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Protection against the ground fault for 275 kV HTS cable and the experiment
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(a) Without protection (b) With protection
Fig.1 Damaged pipes with the arc discharge.
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in Short—circuit Current Accidents
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Fig.2 Comparison of Tested and Simulated LN, pressures
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Heat Leak Separation of Radiation and Thermal Conduction of Cryogenic pipe in Ishikari Project

Lo ERES, e 93T, AV/7 o=V, HIAR T, fhlH B, HE 2, mEEA (FER)
YAMAGUCHI Sataro, WATANABE Hirofumi, IVANOV Yury, CHIKUMOTO Noriko, KANDA Masae,
INOUE Tokuyuki, TAKANO Hirohisa (Chubu Univ.)

E-mail: yamax@isc.chubu.ac.jp

1. [XC®HIZ

TR aY o NCIREIE 2 IR E RIER O,
—ODHNEIZAIT 2 KONEEZANTND, —ARIZITHEE
B —T L EFRAL, b —ARITHBEDOYZ — VTS,
WrEh 2 A 2 RO ETZITV ., i CTEMR A B i
I TG, £i2, MINVE CIXEARE ST R e~ -3k 5 a
1To 5D,

WriEh 2 BEE COEMRADOYBL S ot A3 FEIC2oHY, —
DITHEHTHY LI —DIIBMRETH D, B 1LZ BT
MMLDZKIREE 1B W TR A BOKEE X > T,
BEIINEZ ISR T EM 28 T A TLDD
T, BMEE RO GFRPZ VW TWD, L3> T, YR A
BRI EILZ 0 2 > TRV RA D, Z0)  [EEYE A
WrEh 2 8 OB AT 72012T, E LD T aE AR ERE
BATHLIDEMDZEIT, S HOWEL 2 EEBFEDT-DIZ
O AR

AT T, AFFRIBR2 THIE S BUR A BT — 2%
HLUTEFEET VD, ENENOREETORN EBYREIC
LABYR A DS EEARRI T,

2. B EERELBRAE

AP RY 2 NEIFR2 TIE R e s T AE DI EL 2 EE %
fio7= [1], #EIL, —1LfE S > — /L F(Radiation Shield,
RS)ZAHN, 7 —T N E RN H— B T T LT T LS
B RS TEIIIEEIZLTND, I —DIX 2 KONE A
RS Z2L CRELEL T3,

Table 1 |ZIIAMKIRD IR ST-LXDOWTEN 2 EHE OEYZR A
BEAGRSEIMA ASLUTRLTE, Part 1 1% RS 2SZGAE,
A —T VB DEME AR THRD TRV, Part 2 1323042 &
ATNT, ERRERTHD Part 3 (LR TEYE A BT RE,
LT, Part 3 1% RS ZHLAGAF2WMEETHH, [BIFR21TH
LIZEHELTHLH-DIC, ARIBICE S THVERENE L
AZETRD, ZO70  AAKIRIZE S TR A ZEITE DD,
M, ZOE TR ENEET IR OT —F% I
BRAREFTLD,

3 MBETIVEERE

WrEk 2 B OEZEEIIARIZEST 104 Pa DA —4 —
ThHoHI=D. EREE AT Ot ATHEN L BRECH D, 2D
720, BURAOEFTT VEL T FREEL,

Ax(Text~4-T7"4)+ Bx(Text—T17) = HeatLeak(Text)

ZZT Text \IVERE AR, /o 1HITIRGTIC L 52UR
A&EZRL . Stefan—Boltzmann {EHI7>5 10 OATEIZ 4
B, F2TAITEMRE | C LA EMR A BEE/RL, ZIVURIREZEICE
STERANBEDREDET L THD, W, KIEMEEIT 77K
LLTCWB, ZOFERXORIEKILA, BD2-5THY, Table 1
T2 ODIEFIRETOBRAEN 50> TNDHDOT, JFHE
B A, B IZBIERICRDBZENTES, HL, WERICIT
A, BIZIIZIEETROELTIT 2R,

