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(54) IMPROVEMENTS IN AND RELATING TO 
SUPERCONDUCTING ELECTRICAL MACHINES 

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

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

This invention relates to superconducting 
10 electrical machines. 

In our British Patent No. 1,133,724 *ve 
describe a homopolar dynamo-electric 
machine comprising a stationary supercon-
ducting field coil located in a cryostat sur-

15 rounding but not enclosing a rotor the rotor 
having electrically-conducting discs of non-
superconducting material. 

In one embodiment, a superconducting 
screening coil is used to reduce the magni-

20 tude of the magnetic field strength in 
regions where the magnetic field is not 
usefully employed. 

The main field coil and the screening 
coil must be supported so as to maintain 

25 a substantially fixed position relative to one 
another. The introduction of a metallic 
supporting structure for the coils can lead 
to problems due to eddy current heating of 
the structure in circumstances where the 

30 intensity of the high magnetic fields obtain-
ing in the cryostatic changes. This heat must 
be removed with consequent increase in the 
refrigeration power required. 

Similar problems also arise in supercon-
35 ducting machines where the main field coil 

may itself be split into separate parts, for 
example, in a machine with a drum-type 
rotor in which the field winding is located 
in a number of separate parts spaced along 

40 the axis of the machine. 
In accordance with the present invention 

there is provided a dynamo-electric machine 
comprising a rotor, at least two stationary 
superconducting coils coaxial with the 

45 rotor, the two coils carrying currents in 
[Price 25p] 

opposite senses to generate opposed mag-
netic fields outside the machine, a cryostat 
enclosing the coils, and within the cryo-
stat a support structure holding the coils in 
spaced relationship, characterised in that 50 
the support structure comprises a con-
tinuous ring coaxial with the coils and dis-
posed in the region of a surface of zero 
net flux linkage to minimise eddy current 
heating of the ring, and a plurality of ribs 55 
disposed in planes containing the rotor axis 
and extending from the ring to support the 
coils. 

The net flux linkage is obtained by inte-
grating the component of the flux parallel 60 
to the axis over a circular area centred on 
the axis and lying in a plane perpendicular 
to the axis. At a particular radius in certain 
planes the net flux linkage reduces to zero 
because of the opposition between the fluxes 65 
produced by the two coils. The circles of 
zero net flux linkage in a series of parallel 
planes define a surface of zero net flux 
linkage in the region of which the con-
tinuous ring must be placed to minimise 70 
surface of zero net flux linkage but for con-
tour of the ring is such that it lies in the 
surface of zero net flux linkage for con-
venience of construction its cross-section 
may be L-shaped or of some other simple 75 
formation which departs from the shape of 
the said surface. 

The inclusion of a continuous ring in the 
support structure gives it greater inherent 
strength and avoids the necessity for a 80 
heavy construction which would be required 
if the structure were composed of separate 
sections to prevent circulating eddy cur-
rents. By placing the ring in the region of 
the surface of zero net flux linkage the 85 
generation of circulating currents in the 
ring by changes in the flux linking the ring 
is minimised. The ribs of the support struc-
ture lie parallel to the field and do not form 
closed paths for circulating currents. The 90 
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ribs may each carry an arcuate plate form-
ing part of a support for one of the coils 
but these arcuate plates are again separate 
and do not allow circulation of eddy 

5 currents. 
The invention will now be described in 

more detail with the aid of an example 
illustrated in the drawing accompanying the 
provisional specification, in which: — 

10 Fig. 1 is a section through a cryostat of 
a dynamo-electric machine in accordance 
with the invention, and 

Fig. 2 is a half-section of the stator 
assembly on the line A-A of Fig. 1, 

15 and further examples illustrated in the 
drawing accompanying the present speci-
fication, in which: — 

Fig. 3 is a section corresponding to Fig. 
1 of a modification of the construction 

20 shown in Figs. 1 and 2, and 
Fig. 4 is a half-section of a drum-type 

homopolar machine in accordance with the 
invention. 

