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(54) Protection for wind power station

(57) A wind power station (1) comprises a wind rotor
(3); a transmission (8) mechanically coupled to the wind
rotor (3); an asynchronous generator (10) having a gen-
erator rotor (11) mechanically coupled to the transmis-
sion, and a generator stator (12) electrically coupled to
a power grid (2); and a protection unit (14,15) protecting
the generator and the transmission against accidental

breakdowns of an alternating voltage provided by the
power grid. The Protection unit (14,15) includes at least
one choke (14) electrically arranged between the power
grid and the generator stator, and a synchronous elec-
trical machine (15) electrically coupled to the choke.
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Description

FIELD OF THE INVENTION

[0001] The present invention generally relates to wind
power stations. Particularly, the present invention re-
lates to wind power stations comprising a transmission
and an asynchronous generator. More particularly, the
present invention relates to wind power stations com-
prising a transmission and an asynchronous double fed
generator. Even more particularly, the present invention
relates to a protection unit protecting the generator and
the transmission of a wind station against accidental
breakdowns of a power grid to which the generator is
coupled electrically.

BACKGROUND OF THE INVENTION

[0002] In a wind power station, a wind rotor driven by
wind rotates the rotor of a generator to produce electrical
energy which is supplied to a power grid. A rotational
speed of the wind rotor generally changes with different
wind conditions. Further, the speed of the wind rotor is
typically much lower than a suitable operation speed of
the generator. One known way to cope with these con-
ditions is to arrange a transmission between the wind
rotor and the generator, and to use an asynchronous
electrical machine as the generator. The transmission
increases the speed of the wind rotor at a fixed ratio to
have a speed of the generator rotor in a suitable oper-
ation range of the generator. The asynchronous gener-
ator allows for supplying alternating current to the power
grid at a fixed grid frequency over a range of rotational
speeds of the generator rotor. This range may even be
expanded either by providing a multi pole electrical ma-
chine as the asynchronous generator and switching be-
tween different pole groups, or by providing an asyn-
chronous double-fed electrical machine as the genera-
tor and controlling electrical quantities fed to the rotor of
the generator by power converters electrically arranged
between the generator rotor and the power grid. In an-
other type of wind power stations the suitable operation
range of a generator is expanded by electrically arrang-
ing frequency converters between the stator of the gen-
erator and the power grid. In this case, the generator
may even be a synchronous electrical machine, but it is
a clear disadvantage that the full electrical energy sup-
plied by the generator has to be frequency converted
which requires high technical efforts. Under most con-
ditions, a direct coupling of the stator of the generator
to the power grid is preferred in which an alternating cur-
rent supplied by the generator has the same grid fre-
quency as an alternating voltage provided by the power
grid. With any asynchronous electrical machine as the
generator, the power grid to which the generator is cou-
pled provides the voltage for operating the generator. If
this voltage breaks down because of a failure of the pow-
er grid the generator can no longer be operated, even if

there is sufficient wind to be converted into electrical en-
ergy. Furthermore, a sudden breakdown of the voltage
supplied by the power grid may result into a torque re-
versal at the rotor of the asynchronous generator. I.e. at
that moment at which the voltage supplied by the power
grid brakes down, the rotor which was up to that time
driven by an output shaft of the transmission transferring
the torque applied by the wind to the wind rotor suddenly
applies a driving torque to the output shaft of the trans-
mission. This driving torque may be present only for a
short time but it results into a shock impact on the trans-
mission considerably affecting the lifetime of the trans-
mission. As a result the total lifetimes of transmissions
of wind power stations connected to power grids show-
ing a comparatively high number of accidental break-
downs is strongly reduced, even if the transmissions are
perfectly matched to maximum loads exerted under
strong wind conditions.
[0003] In the art of uninterrupted power supply (UPS)
systems, it is known to provide a choke, i.e. a high in-
ductance between a load to be uninterruptedly supplied
with electrical power and a power grid, breakdowns of
which are encountered. A generator coupled to a fly
wheel and/or a combustion engine as an auxiliary power
source is connected to the choke closer to the load side
than to the grid side. In this arrangement the choke de-
couples the load from the power grid in such a way that
a breakdown of the voltage provided by the power grid
is retarded for such a long time that a switch on the grid
side of the choke can be opened to disconnect the choke
and the load from the grid so that the generator which
was previously in no-load operation may now supply
electrical energy to the load without loosing the electrical
energy to the broken down power grid. If the choke is
dimensioned and connected appropriately, it is not no-
ticed at the load that the power supply was switched
from the power grid to the generator and that the load
was indeed cut off from the power grid. As long as the
power grid is working, the generator is driven by the volt-
age supplied by the power grid as a motor but nearly
free of external forces as soon as the generator rotates
with a rotational speed corresponding to the grid fre-
quency. However, the generator can also be used to ad-
just a phase angle phi between an alternating voltage
provided by the power grid and an alternating current
taken from the power grid. Generally, deviations of cos
phi from 1 defining the reactive power taken from the
power grid which depend on the properties of the par-
ticular load should not become too high to avoid nega-
tive effects on the power grid.

