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ABSTRACT: Electrically conductive foil strips for producing 
a magnetic field for use in a generator motor or the like and 
more particularly an armature with an alternating current im 
pressed thereon which is adapted to move in an enclosure con 
taining liquid nitrogen at cryogenic temperatures. At least one 
of the edges of the strips is in engagement with the liquid 
nitrogen for cooling purposes. The strips may be arranged in 
an undulating fashion or in coils and for damping purposes 
preferably two adjacent strips are wound together with the 
end of one of such strips being connected to the beginning of 
the other to give a continuous circuit. Where two of the foil 
strips cross they are twisted 90° so that they cross in substan 
tially the same plane. 
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MAGNETIC FELD PRODUCING MEANS 

CROSS-REFERENCESTORELATED APPLICATIONS 

This is a continuation-in-part application of my application 
Ser. No. 492, 10, filed Oct. 1, 1965. 

SUMMARY, BACKGROUND, AND OBJECTS OF THE 
INVENTION 

This invention relates to superconducting apparatus such as 
motors and generators used for the production of mechanical 
or electrical power. It also relates to types of coil windings and 
damping techniques for controlling the capacitance in such 
windings as well as resistive damping techniques. 

It is known that conventional generators and motors utiliz 
ing normal temperature electrical conductors and magnetic 
flux carrying materials are in a high state of development and 
are in everyday application. 

For many years it has been the dream of inventors to brin 
about improvements in electrical apparatus through the use of 
superconducting coils and superconducting current magnetic 
fields. However, there have been numerous obstacles which 
have deterred the development of superconducting apparatus 
for useful application, and the quest for workable supercon 
ducting apparatus has been a source of great discouragement 
and frustration for electrical manufacturers. 
More than 50 years have elapsed since the first reference 

was made to the utilization of superconducting coils in electri 
cal apparatus and in that period of time there have been many 
failures. It was reported in 1915 in the Scientific American 
magazine that the most significant scientific event of 1914 was 
the discovery by Professor Onnes that when certain metals are 
cooled to absolute zero, they cease to have any measurable 
electrical resistance and that a current started in a coil which 
is cooled to cryogenic temperatures will continue without any 
appreciable reduction in magnitude. It was considered unlike 
ly at that time that the discovery would have any commercial 
application in the field of electrical engineering. At the same 
time, however, it was noted that all electrical machinery could 
be traced to such seemingly impractical experiments from a 
commercial point of view. 
Many problems exist in achieving superconducting ap 

paratus. For example: the fabrication of superconducting 
materials into suitable coils, the construction of the coil to 
withstand the high mechanical forces resulting from the circu 
lating electrical currents, the winding of the coil to protect it 
from electrical transients and changing magnetic fields, the 
most efficient cooling of the superconducting coil to preserve 
the superconducting properties, etc. 
As has been mentioned there has been a desire for many 

years for superconducting apparatus which would possess 
more utility than conventional room temperature apparatus. 
But, the problems involved in originating practical embodi 
ments have been difficult of solutions since the behavior of su 
perconducting coils is frequently not predictable. For solu 
tions, careful attention must be given to much empirical 
detail. 
An important object of this invention is to provide a better 

understanding of the underlying design principles of supercon 
ducting apparatus and to apply such principles in practical 
embodiments. 
With modern technology, the most useful electrical ap 

paratus is that which develops or makes use of an alternating 
frequency current. The condition of being able to handle al 
ternating frequency currents, however, imposes a heavy bur 
den on superconducting devices because superconductors are 
inherently direct-current devices. Alternating currents of even 
very low frequencies affect superconducting coils adversely. It 
therefore becomes necessary to incorporate damping circuits 
into the superconducting coils. Damping techniques are 
preferred which will keep the dimensions of the coil to a 
minimum size in volume and produce highest efficiency. 
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An important advantage of the present invention lies in the 

techniques taught herein to preserve the continuity of the field 
flux despite the demagnetizing flux effects produced by the 
relatively moving armature. 
There are further problems in that although it may be 

