTHAZOTHIET D,

2. BBAE

=t E AW TBEEERISENDERIED B
O E 3228 C, RN ERS A LTI TE5[2],
HTS T —7" #5971 T 10 mm DOIEZEFF-> Fujikura
#lod GABCO T — 7% (FYSC-SC10, [ A E Rl 155 77 K,
HOB5T 600 A LLE) 2Rz, HEITIRAERIRIEEL
77 RFEBRTIT, Fig.1 DXIIZ, 5 DDFR—/LELHIzkoT
FTUAZERL, ML EBRN LA E CREEO N HEHEL
oo WIE RUTSREN DR BT H I 15 mm BN /-prE s
L7z, F77, Fig.2 (R T 857 2 FHEOSM: QIEE MG E
M ONES, (b)aBlErEniaiEm o 2 HEL, ik
FEERELT o7,

3. HEHER

ENENOUFI SOV T MK LT, 10A/s DT
S — N CEE R ERAMICET 2 E CEELZ, 500 A O
EEIREICBT 5 H OSSO OB EL Fig.3 177,
O)DBGE, BEEE I LR AR — B RS
ENTWBICHLBEDLLT, B O oMiT@EIZEA L =R
1722 oz, @IV 7V ORBIREE [ — kR B RS A%
B ol B AN SR E L TR L2 H OB 4 ©
b5, ERIEEFFRMEITIZTEO D 2NOIEND, (@)&b)DUV
PTHNOLMETY, WEN BT DM EIRIE— 2o
e S e AR by VIRV

(Rl (AR DR EE 5 — 3T L DM DY 7 53 I
JE4 o7 % BT i R O EETT o7, BHRIEUE 0.1
mV/m EL7z n HET LV CEMN-ERFFTEE 7 10T 471
TR, B R AERAEIL() T 600 A, ()T 308 A Th-o7e, &
72, nfiiZ(@<T 31, (h)TY9 THol=,

4 FEHEER

AEBRIZINT, S5 15 mm BENL-AT BT, SRk
OWRBBITI LB OB AR L TRBE G 27202k
PRENT, -, BROMITE —HEThHoT, 2L, —
RO HTS T—7 M OABARE BT DB DA E S
HERIL, ZOWrmIREZER OGN B THHI L%
TRELTWD, $77, Fig.2(0)D IR g O B iR B A
Hoy BB L, B EMRMIZIFIE 32720 n fl
&L Ao T, TV T ORI 53 1 X g S BB A
BELTHBEER LR+ 000 L TEE A2 b
Tz kLI DEEZBND,
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Sensor array

Hall sensor

Active area

<« HTS tape
—
10 mm
Fig.1 Schematic drawing of a Hall sensor array

sample

to measure

self-magnetic field distributions. The arrow of By shows
the measurement direction of the self-magnetic field.

Current supply terminal

HTS tape sample

(a) Full areas
Fig.2 Electric contact conditions between the power supply
terminals and the HTS tape sample: (a) Full areas, (b)

Partial areas.
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(b) Partial areas

| HTS tape sample

= Sample current 500 A
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Fig.3 Self-magnetic field distributions.
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Mechanical and transport properties for soldered joint of coated conductors under tensile stress
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1. [ZC®HIZ

RGBS —T7 WVIIKEREBRRLER CHEETEDSE, €
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5, ZOLE, RIS TIHE RN ELRDILE, r—T L
DEESITOADIENSEUIHEIZ LV I A LT BUE T13, —
HICEE R U CRERIE S LD ATREME RS D, FEICHERE I
RN BT DT=0 IS TEFRRECT VW, 2070 B
BRI B0 N5t 3 B OB EARF M K OB Fr

EIARDZEF, B —T NFIRICE > TEERREERD,

ZZTAMFZETIX, REBCO #M &3 A2 THEREL . IR
R LI BNOEIEIS &2 N2 5 )5 iE%E W T, £ DOBRER
MWERNHILT DA Z R LD THRE T2,

2. EBAE

Fig. 1 (Z# %A B % R 3, REBCO #t #4 (American
Superconductor (AMSC)#HH#L K (X, 7778 % 4 cm ([ZH)Y
B, 2 KAHELEZ, 2hE Sn-Bi KIRIZAZ(FF4 e T2
BRASARDIZIY Fig. 1 OIDICHER LIz, #EE LIz ko
BRI 2 I RIS EVE T A7, EEm T Z2I3A T
Pt O M IO T 7o, IRICOT BT — DAl L
RO R ENHEE LTz, 1A I D8 K OF F
T DB ERERL, BES BERB ISR Z RO
RIRERITIZ R LIOIRRE TR IIERBR L O, XU E L
[FRRAT o7, B — 7 VM &8 2 12856 3R
DOl ETMEREL, A ERONE SN2 Z &R FHES
gy ts) \*E@Eﬁ{;m%{/mbf&#?)%l%UHE%L—?Z_ZD{EUE
TEEL[], Zo&E WERE R Lo, T
WAEE RESUTRE T HIEEB 27203, ke IE“C@{mJ“J:
ﬂ%%réa“éz ZRHY, 10 A LLTF OFEG CRIEZT 72,