SUMMARY OF THE INVENTION

[0004] In one aspect, the present invention relates to
a wind power station comprising a wind rotor including
at least one blade mounted to a rotatable shaft; a trans-
mission having an input shaft mechanically coupled to
the rotatable shaft for rotation therewith at a variable in-
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put speed, and an output shaft rotating at a variable out-
put speed which is increased at a fixed ratio as com-
pared to the input speed; and an asynchronous gener-
ator having a generator rotor mechanically coupled to
the output shaft of the transmission for rotation there-
with, and a generator stator electrically coupled to a
power grid which provides at least one alternating volt-
age having a grid frequency to the generator, the gen-
erator supplying at least one alternating current to the
power grid at the grid frequency; wherein a protection
unit protecting the generator and the transmission
against accidental breakdowns of the at least one alter-
nating voltage provided by the power grid includes at
least one choke electrically arranged between the pow-
er grid and the generator stator, and a synchronous
electrical machine electrically coupled to the choke.
[0005] The protection unit of the new wind power sta-
tion is no part of an UPS system. There is no use in pro-
viding an UPS system for a power station. However, the
protection unit at least retards any breakdown of the
voltage supplied by the power grip to such an extent that
no shock impact on the transmission of the wind power
station is caused. For a short time after the breakdown
of the voltage provided by the power grid no effect is
noticed at the generator at all. The choke decouples the
generator from the power grid in such a way that the
voltage on the generator side of choke does not drop
abruptly. The electrical machine connected to the choke
at the same time supplies any reactive power missing
from the broken down power grid. Only after the electri-
cal machine slows down the breakdown of the power
grid becomes noticeable to the generator but even then
not as a sudden drop of the voltage provided. In any
case a shock impact on the transmission of the wind
power station which is caused by a sudden drop by the
voltage at the generator is avoided.
[0006] Particularly, the generator may be an asyn-
chronous double fed generator. Then the generator is
electrically coupled to the power grid via at least one
power converter, and the at least one power converter
is electrically arranged on the same side of the choke
as the generator stator. The shock impact on the trans-
mission because of a sudden drop of the voltage as at
the generator is a particular problem with asynchronous
double fed generators in which the voltage drop is di-
rectly noticed at the generator stator but only through
the converters at the generator rotor.
[0007] The nominal capacity of the electrical machine
may be in the range from 20 to 100 % of a nominal ca-
pacity of the generator. Preferably, it is in the range from
30 to 80 % of a nominal capacity of the generator. It is
not necessary to provide the electrical machine with the
full nominal capacity of the generator which keeps the
cost for the protection unit small. On the other hand, the
desired function of the electrical machine requires a ca-
pacity which is at least of a similar order as compared
to the capacity of the generator.
[0008] A partial inductance of the choke between the

