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FORMED STRAND

(57)  The present invention relates to a method and
an apparatus for manufacturing keystone type super-
conducting compacted stranded wires. In manufactur-
ing the keystone type superconducting compacted
stranded wires, a large number of superconducting
wires are stranded to form stranded wires, which are
then roll-formed. The method and apparatus are config-
ured so that, in the roll-forming, one side of the com-
pacted stranded wires, which is thinner than the other
side thereof after being roll-formed, comes into contact
with one flat roll before the other side of the compacted
stranded wires comes into contact with another flat roll.
The method and apparatus are provided as another
configuration wherein one flat roll to contact with the
compacted stranded wires to be thicker is smaller in di-
ameter than another flat roll to contact with the compact-
ed stranded wires to be thinner. There is provided an-
other configuration wherein one flat roll to contact with
the compacted stranded wires to be thicker is located
backward in roll axis position than another flat roll to con-
tact with the compacted stranded wires to be thinner.

METHOD AND APPARATUS FOR PRODUCING KEYSTONE TYPE SUPERCONDUCTING
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Description
Technical field

[0001] The present invention relates to a method and an apparatus for manufacturing superconducting compacted
stranded wires with keystone angles.

Background art

[0002] A dipole magnet, which is disposed in an accelerator ring of a circular particle accelerator, is required to
generate magnetic field of higher intensity and generate dipole magnetic field in the long distance. To satisfy these
requirements, a saddle coil is frequently used as the dipole magnet for the accelerator. The saddle coil has a structure
in which compacted stranded wires are placed along the axis of the coil and turned at both coil ends in sequence so
as to form an arch shape as a whole, so that a cross section in the straight portion of the coil is shaped into a sector
form. In order that a packing rate in a superconducting portion within the saddle coil is raised to obtain a high current
density in the coil, it is desired to employ superconducting stranded wires of which cross section is shaped into a so-
called keystone type. The keystone type superconducting compacted stranded wires 1', formed from stranded wires
comprising superconducting wires 2', as shown in Fig. 7, is formed to have a trapezoidal-shaped cross-section which
has two side ends of different heights, one side end 3' shorter than the other side end 4', as shown in Fig. 7.

[0003] Conventionally, in general, the keystone type compacted stranded wires are produced through procedures
described in detail hereunder. A plurality of superconducting wires are stranded into stranded wires (hereinafter referred
to as superconducting stranded wires). The superconducting wires are press-formed in four directions by four rolls, as
shown in Figs. 5A and 5B, thus producing compacted stranded wires of which cross section is trapezoidal. The four
rolls are made up of, rolls 5' and 6' (hereinafter referred to as tapered rolls) and cylindrical rolls (hereinafter referred
to as flat rolls) 7' and 8'. The tapered rolls 5 and 6 have rotation axes parallel with each other and are tapered on the
outer surface thereof, while the flat rolls 7' and 8' have rotation axes orthogonal to those of the tapered rolls 5' and 6'.
[0004] The packing rate in the compacted stranded wires is set to be a high value so as to increase the current
density in the coil. This setting causes the superconducting wires to locally receive higher compressive force and
tension during being stranded. In particular, edge portions of the compacted stranded wires receive bending force, in
addition to the above-mentioned compressive force and tension, so that the superconducting wires deform in such
manner that the original shape thereof hardly remains.

[0005] When superconducting stranded wires are roll-formed to obtain a keystone angle, one side end portion of
both side end portions of the superconducting compacted stranded wires, which is thinner than the other side end
portion in the cross section, receives the most severe compressive force. Thus, breakage of superconducting filaments
serving as transportation paths of current may occur. Furthermore, in roll-forming, some of the superconducting wires
which have lost respective destination in a closed space enclosed between rolls and adjacent superconducing wires
may extend excessively in its longitudinal direction, thus causing a locally reduced sectional area of the superconducting
filaments. What is worse, the superconducting wires with no destination may cause burrs. It is therefore apt to cause
some drawbacks in both of the superconducting properties and contours.