ERERLUIRETERIG 24 EREIEE O3 4
INOHEGEE OBER DRI AT L 72,

3 R

FBRITHENTI D | AMSC Ao CHERER DI AT &
ZALSHE, WO DOREL AR LR RO L& AT o7z, %
DOFEF IFZATEEDN 0.3 g UL EDOBEITATZER 3 DagEEL
TR IFATZED 0.2 g DL T TIEBM O1Z<BEC X~ ChlE
FTHIEDNRERR CTETZ, 2O IZATZBNDRN G NRER
IS ETIERIBI R R ST 720  BM O i BRI A &
0.2 g LFOFEMTITo72,

Fig. 212 AMSC #LO# % AW ToiZA 72 bl o 52
Bt A s, Fig. 3 (07770 2 W 2id AT
Pl Bt O R AR LT, M OB TIIERREOIE S
FIIN &Rt OHERE AR L TUND, Fig. 2 OFERIZBIL T, ffE
EANZT2EXIT 560 N T 0.7 uQOEBEXIEFINTEAE LT 72Dk
fiaAT o7z, LOLBESHEHOMITEIESTIT 20 nQ
DIEHUIE ST, EOHB O EENT 225, U560 N

TESBEIOMEN EH LD, fEE MR- FETETIK
PUT 10 uQFE T EF L2, T TR 2TV EREK T L,
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RFL CHBRIKPIN R ZENEN -T2 720 | gt alkhe
WSO T I W AST=ZENBLIGL L/ LIZRINTH
HEBZBID, Fig. 3 DAS Fig. 2 EFEERIZ, 580 N THE
SHEPLOMEN EH L TCWAZ LN HER TE T,
ZOFERTD, AMSC ET7 V7T DM EBLIZENThH, 600
N Hiﬁf%ft753‘%&5_&75%73)07”:0 ZIH DR OHEHE
EEHLBIERTDLE, SR D OIRATEI Ty 778N
ﬁ%nm\ LG BmERES LT OB D
LHIETEKIEIMPAMIC LR LB 2D,

SE3H
1. S. Ito, et al.:
(2015) 4201205

IEEE Trans. Appl. Supercond., Vol. 25

Electrode for measuring

20mm {,/f\\\‘

- | o l0mm 20mm

Super conductor Solder Super conductor

Fig.1 Schematic diagram of the sample with a solder joint.
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Fig.2 The electrical resistance as a function of the tensile
load for the jointed samples of AMSC.
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Fig.3 The electrical resistance as a function of the tensile
load for the jointed samples of Fujikura.

960 20184F AL T4~

RS



2P-pl0

Y SRR (1)

¥4 13 coated conductor @ 77.3 K I & |7 2 #4514 54

Mechanical properties for various coated conductors at 77.3 K
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1. IFUSIC

REBCO coated conductor iﬁﬁﬁﬁ I T 10 DL _Easfgis
L, ZDOXA—A—DHEBMWZ TEHRI LT, coated
conductor % i\ /- H{RE < 7 F v + DRFENDOHIREE
¥ > T\» %, REBCO coated conductor /&, REBCO 23KfD,
FRICTRBEEG R CORFFUEROE X £ FEAHE K o B R
MoOFI 6, BEGHEZLE 2 7%y FMEHANOWRED
FricE, IEIRABEE> 72y P 20— OT%%

I~ 7 % v MM E LRI T 285811, B

SLE P REMR I 2 E R4 R 2 BEIE T 5 %%7&3‘36 %o

Z 2T, BAENRI LT3 coated conductor (&, {EHLS
%, B, RE o, ZEMEHDIES 7o B3R -
T3, INsid, BREROKE S ORISR E 22
WEELEZ TWLIENEZONDB[,2], 2D, i
DIV —7Tlk, H% 7 REBCO coated conductor O #5Ff
RN %2 F7 v, RIEARIEER A~ 7 % v b~ DAl
B2 R L Tw 25,

AWFgeclix, BRI ICE B L. REBCO coated
conductor DA & BEMWEFIEZ | WAEERGHTICE
WTHRZDTHRET 2,

2. EBRAE

FBHZ 1X, REBCO coated conductor Z FHE L TED .
American Superconductor(AMSC), 7 ¥ 7 7. SuNAM,
SuperPower DFRAEIZHH L 72, Table 1 122415 coated
conductor DFMM %R L 72[1].