desirable that the alternating current apparatus be completely 
superconducting, this is considered impractical in the present 
state of the art. The alternating current armature is not 
adaptable to the use of superconductors although certain ad 
vantages of efficiency and higher power densities would other 
wise be obtainable from the use of superconductors in the 
magnetic field. The reason for this is that superconductors 
possess zero resistance and permit high current densities if the 
current is a direct current. However, with an alternating cur 
rent, the superconductors develop resistivity which is a func 
tion of frequency. Also, heating effects resulting from the IR 
loss thus produced impairs the properties of superconductors. 
Superconductors passing through a magnetic field generate 

within themselves a large current. and a very low voltage. In 
conventional generators, a voltage is generated across the ar 
mature windings. Power at such voltages is transmitted over 
long distances through the use of voltage changing transfor 
mers. This is the major advantage of alternating current over 
direct current. While a complete superconducting generator 
with both field and armature windings in a superconduction 
state is possible to achieve, it presents a serious problem in 
that the power generated is of exceedingly low voltage and 
very high amperage. This in turn creates difficult transformer 
problems for power transmission. It is thus a capability of this 
invention to produce electrical power with sufficiently high 
voltage differentials adequate for conventional power trans 
mission. 

Difficult problems exist also relative to cooling the rotating 
superconducting apparatus. In this connection, it is to be un 
derstood that it is possible to rotate either a superconducting 
field or superconducting armature. But, in either event, it is 
difficult to cool the rotating superconducting member. The 
reason is that the superconductors must be immersed in fluid 
helium at cryogenic temperatures to possess superconducting 
properties. Liquid helium, however, has a tendency to 
vaporize easily in the influence of rotating bodies. It thus 
becomes significantly more difficult to cool the rotating body 
efficiently or adequately. For such reasons the preferred su 
perconducting member of my invention is one which uses a su 
perconducting magnetic field that is stationary and a rotating 
alternating current armature which used conductors not su 
perconducting. It is a further object of this invention to pro 
vide a superior superconducting magnetic field design for 
combination with an armature which is not necessarily super 
conducting. 
A problem also exists because of the centrifugal forces 

stressing the conductors on the rotating member. Where con 
ventional wire conductors are used, the problem of electrical 
insulation cut-through occurs with centrifugal forces pressing 
on small contact areas to crush the insulation so that a short 
circuit results. By using foil strip conductors it is possible to 
provide large load bearing areas so that cut-through is greatly 
minimized. In addition, by using aluminum foil conductors 
which have a low weight per current carrying capacity, the 
stress problems are further reduced. Accordingly, a still 
further advantage of the invention lies in the use of foil strips 
in the superconducting apparatus. 
The armature conductors must be effectively cooled to 

reduce R losses. It is well known that conventional conduc 
tors have nonuniform heat distribution with hot spots develop 
ing in the windings. By using foil conductors, in accordance 
with the invention, improved heat transfer characteristics, in 
addition to the other advantages, are achieved. 

It is possible to obtain strong magnetic fields more effi 
ciently with superconductors than it is with normal conduc 
tors. This results in a more efficient process for generating 
electric power than was previously possible, since the power 
generated is proportional to the square of the flux density ex 
pressed in mathematical terms. 



3,584,246 
3 

Since it is possible to obtain strong fields efficiently by the 
use of superconductors without the attendant power losses, it 
is not necessary to use magnetic flux materials such as iron 
where the flux density exceeds the saturation limits of the 
materials. Elimination of magnetic materials is beneficial since 
it reduces the weight of electrical apparatus. In addition, the 
waveform of the armature voltage is improved by eliminating 
unwanted effects due to material saturation which tend to 
distort voltage waveforms. 
There are advantages to be gained by generating a higher 

frequency at a lower rotational speed. This invention includes 
a technique for doubling the frequency by utilizing a new con 
struction which effectively doubles the number of poles. The 
results obtained through this technique are a still further ob 
ject of the invention. 

