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The present invention provides a method for forming a connecting part of superconducting cables by which the outside diameter of
the connecting part can be reduced. A method for assembling a connecting part of superconducting cables, to form a connecting
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(57) Abrege(suite)/Abstract(continued):

part at an end of a superconducting cable including a thermal insulating tube 100 and a cable core 200 accommodated therein,
the method including the following steps: the step of holding the thermal insulating tube with an end of the cable core 200 exposed
from the thermal insulating tube 100, at the end of the superconducting cable; the step of forming a connecting structure 710 at the
end of the cable core 200; and the step of pushing back the cable core 200 Into the thermal insulating tube 100 by a
predetermined length.
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ABSTRACT

The present invention provides a method for forming a connecting part
of superconducting cables by which the outside diameter of the connecting part
can be reduced. A method for assembling a connecting part of superconducting
cables, to form a connecting part at an end of a superconducting cable
including a thermal insulating tube 100 and a cable core 200 accommodated
therein, the method including the following steps: the step of holding the
thermal insulating tube with an end of the cable core 200 exposed from the
thermal insulating tube 100, at the end of the superconducting cable; the step
of forming a connecting structure 710 at the end of the cable core 200; and the
step of pushing back the cable core 200 into the thermal insulating tube 100 by

a predetermined length.
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DESCRIPTION

METHOD FOR ASSEMBLING CONNECTING PART OF
SUPERCONDUCTING CABLES

Technical Field

[0001]

The present invention relates to a method for assembling a connecting

part of superconducting cables. More specifically, it relates to a method for

assembling a connecting part of superconducting cables by which the outside

diameter of the connecting part can be reduced.

Background Art

[0002]

As a superconducting cable, there 18 known a structure 1n which three
cable cores are twisted together and accommodated in a thermal insulating
tube (for example, Patent Document 1 and Patent Document 2). These cores
have, in order from the center, a former, a conductive layer, an insulating layer,
a shielding layer, and a protective layer. Normally, in such a multicore
superconducting cable, in order to absorb the thermal contraction during

cooling by coolant, the stranding of the cable cores is slackened in advance. In
the case where an intermediate connecting part 1s formed between such

superconducting cables, the forming process is performed as shown in FIG. 5.
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[0003]

First, one of the superconducting cables to be connected is prepared (FIG.
5 (A)). Next, one end of the thermal insulating tube 100 of this cable 1s cut, so
as to expose the cable cores 200 from the end of the cut thermal insulating
tube 100 by a length necessary for the forming work of the connecting part,
with the position of a cap 300 attached to the ends of the cable cores 200 being
fixed (FIG. 5 (B)). Next, the thermal insulating tube 100 of the
superconducting cable is held in this state. Here, the thermal insulating tube
100 is fixed to the ground with a fixing jig 400 (FIG. 5 (C)).

[0004]

The exposed cable cores 200 are untwisted, and the ends of the cable
cores 200 are separated (FIG. 5 (D)). The same works are performed for the
other cable to be connected. Connecting structures 710 are formed between
the cable cores 200 abutted against each other (FIG. 5 (E)). In the formation of
these connecting structures 710, the formers of the superconducting cables
abutted against each other are covered with connecting sheaths, and then the

connecting sheaths are compressed. After all connecting structures 710 of

cores 200 have been formed, a coolant layer 720 covering all these connecting
structures 710 is formed. In addition, a vacuumed vessel 730 is formed
outside the coolant vessel 720. Thus, a connecting part 700 is formed (FIG. 5
(F)).

[0005]

Patent Document 1: Japanese Unexamined Patent Application Publication No.
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2003-249130 (FIG. 1)

Patent Document 2: Japanese Unexamined Patent Application Publication No.

2002-140944 (FIG. 2)

Disclosure of Invention
Problems to be solved by the Invention
[0006]
The above-described method for assembling a connecting part has a

problem where the outside diameter of the connecting part is large.

