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Fig.1 The piping and instrument diagram of Line 2.
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Fig. 1 Schematic illustration of LN, circulation system of 1000m system

Table 1 Relationships between the setting rotation speeds of the LN, pumps, flow rate, pump head,
and the pressure drop.
[£ /1 (kPa)

CP1 CP3 e CP1AO |CP1HA |CP3ADO|CP3EEO|JHF—N

eIrEdy | @A ey | o | oty | oot | o | Vo N I v R

rpm) | (rpm) (Pt1) g P L
%141 4000 4000 31.6 262.5 302.8 250.8 286.8 265.0 40.3 36.0 520 21.9
%&#2| 5100 | 5100 402 260.9 325.9 243.3 300.9 2650 | 65.0 57.6 82.6 36.0 )y
Z3| 5100 fF1 28.2 263.1 332.6 290.7 282.0 264.7 69.5 -8.7 419 17.3
%144 | 6000 4000 411 258.2 352.3 264.8 297.0 261.8 941 322 875 35.3
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Tablel Heat leaks of cryogenic pipes in Ishikari Line 2
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Fig. 1 Configuration of radiation shield (RS) and
Equation of RS to solve the temperature & heat leak.
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Temp. of outer

pipe 270.751+2.7 [K] 290.551+2.6 [K]
Cable pipe Return pipe Sum of two [Cable pipe Return pipe Sum of two
Part [W/m] [W/m] pipes [W/m] ([W/m] [W/m] pipes [W/m]
0.033+0.035 0.832+0.036 0.865+0.050 |0.024+0.034 1.204%0.038 1.228=+0.051
0.92+0.13 0.51+0.14 1.42+0.19 1.34%0.13 0.63x0.17 1.960.21
0.79+0.45 0.431+0.046 1.222+0.065 |1.021%0.045 0.5350.063 1.556+0.077
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Table. 1 Specifications of the Model Cable

Symbol Quantity Value
Yoo Inner radius of conductor layer 7.00 mm
o Outer radius of conductor layer 17.70 mm
ry Outer radius of dielectric layer 40.50 mm
) Outer radius of shield layer 44.00 mm
T3 Outer radius of insulation layer 44.50 mm
ry Inner radius of corrugated pipe 55.00 mm

Seue Cross-sectional area of former layer ~ 400.00 mm’
s Cross-sectional area of shield layer ~ 210.00 mm’
Tinvoy Inlet temperature of LN 70.0 K
Py Analytic inlet pressure of LN 800 kPa-G
Vino.s Inlet flow rate of LN 30 L/min
Oy, Heat load 1.8 W/m
Ouc-co AC loss of conductor layer 0.15 W/m
Oucsh AC loss of shield layer 0.05 W/m
Opr Dielectric loss 0.60 W/m
Koin Thermal conductivity of insulation ~ 0.23W/m/K
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and Cu Shieid Loyer
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Heat fluxes T
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Fig. 1 Model Cable Structure and Heat flow
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Fig. 2. Calculated temperatures of the coolant and at each
layer at the outlet. (a) 20 m cable. (b) 3 km cable.
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Simulations of 66kV 40m model HTS Power Cable in Short—circuit Current Accidents
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Fig.1 Comparison of Tested and Simulated LN temperatures
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AC loss characteristics of different electromagnetic conditions in inner layer of HTS two—layer cables
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OGAWA Jun, FUKUI Satoshi, OKA Tetsuo, OGAWA Tomoya, SUGAI Mamoru (Niigata University)
E-mail: ogawa@eng.niigata-u.ac.jp
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Cable A ZJHE#ELT 5L, Cable B 1LY A AT IANEFRIL TV A
ARy TFZfEEL, Cable C 1TV AARE Y FRFEICTYARR
Tzl Uiz, SME DR ERAEILY A AR Y F RETT
BH5728 Cable A & CIZIEVMEZLOH L TIHY, Cable BTV A
AR FNEDND RS ETRES A LD, e, %
JE O A FE A MR T E S B I 0B S T DT, 45
BRIV TOD BRI,

BRI R Z R E T B K GO —7 )L D it
DEARF VKA 6 UT- BB R A B E L, 21 AT 1
—JZEY S0mm FE W EVAE AT o7, HE L, B ERE
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M 1ZHME N B & B LIt EONBIZRBITS 1
AV NVBHTODORIAROBE B KEZRT, Cable A ZHEHEEL

