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(57) Abstract: The invention relates to a method to control power output of a doubly-fed induction machine to a grid including
the steps of measuring grid voltage and grid current in a three phase coordinate system, transforming grid voltage and grid current
into a stator frame coordinate system, decomposing the grid voltage and grid current in the stator frame coordinate system in a
positive sequence system and in a negative sequence system, calculating active and reactive power in the positive and negative se-
quence system, and controlling active and reactive power in the positive and negative sequence system. The object to provide a
method to control power output of a doubly-fed induction machine which provides good dynamics and is able to allow fault-ride-
through operations when unbalanced grid voltages occurs is solved in that active and reactive power in the positive and negative
sequence system are used as independent state variables in a state controller, whereas the state controller generates manipulated
values in the positive and negative sequence system separately which are subjected as manipulated state vectors to a state feedback
in a stator frame coordinate system without further control loops before the manipulated vector resulting from state feedback is
used to set the rotor voltage.
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Direct power control with component separation

The invention relates to a method to control power output of

a doubly-fed induction machine to a grid including the steps:

I

measuring grid voltage and grid current in a three phase

coordinate system,

- transforming grid voltage and grid current into a stator

frame coordinate system,

- decomposing the grid voltage and grid current in the
stator frame coordinate system in a positive sequence

system and in a negative sequence system,

- calculating active and reactive power in the positive and

negative sequence system, and

- controlling active and reactive power in the positive and

negative sequence system.

Furthermore, the invention relates to a device to control
power output of a doubly-fed induction machine (DFIG) to a
grid, a computer program enabling processor means to control
power output of a doubly-fed induction machine and the

advantageous use of the inventive method.

The use of doubly-fed induction machines or doubly-fed

generators (DFIG) in wind turbines together with a converter
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offers a variable speed operation, four-quadrant active and
reactive power capabilities combined with lower converter
expenses and a reduced power loss compared to wind turbines
using fixed speed induction generators or fully-fed
synchronous generators with full-sized converters. The
control of a doubly-fed induction machine is based usually on
either a flux-oriented or stator-voltage-oriented vector
control. The aim of both controlling methods is to decouple
the rotor current into active and reactive current components
and to control active and reactive power supplied by the
doubly~-fed induction machine with a rotor current controller.
The continuity of the power output of the doubly-fed
induction machine is in particular relevant for wind energy
systems like wind turbines and wind turbine plants. In order
to maximize the use of wind power to generate electrical
power it i1s an aim to optimize the control of the DFIG even
for unbalanced grid voltages. Therefore, it 1s desirable to
keep the generator cconnected to the grid as long as possible
and to eliminate or reduce the effect of the unbalanced grid
voltages. The common control methods, however, are not
optimized to handle unbalanced grid voltages, because
unbalanced grid voltages cause unbalanced stator currents
which produce torgque pulsations of the rotor. This results in
a higher wear of the mechanical elements for example of a
wind turbine. In order to provide a control of the active and
reactive power of a DFIG under unbalanced grid voltages it
was proposed by Young et al. in “Active and reactive power
control of DFIG for wind energy conversation under unbalanced
grid voltage”, Power Electronics and Moticn Control
Conference, IPEMC 2006 to decompose the power control into a
power control of the positive sequence components and

negative sequence components, whereby a power controller and
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a subordinated current controller are used to generate
manipulated vectors in the positive sequence system and the
negative seguence system which are added together in order to
control the rotor current of the DFIG. Although, the known
method to control power output of a DFIG considers unbalanced
grid voltages the dynamics of the known method can be

improved.

Therefore, it is an object of the present invention to
provide a method for controlling power output of a doubly-fed
inducticon machine which provides good dynamics and is able to
allow fault-ride-through operations when unbalanced grid
voltages occur. Furthermore, it is an object of the present
invention to provide a device to control power output of a
doubly-fed induction machine and a computer program product.
Finally, the invention shall propose at least one

advantageous use of the inventive method.

