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turbance. The method comprises the steps of controlling active current in dependency of the frequency deviation from a reference
frequency, and controlling reactive current in dependency of the voltage deviation from a reference voltage. The invention also
relates to a wind turbine and wind park.
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METHOD FOR OPERATING A WIND TURBINE CONNECTED TO A UTILITY GRID DURING A

UTILITY GRID DISTURBANCE, WIND TURBINE AND WIND PARK

Background of the invention
The invention relates to a method for operating a wind turbine connected to a utility

grid during a utility grid disturbance, wind turbine and wind park.

Description of the related art

When a wind turbine generator or wind park connected to the utility grid in a point of
common connection (PCC) experiences a disturbance onz said grid e.g. a voltage
drop, it always has a major impact on the operation and control of the wind turbine

and/or wind park.

In order to support the grid during said disturbance, recent grid codes require that
different power parameters is controlled according to the severe ness of the grid

disturbance.

Various methods have been suggested for controlling wind turbines during the grid
disturbance. European patent no. EP 1 493 921 discloses an example of a method for
controlling the phase angle between active and reactive power in dependency of

measured voltage level.

A problem with the solutions of the above mentioned EP-patent is that 1t may not
sufficiently support the utility grids during utility grid disturbances due to the

complexity of said disturbances.

It is an object of the present invention to describe a flexible strategy for operating a

wind turbine during a disturbance on the utility grid.
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The invention

The invention provides a method for operating a wind turbine connected to a utility

orid during a utility grid disturbance, said method comprises the steps of:

controlling active current in dependency of the frequency deviation from a reference

frequency, and

controlling reactive current in dependency of the voltage deviation from a reference

voltage.

Hereby it is ensured that the generated active power/current from the turbine helps in
stabilizing the utility grid frequency and the generated reactive power/current from
the turbine helps in stabilizing the utility grid voltage. Furthermore it is ensured that
the wind turbine stay connected to the utility grid during said grid disturbance.

Further it is ensured that the wind turbine comply with defined grid codes.

In one aspect of the invention active and/or reactive current is supplied to the utility
orid connection point of the wind turbine by other types of sources beyond the wind
turbine. Her eby it is ensured that power produced by other types of sources is
controllable supplied to the utility grid during said grid disturbance. Other types of

sources can e.g. be capacitor banks, diesel generators etc.

In another aspect of the invention said controlling of active and reactive current is
executed after at least one control algorithm. Hereby it is ensured that said control
can be done e.g. on the basis of actual measured parameters producing an optimal

control of said currents.

In another aspect of the invention said control algorithm is implemented in at least
one PID controller. Hereby it is ensured that the control is managed by well known

and reliable methods.
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In another aspect of the invention said control algorithm 1s:

ka,,Af“ +zkz,,(jAfd¢)" +de [ f]

n=0 n=0 n=0 t

=S I, AU +3 ki (|AU dr) S kd, vy
e n + t H + i
n=0 kp” n=0 Z’I n=0 \ dt /

where iq is the active current and ip 1s the reactive current.

Hereby it is ensured that controlling of the wind turbine can be adapted to fulfil many
specific demands in a flexible way, depending of the coefficients of said control
algorithm. Furthermore it is ensured that the control algorithm can be adapted to

fulfil the compliance with various grid codes.

In another aspect of the invention values of drive train oscillations Aw are additional
control parameters of said active current control. Hereby it is ensured that
mechanical oscillations of the drive train, triggered by the grid fault event, can be
damped resulting in a reduction in mechanical loads on said drive train. Furthermore

it is ensured that also other types of oscillations of the drive train can be damped.

In another aspect of the invention said control algorithm is:

+k,Aw

kanAfn +Zkl,,(j‘Afdt)n+de /df\?z

n=0 n=0 n=0 \ dt Y,

o =S kg, AU + S, (AU dy + 3, (dUT

n=0 1n=0 n=0 dt

and where ig is the active current and ip 1s the reactive current.



CA 02664924 2009-03-27

WO 2008/040350 PCT/DK2007/000423

10

15

20

25

30

Hereby it is ensured that damping of said drive train oscillations can be optimized

depending of the coefficients of said control algorithm.

