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TITLE OF THE INVENTION

Electric Motor

BACKGROUND OF THE INVENTION

The invention relates b electric motors, more especially but not exclusively to flux-switching

and switched reluctance motors.

These motors are a class of electric motor capable of operating at high speeds, typically in
excess of 30,000 rpm. These motors must have rotors with magnetic saliency which is
provided by teeth. When the rotor is rotating the teeth produce turbulence in the gaps
between the teeth and in the air-gap between the rotor and stator. This phenomenon is
known in the art as "windage". Windage increases the amount of power required to operate
the motor at a given speed, reduces the maximum speed at which the rotor can turn and
increases the noise generated by the motor in operation. Various measures are known in the
prior art to reduce the effects of windage in a reluctance motor in order to increase the power

efficiency of the motor and to increase the rotational speeds achievable in such a motor.

Figure 1is a schematic cross-section of a basic generic prior art switched reluctance motor 1

incorporating features to reduce windage losses.

The motor comprises a rotor 20 and a stator 50. The rotor 20 and stator 50 both have
generally cylindrical symmetry about a principal axis O which is the rotation axis of the rotor.
it will be appreciated that the cross-section of Figure 1 is perpendicular to the rotation axis O,
and the rotor and stator have physical features arranged principally relative to this rotation
axis and circumferential and radial directions C and R as illustrated. The rotor 20 has a
plurality of pairs of teeth, or poles 22, the teeth of each pair being disposed in opposed
relationship relative to the rotation axis and extending in the radially outward direction R from

a common hub 24 with which they are integrally formed.

The stator 50 also has a plurality of pairs of teeth, or poles 52, arranged in opposed
relationship relative to the rotation axis and extending in the radially inward direction R. The
stator poles are wound by coils (schematically shown on one of the stator teeth only),
referred to as stator windings 54, which are used to drive the motor by a suitable drive

sequence.
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The rotor teeth 22 have radialiy outwardly facing, coupling surfaces 28 extending to lie on the
surface of a nominal cylinder at a distance r from the rotation axis O, the rotor teeth coupling
surfaces thus extending in the circumferential direction C (in the plane of the illustrated
cross-section) and in the direction of the rotation axis O (out of the plane of the paper of
Figure 1). The stator feeth 52 have radially inwardly facing, coupling surfaces 58 lying on a
further nominal cylinder at a distance r + AT from the rotation axis, so that the respective
coupiing surfaces of the rotor and stator teeth are maintained at a coupling gap 5 of
magnitude AT from each other in operation, where the coupling gap Ar is chosen to be
sufficiently small that effective electromagnetic coupiing takes place between the stator and
rotor, but not impraciically small having regard to differential thermal expansion and other

operational and manufacturing tolerances.

Each stator tooth 52 is defined by the bottom, coupiing surface 58 lying on the inner surface
of the above-mentioned nominal hollow cylinder of radius r + AT as well as by first and
second side surfaces 70 that extend substantially parallel to the radial direction. Adjacent
stator teeth are connected by base surfaces 72 which are the radially inner surfaces of the

stator body 56 with which the stator teeth 52 are integrally formed.

To reduce windage losses, the regions between the rotor teeth are "filled" with non-magnetic
material constructed so as to minimize eddy current losses. The space between
circumferentially adjacent rotor teeth is filled by inserting non-magnetic pieces 30, so that the
rotor has a smoothed, generally cylindrical outer surface. The non-magnetic pieces 30 may

be considered to be inserts between circumferentially adjacent rotor teeth.

Figure 2 is a perspective view of an assembled rotor. As evident from the figure the rotor
feeth are formed by a stack of magnetic laminations 26. The rotor is mounted for rotation on
two shaft stubs 36 which are connected to respective end caps 38 that are fixed to the sub-

assembly formed by the stack of laminations and the non-magnetic pieces 30.