According to a first aspect of the invention, the above
mentioned object is solved in that active and reactive power
in the positive and negative seguence system are used as
independent state variables in a state controller, whereas
the state controller generates manipulated values in the
positive and negative sequence system separately which are
subjected as manipulated state vectors to a state feedback in
a stator frame coordinate system without further control
loops before the manipulated vector resulting from state
feedback is used to set the rotor voltage. Preferably,
setting the rotor voltage takes place in the rotor frame

coordinate system.
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In opposition to the prior art control method described above
the inventive method does not use further subordinated
control loops to generate the manipulated vector and is
therefore a direct power control method with only one state
controller. This enhances the dynamics of the control method
considerably. The abandonment of further subordinated control
loops is possible due to the use of a state feedback to which
the manipulated vector generated by the state controller is
subjected to. Unbalanced grid voltage states effect only the
manipulated values generated by the controller for the
negative seguence system. Hence, a quick control of the
states into a balanced grid voltage state is possible.
Furthermore, independently of the control of unbalanced grid
voltage states it 1s possible to control in parallel the
power output with high dynamics via the manipulated values
generated by the controller for the positive sequence system.
A “Fault-Ride-Through” operation is possible. As a result the
inventive control method provides a control with a
considerably higher dynamic which allows additionally a

“Fault-Ride-Through” operation.

According to a first embodiment of the present invention the
state controller generates manipulated values separately for
the positive and negative sequence system with which a state
vector in the stator frame coordinate system is generated
separately for the positive and negative sequence system in
order to simplify state feedback in the stator frame

coordinate system.

To reduce the effort for the state feedback according te a
next preferred embodiment of the inventive method the

manipulated state vectors cf the positive sequence system are
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added to the state vector of the negative sequence system
before the resulting single state vector is subjected to the

state feedback.

The inventive control method can be improved further
according to a next embodiment of the present invention in
that a state feedback vector for the positive and/or negative
sequence system and/or the dc component system is added to
the state vector during state feedback. Separating the state
feedback vectors into feedback vectors of the positive and
negative sequence systems and a dc component system allows on
the one hand a state feedback separately for the different
components which simplifies the control algorithms. On the
other hand in particular the state feedback vector of the dc
component system allows to feed back state deviations
occurring temporary at grid faults. Moreover separate feed
back for the different components improves the dynamic of the

inventive control method additionally.

The costs for implementing the inventive control method can
be reduced even compared to conventional methods to controcl
power output of doubly-fed induction machines in that
preferably the stator voltage and the rotor current together
with values of the rotor position and the rotor speed are
used to calculate the state feedback vectors in the positive
and negative sequence system as well as in the dc component
system. For variable speed contrcl of the DFIG relatively
expensive dc-current measurement means on the rotor side are
needed anyway to guarantee stability around synchronism. On
the stator side usually inexpensive ac-current measurement
means are installed. But for accurate control during grid

transients the influence of the dc-components of the stator
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current has to be taken into account. Hence, the expensive
use of means to measure the stator current dc-components can
be avoided. Due to the use of the stator voltage and rotor
current to calculate the state feedback vectors the accuracy

of the inventive control method is given.

According to a next advantageous embodiment of the present
invention, the state controller receives as input values the
difference of preset values and measured values for the
active and reactive power in the positive and negative
sequence system to generate a manipulated value, whereas
opticnally each manipulated value is generated by a single
controller. At first this enables an easy way to preset
active and reactive power output of the DFIG by simply
setting the preset values of the active and reactive power in
particular in the positive sequence system. The “Fault-Ride-
Through” operation can be easily allowed by setting wvalues
for the active and reactive power in the negative sequence
system. Furthermore, the dynamic can be further improved if

each manipulated value is generated by a single controller.

Preferably according to a next advantageous embodiment of the
invention, the state controller comprises at least one PI-
controller. Proportional plus integral controllers are very
simple controllers with a high dynamic. However, it is
possible to use more complex controllers, inter alia a PID-
controller, to generate manipulated values for the state

vectors, too.

