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(57) Abrégée/Abstract:
The invention describes a generator (1) comprising a rotor (2) with a number M of magnetic rotor pole shoes (3) and a means for

producing a magnetic field, a stator (5) with a number C of stator colls (7, S. ,, S, ,, 9S4 ,, 9. ,, O S, LS, |, S, ) wound on
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(57) Abrege(suite)/Abstract(continued):
the stator (5), and a generator-utility grid interface comprising a plurality of diode rectifiers (11, 11, 11"), whereby each diode

rectifier (11, 11, 117) Is connected 1o a stator coll (7, S.S, ., S, 4, S5, Sy, S50, ...y, Sy, O, o OS4,). Thereby the number C of
stator colls (7, S, 4, S, 4, S5 4,94 5, S5, -y Sy 0 S5

S, ) Is greater than the number M of rotor pole shoes (3), or the number M of
rotor pole shoes (3) Is greater than, but not an integer multiple of, the number C of statorcoils (7, S, ., S, ., S5, S, 4, S S
S

1,10 ~2.1 Y3 10 P12 P2 01 1 Y o
5 o 83 C). The Invention further describes a wind turbine (2) using the generator of the present invention and a method of

assembling such a generator (1).
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Abstract

Generator, wind turbine, method of assembling a generator and

use of a generator in a wind turbine

The i1nvention describes a generator (1) comprising a rotor
(2) with a number M of magnetic rotor pole shoes (3) and a
means for producing a magnetic field, a stator (5) with a
number C of stator coils (7, Si,i, S2,1, S3,1, Si,2, S2,2, -y Si, ¢,
10 So e S3,¢) wound on the stator (5), and a generator-utility
grid interface comprising a plurality of diode rectifiers

(11, 117, 117'7), whereby each diode rectifier (11, 117, 1177)

1s connected to a stator coil (7, S1S1,1, S2,1, S3,1, Si,2, Sz, 2,

P

ey O1,cs O2,¢7 93,c) . Thereby the number C of stator coils (7,

15 Si1,1, S2,1, S3,1+ Si1,2/ S2,24 s Si,er S2,cr S3,¢) 1s greater than

the number M of rotor pole shoes (3), or the number M of ro-

tor pole shoes (3) 1s greater than, but not an integer multi-
ple of, the number C of stator coils (7, Si,1, Sz1, S3,1, Si,2,
S0, 27 s S1,e¢r S2.c, S3,¢) . The invention further describes a

20 wind turbine (2) using the generator of the present 1nvention

and a method of assembling such a generator (1).

Figure 2
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Description

Generator, wind turbine, method of assembling a generator and

use of a generator in a wind turbine

The present i1nvention describes an electrical generator, 1in
particular a generator of a wind turbine, and a wind turbine
comprising such a generator. The invention further describes

a method of assembling such a generator.

Wind turbines provide a primary source of energy that can be

converted 1nto electricity and supplied to utility power

grids, to which the generator i1s electrically connected. Con-

version of wind energy to electrical energy 1s accomplished
1n a wlind turbine by driving an electrical generator, com-

monly an AC induction motor. If the electrical power gener-
ated by a wind turbine 1s to be supplied to a utility power
grid, then 1t 1s required to have a constant frequency that

1s synchronized to the utility line frequency, for example 50

Hz or 60 Hz. This can be accomplished by driving the genera-
tor at a constant rotational speed, which, unless a variable
speed transmission 1s used, requires that the wind turbine
rotates at a constant speed. Unfortunately, constant speed
operation of a wind turbine limits 1ts energy conversion ef-
ficiency due to variable wind conditions. Turbine rotor speed
needs to be proportional to wind speed for optimal energy re-

covery.

Variable-speed wind turbines have been proposed as a way of

increasing the energy conversion efficiencies of wind tur-

bines. By varying the rotor speed according to varying wind

conditions, 1mproved energy recovery can be achieved over a
range of wind speeds. Also 1mportantly, the peak mechanical
stresses caused by wind gusts can be reduced by allowing the
wind turbine to speed up 1n response to wind gusts, thus lim-
iting the torque reached on the generator of the wind tur-
bine. The 1ncreased kinetic energy of the rotor caused by

wind gusts serves as a short term energy storage medium to
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further i1mprove energy conversion. Such operation, however,

requlres a responsive torque control system.