Figs. 1 and 2 show a machine having an 
25 annular cryostat 1, in which are mounted 

superconducting coils 2, 3 and 4. The coils 
are coaxial with a rotor, not shown, which 
is encircled by the cryostat but is not within 
the cryostat. In operation the cryostat 1 

30 serves to maintain the coils 2, 3 and 4 at 
very low temperatures, typically of the 
order of 4°K, so that they are maintained 
in a superconducting condition. The rotor, 
which carries one or more conducting paths 

35 connected by brushes to an external circuit 
(see, for example, British Patent Specifica-
tion No. 1,133,724), rotates in the magnetic 
field generated by the superconducting 
coils. The coils comprise the main field 

40 coil 2 and screening coils 3 and 4. The coils 
3 and 4 carry currents in the opposite sense 
to the current in the field coil 2 and serve 
to screen the space around the machine 
from the very high fields generated by the 

45 field coil. 
The magnetic field generated by the coils 

2 to 4 is shown by flux lines 5 in Fig. 1. 
For any circle centred on the common axis 
of the coils and lying in a plane parallel to 

50 the plane A-A the net flux linkage is the 
integral over the area of the circle of the 
component of flux perpendicular to the 
plane of the circle. It is easily seen that the 
net flux linkage is zero at the axis, increases 

55 to a maximum at the radius of the main 
field coil 2, and then falls off to zero because 
of the reversal of the field direction be-
yond the main coil. For any given plane, 
therefore, there is a circle of zero net flux 

60 linkage at a particular radius and these 
circles build up a surface of zero net flux 
linkage whose profile as seen in the plane 
of Fig. 1 conforms approximately with the 
flux lines 5 in the region of the said sur-

65 face. 

The coils 2 to 4 are held in the required 
relative positions by a metallic supporting 
structure which comprises continuous rings 
6 and 7 centred on the axis of the coils. 
These rings are placed in the region of the 70 
surface of zero net flux linkage in order to 
minimise circulation of eddy currents 
around the rings when the flux linking the 
rings changes. In the present instance the 
rings 6 and 7, which are composed of sheet 75 
metal are contoured to form surfaces of 
revolution which lie substantially in the sur-
face of zero net flux linkage. The con-
tinuous rings 6 and 7 are connected by ribs 
8 which lie in radial planes containing the 80 
axis of the coils. These ribs 8 (see Fig. 2) 
carry arcuate plates 9 which combine to 
form a segmented hollow cylinder within 
which the coil 2 is located. Ribs 10 and 11 
extend from rings 6 and 7, respectively, on 85 
the sides opposite to the ribs 8, and support 
the coils 3 and 4. 

By this construction of the support struc-
ture eddy current losses are minimised 
without the necessity for segmenting the 90 
support structure and making it of very 
heavy construction to obtain the necessary 
mechanical strength. The rings 6 and 7 
allow a strong and relatively light construc-
tion to be obtained while their positioning 95 
avoids large eddy current losses. The ribs 
8, 10 and 11 lie in planes parallel to the 
flux, and the arcuate plates 9 do not present 
a continuous path for eddy current circu-
lation. loo 

Fig. 3 shows a construction similar to 
that of Figs. 1 and 2 and the same refer-
ence numerals have been used for like parts 
throughout. The surfaces of zero net flux 
linkage are shown at 12 and 13. The con- 105 
tinuous rings 6 and 7 are made of L-shaped 
cross-section for ease of fabrication and are 
positioned so that the surfaces 12 and 13 
of zero net flux linkage pass through the 
rings 6 and 7 respectively. The rings 6 and n o 
7 can each be made up from flat plate in 
two parts, one of which is a flat ring and 
the other is curved about a single axis only. 

