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57 ABSTRACT 
A multi-filament superconducting composite com 
posed of a plurality of segments that is intrinsically 
stable. The individual segments are multi-filament 
composites that have been twisted after assembly and 
mechanical working and thereafter subsequently de 
formed. The deformed segments can be triangular or 
rectangular and are assembled into a second compos 
ite. After assembly the second composite is once again 
twisted. This second twisting transposes the filaments 
within the segments, thereby producing a supercon 
ductor that is resistant to flux jumps induced by self 
field losses. 

7 Claims, 9 Drawing Figures 
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MULT-FILAMENT COMPOSITE 
SUPERCONDUCTOR WITH TRANSPOSITION OF 
FLAMENTS AND METHOD OF MAKING SAME 

This is a division of application Ser. No. 286,625 filed 
Sept. 6, 1972. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates generally to superconductors 

and more specifically to multi-filamentary supercon 
ductor composites that are intrinsically very stable. 

2. Prior Art 
A significant factor in the development of supercon 

ductors and superconducting devices is the attainment 
of adiabatic stability. This is essential in order to attain 
reliable performance in superconducting devices. Ex 
cellent superconducting properties have been attained 
in laboratory testing of short samples. However, when 
superconducting devices were fabricated from long su 
perconductor wire, performance comparable to short 
sample testing was not attained. 

Failure to obtain short sample performance in super 
conducting devices has been attributed, in part, to flux 
jumps. Flux jumps cause degradation in superconduc 
ting devices by creating sudden local releases of energy 
resulting in a premature transition to the normal state 
and thereby preventing reliable attainment of high cur 
rent densities. 

It is theorized that flux jumps occur when an external 
field is applied to a superconducting device inducing 
loops of current at the critical current density which 
are unstable and may suddenly decay rapidly with a re 
lease of energy. This sudden release of energy causes 
a transition in the superconducting device from the su 
perconducting state to the normal or resistive state 
thereby causing degradation of the superconductor. 
This sudden reversal can result in serious physical dam 
age to the superconducting device. 
Various techniques have been developed to improve 

the stability of superconductors by minimizing degra 
dation caused by flux jumping. In the paper, "Multifila 
mentary Superconducting Composites', by P. R. 
Critchlow, E. Gregory and B. Zeitlin, published in Cry 
ogenics, February 1971, pp. 3-10, recent develop 
ments that have contributed to the production of stable 
superconducting composites are discussed. One such 
development is the production of superconductors 
from composites having 50-1000 superconducting fila 
ments in a matrix of high purity copper. However, the 
apparent advantages offered by miltifilamentary com 
posites were not fully realized because these wires be 
haved in some respects essentially the same as an 
equivalent solid single core conductor and the occur 
rence of flux jumping was unchanged. 
This paper points out a technique whereby flux jumps 

induced by an external field can be reduced and the full 
advantages of multifilamentary composites attained. If 
the composite is twisted, the wire is effectively cut into 
lengths equal to half the twist pitch. The twisted wire 
should, therefore, behave as a collection of isolated fil 
aments and consequently be more stable than a compa 
rable untwisted multifilament composite. 
Critchlow et al disclose that a twisted composite is 

still susceptible to degradation and loss from self-field 
effects. The self-field of the wire is produced by the 
transport current flowing in it. This results in an un 
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2 
equal current distribution in which the outer filaments 
carry more current than the inner ones. A flux jump 
may occur thereby producing more uniform current 
distribution with a concomitant transition to the nor 
mal state. 
Twisting alone will not eliminate self-field effects be 

cause the filaments never change their radial position. 
Transposition will arrange the individual filaments so 
that they occupy successively every position of the 
cross-section. The filaments in an individual wire can 
not be transposed. However, by winding a number of 
these wires into a braid or cable, a transposed conduc 
tor can be constructed. 
By forming a braid or cable insures that the inner 

wires get to the outside of the conductor cross-section. 
These techniques, however, are not entirely satisfac 
tory because rigidity and high packing factor cannot be 
attained. Rigidity or wires in a superconducting device 
is necessary to prevent objectionable wire motion. The 
shape of braided or cabled superconducting wire does 
not produce a high packing factor. This restricts the 
amount of wire that can be contained in a magnet 
thereby affecting the size of the magnet. 
Accordingly, the present invention provides a novel 

superconductor composite comprised of a plurality of 
segments and method of making same that utilizes su 
perconducting filaments embedded in a normal matrix. 
The segments are twisted so as to obviate eddy current 
type losses resulting from external magnetic fields and 
the individual filaments are also transposed so that they 
occupy the same relative radial position within the su 
perconductor cross-section, thereby also avoiding or 
eliminating self-field losses. 