Other objects, adaptabilities and capabilities will appear as 
the description progresses, reference being had to the accom 
panying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic representation of an armature phase; 
FIG. 2 is a schematic representation of one phase of the 

magnetic field with the armature phase of FIG. 1; 
FIG. 3 is a schematic representation similar to that shown 

by FIG. 1 but with the frequency doubled; 
FIG. 4 is a schematic representation similar to FIG.2 for the 

armature phase shown in FIG.3; 
FIG 5 is a perspective view of the apparatus in accordance 

with the invention showing the arrangement of one field coil, 
sliprings, current collectors, and electrical output leads; 
FIG. 6 is a diagrammatic sectional view of the apparatus 

shown in FIG. 5 illustrating the direction of magnetic flux; 
FIG. 7 is a schematic representation showing the intercon 

nection of the three-phase windings; 
FIG. 8 is a diagrammatic illustration of a thermal enclosure 

to maintain the coils below the superconducting transient tem 
peratures; 

FIG. 9 is a diagrammatic sectional view of a superconduct 
ing generator where the rotor is also cooled by cryogenic 
fluids; 

FIG. 10 is a diagrammatic sectional view of apparatus in ac 
cordance with the invention wherein a cylindrical rotor is em 
ployed between the windings; 

FIG. 11 is a view of an apparatus similar to FIG. 10, but with 
the cylindrical rotor on the outside of the field windings; 

FIG. 12 is a fragmentary view of the armature windings on a 
disc with the windings disposed between cooling vanes; 

FIG. 13 is a fragmentary sectional view taken on lines 
XIII-XIII of FIG. 12; 

FIG. 14 is a representation similar to FIG. 1 showing an al 
ternative method of winding an armature phase; 

FIG. 15 is a fragmentary detail showing a method of 
crossing the foil strips of the windings shown in FIG. 14; 

FIG. 16 is a schematic representation of a further embodi 
ment of an armature phase; 

FIG. 17 is a schematic representation of a still further em 
bodiment of an armature phase as may be applied to a 
cylinder; 

FIG. 18 is a fragmentary detail showing a method of bend 
ing the foil strips of the windings shown in FIG. 7; 

FIG. 19 is a schematic representation of an alternative 
winding for an armature phase on a cylinder; 

FIG. 20 is a schematic representation of field windings com 
parable to FIG. 4; 

FIG. 21 is a diagrammatic sectional view of a field acting 
with both poles on an armature contained in a half-torus 
shaped portion; 

FIG. 22 is a fragmentary perspective view of the apparatus 
shown in FIG. 21 illustrating the configuration of the armature 
strips; 

FIG. 23 is a diagrammatic sectional view of a power conver 
sion unit in accordance with the invention; 
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4. 
FIG. 24 is a diagrammatic sectional view showing a method 

of maintaining the field coils of FIG. 23 at superconducting 
temperatures; 

FIG. 25 is a schematic representation of a phase of the ar 
mature coils of the unit shown in FIG. 23; and 

FIG. 26 is a schematic representation of a power plant 
system utilizing the apparatus of the invention. 

DESCRIPTION OF THE REFERRED EMBODIMENTS 

The electrical apparatus with a normal armature and a su 
perconducting field is the preferred embodiment. It is, how 
ever, advantageous to cool the rotating armature by means of 
cryogenic fluids, other than liquid helium, which possess effi 
cient heat vaporization properties. Examples of preferred 
fluids are liquid nitrogen, liquid oxygen, liquid hydrogen at 
reduced pressures, liquid argon, or others that possess surface 
tensions in the order of 0.3 to 50 dynes/cm. 

