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Development of 275 kV-3 kA YBCO High-Tc Superconducting Power Cable
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Targets and merits of 275 kV-3 kA HTS cable.
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Laser cutting of both edges of YBCO wires.
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5 s —4—Calculation
= 0.235 W/m at 3 kKA
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21 HTS conductor at 2010
& 1:=9200 A at 68.7 K
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21 —®—Calculation

10" 0.235 W/m at 3 kA
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—e— Calculation

Normalized AC loss [J/m/cycle/A?]

0.124 W/m at 3 kA
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AC loss measurements of HTS conductors, (a)
Comparison between 5-C and 3-C using the laser-
processed YBCO wires, (b) Further reduction of
losses by adjusting the radius of the conductor.
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Structure of HTS cable; When the conductor
current flows along the red arrow, the shield
current flows along the blue arrow.
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Closed circuit for the over-current test.
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HTS joints for the over-current test.
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Waveforms of over-current of 63 kKA.
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Structure of the electrical insulation.

HEHI Moo TR, EH IR EEE A UTH M IGEDS
FESTEHSRET ) =), 0, BICXLEL(FA V79V A)
BT 2 A & L RRRoRBREE L, EBRHETH D
IEC62067% %° H RO E MM T 2 JEC3408Y, HIZ iMoo
BERFZ B EI L CHRE L7, RPEIZDWTIX, NEDO
TuY s bOWT, RFEEE, BIMGREERZEZTRERD
Hefrbite, BEHHHT 2 HBERIL, FNELLEEL
72310 KV CHDIE 7Y — & L7ze T, BfE275 kV 2 A
T\ C 2R C ORI e T I 300 KV L B SE T ) B
LAAERR (1797 3) BB L/ETH o

WIS, A Y/OVATELE TS5 kV IS 2 25k5TE Lz &
d, 275 KV OMEREM 1050 kV 12 1150 % Fi/z ¢
METH 5o

PAEWMOMIFE S 1 mm, 10 mm, 20 mm & L 7z#ifxE 7
W — TNV a L CRERBRATVRGHER A I L A% g
L7zo

K82 BB DM R TR T o Mk ET03 MPadE
WARERIZER LIZIRECELEZ LT, S5 MR T
aEh7ze oz 7oy L7 HBEEL mmoiERE e 10
mm OFERIZIFIFFEETH 5o —F, MfREFE 20 mm OFEHETIL,
300 kV (254 kV/mm), 310 kV (262 kV/mm) T b #B5iEIE
B L e drotze TORERDS, BT O BIIGE T 1T AEARIE
DIEHRRLEEE 7 < MFIE T mm O£ 2 T hE L v,
01% DOFEFERIZEL 22 kKV/mmE &Y, ZOEZFFHMEE L
THH L7z,

EOIZIZE A ¥ 7SV ADFEREZRT, ##%/FE1 mm & 10 mm
DGR O ESRAFES L SN, #EFF 10 mm OFA S 1 mm
ERBEDNT DO ENH L EREL T83 kV/mm & jkFHl L L
TERH U720 BRIEHITRT 55, 275 kV CilRt sz — 7

EARIMER 354 mm & L7z EMFEIZ22 mme i), H
SRR 1155 kV &2 ffEsE L 72,

99.99 ‘ T /
99 — ! ®
| ® 1 mmt model cable } L
= 90 — O 10 mmt model cable T
X - N
=70 I
> 50 ¥
3 30 ‘
§ 20 mmt model cable
s 10 PD free at 300 kV
_02) 5 (25.4 kV/mm)
©
>
€
>
O

3 ]
\/ o 20 mmt model cable
1 kV

|
|
|
05 22.0 kV/mm//\ ! g%_gi%?;ﬂ)o
0.3 1
0.1 1 \ 1 ‘ 1: 1
18 20 22 24 26 28 30

PD inception stress [kVms/mm]
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Weibull plot of partial discharge inception stress
(PDIE), the design stress of PDIE free was
22 kV/mm.
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Breakdown voltage (Imp.) [kV/mm]

+1155 kV
60 83 kv/mm 3shots -
40 O positive(+) 5
20 O negative(-) |
04, T T T T B
0 5 10 15 20

Insulation thickness [mm]

