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Development of cooling system for high—temperature super conducting cable
. Results of cooling tests
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fig.2 Photos of refrigerator and LN2 circulation apparatus
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Development of cooling system for high—temperature super conducting cable

. Development status of Brayton refrigerator
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The result and evaluation of HTS cable system operation on real grid
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Fig.1 Diagram of LN2 cooling system
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Table.1  Cause of cooling capacity decrease

Assumption Factors Measures Results
Working gas Recharge of He

&8 & 40W per unit
Decrease of He gas gas
Reduction of the .

Vacuum 30W per unit.

vacuum
Mechanical friction Maintenance 200W per unit
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Fig.1 Calculation Result of LN2 in the Sealing up
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Table.1 Stress to depend on a 30m cable
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4 FED

A FE Tl R T SN e — T VN O 2K Bl i
EEIToT, BHREDOBRAEERIC OV CRE-BEELES
ORREREH L, $l27r—~DFAVIENTZ PPLPO®%
PET SRELTNE, ABESNDE S O#PHTHEr—7 LNIC
DINBIG T EFBEL, BT+ —<EE 2 10 MPa f2E £
TROT — 7 MEEO GRSz ol

SE

1. Y.Sato, et al.: Abstracts of CSSJ Conference, Vol. 88
(2013) p.24

2. M.Furuse, S.Fuchino, K.Agatsuma, et al.: IEEE Trans. On
Applied Superconductivity, Vol. 21 (2011) p.1021

3. R.P.Reed, et al.: Cryogenics, 13 (1973) p.71

A8l 20144F AT T4 - il HE AR



2C-a05
BRABRDENBE

R

BT —TRHMD T 1 V(2 AR L

mprovement of recovery characteristics of REBCO wire with cooling fins
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Fig.1 Photo and Schema of test superconducting tapes without
(No.1) and with SUS triangle fin (No.2), Cu L—shape fin (No.3).
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Fig. 2 Experimental result: transport current (left)
and resistance of each sample (right) for Cu coated
REBCO sample.
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Fig.4 Simulation model of superconducting wire with
fin (left) and simulation result of resistance change
with exponential current as in Fig.1 (right).
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1.  Introduction

Innovative DC  superconducting cable with higher
current—carrying capacity than in conventional cables was
proposed [1-2]. The superior property is brought about by the
parallel magnetic field that enhances the critical current
density. In this work, the current—carrying capacity of a single
layer composed from Bi-2223 tapes, which simulated the
innermost layer of the inner conductor of superconducting
cable, was measured in the parallel magnetic field to prove the
feasibility of the proposed cable. The influence of the twisting
of the cable was investigated for obtaining optimum structure

of the cable.

2. Experiment

The innermost layer of the innovative multilayer cable with
effect of enhancement of current—carrying capacity under
longitudinal magnetic field was investigated experimentally.
The samples of the 13 tapes in one layer are shown in the
Fig. 1.

Fig. 1. One layer samples (a) without inclination and (b) 15

degree inclination. The number of tapes is 13.

The sample was inserted in the magnetic field parallel to the
axis and voltage—current characteristics were measured. The
value of critical current was obtained by the criterion 10™#V/m
from this dependence.

3. Results and discussion

Fig. 2(a) shows the external magnetic field dependence of
current—carrying capacity of the Sample A with comparison
with the one of single tape multiplied by 13. It was obtained
that the cable structure increases the current—carrying
capacity due to elimination of the normal field component to
the tape surface.

The Sample B with twisting of 15 degree demonstrates the
increasing of current—carrying capacity in longitudinal
magnetic field (Fig. 2(b)). The critical current of Sample A is
almost flat up to about 0.1 T of Bgy and then, decreases
with increasing Bgy. On the other hand, the critical current
of the Sample B has a peak at around Bgy~0.08 T.

— 100 —

I-“"'”"”'*—u,, — A = Sample B
. o -
A Ja
\ 0°13 tapes I Il By e 1eB g =15°
E ] Sample A E }‘ - 15 degree
- . ~ / N
2000 s 2000 / H LY
\ . | Bea - N
\ 3 —=. .
' 11 B el
fel 2. 0 degree LR
0°1tapex 13 S Sample A . 4
° .
100 o 0.5 1
0.5 1
Bexe[T] Bext[T]
(a) (b)

Fig. 2. The dependences of current—carrying capacity of the
cable with comparing of single tape for (a) 0 degree and (b) 15
degree.

Inside of this layer the transverse self-field increases from
0 T from inner part till B, in outer part of the cable. The

transverse magnetic field B<p is:

Uol,  4m x 1077 x 2800

Bo = omR = amx o001 00T
tan ¢ = 32056 @=35°

Average angle (from 0 to 35 degree) is about 17 degree. In
this condition of the peak I, of 3000 A under Bgy=0.08 T,
the transverse self-field By, is about 0.056 T. The angle of
magnetic field changes from 0 degree on the inner surface up
to ¢ = 35 degree on the outer surface of the cable. The
average inclination 17 degree is close to the inclination of the
superconducting tapes (15 degree), and it is reasonable to
obtain the peak I,

This result gives us a prospect to attain specially designed
multilayer cables with high efficiency [1, 2] where the tapes in
each layer are optimally arranged with respect to the field
angle.

in this condition.

4. Conclusion

It was found that the critical current was increased by about
10% in the form of the cable due to the elimination of the
normal field.

The critical current of the twisted cable had the peak at the
longitudinal magnetic field of 0.08T in which the current
direction was approximately parallel to the mean field
direction. It is expected to achieve significant enhancement of
the current—carrying capacity for specially designed cables
that realizes the longitudinal magnetic field effect in every
layer.
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Fundamental study on drug delivery system with rotating magnetic field
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Investigation of an input/output control method considering SMES coil current for compensating

for fluctuating output of natural energy
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Steady—state driving characteristics analysis of high temperature superconducting
induction/synchronous machine taking account of COP of cryocooler
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Fig.1 2D FEM model of 50 kW class fully superconducting
HTS-ISM
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Development of optimal variable—speed control code of high temperature superconducting
induction/synchronous machine—Proposal of fixed magnetic flux control
depending upon rotating condition and its fundamental study
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