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[57] ABSTRACT 
An induction motor structure for use on the outside of 
a superconducting rotor comprising a cylindrical shell 
of solid and laminated, magnetic iron with squirrel 
cage windings embedded in the outer circumference 
of said shell. The sections of the shell between the su-
perconducting windings of the rotor are solid mag-
netic iron. The sections of the shell over the supercon-
ducting windings are made of laminations of magnetic 
iron. These laminations are parallel to the axis of the 
machine and are divided in halves with the lamina-
tions in each half oriented in diagonal opposition so 
that the intersection of the laminations forms a V. 
This structure presents a relatively high reluctance to 
leakage flux from the superconducting windings in the 
synchronous operating mode, while presenting a low 
reluctance path to the stator flux during asynchronous 
operation. 

3 Claims, 1 Drawing Figure 
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INDUCTION MOTOR FOR SUPERCONDUCTING Other objects, advantages, and novel features of the 
SYNCHRONOUS/ASYNCHRONOUS MOTOR present invention will become apparent from the fol-

BACKGROUND OF THE INVENTION lowing detailed description of the invention when con-
sidered m conjunction with the accompanying draw-

1. Field of Invention 5 ings. 
The present invention relates generally to synchro-

nous superconducting motors and in particular to ro- BRIEF DESCRIPTION OF THE DRAWING 
tor-pole structure for synchronous superconducting The single FIGURE shows an axial, quarter, cross-
motors. sectional view of an embodiment of the rotor structure 

2. Description of the Prior Art 10 D f the present invention. 
A synchronous motor which is required to start and 

reverse under load must do so asynchronously. This DETAILED DESCRIPTION OF THE INVENTION 
asynchronous operation subjects the motor rotor wind- Referring now to the drawing, the superconducting 
ings to a time-varying, magnetic flux of considerable windings for the basic snychronous operation of the 
amplitude. 15 m o t o r are designated as the blocks 10. The center con-

While in conventional motors the phenomenon de- ductor representations 12 illustrate the direction of 
scribed has presented design problems which have current for one winding configuration. The blocks 10, 
been adequately resolved, the use of a superconducting o f COurse, contain many thousands of winding wires 12. 
field winding presents an added problem since practical The i n n e r r o t o r s t r u c t u r e 14 may contain magnetic ma-
superconducting materials exhibit an undesirably high 20 t e r i a l t o i m p r o v e ^ flux permeability during synchro-
power loss when subjected to timevarying magnetic n o u s o p e r a t j o n 
flux. This loss is known in the art as "A.C. Loss" and A ^ ^ superconducting winding only exhibits its 
is similar to hystersis loss in the magnetization of iron. superconducting properties (zero resistance) at 4.2° 

Therefore, a superconducting synchronous motor Kelvin, Thus a thermal insulation layer 22 must encase 
must have an induction motor structure on the outs.de 25 ^ superconducting structure to prevent heat 
part of the rotor (typically a squirrel-cage winding). & o m ^ 0 U t C T ) ^ ^ temperature structures from 
This structure, if of conventional design, presents a low e n t e r i Generally a Dewar structure is used to effect 
reluctance leakage path for flux during synchronous a t h e r m a l A typical Dewar configuration 
operation. This leakage results m a significant decrease w o u l d c o m r i s e ^ s t a i n l e S S s t e e l , cylindrical shells 
in power rating for synchronous operation. 30 ^ ^ ^ ^ ^ ^ ^ 

SUMMARY OF THE INVENTION An induction motor structure 24 encloses the insula-
„ . _ , ,. ^ „ . . tion structure 22. This induction motor structure 24 Briefly, the superconducting rotor of the present in- , . . , ,, - ^ ' • , J . j „ , , • .. comprises a cylmdncal shell of magnetic material with vention compnses a superconductmg field-winding . , . . . , , , . r .. \ . . 0 „ / « an induction winding 2 6 embedded in the outer cir-

means with a magnetic-pole-structure means surround- 3 0 „ . , . , . , , „ . , ' . 
ing it. This pole-structure means contains an induction cumference of the cylmdncal shell. The mduction 
motor structure embedded in its outer circumference. w u l d l n S m . m e t « u r e . 18 a squirrei-cage induction wind-
Above each superconducting winding of said supercon- mg compnsmg a senes of metallic bars (typically cop-
ducting field-winding means, the pole structure means Pfr> ^ b e d d e d in the cylmdncal shell and shorted at 
is made of laminations of magnetic material. These 4 0 e n d s " However, the mvention is not restncted to 
laminations run parallel to the axis of the rotor and are * * o f A u c t i o n , motor structure For instance, a 
oriented so that a series of lamination air gaps is pres- wound-type windmg with shp nngs and external resis-
ented to the flux flow during synchronous operation t o™ , s a n o t h e r A u c t i o n winding that could be used, 
while, during asynchronous operation, the lamination ^ novelty of this rotor configuration resides in the 
ends are presented to the flux flow. Thus these lamina- 4 5 construction of the cylindrical, induction-motor shell, 
tions provide a relatively high reluctance during syn- ^ s e c t i o n 2 8 o f t h e cylindrical shell which lies be-
chronous operation to any flux leaking through the in- t h e superconducting windings 10, is of solid 
duction motor structure back to the superconducting magnetic material. The section 30 which lies radially 
windings while, during asynchronous operation, they o v e r t h e superconducting windings 10 is made of lami-
provide a low reluctance path for the flux flowing 5 0 nations of magnetic material. These laminations 3 0 are 
around the induction motor windings. parallel to the axis 30 (into the paper) of the rotor and 