B9 #iEE 1 mm, 10 mm, 22 mmDEHE A 7S AT —
%, 83kV/mmEixatT—% & L7,
Impulse withstand voltage of the model cable
whose thickness was 1, 10, and 20 mm. Design
stress of Impulse free was 83 kV/mm.
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Termination for 275 kV HTS cable.
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WERETL7ze R2IZFDKEIERTS
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Design of 275 kV-3 kA HTS cable.
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K Lv ) R R R T,

H1E $150 m

11 VE3L L 72275 kV-3 kA BB EL 7 — 7L D18l
Structure of 275 kV-3 kA HTS cable.
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Bo MFERERIZ X AR OTIN R Y 71374, Mkl
REHEB Y OBYER TR L 7z, IHEERBTIERETEB Y Ol
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12 HEZr — 7NV OER  (BEZEa 7 OfER,
(b) W& D U
Fabrication of the HTS cable; (a) HTS core,
(b) HTS core with cryostat pipe.
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Current [A]

13 PEHLY > 7V OEEE VI
V-I characteristics of the HTS cable sample.

6. 275 kV-3 kA DREARBEHER

6.1 PREEGIOMEIL E T — T IVE%

30 mOMELE S, — 7 VI P EERS T FOBERLTB X,
BACHIm R CIE MBS A L MEE Y — L PO AT 2 AT
W, ZMLAY Y =7 3= ERDATTC, RI1404EHI2 —
T BN A CRBRG T~ L 720 BRI I P EL R s
DWERGTINZ & 5 S RS & Lo BMEEHNL, = F—
FBENPLHMIIV L EDLET VTICBVWTHER SN TV AT
MTHy, TORTHETORBROFEMIE, HADBIM O EEE
M58 & LT, BIITBEEEA O ERRLOAERIZHZO b
D& E Z CEMm L 72,

BRI T OME F TRk L, BEEE D o i E oK
BECMBEAMRL, K25k F TRt L7z, iz
BICHEER 2 D CEH L 22, 3GHMBA L Z Lk
PROIMBIZIETE TH - 720

BRI

14 BB 7 — 7 b Ok
Transportation of the HTS cable with the
intermediate joint.
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HAETIRRE 1315 (FHR25F20) 42



INEEZY— R Uy R B®X

HHREE

ED 275 kV-3 KAEBBEETr—JTILORESR

R L 720
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BT — TV mHT AMAERIANV - TR L, 7
7= OB B L THRENDL, TOHHENIES kW
P ETH B 77— FHNOWREFTIIHS R v 7 CTRIE SN,
FIRMIAESEN T 25 2L CHHEND, 77 — 5 OifREHR
EHFER Y TG E NG S IR0 THE SN, HES
3iifkzE#% 5 >~ 2 (CE: Cold Evaporator) 7* HH#ifa S b o

TREHRREC L 25 H%, BhE D =V KOl % i
WA THIE L7zo EOKE, EAIZ6800 A, ¥ —)V Fid
7000 AT D, HEkEfrB L ORI ZIC D HERE T IEA L Twn
Ve B161230 m7 — 7 VDL AT b EIRT, BELEr —
TNEUNRY FENTEY, FHloRIEERH TIE3ARDOCV
F=TIWEERL WA, iU, SROBELET— 7V 3
REOBIREBEAH KD Z L 2R LT b, IRELRMIE275 kV
T AT L OB KERE 300 kV % o #E E 1235 LT (300
kV/v/73), &5IZ304EDNMAELLE ZR L T200 kV-1 7 HiZ
B L7ze 20124R 11 A X ) REIEREERBEZHGBLTBY,
12AICHET L7z, RYRLEERICHFIEL TH 5310 kV % i
BLEZAHAMOME 7Y —Th Y, 0EDIHELILED W
MR Z LM TV D 2 L A L TR 52 T L7251,
ESHICVEHOMGERERE FELTWb,

HTS Cable

T = Temperature Sensor
P = Pressure

L = Level Meter

F = Flow meter

H = Heaoter

prm—
Terminaotion

— —-
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Flow diagram of cooling system.
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Layout of demonstration of 275 kV-3 kA HTS
cable.
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3) IEC62067-2006-03 Power cables with extruded insulation and
their accessories for rated voltages above 150 kV (U/m=170
kV) up to 500 kV (Um =550 kV)-Test methods and
requirements
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