Although variable-speed wind turbines are advantageous from
the perspective of increased energy conversion and reduced
stresses, the electrical generation system 1s of necessity
more complex than that of a constant-speed wind turbine. Sin-
ce a generator 1is usually coupled to a variable-speed rotor
through a fixed-ratio gear transmission, the electrical power

produced by the generator will have a variable frequency.

Thlis requires a conversion from the wvariable frequency AC
output by the generator to a constant frequency AC for sup-
plying the utility power grid. The conversion can be accom-
plished either directly by a fregquency converter or through
an 1ntermediate conversion to DC by a rectifier and reconver-
sion to fixed-frequency AC by an 1inverter.

In a know realisation, the energy generated by the wind tur-

bine generator i1s provided to a utility grid via a converter
system that comprises at least an AC/DC converter, to a DC
capacitor connected to a following grid-side DC/AC converter

and ultimately to the utility grid, the signal so processed

having suitable voltage and frequency levels. Such a solu-
tion, due to the fact that the energy generated from the wind
turbine needs to pass through various expensive devices, ma-

kes the conversion of the generated wind energy unnecessary

expensive. Further, despite the wvarious levels of signal pro-
ed 1nto the

[ _—

cessing, the generated signal, when ready to be

utility grid, 1s not free of undeslrable harmonic distortion

components.

For example, US 5,083,039 describes a power converter circuit

comprising a number of active rectifiers and a number of ac-
tive switching devices controlled by a control circuit. Due
to the large number of components, the converter system 1S
very expensive, and these costs have an i1mpact on the cost of

the energy fed into the utility grid. Further, the signal
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processed 1n this converter circuilt may still not be free of

undeslrable harmonic distortion components.

It 1s an object of the present invention to provide a genera-

tor that has a simplified configuration, a reduced size, and

1s 1n particular suitable for a wind turbine, also a vari-

able-speed wind turbine.

The object of the invention is achieved by a generator ac-
cording to claim 1, by a wind turbine according to claim 11
comprising the generator of the present invention, and by a

method of assembling a generator according to claim 10.

The proposed generator comprises a rotor with a number M of

magnetic rotor pole shoes and a means for producing a mag-
netic field, e.g. one or more permanent magnets, and a stator
with a number C of stator coils wound on the stator. Usually
the stator coils are wound on a number of stator poles, or
are mounted i1n slots in a stator body or segments of a stator
body. According to the 1nvention, the generator comprises a
generator-utility grid interface comprising a plurality of

diode rectifiers wherein each diode rectifier 1s connected to

a stator coil. Thereby, a diode rectifier may be any recti-
fier built up by a number of simple diodes. In a first alter-
native of the invention, the number C of stator coils 1is cho-

sen such it 1s greater than the number M of rotor pole shoes.

In a second alternative of the invention, the number M of ro-

tor pole shoes is greater than, but not an integer multiple

of, the number C of stator coils.

By using the diode rectifier in synergetic combination with
the numerical proportion of stator coils and rotor poles
shoes according to the invention, 1t 1s ensured that the out-
put voltages induced 1n different stator coils during rota-
tion of the rotor are temporally shifted against each other.

P
—

Therefore, by appropriate parallel connection of different

stator coils via the diode rectifiers an essentially DC-

voltage can be generated that 1s suitable for a DC link ca-
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pacitor from which the power may be send to the grid via an

inverter and/or other suitable components.

The favourable use of diode rectifiers allows the replacement
of a generator-side converter commonly used in the art. Silince
said generator-side converter 1s, as described above, a de-
vice that introduces undesirable harmonics while transmitting
the generated signal to a utility grid, its replacement by a
diode rectifier leads to the elimination of any undesirable
harmonics. PFPurthermore, since the diode rectifier is a par-
ticular simple device, and compact the generator of the pre-
sent invention can be realized in a particularly cost-

effective and simple manner.

The simpler configuration allows a straightforward manufac-
ture of the generator. A method of assembling a generator ac-
cording to the invention therefore comprises the following
steps:

a) configuring a rotor with a number M of magnetic rotor pole

shoes and means for producing a magnetic field;
b) configuring a stator with a number C of stator coils wound
on the stator, whereby

the number C of stator coils 1s greater than the number M

of rotor pole shoes,
or the number M of rotor pole shoes 1s greater than, but
not an integer multiple of, the number C of stator coils;
c) assembling the stator with the rotor and with a generator-
utility grid interface, whereby the generator-utility grid
interface 1s equipped with a plurality of diode rectifi-

ers, whereby each diode rectifier is connected to a stator

CO11l.

