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(71) W e , INTERNATIONAL RESEARCH & 
DEVELOPMENT COMPANY LIMITED, a British 
Company of Fossway, Newcastle upon Tyne 
6, do hereby declare the invention, for 

5 which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in 
and by the following statement:— 

The present invention relates to rotary 
10 electrical machines having superconducting 

windings. 
In accordance with the invention there is 

provided a synchronous alternating current 
machine having within a stator a hollow 

15 rotor of non-magnetic material supported by 
bearings at each end and carrying a super-
conducting direct current winding, the rotor 
comprising a hollow cylindrical body sup-
porting the winding, hollow transmission 

20 members connecting the ends of the cylin-
drical body to end shafts supported in the 
bearings, means for supplying cryogenic fluid 
to the winding and the transition members 
for cooling thereof, and a thermal radiation 

25 shield surrounding but spaced from the 
cy1indrical body and forming part of the 
rotor. 

The hollow transition members, which 
are preferably frusto-conical in form, should 

30 have the minimum thickness consistent w;th 
the required strength in order to minimise 
heat flow from the end shafts to the rotor 
winding. Reinforcing rings or webs can 
be provided to strengthen the transition 

35 members without increasing the heat flow. 
The transition members are preferably made 
of a material, such as titanium alloy or 
stainless steel, which at the very low 
operating temperature has a low thermal 

40 conductivity. 
The radiation shield which serves to re-

duce inflow of radiant heat to the rotor is 
preferably separated from the hollow 
cylindrical body of the rotor by a vacuum 

45 space. This vacuum space may be formed 

by a casing surrounding but spaced from 
the radiation shield and mounted on the 
rotor. The radiation shield may be cooled 
by pipes conveying a cooling medium such 
as helium at below ambient temperatures. 50 

The superconducting winding can be 
mounted on the inner surface of the cylin-
drical body and the hollow rotor can be 
evacuated to reduce heat flow into the wind-
ing. 55 

The superconducting rotor winding may 
be of conventional field winding form and 
may be embedded in a material such as 
epoxy resin. The epoxy resin may be re-
inforced by a fibrous material such as car-
bon fibre or glass fibre to provide support 
for the conductors. 

A sinusoidal distribution of radial field 
around the rotor is preferable and this can 
be obtained by a sinusoidal distribution of 65 
rotor current. Such a current distribution 
can readily be achieved with the construc-
tion described, by distributing the winding 
so that its radial depth varies around the 
periphery of the rotor. For a two pole 70 
machine, for example, there may be two 
coils diametrically opposite one another and 
each extending over approximately half the 
periphery of the rotor. The radial depth of 
each coil would be a maximum where they 75 
are furthest apart, tapering to a minimum 
where the coils are nearest to one another. 
The arrangement can be modified to suit 
four pole or other multi-pole designs. 

In order to ensure uniform loading on the 80 
cylindrical body of the rotor, a dummy 
winding or packing can be used to improve 
the weight distribution around the rotor. 

While centrifugal forces can be evenly 
distributed by using dummy windings or 85 
packing or both, non-uniform loading will 
still be produced by electro-magnetic forces 
which tend to make the cylindrical body 
oval. To counteract this the cylindrical 
body may be reinforced by radial webs ex- 90 
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tending from a central hub or tube. 
The superconducting material used for 

the rotor winding may be in the form of a 
hollow tube cooled internally or it may be 

5 of composite form comprising a multi-
filament transposed superconductor em-
bedded in a material such as epoxy resin. 
The conductors may be cooled internally, 
if hollow, or by means of cooling tubes in 

10 or around the winding, or by both methods. 
The coolant, which may be helium, may 

be cooled in a refrigerator outside the rotor 
body and fed into the winding, or at least 
part of the refrigerator may be located 
inside the rotor body and be coaxial there-
with to minimise centrifugal forces. 

The stator may comprise a conventional 
non-superconducting winding, for example, 
a double layer winding using copner, but 

20 because of the intense magnetic fields no 
magnetic core is needed. The winding could 
be embedded in enoxy resin supported in a 
casing but senarated therefrom by a mag-
netic shield, for examole, of laminated iron. 

