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[57] ABSTRACT 

A dynamoelectric machine rotor has a superconduc-
ting field winding and a normally conducting amortis-
seur winding secured to a closed mounting cylinder 
and is secured interiorly of and coaxially with a sup-
port cylinder in fixed relation thereto. A drive shaft is 
disposed interiorly of one end of the support cylinder 
and is secured thereto by a first insulating ring. A car-
rier cylinder is disposed interiorly of the other end of 
the support cylinder and is mounted thereto by a sec-
ond insulating ring. The amortisseur winding is se-
cured at one end to the drive shaft and at the other 
end to the carrier cylinder. An annular space is de-
fined between the field winding and the amortisseur 
winding with an annular vacuum envelope and radia-
tion shields disposed therein. Cryogenic fluid flows 
through the field winding and enters axial channels de-
fined by the field winding and support cylinder, from 
which it flows to annular ducts at both ends of the 
field winding. 

20 Claims, 3 Drawing Figures 
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SUPERCONDUCTING ROTOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to rotors for dynamoelectric 

machines, and more particularly to superconducting 
rotors. 

2. Description of the Prior Art 
Dynamoelectric machines of the type having rotors 

with field, or main current carrying, windings are well 
known to those skilled in the art. The efficiency and ca-
pacity of such machines depends on the amount of cur-
rent the field windings can carry. The discovery that 
cryogenic temperatures rendered electrical conductors 
superconducting made it apparent that if field windings 
of such rotors could be maintained at cryogenic tem-
peratures during operation, their capacity would be vir-
tually limitless. 

It is also well known to provide rotors having amortis-
seur, or damper, windings to provide torque when the 
rotor is not rotating at synchronous speed. In a motor, 
such amortisseur windings provide the necessary start-
ing torque; in a generator, the amortisseur windings 
provide torque when the rotor deviates from a synchro-
nous speed, so that a synchronous speed of rotation is 
maintained. 

Because the amortisseur windings neither carry large 
amounts of current nor carry current continuously, the 
capacity of the dynamoelectric machine is not materi-
ally affected by the amount of current the amortisseur 
windings can carry. It is expensive to produce cryo-
genic fluid in quantity and complex piping systems 
must be provided to handle such cryogenic fluid. When 
considering these factors, it is seen to be undesirable to 
have superconducting amortisseur windings. 

However, amortisseur windings, especially in large 
capacity dynamoelectric machines, generate heat and 
some type of cooling system is needed. Because super-
conducting amortisseUr windings are economically less 
advantageous than amortisseur windings which are 
merely "normally conducting," a fluid such as water 
may be used to cool the amortisseur windings. 

The prior art has not proposed the use of a rotor hav-
ing a superconducting field winding and also having an 
amortisseur winding. This is a highly desirable objec-
tive since a superconducting field winding will greatly 
increase the capacity of the machine while the provi-
sion of an amortisseur winding will render the machine 
synchronous. 

The present invention proposes a rotor having a field 
winding and an amortisseur winding with means for 
maintaining the field winding in a superconducting 
state and means for maintaining the amortisseur wind-
ing in a normally conducting state. 

The rotor according to the present invention com-
bines the advantages of having a superconducting field 
winding with the advantages of having an amortisseur 
winding, without the necessity of providing complex 
fluid delivery and heat shielding system for the amortis-
seur winding. The present invention provides for cool-
ing the amortisseur winding so that heat generated 
thereby is dissipated, but the cooling system for the 
amortisseur winding maintains the amortisseur winding 
in a normally conducting state and therefore is rela-
tively simple in construction. The present invention 
also includes structure which thermally isolates the su-
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perconductirig field winding so that it can be more 
readily maintained in a superconducting state. 

SUMMARY OF THE INVENTION 

5 It is a general object of this invention to provide a 
rotor having a field winding arid an amortisseur winding 
with means for maintaining the field winding in a super-
conducting state and means for maintaining the amor-
tisseur winding in a normally conducting state. 

10 It is another object of the present invention to pro-
vide a rotor having a field winding and an amortisseur 
winding in which the field winding is thermally isolated 
from the surrounding environment. 

