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(57) Abstract: A rotor for an electrical generator and a
generator incorporating such a rotor, the rotor consist-
ing of a central hub, a radially spaced concentric rim
portion with rotor magnetic elements mounted upon it,
and a plurality of elongate tension members extending
generally between the hub and the rim, maintained sub-
stantially in tension so as to maintain the rim substan-
tially in compression. The hub is rotatably driven by
an axially spaced power drive means such as a wind or
marine current turbine.
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- ROTOR AND ELECTRICAL GENERATOR

The mvention relates to a rotor for an electrical generator and to an electrical

generator mcorporating such a rotor.

In particular the mvention relates to a rotor for a low speed generator and to a
low speed generator incorporating such a rotor, that 1s to say a generator in
which a driving force 1s applied to a power means, and in particular a rotating
power means such as a turbine, which is mechanically coupled to cause

rotation of a rotor either by direct drive or via a low-ratio gearing.

The mnvention relates especially to the provision of large scale wind turbine
generators and marine current turbine generators, and the prior art 1s discussed
and examples of the invention are given in the context of the former in
particular. However, 1t will be understood that the invention finds potential
application generally in electrical generators where rotors experience high

torque.

Most of the first commercial wind turbines used electrical generators that were
adapted from general purpose induction motors. It was common practice to
connect the turbine rotor shaft rotating at typically 50 rpm or less via a multi-
stage gearbox providing high ratio gearing to a generator typically rotating at
approximately 1500 rpm. However, multi-stage gearboxes are complex,

heavy, costly, require maintenance and there have been reliability issues in

wind turbine applications.
As the wind power industry has grown and the typical power ratings of

turbines has been 1ncreased, new generator types have been developed to meet

the specific demands of the sector. Recently, direct-drive generators, which

CONFIRMATION COPY
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eliminate the gearbox entirely, have emerged and captured a significant
proportion of the market. These generators are designed to provide the
required electrical output whilst rotating at the same speed as the turbine,
thereby making the gearbox unnecessary. This simplifies the mechanical

arrangement, potentially reducing costs and maintenance outage times.

In conventional direct drive generators of typical design, a large diameter
bladed turbine, typically two or three blades, is axially spaced from and
directly coupled via the turbine rotor shaft to a smaller diameter rotor. Direct-
drive generators need to have a large diameter to compensate for the low
rotational speed of the turbine and retain adequate peripheral speed of the
generator rotor. Often the axial length of the generator 1s quite small. Direct-

drive generators are therefore characterised by a disc-like appearance.

There 1s a general desire to mtroduce larger turbines to increase capacity and
efficiency, particularly in relation to the introduction of large offshore wind
farms. EXist;ing direct-drive turbines will become impractical if simply scaled
up from existing designs because of problems associated with manufacture,

weight and transportation of components of such extreme dimensions.

Wind turbines of 2MW rating are now available commercially and much
larger generators are envisaged, mainly for the emerging offshore market.
However, for example, a SMW direct drive generator would need to be

approximately 15 metres in diameter and would be extremely heavy.

There are several problem areas arising from the size and weight of these
generators. These include:
(1) the need for very large bore machine tools

(11)  high roofed workshops with large capacity cranes are needed
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(11) transportation of large out-sourced parts for assembly, or the finished
generator. This 1s even more problematic for the export market
(v)  1nstallation at the tower head

(vi) tower head weight impact on other aspects of the wind turbine design

US patent 6064123 describes an alternative approach for wind turbine
generators to the typical design of a larger diameter bladed turbine axially
spaced from a smaller diameter rotor with or without a gearbox in between. In
US 6064123, the several large wind turbine blades which are normally used to
extract powef from the wind are replaced by a rotatably mounted central hub,
a rim concentric with the hub and a plurality of blades disposed between the
hub and the rim. The rotor of the generator 1s incorporated into this turbine
structure by having a plurality of magnets disposed on the rim for generating
current in the stator. This structure means that the rotor rim diameter 1s

similar to the diameter of the blade arrangement.

Whilst this structure gives high peripheral speed relative to an equivalent
conventional direct drive design, with the associated benefits of high
peripheral speed, the extremely large structure with combined purpose
exacerbates some of the above problems and creates problems of its own, and
as a result fails to exploit or allow many of the other benefits identified with

conventional direct drive design (for example in the use of two or three

blades).