According to a next embodiment of the invention the preset
values of the active and reactive power in the positive and

negative sequence system are limited to preset values. This
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allows a simple limitation of preset values, in order to
protect the DFIG for damages due to improper preset values of

the active and reactive power.

Since the manipulated values of the controller are state
variables it is preferred according to a next embodiment of
the present invention that the manipulated state vectors in
the positive and negative sequence system ¢f the stator frame
system are calculated separately using the stator voltage
vector and the manipulated values generated by the state
controller. As a result the state vectors are transformed
into the stator frame coordinate system which can be easily
subjected to the state feedback in the same coordinate

system.

According to a further preferred embodiment of the present
invention the limitation of the components of each state
feedback vector as well as the limitation of the components
of the state vectors of the positive and negative sequence
system 1s prioritized in order to avoid impessible state
vectors which are used to set the rotor voltage. This is a
further possibility to protect the DFIG against damages. The
prioritization according to further embodiment takes places
in that at the latest the state feedback vector of the
positive sequence system is limited, in order tc allow under
all circumstances a good control of the regulation of the
active and reactive power output in line with the stator

frame system.

Finally according to a further embodiment of the present
invention, the state controller generates voltage values of

the active and reactive power in the positive and negative
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sequence system as manipulated values. This allows the simple
use of the measured stator voltage values in the pesitive and
in the negative sequence system to transform the manipulated
values generated by the controller into the positive and
negative sequence system of the stator frame coordinate
system. Of course it is possible that the state controller
generates current values related to active and reactive power
values. However, this may lead to a more complex realization

of the inventive method.

According to a second aspect of the present invention the
above mentioned object is solved by a device for controlling
the power output of a doubly-fed induction machine to grid
enabling the inventive method and comprising means to measure
grid voltage and grid current, means to transform grid
voltage and grid current into a stator frame coordinate
system, means to decompose at least positive and negative
seguence system components of the grid voltage and grid
current, means to calculate active and reactive power in the
positive and negative sequence system, a state controller,
which generates manipulated state values in the positive and
the negative sequence system separately and to provide a
state feedback to generate a manipulated vector used to set

rotor voltage.

According to a next aspect of the present invention the above
mentioned object is solved by a computer program enabling
processor means to control power output of a doubly-fed
inducticn machine according to the inventive method. Although
in most cases a computer program realizes the inventive
method it is even possible to realize the inventive method

partly or completely implemented in hardware.
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At least according to a fourth aspect of the present
invention, the above mentioned object i1s solved by the use of
the method to control power output to a grid of a wind
turbine or a wind park comprising wind turbines with doubly-

fed induction machines.

With respect to the advantages of the inventive device,
computer program and inventive use of the inventive method,
it is referred to the statements regarding the first aspect

of the present invention.

There are a lot of possibilities to develop the inventive
method to control power output of a doubly-fed induction
machine, the inventive device to control the power output of
a DFIG, the inventive computer program or the inventive use.
Hereunto it is referred to the subordinated claims of claim 1
as well as to the description of a preferred embodiment of

the present invention together with the drawings.

In the single Fig. 1 of the drawing a preferred embodiment of
the inventive method is shown in a schematic block diagram.
At first Fig. 1 shows the utility grid 1 and the doubly-fed
induction machine 2 abbreviated with DFIG. In order to
provide the inventive method, means to measure the grid
voltages 3 and the grid currents 4, both in a three phase
system, are shown. Thereafter the measured grid voltages and
grid currents are transformed into a stator frame coordinate
system ab with means 5, 6. Derived from the stator frame
coordinate system, a positive sequence system and a negative
sequence system are defined and the measured voltage and

current values are transformed into both systems.
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Usually the voltage and current vectors in the positive

sequence system rotate with 50 Hz respectively 60 Hz in

mathematical positive direction, whereas the vectors in the
negative sequence system rotate in opposite direction also
with 50 Hz, respectively 60 Hz. The decomposition into the
components of the positive and negative sequence system of
the measured grid voltage 3 and the measured grid current 4

is done in blocks 7, 8.