power grid and a coupling point of the synchronous elec-
trical machine to the choke should be about 50 % of a
nominal reactance of the asynchronous generator un-
der its actual operation conditions. The nominal reac-
tance of the generator is defined by its capacity and its
operation voltage and frequency which are the relevant
operation conditions of the generator.
[0009] A maximum decoupling of the generator from
the power grid in case of a breakdown of the power grid
further requires that a partial inductance of the choke
between the coupling point of the electrical machine to
the choke and the generator stator is about (L")2/L1,
wherein L1 is the partial inductance of the choke be-
tween the power grid and the coupling point of the elec-
trical machine to the choke, and wherein L" is a subtran-
sient reactance of the electrical machine. The subtran-
sient reactance of an electrical machine generally de-
pends on its design and typically is in a range of 6 to 15
% of its nominal reactance with electrical machines suit-
able for use in this invention. Thus, the partial induct-
ance of the choke between the coupling point of the syn-
chronous electrical machine to the choke and the gen-
erator typically is in a range of 2 to 20 % of the nominal
reactance of the asynchronous generator under its ac-
tual operation conditions. I.e., the synchronous electri-
cal machine is connected to the choke at a point within
the choke which is closer to the generator than to the
power grid.
[0010] In the new wind power station the generator is
preferably a multiphase generator, one choke being pro-
vided for each phase of the generator. Multiphase gen-
erators are the standard electrical machines in known
wind power stations.
[0011] Correspondingly, the synchronous electrical
machine should also be a multiphase machine having
one phase per phase of the asynchronous generator,
each phase being coupled to one of the chokes.
[0012] Additionally, a sensor may be provided for sur-
veying the alternating voltage provided by the power
grid on the power grid side of the choke. This sensor
can signal a breakdown of the voltage to a control unit
controlling the power converters of the generator rotor.
The operation of the generator may thus be switched
into an emergency mode particularly protecting the
transmission of the wind power station against shock im-
pacts. Further, the control may also operate mechanical
or electrical breaks which may be provided in the wind
power station for any of the rotating parts.
[0013] A further sensor may be provided for surveying
a phase angle phi between the at least one alternating
voltage providing by the power grid and the at least one
alternating current supplied by the generator. The signal
of the sensor may be used by a control unit controlling
the phase angle within predetermined threshold values
by supplying appropriate electrical quantities to the elec-
trical machine. This means that the synchronous elec-
trical machine is additionally used as a phase shifter to
provide the at least one alternating current supplied by
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the generator at a desired phase angle phi with regard
to the at least one alternating voltage provided by the
power grid during the normal operation of the wind pow-
er station.
[0014] As usual, a transformer may be electrically ar-
ranged between the generator and the power grid. With
the new wind power station the transformer is preferably
arranged between the choke and the power grid.
[0015] An actual embodiment of the present invention
is a wind power station comprising a wind rotor including
at least one blade mounted to a rotatable shaft; a trans-
mission having an input shaft mechanically coupled to
the rotatable shaft for rotation therewith at a variable in-
put speed, and an output shaft rotating at a variable out-
put speed which is increased at a fixed ratio as com-
pared to the input speed; and an asynchronous double
fed three phase generator having a generator rotor me-
chanically coupled to the output shaft of the transmis-
sion for rotation therewith and electrically coupled to a
three phase power grid via at least one power converter
per phase of the power grid, and a generator stator elec-
trically coupled to a power grid which provides a rotary
voltage having a grid frequency to the generator, the
generator supplying a rotary current to the power grid at
the grid frequency; wherein a protection unit protecting
the generator, the power converters and the transmis-
sion against accidental breakdowns of the rotary voltage
provided by the power grid includes one choke per
phase of the power grid electrically arranged between
the power grid on the one hand, and the generator stator
and at least one of the power converters of the generator
rotor on the other hand, and a three phase synchronous
electrical machine electrically coupled to the chokes.
[0016] In another aspect, the present invention re-
lates to a protection unit for a wind power station com-
prising a wind rotor including at least one blade mounted
to a rotatable shaft; a transmission having an input shaft
mechanically coupled to the rotatable shaft for rotation
therewith at a variable input speed, and an output shaft
rotating at a variable output speed which is increased at
a fixed ratio as compared to the input speed; and an
asynchronous double fed three phase generator having
a generator rotor mechanically coupled to the output
shaft of the transmission for rotation therewith and elec-
trically coupled to a three phase power grid via at least
one power converter per phase of the power grid, and
a generator stator electrically coupled to a power grid
which provides a rotary voltage having a grid frequency
to the generator, the generator supplying a rotary cur-
rent to the power grid at the grid frequency; wherein the
protection unit protects the generator, the power con-
verters and the transmission against accidental break-
downs of the rotary voltage provided by the power grid,
and includes one choke per phase of the power grid
electrically arranged between the power grid on the one
hand, and the generator stator and at least one of the
power converters of the generator rotor on the other
hand, and a three phase synchronous electrical ma-