[0006] In cases the keystone type superconducting compacted stranded wires are manufactured in the industrial
scale, the keystone angle is specified as being less than one degree. Burrs produced on the edge portions in one side
end of the superconducting compacted stranded wires, which is thinner than the other side in the cross section, may
be removed by grinding. Removing the burrs on the edge portions in such a way leads to partial removal of a normal
conducting matrix disposed for stabilization. Therefore, there is a problem in which the stability in the superconducting
property in the portion with the burrs removed is locally lowered. Furthermore, when the portion removed by grinding
extends to superconducting filament portions, there occurs a problem in which the current to be transported is reduced
in large extent.

[0007] An object of the present invention is therefore to provide a method and an apparatus for manufacturing stable
and reliable superconducting compacted stranded wires by means of improved fabrication conditions of the stranded
wires.

Summary of the invention

[0008] A first embodiment of a method of manufacturing keystone type superconducting compacted stranded wires
according to the present invention is to roll-form superconducting stranded wires into keystone type superconducting
compacted stranded wires by using a pair of tapered rolls of which outer surfaces are tapered and of which rotation
axes are parallel with each other and a pair of flat rolls of which rotation axes are perpendicular to those of the tapered
rolls and parallel with each other, one side of said superconducting stranded wires, which becomes thinner than other
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side of said superconducting stranded wires after being roll-formed, being contacted with one of said pair of flat rolls
before said other side of said superconducting stranded wires is contacted with other of said pair of flat rolls.

[0009] A second embodiment of the present invention is a method of manufacturing keystone type superconducting
compacted stranded wires, wherein a diameter of said one flat roll in said pair of flat rolls to contact with said one side
end of the superconducting stranded wires, which is thinner than said other side end after being roll-formed, is larger
than that of said other flat roll in said pair of flat rolls, thus said one side end of the superconducting stranded wires,
which is thinner than said other side end after being roll-formed, is contacted with said one flat roll prior to said other
side end of the superconducting stranded wires is contacted with said other flat roll.

[0010] A third embodiment of the present invention is a method of manufacturing keystone type superconducting
compacted stranded wires, wherein said other flat roll in said pair of flat rolls to contact with said other side end of the
superconducting stranded wires, which is thicker than said one side end after being roll-formed, is located backward
compared to said one flat roll in relation to a direction in which the superconducting stranded wires are moved, thus
said one side end of the superconducting stranded wires, which is thinner than said other side end after being roll-
formed, is contacted with said one flat roll prior to said other side end of the superconducting stranded wires is contacted
with said other flat roll.

[0011] A first embodiment of an apparatus for manufacturing keystone type superconducting compacted stranded
wires according to the present invention includes a group of forming rolls comprising a pair of tapered rolls of which
rotation axes are parallel with each other and a pair of flat rolls of which rotation axes are parallel with each other and
are orthogonal to the rotation axes of the tapered rolls, in which a diameter of one flat roll in said pair of flat rolls to
contact with the one side of the superconducting stranded wires, which is thinner than the other side after being roll-
formed, is larger than that of the other roll in said pair of flat rolls.

[0012] A second embodiment of an apparatus of the invention for manufacturing keystone type superconducting
compacted stranded wires includes a group of forming rolls comprising a pair of tapered rolls of which rotation axes
are parallel with each other and a pair of flat rolls of which rotation axes are parallel with each other and are orthogonal
to the rotation axes of the tapered rolls, in which a rotation axis of one flat roll in said pair of flat rolls to contact with
one side end of the superconducting stranded wires, which is thicker than other side end after being roll-formed, is
located backward compared to that of other flat roll in relation to a direction in which the superconducting stranded
wires are moved.

[0013] Superconducting stranded wires to be roll-formed according to the presentinvention includes superconducting
stranded wires which are preformed as required.