25 Alternatively, the cas'ng may also act as a 
masnetic shield which is necessary to avoid 
the presence of high magnetic fields outside 
the machine. 

In order that the invention can be more 
30 clearly understood it will now be described 

in one form by way of example with re-
ference to the accompanying drawings in 
wh;ch: — 

Figure 1 is a Iong;tudinal section showing 
35 in outline onlv the deposition of the prin-

cipal parts of a superconducting synchro-
nous a.c. generator. 

Figure 2 is a section through a rotor 
winding and a support cylinder therefor in 

40 accordance with one embodiment of the in-
vention. 

Figure 3 is a cross-section through the 
support cylinder showing a reinforcing web. 

Figure 4 shows in diagrammatic form a 
45 modification of the cooling fluid circuit of 

the rotor of Figure 1. 
Figure 1 shows a synchronous a.c. gene-

rator which comprises a rotor 1 supporting 
a direct current rotor winding 2. and a 

50 stator 3 surroundmg the rotor and support-
ing a stator winding 4. 

The rotor comprises a hollow cylindrical 
body or support cylinder la of non-magnetic 
material such as stainless steel, titanium, 

55 or material reinforced with carbon fibres, 
and two hollow frusto-conical transition 
members lb one at each end of the support 
cylinder. The members lb join the support 
cylnder to end or stub shafts 5a and 5b 

60 whch are supported in bearings 6. 
Surrounding the support cylinder la and 

transition members lb is a radiation shield 
1 c which is in spaced relation to the support 
cylinder and transition members except at 

65 the ends where it comes into contact with 

the transition members. Surrounding but 
spaced from the radiation shield is an outer 
casing Id. The shield 1 c is preferably of high 
thermal conductivity materia] to facilitate 
cooling and could, for example, be of 70 
aluminium alloy. The casing Id fonns a 
vacuum containment vessel and must be of 
a material such as aluminium, titanium or 
stainless steel which has a high strength/ 
weight ratio. The casing Id is welded to 75 
the transition members lb at each end of 
the rotor where they join the end shafts 5a 
and 5b. 

The spaces 7 and 8 between the support 
cylinder and the radiation shield and be- 80 
tween the radiation shield and the casing 
respectively, are under vacuum or at low 
pressure to reduce heat inflow. Material of 
low thermal conductivity such as alunvnised 
Mvlar (R.T.M.) or aluminium and glass 85 
fibre may be located in spaces 7 and 8 to 
reduce heat inflow. 

The rotor winding 2 of superconducting 
material is supported on the inside of the 
cylinder la but details of the winding are 90 
not shown for the sake of clarity. It may 
be embedded in a material such as epoxy 
resin which hardens to form a bond between 
the windinss and between the windings and 
the cylinder. 95 

The stator winding is of non-supercon-
ducting material and can be of conventional 
form. e.g. a doub'e layer windinsr. except 
that, as core iron is not necessary, the wind-
ing can be encased in an enoxy resin as in 100 
the case of the rotor winding. Again the 
stator winding has not been shown in detail 
for the sake of clarity. The diameter of the 
individual wires in the stator winding must 
be kent small and in a typical case would 105 
be of the order of 1mm. diameter. 

The outer casing of the stator 3 is spaced 
from the windin? 4 and must act as a 
magnetic shield for the machine because of 
the hi°h magnetic fields present. One way 110 
of achieving this, is for the casina to be 
made of laminated magnetic material such 
as iron or mild steel. Alternatively a sepa-
rate magnetic shieM mav be located between 
the casino and the s'ator winding. 115 

The superconducting rotor winding 2 
mnv be composed of. for examn'e, niobium-
titanium or niobium-tin allovs. Such 
materials have zero resistance, that is they 
become superconducting at temperature in J20 
the range 10° to 20°K. Whereas some 
sunerconductinsr materials do not retain their 
superconductivity in the presence of high 
magnetic fields, these alloys remain super-
conducting at 5°K to 10°K even in the pre- 125 
sence of magnetic fields. The winding is 
maintained at the required low temperature 
by the circulation of a cryogenic fluid such 
as supercritical helium gas. 