Referring again to Figure 1, each rotor tooth 22 has the aforementioned coupling surface 28
as well as first and second side surfaces 40 that extend substantially parallel to the radial
direction. Circumferentially adjacent rotor teeth are interconnected by the outer surface 42 of
the rotor hub lying on the surface of a cylinder of radius 's' where 's' is substantially smaller
than 'r; 'r-s' being the height of the teeth. The rotor hub outer surfaces 42 may be equally

well thought of as base surfaces of the teeth.
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Figures 3to 7 illustrate a number of known improvements on the basic design of Figures 1 &
2. These prior art improvements have in common thai they adopt form-locked engagement of
the non-magnetic pieces (illustrated with hatching) in the rotor better to secure the non-

magnetic pieces against the centrifugal forces they experience during operation.

Figure 3 reproduces the design of the first embodiment of US 5,053,666. The rotor teeth
have a circumferentially extended top surfaces to create a mushroom cross-section that
provides a form-locking overhang to retain the non-magnetic pieces, which have

corresponding recesses, referred to as shoulders in US 5,053,666.

Figure 4 reproduces the design of the invention of US 5,023,502 in which the non-magnetic
pieces are form-locked to the rotor hub by a trapezoidal cross-section rib arranged on the
outer surface of the rotor hub midway between adjacent teeth, the rib engaging in a

correspondingly shaped groove in the non-magnetic piece in the manner of a dovetail joint.

Figure 5 reproduces the principal design of ‘JP 2001-371 78A in which the non-magnetic
pieces are form-locked to the rotor teeth by tongue-and-groove arrangement with the
tongues being formed in the side surfaces of the rotor teeth and the grooves in the abutting
surfaces of the non-magnetic pieces, wherein both tongues and grooves are arcuate in

cross-section extending in the circumferential direction.

Figure 6 reproduces an alternative design of JP 2001-37178A in which the tongues and
grooves of Figure 5 are swapped over, with the grooves being formed in the side surfaces of

the rotor teeth and the tongues in the abutting surfaces of the non-magnetic pieces.

Figure 7a to 7j show further variants for the construction of the non-magnetic pieces, and
thereby by inference the rotor teeth in which they engage. The variants of Figure 7a to 7h
come from JP 2001-37178 A. The variant of Figure 7i comes from the second embodiment of
US 5,053,666. The variant of Figure 7j comes from a design disclosed in US 5,023,502 as

prior art.

Figure 7a differs from Figure 5 in that the grooves have semi-circular section internal

surfaces, so that the tongues have correspondingly rounded ends.
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Figure 7b shows a non-magnetic piece with two grooves per tooth, offset radialiy along the

tooth's side surface.

Figure 7c shows a non-magnetic piece with a more intricate cross-section incorporating a
barb.

Figure 7d shows a non-magnetic piece with a thicker groove, and hence thicker tongue in the
tooth.

Figure 7e shows a groove having first and second length portions, wherein the first, outer
length portion extends circumferentially, and the second, inner length portion extends both

with a radially inward component as well as a circumferential component.

Figure 7f may be viewed as a variant of the design of Figure 4 with a T-section rib rather than

a trapezoidal-section rib being arranged on the rotor hub.

Figure 7g shows a non-magnetic piece with the same outer form as Figure 5, but additionally
including a hoilow interior which has the effect of reducing the weight of the non-magnetic

piece, and hence the centrifugal force it will experience in use.

Figure 7h shows a non-magnetic piece whose interior is porous which reduces weight for the

same reason as the design of Figure 7g.

Figure 71 shows the design of the second embodiment of US 5.053,666 in which the rotor
teeth have recesses and the non-magnetic pieces mating protuberances each of semi-

circular cross-section.

Figure 7j shows a design disclosed as prior art in US 5,023,502 in which the non-magnetic
pieces have wedge-shaped grooves to receive correspondingly-shaped barbs extending

from side surfaces of the rotor teeth.

For the sake of completeness we observe the rotors shown in Figures 3-7 have two pairs of
poles, rather than three pairs as in Figures 1 & 2. The number of pairs of poles is not

significant for the design principles being discussed.
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EP 0738 952 A1 discioses some further designs inciuding the concept of wrapping a

securing cord or fibre around the rotor to secure the non-magnetic pieces.