FIG. a shows one phase of four aluminum foil coils. Each 
disc is comprised of such coils wound in or on a suitably strong 
nonconducting material such as glass fiber filled epoxy, and an 
input iead 4 and an output lead 5. The arrows signify the 
direction in which the coils are wound and also the direction 
of the current. It will be noted that no two coils in succession 
are wound in the same direction. For example, coils 11 and 13 
are wound clockwise as shown in FIG. 1 and coils 12 and 14 
are wound counterclockwise. Interconnection between coils 
can be accomplished by means of any appropriate supercon 
ductor, as will be appreciated by those skilled in the art. In this 
and all circuits shown herein, damping by double winds with a 
crossover or other suitable means may be employed-particu 
larly where the circuits are superconducting. Another method 
to obtain damping with the foil strip conductors is by copper 
plating same. A change in amperage or field flux induces a 
voltage across the conductor at right angles to the conductor's 
current direction and also to the magnetic field flux acting on 
the conductor. In a normal conductor this can be largely 
ignored. However, with a superconductor operating at near its 
critical amperage, the generated voltage across the conductor 
may disrupt the current sufficiently whereby transition of the 
conductor to normal takes place and superconductivity is lost 
until the current is substantially reduced. In order to damp the 
effective internal transient voltage thus induced, the super 
conductor is plated or otherwise covered with a normal con 
ductor which may be copper, niobium, aluminum or the like. 
Preferably the normal conductor encircles the superconduc 
tor although this is not necessary so long as the normal con 
ductor is located so as to receive the induced internal transient 
voltage on each side of the superconductor and the sides are 
electrically connected to damp and cause disruption of the 
generated voltage. 

In a three-phase generator or motor, three of these discs 
such as shown in FIG. 1 are placed closely side by side with 
common center of rotation displaced 120 electrical degrees 
from each other. FIG. 7 shows a Y connected armature, where 
each of the discs 3 constitutes armature windings. The 120° 
arcs designated 35 are, it is to be understood, electrical 
degrees and not mechanical degrees. It should be pointed out 
that it is not necessary to have four field coil sets to complete 
the generator. For, in practice, any number of field coil sets up 
to four may be used depending upon the requirements and 
convenience. 

In FIG. 2, a further schematic drawing shows on phase of 
the armature winding of the field coil circuit. For convenience 
in the illustration, the armature field coils are drawn flat on 
the paper. Actually, however, the armature coils should be 
normal to the magnetic field flux which is shown also in the 
planc of thc papcr. Referencc numerals 7, 8, 9 and o 
designate the ficlic coil sets which each produce a strong mig 
netic field fo: the armature conductors. The field coil sets 7, 8, 
9 and 10 are stationary and the armature coils 11, 12, 13 and 
14 rotate mechanically through the magnetic fields to 
generate a voltage in the armature windings. It will be un 
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derstood that many mechanical and circuit arrangements are 
possible which will result in the generating voltage in the ar 
mature windings or, in motors, in the production of mechani 
cal power at the shaft. 

In FIGS. 3 and 4 are shown a preferred superconducting 
motor or generator embodiment in which twice the frequency 
is utilized or generated over the arrangement of FIGS. 1 and 2 
with a substantial reduction in size and weight. Reference nu 
merals 41, 42, 43, 44, 45, 46, 47 and 48 designate the arma 
ture coils which are arranged as indicated in FIG. 3. This is, of 10 
course, a single phase of the armature winding and three 
windings properly spaced with reference to electrical degrees, 
as shown schematically in FIG. 7, will provide a three-phase 
output. The field coil sets which may be the same as shown in 
FIG. 2, are stationary and the armature coils rotate mechani 
cally through the magnetic fields to generate a voltage in the 
armature windings. Again, many known mechanical and cir 
cuit arrangements are adaptable to generate a voltage in the 
armature windings or to provide mechanical power from a 
motor. The plane of the armature windings is maintained nor 
mal to the lines of flux, or very nearly so. 

FIG. 5 shows a perspective view of the more general em 
bodiments of the superconducting generator. Reference nu 
meral 18 designates three-phase alternating current output 
leads. Reference numeral 17 designates the current collectors, 
which are carried by a current collector holder 36. A slipring 
assembly 22 is fixed on a shaft 23. Reference numeral 7 
designates one of the superconducting coils with 20 and 21 
being interconnections between superconducting coils. In 
fact, four such coils are distributed around the shaft 23. The 
armature coil assembly is made up of three discs 3, secured to 
the shaft 23. 

FIG. 6 is a diagrammatic cross section of the superconduct 
ing generator. The dotted lines indicate lines of flux 37 which 
must be mechanically cut by the armature coils to generate a 
voltage. 
As previously noted, FIG. 7 is a schematic drawing in which 

reference numeral 3 refers to the armature coils in each disc 
arrangement. The particular arrangement shown is a three 
phase Y connected winding. However, as will be understood 
by those skilled in the art, many different types of windings 
connections are possible. 

