
― 264 ― 第83回　2010年度秋季低温工学・超電導学会

jQTk
t
Tc

bsq TThQ

 Outer diameter (mm) 

Copper former 21.7 (325 mm2) 

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 

100 100

120120

42

Units : mm

Cable central axis

HTS shield layer

Insulation

Joint section

HTS conductor layer 1

HTS conductor layer 2

Copper former

0

0.1

0.2

0.3

0.4

0.5

0.6

0 0.2 0.4 0.6 0.8 1 1.2

M
ux

im
um

te
m

pe
ra

tu
re

ri
se

(K
)

Joint loss (W/m)

HTS conductor layer
HTS shield layer

3C-a01 送電ケーブル (2)



第83回　2010年度秋季低温工学・超電導学会― 265 ―

 

3C-a02 送電ケーブル (2)



― 266 ― 第83回　2010年度秋季低温工学・超電導学会

N
or

m
al

iz
ed

 A
C

 lo
ss

 [J
/m

/c
yc

le
/A

2 ]

It(peak current) / Ic

       3-C
 Ic=9200 A at 68.7 K
 Ic=8550 A at 70.0 K
 Ic=6700 A at 72.5 K
 Ic=4700 A at 77.3 K
 Norris strip *46
 Calculation

       5-C
 Ic=5550 A at 73.0 K
 Ic=4530 A at 75.5 K
 Ic=3860 A at 77.3 K
 Norris strip *28
 Caluclation

3C-a03 送電ケーブル (2)



第83回　2010年度秋季低温工学・超電導学会― 267 ―

 

 

Table 1 Specifications of calculated cables 

  Spiral pitch 
(m) Gap (mm) Width of 

C.C. (mm)
  Inner/Outer Inner/Outer Inner/Outer

Cable
A 

3D 0.4 / -0.2 0.58 / 0.21 4.00 / 4.00
2D Infinity 0.59 / 0.23 4.08 / 4.32

Cable 
B 

3D 0.6 / -0.3 0.62 / 0.39 4.00 / 4.00
2D Infinity 0.63 / 0.40 4.03 / 4.14

Cable 
C 

3D 0.8 / -0.4 0.64 / 0.45 4.00 / 4.00
2D Infinity 0.64 / 0.46 4.02 / 4.08

Table 2 Calculated ac losses of cables 
  Ac loss(10-3 W/m) 

  Inner 
layer 

Outer 
layer 

Entire 
cable 

Cable A 3D 24.5 19.4 43.9 
2D 22.3 33.8 56.2 

Cable B 3D 25.1 39.2 64.4 
2D 22.5 46.0 68.5 

Cable C 3D 25.4 46.9 72.3 
2D 22.6 49.3 71.9 

Curved center line of coated conductor

Segment of straight lateral 
lines on coated conductor

Coated conductor 
wide face

Curved center line of coated conductor

Segment of straight lateral 
lines on coated conductor

Coated conductor 
wide face

Fig.1 Coated conductor faces in a cable
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Fig.2 Distribution of ac loss density along the coated conductor 
axis in outer layer. 
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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 2 m 
superconductor-thickness. The gaps between adjacent coated 
conductors are 0.36 mm wide. Ic 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 It. Detailed properties of cables are listed in Table 1. 

Table 1. Properties of cables constructed 

Number 
of 

layers 

Number of 
coated 

conductors 

Ic of cables (kA) It of 
cables 
(kA) 

Before 
damage 

After 
damage 

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 Ic 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 

a b

c d

Fig. 1 Configurations of cables, (a) mono-layer, (b) 2-layer, 
(c) 4-layer and (d) 6-layer cables. 

conductors located in different layers. Take 4-layer cable for 
instance, “1st layer damaged” means the damaged coated 
conductor is located in the 1st 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. 

 
Fig. 2 Normalized AC losses of cables with/without damaged 

coated conductors and with reduced critical current. 

 
Fig. 3 Normalized AC losses of multi-layer cables with a 

damaged coated conductor in different layers. 
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Experiment of superconducting DC transmission test device of CASER-2 and its future plan  
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 Primary coil Secondary coil
Inner coil 779 89 
Outer coil 554 70 
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