AEHZ DT AT =Y M OREZICHD . WED
V¥ Ek E DT ETHERY OFAEME L7, BEEMHTIE
ARG ZIT) 2 EICL DMLz, ﬁ
TEZ V) » 7% T 10 mm DR THD 1 7%,

F15% O IS T EERE IR ER P TITo 2, WD
DpHEIT, GIR D RERER A L L o7 LT, Cu

W E L b ;ui\?ﬂ’i’ﬁlk) ., K 300 A DEFEEZ
AIREE LT %, fifEId, 2E0E BE o SR LD A1)
7eu— Pz fHoTHE L7, WEIDBRICIE, BJiEIC
B0 FTAPRELEWE ) IMELZHEL 2o mAl
L7z, Elfg, BlRD O a2~ &G 2 T, HAER
)ZWMET HEEZBEDIR L, IO AR & EHAE
WMEBIED 0T A EDBEFRE TN,

3. EERER
Fig. 1 12, WHREZWHITICE T 5., L DO T AEEME
ZRLTz, Ic DRKREZIIWZ7Y 7 7L SUINAM 23K &<,

200 T T T T

T=713K
Self-field

150

——AMSC
[—=— Fujikura
——SuNAM
—— SuperPower

50

Critical current (A)
o
o

0

02 03 04 05 06 0.7
Axial tensie strain (%)

Fig. 1 The critical current as a function of tensile strain for
various coated conductors at 77.3 K in self-field.
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MIZBIL T, OFARZEMZZZETOoLDE L AMET
LCwfdAasnE s N, ZoEfni: 2t ToHER)
LELUTHB, OTARICHT Z@EEREOEE /S
&, 7Y 7 7 & SuperPower 2% 0.5%LL ED DT AIZH LT
LHALLTESLT, OFARICHOIEMTH 2 Z 230D
272, AMSC & SuNAM iZ 04% % THL¥ 3. 2l bk
DOTARTLEIMET LT 2 ENTd o7 BURTIE,
;ﬂ6®ﬁﬁ®@%ﬁﬂiﬂifﬁét®\ﬁ&mi%
B L TEERTER VY, Sk, fittk it oHlE
2T, RT3 PETH D,

T, TRCOBMOBHEDORRF R BE L L2 5,
ZEACI DIy L NR T a4 DOERGHS, B & ICHEW LT
WARRT DR S iz, S, ZNDEIM D E DD & Tk
LTW2D0, & EFEL OO ZIT O, B OBEE & i
i, Mk CICBERBH 0 E ) 0 E RN 0NENDH
%,

>3
AL X Bl AR IE B B 4 (15H03667) DB IC & D
HLZ=bDTH 3,

SE XM
1. K. Tsuchiya et al., Cryogenics, Vol. 85 (2017) 1
2. C. Barth et al., SupercondSci. Technol., Vol. 28 (2015)

AMSC & SuperPower 2V E WHER E o7z, TRTOM 045011
Table 1 The characteristics of REBCO coated conductors [1].
Sample Fabrication Substrate material Substrate Cu stabilizer Dimension
technology thickness (mm) thickness (mm) (width x thickness mm)
AMSC RABiIiTS/MOD Niw 75 60 4.8x0.20
Fujikura IBAD/PLD Hastelloy 75 20 4.1x0.12
SuNAM IBAD/RCE Hastelloy 60 20 4.1x0.10
SuperPower IBAD/MOCVD Hastelloy 50 20 4.0x0.10
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Effect of carbon nanotube addition on the pinning properties in
Y123 bulk superconductors
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1. [FL®HIC

Y-Ba-Cu-O /L7 AB BRI BB IR S 90K LU 1
THY, HVEEABREE)EA L, BRHEEERE > NMR
72 E DGR BOERM B L CTHIfES N T D, Y-Ba-Cu-O
PNV RBIREARD J & 0] ESED12020T, BRI
ROEBZIEH T AL DB X —DEARNETHD,
U IED B F— LU TUIHBER T DNE R THY, i
DNSWEE | BV IED IR DR ELBR DI H D, FilT,
PR kDB Z—LLCE B —R S ) Fa—T
(MWCNT) ZIRINLIZEZA, Je D3 ETHZERH B ER
S72[1].

ABFIETIE, MWCNT KW/ NS/ BERE2F T 5HBE D —R
> /Fa—7 (SWCNT) % Y-Ba-Cu-O ([ZIRINT 52 Lizk
v, MWCNT X0 ig it kot 22— THERL. LB
FOMHIRBIE O FICF 5400 %5~ 7,

2. RBAE

YBaxCus0, & Y2BaCuOs % E/LEH 10:4 & 725 & 5 I
L., CeO & 1.0wt% s Ui EH#EZ W TR L,
BA L7 RIZ MWCNT XUt SWCNT % 0~1.0wt%¥s N
L. 7% k% 100ml W CEFIRBEHECTRS LT,

JERNEER 20mm OVEEEFER LT, —#h L Af %
JHVNTJE ) 95.5MPa T Smin {f5: & W\ 5 S TITo 772,

BIERIA D Fifi i Nd123 ZRifEim e U CRE L.
ELF T 1038°CE THEME, 1003°CH>5 989°C £ TR
HE 0.15C/h TR LT, iR Z2 1T o7, lBE T =—
JVRLER I 400°CIZ 3T 100h 17 7=, Jo (I TR &7
TR FHSQUID)Z L 2 REALBIEN SR L, kE 2
XA E 7 BASE(SEM) & F VN CTIT - 7=, FliPeRsss o)
TE T A BRGS0y A P B2 2 VT T o 72,

3. HERLEER

MWCNT BL U SWCNT HIMOWTHOFEHI BT,
FEAG R SREHEE T 7y VR ES DN T,

SWCNT Z¥sINL7=#kElD SEM Hifg% Fig. 1 TR d,
100nm 27 ZADERRBLTH3, 3. FFHNIZHAHL TS,
FRRRL T3, IEINORE TSN EMNE SWONT
WCHRT AL ZHND,