chine electrically coupled to the chokes.
[0017] It is to be understood that a rotary voltage is
comprised of three symmetrically alternating voltages,
and that a rotary current is comprised of three symmet-
rically alternating currents. One of the alternating volt-
ages and one of the alternating currents correspond to
one of three phases of the power grid, of the generator
and of the synchronous electrical machine.
[0018] Other features and advantages of the present
invention will become apparent to one skilled in the art
upon examination of the following drawings and the de-
tailed description. It is intended that all such additional
features and advantages be included herein within the
scope of the present invention, as defined by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The invention can be better understood with
reference to the following drawings. The components in
the drawings are not necessarily to scale, emphasis in-
stead being placed upon clearly illustrating the princi-
ples of the present invention. In the drawings, like ref-
erence numerals designate corresponding parts
throughout the several views.

Fig. 1 is a single line block diagram of a first pre-
ferred embodiment example of the new wind power
station.
Fig. 2 is a single line block diagram of a second pre-
ferred embodiment example of the new wind power
station; and
Fig. 3 is a block diagram of a third preferred em-
bodiment of the new wind power station in which
three separate lines for three electrical phases are
depicted.

DETAILED DESCRIPTION

[0020] Referring now in greater detail to the drawings,
Fig. 1 illustrates a wind power station 1 connected to a
power grid 2. The wind power station 1 includes a wind
rotor 3 having at least one, typically 2 or 3 blades 4, each
of which being connected to a rotatable shaft 5. Gener-
ally, the rotatable shaft 5 is oriented horizontally at a dis-
tance to the ground which is in the order of the diameter
of the wind rotor 3. Thus, the tips 6 of the blades 4 keep
a distance to the ground of about half of the diameter of
the wind rotor 3. The rotatable shaft 5 of the wind rotor
3 is mechanically coupled to an input shaft 7 of a trans-
mission 8. The transmission 8 is a fixed ratio transmis-
sion increasing the rotational speed of its input shaft 7
into a higher output speed of its output shaft 9. In this
way the rotational speed of the wind rotor 3 is raised into
an operation range of a generator 10, a rotor 11 of which
is mechanically coupled to the output shaft 9 of the
transmission for rotation therewith. A stator 12 of the
generator 10 is electrically coupled to the power grid 2.
The generator 10 is an asynchronous generator which
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is provided with an alternating voltage required for its
operation by the power grid 2 and which provides an
alternating currant at the same frequency as the alter-
nating voltage to the power grid 2. A transformer 13 and
a choke 14 are electrically arranged between the power
grid 2 and the stator 12 of the generator 10. The trans-
former 13 serves for transforming the height of the volt-
age at which the generator 10 is operated into a height
of the voltage at which the power grid 2 is operating. The
transformer 13 does neither affect the frequency of the
alternating voltage provided to the generator 10 by the
power grid 2, nor does it have a considerable effect on
the time at which the alternating voltage to be provided
by the power grid is present at the generator 10 or not.
The choke 14 and a synchronous electrical machine 15
which is coupled to the choke 14 via a branch line to-
gether form a protection unit for the generator 10 and
the transmission 8 of the wind power station 1. The pro-
tection unit protects the generator 10 and the transmis-
sion 8 against breakdowns of the alternating voltage
provided by the power grid 2 for the operation of the gen-
erator 10. Such sudden drops in the operation voltage
of the generator 10 may cause a torque reversal at the
rotor 11 and at the output shaft 9 of the transmission 8
resulting into a shock impact on the shafts and gears in
the transmission 8. Such a shock impact may strongly
reduces the lifetime of a transmission. In case of a
breakdown of the power grid 2 the choke 14 which has
a high inductance decouples the generator 10 from the
power grid 2 so that the breakdown of the power grid 2
is strongly retarded at the generator 10. At the same
time the synchronous electrical machine 15 which is
running with a rotational speed corresponding to the fre-
quency of the alternating voltage previously provided by
the grid 2 provides any reactive power which required
for the operation of the generator 10 and which is nor-
mally provided by the power grid 2. From this state, in
which it is not yet noticeable at the generator 10 at all
that the power grid 2 broke down, the alternating voltage
and its frequency at the generator 10 drop slowly. This
slow drop does not result in any shock impact on the
transmission 8. The inductance of the choke 14 should
be ...