As mentioned above the generator according to the invention

1s particularly suited for use 1n wind turbines, particularly

varlable-speed wind turbines.

Particularliy advantageous embodiments and features of the in-

vention are given by the dependent claims and the following
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description. Thereby, the method of assembling a generator

may be further developed according to the dependent claims of
the generator. Features of the dependent claims can be com-

bined to arrive at further advantage embodiments.

A wind turbine generator 1s traditionally built so that 1its

’-

number of stator poles C and the number of rotor pole shoes M

P

are equal, or such that C 1s an integer multiple of M, such

as 2M, 3M etc.. However, with such a physical construction of
the generator cogging torque arises when all rotor pole shoes
symmetrically pass stator poles at the same time during rota-
tion, and the magnetic attraction 1s greatest at the moment

when the rotor pole and the stator pole are radially aligned.

This 1s a known undesirable effect that contributes to the

output ripple, vibration and noise 1n the machine.

Therefore, 1in a preferred embodiment of the 1nvention, the
stator coils and the rotor pole shoes are arranged in an
asymmetric distribution such that at least a fraction of the
rotor pole shoes pass stator coils asynchronously during ro-
tation. Thilis reqguirement 1s, for example, automatically gilven
in the above mentioned second alternative of the i1nvention in
which the number M of rotor pole shoes 1s larger than, but
not an 1nteger multiple of, the number C of stator coils. In

the fist alternative of the i1nvention, 1in which the number C

of stator coills 1s greater than the number M ot rotor pole
shoes, this may easily be reallized - 1n & similar way as 1in
the second alternative - by choosing the numerical relation-
ship such that the number C of stator coills 1s not an 1nteger

multiple of the number M of rotor pole shoes.

Since, according to this embodiment of the 1nvention, not all

rotor pole shoes symmetrically pass stator poles at the same

time during rotation, the magnetic attractions between rotor

poles and stator poles are essentially “averaged out” during

rotation of the rotor. Therefore, the undesired effect otf.
cogglng torgue is minimized and vibration and nolse 1in the

machine are reduced.
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Usual utility grids comprise multiple phases to which the en-

ergy produced by a generator of a wind turbine should be fed

in. Therefore, in a preferred embodiment of the invention,

g

the stator coils are assigned to different phases of a multi-

phase utility grid, to which the generator may be electri-

cally connected. In other words, the stator coils are con-

nected via the generator-utility grid interface to the corre-

sponding connectors of the utility grid so that, when the

generator is linked to the utility grid, each stator coil 1s

electrically connected to one of the phases of the utility

grid. Preferably, the generator 1is a three-phase generator.

In a particularly simple, preferred embodiment, each stator

coil 1s connected to its own dedicated diode rectifier.

However, 1n an alternative embodiment, a group of stator

colls may share a common diode rectifier when these coils are

assigned to a common phase, and, during rotation of the ro-
tor, each coil of the group carries a synchronous identical
voltage form over time. In this embodiment, any stator coils
of a common phase which do not carry a synchronous i1dentical
voltage form over time should have a separate diode recti-

fier. This embodiment may be preferred 1f the stator com-

prises a high number of stator coils, so that the coils as-

H

signed to a specific phase of the utility grid may be grouped

into a sufficient number of groups such that enough rectified
pulses of the groups assigned to the same phase superpose to

a essentially constant voltage for a revolution of the rotor.

In any case, the diode rectifiers assigned to stator coils of

different phases may preferably share a common neutral of the

utility grad.

As mentioned above, a diode rectifier may be constructed 1in
different ways from a number of simple diodes. Numerous de-

signs of diode rectifiers circuits are known from the art.

Usually, rectifier circuits are differentiated into half wave
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and full wave rectifiers. Both types may be used in the cour-

se of the invention.

For example, 1n one preferred embodiment each of the diode

rectifiers comprises a bridge rectifier, which usually com-

prises four diodes.

In another preferred embodiment each of the diode rectifiers

comprises at most two diodes. Adding only one or two diodes

to each stator coil i1nstead of a rectifier bridge keeps the
number of rectifier components to a minimum. This simplified
configuration, with a reduced number of elements, allows a

further reduction 1n the overall costs of the generator.