The heavy 1ron cores associated with conventional design direct drive
generators also serve to exacerbate problems, in particular in relation to

weight, efficiency losses, magnetic forces during assembly and air gap forces.
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As the skilled person will appreciate, many of the above problems
also arise In relation to other situations where large rotors, and in particular large
disc rotors, are conventionally employed. In particular, similar problems arise in

relation to the design of marine current turbine generators and the like.

It is an object of some embodiments to provide a rotor for an
electrical generator which has a structure such as to mitigate some or all of the

above disadvantages, and an electrical generator incorporating such a rotor.

It Is a particular object of some embodiments to provide a rotor, and
especially a rotor for a low speed generator driven directly or via a low-ratio
gearing by a wind or marine current turbine, which can be economically fabricated

on a large scale.

It is a particular object of some embodiments to provide a rotor for
an electrical generator, and an electrical generator incorporating such a rotor,

which offers improved size to weight and/or power to weight performance.

According to a broad aspect, there is provided an electrical
generator comprising: a rotor comprising a central hub, a rim radially spaced
therefrom and generally concentric therewith, and a plurality of elongate tension
members extending generally between the hub and the rim, said tension members
pre-stressed to be maintained in tension so as to maintain the rim substantially in
compression, and a plurality of magnetic elements disposed substantially fully
around the rim and generally evenly spaced thereon; at least one stator co-
operatively arranged relative to said rotor such as to generate electrical energy
from mechanical energy attributable to rotation of the rotor, wherein said stator
comprises a central hub, a rim radially spaced therefrom, and a plurality of tension
members maintained in tension extending generally between the hub and the rim
so as to maintain the rim substantially in compression; and a turbine remotely
spaced from said rotor, said turbine comprising a wind or marine current turbine:
wherein the rotor is mounted to be rotatably driven relative to said statically

mounted stator by the remotely spaced turbine.
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Thus, according to a first aspect of the invention in a broad concept,
a rotor for an electrical generator comprises a central hub, a rim radially spaced
therefrom and generally concentric therewith, and a plurality of elongate tension
members extending generally between the hub and the rim, maintained
substantially in tension so as to maintain the rim substantially in compression, and
a plurality of magnetic elements mounted thereon disposed around substantially
the entire rim at generally even spacing, the hub being mountable to be rotatably

driven by a remote, and in particular an axially spaced turbine.

The rigidity given to the structure in accordance with the invention by

a rim maintained in compression and generally radial struts or spokes maintained

N
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tension 1s sufficient for the rotor and confers significant weight reduction

compared with conventional approaches for rotors.

The structure thus lends 1tself to construction of large scale rotors for
application in low speed electrical generators, where the rotor is either directly
driven or driven through a low-ratio gearbox, and for example a single stage
gearbox. The previously mentioned problems mvolved in the provision of
multi-stage high ratio gearings in the prior art can be dispensed with. The
structure thus lends itself 1n particular to rotors which serve as an alternative to

the large disc rotors conventionally employed in direct-drive generators such

as wind or marine current turbines.

The structure can be employed 1n conjunction with any suitable design of low
speed and 1n particular direct drive wind or marine current turbines consisting
of power drives 1 the form of large diameter bladed turbines which are axially
spaced from and operafively coupled via the turbine rotor shaft to the hub of
the rotor in a conventional manner, either via a low ratio for example single
stage gearbox or more preferably directly via an ungeared mechanical
coupling. Typical applications are described with reference to horizontal axis
turbines, but the imnvention i1s not so limited, being applicable in principle to
vertical axis furbines or any other practical turbine arrangement where the

advantages 1t offers might be relevant.

The structure contrasts with the alternative proposed in US6064123 which has
a circular rotor/turbine arrangement but in which the generator mechanism 1s
integral with the turbine blades. This means that the rotor rim diameter is
similar to the diameter of the blade arrangement, so that the system fails to
eiploit or allow many of the other benefits identified with conventional direct

drive design (for example in the use of two or three blades). By contrast, the
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present mvention admits these benefits 1n admirable manner and describes a
rotor structure which does not incorporate blades or any other means to extract
power from the wind or water. In particular blades are not mounted on the
tension members. It 1s solely a rotor (or in combination with stator and
electrical take off a generator) adapted to be used in conjunction with any
other suitable power drive means such as a bladed turbine to extract power

from the wind or water flow.