In another aspect of the invention said active current is controlled in dependency of
the frequency deviation outside of a frequency dead band comprising a reference
frequency. Hereby it is ensured that the active current only is controlled/regulated if

said grid disturbance has a greater impact on the frequency of the grid.

In another aspect of the invention said reactive current is controlled in dependency of
the voltage deviation outside of a voltage dead band comprising a reference voltage.
Hereby it is ensured that the reactive current, during a grid disturbance, only 1s
controlled/regulated if said grid disturbance comprise a greater voltage drop and/or
that said control/regulation only is executed if said voltage drop has a greater impact

on the operation of said wind turbine.

In another aspect of the invention said frequency dead band is in the range of == 4 %o
from said reference frequency e.g. 49.8 Hz to 50.2 Hz in a 50 Hz system. Hereby 1t 1s

ensured that said frequency dead band comply with existing grid codes.

In another aspect of the invention said voltage dead band is in the range of 100% to

85% of said reference voltage, preferably in the range of 100% to 90% of said

reference voltage.

In another aspect of the invention said reference values of voltage and/or frequency
are utility grid nominal values e.g. a nominal frequency value of 50 or 60 Hz. Hereby
it is ensured that said invention comply with the utility grid to which the wind turbine
is connected. Furthermore it is ensured that said invention comply with specified grid

codes.
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The invention also relates to a wind turbine connected to a utility grid during a utility
orid disturbance comprising control means for controlling the wind turbine with a

method according to any of the preceding claims.

In another aspect of the invention said wind turbine comprise a variable speed
generator and at least one converter system to control active and/or reactive current

supplied to the utility grid.

The invention also relates to a wind park comprising at least two wind turbines.

In one aspect, the invention provides a method for operating a wind turbine
connected to a utility grid during a utility grid disturbance, said method comprises

the steps of:

calculating a deviation in active current as a function of grid frequency and

a reference frequency;

controlling generated active current from the turbine dependent upon said
calculated active current deviation,

calculating a deviation in reactive current as a function of grid voltage and
a reference voltage; and

controlling generated reactive current from the turbine dependent upon said

calculated reactive current deviation.

Figures

The invention will be described in the following with reference to the figures in

which
fig. 1 illustrates a large modern wind turbine including three wind turbine
blades in the wind turbine rotor,
fig. 2 illustrates schematically a preferred embodiment according to the
" invention of a wind turbine with a control system for controlling the
pitch angles of the wind turbine blades,
fig. 3 illustrates as an example a voltage/time curve illustrating an realistic

voltage dip on the grid,
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fig. 4 illustrates for one preferred embodiment of the invention the active
and reactive current controller during normal operation i.e. no grid

disturbance,
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fig. 5 illustrates for a preferred embodiment of the invention the active and

reactive current controller during a grid disturbance,

fig. 6 illustrates a simulated grid disturbance comprising a voltage dip and a
frequency dip,
figs. 7a-e illustrates the response of different embodiments of the active and

reactive current controllers during a grid disturbance.

Detailed description

Fig. 1 illustrates a modern wind turbine 1 with a tower 2 and a wind turbine nacelle 3

positioned on top of the tower.

The wind turbine rotor, comprising at least one blade such as three wind turbine
blades 5 as illustrated, is connected to the hub 4 through pitch mechanisms 6. Each
pitch mechanism includes a blade bearing and pitch actuating means which allows

the blade to pitch. The pitch process is controlled by a pitch controller.

As illustrated in the figure, wind over a certain level will activate the rotor and allow
it to rotate in a perpendicular direction to the wind. The rotation movement is
converted to electric power which usually is supplied to the utility grid as will be

known by skilled persons within the area.

Fig. 2 illustrates schematically one preferred embodiment of a wind turbine with a

control system, or controller, for controlling the operation of a wind turbine.

Data of the wind turbine 1 are measured e.g. with sensor means 7 located in the
nacelle 3 such as pitch position sensors, blade load sensors, rotor azimuth sensors,

tower acceleration sensors etc. The measured sensor data are supplied to computing
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means 8 in order to convert the data to feedback signals. The feedback signals are
used in various control systems e.g. the pitch control system 9a for controlling the
pitch angle by establishing control values for controlling said at least one wind

turbine blade 5.