The separation or decomposing into a positive sequence system
and a negative sequence system can be achieved by using
appropriate filters not shown in the drawing. The values of
the grid voltage and the grid current in the positive and
negative sequence systems are delivered to means 9 to
calculate power values Ppos, Qposs Pneq and Qneg of the positive
and the negative sequence system. In the positive sequence
system the values of Ppgs ana Qpes are determined as follows

from the measured grid voltage and current values:

*

PPUS = Re{yn,pns '1n,pos} (1)

or alternatively

Ppm‘ = Re{ﬂn,pm‘ 'l-n,pos}'*' Re{yn,neg 'z;z,neg} (2)
with:

u as measured grid voltage vector in the positive sequence

Zn, pos

stator frame coordinate system and
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i as conjugate complex grid current vector in the positive

Zn,pos

sequence stator frame coordinate system.

The alternative calculation considers influence of the

negative system on the active power, too.

Reactive power in the positive sequence system is for example

calculated with means 9 using:

Opos = 10 s 1 | (3)

or alternatively:

ons = Im{%n,pos 'in,pos }+ Im{yn,neg : in,neg} ( 4 )

Active and reactive power in the negative sequence system are

defined as:

R N NP
P”Eg _Re{yn,pm € ln,neg +Re nneg € En,pns (5)

~

- e N, e
Qneg "Im{yn,[ms € Ly neg +Im Y opeg € “n,pos (6)

with phi= drglu, .|

In the steady state is Ang@mm&%:mnf with @, as grid

frequency and the values of the negative sequence power Ppeg
and Qpeg are dc components since the products of positive and
negative sequence voltage and current vectors are transformed
with the double angle of the positive sequence voltage

vector.
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The values for the active and reactive power separately in
the positive and the negative sequence system are subtracted
from preset values for the active and reactive power in the
positive and negative sequence system 10, 11, 12, 13 which
are set in order to control the power output of a doubly-fed

induction machine.

The four values achieved by subtracting the actual values for
active and reactive power in the positive and negative
sequence system from preset values are provided to a state
controller 14 which is formed in the present embodiment of
the invention by four independent controllers 15, 16, 17 and
18. Each controller 15, 16, 17 and 18 generates a manipulated
value UPpos, UQpos, UPneg @and uQney depending on the regulation
characteristic of the controller. Presently, said values are
voltages values. In the present embodiment of the invention
each controller 15, 16, 17 and 18 comprises a proportional-
integral (PI) controller. The manipulated values generated by
the contrcllers 15, 16, 17 and 18 are related to the active
and reactive power in the positive respectively in the

negative sequence system.

The manipulated values of controller 15 for the active power
in the positive sequence system preferably comprise a
rotational speed dependence. Heretofore controller 15
comprises optionally a further input to achieve values of the

rotational speed of the rotor from means 32.

The manipulated values generated are state values which can
be combined to a state vector for each component system.

However, in order to use the state vector for the power
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control it is advantageous to transform the resulting state
vector into the positive and negative sequence system of the

stator frame coordinate system which is done by means 19 and

20.

Means 19 and 20 use the measured stator values 21 first
transformed with means 22 into stator frame coordinate system
ab and decomposed into a positive and negative sequence
system as well as in a dc component system by means 23. The
transformation of the state values to a state vector in the
positive and negative sequence system of the stator frame
coordinate system uses the stator voltage vectors USpcs, USheq
in the stator frame coordinate system ab decomposed into the
positive and negative sequence system done with means 23. The
following equation can be utilized for calculation of the
positive sequence state vector components of the controller

14:

(U Ppos . USposa + Uons ' USposb)
Ucg,posa — (7 )
IuSpOS

and for the second component of the state vector:

. (U.Ppos - USposh - UQpos - USposa)
Ue,posh = ‘U.S ' (8)
pos|

For the negative sequence system the components of the state

vector are achieved with the following equations:

{UPneg - USnega + UQneg * USnegb)

Heinega = |USneg1
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and

(U.Pneg - USnegh — UCheq - U.Snega)

uC,HEQb B |U.Sneg\

As a result, state vectors in the positive and negative
sequence system of the stator frame coordinate system are
achieved, which are subjected to the state feedback 24 in
order to set the rotor voltage with the machine side

converter 25.