In one embodiment of the invention, a rotor has a 
15 field winding and means for maintaining the field wind-

ing in a superconducting state. The field winding encir-
cles and is secured to a mounting cylinder which is 
closed and evacuated, its end closures forming radia-
tion shields. The field winding and mounting cylinder 

20 are then secured coaxially with and interiorly of a sup-
port cylinder, with axial channels defined between the 
support cylinder and the field winding. Annular ducts 
which are in communication with the axial channels are 
located at either end of the field winding. A first ther-

25 mally insulative ring means is secured to a drive shaft 
and to one end of the support cylinder and provides a 
circuitous heat transfer path therebetween. A second 
thermally insulative ring means is secured to the other 
end of the support cylinder and is mounted to a carrier 

30 cylinder to provide a circuitous heat transfer path 
therebetween. The rotor has an amortisseur winding 
and further includes means for maintaining the amor-
tisseur winding in a normally conducting state. The 
amortisseur winding encircles the support cylinder so 

3 5 that an annular space is defined therebetween, with an 
annular vacuum envelope and a radiation shield dis-
posed in the annular space. One end of the amortisseur 
winding is secured to the carrier cylinder. Cryogenic 
fluid from a cryogenic fluid source is introduced to the 

4 0 field winding and flows therethrough into the axial 
Channels defined between the support cylinder and the 
field winding and empties into the annular ducts at ei-
ther end of the field winding. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 
A more complete understanding of this invention 

may be had by reference to the accompanying specifi-
cation when taken in conjunction with the drawings of 
the invention, wherein: 

FIG. 1 is a cross-sectional view of a portion of a rotor 
having a field winding and an amortisseur winding and 
including means for maintaining the field winding in a 
superconducting state and means for maintaining the 

5 5 amortisseur winding in a normally conducting state. 
FIG. 2 is a sectional view taken along line II—II in 

FIG. 1. 
FIG. 3 is a sectional view taken along line III—III in 

FIG. 1. 

60 DETAILED DESCRIPTION OF THE INVENTION 

Referring now to FIG. 1, a portion of a rotor 10 for 
use in a dynamoelectric machine is shown. Rotor 10 
has a field winding 11 and means for maintaining field 

6 5 winding 11 in a superconducting state. Field winding 
11 encircles and is secured to a mounting cylinder 12 
which has a first end closure 14 and a second end clo-
sure 16. Mounting cylinder 12 and end closures 14 and 
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16 form a cylindrical envelope 17 which is evacuated. 
The surfaces of first end closure 14 and second end clo-
sure 16 facing into cylindrical vacuum envelope 17 are 
painted, or otherwise coated, flat black to absorb heat 
and their surfaces facing to the exterior of cylindrical 
vacuum envelope 17 are silvered, or otherwise coated, 
to reflect heat. Thus, end closures 14 and 16 form radi-
ation shields to retard heat radiation to field winding 
11. 

A support cylinder 18 has a first end portion 20, a 
middle portion 22 and a second end portion 24. Field 
winding 11 is secured interiorly of and coaxially with 
middle portion 22 of support cylinder 18 in fixed rela-
tion therewith. Normally, support cylinder 18 will be 
shrink into field winding 11, but other means of attach-
ment may be used. 

A drive shaft 26, which extends interiorly of and co-
axially with first end portion 20 of support cylinder 18, 
is in torque transmitting relation with support cylinder 
18, and therefore with field winding 11. The end 27 of 
drive shaft 26 is secured to first end portion 20 of sup-
port cylinder 18 by a first insulating ring means which 
provides a circuitous heat conducting path therebe-
tween. The first insulating ring means comprises a cyl-
inder 28 which has a first end 30 and a second end 32. 
First end 30 is secured to drive shaft 26 by spline 34 or 
other suitable torque transmitting joint, and second end 
32 of cylinder 28 is secured to first end portion 20 of 
support cylinder 18 by spline 36 or other suitable 
torque transmitting joint. It is desirable to make cylin-
der 28 as long as possible in order to make the heat 
conducting path between drive shaft 26 and support 
cylinder 18 as long as possible. Therefore, it is pre-
ferred that drive shaft 26 be disposed in first end por-
tion 20 of support cylinder 18 with end 27 of drive shaft 
26 proximate to end closure 14, with first end 30 cylin-
der 28 secured to the extreme end of drive shaft 26 and 
second end 32 of cylinder 28 secured to the extreme 
end of support cylinder 18. Such a construction yields 
the longest practical heat conducting path between 
drive shaft 26 and support cylinder 18. Welds 38 and 
40 prevent relative axial movement between drive shaft 
26 and support cylinder 18. Welding is preferred, but 
of course other means of securing drive shaft 26 to sup-
port cylinder 18 to prevent axial movement therebe-
tween may be used. 

