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(57) ABSTRACT

In a high-temperature superconducting (HTS) wire connec-
tion assembly in which HTS wires each including a HTS
layer are connected to each other, a first HTS wire and a
second HTS wire that face each other are connected to each
other at a plurality of joint portions separated from each
other along a longitudinal direction of the first HTS wire and
the second HTS wire. Each of the plurality of joint portions
may preferably have any one of a rectangle shape, a rounded
rectangle shape, and an ellipse shape, and it is preferable to
satisfy 0.1</W<L.5, and is more preferable to satisty
0.25<[/W<0.75 when a length in the longitudinal direction
of the HTS wire is taken as L. and a length in a width
direction of the HTS wire is taken as W. It is also preferable
that W and/or I monotonously increase from upstream side
toward downstream side along the longitudinal direction of
the wire.
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HIGH-TEMPERATURE SUPERCONDUCTING
WIRE CONNECTION ASSEMBLY

TECHNICAL FIELD

[0001] The present invention relates to a high-temperature
superconducting (HTS) wire connection assembly.

BACKGROUND ART

[0002] Superconducting wires are widely used in NMR
(Nuclear Magnetic Resonance) devices, MRI (Magnetic
Resonance Imaging) devices, and the like. In recent years,
rare earth-based HTS wires (REBCO superconducting
wires) have been produced, and research and development
using these are being conducted.

[0003] The connection between superconducting wires is
a technical issue that is necessary to be overcome for
providing a very long wire and realizing a persistent current
mode. A conventional low resistance connection between
REBCO superconducting wires is performed by soldering. It
has been known that, with this method, an electric resistance
of about 10~ Q may generate.

[0004] In recent years, a direct connection between
REBCO superconducting wires has been studied, such as a
technique called a melting diffusion method proposed in
PTL 1. In this method, the protective layer of two REBCO
superconducting wires is removed, and the superconducting
layers are heated to their melting point while being pressed
to bring them into contact with each other, so that a part of
the contacted superconducting layers in the thickness direc-
tion is subjected to melt diffusion to join the superconduct-
ing wires. It has been reported that such a method makes it
possible to connect the REBCO superconducting wires to
each other with a lower resistance than in the connection
obtained by soldering. A similar method is proposed also in
PTL 2 and 3.

[0005] In addition, the present inventors have proposed, in
PTL 4 and NPL 1, a method of indirectly connecting HTS
wires via a HTS bulk body (melt growth method). This
method is a technique that connects a HTS layer and a HTS
bulk body by melting the HTS bulk body and performing
crystal growth using the HTS layer serving as a seed crystal.
This method has an advantage of performing the connection
in a shorter time and also providing a connection with higher
mechanical strength than in the case of the melting diffusion
method.
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coated conductors”, Superconductor Science and Tech-
nology 28.7 (2015): 075010.

SUMMARY OF INVENTION

Technical Problem

[0011] In any of the connection methods described above,
the greatest technical issue is to increase the current capacity
of the superconducting connection. Joining methods using a
bulk have not so much current capacity so far. Further, in the
melting diffusion method, a long heat treatment for one
week or longer is required to increase the current capacity.
[0012] In view of such issues, an object of the present
invention is to provide a technique capable of manufacturing
a connection with a large current capacity in the connection
of HTS wires.

Solution to Problem

[0013] In order to solve the above-described issues,
according to the present invention, when connecting high-
temperature superconducting (HTS) wires, the wires are
connected at a plurality of joint portions separated from each
other. More specifically, the present invention is a HTS wire
connection assembly in which HTS wires each including a
HTS layer are connected to each other, wherein a first HTS
wire and a second HTS wire that face each other are
connected to each other at a plurality of joint portions
separated from each other along a longitudinal direction of
the first HTS wire and the second HTS wire.

[0014] In the present invention, each of the plurality of
joint portions may have any one of a rectangle shape, a
rounded rectangle shape, and an ellipse shape, and it is
preferable that, when a length in the longitudinal direction of
the HTS wire is taken as L. and a length in a width direction
of the HTS wire is taken as W, 0.1<L/W<1.5 is satisfied.
Further, it is more desirable that 0.25<[/W<0.75 is satisfied.
[0015] In the present invention, it is preferable that W
and/or L for the plurality of joint portions monotonously
increase from upstream side toward downstream side along
the longitudinal direction of the HTS wire.

