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Table.1 Specifications of 275 kV Class YBCO Power Cable

Outer diameter (mm)

Copper former 21.7 (325 mm?)

HTS conductor layer 26.8 (2 layers, 14 tapes/layer)

Insulation 75.3
HTS shield layer

75.8 (1 layer, 43 tapes)

Copper shield layer 82.2

Insulation 84.0

120+ HTSshield layer 120 :

4 Insulation ; 100; +100 :HIS conductor layer 2

} Copper former )
“Cable central axis HTS conductor layer 1

=== Joint section
Fig.1 Joint Model

Units : mm
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Fig. 2 Results of maximum temperature rise
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Table 1 Specification of 2-layer HTS conductors

5-C 3-C
YBCO  tapes | 5 mm (original) 3 mm
width (after laser slitting)
HTS 2-layer 2-layer
Conductor 1-layer: 14 tapes 1-layer: 23 tapes

2-layer: 14 tapes 2-layer: 23 tapes

Outer diameter | 25.5 25.5

[ of the | 3860 A (77.3 K) 4700 A (77.3 K)
4530 A (75.5 K) 6700 A (72.5 K)
5550 A (73.0 K) 8550 A (70.0 K)
9200 A (68.7 K)

conductor

AC loss at 3kA | 1.56 W/m (73.0 K) | 0.297 W/m (70.0 K)

0.235 W/m (68.7 K)

YBCO tape TFA-MOD YBCO 1.5 um
5 mm width, Z :150 A(300 A cm ™)
| | | | |
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Fig.1 Normalized AC loss of 3-C and 5-C
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Table 1 Specifications of calculated cables

Spiral pitch Width of
(m) Gap (mm) ¢ ¢ (mm)
Inner/Outer Inner/Outer Inner/Outer
Cable 3D 0.4/-0.2 0.58/0.21 4.00/4.00
A 2D Infinity 0.59/0.23 4.08/4.32
Cable 3D 0.6/-0.3 0.62/0.39 4.00/4.00
B 2D Infinity 0.63/040 4.03/4.14
Cable 3D 0.8/-0.4 0.64/0.45 4.00/4.00
C 2D Infinity 0.64/046 4.02/4.08

Table 2 Calculated ac losses of cables
Ac loss(10™ W/m)

Inner Outer Entire
layer layer cable
CableA 5 253 538 5oz
CaleB o0 335 g0 ess
CaleC o0 306 493 719

Curved center line of coated conductor

Coated conductor ~ Segment of straight lateral
wide face lines on coated conductor

Fig.1 Coated conductor faces in a cable
(b) 05

T T LI ‘ LI T T ‘ LI T T ‘ T LI T
Tape-on-gap Outer layer

0.2 —e—3D
° 2D Model A

y —=—3D
0.1 - 2D Model B

AC loss power density (1 0° W/m3)

3D

- A
Tape-on-tape a op Model ¢

0
0 5 10 15 20
Position along the coated conductor axis (mm)

Fig.2 Distribution of ac loss density along the coated conductor

axis in outer layer.
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Fig. 1 Cable model used in numerical calculation.

Sub-cooled Terminal A (inlet)
u

LN, flow LA
— —
+| IDI |[j| Themo

meter

Pump Refrigerators (at21m)

SCcable
(Totallength : 30m)

Joint
Terminal B (outlet)

Fig. 2 Schematic of 30-m cable model

Table 1 Test conditions of over—current test

Average inner diameter of corrugated pipe 108 mm

Diameter of cable cores 45.6 mm
Temperature of LN, at the inlet 74.5 K
Pressure of LN, at the inlet 0.31 MPa
Flow speed of LN, at the inlet 0.173 m/s
Heat load 2.5 W/m
Fault current / duration 10 kKA / 18.6s
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Fig. 3 Calculated temperature distribution of subcooled liquid
nitrogen along the cable model.
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Fig. 4 Comparison of calculated and measured coolant
temperatures.
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1. Introduction

AC loss is one of the most important characteristics of
superconducting power transmission cables for their
introduction into power grid. Cables are composed of several
tens of coated conductors, and there might be a damaged
coated conductor among them; existence of a degraded section
along a coated conductor may be more possible. Damaged
coated conductors can cause distortion to magnetic fields and
reduced capability of transporting power to cables, which
consequently increase the entire AC losses. This paper presents
a detailed analysis on the influence of damaged coated
conductors on AC losses of superconducting power
transmission cables. First, AC losses of cables with/without
damaged coated conductors are calculated. The influence of
damaged coated conductors is discussed. Second, the influence
of location of damaged coated conductors is analyzed.
Corresponding numerical results are presented and discussed.

2. Numerical results and analyses

All the AC losses are calculated with a numerical model
employing 1D FEM [1]. As shown in Fig. 1, cables are
constructed using 4 mm wide coated conductors with 2um
superconductor-thickness. The gaps between adjacent coated
conductors are 0.36 mm wide. I, of each coated conductor is
100 A. Damaged coated conductors do not carry any current
and cables before and after damage carry the same transport
current /. Detailed properties of cables are listed in Table 1.

Table 1. Properties of cables constructed

Number  Number of 1. of cables (kA) I, of
of coated Before After cables

layers conductors  damage  damage (kA)

1 13 1.3 1.2 0.78

2 27 2.7 2.6 1.62

4 58 5.8 5.7 3.48

6 93 9.3 9.2 5.58

The numerical results presented in Fig. 2 show that AC
losses increase in all cables after damage. Mono-layer cable is
most affected by the damage, whereas 6-layer cable is slightly
influenced. Cables not damaged but have the same I. as
damaged ones, which evenly distributes among all the coated
conductors, are also presented in Fig. 2. The AC losses of these
cables are higher than the undamaged ones, however much
smaller than the damaged ones. This proves that damaged
coated conductors have a significant influence on AC loss.