In accordance with the imvention, at least one magnetic rotor element is
disposed on the rim. The magnetic elements may be disposed on an inner or
outer surface of the rim. The rotor comprises a plurality of magnetic elements
disposed substantially fully around the rim, and generally evenly spaced
thereon. These may be 1 the form of a plurality of discrete magnets, or in the
form of differently polarized zones in a larger magnet, or in the form of coils

or 1n. some combination thereof.

The plurality of magnetic elements are suitably located and polarised to create
a multipolar distribution of magnetic flux in the space surrounding the rotor.
For example the magnets may be disposed along the rim on an outer or inner
surface of the rim and polarised radially, axially, or a combination of both,
with a resulting flux distribution containing radial and/or tangential and/or

axial components.

The structural rim of the rotor may be circular for simplicity, or may be
polygonal, and in particular though not necessarily polygonal having a large
number of sides to approximate to circularity. References herein to
circumferential aspects of the rim, or to an arc of the rim, or to a radial

direction should be construed accordingly as including references to the
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permmeter of such a polygon or a portion thereof or a direction from centre to

edge thereof as the case may be.

The rim may be of unitary construction, or may be of modular construction,
comprising a plurality of arc sections or sides of a polygonal rim as the case
may be. The rim may be of solid construction, or of open frame construction
for example 1 the form of a truss or like structure, provide such structure is
suitably constructed to allow the rim to be maintained substantially in

compression 1 accordance with the principles of the invention.

The tension members extend generally radially from the hub to the rim.
Preterably however, the tension members are not directly radial, but are
axially offset and tangentially sloping. This arrangement will be familiar, and
will be understood to provide improved transmission of torque within the
structure when 1t 1s rotating. Preferably, tangentially sloping tension members
are used so disposed as to resist torque in either direction. The arrangement
may be asymmetric so as to resist torque more in one direction than the other.
The whole structure being prestressed, however, 1s more conveniently
designed to be symmetrical and torque 1s transmitted by virtue of increased
tension in the spokes that slope tangentially in one direction and reduced

tension 1n spokes that slope tangentially in the opposite direction.

The tension members are arranged 1n a radial or tangential pattern generally in
the plane of rotation. However, the tension members are preferably sloping to
some extent relative to the plane of rotation in an axial direction, allowing the

structure to resist axial forces.

Preterably, the rotor magnetic elements comprise a plurality of magnets, and

in particular a plurality of magnets in alternate multi-polar arrangement, which
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are preferably disposed at substantially even spacing around one surface and
in particular an outer surface of the rim. Alternatively, the plurality of
magnets are arranged with 1dentical polarisation to create an array of magnetic

poles of one polarity with intermediate consequent poles of opposite polarity.

Preferably the magnets are permanent magnets of a material exhibiting very
high coercive force. Suitable materials will suggest themselves to those
skilled 1 the art, and include high coercive force ferrite, sintered neodymium-
iron-boron, iron-boron and the like. Additionally or alternatively, magnets

may be provided as non-permanent magnets, for example as wound coils.

The magnets may be attached to the rim 1n any suitable manner for example
oglued or fitted into recesses 1n the rim. In this latter case, magnetic forces

contribute to retention, and may be suificient alone.

The rim needs to exhibit adequate structural properties in compression but
preferably also comprises ferromagnetic material. Preferably, the rim 1s
fabricated from a ferromagnetic material exhibiting good properties in
compression, such as a magnetic steel. Additionally or alternatively, the rim
may comprise a structural portion fabricated from material selected for
strength 1n compression, and a magnetic element mounting portion attached
thereto to provide a mounting for the magnetic elements, and comprising a

material having suitable ferromagnetic properties.

The elongate tension members comprise struts, spokes or the like, and are in
the form of material strong in tension assembled as a wire, cable or rods to be
used in tension. The tension members are of any material susceptible of being
pre-stressed and maintained in tension in the finished structure, so as to

maintain the rim in compression for rigidity. Suitable materials include steel,
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olass fibre, carbon fibre, kevlar or other high strength fibre. The hub 1s of any

suitable structural material, such as steel.

The invention provides a physical structure for a direct-drive generator of

large diameter unrestricted by the constraints listed earlier.

In accordance with a second aspect of the invention, an electrical generator
comprises a rotor as hereinbefore described. In particular, an electrical
generator in accordance with the invention comprises a rotor as hereinbefore
described, and a suitable stator arrangement. The rotor and stator may be

disposed for any flux distribution.