Advantageous Effects of Invention

[0016] According to the present invention, it is possible to
provide a connection of HTS wires with a large current

capacity.
BRIEF DESCRIPTION OF DRAWINGS

[0017] FIGS. 1(A) to 1(C) are diagrams illustrating an
outline of a superconducting wire connection assembly
according to an embodiment.

[0018] FIG. 2 is a diagram illustrating a structure of a
general HTS wire.

[0019] FIG. 3 is a graph showing a relationship between
the ratio of length L and width W of the connection assembly
and each of junction surface current capacity 1. and current
capacity 1__,,,. of the wire alone.

[0020] FIG. 4 is a graph showing measurement results of
electrical resistances for one to three joint portions.

[0021] FIG. 5 is a diagram illustrating a current that flows
through a wire when width W of the joint portion is smaller
than wire width Ww.

[0022] FIG. 6 is a diagram illustrating an outline of a
connection assembly according to a third embodiment.
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DESCRIPTION OF EMBODIMENTS

[0023] Hereinafter, embodiments of the present invention
to be provided will be described with reference to the
drawings.

First Embodiment

<Overview>

[0024] FIG. 1(A) is a side view of a high-temperature
superconducting (HTS) wire connection assembly, and FIG.
1(B) is a top view of the HTS wire connection assembly.
FIG. 1(C) is a schematic diagram illustrating a flow of
current in the HTS wire.

[0025] The HTS wire connection assembly according to
the present embodiment is obtained by connecting two HTS
wires 11 and 12 via a plurality of HTS bulk bodies 13q, 135,
13¢, and 134. It is to be noted that, in the following, for
simplicity of description, the HTS wire may be referred to
as the wire, and the HTS bulk body maybe referred to as the
bulk body. Further, the bulk bodies 13a, 1356, 13¢, and 134
may be collectively referred to as the bulk body 13.
[0026] The wires 11 and 12 are, for example, REBCO
wires, and the bulk body 13 is a REBCO bulk body having
a lower melting point than the wires 11 and 12.

[0027] In the melt growth method, a REBCO layer is
exposed from a REBCO wire, the bulk 13 is placed between
the wires, and is then subjected to a heat treatment to form
a joint. Specific joining methods are described in NPL 1 and
PTL 4.

[0028] As illustrated in the figure, a plurality of joints
formed by the bulk bodies 13 are arranged in parallel. In
FIGS. 1(A) and 1(B), there are four joints, but any number
of joints may be used as long as it is two or more. An upper
limit is present for the maximum current to flow in each of
the joint portions. However, arranging the joints in parallel
makes it possible to increase the current flowing through the
whole connection assembly. For example, superconducting
wires for NMR or MRI applications require a junction
current of about 100 amperes (77 K and no magnetic field).
In the case of joining via a bulk, it is believed that the
maximum current to flow in a single joint is about 10
amperes (77 K and no magnetic field). In the present
method, it is possible to increase the current capacity to 100
amperes by setting the number of joints to ten.

[0029] The case where the wires 11 and 12 are connected
via the bulk bodies 13 by the melt growth method has been
described above as an example. However, the wires 11 and
12 may be directly connected by the melt diffusion method
or a solid phase diffusion method. Based on the same
principle as described above, it is possible to greatly increase
the current capacity at which the current can flow through
the whole connection assembly.

[0030] Itis to be noted that, in general, when a connection
part is exposed to a magnetic field, its current capacity is
reduced to a fraction of that in the case of no magnetic field.
On the other hand, when the temperature is changed from 77
K to 4.2 K, the current capacity increases about 8 times. In
that sense, in order to obtain a current capacity of 200
amperes under an operating temperature of 4.2 K and a
magnetic field in equipment, it is necessary to allow current
flow of about 100 amperes at a temperature of 77 K and no
magnetic field in consideration of such an amount of reduc-
tion. It is almost impossible to obtain such a large current
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capacity in a short time at a single joint. However, according
to the present method, it is possible to obtain such a large
current capacity by forming a plurality of joints in parallel.
[0031] <Connection Method>

[0032] As described above, the two HTS wires 11 and 12
are connected to each other via the bulk bodies 13. Here, the
HTS wires 11 and 12 are REBCO wires, and the bulk body
13 is a REBCO bulk body having a lower melting point than
the wires 11 and 12.