JP 54 085304 U discloses several designs in which a tie rod is used to connect between

adjacent rotor teeth.
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SUMMARY OF THE INVENTION

The invention relates to an electric motor of the initially named kind comprising a rotor
assembly of generally cylindrical symmetry about a rotation axis thereof, and a stator
assembly arranged outside the rotor assembly, the rotor assembly also being generally
cylindrical® symmetric about the rotation axis, thereby defining radial and circumferential
directions as viewed in cross-section perpendicular to the rotation axis. The stator assembly
has a plurality of stator pole pieces extending radially inwardly to form stator teeth. The rotor
assembly has an outer radius referred to as the rotor radius and the stator assembly has an
inner radius referred to as the stator radius which is larger than the rotor radius by an amount
which results in a coupling gap between the rotor assembly and the stator assembly. The
coupling gap is dimensioned to provide effective electromagnetic coupling between the rotor
and stator. The rotor assembly has a plurality of rotor pole pieces extending radially
outwardly from a rotor hub to form rotor teeth. The rotor teeth have first and second radially
extending side surfaces connected by a top surface. The rotor assembly further includes
non-magnetic pieces fitted between the rotor teeth to reduce windage losses. The non-
magnetic pieces are arranged in form-locked engagement with the rotor teeth, each non-
magnetic piece having first and second ends respectively connected to first and second
mutually facing side surfaces of circumferentially adjacent rotor teeth by first and second lugs
which engage in slots formed in the side surfaces of the rotor teeth part way up the rotor
teeth between the base surface and the top surface. The non-magnetic pieces are formed as
bridge pieces spanning between adjacent rotor teeth and suspended above the rotor hub,
and the lugs extend in a direction having components extending both circumferentially and

radially inwardly.

The referenced prior art only discloses non-magnetic pieces which fill the gaps between rotor
teeth and abut the rotor hub. By contrast, the non-magnetic pieces of the invention are
formed as bridge pieces spanning between adjacent rotor teeth and suspended above the
rotor hub. Secure retention of the bridge pieces during use, when they experience extreme
centrifugal forces, is achieved by the lugs that engage in the side surfaces of the rotor teeth
extending part circumferentially and part radially inwardly which has the effect that the lugs
self-lock into the slots when deformed under action of the centrifugal forces that occur when
the rotor spins. With this design, a bridge piece can be secured in the adjacent rotor teeth
with a relatively shallow recess, which is significant, since the deeper the recess, the greater

the magnetic saturation in the teeth which reduces performance.
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The lugs preferably have a curved profile such that the direction of extension of each lug into
its slot has an increasing radially inward component the further it extends into the siot.
Moreover, the upper and lower surfaces of each lug are preferably shaped and dimensioned
reiative to each other so as to inhibit rotation of the lugs out of their slots through action of
centrifugal forces which arise when the rotor is spinning, for example by ensuring that, in

cross-section, they are not arcs of concentric circles.

Radially outwardly of each lug the bridge piece is advantageously provided with a side

surface arranged in abutment with a portion of the side surface of the adjacent tooth.

Moreover, connecting the upper surface of each lug with the abutting side surface of each
lug, the bridge piece advantageously has a curved surface portion with a direction of

curvature opposite to that of the upper surface of the lug.

Each bridge piece may also be provided with first and second hollow regions adjacent its first
and second ends which have the effect of saving material and hence reducing the weight of
the bridge piece. The hollow regions may have approximately triangular cross-section with
rounded corners, one side of each hollow region extending approximately parallel to the side
surface of the adjacent rotor tooth, the other two sides tapering away from the side surface to

join each other.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention is now described by way of example only with reference to the following

drawings.

Figure 1is a schematic cross-section of a basic generic prior art design.

Figure 2 is a perspective view of an assembled rotor according to the design of Figure 1.

Figure 3 is a prior art design according to the first embodiment of US 5,053,666.

