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[1] S. Adachi et al.: Titanium Science and Technology, 4 

(1985), pp. 2139-2146. 
[2] E. Takeuchi et al.: Tetsu-to-Hagane, 93-4 (2007), pp. 309-316. 
[3] K. Nagai et al.: ISIJ International, 31-8 (1991), 

pp.882-889. 
[4] E. Takeuchi et al.: TRANS. OF JSME, A70, 698 (2004), pp. 

1405-1411. 

  
Fig. 1 S-N diagrams at RT (293K) (a) and 77K (b) for Ti-6Al-4V 

       ELI alloy forging. 

  
Fig. 2 Endurance limit diagram of Ti-6Al-4V ELI alloy forging. 
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Fig.1 Innermost layer of a double pancake coil wound 
with a 4laminated HTS tape conductor. 

Fig.2 Normalized current distribution as a function of turns with 
parameters of added insulation. 
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Table1. Parameters of conductors 
CuNi                           
Strand  
 diameter 0.823 mm 
 twist pitch 10 mm 
 Cu /CuNi/NbTi 0.87/1.6/1.0 
Conductor  
 number of strand 8 
 twist pitch 35 mm 
 width 3.49 mm 
 thickness 1.85 mm 
Spacer  
 thickness 2.0 mm 

Cu tape 
Strand  
 width 2.22 mm 
 thickness 1.11 mm 
 twist pitch 38 mm 
 Cu/NbTi 2.4/1.0 
Conductor  
 number of strand 2 
 width 2.42 mm 
 thickness 2.62 mm 
Spacer  
 thickness 2.0 mm 

MgB2
Strand  
 width 1.05 mm 
 thickness 0.504 mm 
 Cu/Nb/ MgB2 1.1/1.7/1.0 
Conductor  
number of strand 10 

 width 2.30 mm 
 thickness 3.62 mm 
 

Table2. Parameters of superconducting coils 
 Old coil CuNi Cu tape MgB2 

Bmax 2.48 T 6.92 T 2.76 T 2.25 T 
Length of 
conductor 5650 m 4277 m 4710 m 5246 m

Diameter 2.39 m 1.41 m 1.86 m 2.01 m 
(1)A.Kawagoe,et al.: Abstract of CSJ Conference,Vol.76 
(2007)p.110 
(2)T.Mito, ,et al.: Abstract of CSJ Conference,Vol.78(2008)  
p.50 
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Fig.1 Peak alternating current bypassing through the load Z as 
a function of source current Io, where the Ic was 20 A. 

Fig.2 Wave forms of alternating current bypassing 
through the load Z 
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Table.1 6

 

Table.1 Specifications of YBCO sample tapes 
Length,          mm 150 
Width,           mm 2 
Cu (plating thickness)  m 10 
Ag (plating thickness)  m 5 
GdBa2Cu3Ox Thickness m 0.9 
Hastelloy Thickness   m 120 
Ic0               A 47 45 46 46 44 47

Fig.1 Simulation result of current trace in each REBCO 

 
Fig.2 Experimental result of Ic/Ic0 with AC over-current 

Fig.3 Experimental result 
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Fig.1. Complex expression B(z)=By(z)+iBx(z) of the magnetic field at z 
produced by an infinitely long z-directional straight thin conductor with 
current I at z0. 
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                      (a)                                                       (b) 
Fig.2. Schematic view of two parallel conductors with triangular or 
polygonal cross-section, (a). Cross section of two parallel N-sided 
polygonal conductor of the vertices, 1, 2, ..., and N with N+1= 1, and 
M-sided polygonal conductor of the vertices, z1, z2, ..., and zM with 
zM+1=z1, in the counterclockwise order (b). 

 
[1] T. Tominaka, Abstracts of CSJ Conference, vol.73, p.277 (2005). 
[2] T. Tominaka, Nucl. Instr. & Meth., vol.A458, p.619-626 (2001). 
[3] T. Tominaka, J. Phys. A:Math. Gen. vol.39, p.6045-6055 (2006). 
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1. Introduction 

Superconducting power transmission cables comprising 
coated conductors have attracted broad attention as one of the 
most valuable and feasible applications of high Tc 
superconductors. AC loss reduction is one of the critical issues 
for their introduction to power grids. This paper presents a 
comprehensive analysis on the influence of gaps between 
coated conductors (tapes) to AC losses of monolayer and 
multi-layer power transmission cables, named gap effect. 
Numerical results have shown that gap effect significantly 
influences AC losses of monolayer cables, but the gap effect in 
multi-layer cables has not been clarified well. Firstly, the gap 
effect to cables constructed with different number of layers is 
discussed. Furthermore, the variation of AC losses of 
individual layers in a 6-layer cable is analyzed. Secondly, AC 
losses of cables with different critical current distributions are 
calculated. The results are presented and discussed for 
comparing the influences of critical current and gap effect. 

 
2. Numerical results and analysis 

All the AC losses are calculated with a numerical model 
employing 1D FEM [1]. As shown in Fig. 1, 4 types of cables 
are analyzed. These cables are classified into 3 groups in terms 
of the size of gaps, including small gap, medium gap and large 
gap, shorted as SG, MG and LG, which are 0.26 mm, 0.36 mm 
and 0.56 mm respectively. Detailed properties of cables are 
listed in Table 1. 

Table 1. Properties of cables constructed 

  No. of 
layers 

No. of 
tapes 

Ic of tape
(A) Width of tape = 2 mm 

Thickness = 0.002 mm  1 25 472 
Ic of cable = 11.8 kA  2 51 231 
It = 7.07 kA  4 106 111 
It /Ic = 0.6  6 165 71 

 
The numerical results presented in Fig. 2 show that AC 

losses increase while applying trapezoidal Jc with bigger 
shoulder. However, no matter what style the Jc profile is, along 
with the increase of layers, the differences of AC losses 
between cables with SG, MG and LG are getting smaller, 
indicating that gap effect performs more influence to cables 
with fewer layers, for instance monolayer and 2-layer cables, 
while hardly influencing cables with many layers, specifically 
6-layer cables. This result proves that, for multi-layer cables, 
small gaps are not absolutely essential to reduce AC losses. 

Fig. 3 shows the AC loss distribution among layers in a 
6-layer cable. By increasing the size of gaps, inner layers are 
more affected and generate more AC loss, while the AC losses 
of outer layers decrease, which counteracts the increases. This 

 

 
Fig. 1 Demonstration of cables with small gaps (SG). From left, 

monolayer, 2-layer, 4-layer and 6-layer cables. 

result essentially explains why 6-layer cables are hardly 
influenced by gap effect. 
 
3. Conclusion 

Gap effect substantially influences AC losses of monolayer 
cables, while hardly affecting cables with many layers. This 
knowledge is very useful for designing and fabricating 
practical cables. 
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1A/mm2, 抵抗率を

― 34 ― 第82回　2010年度春季低温工学・超電導学会

1B-p08 送電ケーブル (3)


	proceedings10s_small_74G1Aa
	19/214
	20/214
	21/214
	22/214
	23/214
	24/214
	25/214
	26/214
	27/214
	28/214
	29/214
	30/214
	31/214
	32/214
	33/214
	34/214