[0033] The wires 11 and 12 are generally composite wires
including a stabilization layer, a substrate, and the like in
addition to a REBCO layer (high temperature superconduct-
ing layer). The REBCO layer is a rare earth-based super-
conducting material (REBa,Cu;0, ;) formed into a tape
shape (layer shape). The rare earth elements include Sc, Y,
La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and
Lu. The wire 11 and the wire 12 may each be made of the
same rare earth-based superconducting material or a differ-
ent rare earth-based superconducting material. In the melt
growth method, since the bulk body 13 is subjected to
crystal growth, the melting point of the REBCO layer is
required to be higher than the melting point of the bulk body
13. As REBCO wires, those having a REBCO layer using
Gd, Y, or both Gd and Y are generally available. In particu-
lar, Gd is a preferable material because it has a relatively
high melting point of about 1050° C. to 1100° C. It is to be
noted that the REBCO layer of the wire 11 and the REBCO
layer of the wire 12 may be made of different rare earth
superconductive materials.

[0034] A commercially available REBCO wire has a mul-
tilayer structure composed of a plurality of materials for
mechanical reinforcement and electrical protection. FIG. 2
illustrates an example of the structure of the REBCO wire.
As illustrated in the figure, the REBCO wire includes, from
the lower layer side, a copper stabilization layer 201 (15
um), a silver stabilization layer 202 (5 um), a substrate 203
(150 pum), an intermediate layer (not illustrated, up to 0.2
um), a REBCO layer 204 (3 um), a silver stabilization layer
205 (10 um), and a copper stabilization layer 206 (15 pum).
The REBCO layer of the REBCO wire corresponds to the
high temperature superconducting layer according to the
present invention.

[0035] In order to join the wires 11 and 12 to the bulk
bodies 13, it is necessary to bring the REBCO layer 204 into
contact with the bulk bodies 13. Accordingly, it is necessary
to perform a pretreatment for peeling the copper stabiliza-
tion layers and the silver stabilization layers (and also the
substrate as required) to expose the REBCO layer 204. In
addition, since high-temperature firing is performed in the
joining process, it is necessary to remove materials having
a melting point equal to or lower than the firing temperature.
The firing temperature, which is determined according to the
melting point of the bulk body 13, is 700° C. or higher.
Accordingly, it is necessary to remove solder, if used for the
wire. Further, if the firing temperature exceeds 900° C., it is
desirable to remove silver or a silver alloy (having a melting
point of around 900° C.). The method for removing these
materials will be described in detail later.

[0036] The bulk body 13 is made of a rare earth-based
superconducting material (RE—Ba,Cu;0, ), like the
superconducting layers of the wires 11 and 12, but is not a
wire but a bulk body. Here, RE' is one or more rare earth
elements (Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho,
Er, Tm, Yb, Lu) that are different elements or compositions
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from RE in the REBCO layer of the REBCO wire 10. The
melting point of the bulk body 13 needs to be lower than the
melting point of the REBCO layers of the wires 11 and 12
at least in the firing process. Further, since the firing tem-
perature can be set to be lower as the melting point of the
bulk body 13 is lower, it is desirable that the melting point
of the bulk body 13 is lower. Therefore, it is preferable that
the rare earth element in the bulk body 13 is mainly
composed of Y, Yb, Er, Ho or the like, which has a low
melting point.

[0037] Further, the smaller the amount of oxygen in the
chemical formula REBa,Cu,0,_ 5 of REBCO, the lower the
melting point. Therefore, in order to produce a connection
assembly at a lower temperature, it is preferable to prepare
a bulk body having as little oxygen as possible within a
range where the original crystal structure can be maintained.
Specifically, the amount of oxygen in the bulk body 20
before the firing process is preferably in a range of -1 to 4
of 8, and more preferably in a range of 0.5 to 2 of d.
[0038] Further, in the finally produced connection assem-
bly, since the critical current at the joining interface between
the bulk bodies 13 and the wires 11 and 12 depends on the
amount of oxygen, it is preferable to perform a heat treat-
ment for supplying oxygen after the joining to increase the
amount of oxygen, thereby enhancing the superconducting
performance.