[0007]

In order to form the connecting structures, it is necessary to untwist the
cable cores and to separate the ends of the cable cores sufficiently to perform
the forming work of the connecting structures. Therefore, the cable cores with
connecting structures are spaced from each other. In addition, if compression
is used for forming the connecting structures, the compressive parts are
lengthened in the longitudirial direction with the compression. As a result, the

sum of the length of the cable cores exposed between the ends of the thermal

insulating tubes in the superconducting cables abutted against each other and
the length of the connecting structures after compression is longer than the
sum of those lengths before compression. For this reason, the exposed cable

cores and the connecting structures are disposed, being slackened in the

radius direction of the superconducting cables. This increases the outside

diameter of the connecting part.
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[0008]

The present invention is made in consideration of the above-described

circumstances. Its main object is to provide a method for forming a connecting

part of superconducting cables by which the outside diameter of the connecting

part can be reduced.

Summary of the Invention

[0009]

According to the invention there is provided a method for assembling a
connecting part of superconducting cables, to form a connecting part at an end of a
superconducting cable including a thermal insulating tube and a cable core
accommodated therein, the method comprising the steps of:

holding the thermal insulating tube with an end of the cable core exposed
from the thermal insulating tube, at the end of the superconducting cable;

forming a connecting structure at the end of the cable core; and

pushing back a predetermined length of the cable core into the thermal
insulating tube by moving the fastening tool along the axial direction of the

thermal insulating tube,
wherein, in the push back step, the cable core is grasped by a grasping tool,

the grasping tool is pressed, and thereby the cable core is returned to the thermal

insulating tube,

and the grasping tool includes an elastic part fitted on the outer periphery

of the cable core and a fastening tool grasping the elastic part.
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4a

10010]

After the connecting structure is formed, the cable core is pushed back into the
thermal insulating tube by a predetermined length. Therefore, the slack of the cable

core exposed from the thermal insulating tube of the superconducting cable can be

reduced. By this reduction in slack, the size in the radius direction of the connecting
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part can be reduced.
[0011]

The method of the present invention will be described in detail.

(Objects to be Connected)
[0012]

The superconducting cables to which the method of the present
invention is applied include all cables having a superconductor. Typically, they
have a structure in which a cable core is accommodated in a thermal
insulating tube. Normally, a thermal insulating tube has a double pipe
structure of an inner pipe and an outer pipe. The space between both pipes is
evacuated, and a thermal insulation such as a super insulation is disposed
there. The cable core can have a structure including, for example, in order
from the center, a former, a conductive layer, an insulating layer, a shielding
layer, and a protective layer. The cable core may have a single core or a
plurality of cores.

[0013]

The superconducting cable to which the method of the present invention

is applied may be a direct current cable or an alternating current cable.

(Holding Process)
[0014]

In such a superconducting cable, first, the thermal insulating tube 1s
held with an end of the cable core exposed from the thermal insulating tube.

In order to expose an end of the cable core from the thermal insulating tube,
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for example, an end of the thermal insulating tube is cut by a predetermined

length. At this time, in the case where the thermal insulating tube has a

‘double tube structure of an inner pipe and an outer pipe, it is preferable that

the outer pipe be shorter than the inner pipe, and a vacuum be sealed at an
end of the outer pipe. In the case of this structure, the vacuum sealing work at
an end of the outer pipe can be easily performed. In addition, if the place to be
cut is only an end of the inner pipe, the exposing work of the cable core can be
performed without cutting the inner and outer pipes and breaking the vacuum
of the thermal insulating tube. In the case of such a cable end, as shown in
FIG. 4, the inner pipe 110 of the thermal insulating tube 100 1s long, the outer
pipe 120 thereof is short, and an evacuation port 130 is formed at an end of the
outer pipe 120. Through this evacuation port 130, the space between the inner
and outer pipes 110 and 120 is evacuated. Thereafter, a cap 300 is attached to
the end of the cable core 200 extending farther than the inner pipe 110. Next,
a straight inner pipe 111 and a straight outer pipe 121 are soldered between

the end of the inner pipe 110 and the cap 300 and between the end of the outer

pipe and the cap 300, respectively. In the case of a cable end having such a
structure, if the thermal insulating tube from the cap 300 to the end of the
outer pipe is cut, the vacuum of the thermal insulating tube 100 is not broken.