Accordingly, the generator comprises at least one rotor in accordance with the
first aspect of the invention co-operatively arranged with at least one suitable
stator such as to generate electrical energy from mechanical energy
attributable to rotation of the rotor, the rotor being mountable to be rotatably
driven relative to a statically mounted stator by a remote, and in particular an

axially spaced, turbine.

The turbine provides the driving power for the rotor and comprises any
suitable drive means in which power 1s produced by the action of a fluid
incident thereon. The turbine 1s in use operatively coupled to the rotor to cause
it to rotate. This may be directly or indirectly through suitable gearing or

other transmission system.

Preferably, the electrical generator 1s a low speed generator in which a driving
force 1s supplied from a driven power means, and in particular a rotating
power means, which is operatively mechanically coupled to the hub to cause

rotation of a rotor via a low ratio gearing, for example at a ratio between 1:1
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and 1:10, which may be 1 the form of a single stage gearbox. More
preferably, the electrical generator 1s a direct-drive generator mn which a
driving force i1s supplied from a driven power means, and i particular a
rotating power means, which is directly mechanically coupled to the hub to
cause rotation of a rotor (1.e. at 1:1 gearing). The invention relates in particular

to the provision of large scale wind turbine generators and marine current

turbine generators.

An alternative means of coupling comprises one or more flexible tension
members connected between the rotor rim and each blade of the furbine, for
example at positions intermediate between the turbine hub and turbine blade
fip. By this means force exerted by the blades is transferred to the rotor
without imposing high bending moments in the blades near their attachment to
the turbine hub. The tension members 1n the generator rotor structure are then
not required to transmit torque, so are less highly stressed 1n service.

The power drive means is a fluid driven turbine adapted to be caused to rotate
by a stream of fluid incident thereon, and operatively coupled to the rotor such
that movement of the fluid driven means causes rotation of the rotor. In
particular, the fluid driven means comprises a fluid driven rotator, which 1s
rotatable under the action of incident tluid. Preferably, the fluid driven rotator

1s a wind or marine ‘current turbine.

In the preferred embodiment, the generator is a directly driven generator, so
that the wind or marine current turbine or other fluid driven rotator is directly
coupled to the rotor such that rotation of the fluid driven rotator imparts an
equal rotation to the rotor. Any suitable conventional structure may be
employed. For example, the rotator may comprise a plurality of blades

rotatable under action of the mmcident fluid mounted on a central axis.
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Preferably, the turbine or other fluid driven rotator is coaxial with the rotor,

particularly where the rotor is directly driven.

In a preferred embodiment, the stator 1s configured to be seated in the vicinity
of the said rim for at least an arc thereof and possibly for substantially all the
circumference thereof. In a particular preferred embodiment, the stator
circumferentially surrounds the rotor for the said arc or circumference,
although an alternative structure 1 which the rotor circumierentially

surrounds the stator can be envisaged.

Preferably, both rotor and stator extend circumferentially around concentric
support structures, for substantially all the circumiference or at least an arc
thereof 1 the case of the stator. In particular, the stator circumiferentially
surrounds the rotor, although an alternative structure in which the rotor

circumferentially surrounds the stator can be envisaged.

In a particularly preferred embodiment, a stator support structure 1s provided
which circumferentially surrounds the rotor rim. In particular, the support
structure supports a plurality of stator coils disposed to form a cylinder
surrounding and coaxial with the rotor and the axis of each coil 1s directed
towards the axis of the rotor. The rotor comprises a plurality of permanent
magnets disposed circumiferentially around the rotor rim and polarised radially
to create a multi-polar distribution of magnetic flux, and the stator structure
supports a set of coils similarly directed radially, such that, as the rotor turns,
the flux linkage with each coil changes cyclically and an alternating emf is
induced in each coil. In the alternative, the rotor rim may circumferentially
surround the stator support, magnets being disposed inwardly on the former

and stator coils outwardly on the latter.
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In the preferred embodiment as described above, the stator coils are disposed
circumferentially around the rotor on a support structure. Any suitable stator
support structure may be envisaged. Conveniently, the stat£)1* support structure
may comprise a similar open structure to that of the rotor, that 1s a central hub,
a circular or possibly polygonal rim, and radially extending tension members
extending therebetween and maintained substantially in tension to maintain
the rim substantially in compression. Rotor and stator supports may then be

coaxially mounted to provide a suitable concentric and relatively rotatable

rotor and stator arrangement.

