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Fig.1 Classification of HTS cable cooling system
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system in 2012
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Table 1. Requirement for the LN2 circulating cooling
system for HTS superconducting cable system

ltems Requirements or goal Spec or countermeasure

Type No LN2 consumption Closed loop LIN circulate and refrigerate
composed of Refrigerator, LN2 pump, reservoir,
valve and piping

LN2 No vaporization Keep Sub-cooled LN2

condition for HV dielectric « Temperature 167077 K
« Pressure : 0.2t0 0.5 MPaG
« Circulate flow rate  : 40 L/min

Reliability Operate without system | « Select ‘time-proven’ apparatuses

shutdown 1 kW - class Stirling cooler &
Centrifugal LN2 pump

« Apparatus redundancy & automatic switching
in case of their maintenance or repair

Control / Unmanned operation « Temperature, pressure and flow rate control

operation « Establish observe / alarm system
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[1] Maruyama et.al. ‘Results of Japan’s first in grid
operation of 200 MVA Superconducting Cable

System’, IEEE Trans.on Applied Superconductivity,
Vol 25, Issue 3, Jun., 2015.
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Photo.1 Turbo—Brayton refrigerator for test
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Fig.2 Liquid Nitrogen circulation system
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Fig.3 Performance Test Results of refrigerator
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Fig.1 Schematic drawing of remote cooling system using 2-
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Fig.2 Schematic drawing of Split—type dilution refrigerator
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Field-angle independent J: properties near H // ¢ in (RE)BCO thin films (1)
—in the case of high-density of nanoparticle pins
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Fig. 1 J«(6) curves in various (RE)BCO thin films containing

relatively large nanoprecipitates.
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Fig. 2 Schematics showing the interaction between a flux line

and spheroidal nanoparticle pins whose size is larger than 2&p.
(a) Strongly deformed flux line when the pin density is high and
(b) almost

a typical distance L) between adjacent pins is short.
straight flux line when the pin density is low and L2 is long.
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Field-angle independent Jc: properties near H // ¢ in (RE)BCO thin films (2)
—in the case of c-axis-correlated nanorod pins at low temperatures
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Fig. 1 Je«(H, 0) of BZO-doped (YGd)BCO thin film at 4.2 K in
applied magnetic fields of 3-20 T. Solid lines with solid
symbols are experimental data [1], and broken lines with open
symbols are data calculated by Eq. (1).

T c-axis >8/' B
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Fig. 2 Schematic showing the stepwise penetration of a slant
flux line in a (RE)BCO thin film with nanorod pins. The Lorentz
forces exerted for the flux-line components parallel to the a-b
plane (white arrows) and the components parallel to the c-axis
(black arrows) are shown.
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Table 1 Specifications of SmBa2Cu3Oy thin films.
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T [K] 93.8 92.7 91.1
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& DL R OFEB i IR R Y BIT 5,
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PERSATF RN BERR EC 2> & IBAD ZaAR DR A2 213 7=,

T T 3
60K 77 K

B[T]
Fig.1 Magnetic field dependence of critical current density of
three samples.
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Fig. 2 Temperature dependence of apparent pinning potential

energy of three samples.
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Fig. 1. Contour map of the normalized Ginzburg-Landau energy

density f = (,uOHC2 /2)_13—" on the order parameter (x) vs
superconducting current density (y) plane. Broken lines 1 and
2represents Egs. (3) and (8), respectively.
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