Figure 4 is a prior art design according to the invention of US 5,023,502.

Figure 5 is a prior art design according to the principal embodiment of JP 2001-37178 A.

Figure 6 is a prior art design according to an alternative embodiment of JP 2001-37178 A.

Figure 7a to 7j show further variants for the construction of the filling pieces according to

different prior art documents.

Figure 8 is a schematic cross-section of an eiectric motor according to an embodiment of the

invention.

Figure 9 is a perspective view of an assembled rotor according to the embodiment of Figure
8.

Figure 10 is a cross-section in more detail of a part of the motor of Figure 8.

Figure 11 is a still further cross-section showing areas of compression and tension of the

motor of Figure 8 while in use.
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DETAILED DESCRIPTION

Figure 8 is a schematic cross-section of a flux-switching motor 1 according to an
embodiment of the invention. The motor comprises a rotor 20 and a stator 50. The rotor 20
and stator 50 both have generally cylindrical symmetry about a principal axis O which is the
rotation axis of the rotor. If will be appreciated that the cross-section of the figure is
perpendicular to the rotation axis O, and the rotor and stator have physical features arranged
principally relative to this rotation axis and circumferential and radial directions C and R as
illustrated. The rotor 20 has a plurality of pairs of teeth, or poles 22, the teeth of each pair
being disposed in opposed relationship relative to the rotation axis and extending in the
radially outward direction R from a common hub 24 with which they are integrally formed.
Non-integral hubs are also possible. The stator 50 has a plurality of pairs of teeth, or poles
52, arranged in opposed relationship relative to the rotation axis and extending in the radially
inward direction R. The stator poles are wound by coils, referred to as stator windings 54,
one of which is schematically illustrated. The stator windings 54 serve to drive the motor by a

suitable drive sequence.

The rotor teeth 22 have radially outwardly facing, coupling surfaces 28 extending to lie on the
surface of a nominal cylinder at a distance r from the rotation axis O, the rotor teeth coupling
surfaces thus extending in the circumferential direction ¢ (in the plane of the illustrated
cross-section) and in the direction of the rotation axis o (out of the plane of the paper of the
figure). The stator teeth 52 have radially inwardly facing, coupling surfaces 58 lying on a
further nominal cylinder at a distance r + A r from the rotation axis, so that the respective
coupling surfaces of the rotor and stator teeth are maintained at a coupling gap 5 of
magnitude At from each other in operation, where the coupling gap ar is chosen to be
sufficiently small that effective electromagnetic coupling takes place between the stator and
rotor, but not impractically small having regard to differential thermal expansion and other
operational and manufacturing tolerances. For example, the gap size may be the order of 1
mm, or in the range from a few tenths of millimetres to several millimetres depending on

specific design factors such as operational speed and size of the motor.

Each stator tooth 52 is defined by the bottom, coupling surface sg lying on the inner surface
of the above-mentioned nominal hollow cylinder of radius r + aor as well as by first and
second side surfaces 70 that extend substantially parallel to the radial direction. Adjacent
stator teeth are connected by base surfaces 72 which are the radially inner surfaces of the

stator body 56 with which the stator teeth 52 are integrally formed.
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Each rotor tooth 22 has the aforementioned coupling surface 28 as we!! as first and second
side surfaces 40. Circumferentially adjacent rotor teeth are interconnected by the outer
surface 42 of the rotor hub lying on the surface of a cylinder of radius 's' where 's' is
substantially smaller than V; 'r-s' being the height of the teeth. The rotor hub outer surfaces

42 may be equally well thought of as base surfaces of the rotor teeth.

To reduce windage losses, bridge pieces 30 are provided which form bridge-like structures
that span between the upper, i.e. radiaily outer, portions of the side surfaces 40 of adjacent
rotor teeth 22 suspended above the rotor hub. The bridge pieces have relatively little weight
compared with prior art pieces that fill the entire space between adjacent rotor teeth, since
they are relatively thin structures occupying only the upper, i.e. radially outer, part of the
space between adjacent rotor teeth. A substantial space 500 is therefore left under each
"bridge". The bridge pieces are made of substantially non-magnetic material to ensure the
magnetic flux flows down the rotor teeth. A typical material for the bridge pieces is a high-

strength aluminium alloy.

