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A B S T R A C T

The superconducting feeder cable shrinks in cooling process from the room temperature to the temperature of
liquid nitrogen. When a long superconducting feeder cable is constructed in a railway line, it is needed to
consider countermeasures against the cable shrink due to cooling force. We report on a suitable method of laying
the cable in 300-m class on the test track. We also report that the method is suitable for this cable because no
buckling and rupture points were observed in the X-ray radiograph taken over the whole length of the cable after
its installation.

1. Introduction

Railway transport is safe and environmental friendly and its im-
portance increase due to energy efficiency reasons [1]. Aiming to en-
ergy conservation, various topics are studied in railway [2]. The sub-
station interval in the DC electric railway differs depending on the
electricity generation system, railroad track conditions, electric current,
driving conditions, power supply, etc. The voltage fluctuates according
to the electric current drawn off because there is impedance for the line
feeder to send electricity to the train. The ministerial ordinance of
Japan on railway technology prescribes “To secure proper movement of
trains, the voltage of the overhead trolley must be kept sufficiently high
[3],” so that the voltage drop of the overhead trolley must remain
within the range permitted. For example, for a DC 1500 V electricity
generation system, the voltage must not fall below 1000 V. Therefore,
the substation interval is typically 10–15 km in the line connecting ci-
ties and 2–3 km in a large metropolitan area. And these area require an
enormous electric current capacity and the installation of many sub-
stations.

We assume that a superconducting cable can be applied to a railway
feeder system. An ampacity of crosslinked polyethylene insulated PVC
sheathed cable (CV cable) for railway is about 700 A/325 cm2. The CV
cable diameter becomes so large that an electric current increases. On
the other hand, the superconducting cable diameter is almost similar
even if a current increases. And we are fabricating a prototype cable by
using superconducting tapes and performing characteristic evaluation
tests [4]. This cable was designed for direct current of 1.5 kV for

railway systems. Due to the compactness to be requested in the railway
field, this cable is a single coaxial cable for the going and returning
coolant. A superconducting cable has zero electrical resistance. There-
fore introducing the cable for railway leads to increased regeneration
efficiency, reduced power loss, equalization of load between substa-
tions, and fewer substations due to the smaller voltage drop [5]. It will
be bidirectional; by letting a retrace current flow into the cable, the leak
magnetic field can be reduced. The leakage of current from the rail to
earth also disappears, and the problem of electrolytic corrosion can be
resolved. A current test was performed using a 31m superconducting
cable up to now [6,7]. And it was found that it can be 5% energy saving
system on average rail line model as the results of energy analysis for
introduction of the cable [7].

When a long length cable is constructed in railway line, it is needed
to consider heat shrink force. Firstly we studied a suitable method for
installing the cable in a railway line. Secondary, we actually installed
the cable in 300-m class on the test track, and the amount of the dis-
placement of the cable during the period of cooling was measured in
detail. Thirdly, an X-ray radiograph was taken over the whole length of
the cable after the installation of the cable to check whether this laying
method is suitable for the cable. Defects as cable buckling which result
in contact between cable and cryostat and further higher thermal losses
using this method can be detected.

2. Experimental

Fig. 1 and Table 1 show the structure and the specifications of the
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superconducting feeder cable in 300-m class respectively. Taking
pressure loss and ease of laying into consideration, stainless steel cor-
rugate pipe was adopted as the cable former. In the case of the corru-
gate pipe, winding of the tape becomes difficult due to the corrugation

wave. Therefore, the outer surface of the pipe was made flat by blade
machining, then the superconducting tapes are wound around it.
Carbon paper was used as the smooth layer and the electric field re-
laxation. The rated voltage and the rated current were set to 1.5 kV and
1 kA according to the specification of the train running test. The 300-m
class cable was manufactured using Bi2223 tapes (DI-BSCCO TypeHT,
SEI) and YBCO tapes (2G HTS, SuperPower) [8,9]. The cross-sectional
dimensions of the Bi2223 tape are 4.5mm in width and 0.35mm in
thickness, and the critical current (Ic) was> 180 A on average, em-
ploying a 1 μV/cm criterion at 77 K. And the cross-sectional dimensions
of the YBCO tape are 4.1mm in width and 0.095mm in thickness, and
the Ic was> 100 A on average at 77 K. Some tapes were exchanged
with YBCO tapes in the 300m cable.

And it was installed on the test track located in Railway Technical
Research Institute, Tokyo. The cable was installed on trough bridges
along the laying route, and was drawn out using a cable caterpillar. The
system is composed of a current terminal, a cryocooler and a circulating
pump [10]. The cable was cooled gradually using liquid-nitrogen while
controlling the cold gas temperature. The radiography image test was
performed using an X-ray generator device (RF-200SPS, RIGAKU) to
estimate the structure inside the cable installed.

3. Results and discussion

A stress relief method of long superconducting cable was in-
vestigated. The cable former and insulating pipe shrink by 0.3% in
cooling process from the room temperature to temperature of liquid
nitrogen because of thermal expansion coefficient (304 stainless steel:
17.3×10−6/°C). In other words, the 300-m class cable will shrink by
0.9-m. And it wasn’t considered to thermal expansion of super-
conducting tapes because tapes were wound a little loosely in a spiral.
In this case, there is a possibility that a heat stress is added to a cable,
and the cable and the current terminal are damaged. The following
three ways are considered as a measure against heat shrinkage.

The first way is the one to make the current terminal a movable
system. A wheel is placed under the current terminal, and the current
terminal is made to move according to the heat shrinkage (Fig. 2).
However, the movable distance of the current terminal is restricted by
the environment when it is set, and the current terminal can only about
half a meter. Therefore this way is unsuitable for the longer kilometer
class cable, so there is a need for the following method. The second way
is one by which the cable is constructed as being snaked. If a suitable
snaking corresponding for the heat shrinkage amount is given to the
cable when it's constructed, the snaked cable absorbs the heat shrinkage
amount while being cooled, and it becomes a straight line (Fig. 3). The
third way is the one by which an offset part is set up in the cable. When
a cable is laid by setting up an arc-like offset part partially, the offset
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Fig. 1. Structure of the 300-m class superconducting feeder cable.

Table 1
Specifications of the 300-m class superconducting feeder cable.

Details

Voltage 1.5 kV
Current 1 kA
Cable length 310m
Former SUS corrugate pipe
Insulating pipe Al corrugate pipe
Former ID 36.0 mm
Cable-core OD 55.9 mm
Insulating inner pipe ID 69.4 mm
Insulating inner pipe OD 83.8 mm
Insulating outer pipe ID 104.8 mm
Insulating outer pipe OD 133.1 mm
Superconducting tape Bi2223 (78%), YBCO

(22%)
n value of the cable (measured about 4000mm edge

by cutting)
18

Heat shrink
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Fig. 2. Heat shrink solution by a movable current
terminal.
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