Brief description of the drawings

[0014]

Fig. 1A is a perspective view exemplifying the cross section of keystone type superconducting compacted stranded
wires manufactured by the method of the invention;

Fig. 1B is an illustration of the cross section of the keystone type superconducting compacted stranded wires as
a trapezoidal shape to explain the keystone angle;

Fig. 2A is the front view of a group of rolls for roll-forming superconducting stranded wires according to one em-
bodiment of the present invention;

Fig. 2B s the plan view of the group of rolls for roll-forming superconducting stranded wires as shown in Fig. 2A;
Fig. 3A s the front view of a group of rolls for roll-forming superconducting stranded wires according to other
embodiment of the present invention;

Fig. 3B is the plan view of the group of rolls for roll-forming superconducting stranded wires as shown in Fig. 3A;
Fig. 4A is the front view of a group of rolls for roll-forming superconducting stranded wires according to other
embodiment of the present invention;

Fig. 4B is the plan view of the group of rolls for roll-forming superconducting stranded wires as shown in Fig. 4A;
Fig. 5A is the front view of a group of rolls for for roll-forming superconducting stranded wires according to a
conventional manufacturing method;

Fig. 5B is the plan view of the group of rolls for roll-forming superconducting stranded wires as shown in Fig. 5A;
Fig. 6 shows a cross section of the keystone type superconducting compacted stranded wires according to em-
bodiments of the present invention; and

Fig. 7 shows a cross section of the keystone type superconducting compacted stranded wires according to the
conventional manufacturing method.
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Detailed description

[0015] A first embodiment of the present invention is a method of manufacturing keystone type superconducting
compacted stranded wires, wherein superconducting stranded wires are roll-formed into keystone type superconduct-
ing compacted stranded wires by using a group of rolls comprising a pair of tapered rolls of which outer surfaces are
tapered and of which rotation axes are parallel with each other and a pair of flat rolls of which rotation axes are per-
pendicular to those of the tapered rolls and parallel with each other, and one side end of said superconducting stranded
wires, which becomes thinner than other side end of said superconducting stranded wires after being roll-formed, is
contacted with one flat roll of said pair of flat rolls before said other side end of said superconducting stranded wires
is contacted with other flat roll of said pair of flat rolls.

[0016] A second embodiment of the present invention is a method of manufacturing keystone type superconducting
compacted stranded wires, wherein a diameter of said one flat roll in said pair of flat rolls to contact with said one side
end of the superconducting stranded wires, which is thinner than said other side end after being roll-formed, is larger
than that of said other flat roll in said pair of flat rolls, thus said one side end of the superconducting stranded wires,
which is thinner than said other side end after being roll-formed, is contacted with said one flat roll prior to said other
side end of the superconducting stranded wires is contacted with said other flat roll.

[0017] A third embodiment of the present invention is a method of manufacturing keystone type superconducting
compacted stranded wires, wherein said other flat roll in said pair of flat rolls to contact with said other side end of the
superconducting stranded wires, which is thicker than said one side end after being roll-formed, is located backward
compared to said one flat roll in relation to a direction in which the superconducting stranded wires are moved, thus
said one side end of the superconducting stranded wires, which is thinner than said other side end after being roll-
formed, is contacted with said one flat roll prior to said other side end of the superconducting stranded wires is contacted
with said other flat roll.

[0018] A first embodiment of an apparatus of the invention for manufacturing keystone type superconducting com-
pacted stranded wires includes a group of forming rolls comprising a pair of tapered rolls of which rotation axes are
parallel with each other and a pair of flat rolls of which rotation axes are parallel with each other and are orthogonal to
the rotation axes of the tapered rolls, in which a diameter of one flat roll in said pair of flat rolls to contact with one side
end of the superconducting stranded wires, which is thinner than other side end after being roll-formed, is larger than
that of other roll in said pair of flat rolls.

[0019] A second embodiment of an apparatus of the invention for manufacturing keystone type superconducting
compacted stranded wires includes a group of forming rolls comprising a pair of tapered rolls of which rotation axes
are parallel with each other and a pair of flat rolls of which rotation axes are parallel with each other and are orthogonal
to the rotation axes of the tapered rolls, in which a rotation axis of one flat roll in said pair of flat rolls to contact with
one side end of the superconducting stranded wires, which is thicker than other side end after being roll-formed, is
located backward compared to that of other flat roll in relation to a direction in which the superconducting stranded
wires are moved.