The thermal insulating tube may have a structure in which the outer pipe 1s

longer than the inner pipe, and a vacuum is sealed at an end of the inner pipe.
Also in the case of this structure, if the place to be cut is only an end of the

outer pipe, the exposing work of the cable core can be performed without
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cutting the inner and outer pipes and breaking the vacuum of the thermal
insulating tube.

[0015]

After the cable core 1s exposed from the thermal insulating tube, the
thermal insulating tube 1s held in this state. By holding the thermal
insulating tube, the thermal insulating tube is prevented from moving
together with the cable core when the cable core is drawn out of the thermal
insulating tube or pushed back into the thermal insulating tube as described
below. For example, the thermal insulating tube is fixed, using an appropriate
fixing jig, to the ground (or a building fixed to the ground, for example, the
floor or the wall of a manhole).

(Drawing Ptocess)

[0016]

Next, if necessary, the process of drawing the cable core out of the
thermal insulating tube i1s performed. This drawing process is effective
particularly in the case of a multicore cable including a plurality of cable cores
twisted together. Normally, there is a slack in the stranding of a multicore
cable, and therefore the clearance between the thermal insulating tube and a
multicore cable 1s small. It i1s difficult to perform the process of returning the
cable cores to the thermal insulating tube described below. When drawn out
and stretched, the cable cores twisted together are tightened, and the

stranding outside diameter is reduced. As a result, when the cable cores are

pushed back into the thermal insulating tube, the reduced stranding outside



10

15

20

CA 02593770 2007-07-10

diameter returns to the original diameter, and thereby the cable cores can be
returned into the thermal insulating tube by a predetermined length.
Therefore, in the case of a multicore cable, it is preferable to draw the cable
cores out of the thermal insulating tube by a predetermined length. In the
case of a single core cable, this drawing process need not be performed.
Normally, in the case of a single core cable, the clearance between the thermal
insulating tube and the cable core is comparatively large. Therefore, the cable
core meanders in the thermal insulating tube, and thereby the below-described
process of pushing back the cable core into the thermal insulating tube can be
performed. Of course, it is possible to draw out the cable core of a single core

cable so as to stretch the cable core meandering in the thermal insulating tube.

[0017]

The predetermined length in this drawing is at least a length sufficient
to reduce the slack of the cable core and the connecting structure located
between the thermal insulating tubes of the superconducting cables abutted
against each other. Particularly in the case where a compressing connection 1s
used in the connecting structure, it is preferable that the predetermined
length by which the cable core is drawn out in the drawing process be at least
the increase in length by which the cable core is lengthened in the longitudinal
direction of the cable core due to the compressing connection. By drawing out
the cable core by this increase in length, the cable core can be easily pushed

back into the thermal insulating tube in a subsequent process, and the slack

generated by the increase in length due to compression can be eliminated. Of
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course, the cable core may be drawn out of the thermal insulating tube by a

length exceeding the above increase in length.

[0018]

This drawing process is preferably performed while the tensile load
when the cable core 1s drawn out is measured. By measuring the tensile load,
under how much load the cable core 1s drawn out can be checked.

(Connecting Structure Forming Process)

[0019]

Next, a connecting structure is formed at the end of the cable core. In
the case where the above-described drawing process is performed, a connecting
structure is formed with the cable core drawn out of the thermal insulating
tube. The term "connecting structure" refers to a component of a connecting
part formed for connecting a cable core to its counterpart. The term
"connecting part" refers to the entire structure for connecting a
superconducting cable to its counterpart. Normally, superconducting cable
cores whose layers are exposed in a stepwise manner are abutted against each
other, the formers and the conductive layers are connected using a sleeve, and
a connecting structure is formed. At this time, the formers are connected by

compressing the sleeve. Thereafter, an insulating tape is wound on the

sleeve so as to form a reinforced insulating part. In the case of a single core

cable, a coolant vessel is formed outside the reinforced insulating part. In the
case of a multicore cable, a coolant vessel accommodating all reinforced

insulating parts is formed. In addition, a vacuumed vessel is formed outside
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the coolant vessel so as to form a connecting part.