[0039] Of the surfaces of the bulk bodies 13, at least
surfaces in contact with the REBCO layers of the wires 11
and 12 are crystallized by crystal growth. It is not necessary
for the whole bulk bodies to be subjected to crystal growth
to turn each bulk body to a complete single crystal, and the
surface parts other than the contact surfaces, as long as each
contact surface is just a single crystal, may be polycrystal-
line. The thickness of their single crystal layer may be an
amount to be able to provide sufficient joint strength. For
example, a thickness of several hundred nm (100 to 500 nm)
or more can provide sufficient joint strength, so that the
firing time for obtaining crystal growth of about 1 pm in
YbBCO is about 1 hour.

[0040] The critical current of the bulk body 13 is related
to the kind, purity, and shape of the rare earth element
contained therein. The rare earth element contained in the
bulk body 13 may be of any kind. The purity of the bulk
body 13 is 10% or higher, preferably 50% or higher, and
more preferably 70% or higher. Although it is not difficult to
produce a polycrystalline bulk body having a purity of 70%
or higher, a commercially available single crystal bulk body
may often be made from a non-superconducting material
(normal conductor or insulator) in order to maintain its
shape during heating production. Since the electrical con-
ductivity varies depending on the purity of the bulk body, the
purity of the bulk body may be 10% or higher, but is
preferably 50% or higher as much as possible.

[0041] Adjusting the thickness of the bulk body 13 (height
H in FIG. 1(A)) makes it possible to increase the critical
current and the mechanical strength. In order to spread the
bulk melted at the time of high-temperature joining over the
superconducting layer of the wire and obtain a sufficient
joining interface, it is desirable for the bulk body to have a
thickness larger than the thickness of the superconducting
layer of the wire 3 pm. Therefore, the bulk 13 needs to have
a thickness of 1 pm or more. However, considering the
production of a single bulk and the setting before the joining
process, a bulk of 20 um or more is convenient to handle.
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The upper limit of the thickness, which is determined
depending on the method of producing the bulk and the ease
of use of the connection assembly, may be 10 mm or less.
Therefore, the height H may be appropriately selected within
a range of from 0.001 mm to 10 mm. Although the heights
H of the plurality of bulk bodies 13 may be the same or
different, it is preferable that the heights H are the same for
all the bulk bodies 13 in view of ease of production.
[0042] The shape of the bulk body 13 is preferably a
symmetric shape, and may be a rectangle, a rounded rect-
angle, or an ellipse. In the following, as illustrated in FIG.
1(B), the length of the bulk body 13 in the longitudinal
direction of the wire is referred to as L, and the length in the
width direction is referred to as W. The length L. and width
W will be described later.

[0043] A gap G between the adjacent bulk bodies 13 may
be any gap as long as it does not cause the bulk bodies 13
to merge during the heat treatment, and may be, for example,
1 to 100 mm. It is to be noted that the smaller the gap G, the
shorter the overall length of the connection part, which is
preferable. For example, the gap G may be 10 mm.

[0044] The flow of a process of connecting the REBCO
wires will be described. It is to be noted that the melt growth
method is described in NPL 1 and PTL 4, and accordingly,
only a brief description will be given herein.

[0045] First, the REBCO bulk body 13 is prepared. The
bulk body 13 maybe produced on the spot, but maybe a
commercially available product. The methods of producing
include a sintering method and an organic acid salt method,
and the latter can produce a high-purity one. Further, it is
preferable to perform a heat treatment (rapid cooling) for
introducing oxygen vacancies in order to lower the melting
point of the bulk body 13 as necessary.

[0046] Further, the REBCO wires 11 and 12 are prepared.
Since the REBCO wire 10 has a multilayer structure, it is
necessary to remove the protective layers so that the
REBCO layer is exposed. As methods of exposing the
REBCO layer, there are known two methods: a method of
exposing the REBCO layer 204 in the state where the
REBCO layer 204 remains on the substrate 203 side, and a
method of removing the substrate 203. In any of the meth-
ods, an end of the REBCO wire is put in liquid nitrogen and
rapidly cooled to a very low temperature (77 K) and then
removed, and after that, when a force is applied to the end
of'the REBCO wire, the respective materials can be properly
separated due to imperfectly constrained thermal stress
between the materials. It is to be noted that either surface of
the REBCO layer 204 can be exposed depending on the
stress direction.