[0020] With reference to the accompanying drawings, embodiments of the present invention are described in detail.
The following description is directed to limited embodiments, however, does not intend to limit the scope of the present
invention. The present invention will include scopes which a person skilled in the art is able to easily conceive from
the following description.

[0021] The keystone type superconducting compacted stranded wires of the invention, prepared from stranded wires
comprising superconducting wires 2, as shown in Fig. 1A, is roll-formed so as to have a trapezoidal-shaped cross-
section which has one side end 3 shorter than the other side end 4, as shown in Fig. 1B. The angle 12 shown in Fig.
1B is called a keystone angle.

[0022] Incidentally, the packing rate is defined as a value which can be obtained by dividing an area occupying the
superconducting compacted stranded wires by an area of a portion enclosed by a trapezoidal circumscribed line of
the keystone type superconducting compacted stranded wires, and is about 90 percents.

[0023] Keystone type superconducting compacted stranded wires 1 shown in Fig. 1A are manufactured in such a
way that a plurality of superconducting wires are stranded into stranded wires and the thus prepared stranded wires
are press-formed by means of rolls from four directions.

[0024] In the keystone type superconducting compacted stranded wires 1 as shown in Fig. 1A, one side end of the
wires, which is smaller in thickness and designated by reference numeral 3 is hereinafter referred to as x, while the
other side end of the wires, which is larger in thickness and designated by reference numeral 4 is hereinafter referred
to as y. In addition, in the pair of rolls 5 and 6 which are tapered as shown in Figs. 2A and 2B to Fig. 4A and 4B, the
roll 5 is hereinafter referred to as a tapered roll A and the other roll 6 is hereinafter referred to as a tapered roll B.
Furthermore, in the pair of flat rolls 7 and 8 used for pressing the sides x and y of the superconducting stranded wires,
the roll 7 coming in contact with the side x is hereinafter referred to as a flat roll X, whilst the other roll 8 coming in
contact with the side y is hereinafter referred to as a flat roll Y. Incidentally, Figs. 2A and 2B to Fig. 4A and 4B show
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that the superconducting stranded wires are moved in a direction shown by an arrow 9, namely, from the bottom to the
top in the drawings. Therefore, the wires are pinched between the tapered rolls A and B as well as between the flat
rolls X and Y so as to be roll-formed.

[0025] The present invention is described with reference to Figs. 2A and 2B. When the roll-forming of the stranded
wires is started, one side end of the stranded wires to be made smaller in thickness is pressed at first. The reason
thereof resides in that since the rolls A and B are tapered, the corresponding surface portions of the tapered rolls A
and B which are located closer to the side end portion of the stranded wires come into contact with the stranded wires,
at first. Although the superconducting stranded wires to be roll-formed by the tapered rolls A and B reduces in thickness
in such manner that the superconducting stranded wires extend in the width direction, the side x of the rolled stranded
wires is arrested by the flat roll X. Thus, the superconducting stranded wires thus compressed and deformed push
adjacent superconducting stranded wires, which are located opposite to the side x, in the direction toward the thicker
side y. The stranded wires thus pushed are then pressed by the tapered rolls A and B to push further adjacent super-
conducting stranded wires in the direction toward the thicker side y. The pushing process described above is executed
in sequence, resulting in that a portion having a less packing rate is formed at the side end portion of the superconducting
compacted stranded wires, i.e., the thicker side y, eventually.

[0026] More specifically, the portion of the superconducting compacted stranded wires which has the highest packing
rate and is placed under the severe fabrication conditions is press-formed at first. This permits adjacent superconduct-
ing stranded wires to be pushed in the direction toward the side y which has a lower packing rate, so that the above-
mentioned severe fabrication conditions can be moderated.