SUMMARY OF THE INVENTION 

An object of this invention is to provide an intrinsi 
cally stable milti-filament superconductor. 
A further object of this invention is to provide an in 

trinsically stable milti-filament supercondcutor com 
posed of a plurality of segmented composites. 

Still a further object of this invention is to provide a 
superconductor that is free from degradation resulting 
from self-field losses. 

Still a further object of this invention is to provide a 
method for producing intrinsically stable multi 
filament superconductors. 
A further object of this invention is to provide a 

method for producing intrinsically stable multi 
filament superconductors composed of a plurality of 
segmented composites. 
These and other objects are obtained by assembling 

a first composite composed of a plurality of supercon 
ducting rods in a normal matrix. This first assembly is 
then mechanically worked until the superconductor 
rods are reduced to a filament of a diameter approxi 
mating the desired final diameter. The mechanically 
reduced composite is then twisted and segmented. As 
used herein, the term segmented means to alter me 
chanically the cross-section of the superconductor 
composite from round to triangular or rectangular by 
passing the composite through a forming device. A sec 
ond composite of rectangular or circular cross-section 
is made by assembling a plurality of the previously 
formed segments. This second composite is then me 
chanically worked until the diameter of the filaments is 
reduced to approximately 0.3 to 1.4 mil. The mechani 
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cally worked composite is then twisted a second time. 

The individual segments constitute composites com 
posed of a suitable number of superconducting fila 
ments in a matrix of normal material having a twist of 5 
the necessary pitch. The segments are resistant to flux 
jumping induced by an external magnetic field and are 
thereby stabilized against this form of degradation. 
However, the filamentary strands within each individ 
ual segment will not vary in their radial location from 
the center of such segment and the segment will not 
avoid instability resulting from generated self-fields. 
The individual segments are combined to form a sec 
ond composite. The second composite is then mechani 
cally worked and twisted to a predetermined pitch. The 
convoluted filaments contained within each segment of 
this second composite assume a path of varying radial 
position along their lengths from the center of the final 
conductor. Such varying distribution of the individual 
filaments produces a more uniform sharing of each fila 
ment of the cross-section of the composite conductor 
so that each filament shares substantially equally in the 
conducting current. Thus the tendency towards insta 
bility resulting from self-generated fields is avoided. 
The advantages of the superconductor of this inven 

tion will be apparent from the following drawings and 
detailed descriptions in which: 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS 

FIG. 1 is a diagrammatic transverse schematic of a 
first composite of this invention consisting of supercon 
ductor rods in a normal matrix. 
FIG. 2 is a diagrammatic longitudinal schematic of a 

first composite of this invention showing the position of 
an outside filament after twisting. 
FIG. 3 is a diagrammatic transverse schematic of a 

first composite after segmenting. 
FIG. 4 is a diagrammatic transverse schematic of an 

other embodiment of a first composite after segment 
1ng. 
FIG. 5 is a diagrammatic transverse schematic of a 

second composite consisting of a plurality of triangular 
segments. FIG. 6 is a diagrammatic longitudinal sche 
matic of a second composite showing the position of a 
filament within the composite. 
FIG. 7 is a diagrammatic transverse schematic of an 

other embodiment showing a second composite con 
sisting of a plurality of rectangular segments. 
FIG. 8 is a diagrammatic transverse schematic of a 

second composite after twisting. 
FIG. 9 is a diagrammatic longitudinal schematic of a 

second composite showing the position of a transposed 
filament within a segment after twisting. 
DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