TABLE I
SPECIFICATION OF HTS CABLES
Cable A
(standard) Cable B Cable C
Inner layer
Diameter 20 mm
Twist pitch 150 mm
Twist direction S
Number of 1
HTS tape
Critical current 151.0 A
Outer layer
Diameter 27 mm 27 mm 27 mm
Twist pitch 300 mm 150 mm 300 mm
Twist direction Z Z S
Number of
HTS tape 15 14 15
Critical current 184.2 A 1575 A 188.1 A
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Fig. 1 AC loss characteristics in the inner layer of the HTS
two-layer cable comparison between Cable A, B and C.
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Status of HTS flywheel energy storage system demonstration machine in 2017 Komekurayama
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SHIMIZU Hideki, SAWAMURA Hidetsugu, OZAWA Takahito (MIRAPRO); MIYAZAKI Kazuya (Yamanashi Pref.);
MUKOYAMA Shin-ichi (Furukawa Electric); NAGASHIMA Ken, YAMASHITA Tomohisa, OGATA Masafumi (RTRI)
E-mail: shimizu.hideki@mirapro.co.jp
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Fig.2 |Z FESS ZEil#Hk %, Table 1 lZEARE % 2 -3,
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Fig.3 |0 R% D FESS SR i Rls BRI O
NS (SMB) D& BRI DI ZE (b2~ T,

757 S0'E & 4,000kg DT TARA— V[ AT ANMIE:39.2
KN 725 5 [E #5250 3,000min™ T 30 43 fE] IR SETH AT A
M EA A% SMB OaA/VIREDIRE FF1Z03K &/
SSHEMA EMBEIC/RDBABITEALE W, f @& Bl
3,000min™ T SMB 2SFHEMNZE B LA C& DL,
SMB DERI3 i EHNED Z S A R REST- 5 25,

Alal, FFRAEIV GV EAMERELICHTZY, RIELT-8
DT FGARA— IV DFEET 23T 2B T I A KRIE I
TIEI% 40g ETHRAMETHZENTET, ZOHEE, [BlHEHH
BRI CONRT AT E e — B T R AR
BOZEF ERliREE ETRETE, M7 7 AR —1 D
P RS BR R ORE RHE S AMEIC T AN TEZEEZ 2 T
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%72, FESS EiFE DO i mEHEE COMLEMNLIE 12N m
L/NEL TR LT AR B 22 o — L& O [al 548
KRR E BV EETHDLZ L TERTETZ,

AL, 147 kN O KFFEEE B2 IZFELT- SMB ORIk
BEARIDLTETE LR O RE T, BEE T TAR
A—NEBE AT LOREABROBIFEHEEL T,
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Fig. 1 Principle of operation for FESS.

Generator/Motor
(by RTRI)

Vacuum seal

(by Rigaku-mechatronics Co., Ltd.
and Matsuikozai Co., Ltd. ) [

Vacuum vessel

bearing

( by Mirapro Co., Ltd. )

( by Mirapro Co., Ltd.
and Maruwa-denki Co., Ltd. )

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

HTS Magnetic

[ Tnner vessel |
(by RTRI and Furukawa Electric Co.,Ltd )

"
il

HTS Coil unit
Bearing  ( by 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 (CrMoVNi alloy)
Flywheel mass / 4,000 kg /
dimensions 144 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
30 4000
5,000 ain? 3000 ‘TE — Cold head

- 25 Revolution speed § —— PL+ Anchor

E Coils é — PL-Anchor

é 2000 % — 1st Coil

5 E — 2nd coil

£ /_/-J “NpL Anchor 5 mew

1000 ; —— 5th Coil
C:(zld head
/ \ — Revolution speed
15 : o

) 20 40 60

80 100 120 140

Time / min

Fig. 3 Stability of SMB for the highspeed revolution test.
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HTS magnetic bearing for heavy load (1) ~New coil design using bonding process—
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NAKAO Kengo, SAKAMOTO Hisaki (Furukawa Electric) ;
MIZUNO Katsutoshi, MIYAZAKI Yoshiki, YAMASHITA Tomohisa (RTRI)
E-mail: kengo.nakao@furukawaelectric.com
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RE RBFEEHIA VL RE RHEEBE ANV EMA G DR
TABA — )V EBLEE (FESS) [F] 1) & 1 8 3B e & il =2
(SMB) DRI ZHED TN D, 2015 NS ILIBLE KA LD K
B 38 FEATIZC SMB & V7= FESS FE3FIC L5 33 BR
Z4T - TEIZ[1], ERFBRICH 2 FESS 13 SMB (2L~ T
14,000 kg D7 TAKRA—/LEF v 20 mm 7% b, HiEBlES
TX, FEEEANE EIC KOS C o BRI 28 S h3 g
WD IR TAL T AL TV D, SMB D FJ5F
I, BEEIA NV CHRAET DA EBBGRHI - BB
INVI D — VT 4 T FNCIOIGEND K E 7 T ) %5
A+550THA2],