[0020]

The connecting structure formed in the method of the present invention
is typically a connecting structure in an intermediate connecting part for
connecting superconducting cables. However, a connecting structure in a
terminal connecting part is also included therein. In the case of an
intermediate connecting part, cores may be fixed in a connecting box or
disposed slidably depending on the thermal expansion or contraction in a

connecting box.

(Push Back Process)

[0021]

Next, the cable core is pushed back into the thermal insulating tube. In
the case where the drawing process 1s performed using an appropriate strainer
such as a jack, this push back process is realized by releasing the tension. In
the case of a single core cable, there is only a single core in ‘the thermal
insulating tube, and the clearance therebetween is comparatively large.
Therefore, after a connecting structure is formed, if the cable core i1s pushed
into the thermal insulating tube, the cable core meanders in the thermal
insulating tube, and thereby the cable core can be pushed back by a
predetermined length. Even in the case of a multicore cable, such as a two-
core or three-core cable, in which a plurality of cable cores are twisted together

and accommodated in a thermal insulating tube, if the clearance between the

thermal insulating tube and the cable cores twisted together i1s comparatively
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large, the cable cores can be returned into the thermal insulating tube by a
predetermined length. However, normally, this clearance is not sufficient, and
it is actually difficult to return the cable core into the thermal insulating tube
by a predetermined length. In this case, it is preferable to draw the cable
cores twisted together out of the thermal insulating tube by a predetermined
length in advance. Since there is generally a certain amount of slack in the
cable cores twisted together, when drawn out and stretched, the cable cores
twisted together are tightehed, and the stranding outside diameter is reduced.
When the cable cores are returned into the thermal insulating tube, the
reduced stranding outside diameter returns to the original diameter, and
thereby the cable cores can be returned into the thermal insulating tube by a
predetermined length.

[0022]

The predetermined length in this push back process is at least a length
sufficient to reduce the slack of the cable core and the connecting structure
located between the thermal insulating tubes of the superconducting cables

abutted against each other. Particularly in the case where a compressing

connection is used in the connecting structure, it is preferable that the
predetermined length by which the cable core is pushed back in the push back
process be at least the increase in length by which the cable core is lengthened
in the longitudinal direction of the cable core due to the compressing

connection. By pushing back the cable core by this increase in length, the

slack generated by the increase in length due to compression can be
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eliminated. In the case where the cable core is drawn out by a length larger
than or equal to this increase in length, it is preferable that the length by

which the cable core is pushed back be equal to the length by which the cable

- core 1s drawn out.

[0023]

This' push back process is preferably performed while the pressing load
when the cable core is returned is measured. By measuring the pressing load,
under how much load the cable core is pushed back can be checked.
(Drawing mechanism and Push Back Mechanism)

[0024]

The above-described drawing of the cable core out of the thermal
insulating tube or pushing back into the thermal insulating tube can be
performed using an appropriate strainer, such as a jack or a winch, or a
driving mechanism using a screw. In this case, it is preferable to grasp the
cable core with a grasping tool, to draw the grasping tool, and to thereby draw
the cable core out of the thermal insulating tube. Particularly in the case
where a plurality of cores are grasped, by using a grasping tool capable of
holding a plurality of cores together, drawing or pushing back can be
performed without displacing the cores relative to each other.

[0025]

It is preferable that this grasping tool include an elastic part fitted on
the outer periphery of the cable core, and a fastening tool grasping the elastic

part. This elastic part is, for example, a cylindrical elastic part having a
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fitting hole fitting the outline of the plurality of cores. This elastic part
preferably has a cut in the longitudinal direction so as to be easily fitted on the
outer periphery of the core. In consideration of fittability, such an elastic part
is preferably formed of a highly-flexible material such as rubber.

