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Fig. 1 Overview of the sample coil. (a) stacked conductor, (b)
sample coil with transposition
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Fig. 2 The magnetic field distributions around the sample coil.

(a) normal position, (b) 50 mm movement to the upper side
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Fig. 3. Measured results of AC loss in the coil under the

inhomogeneous magnetic field distributions
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Fig.1 AC loss properties in case of simultaneous application of
ac transport current and external ac spread magnetic field.
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The measurement of ac losses in high temperature
superconducting coils by using poynting’s vector method
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Fig. 1 Current in three—phase 6, 12, 24—pulse rectifiers

Table 1 AC loss for various pulse rectifier current

Pulses AC loss (uW/m)
6 473
12 13.6
24 0.415
S& Xk
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Critical current of BSCCO tape relating with cable structure for the DC HTS power cable
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1. Introduction

DC superconducting power transmission system has been
studied at Chubu University by using high temperature
superconducting (HTS) tape wires [1]. In the 200 m HTS
power cable system, called as CASER-2, a coaxial cable is
used as shown in Fig.1, which is made of BSCCO tape wires by
Sumitomo Electric Industries (SEI). There are 23 tape wires
with a two—layer structure for the inner conductor and 16 tape
wires for the outer conductor with a monolayer structure in
consideration of the gap effect on the critical current of the
tape wires in the cable, which will lead to the reduction of the
maximum current of HTS power cable [2]. In order to optimize
the structure of a HTS power cable, we have been studying
the effect on the performance of BSCCO tapes for the
superconducting DC power cables relating with cable
structure [3]. In the present experiments HTS tapes are set as
a similar structure in the cable with a two—layer structure by
considering the winding methods because of two kinds of
winding directions as shown in Fig.1.

2. Samples and experiments

BSCCO tapes are used with cross sections of 4.5 mm wide
and 0.35 mm thick same as those in CASER-2 power cable.
In the present experiments, the HTS tapes are prepared with
length 27 ¢cm and set as the tape arrangement in the cable with
a two-layer structure as shown in Fig 2. The tapes are
insulated with each other and the critical current
measurement is performed at 77 K. Different currents are
applied to the tapes using two power supplies. The critical
current of the middle tape #3 is measured against the gap
between the tape edges in the same layer for different current
in other tapes.

3. Experimental results and discussion

Fig.3 shows measured critical current for single and five
tape arrangements with a 2 mm gap. The critical current
increases with respect to the neighboring current. When the
neighboring current is larger than 80 A, the critical current
becomes larger than that of single tape. The measured critical
currents of middle tape #3 increases 10% for 2 mm gap in the
five straight parallel tapes arrangement and thus the critical
current of BSCCO tape is improved when there are gaps
between the tapes in the same layer. As shown in Fig.1, the
tapes for inner HTS conductor are wound crossly between
each layer. Since there are two winding methods for a cable as
in the inset of Fig.1, the experimental results will be presented
for different arrangements in consideration of twist effects and
winding directions to improve the property of the DC HTS
cable. The improvement of the critical current of BSCCO tape
in the cable due to magnetic field interaction between the
tapes can be obtained by optimizing the tape arrangements.

Fig.1 CASER-2 power cable and winding direction

(I) 2I0 4I0 6I0 8I0 160 12IO léllo
Neighboring current 12 (A)

Fig.3 The critical current of tape #3 for 2 mm gap
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Table.1 Specifications of superconducting model cable

Outer diameter (mm)

Copper former
Hollow diameter

30.6 (412 mm?)
14

HTS conductor layer

35.4 (2 layers, 1.=6000 A)

Electrical insulation

79.4
(Tyvec®/PE)
HTS shield layer 80.0 (1 layer, 1.=6000 A)
Copper shield layer 86.5 (210 mm?)
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(a) Experimental results
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Fig. 1 Shield current
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Fig. 2 Temperature increase on superconducting layer
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Table.1 Items of 30 m cable test

Item Condition Result
/. Conductor / Shield 7K 6800 A /7000 A
Partial Discharge (PD) 310 kV - 10min No - PD
Loss Dielectric / AC 200 kV - 3 kA 0.7 W/m / 0.19
W/m
Long - term electrical 200 kV - 1 month Completed
test 3 kA ON/OFF over 20 cycle
60x10> ‘ L ax10°4 -
— 504 -
= %7 () s . ® i)
o 40 - o 7000A
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s £
S 304 6800 A S 2 H
8 204 -8
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Fig.1 Cable [ (a)conductor layer (b)shield layer
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som —— Shield Current
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Fig.2 long—term AC current test
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Transient Stability Simulation on Pressure of HTS Power Cable
forced cooled by sub-cooled Nitrogen
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Fig.3 Pressure Simulation Results by Pump Circulation Model
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Table 1 Specifications of analysis.

Conductor composition Tri—axial BSCCO 1-layer

HTS tape thickness 0.3 mm

Cu stabilizer thickness 2.2 mm

PPLP® insulation thickness aborb-c 5.5 mm

outer ¢ 3.0 mm
Nominal power 500 MVA
Nominal voltage 66 kV
Transport current 4.4 kA

Radii of phase—a,b,c (42.0, 50.0, 58.0) mm

Thermal insulation pipe SUS corrugated pipe
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Fig.1 Maximum cable length in consideration of elevation of
boiling point of the liquid nitrogen.
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AC loss characteristics of HTS power cable using REBCO wires
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Tabel 1 Specifications of HTS wires.

Clad (4mm™“) Clad 2mm") IBAD (2mm"“)
Substrate Textured metal | Textured metal Hastelloy®
Buffer Ce0,/YSZ Ce0,/YSZ GZ0O/MgO
layer /CeO, /CeO, /LMO/CeO,
HTS layer GdBCO GdBCO GdBCO
g}(/);fctlon Ag, Cu Ag, Cu Ag, Cu
Thickness 170 um 170 um 150um
Ic @77K 125~ 165A 60~90A 110~130A
Tabel 2 Specifications of HTS conductors.
A B C D E
Former FRP pipe (21 mmo)
Clad, Clad, Clad, Clad, IBAD,
1* layer 4mm", 4mm", 4mm", 2mm", 2mm",
MS MS MS LS LS
Clad, Clad, Clad, Clad, IBAD,
2" Jayer 4mm", 4mm", 4mm", 2mm", 2mm",
MS MS MS LS LS
Clad, Clad, Clad, Clad, IBAD,
3" Jayer 4mm", 4mm", 4mm"”, 2mm"~, 2mm"~,
MS MS MS LS LS
Clad, Clad, Clad, Clad, IBAD,
4" Jayer 4mm", 2mm", 2mm"~, 2mm"~, 2mm"~,
MS MS LS LS LS
0O.D. 24 mm
Ilc@77K | 83kA | 82kA = 83KkA 84kA | 124KkA

¥MS: Mechanical Slit, LS: Laser Slit
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Fig.1 Measured AC loss of the HTS Conductors.
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Fig.2 Normalized AC loss of the HTS Conductors.
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