The state vectors generated by means 19 and 20 are subjected
to the state feedback 24. In the present embodiment of the
invention both vectors are added so that the resulting state
vector includes both systems, on the one hand the positive
sequence system and on the other hand the negative sequence
system. In the following state feedback 24, a state feedback
is done separately for the positive sequence system with
means 26, the negative sequence system with means 27 and the

dc component system with means 28.

Means 26, 27 and 28 use the positive sequence system, the
negative sequence system and dc component system measured
values of the rotor current for the three different state
feedbacks. The rotor current is measured by means 38. The
different system components are derived by means 29 which
uses the rotor current values already transferred in the
stator frame coordinate system, determined by means 30a and
30. To transfer the measured rotor current values into the
stator frame coordinate system, the rotor position angle is

measured with means 31 and provided to a position encoder 32
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which determines the rotor position angle and the rotor

speed.

Means 26, 27 and 28 which calculate the state feedback
vectors in the different component systems additionally need
the rotor speed determined by the position encoder 32 as well
as the stator voltage values decomposed in the different
systems, the positive sequence system, the negative sequence
system and the dc component system. For the stator voltage
this is done with means 23 using measured stator voltage

values.

Now, the state feedback is exemplary described for the

positive sequence system in the following.

In principle, power output to a grid is the sum of power
output of the stator 40, power output of the lineside
converter 37 and the power output of parallel filter 39. The
power of the filter 39 depends directly on the grid voltage
and cannot be controlled with the converter. Therefore, the

part of the filter power is not discussed in the following.

Decoupled controllers for the power output of the lineside
converter 37 are well known in the art. Therefore, the

discussion of the power output of the lineside converter 37

is omitted, too.

For the power output of the stator 40 of the doubly-fed
induction machine ,the following equation is applied 1in the
positive sequence system in the stator frame coordinate

system:
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S s pos = Ui pos b o (11)
with
u, ., sStator voltage vector in the positive sequence system;
i i conjugate complex stator current vector in the positive

Zs,pos

sequence system;

P . =Rels

. pos stator active power and

S, pos }
kam=lnﬁ§&mm} stator reactive power

With the aid of the flux equations of the doubly-fed

induction machine:

v :ls 'l.s,pm' +lm 'zr,pos ( 12 )

L_s,pos

y_/_r,pos - lm ’ iSsPOS + l’ ) i’,POS ( 13 )

equation (11) becomes:

¢ v, -t v)

fuaedly ¥ ) .
=8, pos =5, pos 2
11 -1

with

1. = stator path inductance
1, = rotor path inductance
1m

= main inductance
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A further state equation for the doubly-fed induction machine

is:

U, =r, “+£s
and

U =1l W Y
with

us: stator voltage vector in the stator frame

systemn,

ry: resistance of the stator,

is: stator current vector,

Us: stator flux vector,

yr: rotor flux vector,

Wrot: Trotational speed of the rotor.

This yields to the following state eguations:

%S = y-.\' - }A,\‘ : l.&‘

(16)

coordinate
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Equation (14) shows that the eigenvalues of the state
equations (17) and (18) determine the characteristics of the

stator power transients.

Since the eigenvalues of the state equations (17) and (18)
depend on the working point of the DFIG and therefore from
rotation frequency of the rotor, the state feedback allows to
compensate this dependency and to provide constant

elgenvalues independent of the rotational speed of the rotor.

On the one hand, the dependency of the eigenvalue of stator
flux of equation (17) from the rotational frequency is low
because mainly the grid voltage determines the stator flux.
On the other hand, in order to force the damping on the
stator side high rotor voltages are necessary, which lead to

uneconomical systems.

The eigenvalue of equation (18) 1is strongly dependent from
the rotational speed of the rotor, which means that the
eigenvalue of the rotor flux is suitable to force the damping

of the doubly-fed induction machine 2.
The rotor voltage vector Ur,pes in the positive sequence system

is put together of the positive sequence state vector Ug,pes 19

and the positive sequence state feedback Urfeeds,pos 26.