[0026]

The fastening tool fastens the elastic part and thereby contributes to
obtaining a sufficient grasping force. The fastening tool is, for example, a pair
of semicylindrical division pieces fitted together so as to form a cylinder. On
both side edges of each division piece are provided flat-plate-like connecting
plates extending outward in the radius direction. By fitting the division pieces
together so that they face each other, passing bolts through the connecting
plates, and tightening nuts, the cable core can be firmly grasped by the elastic
part between the cable core and the fastening tool. Between the connecting
plates facing each other, springs may be disposed so that elastic force is
applied between the connecting plates. In addition, in order to prevent the
elastic part from being displaced in the longitudinal direction when the elastic
part is fastened with the fastening tool, stoppers may be provided in the
elastic part. Specifically, the stoppers are, for example, large diameter
portions provided at both ends of the elastic part. The diameter of the large
diameter portions is larger than that of the fastening tool. The large diameter

portions are located at both ends of the fastening tool when the elastic part 1s

crasped by the fastening tool.

[0027]
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A drawing mechanism (push back mechanism) using the above-

described grasping tool is preferably capable of driving the fastening tool along

the axial direction. If the fastening tool can be moved in the axial direction, a
tensile force (pressing force) along the axial direction can be exerted on the
grasped cable core. Specifically, such a mechanism is, for example, a driving
mechanism using a screw. For example, a protrusion along the axial direction
is provided on the outer periphery of the fastening tool, and a female screw
hole is provided in this protrusion. A ball screw 1s screwed into this insertion
hole. An end of the ball screw is held by the fixing jig used for holding the
thermal insulating tube. In a driving mechanism having this structure, by
rotating the ball screw, the grasping tool can be moved back and forth in the
axial direction, and the grasped cable core can be drawn out of and pushed
back into the thermal insulating tube.

[0028]

Instead of a ball screw, a rod may be used. This rod is inserted into the
insertion hole provided in the protrusion of the fastening tool so that the
fastening tool can slide along the rod. For example, a wire is attached to this
fastening tool. The wire is taken up, for example, with a winch, and thereby
the fastening tool is moved back and forth along the rod. Thus, the cable core

grasped by the fastening tool can be drawn out of and pushed back into the

thermal insulating tube.

Advantages
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[0029]
The method of the present invention has the following advantages.

[0030]

(1) In the place where a connecting structure of superconducting cables
is formed, by returning the cable core into the thermal insulating tube by a
predetermined length, the slack of the cable core exposed from the thermal
insulating tube of a superconducting cable can be reduced. By the reduction of
this slack, the size in the radius direction of the connecting part can be
reduced.

[0031]

(2) By drawing the cable core out of the thermal insulating tube by a
predetermined length in advance before a connecting structure is formed, the
cable core can be easily returned into the thermal insulating tube 1n a
subsequent process. In particular, when the predetermined length by which
the cable core is drawn out is at least the increase in length by which the cable

core is lengthened in the longitudinal direction of the cable core due to the

compressing connection, the cable core can be easily returned to the thermal

insulating tube by this increase in length in a subsequent process.
[0032]

(3) In the case where a compressing connection is used for forming a
connecting structure, when the predetermined length by which the cable core
is returned in the returning process is at least the increase in length by which

the cable core is lengthened in the longitudinal direction of the cable core due
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to the compressing connection, the slack generated by this increase in length
can be eliminated.

[0033]

(4) When the cable core is drawn out of the thermal insulating tube or
pushed back to the thermal insulating tube, by grasping the cable core with a
grasping tool and drawing (pressing) this grasping tool, the cable core can be
surely drawn out of (pushed back into) the thermal insulating tube. In
particular, in the case of a plurality of cable cores, the cores can be drawn out
of the thermal insulating tube (pushed back to the thermal insulating tube)
together.

[0034]

(5) In the case where a grasping tool is used for drawing the cable core
out of the thermal insulating tube (pushing back the cable core into the
thermal insulating tube), when the grasping tool includes an elastic part fitted
on the outer periphery of the cable core and a fastening tool grasping this

elastic part, the cable core can be firmly grasped and moved without being

damaged.
[0035]

(6) In at least one of the push back process and the drawing process, by

measuring the load during the drawing (pushing back) of the cable core, under
how much load the cable core is drawn (pushed back) can be checked.