In FIG. 8 is shown a dewar thermal enclosure for a super 
conducting coil in accordance with the invention. First, within 
the enclosure is a vacuum space 26. Next, within the enclosure 
is a liquid nitrogen 27 shield which has inboard thereof a 
further vacuum space 26a surrounding liquid helium con 
tained in the central space 28. The thermal enclosure shown is 
a practical and preferred embodiment, but other types of ther 
mal insulation may be utilized such as multiple layer insulation 
which have alternating layers of reflecting materials, for exam 
ple, aluminum foil with a separating medium such as glass 
cloth, or such as crumpled mylar with aluminum deposition 
spirally wound in a vacuum enclosure. 
An embodiment of a superconducting generator in which 

the armature windings are cooled in a cryogenic liquid such as 
nitrogen 27 is shown in FIG. 9. In this embodiment, a larger 
power capacity is obtainable from the rotor armature where it 
is cooled with cryogenic liquid as shown. 

If the liquid nitrogen 27, as shown in FIG.9, be replaced by 
liquid hydrogen under a vacuum, the transition temperature 
surrounding the rotoring armature is dropped below the criti 
cal temperature of niobium-tin or certain other superconduc 
tor materials whereby the armature is rendered superconduct 
ing. More specifically, since the critical temperature of niobi 
um-tin is 18 Kelvin, by placing liquid hydrogen under a 
vacuum it is possible to lower the temperature of liquid 
hydrogen to about 14° Kelvin and render niobium-tin coils su 
perconducting. It will, however, be appreciated that by regula 
tion of the vacuum, the liquid hydrogen should be maintained 
above its freezing point. Thus, it may be understood that by 
employing my various techniques, such as regulating the pres 
sure of a cryogenic liquid, it is possible to maintain it at an ap 
propriately useful temperature for superconducting elements. 
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The theory of a complete superconducting generator, where 

both the field and armature windings are superconducting, is 
that the armature coils will generate a higher current at a 
lower voltage. This is advantageous for certain applications, 
such as in the chemical field where high current with relatively 
low voltage may be utilized. Other mechanical arrangements 
to achieve useful superconducting generators and motors are 
shown in FIGS. 10 and 11. These FIGS. are schematic dia 
grams of armature and field coil arrangements. The supercon 
ducting field windings 37, 38, 39 and 40 are stationary in both 
cases. The armature conductor cylinders 3a and 3b rotate 
through the magnet fields produced by superconducting field 
windings 37,38, 39 and 40. In the arrangement shown in FIG. 
11, the fields are much easier to insulate thermally from the 
rotating armature. The superconducting coils are arranged 
and connected so that the four superconducting coils produce 
an eight pole generator which can be rotated at one-half the 
rotational speed of the four pole generator to obtain the same 
power. This arrangement produces power more efficiently 
than if the superconducting coils were arranged in a different 
polarity, for example, if the polarities of coils 38 and 40 were 
reversed. It is to be appreciated that in FIGS. 10 and 11, the 
armature coils are arranged about the perimeter of a cylinder 
instead of a disc as described with reference to FIGS. 1, 2,3 
and 4. With such arrangement, it is possible to provide both 
interior and exteriorly arranged cylinders. 
As previously indicated, it is preferred that the windings in 

this case be composed of foil as contrasted with wire. Strips of 
such foil can be very thin-usually several thousandths of an 
inch and insulation, such as one-fourth mil kraft paper, is 
generally sufficient. An advantage of foil strips is that each 
turn has lateral radiated edges which are exposed to the cool 
ing medium and thus effective heat dissipation is provided. 
Temperatures between adjacent layers are maintained 
uniform with hot spots, inherent in conventional windings, 
being eliminated. It is preferred that the windings in disc 3 be 
aluminum alloys of types known in the art, which have been 
developed for use as material for strip windings. Since alu 
minum is a superconductor at sufficiently reduced tempera 
tures, such windings may also be used in the superconducting 
field coils. However, in the present state of the art, intermetal 
lic niobium-tin (NbSn) is preferred for the field coils. The 
foils may be disposed either normal to the plane of a disc 3 or 
parallel to same. An example of structure which may be util 
ized effectively where the foil strips have their planes parallel 
to the plane of the disc 15 is shown in FIG. 12. Thus, we may 
see that the coil 11, for example, is supported by a plurality of 
vanes 50. The vanes 50 act to circulate air around the edges of 
the strip foils making up the coil 11. The edges of each of the 
foils are thus cooled to achieve uniform cooling of the entire 
coil 11. It will be appreciated, of course, that the same con 
struction may be used if the foil coils had their planes normal 
to the plane of the disc 3. 