Fig. 2 (T3 O J. DRGSR, CNT 23l
TRBHI RN OB LG o N E W e RSN, FTo.
SWCNT #naEhT,. MWCNT XV Jo 8@, 2,
SWCNT ZH KT AWMU NR T8 kb2 —E1L T,
MWCNT JOLHEINAIEAL TWAT=HEE 2 bb,

Fig. 3 IZEERMEELB KON SWCNT % 0.6wt%ishinL 725k
B ERELS Af 2 79, AN Y-Ba-Cu-O /LB RE
RO B RIFHERERTIE 0.47 T THHDIZKL T, SWCNT %
0.6Wt% IR U723 UBI O e KAFIRBE AT 0.54 T Tho'e,
Lo T, SWONT Z#EHLTZZ8I2XY, eGSR ZR) 15%[
&Lz ENTE,

PLEDOFERNG, SWCNT HROBMU N2 R '
Z—LUTHINAER L., Y-Ba-Cu-O »NILZBARERD J, 73
HONTHIRBIG DI FIC T 5423 0oz,

Fig. 1. SEM micrograph for melt-processed Y-Ba-Cu-O with
0.2wt% SWCNT addition.
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Fig. 2. Magnetic field dependence of J. at 77K for CNT-added
Y123 bulk superconductors.
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superconductor without SWCNT addition and (b) that with
0.6wt% SWCNT addition.
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Fig. 1 LN2 leakage test system.
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Fig. 2 Experimental result of LN2 leak test.
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Fig. 2 Calculation results of MLI emissivity and heat leak for
7 layers MLI in Ishikari Line 2.
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Fig. 2 Substation input energy and maximum substation
power in case of superconducting cable introduction
to all section.
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Table 1 Specifications of simulation circuit and REBCO coil.

Applied voltage AC 500 V

Coil diameter 31.8 cm

Number of turns for both windings 5

Number of tapes per turn 1

Coil pitch 1.35 cm

Over current duration 100 ms

REBCO tape SuperPower SF12100
Ag over-layer thickness 2 um

Substrate thickness 100 pm

Fig. 1 Structure and schematic diagram of nonintersecting
type non—inductive winding type based REBCO coil.

Temperature
878K

7 L_3:J, degradation area 865K
(a) (b)

Fig. 2 Temperature distribution of the REBCO coil with a /-

degradation at the rising phase of current ¢ = 0.725 ms: (a)

degrading to 25% of the rated /- in 63 mmX2.4 mm; (b)

degrading to 75% of the rated /- in 63 mm X 7.2 mm.
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Fig. 3 Temperature distribution along the REBCO tape with
(@) 2 pm; (b) 4 pm Ag over-layer in longitudinal direction,
which starts from the outer terminal of the outer winding, at
different times.
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Table. 1 Motor Specifications

Magnet Thickness 5.0 (mm)
Number of Poles 6
Number of Stator Slots 36
Stator Outer Diameter 115 (mm)
Rotor Outer Diameter 74.2 (mm)
Stator Core Thickness 40 (mm)
Rotational Speed 1800 (rpm)
Rated Current 14.1 (A)
Number of Armature 20
Winding Turns
Air
Yoke V) 4
[ N
\/ : \\
\\\ \ \\\
N . \‘;\
/ \\ 4 A ‘ \

(a)V-Shaped
Fig. 1 Three types of rotor used in [IPMSM

(b)Triangle (c)Parallel
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Fig. 3 Comparison of IPMSMs with three rotor types
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BUIIM S, L CEMTIEEB XD BN D, 5%
IXENDEBEX - ECRARADGE VBB ENE
BB —HHEERT— X BT N ERBEL TOETZ,
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[1] Y. Shimizu, et al: Proceedings of International Conference
on Power Electronics and Drive Systems (2017) pp. 429-434
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Electromagnetic Design Based on Theoretical Analysis Formula of TMW Class

Fully Superconducting Motors for Electric Propulsion Aircrafts
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1. [IL®HIC

WA AL A BRE O E i - BR BRI ~ OB E D ER B B8
I C DA IR DO B LHEE L NE TR TH D, Ll s
WLZe R BB Tl OB sRERR & e U C & B[R
DEELNZ6 . ERED BB TOR WO BNEIR TH D,
L., BWETE Er R OlMEEM 2T —2 LT
F—HDOHNEEL LT HIET, BT IEHEOATREMEA
b5, AW TIL, SEEEE— O BRI LR
AN—RATITV, BEEEE—FO N EE R OENEDON
T A= BRAFHENZDNTEEEITHT-OTHRET D,

2. 2BRBEE—ADMITAE

AR T, HinfEtr X2 AW Z ko TE—2 DO ER

REEIT o, BRI OB NEL TUL T AR

E—XOH ORI, Z2E 112 AV,
2

TC 2 Nrot
Py =—=Xky XBg X Ag X Dg X lgpp Xx——= (1)