[0036]

(7) In the case of a plurality of cable cores twisted together, by using the
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tightening of the slack of the stranding, the superconducting cable can be

easily drawn out of or pushed back to the thermal insulating tube.

Brief Description of the Drawings
[0037]

FIG. 1 is a process explaining view showing the assembling method of the
present invention.

FIG. 2 is a schematic perspective view of an elastic part used in the method of
the present invention.

FIG. 3 is a schematic perspective view of a fastening part used in the method
of the present invention.

FIG. 4 is a schematic partial vertical sectional view of an end of a
superconducting cable used in the method of the present invention.

FIG. 5 is a process explaining view showing a conventional assembling method.

Reference Numerals

[0038]

100 thermal insulating tube
110 inner pipe

120 outer pipe

130 evacuation port

111 straight inner pipe

121 straight outer pipe
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200

300

400

410

420

000

010

011

012

520

021

H22

523

b24

020

030

600

700

710

720

730

cable core

cap

fixing jig
vertical piece
horizontal piece
grasping tool
elastic part
grasping hole
cut

fastening tool
division piece
connecting piece
through hole
protrusion
insertion hole
slide shaft

wire

connecting part

CA 02593770 2007-07-10
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connecting structure

coolant vessel

vacuumed vessel

Best Mode for Carrying Out the Invention
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[0039]

An embodiment of the present invention will now be desc'ribed with
reference to FIG. 1. Here, for example, the case where an intermediate
connecting part is formed between three-core superconducting cables each
including a thermal insulating tube and three cable cores twisted together and
accommodated i1n the thermal insulating tube.

[0040]

As shown in FIG. 1 (A), one of the superconducting cables to be
connected is prepared. The thermal insulating tube 100 of this
superconducting cable has a double tube structure of an inner pipe 110 and an
outer pipe 120. The outer pipe 120 is longer than the innei’ pipe 110. The
space between the inner and outer pipes 110 and 120 is sealed at an end of the

inner pipe 110. The space between both pipes 110 and 120 is a vacuum. Kach

cable core 200 has, in order from the center, a former, a conductive layer, an

insulating layer, a shielding layer, and a protective layer. The three cable
cores 200 twisted together are slackened so that the contraction due to cooling

can be absorbed during the operation of the superconducting cable. A cap 300

is attached to the ends of the thermal insulating tube 100 and the cable cores
200.

[0041]

Next, as shown in FIG. 1 (B), the end of the thermal insulating tube 100

is cut so as to expose the cable cores 200. In this embodiment, only the part of

the outer pipe 120 extending farther than the inner pipe 110 1s cut so as not to



10

15

20

CA 02593770 2010-09-15

20

break the vacuum of the thermal insulating tube 100.

[0042]

Next, as shown in FIG. 1 (C), the end of the thermal insulating tube 100
18 held on the ground with a fixing jig 400. The fixing jig 400 used in this
embodiment has a vertical piece 410 and a horizontal piece 420. The vertical
piece 410 holds the thermal insulating tube 100 and has a groove in which the

cable cores 200 are fitted. The horizontal piece 420 supports the vertical piece
410 on the ground.

[0043]

Next, as shown in FIG. 1 (D), the cap 300 at the ends of the cable cores
i1s detached, and then the ends of the cable cores 200 are untwisted and
separated sufficiently to form connecting structures. Next, a grasping tool 500
18 fitted to a not untwisted part of the cable cores 200. This grasping tool 500
1s a tool used when the cable cores 200 are drawn out of the thermal insulating
tube 300 or pushed back to the thermal insulating tube 100.

[0044]

This grasping tool 500 includes an elagtic part shown in FIG. 2 and a
fastening tool 520 shown in FIG. 3. The outer periphery of the elastic pért 510
18 shaped in a cylindrical surface. The elastic part 510 has a grasping hole 511
whose inner periphery fits the outline of the cable cores twisted together. In
this embodiment, the elastic part 510 is formed of chloroprene rubber. In
addition, this elastic part 510 has a cut 512 formed so as to extend from the

outer periphery to the inner periphery and along the axial direction. When
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the elastic part 510 1s fitted to the cable cores, this cut 512 1s opened, and
thereby the elastic part 510 can be fitted to the cable cores from the side.