End 44 of a carrier cylinder 42 extends interiorly of 
and coaxially with second end portion 24 of support 
cylinder 18 and is mounted thereto by a second insulat-
ing ring means which provides a circuitous heat con-
ducting path therebetween. The second insulating ring 
means comprises an innermost cylinder 46, an interme-
diate cylinder 48 and an outermost cylinder 50. Inner-
most cylinder 46 has a first end 52 in contact with end 
44 of carrier cylinder 42 and a second end 54. The in-
side diameter of first end 52 is nominally the same as 
the outside diameter of portion 44 and these diameters 
are held to as close a tolerance as possible in order to 
prevent relative radial movement between cylinder 46 
and portion 44. However, cylinder 46 and portion 44 
are not otherwise secured so that relative axial move-
ment therebetween is possible. Intermediate cylinder 
48 has a first end 56 and a second end 58. First end 48 
of intermediate cylinder 56 is secured to second end 54 
of innermost cylinder 46 by weld 60 or other suitable 
means. Outermost cylinder 50 has a first end 62 and a 
second end 64. First end 62 of outermost cylinder 50 
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is secured to second end 58 of intermediate cylinder 48 
by weld 66 or other suitable means arid second end 64 
of outermost cylinder 50 is secured to second end por-
tion 18 of support cylinder 12 by weld 68 or other suit-

5 able means. It is desirable to make cylinders 46, 48 and 
50 as long as possible, in order to make the heat con-
ducting path between support cylinder 18 and carrier 
cylinder 42 as long as possible. Therefore, it is pre-
ferred that carrier cylinder 42 be disposed in second 

10 end portion 24 of support cylinder with end 44 of car-
rier cylinder 42 proximate to second end closure 16. 
First end 52 of innermost cylinder 46 is mounted to end 
44 of carrier cylinder 42 and second end 64 of outer-
most cylinder 50 is mounted to the extreme end of sup-

15 port cylinder 18. Such a construction yields the longest 
practical heat conducting path between carrier cylin-
der 42 and support cylinder 18. 

A first flange member 72 is secured to support cylin-
der 18 and mounting cylinder 12 so that a first annular 

20 duct 74 is formed at one end of field winding 11 in heat 
transfer relation therewith. A second flange member 76 
is secured to support cylinder 18 and mounting cylin-
der 12 so that a second annular duct 78 is formed at the 
other end of field winding 11 in heat transfer relation 

25 therewith. 
A cryogenic fluid delivery system comprises means 

for maintaining the field winding in a superconducting 
state and includes a first tube means for introducing liq-
uid helium, or other suitable cryogenic fluid, to the in-

3 0 terior of field winding 11. The first tube means includes 
an inner tube 80, a supply manifold 82 in communica-
tion with inner tube 80, and four flexible cryogenic 
fiuid supply tubes 84 (only two of which are shown for 
clarity) which communicate between the interior of 

3 5 field winding 11 at a location intermediate of the ends 
thereof, and supply manifold 82. The cryogenic fluid 
delivery system also includes a second tube means for 
providing a flow path for the liquid helium away from 
field winding 11 after it has circulated through the inte-

4 0 rior thereof. The second tube means includes an annu-
lar passage 86 defined by inner tube 80 and a vacuum 
outer tube 88, a first return manifold 90 in communica-
tion with annular passage 86, a second return manifold 

A • 92 in communication with first return manifold 90 
* through tubes 94, four cryogenic fluid return tubes 96 

(only two of which are shown for clarity) which com-
municate between second annular duct 78 and first re-
turn manifold 90, and four cryogenic fluid return tubes 

5Q 97 (only two of which are shown for clarity) which 
communicate between first annular duct 74 and second 
return manifold 92. Inner tube 80 and outer tube 86 ex-
tend through second end closure 16 so that most of the 
cryogenic fluid delivery system is disposed within cylin-

5 5 drical vacuum envelope 17 and vacuum tube 88. 
A liquid helium source includes suitable refrigeration 

equipment (not shown) to enable the liquid helium to 
be recirculated through field winding 11. The liquid he-
lium source is in communication with cryogenic fluid 

6 0 delivery system through a suitable cryogenic sealing de-
vice 99. Cryogenic sealing device 99 is of the type, rec-
ognized by those skilled in the art, which allows fluid 
to be transferred between a stationary source and rotat-
ing conduits. Cryogenic sealing device 99 includes the 

6 5 necessary labyrinth seals 100 and ducting 101 to enable 
liquid helium to be introduced into inner tube 80 from 
the liquid helium source and to enable liquid helium to 
enter the liquid helium source from annular passage 86. 
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Amortisseur winding 102 encircles support cylinder 
18 and defines an annular space therebetween. Ring 
member 104 secures one end of amortisseur winding 
102 to drive shaft 26. Ring member 104 is secured to 
drive shaft 26 and amortisseur winding 102 by any suit- 5 
able means. The other end of amortisseur winding 102 
is secured to carrier cylinder 42 so that drive shaft 26 
and carrier cylinder 42 are fixedly secured together. 
Carrier cylinder 42 includes a flange 106 to which 
amortisseur winding 102 is secured by any suitable 10 
means. Disposed in the annular space defined between 
amortisseur winding 102 and support cylinder 18 is an 
annular vacuum envelope 107. Radiation shield means 
108 is also disposed in the annular space for retarding 
heat radiation from amortisseur winding 102 to field 15 
winding 11. 