V2 60

72120, Py(W): B—Z ), ke BMRER(= 1), B, (T): B
B (REME) . A, (A/m): BeBERLERT, D, (m): B+
IAVEROVEELE,. Ly (m): AR, Mo (cpm): [EIHREL
(= 5000 rpm) Th 5B, 4 ElIfENT 5 £HEE T —Z OfHT
ET VA Fig 1 17T, BHERGIOBRIZIL, B DRES
B L CHEE B RIER D [in] & LU CHEZIT
oz, BEEEE—XIL, FEHNZ RE R0 YBCO #HEHE
WA, EHEETINTIE, MgB MM AT 5 LA BEL
BO, BT 1 WHETEZD, oA VNERTaA
NERITICAVE Y B BRI 13, IE5E A 2 E LT,
HVEEOEHIZ, B 1 W] & ERAET L vV EHL
72— X # & (Back Yoke H i, MgB, HE MK NZE DO E
) L&l

3. TR

Fig. 2 & Fig. 3IIHTZEfr B O 2B EE T —Z DH 1%
FELINRA . FREDMEDRE T DO RE TR BE Jy OVTE RS - 50
B D ICEDIINHRAT T D0 E IR LT i B2 R d, B
MRELRDEEBIT, T2 D WINEKZ2AI1TE BB EN L
H9%, D= 300 [mm], BEREE 1 [TICTH I 18.1
[kW/kgl 35617, — 7, hRITA DR E DL, OFY
BB R ERHEIE T LTS, Fig. 2 128\ TR
R~ LT2 D=300 [mm], BEREE 1 [TIOS5MTIX, 2h%
94.6 [%]&RLTc, TNHORERIT, D8 528128
TE—FOERE/NESSTAILNTRETHHN, BT B
TdHD MgBo B D352 1T DB B FE DS T~ 52812 8> TR
AR EINL . R OE FIZER DL boTz, F2.
AT BRI B SME B BN BT 1T LT MgBg #41 od
EENINTD, DEY, BHE D OBINCE->THABE K
O FRN T b,
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4. FEHESHRDERE

BRMEERM L R E RO EET X OB
RN AR —A Tl 0Tz, EHBEET—FD/RTA—FD
BFRIMEZ TR, SHICH A E E A NS E L0 I 2 lEE
F—ZDOEEDORY% 58D Back yoke DIE A Z YRS T fEAT
w1707z, 51413, Back yoke DJEAZTHSLTZFHBIT-OWT
FET D,

MgB, armature winding
Back Yoke

YBCO field winding

Fig.1 Analysis model of a fully superconducting motor.
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Fig.2 Dependence of motor power density on magnetic flux
density and armature winding diameter D.
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Fig.3 Dependence of motor efficiency on a magnetic flux
density and armature winding diameter D.
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1. S. S. Kalsi, “ Applications of high temperature
superconductors to electric power equipment,” IEEE
PRESS (2011).
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Analysis of rotor cooling by low pressure gas of fully superconducting rotating machines
considering stator loss and cooling

1

JNiE A, SR 1

INCREPAC SN

KATO Mikito, TERAO Yutaka, OHSAKI Hiroyuki (Univ. of Tokyo)
E-mail: kato.mikito18@ae.k.u—tokyo.ac.jp

1. [XL®IC

AR IR TR R O/ NRIR B L S FTHETHD | g
g — 2 RS BRI E ~DO ISP T 5, L

MU, [EE FEREFZNENEHETHLERHY, FFIZ
BRI~ OB IEAA TR O 3% 1Tl iﬁ%L@%ﬁﬁE{K?ﬁ’Fqﬂﬁ
Lied, Fio, BEE OB EERM CIIRR B R DA TS,
AR T E LB L TE DX vy 7 R OARET A% v
TEEE AN DN T, B E FRIOBREBHLE O
BRNT AT BELUIEREME T,

2. EWAE

ARFgECrEEHEEk 3600 rpm, RIEKFZHEH (20 K) DB
EE AL (Table 1) IZOWTHENT 21T 7=, JA DT BT — %k
T DL L T-#ht#RE 7 L (Fig. l)ﬁﬁb\fﬁﬁﬁg?ﬂf
it/ 7 ~ COMSOL (ZX0E F R e AT 24T~ 72, «kﬁvk
FENTAMROBE FURE S 20 K &L, BT AL nEE U
SR % D MR 2E D SEER 2 (Dittus—Boelter D) i@iﬂ{ﬁL
¥ 5 2 7=, B BRI R IR IR R — BRI R AL L

TRELZ, =7 ¥ vy 7 ITIIH A He OEVRERAR EKT
i%%fébfﬁz [ 136 L OVEE R T B L OB T i3l
F ARV WA o Bl iR 8 [ E F'a'ﬂ@%m%@%%ﬁﬁ
RIEWEMBEREE 5 2 1=, [l — R IR A S
525, BRIT CIIBABVEE S L, lﬁlaﬁx%{mﬁ 2850 K &
272 W KROBAZGFAEAZ) ZE ML, JAHECEA
BNOHEEE & el U CREE R HDS AT REN 2 T4 5, Fi-.
BB EETALSE T, BHI~DEBE T -,