[0045]

The fastening tool 520 includes semicylindrical division pieces 521 fitted
together and is configured to fasten the elastic part 510 from the outer
periphery. Each division piece 521 of this fastening tool 520 has rectangular
plate-like connecting pieces 522 formed on both side edges thereof and
extending outward in the radius direction. Each connecting piece 522 has bolt
through holes 523 formed therein. By ﬁtfing both division pieces 521 together
so that the connecting pieces 522 face each other, inserting bolts into the
through holes 523, and tightening nuts, the three cable cores 510 can be
fastened together without being damaged and can be firmly held. In this
embodiment, between the connecting pieces 523 facing each other, the bolts
are received in compression springs 524, whose elastic force counters the
fastening force so as not to damage the cable cores 510.

[0046]

In addition, each division piece 521 has a protrusion 524 formed at a
position of a right angle from the connecting pieces 522. The protrusion 524
has an insertion hole 525 formed therein. Trough this insertion hole 525 is
passed a slide shaft 530 (see FIG. 1 (D)). By sliding the fastening tool 520

along the shaft, the held cable cores 510 can be moved relative to the thermal

insulating tube 100 in the axial direction.

[0047]
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In this embodiment, as shown in FIG. 1 (D), one slide shaft is passed
through each insertion hole, and one end of the slide shaft 530 is screwed to
the fixing jig 400. At the other end of the slide shaft 530 is formed a stopper.
Specifically, the other end of the slide shaft 530 partly has a larger diameter so

5 as to prevent the fastening tool 520 from being removed from the slide shatt
530.

[0048]

In this state, as shown in FIG. 1 (E), a wire 600 is attached to the
fastening tool 520, and the wire 600 is taken up with a winch (not shown).
10 With this taking up, the fastening tool 520 grasping the cable cores 200 with
the elastic part therebetween moves to the other ends of the slide shatts 530
and is stopped by the stoppers. By further taking up the wire 600, the cable
cores 200 are drawn out of the thermal insulating tube 100 by a

predetermined length. At this time, the tensile force exerted on the wire 600

15 can be measured using a load cell, for example.

[0049]
In this embodiment, when the below-described connecting structures
710 are formed, the cable cores 200 are drawn out of the thermal insulating
tube 100 by a length slightly larger than the length by which the connecting
920 sleeves are lengthened due to the compression. Due to this drawing, the
plurality of cable cores 200 loosely twisted together 1s tightened, the outside

diameter is thereby reduced, and the clearance between the cable cores 200

and the inner periphery of the thermal insulating tube 100 is increased. The
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drawn-out cable cores 200 are held in this position, and connecting structures

710 are formed.

[0050]

The above-described processes of FIG. 1 (A) to FIG. 1 (E) are also

performed for the other superconducting cable to be connected. As shown in
FIG. 1 (F), the cable cores of one superconducting cable and the cable core of
the other superconducting cable are connected via connecting structures 710.
In each connecting structure 710, formers and conductive layers abutted
against each other are covered with a connecting sleeve. The formers are
connected by compressing the connecting sleeve. The conductive layers are
connected by solder interposed between the conductive layers and the
connecting sleeve. After this compressing connection via the connecting sleeve
is completed, an insulating tape is wound around the compressing connection
part to form a reinforced insulating layer. FIG. 1 (F) shows a state in which
these reinforced insulating layers are formed.