The synchronous electrical machine 15 should be
connected to the choke 14 closer to the generator 10
then to the power grid 2. It is preferred, that the partial
inductance of the choke 14 between the connecting
point and the generator 10 is about one third of the total
inductance of the choke 14. The nominal capacity of the
synchronous electrical machine 15 should be in the or-
der of about 50 % of the nominal capacity of the gener-
ator 10. It is not necessary to have a synchronous elec-
trical machine 15 of the same nominal capacity as the
generator 10.
[0021] Referring now to the embodiment example of
Fig. 2, the following differences with regard to Fig. 1 are
to be noticed. The generator 10 is an asynchronous dou-
ble fed generator. At least one power converter 16 which

is electrically coupled to the power grid 2 on the gener-
ator side of the choke 14 provides electrical quantities
to the rotor 11 of the generator 10. This allows for oper-
ating the generator 10 with a high efficiency over a great
range of rotational speeds of the rotor 11, i.e. of the wind
rotor 3. With a simple asynchronous generator like that
one of Fig. 1 the operation point of the generator 10 can
only be adapted to the actual output speed of the trans-
mission 8 by switching between different pole groups, if
the generator 10 is a multi pole electrical machine. The
power converter 16 in Fig. 2 is controlled by a control
unit 17 adapting the point of operation of the generator
10 to the present wind conditions. Further, the control
unit 17 receives a signal from a sensor 18 surveying the
alternating voltage as supplied by the power grid 2. In
case of a breakdown of the power grid 2 this control unit
17 opens a switch 19 disconnecting the choke 14 from
the power grid 2 to avoid that the broken down power
grid 2 further affects the wind power station 1. Opening
the switch 19 takes some time which is covered by the
decoupling effects of the choke 14. Further, upon a
breakdown of the power grid 2 being signaled, the con-
trol unit 17 operates the power converter 16 in an emer-
gency mode to set down the wind power station 1 in a
gentle way. Setting down the wind power station 1 may
include switching into a no-load operation of the wind
rotor 3 or stopping the wind rotor 3 with a break 20 op-
erated by the control unit 17. Setting down the wind pow-
er station 1 may also include removing any excess elec-
trical energy produced by the generator 10 which may
no longer be supplied to the power grid 2 by means of
a resistor, i.e. by means of converting it into heat.
[0022] Now referring to Fig. 3 in which separate lines
are depicted for the separate phases of the power grid
2, it becomes clear, that the choke 14 comprises one
choke 14a, 14b and 14c, respectively, for each phase
of the power grid 2. The power converter 16 is also di-
vided up into at least three power converters 16a, 16b
and 16c. Correspondingly, the generator 10 and the syn-
chronous electrical machine 15 are both three phase
electrical machines. It is common nomenclature to
speak of rotary current and rotary voltage in the case of
three symmetric phases, i.e. in the case of three sym-
metrically alternating voltages and currents. The addi-
tional feature of the embodiment example according
Fig. 3 is a cos phi sensor 21 surveying a phase angle
between the rotary voltage provided by the power grid
2 and the rotary current provided by the generator 10 to
the power grid 2 in the normal operation of the wind pow-
er station 1. Any deviation of phi from zero, i.e. of cos
phi from 1, results into reactive power to be compensat-
ed by the power grid 2. To avoid this need of compen-
sation the sensor 21 is connected to a further control
unit 22 providing appropriate electrical quantities to the
synchronous electrical machine 15 to use it as a phase
shifter for keeping the value of cos phi within a desired
range. This means, it is made use of the capability of