FIG. 13 shows a cross section taken on section lines XIII-X- 
II of FIG. 12. It will be noted in FIG. 3 that the foil coil 11 
has a parallelogram cross section with unequal angles in the 
corner. Such construction increases the exposure of the in 
dividual foil strips at their edges and thus tends to promote 
even better cooling. It will also be noted that the airpath 
through the outer row of vanes 50 is opposite to that produced 
in the inner row so that lateral forces due to the propeller ef 
fect of the vanes is balanced. 
An alternative method of winding disc 3 similar to that 

shown in FIG. 1 is illustrated in FIG. 14. The windings 
designated 51 comprise foil strips which are normal to the 
plane of the disc 3. However, as is shown in FIG. 15, where 
such strips cross, they are given a half-twist whereby they may 
cross within the thickness of disc 3 which will generally be the 
same width as that of the foil strips 51. Referring to FIG. 15, it 
will be noted that the strips 51 may be divided in two or more 
bunches, such as 51aand 51b, in order to facilitate the crossing 
of strips in the event that the combined thickness of the strips 
does not permit the strips to pass each other conveniently in a 
single bunch. It will be noted that the coils 1 a. and 13a in FIG. 
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14 are formed in one pattern which appears to be more or less 
dumbbell in shape as seen in plan view and that the strips 12a 
and 14a are similarly disposed. The winding is the equivalent 
of four coils as shown in FIG. 1. It will be appreciated by those 
skilled in the art that eight or any number of coils, which is a 
multiple of four, may be similarly provided using essentially 
the same pattern. 

FIG. 16 shows a further method of winding the foil strips 
designated therein 54 so as to avoid crossing of strips. It will be 
seen in FIG. 16 that only one crossing at location 55 is neces 
sary. Alternate North-South poles are provided about the disc 
depending upon the direction of current through the foil strip 
54. In order to maintain the density of the magnetic flux con 
stant in the plane of the disc, the angles designated by 
reference numerals 56 are somewhat smaller than the angles 
designated by reference numerals 57. For example, angle 56 
may be 55 whereas angle 57 may be 65°. The exact angle and 
configuration of coils, such as shown in FIG. 16, is, however, a 
matter of design so as to provide that lateral forces on discs 3 
are not unbalanced. 

FIG. 17 shows armature windings which may be employed 
with a cylindrical armature, such as armature 3a or 3b. Here 
the foil strips 60 are set out in a scalloped form. Such windings 
are endless and no crossings are required. With alternating 
current, North and South magnetic lines of flux are created 
about each foil strip portion 60a. Windings, such as shown in 
FIG. 17, would normally be with the foil strips radially 
disposed so that their planes are normal to the surface of the 
cylinder 3a. However, if desired, the same can be disposed 
parallel to the surface of the cylinder 3a in which case 90° 
turns can be effected as shown in FIG. 18 before strip 61. 
Since the thickness of each individual foil strip is doubled at 
the corners 62, it may be desirable to have the corners at two 
or more locations as indicated in the figure. However, since a 
thicker flange portion of the rim may not be considered un 
desirable, it may be advantageous to locate all of the corners 
62 near the edge, which will be a thicker flanged portion of the 
cylinder 3a. To minimize the corners, such as corners 62 
where the strip is carried parallel to the surface of the cylinder 
3a, a construction such as shown in the fragmentary view in 
FIG. 19 may be employed wherein the foil strip 64 is zig 
zagged across the cylinder 3a. 