3. FEMTHER

B EEZE DL, =T X vy 7RO AHe DEFT 100 Pa
IR THAMEND D, Fig. 2 12 10 Pa DEXDFFREANBALIK
IRIKFEDFHD BERE T, ZFHR T 5~20 kW &L7z,

Table 1 Parameters of analytical model

Motor output power [MW] 10
Rotational speed [rpm] 3600
Rotor radius [mm] 279
Air gap [mm] 20
Thickness of armature winding area [mm] 6
Axial length [mm] 600
r
Liquid hydrogen <—20 K

Armature winding

Air gap (Gas helium)

Heat

invasion Rotor

Heat

invasion
| N .

z=10[m] z= 0.6 [m

Fig. 1 2D axisymmetric model
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Fig. 2 JOAHHRICH 20 kW DEETH 5 m/s YL EDOFEHT
HITRABROHEEEEBOAFIVLHRRABDIE
DRZN=OD | [BIHE B EIRFRETHDZENHNND,

WIZERE T BROBHOMHER OO , B I7 R OIRE />
AT, Fig. 3 (2Bl DR AEVE 15 W, FEi% 1
EAROAZ ARSI 5 kW [Tz E O T ARSI AR IO
TIHARAKFEOFRIRIC I A EERT, Fig. 3 JOFEAKEL
RBIEEBMRIEMEES AT | BT BROIBEN TR
STNWAZER DD,

4. FEO
AWFFETIL, B E RO R G I LIBAR KRR L DM EHG
B E U BRT 24T\ ARE T A LD [RIEE-T- /R D T REME
WDV THRET LTz, BHUTZFFRR ABALR 5 IR EE /A
O RIEKFEDOFLH A RESTDHIE T, BETLIZHBENFIEID
J:V) AR O [RIER 13 L OB T B O M AN /]
RBL7RD LA BILNTILT,

SE 3wk

1. S. Tanaka, et al.:
(2017) p.43
M. Fenot, et al.: International Journal of Thermal Sciences,
Vol.50 (2011) pp.1138-1155

Abstracts of CSS] Conference, Vol.94.

25 Presumed heat invasion
and windage loss

B _ 20
= Z
L 215
2.8 AC loss
= 810 5 kW
o A s ()
S 15 kW

0 —h— 20 kW

0.1 1 10 100 1000

Flow velocity of liquid hydrogen [m/s]
Fig. 2 Relationship between flow velocity of liquid hydrogen
and permissible heat invasion
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Fig. 3 Difference of radial temperature distribution on flow
velocity of liquid hydrogen

59601 20184F B2 A TR T4

RS



2P-p19

R (1) - sl 32

BEEISARA—ILDAFD —XKEILUETHE 2018 F—

Development of HTS flywheel energy storage system demonstration machine
in 2018 spring Komekurayama
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1. IZL®IZ

L BLIRCK B 1L KRB e 3 BB AT O BB I AT H A A 72 A B C
WEEER OB AR EicTe) THEEY IR/ —LVEEY
25 1 (FESS) | DBi% &L C NEDO Bk 3 TR L= KA
LI SRR 2 A 2hIE 3B T T AR A — & V- 52
FEEBR A B 09I HE D TW B[], WEAE 10 H o [Alfis %k
3,000min! T D% E FIHEFERRIZHEE, 2,100min¢3,000min™!
D EEHOMIR LTk EE B O NS A EETORRRHIC
HEDHEERS CH B EERM RS OIRE EF-H/ é<;€ﬂ%i
RN &5 Sl BB (6 N) sEfR Lo pd SO R EH
BSTHOAE LA TSI HDILTND, ZOHARERH Jﬁuﬁé
KB LSRR D T2 A WA 3D,

2. BEEISARI—ILEE

Fig.1 {Z FESS OJFHAZ T, B M, £ r OB
DT FATA =N, iR HE o CHETI550774
RA— VORI =RV —8 B 1L, TihEBvERIND,

(1/4)YM (rw)?

TROLIERTRLF—& E 13774 —/LDEE, K
XX, R CRGHTEAIEN LD, P LIz R LX—
DHLANITT TARA— L Dlalfindk % E57 Oing) S8720
TR (BGH) SW 72032 B HI T, BEEBIEENLT
ERTRNFX =2 RELIZVHELV T ATHD,

3. KEILUEHOENER LARRIIEE

Fig 2 |2 KA 1L AR R A, Table | (fEREZ 4 2 " d,
<IBb7eBAFIRFLRE >
DR EE S OLE, EfEiR R AREE
)8 T L K (SMB) O L i i - 22 (E MEEE
3)HIEI R % K SZ (AMB) DA SE MR EE
DIRAB I LTS — L LR AR IR (A ) O M EMREE