Fig. 3 shows the AC losses of cables with damaged coated
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Fig. 1 Configurations of cables, (a) m(ﬁ)-layer, (b) 2-layer,
(c) 4-layer and (d) 6-layer cables.
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conductors located in different layers. Take 4-layer cable for
instance, “1* layer damaged” means the damaged coated
conductor is located in the 1 layer counting from inner layer.
It is obtained that the location of damaged coated conductors
has a subtle influence on AC loss comparing to the damage
itself. Specifically, cables are more affected while the damaged
coated conductor is located in the outer middle layer.

3. Conclusion

Damaged coated conductors have a significant influence on
AC losses of superconducting power transmission cables. The
influence weakens as the number of layers increases. Location
of damage affects AC loss slightly.

This work is supported by the New Energy and Industrial
Technology Development Organization in M-PACC project.
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Fig. 2 Normalized AC losses of cables with/without damaged
coated conductors and with reduced critical current.
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Fig. 3 Normalized AC losses of multi-layer cables with a
damaged coated conductor in different layers.
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Tablel. Specifications of the RE123 wires.

Items Details
Width (mm) 4.0
Thickness (mm) 0.17
Average /c (A) at 77 K 150

Table2. Specifications of the HTS conductor.

Items Details Diameter (mm)
Former FRP pipe 20
4 layers
HTS Conductor | pp 193 ires, 57 pes 23

20,

15???‘.::4-_.......3 ________ f________lj ________________ "'T _______

_____

10

Ic (KA)

5|.| @ Measured Ic
— Calculated Ic
----- Sum of wires' Ic

**************************************

e e 70 72 74 76 78 80
Temperature (K)
Fig.1 Measured /c of the HTS conductor.
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Fig.2 Measured AC loss of the HTS conductor.

4. IWNTIZ

[N BRABEETE ISR 7 ey =7 N2k
W, SRR A V- 66kV/BKA k=L —FERLEE
WM —7 VORRSEEFERL TS, K7 Y 7 MNISHER
EO3FEHZ ML TEY, ISTEC K OKF LD I FIRFZEAE
Dbl TR 22 4 I KB KR KA S O IR BE
FESE T IH DML FEIT > TND, 51k, TRFEAM
2R, R 23 4RI 16m BB — T L o BliE | SRR 24
FERr—T VAT AEMEEREEZ T ELTRY, &
BRI« E R E B L BRI ORGEET T,

B ETS
AWFFEIE NEDO OO FEFEUCEINFERM LI D TH D,

SE R

1. N. Fujiwara, et al.: Abstracts of IEE] Technical Meeting,
(2009) Vol.5, p.183-184

2. M. Ohya, et al.: Abstracts of CS] Conference, Vol. 82
(2010) p.27

3. M. Ohya, et al.: submitted to Applied Superconductivity
Conference 2010

4. K. Ohki, et al.: Abstracts of CS] Conference, Vol. 82
(2010) p.114

H83IE 20104F BERKF il T2 - B H Y&



3C-a08 EWAES Al

KEPCO HTS BN —J ILDERMKE
Installation of KEPCO HTS power cable in real grid

B, fROREE, MR KK, % AL, % RRLD (KEPRI)
YANG Hyung Suk, SOHN Song Ho, Lim Ji Hyun, Oh Seung-Ryle, HWANG Si Dole (KEPRI)
E-mail: yanghs@kepri. re. kr

1. [ZLoIc 3. ARV RT L
BEE ) TIX, 2006 FBRE S —T NV AT N b BHIY AT JAORMERK %X 31T, WENRA R
EHE N FEFRBR ¥ — gl L B REr—7 1 IRERMPEERG AT T, BEMRH S 2T & L ERA
(22. 9kV &) IR HEE FH O FTRENE & 3B Oz o ERMWR VAT LTHEREIN TS, KA TLATEH
2O DR AT - Tx i [2], ERFEBRT A 7 L IZEASRT B E DT 77— —Dh OIREEZELBET S
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1 saint | HTS Cably

Fig. 3 P&I diagram of the cooling system for the
KEPCO HTS cable. T; temperature sensors,
P; pressure transducers, F: flow meters.
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Table 1 Positions of Two Terminal Cryostats

Cryo—A [mm] | Cryo—B [mm]

After construction 0.0 0.0
1t cooling down -157 -368
1* temperature rise" +32.5 -234
2" cooling down -162 -294
2" temperature rise +7 -100
(B mm]

ME (KFM2EE)

BiEEs—7
(HTST—7#344)

Fig. 1 X-ray photo in room—temperature

S& Xk

S. Yamaguchi, et al.: “Design and construction of 200-meter
high temperature superconducting DC power cable test
facility in Chubu University”, ICEC23/ICMC2010, Poland.
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Table 1. Inductance of the proposed transformer
type SCFCL having rewound structure.

Primary coil | Secondary coil
Inner coil 779 89
Outer coil 554 70
Connected Inner
and Outer coils 238 37
(rewound coil)
Mutual inductance 72.9
Unitip H
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Fig.1 Experimental circuit
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Fig.3 Secondary current, current and voltage of SCFCL
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Fig.4 Waves of the SCFCL in the first and second fault
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