A fluid delivery system comprises means for main-
taining the amortisseur winding in a normally conduct-
ing state and includes a supply system for introducing 
water, or other suitable cooling fluid, to amortisseur 20 
winding 102. The supply system includes an inner an-
nular passage 110, a water supply vessel 112 in commu-
nication with inner annular passage 110 through ducts 
113 in manifold 98, and cooling fluid supply tubes 114 
which communicate between supply vessel 112 and the 25 
interior of amortisseur winding 102. The fluid delivery 
system further includes a return system for providing a 
flow path for the water away from amortisseur winding 
102. The return system includes an outer annular pas-
sage 116, a water return vessel 118 in communication 30 
with outer annular passage 116 through ducts 119 in 
insert 98, and cooling fluid return tubes 120 which 
communicate between return vessel 118 and the inte-
rior of amortisseur winding 102. 

A water source includes suitable refrigeration equip-
ment (not shown) to enable the water to be recircu-
lated through amortisseur winding 102. The water 
source is in communication with the fluid delivery sys-
tem through a sealing device 122 similar to cryogenic 
sealing device 99 used in conjunction with the cryo- 4 0 

genie fluid delivery system and the cryogenic fluid 
source. Water is introduced into outer annular passage 
116 from the water source and returns to the water 
source from inner annular passage 110 through sealing 
device 122. 4 5 

Referring now to FIG. 2, the interior of field winding 
11 may be more clearly seen. Field winding 11 includes 
an annular ring 126 having a plurality of axial slots 128 
formed therein. Slots 128 have field coils (not shown) 5Q 
disposed therein. Ducting 130 is formed by mounting 
cylinder 12 and annular ring 126 and communicates 
with axial slots 128 through apertures 132. Axial 
wedges 133 close axial slots 128 and retain the field 
coils against movement due to centrifugal force. Axial 
wedges 133 have grooves 134 formed therein which de-
fine axial channels 136 between field winding 11 and 
support cylinder 18. Axial channels 136 are in commu-
nication with axial slots 128 through apertures 138. 
Axial channels 136 extend the entire length of field 6Q 
winding 11 and communicate with annular ducts 74 
and 78 (shown in FIG. 1) at their respective ends. FIG. 
2 shows the interior structure of field winding 11 only 
at an intermediate axial location thereof, it of course 
being understood that suitable end structure is pro- ^ 
vided so that the field coils form the necessary current 
path to render field winding 11 operative. It is also un-
derstood that ducting 130 has a configuration which 
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causes the liquid helium to circulate through all of the 
axial slots 128. 

Referring now to FIG. 3, the structure of amortisseur 
winding 102 may be more clearly seen. Amortisseur 
winding 102 includes a retaining ring 140 which ex-
tends the length of amortisseur winding 102 and which 
has a plurality of axial dovetail slots 142 formed therein 
to accept amortisseur bars 144. Each amortisseur bar 
144 has an axial passage 146 suitably formed therein 
for carrying water through amortisseur bars 144. An 
amortisseur ring 148, which short circuits amortisseur 
bars 144, in a manner well known in the art, is fit over 
each end of amortisseur winding 102 and a retaining 
ring 150 is shrink fitted over each amortisseur ring 148. 
Retaining ring 140 and support cylinder 12 define an-
nular space 152 therebetween. Annular space 152 has 
disposed therein an annular vacuum envelope 107 and 
radiation shield means 108, as described in connection 
with FIG. 1 above. Radiation shield means 108 com-
prises radiation shields 154. The surface of each radia-
tion shield 154 which faces toward amortisseur winding 
102 is silvered, or otherwise coated, to reflect heat and 
its surface facing toward field winding 11 is painted, or 
otherwise coated, flat black to absorb heat. 

In operation, field winding 11 is superconducting and 
amortisseur winding 102 is normally conducting. Field 
winding 11 is rendered superconducting due to the liq-
uid helium circulating therethrough. Liquid helium 
from the liquid helium source enters inner tube 80 
through cryogenic sealing device 99 and flows axially 
therethrough into supply manifold 82. Supply manifold 
82 introduces the liquid helium into cryogenic fluid 
supply tubes 84 which communicate with ducting 130 
through apertures in mounting cylinder 12. 