The bridge pieces 30 are arranged in form-locked engagement with the rotor teeth 22. Each
bridge piece 30 has first and second ends respectively connected to first and second
mutually facing side surfaces of circumferentially adjacent rotor teeth by first and second lugs
(or tangs) 301 which engage in slots (or recesses) 401 formed in the side surfaces 40 of the

rotor teeth part way up the rotor teeth between the base surface 42 and the top surface 28.

The bridge pieces 30 are made of non-magnetic material, and constructed to minimize eddy
current losses, e.g. by making the bridge pieces from thin sheet, for example 0.8 mm thick,
and treating the surface of the bridge pieces to make the surface electrically non-conducting,

e.g. by anodising.

Figure 9 is a perspective view of an assembled rotor. As evident from the figure the rotor
teeth are formed by a stack of magnetic laminations 26. The rotor laminations in one
example have a thickness of 0.35 mm. The laminated nature of the bridge pieces 30 and
rotor laminations 26 is indicated schematically in the drawing, but not to scale. The rotor is
mounted for rotation on two shaft stubs 36 which are connected to respective end caps 38

that are fixed to the sub-assembly formed by the stack of laminations and the bridge pieces
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30. A piuralily of bridge pieces per "valiey" space 500 are provided along the length of the

motor in the direction of the rotational axis O.

[t will be appreciated that there are many design options known in the prior art regarding
construction of a motor of this type, for exampie in respect of how the rotor parts are
assembled and rctatably housed within the motor, and whether the rotor and stator teeth are
individual parts or integrally formed in groups or as a single part. The invention encompasses
ail such known routine variations, specifically including all those disclosed in the referenced

prior art documents.

Figure 10 is a more detailed illustration of a single bridge piece 30 together with the two
adjacent rotor teeth 22 in which it engages. Many previously described features are visible
and labelled again, namely: the rotor teeth and hub surfaces 28, 40, 42; the under-bridge
valley space 500; and the lug and slot pairs 301, 401 with respective upper 303, 403 and
lower 302, 402 surfaces. As can be seen clearly in Figure 10, the lugs 301 extend in a
direction having components extending both circumferentially and radially inwardly with a
curved profile such that the direction of extension of each lug into its slot 401 has an
increasing radially inward component the further it extends into the slot. This structure is
defined by each lug 301 having a radially outward, upper surface 303, which is curved and a
radially inward, lower surface 302 which is also curved, the upper and lower surfaces 303,

302 being received by corresponding upper and lower surfaces 403, 402 of the slot 401 .

The Ilug upper and lower surfaces may have arcuate portions, but those arcuate portions
should not be concentric, i.e. should not be arcs with a common centre, so that it is not

possible for the lug to rotate out of its slot.

The bridge piece has an upper or radially outward surface 306 and a lower or radially inward
surface 307. The bridge piece 30 has mirror symmetry about a central mirror plane P and
extends in the circumferential direction either side of the mirror plane to terminate in first and
second ends. Each end is formed in part by the previously mentioned lugs 301 and in part by
a side surface portion 305 which extends above, i.e. radially outwardly of, the lug. The side
surface lies in abutment with a portion 405 of the side surface 40 of the tooth. In use, when
the rotor is spinning, it will be appreciated that the bridge piece will tend to be deformed
radially outwardly with the largest movement being at the mirror plane P in the middle of the
bridge span, which will cause forces to be exerted principally in the circumferential direction

on the side surface portion 305 which will be countered by corresponding reaction forces
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from the tooth side surface portion 405. The abutting surfaces at 305, 405 therefore have an

important role in use.

