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Figure 1 XRD patterns of the (Ba,Na)Fe,As, powder and tape.
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Fig.1 Schematic drawing of experimental apparatus.
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Fig.3 Temporal evolution of the measured magnetic
signal strength on a Hall-sensor module.
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Fig. 1 Crystal structure of Ba,Cu;0.X; (Ba2342) (X = CI, Br)
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Fig. 3 Jelly—Rolled single billéts before the extrusion.
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Investigation of cooperation of the current limiting of superconducting transformers and
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Table.1 Parameter of a superconducting cable
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Table.2 Parameter of a 20MVA superconducting transformer
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Table. 1 Parameters of SEFCL REBCO coil limiting
performance simulation.

Applied voltage (DC) 300 [V]
Average critical current 130 [A]
REBCO coil diameter 7 [cm]
REBCO Coil height 14 [cm]
Number of turns 10

Table. 2 Specifications of computer and compiler.

CPU Intel Core i7 6700 (4 cores@3.4 GHz)
RAM DDR4 16 GB@2133 MHz
Compiler Intel Parallel Studio XE 2018
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Fig. 1 Simulation results of current and resistance of SEFCL
REBCO coil during limiting operation.
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Fig. 2 Temperature distribution at 200 ms on the SFCL
REBCO coil because of critical current inhomogeneity.
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Table. 1 Design results of SFCL
Applied voltage (DC) 300 [V]
Average critical current 130 [A]
REBCO coil diameter 7 [cm]
Coil height 14 [cm]
Number of turns 10
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Fig.1 Fault current and voltage drop at SFCL REBCO coil
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Fig.2 Maximum and minimum temperature of REBCO coil
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77.3[K] (a) Front view

Fig.3 3D temperature distribution on SFCL REBCO Coil

(b) Back view
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Table 1 Calculation condition

Helium loop Conduction

Cooling method . .
cooling cooling

Distance between

GM cooler and coil x [m] Lo, 10 Lo, 10
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Fig. 1
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Fig. 2 Profiles of pressure drop and temperature rise along
three-in-one HTS cable.
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1. Introduction

In recent years, considerable progress has been made in
the development of HTS DC power transmission (PT) systems.
Despite the fact that the Joule heating loss is practically
absent in HTS DC cable, the energy, however, must be spent
to remove heat that penetrates into the cryogenic zone from
the outside. Among others, heat loss occurs through the
current leads, which are usually designed for the high current.
There is a large number of models of cryogenic current leads,
but Wiedemann—Franz law limits their effectiveness. The
alternative method to reduce significantly that loss is to use a
Peltier element installed in series in the power circuit acting
as a heat pump working against the natural heat flow. Peltier
current leads (PCLs) were first applied for industrial purposes
on 500 m long HTS DC PT line in Ishikari (Hokkaido).

| Atmosphere

Bi-Te
Peltier —

element Vacuum

Uz

Braided wire Us

Braided wire \

Liquid nitrogen HTS tape

e

o

Fig. 1. Sketch of PCL and measurement points; PCL used
with 500 m long HTS DC cable in Ishikari.

2. Experimental set up

The HTS DC cable is designed for a current of 5 kA and a
voltage of 20 kV. It consists of 72 superconducting tapes
wound into 5 layers. The operating current of tapes is about
143 A. Each tape is connected to the external power circuit
by means of two individual PCLs. Therefore, in total 144 PCLs
are installed on the terminal cryostats. Thermocouples and
voltage taps allow us to measure temperatures of the upper
(T,) and the lower (T)) sides of the Peltier element, the voltage
at the Peltier element (U,), the voltage drops across braided
wires connecting PCL and feedthrough (U,), and connecting
feedthrough and HTS tape (U,) at the individual current (I)

measured by the external current transformer, as shown in Fig.

1. In addition, the voltage drop across each of the HTS tape is
monitored also. Therefore, 936 PCL data channels should be
analyzed. The data acquisition system is comprised of four
Keithley 3706A multimeters equipped with 60—channel model

3724 FET multiplexer cards controlled by customized
application written using LabVIEW software solution.

3. Results

Seebeck coefficients were estimated during cool down by
measuring the voltage depending on the temperature
difference (A T) applied between the warm and cold terminals
of the de—energized Peltier elements. The average values of
189.1(3.7) and 176.7(2.4) pV/K were obtained for 7 and
p-type elements within the interval from 228 to 276 K. The
small spread of values confirms a good quality of PCLs.

During experiments total transport current varied stepwise
from 0 to 5.0 kA; triangular waveform was used to achieve 6.0
KA. It should be noted that even at 6.0 kA the approaching to
the cable critical current was not observed. Therefore, the
process of the cable manufacture was robust enough.

30

25

20

15

Number of PCLs

10

75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91
Temperature difference, °C

Fig. 2. Frequency distribution of AT at maximum PCL
current of 5.0 kA.

In particular, AT maintained at the Peltier element at an
operating current can characterize the efficiency of PCL.
Information about this parameter for the array of PCLs can be
visualized in a compact form by frequency distribution (see Fig.
2). Other temperature dependences obtained allow us to
evaluate the operating time of the PCL in case of overload.

Even in idle mode heat loss reduces due to the high
thermal resistance of the Peltier element. The measured single
PCL heat loss at zero current was 2.6 W, whereas a standard
optimized copper current lead would exhibit 5 W loss.
Therefore, twofold decrease was confirmed, which is very
important, for example, for railway applications.
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Development of low magnetism Black coating of high emissivity of Ni—-P type
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Fig. 1Comparison of Volume Magnetization at 5 K

between normal and Low magnetism Solblack
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Fig.2 Volume Magnetization of Low magnetism Solblack on Aluminum at 5 K
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