[0051]

Next, as shown in FIG. 1 (G), the drawn-out cable cores are pushed back
into the thermal insulating tube. In this embodiment, the tension of the wire
600 attached to the fastening tool 520 is released, and in this state, the slide

shafts 530 are screwed into the fixing jig 400. That is to say, the slide shafts

530 themselves are moved to the left in the figure, and with this movement,
the fastening tool 520 is also moved to the left in the figure. Due to this

movement, the drawn-out cable cores 200 are pushed back into the thermal
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insulating tube 100. In this embodiment, the slide shafts 530, which are
parallel to the fastening tool 520, are screwed into the fixing jig 400, and
thereby a pressing force along the axial direction can be exerted on the cable
cores 200. By exerting this pressing force, the twist of the cable cores 200 is
slackened, and thereby the cable cores 200 twisted together can be easily
pushed back into the thermal insulating tube 100. The distance by which the
cable cores 200 are pushed back is equal to the above distance by which the
cable cores 200 are drawn out. This pushing back reduces the slack of the
cable cores 200 and the connecting structures 710 disposed between the ends
of the thermal insulating tubes of both superconducting cables abutted against
each other.

[0052]

After the cable cores 200 have been pushed back into the thermal
insulating tube 100, as shown in FIG. 1 (H), a coolant vessel 720
accommodating the connecting structures 710 of the three cores together is

formed. In addition, a vacuumed vessel 730 1s formed outside the coolant

- vessel 720. Thus, the formation of a connecting part 700 is completed.

[0053]
As described above, the cable cores are drawn out by a predetermined

length, and after the formation of connecting structures, the cable cores are
pushed back into the thermal insulating tube. This reduces the slack of the
cable cores and the connecting structures disposed between the ends of the

thermal insulating tubes, and reduces the distance between the connecting
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structures in the radius direction. Therefore, the outside diameter of the
connecting structures can be reduced.

[0054]

In the above-described embodiment, if the straight part of the
superconducting cable is about 3 m, the cable cores can be pushed into the
thermal insulating tube by about 10 mm on one side of the connecting

structures by applying an axial power of about 300 to 500 kgf.

Industrial Applicabihty

[0055]

The assembling method of the present invention is suitable for forming a

connecting part of superconducting cables.
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CLAIMS

1. A method for assembling a connecting part of superconducting cables,
to form a connecting part at an end of a superconducting cable including a
thermal insulating tube and a cable core accommodated therein, the method
comprising the steps of:

holding the thermal insulating tube with an end of the cable core

exposed from the thermal insulating tube, at the end of the superconducting

cable:

forming a connecting structure at the end of the cable core; and

pushing back a predetermined length of the cable core into the thermal
insulating tube by moving the fastening tool along the axial direction of the

thermal insulating tube,
wherein, in the push back step, the cable core is grasped by a grasping tool,

the grasping tool is pressed, and thereby the cable core s returned to the thermal

insulating tube,

and the grasping tool includes an elastic part fitted on the outer periphery

of the cable core and a fastening tool grasping the elastic part.

2. The method for assembling a connecting part of superconducting cables
according to Claim 1, further comprising, between the step of holding the thermal

insulating tube and the step of forming a connecting structure, the step of



10

15

20

CA 02593770 2011-06-22

27

drawing the cable core out of the thermal insulating tube by a predetermined

length.

3. The method for assembling a connecting part of superconducting cables
according to Claim 1, wherein a compressing connection is used in the step of
forming a connecting structure, and the predetermined length by which the cable
core is returned in the push back step is at least a length by which the cable core
is lengthened in the longitudinal direction of the cable core due to the

compressing connection.

4. The method for assembling a connecting part of superconducting cables
according to Claim 2, wherein a compressing connection is used in the step of
forming a connecting structure, and the predetermined length by which the cable
core is drawn out in the drawing step is at least a length by which the cable core is

lengthened in the longitudinal direction of the cable core due to the compressing

connection.

5. The method for assembling a connecting part of superconducting cables
according to Claim 2, wherein, in the drawing step, the cable core is grasped by a

grasping tool, the grasping tool is drawn, and thereby the cable core is drawn out

of the thermal insulating tube.
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6. The method for assembling a connecting part of superconducting cables
according to Claim 1, wherein the push back step is performed while the pressing

load when the cable core is pushed back is measured.

7. The method for assembling a connecting part of superconducting
cables according to Claim 2, wherein, the drawing step is performed while the

tensile load when the cable core is drawn out is measured.

8. The method for assembling a connecting part of superconducting
cables according to Claim 2, wherein the cable core includes a plurality of

cores twisted together.
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