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100 years from the discovery of superconducting phenomena, applied superconductivity
have been utilized practically such as MRI and so on. These technologies are expected to
be applied not only high efficiency of energy use but also new equipment without super-
conducting properties. To utilize the superconductivity, all the equipment should be main-
tained at low temperature. In 1987, C. W. Chu et al. discovered an oxide superconductor
with a superconducting transition temperature over 90 K. It means possibility to use it
under liquefied nitrogen immersed cooling. The feasibility of superconducting power
transmission cable, superconducting electric motor, superconducting fault current limiter,
and so on are recognized again.

The phase transition (so call S/N transition) from the superconducting state to the nor-
mal-conducting state of a high temperature superconductor is not steep as a low tempera-
ture metal superconductor, and there is a transition phenomenon called a magnetic flux
flow state. Understanding and utilizing this transition phenomenon are essential for prac-
tical application. Therefore, for practical use of superconducting applied equipment, an
analytical expression of S/N transition has been proposed. Applying to the superconduct-
ing transmission cables, which are also attracting attention globally, and the superconduct-
ing fault current limiters have been analyzed. A proposal for practical application of su-
perconducting technology have been carried on.

In chapter 1, integrating the superconducting transmission cable to the railway system,
which is receiving great attention globally, and operating as a superconducting fault cur-
rent limiter to protect this superconducting power transmission cable. The DC supercon-
ducting power transmission cable is well matched with a DC railway system, due to its
high current density and no AC loss. Furthermore, many solutions for the voltage drop,
problem of new / existing substation, the regenerative invalidation are described. A super-
conducting fault current limiter is a new electric power device which suppresses a fault
current with the impedance yielded by the fault current without energy loss in an ordinary.

In chapter 2, the GL theory, which shows the existence of the type I and type II super-
conductor phenomenologically, following the BCS theory, which is the microscopic theory

of superconductivity. Furthermore, the development of practical high temperature oxide



superconducting wires is mentioned. As examples of an applied superconducting system,
major projects of superconducting transmission cable, especially direct current transmis-
sion systems and mention superconducting fault current limiter are described. Finally, as
the target of the analyzing method, the railway cable system has been defined.

In chapter 3, an analytical model has been built, which gives the thermal and electrical
characteristics of high temperature oxide superconducting wire under S/N transition. It
showed that the resistivity depends on current density during S/N transition as electric
characteristics, especially high temperature superconductor. Next, investigated that the
effect of resistance considering current dependence on electric characteristics. When the
resistivity has current density dependence, an effect corresponding to electromotive force
occurs. This electromotive force is equivalent to the electromotive force corresponding to
the current change rate of the resistivity and becomes zero in the normal conducting state.
Furthermore, similar results are derived from the energy minimum principle based on a
simplified model using a voltage table expressing the current dependence. In electrical
engineering, magnetic flux and current are said to be in a dual relationship. Therefore, it
was compared that the flux quantization phenomenon from the phenomenon inherent to
superconductivity related to magnetic flux. Both phenomena maintain the energy minimum
state by mixing the superconducting state and the normal conducting state, and it is pos-
sible to explain the dual relationship well. Based on the above, in the case of a resistor
with current dependency, that is, a model is constructed assuming that the resistance of
the superconductor during the S/N transition is equivalent to the electromotive force based
on the energy minimum principle. Next, the thermal dependence of the critical current,
heat capacity, thermal conductivity, etc. was taken into consideration as thermal charac-
teristics. From these characteristics, it had been constructed a coupled analysis of electro-
thermal. It was compared the constructed model with experimental results using Bi type
superconducting tape wire and Y type superconducting thin film and the analysis result
and verified the validity of the analysis model. In Chapter 4, It was constructed a direct
current railway lineage analysis model to study the applicability of the analysis model to
the system. The regenerative system, which is a system unique to the railway, supposed to
output constant power. The regenerative electric power output from the vehicle was cal-
culated taking into consideration kinetic energy, running resistance, conversion efficiency,
auxiliary machinery energy (lighting, air conditioner, etc.). The targeted DC railway line
has a combination of various elements. Therefore, using graph theory, it was set as a model

that can be applied generically. Furthermore, the superconducting cable was electrically



simplified and expressed by resistance and inductance. At this time, an analysis model was
adopted in which substations were directly connected by a superconducting cable. Analysis
was carried out in this model when a worn-off rail short circuit accident (most severe)
occurred directly under the substation. In the superconducting cable, a temperature distri-
bution due to heat invasion exists. As a result, due to the temperature dependency of the
critical current, it was considered that a temperature distribution also occurs in the critical
current. As a result, superconducting cables showed that S/N transition occurred when the
fault current was applied, and resistance appeared in the superconducting cable. As a result,
it was also shown that the fault current is suppressed. This phenomenon indicates that the
superconducting cable itself has characteristics as a superconducting fault current limiter.
However, when operating as a current limiter, it was also shown that the temperature of
the superconducting cable increased. Therefore, it was investigated the current limit effect
of superconducting cable by changing design conditions. First it was examined the change
of regenerative power. This is to investigate the effect of the superconducting cable on the
current limit effect and temperature change, depending on the magnitude of regenerative
power. As a result, the current change immediately after the failure was influenced by the
amount of electric power, but eventually converged to a constant current value regardless
of the magnitude of regenerative power. This is probably because the substation voltage
became dominant because the resistance value of the superconducting cable sufficiently
increased. Next, the influence of the cooling condition (temperature setting and heat insu-
lating effect) of the superconducting cable was investigated. As a result, it was possible to
lower the set temperature of the superconducting cable and increase the critical current. It
was shown that when the operation temperature is lowered, the fault current after the cur-
rent limit increases, there is concern that the cost increases due to the increase of the short
circuit capacity of the peripheral equipment. Regarding the adiabatic condition, when in-
sulation is ideally performed, the superconducting cable generates a uniform temperature
rise. As the difference in temperature distribution increases, the temperature rises at the
high temperature portion increases. This is thought to be since the critical current de-
creases and the heat generation time due to Joule loss increases. It was also examined the
structure of the superconducting cable. When the number of superconducting wires was
changed, a large change occurred in the fault current after current limiting due to the
change in the critical current. It was also shown that the temperature rise of the supercon-

ducting cable temperature can be suppressed by increasing the amount of superconducting



wire used. As a result, it was shown that the suppression of the fault current and the tem-
perature rise of the superconducting cable are in a trade-off relationship. In superconduct-
ing cable design, it is necessary to consider connection including connection of peripheral
devices, and it shows the effectiveness of this analysis model. It was also examined tem-
perature change and current limit of superconducting cable and temperature rise of super-
conducting fault current limiter when introducing superconducting fault current limiter.
As a result, it was shown that the temperature rise of the superconducting cable can be
completely suppressed by introducing the superconducting fault current limiter. This indi-
cates that it is effective in situations such as when there is a restriction on restoration time
or when a temperature change should not occur, such as when the distance from the refrig-
erator is far away.

Chapter 5 summarizes the results obtained in this paper.