In order to realize a compact and space—-saving construction
the diode rectifiers are preferably mounted on the stator,
for example on an outside surface of the stator or in cavi-
tles arranged 1n a stator body or i1n segments of the stator
body.

Other objects and features of the present 1Invention will be-
come apparent from the following detailed descriptions con-
sidered in conjunction with the accompanying drawings. It 1s
to be understood, however, that the drawings are designed

solely for the purposes of 1llustration and not as a defini-

tion of the limits of the invention.

Figure 1 1s a schematic representation of a wind turbine con-

nected to a utility grid;

Figure 2 shows a schematic view of an embodiment of a genera-

tor according to the invention;

Figure 3 illustrates a three-phase generator system with a

rectification configuration according to an embodiment of the

invention;
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Figure 4 schematically illustrates, for a generator according

F

to Figure 2 and for one phase of a rectifier configuration

g
R—

fect of the time shift for each

according to Figure 4, the e:

of the output voltages;

n

Figure 5 is a circuit diagram of a first embodiment of a di-

ode rectifier;

Figure 6 is a circuit diagram of a second embodiment of a di-

ode rectifier;

r—

Figure 7 is a circuit diagram of a third embodiment of a di-

ode rectifier.

In the drawings, like reference numbers refer to like objects

throughout. Objects in the diagrams are not necessarilily drawn

to scale.

amd

Figure 1 schematically shows the principle of construction of

the energy producing system of a wind turbine 20. Such a wind

turbine 20 usually comprises a tower (not shown in the fig-
ure) that may be erected on firm ground, on a seabed, or on
any other suitable support. At the top of the tower a Nacelle
(not shown in the figure) i1s mounted which carries a hub Z1
with rotor blades 22. As schematically indicated in Figure 1,
a generator 1, which may be a direct-drive generator 1, 1s
arranged in the wind turbine Nacelle and connected to the hub
via a shaft 23 or drive train. Generators others than a di-

rect drive generator, for example a generator coupled to the

hub via a gearbox, may be conceivable, as it will be readily

apparent to a person skilled in the art.

By rotation of the hub a rotor in a permanent magnet (PM) ge-

nerator 1 is caused to rotate, and the output voltage 1nduced
in stator coils of the PM generator 1 1s rectified, as ex-

plained later in accordance with Figures 2 to 4 by a number

of stator mounted diode rectifiers of a generator-utility

grid interface 10. The generator-utility grid interface 10
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further comprises a variable-voltage DC link 24 with a ca-

pacitor 25 feed by the rectified voltage pulses of the gen-
erator, and an inverter 26, for example a force-commutated

inverter, to create a defined alternating output voltage. A
transformer 27 of the generator—-utility grid interface 10

brings the alternating voltage to a sultable peak level and

frequency for feeding the energy into the utility grid 30.

Figure 2 1llustrates a direct drive generator 1 configuration
according to an embodiment of the 1nvention, which may be
used 1n the arrangement according to Figure 1. The generator
1 1s a brushless generator 1 that has a permanent magnet ro-
tor 2 which 1s mounted on a shaft 4 and has a number M = 18
magnetic pole shoes 3, with alternating magnetic north poles
N and south poles S. The rotor 2 can be constructed in a usu-

al manner as known from the art. The shaft 4 may be directly

connected to the hub of a wind turbine.

The rotor 2 1s surrounded by a ring shaped stator 5 compris-

1ng a number of stator segments 6. Each of the stator seg-
ments 6 comprises a magnetic yoke with slots and a central

pole 8 and a coil 7 wound 1nto the slots around the pole 8.

The yoke 1s formed of a ferromagnetic material such as 1ron

or the l1like, so as to be good conductor of magnetic flux. In
the embodiment shown in Figure 2 the number of segments and,
therefore, the number C of stator coils 7 1s 21. Thus, the
number C of stator colls 7 is greater than, but not an inte-
ger multiple of, the number M of rotor pole shoes 3. The 21
stator coils 7 may be grouped i1nto three groups of seven sta-
tor coils 7/, each group 1s assigned to a certain phase of a

three-phase utility grid.