In Figure 1 the cryogenic fluid is shown 130 
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diagrammatically as entering at an inlet 9 
in the end of the shaft 5b and passing by 
way of ducting 10 to the winding, returning 
by way of ducting 11 to an outlet 12 in the 

5 surface of the shaft 5b. The ducting 10 
and 11 is disposed in the space 13 within 
the hollow rotor 1 and the hollow shaft 5b. 
Preferably the space 13 is evacuated to re-
duce heat leakage into the ducting and 

30 the winding. The cryogenic fluid is also 
applied to cool the transition members 1 b 
so that heat entering by way of the shafts 
5a and 5b cannot reach the cylindrical body 
la of the rotor and thence enter the winding. 

15 As will be described below with reference 
to Figure 4 a separate cooling circuit (not 
shown in Figure 1) is preferably provided 
for the transition members lb. 

Excitation current is fed to the rotor 
winding through slip rings 14 on the shaft 
5b and these slip rings operate at normal 
temperatures. 

Figure 2 is a section through a typical 
support cylinder and associated rotor wind-

25 0f a two pole winding. The winding is 
arranged in two coils diametrically opposite 
one another as shown. In order to obtain a 
smusoidal current distribution the con-
ductors 2a of the coils are distributed so 

30 that the radial depth of the coils varies 
around the periphery of support cylinder la 
as shown. The radial depth varies from a 
maximum near the centre of each coil to a 
nvn'mum at the s'des of each coil. Such an 

35 arrangement leads to a non uniform distri-
bution of weight within the winding and to 
obtain a uniform weight distribution a 
dummy winding or packing 15 may be used. 
The lines of flux produced by such a wind-

•40 ins are shown at F. 
The actual form of w;ndmg used can be a 

concentric coil. The whole of the winding 
is encased in a material 2b such as epoxy 
resin. 

45 Whilst the centrifugal force can be uni-
formly distributed in the manner described, 
the electromagnetic forces can still tend to 
distort the cylinder. In order to counteract 
this the support cylinder may be reinforced 

50 by webs 16 as shown in Figure 3. Whilst 
one web can extend diametrically across the 
cylinder, a preferred arrangement is to have 
a central hub or hollow tube 17 from which 
the webs extend as shown. The use of such 

55 a hub helps keep the web thickness to a 
minimum. 

The webs conveniently divide the space 13 
into two for a two pole winding but they 
could equally well divide the space into 

60 four or a larger number of sectors for a 
four pole or other form of multi-pole 
generator. 

Depending on the size of the machine, 
it may be necessary to carry out the final 

65 stage of refrigeration inside the rotor itself 

to reduce the cryogenic fluid to the tempe-
rature necessary to maintain the winding 2 
in a superconducting state, in which case a 
small refrigerating unit is incorporated in 
the space 13 in addition to the main refri- 70 
gerator located outside the machine. Alter-
natively, the whole or the major portion 
of the refrigeration cycle may be carried out 
inside the hollow rotor. In the case where 
the whole of the cycle is carried out inside 75 
the rotor the cryogenic fluid is supplied 
to the rotor at normal temperatures and 
several atmospheres pressure, typically 7 
atmospheres, and returned from the xotor at 
near normal temperatures and pressures, 80 
typically 1.2 atmospheres. 

Figure 4 shows in diagrammatic form the 
cooling fluid circuit for an arrangement in 
which the final stage of refrigeration takes 
place within the rotor. The cryogenic fluid 85 
is compressed in a compressor 18 and then 
liquefied in a refrigerator 19 in a known 
manner. It passes from the refrigerator at 
a temperature of the order of 80°K and 
enters the end shaft 5b of the machine. 90 
It then passes to a further refrigerating 
stage 20 located in the end shaft where its 
temperature is reduced to a value such that 
it can cool the w'nding to a temperature at 
which it becomes superconducting, for ex- 95 
ample 4°K. It parses from the refrigerator 
stase 20 to the rotor winding 2 where it 
circulates through tubes embedded in the 
winding or through hoi low conductors or 
both. After leaving the winding it is returned 100 
to the compressor 18 after being used to pre-
cool fluid passing through the refrigerator 
stage 20. 