Furthermore sensor means (not illustrated) can comprise means for measuring
parameters of components or systems connected to said wind turbine such as actual
supplied power and/or current to a utility grid, actual frequency of the grid or like.
Said measured parameters are also supplied to computing means 8 in order to convert
the data to feedback signals used for the control of e.g. a wind turbine converter

control system.

The computing means 8 preferably includes a microprocessor and computer storage
means for continuous control of the said feedback signal.

Since many grid disturbances are caused by short circuits somewhere in the utility
orid resulting in excessive power consumption (dissipation), the grid disturbance

may influence both the voltage level in PCC and the frequency of said grid.

As the frequency in the utility grid is determined/influenced solely by the balance
between active power production and active power consumption, the generated
active power/current from the turbine helps in stabilizing the utility grid frequency
whereas the voltage in the PCC is mainly influenced by the reactive power/current

generated by the wind turbine/wind park.

Fig. 3 illustrates an example of a voltage vs. time curve illustrating a realistic grid

fault event.

Since many grid disturbances are caused by short circuits somewhere in the utility
orid resulting in excessive power consumption (dissipation), the grid disturbance

may influence both the voltage level in PCC and the frequency of said grid.
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As the frequency in the utility grid is determined/influenced solely by the balance

between active power production and active power consumption, the generated

active power/current from the turbine helps in stabilizing the utility grid frequency

whereas the voltage in the PCC is mainly influenced by the reactive power/current

generated by the wind turbine/wind park.

For the shown example, time = 0 when the voltage drops to below a Ulnreshotd 01 €.8.

85% of nominal. For this example the grid fault lasts approx. 100 ms as indicated on

the figure. It is important for the operation of a wind turbine that it 1s able to stay

connected to the grid during said fault event in order to continuously supply power to

the grid.

With reference to fig. 4 and fig. 5:

P*’ Q*

P,Q

ia, 1b, ic

are reference active and reactive power demands
respectively defined by an external control structure such
as external wind turbine control, grid operator etc.

are measured active and reactive power respectively
sﬁpplied to the utility grid.

is a reference frequency defined by an internal generated
frequency generator with a frequency of e.g. 50 or 60 Hz
or defined by external control structure such as external
wind turbine control, grid operator etc.

is the measured frequency of the grid.

is a reference voltage e.g. defined externally such as by a
orid operator, an external control structure or a fixed
defined value.

1s the measured voltage of the grid.

are the measured 3-phase current supplied to the grid.
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ig*, 1d* are demanded active and reactive currents respectively
from a power controller

1q, id are the measured active and reactive currents respectively
supplied to the grid, transformed from said 3-phase
current. :

vq*, vd* are regulated voltage references.

Sa, Sb, Sc  are regulated 3-phase control signals to a converter.

Fig. 4 illustrates for one embodiment of the invention the power control system

during normal operation i.e. without utility grid disturbance.

Said power control system is preferably implemented on a microprocessor based
system, executing preprogrammed algorithms for regulating a set of output

parameters on the basis of sets of input parameters.

For one embodiment of the invention the active power control system 10 1s operated

in the following way:

The difference (error) between the actual supplied power P and the demanded P* 1s
fed to a first controller 12 providing a demanded current signal iq*. Said iq* is in
turn subtracted from a signal iq representing the measured active current supplied to
the grid. The result is a current regulation signal that is supplied to a second
controller 13 producing a regulated voltage reference signal vq*. The signal 1q 1s a
transformation of actual measured 3-phase current supplied to the grid ia, 1b, 1c. Said
vq* undergoes an inverse transformation (in combination with a similar regulated
voltage reference signal for the control of reactive power vd*) in order to create
regulated 3-phase control signals to a converter system Sa, Sb, Sc that controls the
active and reactive current supplied to the grid. Said converter system can be e.g. a
full scale converter for a synchron generator or a rotor side converter for a double-

fed asynchron generator.
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The coefficients for said first 12 and second 13 controllers are chosen as to give a

desired active power control system 10 response on the basis of its input.