FESS OFBEARZEOM _EIZTel ) KAFEXS0 SMB OB %
D TR, ElEMEE AWTZET LV SMB A& /Nl A
IVOFRIE BT E D TETZ[3], 4], BV ARIZAr—LT
VLT LD A A 2 3% G BREL T T 975,

2. BUEHEIZED SMB BB EEOA LB

SMB HD#BEE A ATE T N —Fa AL (DP A
W) & 5 Be R L7 TRY, o VTS IZ &
DILEHATHHAIL TS, BHEE L7 AL OB
R HLEHR IS MBI O R B IS5 2%, 7720
Z Rl AE M T LS W7 HEFE B 3720k ) & VT, B
SEiX DP 24 /L Oz M %A GFRP LU CEMm S A B0 A Te
EIETHT2, FaA L TIE DP AV O i ORI
ST T 72 2 BMRE (B HD) e L TV D, ZHLC K
DIMZMLD 5y 2A N OFERLINFTREL 72D, HIAK - B « BVR
RIS BB AR A a5y &3 D RlE M A INER-
R LAV & — IR b EE 5,

ABREE AT 2 FERRGHL, BEE L 2ICELIRE T
O 2 BT HE PN 72 nammic i A
£k (Fig. 1) 2 W, T O 2372k % v B
kK (Fig.2) & Vo, BRI ET D803 72 ITfe S AR
A 77 B A TE T R BMRE A > TA, fillix 1 HD
HTHHAL NS, BEEIA /LT 6mm RO A HLZ
DP 2L CHAR 120mm, #ME 260mm LT,

3. SMB FBEEI/IILDFHEEL SMB ~DHHAAH

A RO NV %E 1 KL B HEROZA V% 2 BERIELTZ, 45
AL O RE R FL CRlE M 2 INEGE{ L3 DRI g LB
DOREZEATV (Fig.3) HAba L OB NN L2 TR LT,
AEERIL 72 3 B DB aA N ERE R DAL 28D 5 Fed=
A% SMB ZFANL T, W - B AN RBRETT o7,

. KifEAMENT IR, SMB 345 EL, =1L
fEDHME R OV SR A O SR AS RS 132 A s 15,

SE R

1. T. Yamashita, et al. Abstracts of CSSJ conference, vol. 93
(2016) p.127

2. K. Nagashima, et al. QR of RTRI, vol. 49 No. 2 (2008)
127-132

3. K. Mizuno, et al. Abstracts of CSSJ conference, vol. 94
(2017) p128
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Heat transfer plate
(Copper rods with resin matrix)

D.P. coil

Adhesion by thermo
plastic resin

GFRP plate
REBCO coated conductor

Fig. 1 A model coil structure (reduce eddy current)

Cover plate of D.P. coil
(Copper rods with resin matrix)
D. CDI|

Adhesion by thermo
plastic resin

$00800000000000000000000000000008000000000.

Heat transfer plate
(Copper plate)

GFRP plate
REBCO coated conductor

Fig. 2 B model coil structure (normal model)

Photo 1 New structure D.P. coil (B model)
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Fig. 3 I-V curve of D.P. coil
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HTS mangetic bearing for heavy load (2) —Results of heavy load tests—
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[1] T. Yamashita, et al.: Abstracts of CSJ Conference, Vol.
93 (2016) p. 127.
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(2016) p. 128.

[3] K. Mizuno, et al.: Abstracts of CSJ Conference, Vol. 93
(2016) p. 9.

[4] K. Mizuno, et al.: Abstracts of CSJ Conference, Vol. 94
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Fig. 2 Load factor distribution on the cross section of the RE coil.
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Fig. 3 Levitation force of the SMB.
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HTS magnetic bearing for heavy load (3)
—Test results of heavy load and reliability for thermal insulating support—
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kN OF b HAFA TR SMB BT LTz, RIS *I'Jjg;;:)kj
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Fig. 112 SMB O#RAE TR T, 774K A — /L n—X L&k Inner vessel
BB A )L LSRR B L7 DRI T &0 il T
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IR AREYE Lo TG, WF G T S b 1 A Fig. 1 Schematic of experimental set up for the SMB.
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Demonstration model of a polarization modulator using a superconducting magnetic bearing for a