4. EHBRRBR CTOREZRLEIESIUSEHDER

Fig.3 (KA LSEEEH O Bl EHRER I D SMB 450
R DRFRZE LR 2R,

757 X0E & 4,000kg DT TATRA— V[ AT AN E:39.2
kN1Z H O M5 HEETH 12 FFEIZIED 2,100min' &
3,000min"! DD R T HCERBRFEO AT AMTEEZ AT S
SMB DA /VIREDIRE EAIF 03K AT E/NSKHEH B
AT ARABIZE AL RN LR BT AN TET, &
[Bl DR R EERRR A S SMB 2ME 7,800 BEEEL I
P B LR HEFF LT DN EIE, SMB OER AL
DFBVEE BT D RN ELNZEEZTND,

F7-, ERHERRATR O KB L EFEED 3,000min TOH|
HAEROPRENIEIE S 15um CTHE MLV 24N-m EZ8 0724,
FOFAHANT D AMB 725 QN [E1#5H 2 R0 U TR M i AR
22— VO RIERIEHIORS 2R T H RSO 8E 2.5,

A8, BRERATEILALRNE, $5E A FESS OHiBI%IC
B4 2EAGEEL IR TAAREFRELZ[2]

BRI KA L FEREHE 2 A oIS L7 B Rk R A X — R
$55E F FESS OBAFEICIES, HEEL T <,
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Kinetic “ Electric
energy energy

Flywheel
.
%
HE]
e 1

Converter

Number of
revolutions

Flywheel

Time

Fig. 1 Principle of operation for FESS.

-.{\. o nernlor/l\lolur
A (by RTRI)
Vacuum seal ey
( by Rigaku-mechatronics Co., Ltd.
and Matsuikozai Co., Ltd. )

Active bearing
(by \lnap 0., Ltd.
and Maruwa Electronic Inc. )

Vacuum vessel
(by Mirapro Co., Ltd.)

Rotating shaft
[ Containing HTS bulk body |
(by RTRI)

HTS Coil unit

HTS Maguetic Bearing  ( by Furukawa Electric Co.,Ltd )
[ Tuner vessel ]

( by RTRI and Furukawa Electric Co.,Ltd )

Steel flywheel
( by Mirapro Co., Ltd.)

Fig. 2 Configuration of FESS demonstration machine.

Table 1 Specifications of FESS.

Output power 300 kW
Storage capacity 10 kWh
Maximum operating speed | 3,000 min™!

Flywheel material Steel (CrMoN:i alloy)

Flywheel mass /dimensions | 4,000 kg /

1.44 m in diameter and 0.29 m in
height

Thrust bearing Magnetic bearing composed of RE
HTS coils and bulks
Radial bearing Active magnetic bearing for assistance
80 Sunrise Sunset “
3000 min * 5

g

Revolution speed

e s W

§

S

§

Levitated height / mm

" Gas He prassurs

.,MWMQM

I
o o
00 &:04 200 B:00 980 1080 1100 1208 1300 1400 1500 1800 1700 1800 19:00
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Number of revolutions f min-

B g
.
| — | A
Temperature /K Pressure / Pa

Fig. 3 Stability of SMB for the long-term revolution test from
sunrise to sunset.
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Development of a Superconducting Magnetic Bearing Able to support Large Loads in a
Superconducting Flywheel Energy Storage System
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E-mail: miyazaki.yoshiki.23@rtri.or.,jp

1. [ZL®HIZ

F % ILRE 24 /LE RE 2SIV (KB GDOET- T T A5 A
—/ VB E (FESS) 1) & 18 B E i 5 (SMB) DR
FEAEHED TS, (WAL KA 1L KRG 568 BRI 5271k JE B i 5%
@ FESS Tl SMB IZLVE & 4,000 kg Du—X D ERF E
ZFEFAELCWB[1], FESS OEB b B BA RN Lictel) 147
kKN D7 b hHZE3AFHEA SMB #BI%L, % L 15RER[2,3]
7eBHUNT, WIEAM B SR TR R RPAm A B & FEHE L7,

2. SMB M#EERET

Fig. 11T SMB O#§aRT, 774K A—/Lr—ZLmik
HBFEE AV EEIRBEG VY O FEIN LD IERE TR
FLTBY, FOK T 4 #HOWEG BB 2 L COME
R CIRFTDIEL o T D,

A RIN R 2R OREIE LA B LTo#ia Gt 51T o7,
PERDO NI R ERL B AR O s % Fig. 2 1T, Zhk
TONERECIL, WEAREmRE LEREER TS 4 K
DAt BARERIA & FW TR ATRL TV, Bk sk T,
WHEE R ZERL T 528 T, MIMEE IR E XA
WO BSERM A B IEL, MEE iR b7 22LLT,

3. BRI E MR L 53R EEAER

W EATRT B SRR I T B L AT B A e W S 9 D A B
WD, BRI ErE L IR ITEND T LI i
A (AFRP)ZER I L TVN5, 147 kN 7 b BRI W B S 8
MDZIT RO INE 36.8 KN/ARET2 273, 98 kN/ARE Tt
B E L CTHATTRE ThAHZ L2 ERIITHERL, ©4
2T AT DHIEEMERL TND[4],