A ferromagnetic stator core may be provided to enhance the flux provided by
the permanent magnets, as 1s conventional in prior art systems, including
direct-drive generators for wind turbines. However, the rotor and the stator
core then experience a strong magnetic attractive force. Normally the
magnetic attractive force is the largest force imposed on the rotor and stator
structure as assembled and their structural design 1s determined by the need to
withstand this force. If the stator core 1s omitted, the attractive force 1s absent
and a much lighter structure can be used. Surprisingly, this 1s found to give
quite adequate electromagnetic performance, the relatively low flux density in
the 1ronless stator bemg more than compensated by the relatively high relative

speed of the magnets at the rim of the large diameter rotor.

In one embodiment of the invention theretore, the stator arrangement is
coreless; that 1s, no iron core is provided on the stator. In alternative

embodiments, a conventional iron core may remain desirable.

Several alternative electromagnetic topologies may be employed and will
readily suggest themselves to those skilled mm the art. The invention is

described with regard to its application with one particular example with
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reference to figures 1 to 3 of the accompanying drawings. In particular the
examples all employ radially polarised magnets, dispense with an iron core on
the stator, and employ the structure of the invention for both rotor and stator.
It will be readily understood however that the invention is equally applicable
in principle to other magnetic geometries, and/or to 1ron cored or coreless
stator arrangements, and that a rotor in accordance with the structure of the
mvention could be used m association with any suitable stator, such as one

extending circumierentially for only an arc around the rotor.

A preferred electromagnetic configuration 1s as shown in Figure 1. In this
example a ferromagnetic cylinder (1) makes up the rotor back iron and carries
neodymium-iron-boron permanent magnets (2) on 1ts outer surface. These
may be fixed in any suitable manner, for example using adhesive, but the
magnetic forces alone might be sufficient to retain the magnets 1 position.
The magnets are polarised radially and create a multipolar distribution of
magnetic flux in the space surrounding the rotor. The stator structure supports
a set of copper coils (3), whose axes are directed radially, on a non magnetic
backing (not shown). Adhesive or other fixing may be used to fix them 1n
place. Coils may be embedded in the support structure. This will provide

og00d electrical msulation.

As the rotor turns the flux linkage with each coil changes cyclically and
alternating emf is induced in each coil. In contrast to prior art systems, no 1ron

core 1s provided for the reasons set out above.

Conventionally, a ferromagnetic stator core 1s generally provided to enhance
the flux provided by the permanent magnets. However, it has been found 1n
accordance with the invention that 1f permanent magnets of sufficient coercive

force are used, this enhancement is unnecessary, and adequate flux linkage
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occurs even without a core. Omuission of the core greatly reduces the magnetic
attractive force experienced by the structure so that a much lighter structure
can be used and the advantages of the open structure of the present mvention
can be exploited to the full. For this reason, the magnets (2) are fabricated

from sintered neodymium-iron-boron to provide the necessary coercive forces.

In the preferred embodiment, both the stator support structure and the rotor
structure are based on the same open principles of rim 1n compression with
radially extending tension members. Three possible arrangements are shown

in Figure 2.

Figure 2(1) shows a cantilevered stator. Figure 2 (i1) shows a double sided

stator. Figure 2 (111) shows a stator with rigid supports.

In each case like references are used for like components. A central shaft (6)
with centre line (7) 1s shown on which the hub (8) 1s mounted for rotation in
direction of the arrow. Rotor spoking (11) extends to a rotor rim (12). Stator
spoking (14) extends to a stator rim (15) concentic with the rotor rim (12). An
air gap (17) 1s provided between the rotor rim (12) and stator rim (15). The
designs differ in overall arrangement of these common components, and also
in that 2(11) 1s provided with a bearing (18) and 2(111) incorporates rigid stator

supports (19) which are maintained in compression.

In Figure 3, a rotor and stator structure in accordance with the first
arrangement of Figure 2 is illustrated both in exploded (Figure 3a) and in
assembled (Figure 3b) view. In Figure 3, the rotor support structure is shown
comprising a circular rim (21) maintained 1 compression by spokes (22)
connected to a central hub (23). Permanent magnets (not shown) are mounted

on the rim (21) in the manner indicated in Figure 1.
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A stator arrangement 1s shown comprising a pair of rims (24a), (24b) linked by
cross members (25), and maintained in compression by spokes (26) in tension

extending to a central hub (27). Coils (28) are mounted on an inner surface of

the first nim (24a).

This 1s just one example of structure and other structures will suggest

themselves.