As can clearly be seen from Figure 2, by using the given num-

bers of stator coils 7 and magnetic rotor pole shoes 3, the

rotor pole shoes 3 cannot all synchronously pass stator coils

7 at the same time during rotation. Therefore, the magnetic
attractions between the stator poles and rotor pole shoes 3

are essentially evenly distributed, or averaged out, during
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10

F
—

rotation of the rotor. Therefore, the unwanted effect of cog-

ging torque is minimized and vibration and noise in the ma-

chine are reduced. As 1t will be known for the person skilled

1n the art of generators, the cogging torgue i1s an unwanted
torque component that 1s due to the attraction of stator po-

les by the magnets. Said unwanted torgque causes vibrations

and noise. Therefore 1t 1s desirable to reduce the cogging

torque 1n the generators.

It should be noted that the specified numbers of stator coils
/ and rotor pole shoes 3 (18 and 21 respectively) are merely
exemplary, and that, i1n a real construction the generator may
have much greater numbers of stator coils 7 and rotor pole

g—

shoes 3. For example, the number M of rotor pole shoes may

preferably be between 50 and 150, and the number C of stator
colls 7 may preferably be between 50 and 200.

A stator may also be constructed 1n a different manner, for
example as a fractional-slot winding stator, in which each

slot may house two or more separate colls. Some slots may

contain coils of the same phase while other sliots will have

colls from two different phases. Furthermore, the generator

may comprilise elther an internal rotor - as shown 1n the con-

figuration i1illustrated in Figure 2 - or an external rotor.

For example, most direct-drive generators for wind turbines
of the new generation are generators with an external rotor.
It 1s merely required that the number C of stator coils and

the number M of magnetic rotor pole shoes are chosen accord-

ing to the invention.

In the embodiment according to Figure 2 all stator coils 7

are connected to their own separate diode rectifier 11, 117,
1177 . This diode rectifier 11, 11’7, 11’7’7 rectifies the volt-
age 1nduced 1in the associated coil 7 during rotation of the
rotor 2. The diode rectifiers 11, 11’7, 11’7’ may be con-

structed differently manner, as will be explained later with

the help of Figures 5 to 7, using a number of simple diodes.
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11

In Figure 3 it is illustrated how the stator coils 7 may be

connected to the phases Py, Py, P3 of a three-phase utility

grid. In this figure, the stator coils are given the notation

Sx,y, Whereby x is one of {1, 2, 3} and denotes the phase num-

F

ber P, P,, P3 of the utility grid; and y 1s one ot {1, .., c}

and is a index variable of the stator coils connected to the

x-th phase, i.e. S; 1 should be read as “stator coil #%#1 con-

nected to phase #1”, S, 1 should be read as "“stator coil #l

connected to phase #2”, etc.. The maximum number c of the

stator coils assigned to one of the phases P;, Pz, P3 1s the-

refore the number C of all stator coils divided by three.

In the exemplary circuitry presented 1n Figure 3, the stator
segments share a common neutral Ny and each stator coil Sy y

ﬁ

is connected to one of the three phases P;, Pz, P3 via 1ts own

diode rectifier 11, 117, 1177.

If such a system comprising stator-mounted diode rectifiers

11, 11’, 11’’ as shown in Figures 2 and 3 is used for a prior
art generator comprising an equal number of stator coils and
rotor pole shoes, the current is 1nduced 1in each of the sta-
tor coils at the same time during the rotation of the perma-
nent magnet rotor. As a result, considering one phase, output
voltage pulses having an identical form over time would De
carried by each stator coil, and, since the coills are con-
nected in parallel, the voltage of that phase will subse-
guently show that wave form over time. This signal 1s unsuilt-

able for being applied to a simple DC link capacitor.

Therefore, according to the embodiment of the present 1nven-
tion shown in Figure 2, the number C of stator coils and the
number M of rotor pole shoes is not equal, but the number C
of stator coils Sy,y is greater than the number M of rotor po-
le shoes 3.

Therefore, not all the rotor pole shoes symmetrically pass
stator poles at the same time during rotation. Considering

one phase, the output voltages which are received from the

different stator coils are "temporally shifted" against each
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other. This effect of time shift of the output voltages 1s

schematically 1llustrated in Figure 4 for one phase P;. As

ﬁ

already explained above, the same effect of time shift ari-

ses, when the number of rotor pole shoes 1s larger than, but

not an integer multiple of, the number of stator coil.

On the right side of Figure 4, the resulting rectified volt-

age 1s shown for one phase Pl, when all the pulses received

‘rom the diode rectifiers 11, 117, 11’’ are superimposed by

[ -

connecting the stator colls via the diode rectifiers 11, 117,

11’ in parallel as shown on the left side of Figure 4. The

voltage present at the phase P; will be essentially constant

and suitable as such for being applied to the DC link capaci-

tor facilitating the connection to the utility grid 30 as

shown in Figure 1.