Aiso at the ends of each bridge piece, there is provided a curved surface portion 304 that
extends from the lug upper surface 303 with a direction of curvature opposite to that of the
fug upper surface 303 to connect with the adjacent side surface 305 of the bridge piece so
that there is a radial separation between each lug and its adjacent side surface, and a hollow
region 312 of approximately semi-circular cross-section is formed bounded by the bridge

piece curved surface portion 304 and a portion 404 of the tooth side surface 40.

The bridge piece also has first and second hollow regions 311 adjacent its first and second
ends extending towards the middle of the bridge piece. The hollow regions 311 have
approximately triangular cross-section with rounded corners, one side 308 of each hollow
region extending approximately parallel to the side surface 40 of the adjacent rotor tooth 22,
the other two sides 309, 310 tapering towards each other and then joining part way towards

the mid plane P of the bridge piece 30.

The upper surfaces 306 of the bridge pieces 30 in combination with the top surfaces 28 of
the rotor teeth 22 provide the rotor with a generally smooth outer surface lying on or close to
the surface of the nominal cylinder of radius r in order to reduce windage. However, strict
conformity to the aim of providing a circular cross-section surface of radius r is not required,
and is in fact not provided by the illustrated design in which the upper surfaces 306 of the
bridge pieces 30 are slightly recessed relative to, i.e. lie radially inward of, the coupling
surfaces 28 of the rotor teeth 22. As can be seen in Figure 10, the bridge piece 30 is
recessed slightly such that a small lip surface portion 411 forms the uppermost portion of the
rotor tooth side surface 40. This small offset ensures that in use there is no contact between
the bridge piece and the stator teeth, in particular in the middle section of the bridge piece
where the bridge piece will move radially outwardly by the maximum amount under action of

centrifugal forces as the rotor spins.

Figure 11 is a schematic cross-section illustrating one end of a bridge piece with its lug

engaged in the corresponding slot in the rotor tooth. Regions under tension, and the direction

of tension, are illustrated with double-headed arrows "< >". Regions under compression,

and the direction of compression, are illustrated with the arrow-heads reversed "> <",
The magnitude of the tension/compression is very roughly indicated by the number of arrows

drawn in. Three principal regions of stress arise which have been ringed with dashed lines.
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Region ! is confined to the bridge piece and covers a relatively large region adjacent to the
lower surface 302 of the lug where the !ug 301 joins the remainder of the bridge piece.

Region T is relatively large and is under extreme tension.

Region 11 is a highly localised compression region encompassing a part of the bridge piece

on the lower surface 302 and the contacting part of the rotor tooth.

Region 11! is confined to the bridge piece and is a large region of compression extending from
near the upper end of (but not extending right to the upper end) the curved surface portion
304 all the way to the first part of the upper surface 303 of the lug. This region of

compression extends quite deeply into the lug.

As can be seen the compression regions 11 and Il lock the lug into the slot. As the centrifugal
forces increase with increasing rotational speed, the compression increases which locks the
lug increasingly more securely into its slot thereby securing the bridge piece in the tooth.
Moreover, as centrifugal forces act more and more to increase the compression in region Ill,
it can be seen that the curved portion 304 guides the compression around the hollow 312
where it is relieved in a gradual manner, thereby avoiding a sudden change in compression
over a more localised region which would occur if the hollow 312 were not provided and the
bridge piece abutted the tooth portion 404. The design with the hollow 312 therefore reduces

the risk of cracking or fracture of the bridge piece.

The provision of hollow regions 312 and also 311 significantly reduce the stress on the teeth

in use through reducing the amount of non-magnetic material needed for the part.