[0027] In contrast, according to the conventional method as shown in Figs. 5A and 5B, the pair of tapered rolls 5'
and 6' each of which has a tapered surface portion corresponding to a specified keystone angle, as shown in Fig. 5A,
as well as the pair of flat rolls 7' and 8' are used to pinch the stranded wires, so that the stranded wires are pressed
from the four directions. More specifically, according to the conventional method, i.e., in cases that the diameters of
the flat rolls X' and Y' are equal to each other, since the both sides of the stranded wires in the lateral direction come
into contact with the flat rolls X' and Y' at the same time, the compressions from the right and left sides start simulta-
neously. Then, the horizontal compression force applied from the thicker side considerably deteriorates the effect of
the above-mentioned moderation of the severe fabrication conditions in which the adjacent superconducting stranded
wires are pushed in the direction toward the side y. Accordingly, each of the superconducting wires residing in the
region of the highest packing rate (the side portion of the compacted stranded wires which has smaller thickness) is
arrested within a closed space enclosed by the tapered rolls A', B', the flat roll X', and adjacent wires. Therefore, various
problems are apt to occur. For example, an excessive compression causes breakage of superconducting filaments. In
addition, since portions in the stranded wires are excessively extended in the axial direction of the wires, cross-sections
thereof are locally reduced. Furthermore, burrs (i.e., overhangs produced at edge portions) are generated, since parts
of the superconducting stranded wires escape into the portions in which the tapered roll A’ or B' and the flat roll X' are
contacted (i.e., edges of the compacted stranded wires).

[0028] On the other hand, in the present invention, i.e., in cases that the flat roll Y to come into contact with the side
y of the compacted stranded wires is smaller in diameter than the flat roll X, as shown in Figs. 2A and 2B, other side
end of the stranded wires comes into contact with the flat roll Y later than the contact of one side end of the stranded
wires with the flat roll X. More specifically, when the side x and its surrounding portion of the compacted stranded wires
begins to be compressed from the tapered rolls A, B and the flat roll X, the side y of the stranded wires have not been
compressed as yet, thus the superconducting wires are easily moved in the direction toward the side y by pushing.
Accordingly, the severe fabrication conditions in the portion having the highest packing rate is moderated, thus the
above-mentioned drawbacks are not occurred.

[0029] Furthermore, embodiments of the invention as shown in Figs. 3A and 3B, and 4A and 4B provide other effective
configurations for delaying the contact of the side y of the stranded wires with the flat roll Y. In both configurations, the
position of axis of the flat roll Y is located backward compared to that of the flat roll X with regard to the moving direction
of the stranded wires. An amount of the above-mentioned backward arrangement of the axis position of the flat roll Y
(hereinafter referred to as an offset length) is directly related to a delay distance in the contact of the side y of the
stranded wires with the flat roll Y. It is therefore possible to gain larger delay distances by means of the back arrangement
of the axis position compared to the above-mentioned configuration as shown in Fig. 2A and 2B in which the flat rolls
X andY differ in their diameters. However, in the case of changing the diameters of the flat rolls X and Y, the compres-
sions from the flat rolls X and Y end at the same time, whereas in the case of the backward arrangement of the roll
axis, the compression from the flat roll X ends during the compressive forming from the flat roll Y. Thus, it has to be
considered that the employment of the excessive offset length of the central position of the roll Y may give unstable
shapes to the compacted stranded wires, such as jetting of the stranded wires and fluctuations in the keystone angle.
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Examples

[0030] The present invention will now be described in detail by examples.

Example 1

[0031] 36-pieces of Cu/NbTi composite multifilamentary superconducting wires, each of which was 0.825 mm in
diameter, 1.95 in area ratio of Cu/NbTi, 6,426 pieces in the number of filaments, and 6 um in filament diameter, were
stranded into a wedge-shaped mandrel, and then pressed with rolls to manufacture keystone type superconducting
compacted stranded wires having thickness of 1.36 mm (thinner side) and 1.60 mm (thicker side), width of 15.0 mm,
and keystone angle of 0.9 degrees.

[0032] Roll-forming was executed with the use of the tapered rolls A and B each of which is 136 mm in outer diameter
and 0.5 degrees in tapered angle, as well as the flat roll X having an outer diameter of 136 mm, and the flat roll Y
having an outer diameter of 125 mm.

[0033] Alltherolls A, B, X and Y were disposed in such manner that all the axes thereof were on the same plane.