Referring to FIG. 1, there is shown a superconduc 
ting composite 10 consisting of a normal matrix 12 
such as OFHC copper and superconducting alloy rods 
14 distributed therein. The superconducting alloy can 
be, for example, niobium-titanium containing approxi 
mately 50 percent of each element. After assembly, the 
composite can be fabricated in a manner well known in 
the art, for example, extrusion rolling, drawing, Swag 
ing and heat treatment are well known processing tech 
niques utilized to obtain a composite of a specified re 
duced cross-section and optimum superconducting 
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4. 
properties. In this instance composite 10 is reduced to 
a diameter approximating the desired final diameter. 
After fabrication, composite 10 is twisted. As shown 

in FIG. 2, after twisting representative filament 14.a fol 
lows path 16. The pitch or rate of twist is dependent 
upon the rate at which the superconducting device will 
be charged. For most applications a pitch of /2 to 5 
twists per inch is acceptable. The intermediate diame 
ter must be of such a magnitude so that reduction to the 
final diameter will not remove the original twist by 
elongating the wire. Generally speaking, this intermedi 
ate diameter must not be more than twice the final de 
sired diameter. 
FIGS. 3 and 4 show two different embodiments, 10a 

and 10b, of segmented composite 10. After composites 
10a or 10b are mechanically worked to an intermediate 
diameter and twisted, they are then segmented by me 
chanical shaping. Shaping to the desired cross-section 
may be performed by using dies, grooved rolls or a 
Turks-head. A Turks-head consists of 4-hardened steel 
rolls set in planes at right angles to each other. The nar 
row face of the rolls, as set in the framework, is adjust 
able on the same plane so that the assembly of the over 
lapping roll edges facing each other will project a con 
tour of the opening so formed, into the desired shape 
of the cross-section of the product to be made. 

Preferably the angle 0 in FIG. 3 should be a subdivi 
sion of 360, i.e., 10, 12, 15, 20, 24, 30, 45, 60, 72,90, 
120, etc., so that the triangular or rectangular segments 
10a or 10b so produced by the Turks-head can be as 
sembled to form a second composite 22 or 30 as shown 
in FIGS. 5 and 7, respectively. After mechanically 
forming segments 10a or 10b, the segments can be fur 
ther treated in order to facilitate assembly of compos 
ites 22 or 30. The segments may be passed through a 
solder bath of silver-tin (3% Ag, 97% Sn). This coating 
of solder will hold the segments together during further 
processing. The assembly can also be formed by ultra 
sonically welding the segments together. 
FIG. 5 shows a second composite 22 composed of tri 

angular segments 20a, 20b, 20c, 20d, 20e, 20f, 20g and 
20h. The angle 6 formed during drawing first composite 
10 through the forming dies is 45. As shown in FIG. 6, 
representative filament 24 in segment 20a is transposed 
along the path 26. 
FIG. 7 shows another embodiment of a second com 

posite 30 composed of rectangular segments 32a, 32b, 
32c and 32d. 
As shown in FIGS. 5 and 7, after assembly the mating 

segments have a common junction point, 28 and 34, 
which is located at the center of the second composite. 
This places some of the filaments which were formerly 
situated at the outside of the original composite on the 
inside or near junction point 28 or 34 of the second 
composite. These filaments were originally twisted and 
they will retain their position in the interior of the seg 
ment cross-section after assembly of the second com 
posite. Furthermore, filaments originally located near 
the center of the segments, such as filament 24, will 
now be located near the outside of the second compos 
ite. When the second composite is twisted after assem 
bly, the heretofore centrally located filaments will now 
be transposed and occupy varying positions within the 
superconductor cross-section. 