A similar control structure 11 applies to the coritrol of reactive power, but with
another set of control parameters e.g. the actual supplied reactive power Q, the

demanded reactive power Q* and the measured reactive current supplied to the grid
id.

Fig. 5 illustrates for one embodiment of the invention the control structure for

controlling the active and reactive current respectively supplied to the grid during a

utility grid disturbance.

In accordance with the teachings of the invention, controlling active current is
done in dependency of the frequency deviation from a reference trequency and
controlling reactive current is done in dependency of the voltage deviation from a
reference voltage. Frequency and voltage parameters are therefore used as

control parameters to the current control system during said disturbance.

For one preferred embodiment of the invention the control of active current is
performed in the following way:

The difference (error) between the actual measured frequency of the grid f and the
demanded frequency reference f* is fed to a first controller 14 providing a demanded
current signal iq*. Said iq* is in turn subtracted from a signal iq representing the
measured active current supplied to the grid. The result is a current regulation signal
that is supplied to a second controller 15 producing a regulated voltage reference
signal vq*. The signal iq is a transformation of actual measured 3-phase current
supplied to the grid ia, ib, ic. Said vgq* undergoes an inverse transformation (in

combination with a similar regulated voltage reference signal for the control of
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reactive power vd*) in order to create regulated 3-phase control signals to a converter

system Sa, Sb, Sc that controls the active and reactive current supplied to the grid.

The coefficients for said first 14 and second 15 controllers are chosen as to give a

desired active current control system 16 response on the basis of its input.

A similar control structure 17 applies to the control of reactive current, but with
another set of control parameters e.g. the actual grid voltage v, a reference grid

voltage v* and the measured reactive current supplied to the grid 1d.

For one preferred embodiment of the invention the implementation of said current
controller during a utility grid disturbance comprise control algorithms for said first

controllers 14, 18 on the form of:

o0 0 - /df\ n
Nig = kp, A" + D ki, (|Af dt)" + " kd,| ==
n=0 n=0 n=0 \ dt J

, N n N . 7. N /dU\n
Ai =;@,,AU +;sz( [AU dr) +?;0kd,, )

For another preferred embodiment of the invention, the control algorithm for
regulating the active current during a utility grid disturbance furthermore comprises a
sequence as to damp the mechanical oscillations in the drive train triggered by said
orid disturbance. For this embodiment said first controller 14 comprises a control

algorithm for regulating the active current on the form of:

0 00 0 / \n
Aiy = kp,Af" + > ki, ( j A di)" + ) kd, \5‘% +k Aw
n=0 n=0 n=0 /
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For this embodiment said first controller 14 receives an input signal representing said

oscillations in the drive train.

Figs. 7a-e illustrate simulated responses for different embodiments of the invented

current controller under influence of a simulated grid disturbance as shown 1n fig. 6.

The grid disturbance as simulated in fig. 6 comprises a voltage dip and a frequency

dip starting at time = 1 [s].

Table 1 and table 2 lists the coefficients for said first controllers 14, 18 for different
embodiments of the invention. Table 1 shows the coefficients for the active current
first controller 14 whereas table 2 shows the coefficients for the reactive current first

controller 18.

Table 1: Active current first controller coefficients

Embodiment | kpO kpl Kpx kix kdl kdx ko
1D | =0) (A1)
#1 1 0 0 0 0 0 0
#2 0 10,5 0 0 0 0 0
#3 10 0,2 0 0 0,05 0 0
i 0,44 0 0 0 |0 0 0
#35 Pconst 0 0 0 0 0 0
Ugrid

Table 2: Reactive current first controller coefficients

whumdl-$-AP =l P, i Pl A il

Embodiment | kpO kpl kpx Kix kdl kdx

___1 . o leed (=0 | D)
#1 - 10,44 0 0 |0 0 0

#2 (0 101 10 10 10 0

#3 0 105 (0 10 0 0

#4 o410 10 10 10 10
5 0 2 10 10 0 [0 ]
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The present invention relates to any type of wind turbine comprising a generator and
one or more converter systems to control active and reactive power and/or active and
reactive current supply to a utility grid such as a full scale converter for a

synchronous- or asynchronous generator or a rotor side converter for a double-fed

asynchron generator.
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Wind turbine