Example 2

[0034] Aflatroll of which outer diameter is 115 mm was used as the flat roll Y, and the remaining fabrication conditions
were set to be the same as those of the example 1. Thus, keystone type superconducting compacted stranded wires
having the same circumscribed dimensions as those in the example 1 were manufactured.

Example 3

[0035] Aflatroll of which outer diameteris 105 mm was used as the flat roll Y, and the remaining fabrication conditions
were set to be the same as those of the example 1. Thus, keystone type superconducting compacted stranded wires
having the same circumscribed dimensions as those in the example 1 were manufactured.

Example 4

[0036] A flat roll of which outer diameter is 136 mm, which is the same as that of the flat roll X, was adopted as the
flat roll Y, and then the flat roll Y was disposed backward by 1 mm in axial position to the flat roll X with regard to the
moving direction of the stranded wires, and the remaining fabrication conditions were set to be the same as those of
the example 1. Thus, keystone type superconducting compacted stranded wires having the same circumscribed di-
mensions as those in the example 1 were manufactured.

Example 5

[0037] Aflatroll of which outer diameter is 105 mm was adopted as the flat roll Y, and then the flat roll Y was disposed
backward by 1 mm in axial position to the roll X with regard to the moving direction of the stranded wires, and the
remaining fabrication conditions were set to be the same as those of the example 1. Thus, keystone type supercon-
ducting compacted stranded wires having the same circumscribed dimensions as those in the example 1 were man-
ufactured.

Example for comparison 1

[0038] A flat roll of which outer diameter is 136 mm, which is the same as that of the flat roll X, was adopted as the
flat roll Y and the remaining fabrication conditions were set to be the same as those of the example 1. Thus, keystone
type superconducting compacted stranded wires having the same circumscribed dimensions as those in the example
1 were manufactured.

[0039] The thinner-side edge portion of each of the superconducting compacted stranded wires manufactured in the
examples 1 to 5 and the example for comparison 1 were observed with the use of a microscope from the perpendicular
directions thereto in order to measure respective transit lengths. The results are shown in Table 1. As shown in Fig. 6,
the transit length is defined as the length of each portion 10 in the edges of the side end of the superconducting
compacted stranded wires as depicted in the circle, of which curved surface is kept as it is without being contacted
with any roll during the roll-forming of the stranded wires.

[0040] The compacted stranded wires manufactured in the examples 1 to 5 and the example for comparison 1 were
un-stranded and the superconducting wire samples were picked up, and then, the superconducting wire samples were
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immersed in liquid helium to measure critical current based on the four-terminal method. The critical current measure-
ments of the un-stranded wire samples were executed in such a manner that a portion located at the thinner-side end
(i.e., curved portion) of each compacted stranded wire was set at a center between voltage taps.

[0041] Concurrently, superconducting wire samples were picked up from a portion which has not roll-formed as yet
in the vicinity of each un-stranded wire sample, and then the superconducting wire samples were also immersed in
liquid helium to measure critical current based on the four-terminal method. By comparing the critical currents with
each other, reduced rates in the critical current when roll-forming the stranded wires were calculated. The results are
shown in Table 2.

[0042] As is clear from Table 1, the transit portion (i.e., having transit length) exists in the edges of thinner-side end
of the compacted stranded wires in the examples 1 to 3 in which the flat roll Y is smaller in diameter than the flat roll
X, the example 4 in which the flat roll Y is located backward compared to the flat roll X, and the example 5 in which
the flat roll Y is smaller in diameter than the flat roll X and in addition the flat roll Y is located backward compared to
the flat roll X.

[0043] Meanwhile, in the example for comparison 1 in which the flat rolls X and Y are the same in diameter and all
the axes of the rolls A, B, X and Y are arranged on the same plane, burrs 11 occurred at edges of compacted stranded
wires as depicted in the circle in Fig. 7. This exhibits in the example for comparison 1 that there was no vacant place
within the compacted stranded wires into which the superconducting wires residing in the region having the highest
packing rate are to be moved by being pushed.