[0047] Then, the wires 11 and 12 and the bulk bodies 13
are set and placed in a heating furnace so that the REBCO
surfaces of the two exposed wires 11 and 12 sandwich the
bulk bodies 13, and are heated to a temperature that is equal
to or higher than the melting point of the bulk bodies 13 and
lower than the melting point of the wires 11 and 12. As a
result, the bulk body 13 will be in a liquid phase state.
Thereafter, by slow cooling, the surfaces of the bulk bodies
13 that come into contact with the wires 11 and 12 are
crystal-grown in which the REBCO of the wires 11 and 12
serves as a seed crystal. Finally, in order to restore the
superconducting performance, a heat treatment is performed
to add oxygen into the REBCO material.

[0048] It is to be noted that some or all of the bulk bodies
13 may be heated at the same time and joined at the same
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time, or each bulk body 13 may be subjected to the heat
treatment independently. However, when some or all of the
bulk bodies 13 are heated at the same time with a single
temperature controller, there may be variations in tempera-
ture in each bulk body 13. Therefore, it is desirable to join
the bulk bodies 13 at the same time while controlling their
temperature independently with a plurality of temperature
controllers or to heat each bulk body 13 separately.

[0049] <Experiment 1: Single Joint>

[0050] First, only one joint (bulk body 13) was provided,
and then its critical current was measured.

[0051] In this experiment, REBCO wires under develop-
ment by Sumitomo Electric Industries, [td. were prepared as
the REBCO wires 11 and 12. These wires each have the
structure illustrated in FIG. 2 and have a width of 4 mm
(Ww=4 mm) and a thickness of about 0.2 mm. The REBCO
layer of each wire mainly contains Gd as a rare earth element
and also contains Y, and its melting point is about 1000° C.
to 1100° C. (in the atmosphere). Further, as the bulk body
13, a bulk body of Yb123 mainly containing Yb as a rare
earth element was used. The melting point of the Yb123 bulk
is about 930° C. (in the atmosphere).

[0052] An experiment was performed in which the width
W of the bulk body 13 was fixed to 4 mm, which is the same
as the wire width Ww, and the length L of the bulk body 13
was changed. Then, the critical current I, of the whole
connection and the critical current I, . of the wire alone
were measured. The critical current I_ - of the wire alone
reflects the deterioration of the wire due to the joining. When
the bulk body width W is equal to the wire width Ww, the
critical current I, .. becomes the upper limit of the increas-
able critical current of the whole connection by increasing
the number of joints.

[0053] Experiments were conducted for the respective
bulk body lengths [=0.5 mm, 1 mm, 2 mm, 3 mm, 4 mm,
5 mm, 12 mm, 16 mm and 20 mm. For each of the lengths,
the height H of the bulk body was fixed at 0.05 mm. Heating
was performed under the condition of holding for 1 minute
at a target temperature of 930° C. The experimental results
are shown in a graph of FIG. 3.

[0054] The critical current I, of the whole connection is
indicated by a black circle and a dotted line, and the critical
current I, of the wire alone is indicated by a white circle
and a solid line. The critical currents were measured by
measuring the voltage while increasing the amount of cur-
rent in liquid nitrogen (77 K).

[0055] As can be seen from FIG. 3, the critical current I,
of the whole connection increases up to about L/'W=1. On
the other hand, the critical current I_,,,, of the wire alone
rapidly decreases from around [/W=1, and is about the same
as [ at about L/W=L1.5 or more.

[0056] Since the critical current at the joint surface is
proportional to the joint area, it is expected that when W is
fixed, the critical current I, increases as L increases. How-
ever, as described above, the critical current I, of the
wire alone is the upper limit of the critical current of the
whole joint (under the condition of W=Ww). That is, it can
be seen that [__,, . is the upper limit of I, when L/W=1.5 or
more.

[0057] The critical current I_,,, of the wire is reduced
from the critical current before the heat treatment because of
the deterioration due to the heat treatment. It is considered
that the reasons for the reduction include performance
degradation due to diffusion of the metal material (Ni, Fe,
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etc.) of the wire substrate over the superconducting layer,
cracking of the superconducting ceramic layer (REBCO
layer) due to high-temperature firing, and the like. The
reason why the larger the /W is, the larger the deterioration
is that the temperature gradient becomes larger (the thermal
conductivity of the REBCO material is low).