The liquid helium flows outwardly through axial slots 
128, through apertures 138 and into axial channels 
136. The liquid helium flows axially in both directions 
toward the ends of field winding 11 and enters annular 
ducts 74 and 78. Annular duct 74 communicates with 
cryogenic fluid return tubes 97 through apertures in 
mounting cylinder 12 and the liquid helium flows 
through cryogenic fluid return tubes 97 into second re-
turn manifold 92 and through tubes 94 into first return 
manifold 90. Annular duct 78 communicates with cryo-
genic fluid return tubes 96 through apertures in mount-
ing cylinder 12 and the liquid helium flows through cry-
ogenic fluid return tubes 96 into first return manifold 
90. Liquid helium is then returned through outer annu-
lar passage 86 to the liquid helium source through cryo-
genic sealing device 99. 

Amortisseur winding 102 is cooled by water circulat-
ing therethrough. Water from the water source enters 
outer annular passage 116 through sealing device 122. 
From outer annular passage 116 water enters supply 
vessel 112 and flows to axial passages 146 through 
cooling fluid supply tubes 114. Water flows axially in 
one direction through alternate axial passages 146, 
through suitable passages (not shown) formed at the 
other end of amortisseur winding 102 and through al-
ternating axial passages 146 into return tubes 120. 
Cooling fluid return tubes 120 communicate with re-
turn vessel 118, from which water flows into inner an-
nular passage 110 and is returned to the water source 
through sealing device 122. 

Carrier cylinder 42 and drive shaft 26 are rigidly con-
nected by amortisseur winding 102. Drive shaft 26 is 
rigidly connected to support cylinder 18, and therefore 
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to field winding 11, by cylinder 28 which is splined and 
welded to both support cylinder 18 and drive shaft 26. 
Because field winding 11 and support cylinder 18 are 
at extremely low temperatures during operation, they 
will tend to contract while amortisseur winding 102 will 5 
generally be warmer than, or approximately the same 
as, room temperature. This large difference in tempera-
ture will result in differential thermal expansion be-
tween the amortisseur winding and the field winding 
which would cause an overstressed condition if the 10 
amortisseur winding and field winding were rigidly con-
nected. By mounting innermost cylinder 46 on portion 
44 of carrier cylinder 42 so that relative axial move-
ment is permitted, this differential thermal expansion 
may take place without introducing stress into the ro-
tor. Also, by forming vacuum envelope 17 which field 
winding 11 encircles, and enclosing the vacuum enve-
lope with radiation shields, the inside circumference of 
field winding 11 will be protected from heat radiation. 
Axial channels 136 and annular ducts 74 and 78 allow 
the liquid helium, after it has cooled the field coils, to 
be used in further shielding field winding 11 from exte-
rior heat leaks. The mounting cylinders at either end, 
which are used to mount field winding 11, retard heat ^ 
conductance to support cylinder 18. Additional heat 
protection for field winding 11 is provided by annular 
vacuum envelope 107 and radiation shields 108 which 
are disposed in annular space 152 defined by support 
cylinder 18 and amortisseur winding 102. 30 

Although only one specific embodiment ofthe inven-
tion has been shown, those skilled in the art will per-
ceive modifications other than those specifically 
pointed out which can be made without departing from 
the invention, and it is intended by the appended claims 35 
to cover all such modifications as fall within the true 
spirit and scope of the invention. 

What is claimed is: 
1. A superconducting rotor for a dynamoelectric ma-

chine, the superconducting rotor being of the type hav- 40 
ing a field winding and an amortisseur winding and in-
cluding: 

a. means for maintaining said field winding in a su-
perconducting state; 

b. means for maintaining said amortisseur winding in 45 
a normally conducting state; 

c. a support cylinder having a first end portion, a mid-
dle portion, and a second end portion, said field 
winding being disposed interiorly of and coaxially 
with said middle portion of said support cylinder in 5 0 

fixed relation thereto; 
d. a drive shaft having a first end disposed interiorly 

of said first end portion of said support cylinder; 
e. a carrier cylinder having a first end disposed interi-

orly of said second end portion of said support cyl-
inder, said amortisseur winding fixedly securing 
said drive shaft to said carrier cylinder; 

f. first insulating ring means for securing said support 
cylinder to said drive shaft, said first insulating ring 
means providing a circuitous heat conducting path 
between said first end of said drive shaft and said 
first end portion of said support cylinder; and, 

g. second insulating ring means for mounting said 
support cylinder on said carrier cylinder to allow ^ 
axial movement therebetween, said second insulat-
ing ring means providing a circuitous heat conduct-
ing path between said first end of said carrier cylin-

55 

der and said second end portion of said support cyl-
inder. 