Part of the fluid leaving the winding 
bypasses the refrigerator stage 20 and is 105 
used in the cooling systems 21 and 22 to cool 
leads (not shown) carrying excitat:on currnt 
to the winding. In addition some fluid is 
tapped off from the circuit between the 
refrigerator 19 and the refrigerator stage 110 
20 and fed to coils 23 which act to cool 
the transition members lb at both ends of 
the rotor and reduce the flow of heat into 
the support cylinder la from the end shafts 
5a and 5b. Such fluid can also be circulated 115 
through tubes mounted on the radiation 
shield lc (not shown in Figure 4). 

The heat exchangers and refrigerator stage 
can be mounted in a sleeve in the end shaft 
5a to facilitate removal for maintenance. 120 

WHAT WE CLAIM IS: — 
1. A synchronous alternating current 

machine having within a stator a hollow 
rotor of non-magnetic material supported by 125 
bearings at each end and carrying a super-
conducting direct current winding, the rotor 
comprising a hollow cylindrical body sup-
porting the winding, hollow transition mem-
bers connecting the ends of the cylindrical 130 
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body to end shafts supported in the bear-
ings, means for supplying ciyogenic fluid to 
the winding and the transition members for 
cooling thereof, and a thermal radiation 

5 shield surrounding but spaced from the 
cylindrical body and forming part of the 
rotor. 

2. A machine as claimed in claim 1 in 
which the hollow transition members are of 

1 0 frusto-conical form. 
3. A machine as claimed in claim 1 or 2 

in which the transition members are 
evacuated. 

4. A machine as claimed in claim 3 in 
15 which the whole of the interior of the rotor 

is evacuated. 
5. A machine as claimed in any of the 

preceding claims in which the means for 
supplying cryoaenic fluid comprise a refrige-
ration stage mounted within the rotor. 

6. A machine as claimed in claim 5 
having a compressor and primary refrigera-
tion stage outside the rotor connected to 
supply cryogenic fluid to the refrigeration 

2 5 stage inside the rotor and to coils for cool-
ing the transition members. 

7. A machine as claimed in any of the 
preceding claims in which one of the end 
shafts is hollow and is evacuated and the 
means for supplying cryogenic fluid com-
prise ducting passing through the evacuated 
hollow shaft into the hollow rotor. 

8. A machine as claimed in any of the 
preceding claims having a casing mounted 

35 on the rotor and enclosing a vacuum space 
in which the radiation shield is disposed. 

9. A machine as claimed in any of the 
preceding claims in which the superconduct-
ing winding is mounted within the cylin-
drical body. 40 

10. A machine as claimed in any of the 
preceding claims in which the superconduct-
ing winding is disposed on the rotor to 
produce a radial field varying sinusoidally 
around the rotor. 45 

11. A machine as claimed in claim 10 
having a dummy winding or packing to 
equalize the weight distribution on the rotor. 

12. A machine as claimed in claim 10 
or 11 having means reinforcing the rotor 50> 
against distortion by electromagnetic forces. 

13. A machine as claimed in claim 12 in 
which the said means comprise a central 
tube and radial webs connecting the tube 
to the cylindrical body. 55 

14. A machine as claimed in any of the 
preceding claims in which the stator incorpo-
rates a magnetic shield. 

15. A synchronous alternating current 
machine substantially as described with re- 60 
ference to Figure 1 of the accompanying 
drawings. 

16. A synchronous alternating current 
machine substantially as described with re-
ference to Figures 1 and 4 of the accom- 65 
panying drawings. 

REDDIE & GROSE, 
Agents for the Applicants. 

6 Bream's Buildings. 
London, E.C.4. 

Printed for Her Majesty's Stationery Office by The Tweeddale Press Ltd., Berwick-upon-Tweed, 1973. 
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