[0058] <Experiment 2: A Plurality of Joints>

[0059] Next, the critical current of the whole joint was
measured for each of one joint, two joints, and three joints.
FIG. 4 shows the experimental results. The conditions of this
experiment were W=4 mm and =3 mm (L/W=0.75), and
the other conditions were the same as those in Experiment
1. The gap G for a plurality of joints arranged was 10 mm.
[0060] Ineach case of one joint portion, two joint portions,
and three joint portions, the critical currents were [,,=6.9 A,
1.,=12.7 A, and I ;=212 A. It was found that the critical
current was proportional to the number of joint portions.
[0061] As described above, according to the present
embodiment, it can be seen that increasing the number of
joints makes it possible to increase the critical current of the
whole connection assembly. Here, when the width W of the
bulk body is set to the wire width Ww (W=Ww), it is
necessary to determine the bulk body length L in consider-
ation of a reduction in the critical current I ,,,, of the wire
itself because of the deterioration due to the heat treatment.
It L/W=<1.5, preferably L/W=1, more preferably L/W=0.75,
a sufficiently large critical current can be obtained. Further,
when L/W is made small, in order to obtain the same critical
current, the number of joint portions must be increased, and
thus the whole connection part becomes long. Therefore,
L/W is preferably larger than 0.1, and more preferably larger
than 0.25.

[0062] Further, the melt growth method can perform the
joining in a shorter time than the other methods. Therefore,
according to the present embodiment, it is possible to
produce a connection assembly with a large current capacity
in a short time.

Second Embodiment

[0063] In the first embodiment, the case where the bulk
body width W is the same as the wire width Ww has been
described. In the present embodiment, the case where the
bulk body width W is made smaller than the wire width Ww
(W<Ww) will be considered.

[0064] First, the amount of current that can flow through
the joint portion is proportional to the joint area. Therefore,
the amount of current per one joint portion varies depending
on the magnitude of W even if /W is constant.

[0065] On the other hand, the deterioration of the wire
depends on /W, as is apparent from the above-described
causes. However, in the case of W<Ww, as illustrated in
FIG. 5, the current paths in the wire include a current path
that passes through the joint portion and a current path that
passes through portions other than the joint portion. The
critical current I_,, ' of the wire alone is the sum of the
critical current 1. ,,,,,., through the joint surface current
path and the critical current 1. ,,,, through the current path
that bypasses the joint surface (I_,,.'"=I
[0066] It is to be noted that when the critical current of the
wire before the heat treatment is I__,,, it can be expressed as
L pass7loowx(Ww=W)/Ww. Similarly, if the critical current
of the wire alone when the width of the joint portion (bulk
body width W) is the same as that of the wireis I__,,,. (see
FIG. 3), it can be expressed as 1,005~ xW/Ww.

c-max

c-through +Ic-pass) .
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[0067] For example, Ww=4 mm, W=2 mm, [=1.5 mm
(L/IW=0.75), 1.,,=200 A, and I__,,,,=100 A. Accordingly,
T 18 150 A (=100x0.5+200%0.5). That is, by making the
width W smaller than the wire width Ww, it is possible to
increase the critical current of the wire alone at the joint
portion.

[0068] When the width W and the length L. of the bulk
body (joint portion) are determined, then a current capacity
per one joint portion is obtained. Therefore, by simple
calculation, it is possible to obtain the number of joint
portions for obtaining a current capacity necessary for the
whole connection assembly.

[0069] According to the present embodiment, making the
width W of the bulk body smaller than the wire width Ww
makes it possible to provide a connection assembly having
a larger current capacity than that of the first embodiment.

Third Embodiment

[0070] The second embodiment can increase the current
capacity as compared with the first embodiment, but has a
disadvantage that the number of joints is increased and the
length of the whole connection part is increased. Therefore,
in the present embodiment, a connection method is adopted
in which the number of joint portions is reduced to shorten
the length of the connection part without reducing the
current capacity.