Fig. 4 shows a drum-type homopolar 
machine and parts similar to those of Figs. 115 
1 to 3 have the same reference numerals. 
There are two main field coils 2a and 2b 
spaced apart along the axis of the rotor and 
these carry current in opposite directions. 
Each of the coils 2a and 2b is supported 120 
by a ring of arcuate plates 9 which are car-
ried by the ribs 8 extending between the 
continuous rings 6 and 7, which have the 
form shown in Fig. 3. The screening coils 
3 and 4 now carry current in opposite senses 125 
to each other and each generates a field 
outside the machine which is in opposition 
to the field of the associated field coil. The 
coils 2a, 2b, 3 and 4 are symmetrical with 
respect to a central plane perpendicular to 130 
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the common axis of the coils and as shown 
by the flux lines 5 there is no flux com-
ponent perpendicular to this central plane. 
Hence this is a surface of zero net flux 

5 linkage. An additional continuous ring sup-
port 14 connecting the ribs 8 is disposed 
in this central plane. 

The drum rotor with its conductors paral-
lel to the axis of rotation is shown diagram-

30 matically at 15, with brushes 16 for trans-
ferring the current between the conductors 
on the rotor and an external circuit. 

WHAT WE CLAIM IS: — 
1. A dynamo-electric machine compris-

15 ing a rotor, at least two stationary super-
conducting coils coaxial with the rotor, the 
two coils carrying currents in opposite 
senses to generate opposed magnetic fields 
outside the machine, a cryostat enclosing 

20 the coils, and within the cryostat a sup-
port structure holding the coils in spaced 
relationship, characterised in that the sup-
port structure comprises a continuous ring 
coaxial with the coils and disposed in the 

25 region of a surface of zero net flux linkage 
to minimise eddy current heating of the 
ring, and a plurality of ribs disposed in 
planes containing the rotor axis and extend-
ing from the ring to support the coils. 

30 2. A machine as claimed in claim 1 in 
which the ring is composed of sheet metal 
contoured to lie in the surface of zero net 
flux linkage. 

3. A machine as claimed in claim 1 or 
35 2 in which the ribs extending from one side 

of the ring each carry an arcuate plate and 
these plates combine to form a segmented 
cylinder coaxial with the rotor, one of the 
coils being located within the segmented 

40 cylinder. 
4. A machine as claimed in claim 1 or 

2 in which one of the coils is a main field 
coil of smaller diameter and another two 
of the coils are screening coils of larger 

45 diameter, the screening coils each carrying 
a current in the sense opposite to that of 
the current in the main field coil and being 

positioned axially on opposite sides of the 
main field coil, and in which the support 
structure comprises two continuous rings 50 
disposed: between the two screening coils and 
the main field coil and ribs which join the 
two rings and carry arcuate plates which 
combine to form a segmented cylinder sur-
rounding the main field coil. 55 

5. A machine as claimed in claim 1 or 
2 in which two of the coils are axially 
spaced main field coils carrying currents in 
mutually-opposite senses and another two of 
the coils are axially-spaced screening coils 60 
carrying currents in opposite senses to each 
other, and in which the support structure 
includes a second continuous ring coaxial 
with the coils and disposed in the region of 
a surface of zero net flux linkage, the ribs 63 
extending from one side of the first ring 
being connected to the other ring and carry-
ing arcuate supports for the two main field 
coils. 

6. A machine as claimed in claim 5 in 70 
which the coils are positioned symmetri-
cally with respect to a central plane perpen-
dicular to the axis of the rotor, and the ribs 
connecting the two rings are connected by 
a planar ring lying in the said central plane. 75 

7. A dynamo-electric machine having 
superconducting stator coils with support 
structure substantially as described with 
reference to Figs. 1 and 2 of the drawings 
accompanying the provisional specification. 80 

8. A dynamo-electric machine as 
claimed in claim 7 with the modifications 
substantially as described with reference to 
Fig. 3 of the accompanying drawings. 

9. A dynamo-electric machine having 35 
superconducting stator coils with support 
structure substantially as described with 
reference to Fig. 4 of the accompanying 
drawings. 

REDDIE & GROSE, 
Agents for the Applicants, 

6, Bream's Buildings, 
London EC4A 1HN. 
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