2. A superconducting rotor for a dynamoelectric ma-
chine, the superconducting rotor being of the type hav-
ing a field winding and an amortisseur winding and in-
cluding: 

a. means for maintaining said field winding in a su-
perconducting state; 

b. means for maintaining said amortisseur winding in 
a normally conducting state; 

c. a support cylinder having a first end portion, a mid-
dle portion, and a second end portion, said field 
winding being disposed interiorly of and coaxially 
with said middle portion of said support cylinder in 
fixed relation thereto; said field winding and said 
support cylinder defining axial channels for provid-
ing a fluid flow path for cryogenic fluid therebe-
tween, said axial channels communicating with the 
interior of said field winding; said field winding 
having a first end and a second end wherein: 
i. a first annular duct communicates with the axial 

channels, said first annular duct providing a fluid 
flow path for cryogenic fluid and being disposed 
in heat transfer relation with said first end of said 
field winding; 

ii. a second annular duct communicates with said 
axial channels, said second annular duct provid-
ing a fluid flow path for cryogenic fluid and being 
disposed in heat transfer relation with said sec-
ond end of said field winding; 

d. a drive shaft having a first end disposed interiorly 
of said first end portion of said support cylinder; 

e. a carrier cylinder having a first end disposed interi-
orly of said second end portion of said support cyl-
inder, said amortisseur winding fixedly securing 
said drive shaft to said carrier cylinder; 

f. first insulating ring means for securing said support 
cylinder to said drive shaft, said first insulating ring 
means providing a circuitous heat conducting path 
between said first end of said drive shaft and said 
first end portion of said support cylinder; and, 

g. second insulating ring means for mounting said 
support cylinder on said carrier cylinder to allow 
axial movement therebetween, said second insulat-
ing ring means providing a circuitous heat conduct-
ing path between said first end of said carrier cylin-
der and said second end portion of said support cyl-
inder. 

3. The superconducting rotor recited in claim 2 fur-
ther including: 

a. a cylindrical vacuum envelope encircled by and in 
circumferential contact with said field winding, 
said first annular duct and said second annular 
duct, said cylindrical vacuum envelope having a 
first end closure for retarding heat radiation to said 
field winding and a second end closure for retard-
ing heat radiation to said field winding; and 

b. an annular space defined by said support cylinder 
and said amortisseur winding, said annular space 
having disposed therein: 
i. an annular vacuum envelope, and 
ii. radiation shield means for retarding heat radia-

tion from said amortisseur winding to said field 
winding. 

4. The superconducting rotor recited in claim 2 
wherein said means for maintaining said field winding 
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in a superconducting state includes a cryogenic fluid 
delivery system comprising: 

a. a first tube means for introducing cryogenic fluid 
to the interior of said field winding, said first tube 
means including: 5 
i. a cryogenic sealing device for transferring cryo-

genic fluid between a stationary fluid source and 
rotating conduits, 

ii. an inner tube communicating with said sealing 
device, 10 

iii. a supply manifold communicating with said 
inner tube, and 

iv. a plurality of cryogenic fluid supply tubes com-
municating between said supply manifold and the 
interior or said field winding; and 15 

b. a second tube means for providing a flow path for 
cryogenic fluid away from said field winding, said 
second tube means including: 
i. an outer tube coaxial with said inner tube, said 

inner tube and said outer tube defining an annu-
lar passage, 

ii. at least one return manifold, said annular pas-
sage communicating between said sealing device 
and said return manifold, and 2 5 

iii. a plurality of cryogenic fluid return tubes com-
municating between said first annular duct and 
said return manifold and said second annular 
duct and said return manifold. 

5. The superconducting rotor recited in claim 3 3 0 
wherein said means for maintaining said field winding 
in a superconducting state includes a cryogenic fluid 
delivery system comprising: 

a. a first tube means for introducing cryogenic fluid 
to the interior of said field winding, said first tube 35 
means including: 
i. a cryogenic sealing device for transferring cryo-

genic fluid between a stationary fluid source and 
rotating conduits, 

ii. an inner tube extending through said second end 40 
closure and communicating with said sealing de-
vice, 

iii. a supply manifold disposed in said cylindrical 
vacuum envelope, said supply manifold commu-
nicating with said inner tube, and 45 

iv. a plurality of cryogenic fluid supply tubes dis-
posed in said cylindrical vacuum envelope, said 
supply tubes communicating between said supply 
manifold and the interior of said field winding; 
and 50 

b. a second tube means for providing a fluid flow path 
for cryogenic fluid away from said field winding, 
said second tube means including: 
i. an outer tube extending through said second end 

closure, said outer tube being coaxial with said 5 5 

inner tube and forming an annular passage there-
between; 

ii. at least one return manifold disposed in said cy-
lindrical vacuum envelope, said annular passage 
communicating between said sealing device and 
said return manifold; 

iii. a plurality of cryogenic fluid return tubes dis-
posed in said cylindrical Vacuum envelope, said 
cryogenic fluid return tubes communicating be- 6 5 
tween said first annular duct and said return 
manifold and said second annular duct and said 
return manifold. 