In most preferred structures, both stator structure and rotor structure of the
generator are based on one or more outer circular (or possibly polygonal)
members acting 1n compression, which are connected to the central hub/wind
turbine rotor arrangement by circular arrays of members acting in tension
rather like the spokes of a bicycle wheel. The embodiments illustrate this. The
tension members are arranged in a radial or tangential pattern in the plane of
rotation, and are sloping in the axial direction, thus allowing the stator and
rotor structures to resist torque and any axial forces. When tangentially sloping
tension members are used, these can be arranged to resist torque in either
direction. In some embodiments the plane containing the rim may not lie
between the planes containing the rings at which the spokes are secured to the

hub. In these cases 1t 1s necessary to replace one set of tension members by

compression members.

Other arrangements applying the principles of the mvention will be readily

envisaged.
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CLAIMS:
1. An electrical generator comprising:

a rotor comprising a central hub, a rim radially spaced therefrom and
generally concentric therewith, and a plurality of elongate tension members
extending generally between the hub and the rim, said tension members pre-
stressed to be maintained in tension so as to maintain the rim substantially in
compression, and a plurality of magnetic elements disposed substantially fully

around the rim and generally evenly spaced thereon;

at least one stator co-operatively arranged relative to said rotor such
as to generate electrical energy from mechanical energy attributable to rotation of
the rotor, wherein said stator comprises a central hub, a rim radially spaced
therefrom, and a plurality of tension members maintained in tension extending
generally between the hub and the rim so as to maintain the rim substantially in

compression; and

a turbine remotely spaced from said rotor, said turbine comprising a

wind or marine current turbine;

wherein the rotor is mounted to be rotatably driven relative to said

statically mounted stator by the remotely spaced turbine.

2. An electrical generator in accordance with claim 1 wherein the

plurality of magnetic elements of the rotor are disposed around the rim thereof and

polarised radially.

3. An electrical generator in accordance with claim 1 wherein the

plurality of magnetic elements of the rotor are disposed around the rim thereof and

polarised axially.

4. An electrical generator in accordance with claim 1 wherein the rotor

magnetic elements comprise a plurality of permanent magnets.

5. An electrical generator in accordance with claim 1 wherein the stator

comprises a plurality of wound coils.
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6. An electrical generator in accordance with claim 5 wherein the stator
colls are provided in association with one or more ferromagnetic stator cores to

enhance the flux provided with the magnetic elements.

/. An electrical generator in accordance with claim 1 wherein the
tension members of the rotor extend generally radially from the hub to the rim but

are axially offset and tangentially sloping to resist axial forces and torque.

8. An electrical generator in accordance with claim 1 wherein the stator

IS configured to be seated in the vicinity of the rim of the rotor for at least an arc

thereof.

9. An electrical generator in accordance with claim 8 wherein the stator

Is configured to be seated in the vicinity of the said rim for substantially all the

circumference thereof.

10. An electrical generator in accordance with claim 9 wherein the stator
colls are disposed circumferentially around the rotor rim, the rotor and stator

supports being coaxially mounted to provide a concentric and relatively rotatable

rotor and stator arrangement.

11. An electrical generator in accordance with claim 10 wherein the
stator structure fully surrounds the rotor structure with one side of the stator

structure being mounted on a rotating bearing.

12. An electrical generator in accordance with claim 10 wherein the

stator structure approaches the rotor structure from one side thereof in cantilever

fashion.

13. An electrical generator in accordance with claim 1 wherein the stator

colls are provided without a ferromagnetic stator core or cores.

14. An electrical generator in accordance with claim 1 comprising a low

speed generator in which the turbine is operatively mechanically coupled to the

hub to cause rotation of the rotor via a low ratio gearing.
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15. An electrical generator in accordance with claim 1 comprising a

direct drive generator in which the turbine is directly mechanically coupled to the

hub to cause rotation of the rotor.

16. An electrical generator in accordance with claim 1 comprising a
5 direct drive generator in which the turbine Is directly mechanically coupled to the

rim to cause rotation of the rotor.

17. An electrical generator in accordance with claim 1 wherein said

turbine forms no part of said rotor.

18. An electrical generator in accordance with claim 1 wherein said rotor
10 hub, rotor rim, and elongate tension members extending therebetween are

rotatable in a circular path and said turbine is axially separated from said circular

path.

19. An electrical generator as claimed in claim 1 wherein said elongate

tension members are free of any turbine components.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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