A key feature of this design is that the stresses arising from the centrifugal forces are
accommodated by compression and tension, and shear is largely avoided. This is what
allows a windage-loss reducing piece to be provided with relatively small amounts of

material, and hence relatively low weight.

in summary, there has been described an electric motor 1 having a rotor assembly 20 and a
stator assembly 50 of the type in which pieces of non-magnetic material are arranged in the
space between adjacent rotor teeth 22 in order to suppress windage. The non-magnetic
pieces are formed as bridge pieces 30 spanning between adjacent rotor teeth 22 and

suspended above the rotor hub 24. Secure retention of the bridge pieces 30 during use,
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when they experience extreme centrifugal forces, is achieved by provision of lugs 301 which
engage into siots 401 in the side surfaces 40 of the rotor teeth 22. The lugs 301 extend part
circumferentialiy and part radially inwardly which has the effect that the lugs self-lock into the

slots when deformed under action of the centrifugal forces that occur when the rotor
assembiy spins.
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REFERENCE NUMERALS

T x»”W O ©

=

r+Ar

500

20
22
24
26
28
30

301

302
303
304
305
306
307
308
309
310
311
312

principal axis / rotational axis
circumferential direction

radial direction

mirror plane in bridge piece

outer radius of rotor

magnitude of rotor-stator coupling gap
inner radius of stator

rotor hub radius

electric motor
rotor-stator coupling gap

space under bridge pieces / inter-rotor-tooth tooth valleys

rotor / rotor assembly

rotor teeth or poles or pole pieces
rotor hub

rotor lamination

rotor teeth top or coupling surfaces

rotor bridge pieces

lug ortang

lower surface of lug

upper surface of lug

curved surface portion of bridge piece
abutting surface of bridge piece
upper surface of bridge piece
lower surface of bridge piece
side surface of hollow 311
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CLAIMS

1. An electric motor comprising a rotor assembly of generally cylindrical symmetry about
a rotation axis thereof, and a stator assembly arranged outside the rotor assembiy, the rotor
assembly also being generally cylindrically symmetric about the rotation axis, thereby
defining radial and circumferential directions as viewed in cross-section perpendicular to the
rotation axis; the stator assembly having a plurality of stator pole pieces extending radially
inwardly to form stator teeth; the rotor assembly having an outer radius referred to as the
rotor radius and the stator assembly having an inner radius referred to as the stator radius
which is larger than the rotor radius by an amount which results in a coupling gap between
the rotor assembly and the stator assembly dimensioned to provide effective electromagnetic
coupling therebetween, the rotor assembly having a plurality of rotor pole pieces extending
radially outwardly from a rotor hub to form rotor teeth having first and second radially
extending side surfaces connected by a top surface, the rotor assembly further including
non-magnetic pieces fitted between the rotor teeth to reduce windage losses, each non-
magnetic piece having first and second ends respectively connected to first and second
mutually facing side surfaces of circumferentially adjacent rotor teeth by first and second lugs
which engage in slots formed in the side surfaces of the rotor teeth part way up the rotor
teeth between the base surface and the top surface, wherein the non-magnetic pieces are
formed as bridge pieces spanning between adjacent rotor teeth and suspended above the
rotor hub, wherein the lugs extend in a direction having components extending both
circumferentially and radially inwardly, and wherein radially outwardly of each lug the bridge
piece has a side surface arranged in abutment with a portion of the side surface of the

adjacent tooth.

2. The electric motor of claim 1, wherein the lugs have a curved profile such that the
direction of extension of each lug into its slot has an increasing radially inward component

the further it extends into the slot.

3. The electric motor of claim 2, wherein the upper and lower surfaces of each lug are
shaped and dimensioned relative to each other so as to inhibit rotation of the lugs out of their

slots through action of centrifugal forces which arise when the rotor is spinning.

4. The electric motor of claim 1 or 2, wherein the upper and lower surfaces of each lug

have non-concentric arcuate portions.
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5. The electric motor of any preceding claim, wherein connecting the upper surface of
each lug with the side surface of each bridge piece, the bridge piece has a curved surface

portion with a direction of curvature opposite to that of the upper surface of the lug.

6. The electric motor of any preceding claim, wherein each bridge piece has first and

second hollow regions adjacent its first and second ends.

7. The electric motor of claim 6, wherein the hollow regions have approximately
triangular cross-section with rounded corners, one side of each hollow region extending
approximately parallel to the side surface of the adjacent rotor tooth, the other two sides

tapering away from the side surface to join each other.
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FIG. 4
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