the synchronous electrical machine 15 to provide reac-
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tive power also in the normal operation of the wind pow-
er station 1. Cos phi can be separately surveyed for all
three different phases. It may, however, often be suffi-
cient to only survey cos phi for one of the phases as a
representative of all three phases. Beside theses de-
tails, the wind power station according to Fig. 3 generally
operates in the same way as those of Figs. 1 and 2.
[0023] Now, typical inductance values of the choke 14
will be given for a wind power station according to any
of the Figs. 1 to 3. The inductance of the choke 14 has
two components: the first component L1 is the induct-
ance of the choke 14 between its end at the power grid
side and the coupling point of the electrical machine 15
to the choke 14 which is the so-called power grid side
tap of the choke 14; and the second component L2 is
the inductance of the choke between the coupling point
of the electrical machine 15 to the choke 14 and its end
at the generator side which is the so-called generator
side tap of the choke 14. The value of L1 is about 50 %
of a nominal reactance of the generator 10 under its ac-
tual operation conditions. With a generator 10 having a
nominal capacity of 1500 kW, and operating at a voltage
of 690 V and at a current frequency of 50 Hz, for exam-
ple, the nominal reactance is 1.011 mH. Thus, L1 is
about 0.505 mH in this example. L2 is to be selected
according to L2 = (L")2/L1 based on L1 and a subtran-
sient reactance of the electrical machine 15. The sub-
transient reactance L" depends on the actual design of
the electrical machine 15. Typically, it is in a range of 6
to 15 % of the nominal reactance of the electrical ma-
chine at its actual operation conditions. When measures
are taken to reduce the subtransient reactance L" of the
electrical machine 15 to keep L2 low, while maintaining
the nominal capacity of the electrical machine 15, the
production costs of the electrical machine 15 are in-
creased. In the following examples (a) to (d), a subtran-
sient reactance being 10 % of the nominal reactance of
the electrical machine 15 is assumed, which is a suitable
compromise with regard to the production costs. For in-
dicating total values of L2 in mH, it is further assumed
that the generator 10 is the generator stated above hav-
ing a nominal capacity of 1500 kW, and operating at a
voltage of 690 V and at a current frequency of 50 Hz.

Example (a): If the nominal capacity of the electrical
machine 15 is one third of the nominal capacity of
the generator 10, i.e. 500 kW, the value of L2 is
about 18 % of the nominal reactance of the gener-
ator 10 under its actual operation conditions, i.e.
0.182 mH.
Example (b): If the nominal capacity of the electrical
machine 15 is one half of the nominal capacity of
the generator 10, i.e. 750 kW, the value of L2 is
about to 8 % of the nominal reactance of the gen-
erator 10 under its actual operation conditions, i.e.
0.081 mH.
Example (c): If the nominal capacity of the electrical
machine 15 is two thirds of the nominal capacity of

the generator 10, i.e. 1.000 kW, the value of L2 is
about 4,5 % of the nominal reactance of the gener-
ator 10 under its actual operation conditions, i.e.
0.045 mH.
Example (d): If the nominal capacity of the electrical
machine 15 is equal to the nominal capacity of the
generator 10, i.e. 1.500 kW, the value of L2 is about
2 % of the nominal reactance of the generator 10
under its actual operation conditions, i.e. 0.020 mH.

[0024] Many variations and modifications may be
made to the preferred embodiments of the invention
without departing substantially from the spirit and prin-
ciples of the invention. All such modifications and vari-
ations are intended to be included herein within the
scope of the present invention, as defined by the follow-
ing claims.