W B SRS DT, IR 30 ARFE Y it At
ZEET 5720, BT 49 kKNX 150 YA 27/1(1 4EI2 1 [
FIRAL T AELT, 30 YLD 5 FDOFA7E)DF]
R Z FEHE L 7=, FRP (X{KIR CRIME BN 528000,
WIRRBRIIZ 2N OFME THDHEE 2 T D, Fig. 3 12 1
PA7, 100 A7), 150 HA7NVDIG - BRI E 7R,
AFRP 5| RGN 38 R HE TR O 3R oD 7 SR M 31T
87 GPa FREECH D, —F, I&SI- BRI DR O TR 1T
77.5 ~ 83 GPa THIFRIE D 90~95% T -T2, HH AN DI
BT TH ANV EOEALD BT, 150 [FIFRE Ok
LR E COLbIF o7z,

A1%1E, SMB 122V THIEE A G248 E LR L
ks, Mt LB LA EL QWL TIETHD,
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Flywheel rotor
%

SMB supports
Bellows

HTS bulks
in a rotor

HTS coils
as a stator

Inner vessel(conventional design)

Outer vessel

Fig. 1 Schematic of experimental set up for the SMB.

Inner vessel
New design

Inner vessel
Conventional design

Fig. 2 Comparison of the conventional and new SMB inner vessel.
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Fig. 3 Experimental stress-strain diagram of the SMB support.
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Development of large diameter high speed rotary magnetic fluid seal
for superconducting flywheel energy storage system
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1 . 'j:c&)[: Magnetic fluid .= o
LAY K B 1L KB YE 38 BT O BB/ BT E AT A 48 3 A R T Wagnet [y
AR O Lt TREE T AR A — L EEY 5 .
27 1 (FESS) OBi% L LT NEDO B2 CHIsE LIk A o et ine
L SEREEBR A A NG T A TR T T AR A— L& W Pole piece—1
FEILEREFHE AN ED TS, 48, BEET T kA 3
— VT O @R EREEPE TR S — 2B T, R E( L
DI #lEE%E ¢ 100 mm) 5 ¢ 200 mmiZ KA LTHE3E02, & Shaft
WIIPEAE, AR AL L 728 LK A v R [ R 3 > — Fig. 1 Bacis structure of ~ Fig.2 Magnetic fluid seal
NVEBRFELIZDOT, TOMBEEZRET D, Magnetic fluid seal. on FESS
2. BRI —IL (MFS) Tablel Spectcication of Magnetic Fluid Seal.
@‘Iﬁ?ﬁﬁiéﬂi@‘lﬁ(C}imﬁ"éﬁﬁﬂﬁf}\@%%{*ﬁ%Llﬁﬁfﬁ Max speed 3,000min” (31.4m/s)
MR RE S bEyanA/RIRICL, DS 7Rtk o Pressure 10Pa
—HTH5D, Fig.1 IZHE] i{;mﬁi%ﬁot MFS O#i&EZRT, Shaft dia ¢ 200 mm
TKIAEAT E TR FR D MR, [RI#REH I > TR S L7 Shaft Materials | Multi-Material-Structure
R B OEAI 7 my OBUNMEBRIZREMER IR IEA T 5L, Bearing Ceramic Ball bearings
BRI IS Uil R D O Vo Z SRS T, FEHEfil ¢
Ry — N TEDEMES — VLD, 2O — /L O EIL1 B (Ml Mt St
‘éf:@ 0.2 /f—\.gi"’o 4 ﬁ}_‘@fx_&)%ﬁ;iﬁx%ﬁ/)§ﬁx —)Ld Cooling Unit
LT 1 RUEERFFATRE R R 28 — V23R EHTED, Housing .
3. BEESEAFHERIAE K O MFS (15, A e
WHHERD MFS (ZARE X #rIElfsS —7 Majit ELCE p—
S 20m/s ARALEN T, LI EOEE ([EHE) T _—
@ribmi@?“#%‘?&c:otoT@i‘mﬁiﬁi B BEE AL, TV G
TCH B EE 5T, AR HE MDA TLED, et =
ZZTEEURE KA E R E DT, R EE T2 |
B MEMERARZ B - IR Z UK A 1L FH O MFS ~82 LT, Fig.3 Structure of MFS and thermal analysis.
Fig.2 | FESS |SHLZMAEI /A IRIHT IR LIZ R MR Table 2 Analysis Conditions of thermal analysis.
MSF %’ Tablel &iﬁ*%idi(ﬁ%ﬁi&i“)b \T%j—" Heat Source Bearing  0.8[kW]
77)/7 %(Afﬂ*ﬁ%*ﬁ% gﬁﬂﬁb [ BR |2 i*ﬁ#fﬂfﬂ—%@ﬁ@ Water temperature 25[OC]
ERE G2 R Ln AR mO IR LT, Shaft Materials Multi-Material-Structure
4. FHIMETAE AL BN SR ERBERO L puter 815304
MFS DFEIEHEMTE, <7V 7 DOREIZL > TREL
EAREND, MFS O E% Table2 DX~ T L7-4E - Lo 25
° < = = Other Materials SUS304
R% Fig3 (9, NS F0 D MFS O EERIER AL M
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MFS ERTV T DREEOBREDREEEE 2 DD, 5,
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Fig. 4 Stability of MF S for long-term test from sunrise to sunset.
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