Table 2 {2 Part 1 & Part 3 OFHHFEROFIZ R, FHHE
1T L EDIREIIENITRLIZE TH D, Table 1 LX)
ERADUEIN, RERBEWELZOSIRW, T2, BV A&
IZOWTIT, BENELNTWAD T, F DR CEHE AT
ST, £o, BUR ABITRNCE W CTHDEDTEF 4 THY., %
DENBRE S THD, X HNIBMRE S BNAEIZ 725
B THD, fEREL T, AMRIRPMRIRRH TR A BN E
UMEITHNVRIED B O A I BME A B MEVVIIT A, B 4
WZIEEAEHI TS, ZL T, Part 1 TIHEH B ETHY,
Part 3 TIFEMEEREREYR AT BEAIZ/2>TNDAE R E
pol=,

Table 2 Heat leaks by Radiation and Thermal conduction in
[shikari Line 2

Part 1 Low Temp. 270.6 [K]
[W/m] ave. — s ave. of HL ave. +s
ave.— & X X 0.727, 0.188
High Temp ave. of HL X X X
290.4 [K] ave. +s X X X
Part 3 Low Temp. 270.6 [K]
[W/m] ave. - s ave. of HL ave. +s
ave.— G 0.958, 0.199 | 0.641, 0.581 0.324, 0.963
High Temp ave. of HL 0.919, 0.303 | 0.603, 0.684
290.4 [K] ave. +s X X 0.881, 0.406

AUFFRITRFERS FEFE RRBESEREEY
AT KOG, TEIRBEEETE A @Rk E
VAT LAOFEFEFEZE | TENFRBIEN o pd—-
PEEFITR A BRRMEAE B E NN ER SIBEEY
=T N AT AOFEEBRSE I LD FE ST,

SE XM
1. S. Yamaguchi et al, [EEE Trans. Applied Supercond., Vol.
25, pp. 1-4 (2015).

Tablel Heat leaks of cryogenic pipes in Ishikari Line 2

Temp. of outer
pipe 270.75+2.7 [K] 290.55+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 0.63+0.17 1.96+0.21
0.79+0.45 0.431+£0.046 1.222+0.065 |1.021+0.045 0.535+0.063 1.556=+0.077

— 138 —

94 20174F BERFRIR 147 - @B ES S



3A-a04

KBTI —T N (2

1000m B EBEEERT—TIL AT LOS—TJ )L 7 BES 4T
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Specification of Cable Core

Former Cu strand(130 sq)
HTS-tape DI-BSCCO
Inner:TypeHT-CA (12+12)
Outer:New TypeHT-CA(15)

Section 1 : 468.8m
Section 3 : 372.5m

Helical deformation

Insulation layer PPLP, thickness 2mm

Cupper shield Cu-tape, 100 pm
Outer diameter 40mm
Weight 2.6kg/m

Fig. 1 Specification of 1000 system
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Fig.2 Typical X-ray photograph close to terminal B, showing
helical deformation of cable core.
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Fig.3 Cable pipe temperature and tension change during
cooling process from room temperature to LN, temperature.
The arrows show the time when the terminals were moved.
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TB: Turbo-Brayton Cryocooler
ST: Stirling Cryocooler

CP: Circulation Pump

FM: Flowmeter
RV: Reservoir
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Fig.1 The piping and instrument diagram of Line 2.

Terminal 1A

Return pipe Quter pipe
sus Carbon Steel

0D=318.5mm
s

Support FRP = Radiation shield
A R + uminum

A LN /-

I AR\ v

1 Support FRP| N
1 \esed ./
ML %\'}‘/"{ v - ML }4
. Cable pipe Cable
sus

Return pipe Quter pipe
sus Carbon Steel
0D=267.4mm

0D=60.5mm 0D=60.5mm

Cable pipe
SUS OD=76.3mm
0D=76.3mm

(a) With a radiation shield (Section 1) (b} Without a radiation shield (Sections 2 & 3)

Fig.2 Schematic cross sections of cryogenic pipes.
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