Ur,pos = Ug,pos T Ureedb,pos (19)

with

U pos :uc,posa+J "YUy posh
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The state feedback in the positive sequence system is defined

as:

ﬂﬁzedb,pos = __K_pm : l// + 7"', ‘ ir ( 21 )

L_r,pos

The feedback component of r-i, is small and can often be

neglected in the praxis.

Using equation (18) together with equation (21}, feedback

10 vector Kpos can be chosen in a way that the dependency of the
rotational speed disappears and the damping, respectively the
eigenvalues of the state equations (17) and (18) are
rotational speed invariant. This can be achieved by choosing
a rotational dependent complex state feedback vector Ky.s. For

15 example if Ky,s 1s chosen in the following way:

miK ,,, =0, (22)
1
RefK = —— (23)
Tl,pos
20
With Ti,pes as a damping constant it follows that Ky 1s
defined as:
_..__p()s=—+j'a)ml (24)
1, pos
25
This yields to the following eguation:
° 1
' =¥ +gc,pos (25)

—r,pos :Z"I’pm LB, POS
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with a laplace transformation the transfer function is

achieved:
G(S) - Z/_r,pos — ]—;,pos ( 26 )
Hc,pos 1 + T;,pos ) §
And it follows:
T .
1, pos (2 7 )

v = U pos
e 14 Ti pos ) "’

The rotor flux has the typical behaviocur of a PT1 system in

positive sequence system with a damping time of Ti, pes-

Finally, the rotor voltage vectcor in the positive sequence

system is defined as:

1 . .
_Z_";r,pos:zc,pos_( +J'a)mZJ'% +r-1, (28)
1.pos

It results a state feedback control for the positive sequence
system with a PTl-behaviour, which can be adjusted in an easy
way by choosing an appropriate Ti ,0s. The damping behaviour of
the PTl-system is well known, so that the states of the DFIG

are well controlled even with unbalanced grid voltages.

Choosing the damping constant Ti,pes is preferably done for the
positive and negative sequence system as well as for the dc
component system separately, which allows trimming of the
damping of the DFIG 2 in a broad range for different grid
states differently. Usually the time constant T; has a small
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value like 0,015 s in order to achieve a quick response of
the DFIG on unbalanced grid voltage states. On the other hand
the value of Ti,pes is limited by the controller hardware and

the dc link voltage.

The only unknown value in order to calculate the vector to
set rotor voltage is rotor flux Yy, in the positive sequence

system. However, W, can be calculated by using an observer
model and the measured values of ug, i. and the rotational

speed and angle of the rotor measured with means 31. However,

the type of calculation of the rotor flux y, is not essential

for the present invention.

The same is possible for the negative sequence system as well
as for the dc component system used in the present inventive
method. It results in different state feedback vectors with
PT1 behaviour which ensure a guick response of the power

control for a DFIG system.

The state vectors calculated in the above mentioned way are
added separately for each component to the state vectors
calculated by means 19 and 20. Due to the independency from
the rotaticonal speed, the resulting manipulated vector for
setting the rotor voltage is provided at first in the stator
frame coordinate system ab and transferred into the rotor
frame coordinate system by means 33 and to the rotor three
phase coordinate system by means 34. The resulting values can
be provided to the PWM-control of the machine side converter

25 to set the rotor voltage.

However it is possible that the control described above

generates state vectors which are not allowed and which
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cannot be set with the machine side converter. Means 35
limits the output values of each state vector 19, 20, 26, 27,
28 to preset values. It is possible to prioritise the
limitation of the state vectors in the way that the state
vector of the positive sequence system is limited as last
vector. Since the state feedback vector of the positive
sequence system provides active and reactive power in the
stator frame coordinate system, the power control pricritises

control of non-oscillating active and reactive power.