FIG. 8 shows second composite 22 after mechanical 
reduction to final size. The multi-filaments contained 
within segments 20a through 20h are not shown for 
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reasons of clarity. However, the diameter of these fila 
ments is approximately 0.3-0.4mil in diameter. After 
final reduction the composite may be heat treated in a 
manner well known in the art in order to obtain a met 
allurgical micro-structure that will produce the opti- 5 
mum superconducting properties. 
FIG. 9 shows the segmented second composite after 

twisting. This twisting serves to decouple the filaments 
electromagnetically as hereinbefore discussed. The 
rate of twist is represented by numerical 36 in FIG. 8. 
The segmented composite is now stabilized against self 
induced flux jumps. Representative filament 24 in seg 
ment 20 a is transposed along the path 27. 
Superconducting wire produced by the novel method 

of this invention has several distinct advantages over 
superconducting wire produced by conventional prior 
art methods. Some of the more apparent advantages 
include: 
A solid superconducting wire of equivalent diameter 

and equal superconductor alloy to normal material 20 
ratio will exhibit more losses than a segmented super 
conductor composite produced by the invention dis 
closed herein. The windings of superconducting de 
vices, such as magnets, will be more rigid with less wire 
motion when wound with this novel segmented wire as 25 
compared to other intrinsically stable superconducting 
wires, such as braid or cable. Furthermore, the shape 
of this wire produces a higher packing factor than braid 
or cable, resulting in more wire per superconducting 
device. Still further, a composite with a like number of 30 
small diameter filaments merely twisted and not trans 
posed will not be stable against self-induced losses and 
the advantages of small diameter filaments will not be 
fully realized. 
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SPECIFIC EXAMPLE 35 

First Composite 
A first composite was assembled by inserting 360 

rods of a Nb-Ti alloy (Containing 55 percent by weight 
Nb) into an eight inch diameter copper billet. This 
composite was then mechanically worked until the di 
ameter of the composite was approximately 11 mil. 
The mechanically worked composite was then 

twisted. The rate of twist was from about one-half turns 
to five turns per linear inch. 
Segmenting First Composite 
The 11 mil composite was then passed through a 

Turks-head. The rolls of the Turks-head were adjusted 
to produce a square wire approximately 10 mill square. 
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Second Composite 
The square segment was then passed through a bath 

of silver-tin solder (3% Ag, 97% Sn). A second com 
posite was formed by paying out four solder-coated 
segments from four bobbins. This composite 30 is 
shown in FIG. 7. The payed out segments were passed 
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6 
through a series of closely-spaced aligning dies. The 
properly aligned segments then passed through a ta 
pered die wherein a square composite was formed. At 
some convenient location heat was applied to the com 
posite, melting the solder and bonding the segments to 
gether. The formed composite was twisted at a rate 
from about one-half turns to about five turns per linear 
inch. 
The finished intrinsically stable composite contained 

four segments and was approximately 20 mill square. 
The individual segments each contained 360 filaments 
approximately 0.3-0.4mil in diameter. 
From the foregoing, it is apparent that by the present 

invention there has been provided a particularly advan 
tageous method for producing a novel intrinsically sta 
ble superconducting wire. The invention has been de 
scribed with reference to a presently preferred embodi 
ment, however, it is intended to cover such modifica 
tions as fall within the spirit and the scope of the inven 
tion as hereinafter claimed. 
We claim: 
1. A method for producing intrinsically stable super 

conducting wire comprising the steps: 
a. assembling a first composite by inserting rods of a 
superconductive alloy in a matrix of normal mate 
rial; 

b. working said composite so as to substantially re 
duce the diameter of said composite and form fila 
ments of said superconductive alloy rods; 

c. twisting said composite at a rate from about one 
half turns to about five turns per linear inch of said 
composite; 

d. forming said composite into a segment by passing 
said composite through forming rolls; 

e. assembling a second composite by arranging a plu 
rality of said segments in a geometric configura 
tion; and 

f. twisting said second composite so as to transpose 
said superconductive filaments so that the fila 
ments substantially share equally the cross-section 
of said segments. 

2. A method as recited in claim 1 wherein said seg 
ments are bonded together before twisting said second 
segment. 

3. A method as recited in claim 2 wherein said seg 
ments are passed through a molten bath of solder. 

4. A method as recited in claim 2 wherein said seg 
ments are ultrasonically welded together. 

5. A method as recited in claim 1 wherein said seg 
ments are traingular in cross-section. 

6. A method as recited in claim 1 wherein said seg 
ments are rectangular in cross-section. 

7. A method as recited in claim 1 wherein said sec 
ond composite is twisted at a rate from about one-half 
turn to about five turns per linear inch. 

:k k >k k >k 
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