CMB polarization satellite, LiteBIRD
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BHALT L= a R EB SN TV A, ZORFUEFH N
WEST-% 10 PO ELE LR THET L THD, FBRI
ICRRFEDS R ATREIC B X DML E G CH D08, CMB D JeiEl
TN ZORF D EBRAIRREEA ATRE T D, SH12 CMB e
HNE, AT =2 al AREROIRRES T T T2 O R H
i, =2— N /OEEMREICH CMB )67 Vi3

AR, 2O ORI H | KER, RIS

F=FDOHEf N EA TND,

3. BRI ELTORNE A EE RIEEE

CMB St &89 57280 12, W IEIRE DD i 5 M
OB M L2 %, CMB 1E 3 K O RIKEE THHZ LN
BN TEY, B A 7L —ar BROE B3 3 K Bk
FHZHRIT L CnK FRE ORESE RIS ND, ZHLTE 5%
ZAFT Do OLEEE T, YPiEEE H & OB 2K D
OB EITAVLENSD, £o. BHEII Y 7 A ch
HS AR EE R 2R WA DL C A E 45,

CMB iz CHL 72 28R D — DI L AT

BDD. TIUT, IR AFHR IS S EM T HIE T,

R R ORFRI ) AR EVER R E DRI A EBL 5, &
P FEELT 5 BARBZ )7 k13 LR+ Ch o R
LEBEO YN CEGEIC L Hz FRE CRIERSEL52LT
FHTED,

HEFEOIERITELZEP DR RROERET 0.5 m

B ZUTRIESOREIREIL 10 K LT Thd, fEREL T,

0.5 m FRJE DM Btz 10 K LU Tt mlfin S5 2 2 A%R
WAL, TSRO 22 T BIE L7220 ZHAMEDME W,
ZOREEA TEAR T D726 | ARIR T il 5% |28 B R A il

SR LT, ZOMSZ I 3IFEHEARATH D Z L BEENMEL,

IRIR CHE G 72 RN B CED, 2LV AT AT K[
CMB 1 B R Bk 325k EBEX (CCTERA S, BHEEIIIC T
HwHshn-, (1]

— 169 —

4, BEEWKBMZOMEGTRE

AR R R R 1T B2 ThAT0 | [Rlfs T
TGS DA DEAAZHR D 720, i S & U TR - O R B D
TR EE L,

CMB {FCBLAICIREE - Io 7 7 T A 7 i B a5 d L
THESES, LEEIIo DY 77 A7 2L TRZEZ2BLIH4
LI VT 7AT DOUWENLIOK LA B ns, 7747 B
B OB O ENR R ELI20 | RHER A RO RICE
T D, [BIERT-~DOEGE AL, [B185 1 O RIRRE A & OBRE) R
T — (S KT DRIG LA Eh S E R T AT U AR kL
MERIZL DT RLE —HBENEZBND,

AFEFE T, [BlE T2 T 5= F A — B ROHEEE
Ralb—var a8 T 5, =RAF—HRIZIDPEED
B #i5 7 & [ E T ISR LTEDEIE TRIDOHEEITHLL
WSOMDAIFEMEIZ 0T Ciisa 217, BUERIE 112 1mW
ANSNTGEEHET D, ZL T, ZOZRF—HIIN
B2 BB BB AN E T D70 BVE T VAR 5, Bve
T IR ENR 1 & 8 E 1A B ARIR AR RRp A | 1 5 20 il
WEEN, ZOREMMBYEHTIT4K TOREICIESEET LA
RS LT, ZOFTNMICESEInW OB AN NH-T254E .
AL I SN 7 7 A7 OIREIT4K 23510K (ZIRE
DO 24RE R EE ORERI A0 | f SR &L TR
M OB REL TH oy ThHI LR T,

6. £&H

AN TIE, RS, Bk K ORRERE R BR O FLIR 2 78
T 5, BRI, B BRI OE IR 10 K L FThTx
NR—BEEAHEL, FETFNEE LS4 L2584 TH10K
PLFCBINEITH 720 OEH BRI OV TGEma TV, T2
B COERICAT =A% OMZBHEB 2T 5,

SE R

1. J. Klein, et al.: A Cryogenic Half-Wave Plate Polarimeter
Using a Superconducting Magnetic Bearing, Cryogenic
Optical Systems and Instruments XIII, edited by James B.
Heaney, E. Todd Kvamme, Proc. of SPIE Vol. 8150,
815004 - 2011 SPIE.

2. T. Matsumura, et al.: Design and Performance of a
Prototype Polarization Modulator Rotational System for
Use in Space Using a Superconducting Magnetic Bearing,
IEEE Transactions on applied superconductivity, Vol. 26,
NO. 3, April 2016.

£5951n]

20174F FERK R T27 - AR

I
-~



