
 
Fusion energy is expected as a new clean energy 

without CO2 emission. For the nuclear fusion, plasma should 
be confined by large superconducting magnets, for which 
large current is fed by huge bus lines. For such large current 
transmission, superconducting distribution systems seem to 
be effective. And also, future large energy generation by 
fusion systems would require highly effective transmission 
systems for actual use of electric power. Thus, we should 
develop high performance superconducting systems with 
low thermal loss. In this report, we discuss about the thermal 
performance of terminals in 200 m-class superconducting 
direct current (DC) transmission test device of CASER-21). 
The temperature distribution and current dependence of the 
performance of the Peltier current lead (PCL) are then 
discussed.2). 

During the cooling operation, a large temperature 
difference between the ends of both thermoelectric elements 
in the PCL was observed as shown in Figs. 1 and 2. The 
temperature gradient on the Cu current lead in Fig. 1 
corresponds to the heat leak at the low-temperature end. Fig. 
2 is for n-type elements set in terminal A. For the case of no 
current (I = 0 A), the average temperature difference is 55 
K; however, the data in Fig. 2 show a large scatter. When 
current is applied to the system, the temperature difference 
increases because of the Peltier effect, and a large 
temperature difference at I = 1.2 kA was obtained, 
corresponding to a small heat leak, where the temperature 
difference on the Cu current lead was relatively small. The 
situation was similar for p-type elements. A large 
temperature difference was observed during the experiment, 
which increased with increasing current. The typical 
scattering width (standard deviation) of the temperature 
difference is about 8.5 K for p-type elements.  

A large temperature difference was also observed in 
the fourth cool-down. Fig. 3 shows the temperature 
difference at p-type elements set in terminal B, which is the 
improved version of the PCL. The average temperature 
difference is 58 K, and the scatter of the temperature 
difference was greatly reduced (standard deviation of 
temperature differences is 1.9 K). When energized, the 
temperature difference increased with current, improving 
thermal insulation. The stability during the operation was 
also greatly improved with the improved PCL. On the other 
hand, the temperature difference increases with increasing 
current in the measured range from 0 A to 720 A. The 
standard deviations of the temperature difference are also 
small. Of course, the temperature difference should decrease 
for a larger feeding current, as the current leads have 
optimum shape factors at the defined operating current. 
However, the scatter of the temperature difference may be 
small.  

Thus, during the cool-down tests with current 
energization, large temperature differences were observed 

across both thermoelectric elements of the PCL. Therefore, 
we successfully insulated and reduced the heat leak at the 
current terminals. In the fourth cool-down, we improved 
PCL elements with a p-type at terminal B and compared the 
performance of terminals. Several improvements such as the 
balance of resistance of the PCLs can enhance the stability 
and performance of superconducting systems such as 
CASER-2. This approach contributes to the realization of 
applied superconducting systems ranging from small- to 
large-scale applications. 

 
Fig. 1. (a) Temperature distribution along the current lead. 
Values for a PCL with n- and p-types, and also a copper current 
lead, are plotted. (b) Measurement positions; the position of the 
top of the current lead is set as zero.  

 
Fig. 2. Temperature difference across thermoelectric elements 
on the PCL. Filled circles are for a temperature difference 
without a current, and filled squares for that with a total current 
of 1.2 kA. 

 
Fig. 3 Temperature difference across thermoelectric elements 
on the new PCL. Filled circles are for a temperature difference 
without a current, and filled squares for that with a total current 
of 720 A. 
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High Temperature Superconductors (HTS) having 

critical temperatures (Tc) above 77 K, such as Y1Ba2Cu3O7-δ 
(YBCO), Bi2Sr2Ca2Cu3O10 (Bi2223), and Bi2Sr2Ca1Cu2O8 
(Bi2212), are attractive conductors for current lead 
application. The small heat leakage into the magnets can 
save the consumption of liquid helium and cooling power of 
cryocoolers due to low thermal conductivity and no joule 
heating in HTS current lead. Therefore, many researches 
and developments 1)-3) on HTS current leads have been 
studied for large scale application. In present work, 
transport performance and current distribution of current 
lead prepared by YBCO superconducting tapes at 77 K in 
liquid nitrogen has been reported.  

Tri Fluoro Acetates - Metal Organic Deposition TFA-
MOD processed YBCO tapes, with 5 mm in width and
around 110 μm in overall thickness are cut from long tape. 
The YBCO superconducting layer with 1.5 μm is deposited 
on two intermediate buffer oxide layers (GZO and CeO2) 
and Hastelloy substrate tape of 100 μm in thickness. An Ag 
layer, around 6 μm in thickness, is further deposited for 
improving thermal and electrical stabilization and 
mechanical strength. Transport current is supplied through 
the Ag layer.  

Fig. 1 shows the HTS current lead composed of eight 
YBCO tapes, both end joints of Cu and a pair of stainless 
steel ss boards. Eight YBCO tapes are soldered to each slot 
(1 tape/slot) in front and back side (4 slots/side) of Cu joints. 
The critical current Ic of eight YBCO tapes ranges from 150 
A to 180 A at 77 K and self-field. The ss boards are attached 
as shunt in case of quenching, and serve mechanical 
reinforce and relieves thermal stress in the thin YBCO tapes. 
Voltage taps were attached on YBCO tapes, Cu caps and 
joints as shown in Fig. 1. Eight Rogowski coils of 3,000 
turns were set up around each YBCO tape. The current lead 
was cooled down to 77 K by liquid nitrogen in a tub. 
Transport current were measured by facilities of National 
Institute for Fusion Science NIFS. 

The transport current of 700 A was successfully 
carried with no voltage (VYBCO=0) on YBCO tapes. The 
voltages: VCu(+) and VCu(-) almost linearly increased with 
increasing transport current, and the resistances of Cu (+) 
and Cu (-) joints were 1.05 – 1.37 μΩ and 0.82 – 1.05 μΩ at 
700 A, respectively. Fig. 2 shows the imbalance of transport 
current up to 700 A between eight YBCO tapes with sweep 
rate of 400 A/s at 77 K. The current calculated by Rogowski 
coils ranges from 2 A to 172 A, although mean current of 
eight YBCO tapes with no imbalance between eight tapes is 
87.5 A. The lower current in three tapes were 2 A - 13 A, on 
the other hand, higher current in five tapes were 116 A – 

172 A, respectively. The sum of current of eight YBCO 
tapes calculated by Rogowski coils is 692 A, which is the 
slight difference of 8 A in comparison with transport current 
of 700 A. The imbalance of current between eight YBCO 
tapes may result from the difference of contact resistance 
between YBCO tapes and Cu joint in soldering process.  
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Fig. 1. HTS current lead composed of eight YBCO tapes, 
both Cu end joints and a pair of stainless steel boards.  
  
 
 
 
 
 
 
 
  
  
  
  
  
  
  
  
  
 
Fig. 2.  Imbalance of transport current up to 700 A between 
eight YBCO tapes at 77 K.  
 
1) Matsumura, R. et al.: Abstracts of CSJ Conf., 90 (2014) 

156. 
2) Matsumura, R. et al.: 27th ISS2014, SAP-23. Physics 

Procedia (2015) to be published by Elsevier B.V.  
3) Yamada, Y. et al.: 23rd Magnet Technology (2013) 164.  
 

.

   

271

§9.	 Estimation of Current Leads in Large 
Superconducting Systems

Kawahara, T., Watanabe, H., Hamabe, M., Yamaguchi, 
S. (Chubu Univ.), Sugiyama, L.E. (MIT), Shyshkin, O. 
(V. N. Karazin Natl. Univ.)