Optionally, the inventive control method provides a
limitation of the preset values for the active and reactive
power in the positive and negative sequence system in order
to allow only manipulated values which are achievable for the
active and reactive power in the different systems. This is
done by means 36. Both measures increase reliability of wind
turbines or wind parks comprising wind turbines with doubly-

fed induction machines.

As can be derived from Fig. 1, the embodiment of the
inventive method to control power output of a doubly-fed
induction machine uses only one contrcoller 14 and does not
use any subordinated regulation loops to generate the
manipulated values respectively vectors. It results that the
dynamic of the inventive method is very good and even for
unbalanced grid voltage a good control about power output of
the doubly-fed inductiocn machine is achieved in order to

provide a “Fault-Ride-Through” operation.
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Claims

Method to control power output of a doubly~fed induction

machine to a grid including the steps:

- measuring grid voltage and grid current in a three

phase coordinate system,

- transforming grid voltage and grid current into a

stator frame coordinate system,

- decomposing the grid voltage and grid current in the
stator frame coordinate system in a positive seguence

system and in a negative sequence system,

- calculating active and reactive power in the positive

and negative sequence system, and

- controlling active and reactive power in the positive

and negative seguence system,

wherein, active and reactive power in the positive and
negative sequence system are used as independent state
variables in a state controller, whereas the state
controller generates manipulated values in the positive
and negative sequence system separately which are
subjected as manipulated state vectors to a state
feedback in a stator frame coordinate system without

further control loops before the manipulated vector
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Method according to claim 1,

wherein the state controller generates manipulated values
separately for the positive and negative sequence system
with which a state vector in the stator frame coordinate
system is generated separately for the positive and

negative sequence system.

Method according to one of claim 1 or 2,

wherein the state wvector of the positive sequence system
is added to the state vector of the negative sequence
system before the resulting single state vector is

subjected to the state feedback.

Method according to claim 1 to 3,
wherein a state feedback vector for the positive and/or
negative sequence system and/or the dc component system

is added to the state vector as state feedback.

Method according to claim 1 to 4,

wherein the stator voltage and the rotor current together
with values of the rotor position and the rotor speed are
used to calculate the state feedback vectors in the
positive and negative seguence system as well as in the

dc component system.

Method according to claim 1 to 5,

wherein the state controller receives as input values the
difference of preset values and measured values for the
active and reactive power in the positive and negative

sequence gystem to generate a manipulated value, whereas
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optionally each manipulated value is generated by a

single controller.

Method according to claim 1 to €,
wherein the state controller comprises at least one

proportional-integral (PI) controller.

Method according to claim 1 to 7,
wherein the preset values of the active and reactive
power in the positive and negative sequence system are

limited to preset values.

Method according to claim 1 or 8,

wherein the manipulated state vectors in the positive and
negative sequence system of the stator frame system are
calculated separately using the stator voltage vector and

the manipulated values generated by the state controller.

Method according to claim 1 to 9,

wherein the values of the components of the manipulated
vectors as well as the values of the components of each
state feedback vector added to the manipulated vectors

are limited.

Method according to claim 1 to 10,

wherein the limitation of the components of each state
feedback vector as well as the limitation of the
components of the state vectors of the positive and

negative segquence system is prioritized.

Method according to c¢laim 1 to 11,

wherein the state controller generates voltage values of
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the active and reactive power in the positive and

negative sequence system as manipulated values.

Device for controlling the power output of a doubly-fed
induction machine (DFIG) to a grid enabling a method
according to claim 1 to 12 comprising means to measure
grid voltage and grid current, means to transform grid
voltage and grid current into a stator frame coordinate
system, means to decompose at least positive and negative
sequence system components of the grid voltage and grid
current, means to calculate active and reactive power in
the positive and negative sequence system, a state
controller, which generates manipulated state values in
the positive and the negative sequence system separately
and to provide a state feedback to generate a manipulated

vector used to set rotor voltage.

Computer program enabling processor means to control
power output of a doubly-fed induction machine according

to claim 1 to 12.

Use of the method according to one of claim 1 to 13 to
control power output to a grid of a wind turbine or a
wind park comprising a plurality of wind turbines

including doubly-fed induction machines.
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