[0071] Inthe present embodiment, the width W of the bulk
body is gradually increased from the upstream side toward
the downstream side. It is to be noted that “gradually
increased” means a monotonic increase in a broad sense, and
adjacent bulk bodies may have the same width. In the
present embodiment, as illustrated in FIGS. 1(A) to 1(C),
two wires are connected to each other so that current flows
back. When the end far from the current supply source is
referred to as a distal end, the side close to the distal end is
downstream, and the side far from the distal end is upstream.
In the present embodiment, the bulk body 13a is located on
the most upstream side, and the bulk body 134 is located on
the most downstream side. Accordingly, the width W of the
bulk body 13a is the smallest and the width W of the bulk
body 13d is the largest.

[0072] The amount of current flowing through the wire
becomes smaller toward the downstream side. Therefore, the
critical current of the wire alone can be made smaller on the
downstream side than on the upstream side, and thus an
increased joint surface area can result in an increased current
capacity at the joint surface. The increased joint surface
current capacity can result in a reduced number of joints
required.

[0073] FIG. 6 illustrates an example of the connection
assembly according to the present embodiment. Here, W and
L are increased toward the downstream side while L/W=1 is
kept constant. Here, the number of joints is eight.

[0074] The respective specific sizes of the plurality of
joints are not limited to those illustrated in FIG. 6, and their
sizes may be determined as appropriate. For example, W
(and L) may be gradually increased toward the downstream
side while [/W is kept constant. Alternatively, L. may be
gradually increased toward the downstream side while W is
kept constant. Alternatively, W may be gradually increased
toward the downstream side while L. is kept constant.
Alternatively, W and I may be gradually increased toward
the downstream side with keeping /W within a predeter-
mined range (the value of /W may be increased or
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decreased). That is, it is only necessary to determine at least
one of W and L for the plurality of joints so as to monoto-
nously increase from the upstream side toward the down-
stream side. It is to be noted that when W is gradually
increased, W is made constant as W=Ww after W reaches
the wire width Ww.

[0075] According to the present embodiment, it is possible
to increase the critical current in the whole joint, and also to
shorten the length of the whole joint.

Other Embodiments

[0076] Inthe embodiments described above, the two wires
are connected to each other via the bulk body. However, the
two wires maybe directly connected in contact with each
other without using the bulk body. Examples of a method for
directly connecting the wires include the melt diffusion
method and the solid phase diffusion method.

INDUSTRIAL APPLICABILITY

[0077] The present invention can increase the critical
current in a HTS wire connection assembly. The present
invention can be used to fabricate HTS wires that are long
enough to be used in the development of any superconduct-
ing magnet (superconducting coil), and can be applied to, in
particular, application equipment that needs to be operated
in the persistent current mode, such as MRI or NMR
equipment.

REFERENCE SIGNS LIST

[0078] 11, 12 REBCO wire (high-temperature supercon-
ducting wire)

[0079] 13 REBCO bulk body (high-temperature supercon-
ducting bulk body)

1-5. (canceled)

6. A high-temperature superconducting (HTS) wire con-
nection assembly in which HTS wires each including a HTS
layer are connected to each other, wherein

a first HTS wire and a second HTS wire that face each

other are superconductively connected to each other at
a plurality of joint portions separated from each other
along a longitudinal direction of the first HTS wire and
the second HTS wire.

7. The HTS wire connection assembly according to claim
65

wherein each of the plurality of joint portions has any one

of a rectangle shape, a rounded rectangle shape, and an
ellipse shape, and

wherein, when a length in the longitudinal direction of the

HTS wire is taken as [ and a length in a width direction
of the HTS wire is taken as W, 0.1<LL/W<1.5 is satis-
fied.

8. The HTS wire connection assembly according to claim
7, wherein 0.25<./W<0.75 is satisfied.

9. The HTS wire connection assembly according to claim
7, wherein W and/or L. for the plurality of joint portions
monotonously increase from upstream side toward down-
stream side along the longitudinal direction of the HTS wire.

10. The HTS wire connection assembly according to
claim 6, wherein the HTS layer of the first HT'S wire and the
HTS layer of the second HTS wire are joined directly.
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11. The HTS wire connection assembly according to
claim 6, wherein the HTS layer of the first HTS wire and the
HTS layer of the second HTS wire are joined via a high-
temperature superconductor.

#* #* #* #* #*