Tower

Nacelle

Hub

Pitch mechanism

Blade

Sensor means

Computing means

Pitch control system

Converter control system

Active power control system — normal operation
Reactive power control system — normal operation
First controller — normal operation

Second controller — normal operation

Active current first controller — grid disturbance
Active current second controller — grid disturbance
Active current control system — grid disturbance
Reactive current control system — grid disturbance

Reactive current first controller — grid disturbance

PCT/DK2007/000423
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The embodiments of the invention in which an exclusive property or privilege 1s

claimed are defined as follows:

1. A method for operating a wind turbine connected to a utility grid during a utility
orid disturbance, said method comprising:

calculating a reference active current signal as a function of grid frequency and a
reference frequency;

receiving a signal corresponding to a measured active current supplied to the
utility grid;

determining a regulation signal for active current based on a comparison between
said reference active current signal and said signal corresponding to the measured active
current; . '

controlling generated active current from the turbine dependent upon said
regulation signal for active current,

calculating a reference reactive current signal as a function of grid voltage and a
reference voltage;

receiving a signal corresponding to a measured reactive current supplied to the
utility grid;

determining a regulation signal for reactive current based on a comparison
between said reference reactive current signal and said signal corresponding to the
measured reactive current; and

controlling generated reactive current from the turbine dependent upon said

regulation signal for reactive current.

2. The method for operating a wind turbine according to claim 1, wherein at least
one of active current and reactive current is supplied to a utility grid connection point of

the wind turbine by other types of sources other than the wind turbine.

3. The method according to claim 1 or 2, wherein said controlling of at least one of

active current and reactive current is executed after at least one control algorithm.
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4, The method for operating a wind turbine according to claim 3, wherein said

control algorithm 1s implemented in at least one PID controller.

. The method for operating a wind turbine aécording to claim 3, wherein said

control algorithm is:

RN o YN, (Y
Ai, = Z kp, Af™ + Z ki, (f Af dt) +Z kd, (E)
n=0 n=0 n=0
| oo Q0 | n CO dU n
Aij = Z kp, AU™ + Z ki, ( f AU dt) + Z kd., (EE)
n=0 n=0 n=0

and where i, 1s the active current and i, is the reactive current.

6. The method for operating a wind turbine according to any one of claims 1 to 5,
wherein values of drive train oscillations are additional control parameters of said active

current control.

7. The method for operating a wind turbine according to claim 6, wherein said

algorithm 1s:

8

n

Aiy = Z kp, Af™ + Z ki, (f Af dt) 4 Z kd, ("Ezft") +k,Aw
n=0 n=0

n=0

Q0 o0 n
Ay = Z kp, AU™ + Z ki, ( f AU dt) +
n=0 n=0

” (dU)”
"\ dt

[N

0

n

and where i, 1s the active current and iy, is the reactive current.
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8. The method for operating a wind turbine according to any one of claims 1 to 7,
wherein said active current is controlled in dependency of the frequency deviation outside

of a frequency dead band comprising a reference frequency.

9. The method for operating a wind turbine according to any one of claims 1 to 8,
wherelin said reactive current is controlled in dependency of a voltage deviation outside

of a voltage dead band comprising a reference voltage.

10.  The method for operating a wind turbine according to claim 8, wherein said

frequency dead band is in a range of £ 4 % from said reference frequency.

11. The method for operating a wind turbine according to claim 9, wherein said

voltage dead band is in a range of 100% to 85% of said reference voltage.

12.  The method for operating a wind turbine according to claim 11, wherein said

voltage dead band is in a range of 100% to 90% of said reference voltage.

13.  The method for operating a wind turbine according to any one of claims 1 to 12,
wherein said controlling is in reference to a reference value of at least one of voltage and

frequency that are utility grid nominal values.

14. A wind turbine connected to a utility grid during grid disturbance comprising
control means for controlling the wind turbine with a method as defined in any one of

claims 1 to 13.

15. The wind turbine according to claim 14, comprising a variable speed generator
and at least one converter system to control at least one of active current and reactive

current supplied to the utility grid.

16. A wind park comprising at least two turbines as defined in claim 14 or 15.
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