In Figure 4 the output pulses from the diode rectifiers 11,
117, 11’’ are shown as essentially square wave pulses. This
form 1s only used exemplarily. In a real generator, the wvolt-
age induced i1n a coil by a magnetic rotor pole shoe moving

along the coil during rotation of the rotor has a sinusoidal

pulse-shape over time. Therefore, the form of the rectified

pulses output by the diode rectifiers 11, 117, 11’7 1s more
like an intermittent series of such truncated pulse shapes.
However, nonetheless these pulses can be superimposed to give
an essentially constant voltage 1f the dimension and numbers
of the stator coils and rotor pole shoes are chosen such that

consecutive pulses originating from different coils of the

generator overlap each other by an appropriate amount.

The rectifiers 11, 11’, 11’’’ connected to the outputs of each
stator coil ensures that current, which, as explained above,
follows usually an essentially sinusoildal form, only flows to
the phases Pi, P;, P3 when the input from the coil 1s “high”.
As mentioned above, the diode rectifiers 11, 11’, 11’ may be

constructed i1in a different manner.
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Figure 5 shows a circult diagram of a very simple diode rec-
tifier 11, comprising only a single diode Dl. Since a diode

passes current in only one direction, only half of the incom-

ing AC wave will reach the output of the rectifier 11. Thus,

this 1is a basic half-wave rectifier 11.

While a half-wave rectifier as shown 1in Figure 5 1s very sim-

r-

ple, it is not very efficient, because only half of the 1n-

—

coming AC cycle 1is used, and all of the energy available in

the other half 1s wasted.

To use also the other half-wave of the voltage i1nduced in the

stator coils, a full-wave rectifier may be used. Figure 0
shows the circuit diagram of a bridge rectifier in which four
diodes D;, D, D3, D4y are used. Thilis bridge rectifier may also

be used as a diode rectifier 11’ in the course of the 1nven-

tion.

Figure 7 shows a circuit diagram of a third diode rectiiier
11’7 which may be used in the invention. In this construction
only two diodes D;, D, are necessary to use the full wave. To

this end, the common neutral of the generator-utility grid

interface can be connected to a center tap of the stator
coll. This means that for this construction, a different me-

thod of mounting the coils to the stator may be required com-

pared to the other cases in which, for example, diode recti-
fiers 11, 11’ according to Figure 5 or © are used. However,
the diode rectifier 11’’’ reguires less diodes than a bradge
rectifier according to Figure 6, but uses the full wave 1n-

stead of only the half wave as 1s the case for the diode rec-

tifier 11 of Figure 5.

It is to be noted, that the diode rectifiers 11, 117, 1177

shown in the figures are merely preferred examples, and any

other diode rectifier may be used as appropriate.

As could be shown with the help of the examples above, a gen-

erator according to the present invention with a stator coil
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mounted diode rectifier obviates the need for the generator
side converter commonly used 1n the art. Since said generator
side converter 1s, as described in connection with what solu-
tions are known 1in the art, a device that introduces undesir-
able harmonics while transmitting the generated signal to a

utlility grid, 1ts replacement by a diode rectifier leads to

the favourable elimination of said undesirable harmonics.

Furthermore, since the diode rectifier 1s a device of simple

configuration, economies of space and simplicity of configu-

F

ration are realized for the generator of the present inven-

tion. Furthermore, the simpler configuration of the generator

leads to ease of manufacture oif the generator.

Although the present invention has been disclosed in the form

of preferred embodiments and variations thereon, 1t will be

understood that numerous additional modifications and varia-

tions could be made thereto without departing from the scope

y— —

of the invention. For the sake of clarity, 1t 1s to be under-

stood that the use of “a” or “an” throughout this application
does not exclude a plurality, and “comprising” does not ex-
clude other steps or elements. A “unit” or “module” can com-

prise a number of units or modules, unless otherwise stated.
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Claims

1. A generator (1) comprising

- a rotor (2) with a number M of magnetic rotor pole shoes

(3) and a means for producing a magnetic field,

- a stator (5) with a number C of stator coils (7, Si 1, S2,1,
S3,1, S1,2, 52,2, s S1.cr S2,cr S3,ec) wound on the stator (5),
and