are divided into sections with at least two of the sec-
OBJECTS OF THE INVENTION tions forming opposing diagonals such that, if they are 

An object of the present invention is to provide a su- extended to intersect, the laminations form a V at the 
perconducting rotor which carries the A.C. flux of an intersection pointing down toward the superconducting 
induction motor operation without having an apprecia- winding 10. 
ble effect on the synchronous mode of operation. In the FIGURE the lamination structure 3 0 is divided 

A further object of the present invention is to in- into halves, with the laminations in each half oriented 
crease the performance rating of a synchronous, super- 6 Q in opposing diagonals, such that the intersection of the 
conducting motor with an induction motor structure on laminations forms a V pointing at the superconducting 
its rotor. windings 10. This is the simplest and most easily manu-

A still further object is to reduce the leakage flux factured configuration, 
through the outer, induction-motor structure during The stator 16 comprises a three-phase armature 
the synchronous operation of a superconducting motor 6 J winding 18 with an iron backing 20. The armature 
while providing a low reluctance path around the in- winding may take any of the well-known configurations 
duction-motor windings during asynchronous opera- such as the air gap winding, or the conventional tooth-
tion. and-slot configuration. 
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The asynchronous operation of the machine will be 32). This low reluctance path along the lamination 
discussed first since the motor, when under load, must planes of the lamination section 3 0 permits the linking 
start and reverse asynchronously. The stator windings of the induction motor windings 26 by the stator flux 
18 are supplied with balanced, three-phase voltages. with ease. 
Each of the three voltage phases is supplied to a differ- 5 Thus, in summary, in order to effect a low-reluctance 
ent winding 18 in the well-known fashion so that a ro- path during asynchronous operation while effecting a 
tating, magnetic-flux field is set up. The dashed line 32 high reluctance path during synchronous operation, 
represents the flux path for this asynchronous opera- these laminations must be set so that the superconduc-
tion. From the drawing it can be seen that this flux path ting, rotor flux of synchronous operation approaches 
32 links the rotor induction windings 26. The change 10 the lamination at an angle to the lamination planes 
in the flux linkages 3 2 due to the rotation of this stator while the stator flux approaches the laminations head-
flux field induces voltages in the induction windings 26. Qn to the lamination planes. Clearly, a large number of 
Electrical currents flow in the windings 26 in accor- lamination configurations would be suitable to effect 
dance with these induced voltages. These winding cur- this result. For example, the laminations could be 
rents interact with the rotating, stator flux to produce 15 formed by layers of semi-circles, or by layers wherein 
a magnetomotive force on the induction windings 26 in ^ e n d s a r e formed by opposing diagonal planes which 
the direction of rotation of the stator flux. connect indirectly by way of a flat piece of lamination 

When driving a load, the rotor approaches synchro- o r b y a n y o t h e r suitable lamination connection. Each 
nous speed due to the magnetomotive force produced i a m i n a t i o n must be continuous though, in order to pro-
by the current-flux interaction. The rotor operating 20 y i d e c l e t e a t h t h r o u g h ^ i a m i n a t i o n section 
speed is less than the synchronous speed by an amount 30 
(the slip speed) sufficient to develope a torque equal ^ o p p o s i n g ) diagonal, p l a n e laminations shown in 
andoppos i te | to that of the l oadJVhen the induction ^ H G U R E ^ ^ s i m l e s t c a s e o f ^ a b o v e d e s i g n 
winding has brought the rotor sufficiently close to syn- r e q u i r e m e n t s . ^ laminations are divided in halves 
chronous speed, a D C. current ts driven through the 25 ^ ^ c o n n e c t e d t o f o r m a V . This is clearly the 
superconducting windings 10. Due to the zero resis- m o g t easily manufactured of the configurations, 
tance of the superconducting winding 10, a high D.C. Because the dewar structure 22, which is nonmag-
current density is obtained. This high current density ^ l i e s ^ ^ t h e ^ ^ m o t o r s t r u c t u r e 2 4 
forces the stator flux 3 2 to form the flux path 3 4 linking , I , . .. - . . - , .. . . . „ r • . _ b and 26 and the inner rotor structure, this inner rotor the superconducting windings 10. The magnetic flux J U ^ , . , . ~ . ' . 
r= u . j l .c- !.• u j v n n * • ^ structure 14 has very little effect on the asynchronous field generated by this high-density, D.C. current in the . - . . ' • * 

