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Abstract In order to facilitate the supply of gradually increasing power demand, it is also
necessary to increase the number of power cables for power transmission as well as generation
facilities. However, the expansion of electric power cables for supplying power to most urban areas
requires a space for installation of additional cables, and the space for installing cables in domestic
downtown areas is insufficient at present. The superconducting power cable, which can transmit
more power with the same size, has emerged as an alternative to overcome the insufficient cable
installation space. However, superconducting power cables, which have the advantage of large power
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AC loss characteristic analysis of superconducting power cable for high capacity power transmission

transmission, have some losses in the AC (Alternating Current) system. Therefore, the design and

analysis of AC losses are essential to introduce superconducting power cables in AC power

transmission systems. In this paper, we analyze the AC loss of various superconducting power

cables and consider the actual superconducting power cables and their application to the system.

Although there is a theoretical calculation method of AC loss for single superconducting wire, it is

not easy to calculate AC loss of superconducting power cable with large number.

Therefore, the authors intend to analyze various kinds of superconducting power cable AC loss

by using electromagnetic finite element analysis considering E-J (Electric field-Current density)

characteristics of superconductivity. The analysis of the AC loss characteristics of the

superconducting power cable will be an important factor in the design and development of the

superconducting power cable to be applied to the actual system.
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Fig. 1 Configuration of conventional power cable and superconducting power cable
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Fig. 2 Circuit diagram of conventional power cable and superconducting power cable
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AC loss characteristic analysis of superconducting power cable for high capacity power transmission

Rated value | Use

High capacity

Three separate phases High voltage

(1 core, 1 shield, 1 cryostat) ' (higher than ~138 kV

000, e

High capacity

. Mid voltage
3 phase in 1 cryo envelope

(3 cores, 3 shields, 1 cryostat)

class)
Mid capacity
Mid volt: I
Concentric HTS power cable 1€l voltage, low
voltage

(1 core, 1 shield, 1 cryostat)

* concentric cable standard, supposition of same capacity

( 13.8 kV~50 kV)

(higher than ~66 kV

Type | Industries
Outer cryostat
Cable core

e

LS cable, Nexans,

\ Furukawa
nner cryostat

Thermal super-insulation

Spacer Inner / Outer cryostat
Cable core
G

W LS cable, SEI

Thermal super-insulation

Dielectric  Phase 1 HTS
Cryostat Former

Southwire, NKT
- HTS TRIAX®
Phase 2 HTS

Copper Neutral Phase 3 HTS

Ref: CAPTA

Fig. 3 Comparison of superconducting power cable structures

Table 1 Design components of superconducting power cable system

Design Design items Design factors
component
Current distribution Impedance
(impedance balancing) R, L, C
HTS layer Ra.lt.mg current,
AC loss critical current,
(Current) o
magnetic field
. Rating current
Edd duced t 1 .
y (induced) current loss current distribution
Insulation . . Withstand voltage
(Voltage) Insulation thickness (AC, PD, impulse)
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Table 2 Conditions of FEM analysis

Analysis conditions Design factors

Width 4 mm
Thickness 0.1 mm
I, 100 A
Eo 10* V/m
n 10
I 0-> 862 A
0.040 T T T v T T T
—8— Norris strip
00358 o pem
0.030 |
00250
<
E 0.020
300154
;
0010
0.005
+strip
0.000 - : .
0 20 40 80 80 100

Peak transport current (A)

Fig. 5 Results of FEM analysis
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AC loss characteristic analysis of superconducting power cable for high capacity power transmission
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Fig. 7 Results of Multi-phase Superconducting

power cable analysis
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