- a generator-utility grid interface comprising a plurality
of diode rectifiers (11, 11’7, 11’7), whereby

each diode rectifiexr (11, 117, 117’) 1s connected to a stator

corl (7, Si,1, Sz2,1, S3,1, S1,2, S2,2+ -1 Si,cr S2,cr S3,c) .
and whereby
the number C of stator coils (7, Si1,1, S2,1, S3.1, Si,2, S2.2, .y

o~

Si,cr S2,cr S3,c) 1s greater than the number M of rotor pole

shoes (3),

or the number M of rotor pole shoes (3) 1s greater than, but

not an 1integer multiple cf, the number C of stator coils (7,

Si1, S2.1, S3,1, S1,2, S2,2, r Sil,er 92,cr O3,¢) -

2. A generator according to claim 1, whereby the stator coils
(7 Si,1, S2,1+ S3,1, Si1,2, S2,2/ -y Si,er S2,cr S3,c) and the rotor

pole shoes (3) are arranged such that at least a fraction of

the rotor pole shoes (3) pass stator coils (7, Si1,1, S2,1, S3, 1,

S1.2, S2.2, ..; S1,¢s S2,¢, S3,c) asynchronously during rotation.

3. A generator according to claim 2, wherein the number C of

stator COilS (7r Sl,l/ 82,1;r 83,.11r 81,2! 82,2! vee Sl,Cf SZrCf S3rC)

1s greater than, but not an 1nteger multiple of, the number M

of rotor pole shoes (3).

4. A generator according to any of claims 1 to 3, whereby the
stator coils (7, Si,1, S2,1, S3,1, Si,2, S2,2, s Si,er S2,cr S3,c)
are assigned to different phases (P;, Pz, P3) of a multi-phase

utility grad, to which the generator (1) may be electrically

connected.
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5. A generator according to claim 4, wherein the generator

(1) 1s a three phase generator (1).

6. A generator according to claim 4 or 5, wherein a group of
stator coils share a common diode rectifier when these coils
are assigned to a common phase, and, during rotation of the
rotor, each coil of the group carries a synchronous 1dentical

voltage form over time.

-

/. A generator according to any of claims 1 to 5, wherein

each stator coil (7, Si1.1, S».1, S3.1, Si.2, So.2, ..., S1,¢, So cy

S3 <) 15 connected to 1ts own diode rectifier (11, 117, 1177).

8. A generator according to any of claims 1 to 7, wherein the

diode rectifiers (11, 117, 11’’7) share a common neutral (Ng).

9. A generator according to any of claims 1 to 8, wherein

each of the diode rectifiers (11') comprises a bridge recti-

fier (117).

10. A generator according to any of claims 1 to 8, wherein

each of the diode rectaifiers (11, 117") comprises at most two

diodes (Dy, D>).

11. A generator according to any of claims 1 to 10, whereiln

the diode rectifiers (11, 117, 11’7’7) are mounted on the sta-
tor (2).
12. A wind turbine (20) comprilising a generator (1) according

to any of claims 1 to 11.

13. A method of assembling a generator (1), comprising the

steps of

a) configuring a rotor (2) with a number M of magnetic rotor
pole shoes (3) and means for producling a magnetic field,

b) configuring a stator (5) with a number C of stator coils
(7, Si1, S»,1, S31, Si1,2, S22, -y Si,cr S2,er S3,¢) wound on

the stator (5), whereby
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11

17/

pr—

the number C of stator coils (7, Si,1, S2,1, S3,1, S1,2: S2,2,

.1 S1.¢r Sz ¢, S3,c) 1s greater than the number M of rotor

pole shoes (3),

or the number M of rotor pole shoes (3) 1s greater than,

but not an integer multiple of, the number C of stator
coils (7, Si,1, S2,1, S3,1, Si,2, S2,2s -1 Si,cr S2,cr S3,c)

assembling the stator (5) with the rotor (2) and with a

generator-utility grid interface, whereby the generator-

utility grid interface is equipped with a plurality of di-

ode rectifiers (11, 11’, 11’’), whereby each diode recti-

fier (11, 117, 11’’) is connected to a stator coil (7,

S1S1.1, S2.1, S3,1, Si,2, S2,2, -1 Si,cr S2,cr S3,c) -

Use of a generator (1) according to any of claims 1 to

in a wind turbine (20).
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