1. , „ . . \ ,. 0 ... .V . .. .. operation of the motor. Thus, this inner motor struc-
windmgs 10 tries to line up with the rotating, magnetic * , . , . ^ . . - . 
flux field of the stator windings 18. This flux fieldLter- * r e 1 4 ^ a y c o n t a i n magnetic matenal to improvethe 
action forces the rotor to pull into synchronism with flux permeabihty dunng synchronous operation. This 
the stator flux 35 magnetic material addition has only a slight effect on 

The power out of the machine during synchronous ^ synchronous flux and allows a reduction in the 
operation is proportional to the mutual inductance n

1
u m b e r of superconducting windings required to drive 

around both the superconducting windings 10 and the the motor in its synchronous mode. . 
stator windings 18. Thus it is clearly desirable to maxi- ^ magnetic matenal most commonly used in the 
mize the flux linkages surrounding these two windings. 4 0 o u t e r magnetic sheU 2 4 and the inner rotor structure 14 
But the flux field naturally takes the path of highest K magnetic iron. The lamination section 3 0 may also be 
magnetic permeability. The magnetic-material shell 24 m a d e o f magnetic ran. Iron is chosen because of its 
which is required for the induction-motor windings 26 h l g h physical strength in addition to its good 
presents such a path of high permeability. Thus clearly magnetic-permeability characteristic, 
there is a strong tendency for the flux field developed 4 5 l t s h o u l d ^ n o t e d that configuration of the stator 
by the D.C. current in the superconducting windings 10 ^ o f the superconducting portion of the rotor shown 
to leak through the magnetic shell 2 4 and back around m the FIGURE is for purposes of illustration only, 
the windings 10 rather then to jump the low-permeabil- There ^ a variety of options in the design of a super-
ity air gap 3 6 and link the stator windings 18 as shown conducting synchronous motor which, when combined 
by the flux path 34. This leakage substantially degrades 5 0 with this induction motor structure, can be used in the 
the power performance of the synchronous mode of design of a superconducting, synchronous/asynchro-
motor operation. nous motor. 

The lamination structure 3 0 of the present invention Obviously, many modifications and variations of the 
solves this leakage problem by presenting a relatively present invention are possible in light of the above 
high reluctance path to flux trying to leak through the teachings. It is therefore to be understood that, within 
magnetic shell 24 during synchronous operation. This the scope of the appended claims, the invention may be 
high reluctance path occurs because the flux from the practiced otherwise than as specifically described, 
superconducting windings 10 must approach the lami- What is claimed is: 
nations 3 0 at an angle to the lamination planes. Thus 1. A rotor for a superconducting synchronous motor 
the series o f "air gaps" between the laminations must with an outer induction-motor structure comprising: 
be crossed in order to leak through the shell 24 . superconducting field-winding means; 

During asynchronous operation, the flux from the magnetic-material shell means made of solid and 
stator windings 18 approaches approximately in the laminated magnetic material surrounding said su-
plane of the laminations 30 . Thus the flux field from the 6 5 perconducting field winding means; 
stator can travel along the laminations planes (the V induction-motor means located in the outer periph-
formed by the lamination in the FIGURE) without ever ery of said magnetic shell means for asynchronous 
crossing a lamination air gap (Dashed-line, flux path operation; 
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said magnetic-material laminations running paral-
lel to the axis of said superconducting field-
winding means and radially above each super-
conducting winding of said superconducting 
field-winding means, said laminations being ori-
ented so that a series of the lamination air gaps 
is presented to the flux flow during synchronous 
operation to provide a relatively high reluctance 
to any flux leakage through said induction-motor 
means while, during asynchronous operation, the 
lamination ends are presented to the flux flow so 
that a low reluctance path for the stator flux is 
provided around said induction motor means. 

229 
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2. A rotor as defined in claim 1 wherein said lamina-
tions located radially above each superconducting 
winding are divided and oriented into at least two op-
posing diagonals so that the intersections of the divided 

5 laminations present a closed, essentially convex surface 
to said superconducting windings. 

3. A rotor as defined in claim 1 wherein said lamina-
tions located radially above each superconducting 
winding are divided in halves, with the laminations in 

10 each half oriented in diagonal opposition so that the in-
tersection of the laminations forms a V with its inter-
section pointing at said superconducting winding. 

* * * * * 
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