For a field coil winding, FIG. 20 shows a winding for coils 
comparable to those shown in FIG. 4 wherein the adjacent 
coils have adjacent North and South pole dispositions. It will 
be noted that the foil strips designated generally 65 are undu 
lated so as to provide alternate North and South poles. With 
such a pattern disposed about a cylinder, as shown in FIGS. 10 
and 11, it will be appreciated that the foil strips 65 may be 
endless without the necessity to cross itself. Thus, the current 
may enter at 66 and continue through the coil strip 65 to point 
67 where it enters the second tier of foil strips and continues 
to point 68 where it enters the third tier of strips. At point 70, 
the strip turns in the opposite direction and goes to point 71 
where it enters the second tier and to point 72 where it enters 
the third or outer tier from whence it is taken by the outlet 
connection 73. This embodiment presupposes that the strips 
65 are normal to the surface of the cylinders 3a and 3b. How 
ever, the strip 65 may be placed in a parallel arrangement in 
which case the same arrangement is used except that the tiers 
are piled one on the other. With the field coils in a cryogenic 
environment, this latter type of winding is preferable in that 
the low temperature fluid can be made to flow around the 
coils in a manner whereby maximum heat transference 
between the foil strips and the cryogenic fluid is effected. For 
a disc, such as shown in FIG. 1, the winding of the field coils 
may be as shown in FIGS. 14 or 16. Here again, however, with 
a cryogenic environment, it is preferable that the edges be ex 
posed to the cryogenic fluid. To the extent that a proximity of 
the field coil windings to the armature coil windings is desira 
ble, such can be most advantageously effected with a winding 
as shown in FIG. 14 with the foil strips parallel to the plane of 
a carrier member analogous to the disc 3. Otherwise, for 
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8 
mechanical reasons, it may be advantageous to dispose the foil 
strips normal to such carrier member. 

FIG. 21 shows an electrical apparatus employing foil coils 
which may be either a generator or synchronous motor. The 
field coils 74 are disposed in a manner similar to that shown in 
FIG. 10 within a torus container 75. The torus container is a 
dewar thermal enclosure similar to that shown in FIG. 8 
wherein liquid helium is surrounded by liquid nitrogen with in 
tervening vacuum spaces. It is not shown as such in FIG. 21 for 
the purposes of clarity. The winding of the field coil 74 may be 
similar to that shown in FIG. 20. The armature windings are 
disposed upon a spider member 76, which is affixed to the 
shaft 77. It will be noted that the spider member 76 includes a 
half-torus shaped portion 80 which surrounds on three sides 
the torus container 75. The disposition of the armature 
windings is shown in FIG. 22 wherein the foil strip 81 is 
secured to the surface of the spider member 76 in such a way 
as to create a polarity on each side of the torus portion 80 cor 
responding to the polarity formed by the direct current within 
the field coils 74. Thus, as is well known in the art, with an al 
ternating current applied to the armature of foil strips 81, the 
shaft 77 will be caused to rotate. In a similar manner, rotation 
of the shaft 77 will create in the armature strips 71 an alternat 
ing current. 

FIG. 23 shows a power conversion unit 84 whereby power 
supplied to shaft 81 is transferred to shaft 82. The power con 
version unit 84 has a generator part 85 and a motor part 86. 
Each of these units is essentially the same as the apparatus 
shown in FIGS. 21 and 22. Strip foil is to be used and the 
windings on the corresponding spider members will cor 
respond generally to that utilized for three-phase alternating 
current generating and synchronous motors. The circuits are 
connected through a switch 87 which gathers electrical energy 
from conventional current collectors or the like. The spider 
members for parts 85 and 86 rotate about a combined field 
coil space 90. The field coil space is contained within a dewar 
thermal enclosure such as shown in FIG. 8 and, in this embodi 
ment, a vacuum source connection 91, a helium liquid con 
nection 92, and a liquid nitrogen connection 94 are shown. 
FIG. 24 shows diagrammatically how these connections are ef 
fected. The connections have, however, been offset for the 
purposes of clarity. The field coils are held on a continuous 
disc member 95 and the outer edges of parts 85 and 86 rotate 
within the vicinity of such disc. Interposed between such edges 
and the disc is a labyrinth seal 96 whereby the interior 
between the generator part 85 and motor part 86 may be 
maintained at a substantially high vacuum. 
The armature coils i)0 (one phase) in the generator side of 