Claims

1. A wind power station comprising:

- a wind rotor including at least one blade mount-
ed to a rotatable shaft;

- a transmission having an input shaft mechani-
cally coupled to the rotatable shaft for rotation
therewith at a variable input speed, and an out-
put shaft rotating at a variable output speed
which is increased at a fixed ratio as compared
to the input speed; and

- an asynchronous generator having a generator
rotor mechanically coupled to the output shaft
of the transmission for rotation therewith, and
a generator stator electrically coupled to a pow-
er grid which provides at least one alternating
voltage having a grid frequency to the genera-
tor, the generator supplying at least one alter-
nating current to the power grid at the grid fre-
quency;

wherein a protection unit protecting the generator
and the transmission against accidental break-
downs of the at least one alternating voltage provid-
ed by the power grid includes:

- at least one choke electrically arranged be-
tween the power grid and the generator stator,
and

- a synchronous electrical machine electrically
coupled to the choke.

2. The wind power station of claim 1, wherein the gen-
erator is an asynchronous double fed generator, the
generator being electrically coupled to the power
grid via at least one power converter, the at least
one power converter being electrically arranged on
the same side of the choke as the generator stator.
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3. The wind power station of claim 1 or 2, wherein a
nominal capacity of the electrical machine is be-
tween 20 and 100 % of a nominal capacity of the
generator.

4. The wind power station of any of the claims 1 to 3,
wherein a nominal capacity of the electrical ma-
chine is between 30 and 80 % of a nominal capacity
of the generator.

5. The wind power station of any of the claims 1 to 4,
wherein a partial inductance of the choke between
the power grid and a coupling point of the electrical
machine to the choke is about 50 % of a nominal
reactance of the asynchronous generator under its
actual operation conditions.

6. The wind power station of claim 5, wherein a partial
inductance of the choke between the coupling point
of the electrical machine to the choke and the gen-
erator stator is about (L")2/L1, wherein L1 is the par-
tial inductance of the choke between the power grid
and the coupling point of the electrical machine to
the choke, and wherein L" is a subtransient reac-
tance of the electrical machine.

7. The wind power station of any of the claims 1 to 6,
wherein the generator is a multiphase generator,
one choke being provided for each phase of the
generator.

8. The wind power station of claim 6, wherein the syn-
chronous electrical machine is a multiphase ma-
chine having one phase per phase of the asynchro-
nous generator, each phase being coupled to one
of the chokes.

9. The wind power station of claim 2, wherein a sensor
is provided for surveying the alternating voltage pro-
vided by the power grid on the power grid side of
the choke, the sensor signaling a breakdown of the
voltage to a control unit controlling the at least one
power converter.

10. The wind power station of claim 1, wherein a sensor
is provided for surveying a phase angle between the
at least one alternating voltage provided by the
power grid and the at least one alternating current
supplied by the generator, the sensor signaling the
phase angle to a control unit controlling the phase
angle within predetermined threshold values by
supplying electrical quantities to the electrical ma-
chine.

11. The wind power station of claim 1, wherein a trans-
former is electrically arranged between the choke
and the power grid.

12. A protection unit for a wind power station compris-
ing:

- a wind rotor including at least one blade mount-
ed to a rotatable shaft;

- a transmission having an input shaft mechani-
cally coupled to the rotatable shaft for rotation
therewith at a variable input speed, and an out-
put shaft rotating at a variable output speed
which is increased at a fixed ratio as compared
to the input speed; and

- an asynchronous double fed three phase gen-
erator having a generator rotor mechanically
coupled to the output shaft of the transmission
for rotation therewith and electrically coupled to
a three phase power grid via at least one power
converter per phase of the power grid, and a
generator stator electrically coupled to a power
grid which provides a rotary voltage having a
grid frequency to the generator, the generator
supplying a rotary current to the power grid at
the grid frequency;

wherein the protection unit protects the generator,
the power converters and the transmission against
accidental breakdowns of the rotary voltage provid-
ed by the power grid, and includes:

- one choke per phase of the power grid electri-
cally arranged between the power grid on the
one hand, and the generator stator and at least
one of the power converters of the generator
rotor on the other hand, and

- a three phase synchronous electrical machine
electrically coupled to the chokes.
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