60 

6. The superconducting rotor recited in claim 5 
wherein said means for maintaining said amortisseur 
winding in a normally conducting state includes a fluid 
delivery system comprising: 

a. a supply system for introducing cooling fluid to 
said amortisseur winding, said supply system in-
cluding: 
i. a sealing device for transferring cooling fluid be-

tween a stationary fluid source and rotating con-
duits, 

ii. an inner annular passage communicating with 
said sealing device, 

iii. a supply vessel communicating with said inner 
annular passage, and 

iv. a plurality of cooling fluid supply tubes commu-
nicating between said supply vessel and said 
amortisseur winding; and 

b. a return system for providing a flow path for cool-
ing fluid away from said amortisseur winding, said 
return system including: 
i. an outer annular passage communicating with 

said sealing device, 
ii. a return vessel communicating with said outer 

annular passage, and 
iii. a plurality of cooling fluid return tubes commu-

nicating between said return vessel and said 
amortisseur winding. 

7. The superconducting rotor recited in claim 5 
wherein: 

a. said first insulating ring means includes a cylinder 
having a first end and a second end, said, first end 
of said cylinder being secured to first end of said 
drive shaft and said second end of said cylinder 
being secured to said first end portion of said sup-
port cylinder; and 

b. said second insulating ring means includes: 
i. an innermost cylinder encircling said carrier cyl-

inder, said innermost cylinder having a first end 
mounted to said first end of said carrier cylinder 
to allow relative axial movement therebetween 
and a second end, 

ii. an intermediate cylinder encircling said inner-
most cylinder, said intermediate cylinder having 
a first end secured to said second end of said in-
nermost cylinder and a second end, and 

iii. an outermost cylinder encircling said intermedi-
ate cylinder, said outermost cylinder having a 
first end secured to said second end of said inter-
mediate cylinder and a second end secured to 
said second end portion of said support cylinder. 

8. The superconducting rotor recited in claim 6 
wherein: 

a. said first insulating ring means includes a cylinder 
having a first end and a second end, said first end 
of said cylinder being secured to first end of said 
drive shaft and said second end of said cylinder 
being secured to said first end portion of said sup-
port cylinder; and 

b. said second insulating ring means includes: 
i. an innermost cylinder encircling said carrier cyl-

inder, said innermost cylinder having a first end 
mounted to said first end of said carrier cylinder 
to allow relative axial movement therebetween 
and a second end, 

ii. an intermediate cylinder encircling said inner-
most cylinder, said intermediate cylinder having 
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a first end secured to said second end of said in-
nermost cylinder and a second end, and 

iii. an outermost cylinder encircling said intermedi-
ate cylinder, said outermost cylinder having a 
first end secured to said second end of said inter- 5 
mediate cylinder and a second end secured to 
said second end portion of said support cylinder. 

9. The superconducting rotor recited in claim 7 
wherein: 

a. said first end of drive shaft is disposed proximate 10 
to said first end closure; and 

b. said first end of said carrier cylinder is disposed 
proximate to said second end closure. 

10. The superconducting rotor recited in claim 8 
wherein: 15 

a. said first end of drive shaft is disposed proximate 
to said first end closure; and 

b. said first end of said carrier cylinder is disposed 
proximate to said second end closure. 

11. The superconducting rotor recited in claim 9 20 
wherein: 

a. said first end closure includes: 
i. a first surface facing into said cylindrical vacuum 

envelope, said first surface being coated flat 
black, and 25 

ii. a second surface facing away from said cylindri-
cal vacuum envelope, said second surface being 
silvered; 

b. said second end closure includes: 
i. a first surface facing into said cylindrical vacuum 3 0 

envelope, said first surface being coated flat 
black, and 

ii. a second surface facing away from said cylindri-
cal vacuum envelope, said second surface being 
silvered; and 

c. said radiation shield means includes two radiation 
shields, each said radiation shield including: 
i. a first surface facing toward said field winding, 

said first surface being coated a flat black, and 
ii. a second surface facing away from said field 4 0 