the field coil space are so disposed to give a desired frequency 
per revolution of the shaft 81. In contrast, the armature coils 
101 (one phase) on the motor part of the unit are so spaced to 
give a substantially reduced rotational speed to the shaft 82. A 
similar coil arrangement may be used for the field coils. In 
such event, within the container and disposed between the 
coils a baffle member 102 is located to divide the flow of 
liquid helium into the vicinity of each of the strip foils so as to 
promote maximum cooling of same when the device is 
operated. It will be appreciated that this construction places 
the superconducting thermal enclosure into a minimal space 
which serves both for the purposes of the generator and mo 
tor. Apart from other efficiencies and advantages, this permits 
a considerable savings in space and weight. 

FIG. 26 shows a simple schematic drawing of a practical ap 
plication of the devices of this invention. Either the generator 
or the motor, as shown, may employ superconducting coils. 
The direct current source may be batteries or may be a suita 
ble direct current generator. By recirculation of the cryogenic 
fluids, they may be further refrigerated and cooled by any ap 
propriate means known in the art. For devices which are in 
tended to run for only relatively short periods of time, the 
cryogenic fluids may be merely placed within the thermal en 
closure and refilled from external sources as necessary. 

Having thus described my invention, what I claim as new 
and desire to secure by Letters Patent of the United States is: 
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1. Magnetic field producing means for use in a generator, 
motor, or the like, which comprises electrically superconduc 
tive tape means which is flexible at room temperature and is 
wound in a contacting face-to-face relationship, a fluid main 
tained at cryogenic temperatures moving relative to said su 
perconductive means, there being (a) an efficient heat con 
ductive transfer portion for each of said superconductive 
means in a relative moving engagement through said fluid, 
whereby each of said superconductive means is directly 
cooled by said fluid, and stabilizing means associated with 
each of said superconductive means adapted to reduce 
transient internal voltages generated by changes in magnetic 
flux in said superconductive means and prevent same from 
being driven normal. 

2. Magnetic field producing means in accordance with 
claim 1 wherein said superconductive means comprise tape 
strips each covered with a thermally conductive metal, at least 
one edge of each of said strips having said conductive metal in 
relative moving engagement with said fluid. 

3. Magnetic field producing means in accordance with 
claim 2 wherein said strips are undulated. 

4. Magnetic field producing means in accordance with 
claim 2 wherein said strips are formed in coils. 

5. Magnetic field producing means in accordance with 
claim 1 wherein said stabilizing means comprises a conductive 
metal substantially covering each of said superconductive 
means and adapted to provide a normal circuit around the 
sides of said strips whereby transient internal voltage 
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generated in said superconductive means is damped to 
prevent same from being driven normal. 

6. Magnetic field producing means in accordance with 
claim 5 wherein said superconductive means carry atternating 
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current, 
7. Means for producing magnetic flux which comprises at 

least two foil strips which cross in substantially the same plane, 
said strips being substantially perpendicular to said plane in lo 
cations other than the location where they cross, said strips, 
making a substantially 90° turn at the location where they 
cross and being substantially parallel to said plane at said 
latter location. 

8. Means for producing a magnetic flux in accordance with 
claim 7 wherein said strips are wound together, the end of one 
of said strips being connected to the beginning of the other of 
said strips to provide a continuous circuit. 

9. For use in a system for cooling magnetic flux producing 
means, in a cryogenic environment, a plurality of stacked elec 
trical conducting foil strips of like dimensions, which are com 
posed of material which is flexible at room temperature, said 
strips being stacked in contacting echelon with intervening in 
sulation and with an area near the edge of each strip being ex 
posed to said cryogenic environment. 

10. A plurality of stacked electrical conducting foil strips in 
accordance with claim 9 wherein the end of one of said strips 
in said plurality is connected to the beginning of an adjacent of 
said strips to provide a continuous circuit. 