[0044] In addition, as is clear from Table 2, the reduced rates of critical current during roll-forming of the stranded
wires in the examples 1 to 5 were about 1 percent, whereas the reduced rate in the example for comparison 1 was
deteriorated down to about 8 percents. This deterioration is resulted from the fact that the superconducting wires
residing in the region having the highest packing rate were arrested therein, so that they are forced to excessively
extend in their longitudinal directions.

[0045] According to the present invention, there can be obtained the method and apparatus for manufacturing key-
stone type superconducting compacted stranded wires which has superior superconducting property and shapes.

Industrial availability

[0046] No burr is produced in the edges of the thinner-side end in the superconducting compacted stranded wires
when the diameters of the flat rolls are made to be different from each other, in case that a pair of tapered rolls and a
pair of flat rolls for holding are used to roll-form the superconducting stranded wires, alternatively, when the float rolls
are located at different positions in the back and forth direction with regard to the moving direction of the stranded
wires. Those configurations enable a transit portion is produced in the edges of the side end of the superconducting
compacted stranded wires, of which thickness is thinner than the other side, resulting in that there is no burr on the
edge. In addition, the reduced rate of critical current during roll-forming the stranded wires is about 1 percent. Therefore,
according to the method of the present invention for manufacturing the superconducting compacted stranded wires,
keystone type superconducting compacted stranded wires can be obtained with superior superconducting properties
and shapes. In consequence, a remarkable contribution can be given to industry.
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Claims

A method of manufacturing keystone type superconducting compacted stranded wires, wherein superconducting
stranded wires are roll-formed into keystone type superconducting compacted stranded wires by using a group of
rolls comprising a pair of tapered rolls of which outer surfaces are tapered and of which rotation axes are parallel
with each other and a pair of flat rolls of which rotation axes are perpendicular to those of the tapered rolls and
parallel with each other, and one side end of said superconducting stranded wires, which becomes thinner than
other side end of said superconducting stranded wires after being roll-formed, is contacted with one flat roll of said
pair of flat rolls before said other side end of said superconducting stranded wires is contacted with other flat roll
of said pair of flat rolls.

The manufacturing method as claimed in claim 1, wherein a diameter of said one flat roll in said pair of flat rolls to
contact with said one side end of the superconducting stranded wires, which is thinner than said other side end
after being roll-formed, is larger than that of said other flat roll in said pair of flat rolls, thus said one side end of
the superconducting stranded wires, which is thinner than said other side end after being roll-formed, is contacted
with said one flat roll prior to said other side end of the superconducting stranded wires is contacted with said other
flat roll.

The manufacturing method as claimed in claim 1 or 2, wherein said other flat roll in said pair of flat rolls to contact
with said other side end of the superconducting stranded wires, which is thicker than said one side end after being
roll-formed, is located backward compared to said one flat roll in relation to a direction in which the superconducting
stranded wires are moved, thus said one side end of the superconducting stranded wires, which is thinner than
said other side end after being roll-formed, is contacted with said one flat roll prior to said other side end of the
superconducting stranded wires is contacted with said other flat roll.

An apparatus for manufacturing keystone type superconducting compacted stranded wires, which includes a group
of forming rolls comprising a pair of tapered rolls of which rotation axes are parallel with each other and a pair of
flat rolls of which rotation axes are parallel with each other and are orthogonal to the rotation axes of the tapered
rolls, in which a diameter of one flat roll in said pair of flat rolls to contact with one side end of the superconducting
stranded wires, which is thinner than other side end after being roll-formed, is larger than that of other roll in said
pair of flat rolls.

An apparatus for manufacturing keystone type superconducting compacted stranded wires,which includes a group
of forming rolls comprising a pair of tapered rolls of which rotation axes are parallel with each other and a pair of
flat rolls of which rotation axes are parallel with each other and are orthogonal to the rotation axes of the tapered
rolls, in which a rotation axis of one flat roll in said pair of flat rolls to contact with one side end of the superconducting
stranded wires, which is thicker than other side end after being roll-formed, is located backward compared to that
of other flat roll in relation to a direction in which the superconducting stranded wires are moved.
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FIG. 2
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FIG. 3
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FIG. 4
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FIG. 5
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FIG. ©
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