winding, said second surface being silvered. 
12. The superconducting rotor recited in claim 10 

wherein: 
a. said first end closure includes: 

i. a first surface facing into said cylindrical vacuum 
envelope, said first surface being coated flat 
black, and 

ii. a second surface facing away from said cylindri-
cal vacuum envelope, said second surface being 
silvered; 

b. said second end closure includes: 
i. a first surface facing into said cylindrical vacuum 

envelope, said first surface being coated flat 
black, and 5 5 

ii. a second surface facing away from said cylindri-
cal vacuum envelope, said second surface being 
silvered; and 

c. said radiation shield means includes two radiation 
shields, each said radiation shield including: 6Q 
i. a first surface facing toward said field winding, 

said first surface being coated a flat black, and 
ii. a second surface facing away from said field 

winding, said second surface being silvered. 
13. The superconducting rotor recited in claim 11 6 5 

wherein: 
a. said plurality of cryogenic fluid supply tubes is four 

in number; 

45 

50 

b. said return manifold includes: 
i. a first return manifold, and 
ii. a second return manifold in communication with 

said first return manifold; and 
c. said plurality of cryogenic fluid return tubes in-

clude: 
i. four cryogenic fluid return tubes communicating 

between said first return manifold and said sec-
ond annular duct, and 

ii. four cryogenic fluid return tubes communicating 
between said second return manifold and said 
first annular duct. 

14. The superconducting rotor recited in claim 12 
wherein: 

a. said plurality of cryogenic fluid supply tubes is four 
in number; 

b. said return manifold includes: 
i. a first return manifold, and 
ii. a second return manifold in communication with 

said first return manifold; and 
c. said plurality of cryogenic fluid return tubes in-

clude: 
i. four cryogenic fluid return tubes communicating 

between said first return manifold and said sec-
ond annular duct, and 

ii. four cryogenic fluid return tube communicating 
between said second return manifold and said 
first annular duct. 

15. A superconducting rotor for a dynamoelectric 
machine comprising: 

a. a support cylinder mounted at one end to a drive 
shaft and mounted at the other end to a carrier cyl-
inder respectively by first and second insulating 
ring means; said support cylinder, carrier cylinder 
and drive shaft being coaxial with one another; 

b. a mounting cylinder, coaxial with the support cyl-
inder, carrier cylinder and drive shaft, attached at 
each end to the support cylinder and disposed inte-
riorly thereof; the interior of said mounting cylin-
der defining a vacuum chamber; 

c. a superconducting field winding disposed between 
the mounting cylinder and the support cylinder; 

d. a normally conducting, liquid cooled amortisseur 
winding attached at one end to the drive shaft and 
attached at the other end to the carrier cylinder, 
said amortisseur winding spaced from the support 
cylinder in the radial direction and having a radia-
tion shield disposed therebetween; and, 

e. axially extending vacuum, liquid coolant and cryo-
genic fluid channels disposed in the carrier cylinder 
in communication with the vacuum chamber, 
amortisseur winding and field winding, respec-
tively. 

16. A superconducting rotor for a dynamoelectric 
machine, said rotor including a superconducting field 
winding and a normally conducting amortisseur wind-
ing; and, further comprising: 

a. a carrier cylinder including vacuum, liquid coolant 
and cryogenic fluid channels; said liquid coolant 
channels communicating with the amortisseur 
winding and the cryogenic fluid channels commu-
nicating with the field winding; 

b. a mounting cylinder, coaxial with the carrier cylin-
der, the mounting cylinder having an interior por-
tion defining a vacuum chamber in communication 
with the vacuum channels; 
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c. a support cylinder concentric to and disposed 
around the mounting cylinder and spaced there-
from defining annular ducts in communication with 
said field winding and cryogenic fluid channels; 
said amortisseur winding surrounding and spaced 5 
from the support cylinder and in communication 
with the liquid coolant channels; and, 

d. radiation shield means disposed between the sup-
port cylinder and amortisseur windings. 

17. The superconducting rotor recited in claim 16 10 
wherein the space between the amortisseur winding 
and support cylinder defines a second vacuum cham-
ber. 

18. The superconducting rotor recited in claim 16 
15 

14 
further including a drive shaft connected at one end 
thereof; wherein, the support cylinder is mounted at 
one end to the drive shaft and at the other end to the 
carrier cylinder through first and second circuitous in-
sulated ring means respectively. 

19. The superconducting rotor recited in claim 18 
wherein the amortisseur winding is connected at one 
end to the drive shaft and at the other end to the carrier 
cylinder. 

20. The superconducting rotor recited in claim 19 
wherein the mounting cylinder is connected at either 
end to the support cylinder. 
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