(12) STANDARD PATENT (11) Application No. AU 2014257936 B9
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)
(31)
(43)
(44)
(48)

(71)

(72)

(74)

(56)

Title
Method for controlling a wind park

International Patent Classification(s)
FO3D 7/02 (2006.01) FO3D 7/04 (2006.01)

Application No: 2014257936 (22) Date of Filing:  2014.03.25
WIPO No:  WO014/173600

Priority Data

Number (32) Date (33) Country
10 2013 207 264.3 2013.04.22 DE
Publication Date: 2014.10.30

Accepted Journal Date: 2016.12.01
Corrigenda Journal Date:  2017.05.18

Applicant(s)
Wobben Properties GmbH

Inventor(s)
Busker, Kai;Beekmann, Alfred

Agent / Attorney
Pizzeys Patent and Trade Mark Attorneys Pty Ltd, PO Box 291, WODEN, ACT, 2606, AU

Related Art

US 2005/0042098 A1
DE 102011112025 A1
US 2011/0301769 A1
DE 102008039429 A1
US 2010/0138058 A1
DE 102009030725 A1




wo 2014/173600 A1 |1 I} NN TP OO0 AR R

(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG

(19) Weltorganisation fiir geistiges
Eigentum
Internationales Biiro

~.
-~
~

=

\

(43) Internationales

(10) Internationale Veroffentlichungsnummer

Veroffentlichungsdatum WIPO | PCT WO 2014/173600 A1
30. Oktober 2014 (30.10.2014)
(51) Internationale Patentklassifikation: (74) Anwilte: EISENFUHR SPEISER et al.; Postfach 10 60
F03D 7/02 (2006.01) FO03D 7/04 (2006.01) 78, 28060 Bremen (DE).
(21) Internationales Aktenzeichen: PCT/EP2014/055992 (81) Bestimmungsstaaten (soweit nicht anders angegeben, fiir
. ) Jede verfiigbare nationale Schutzrechtsart): AE, AG, AL,
(22) Internationales Anmeldedatuglé My 2014 (25.03.2014 AM., AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW,
- viarz (25.03. ) BY, BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK,
(25) Einreichungssprache: Deutsch DM, DO, DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM,
. . GT, HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP,
(26) Veroffentlichungssprache: Deutsch KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(30) Angaben zur Prioritiit: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
102013 207 264.3 NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
22. April 2013 (22.04.2013) DE RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(71) Anmelder: WOBBEN PROPERTIES GMBH [DE/DE]; ZM, ZW.
Dreekamp 5, 26605 Aurich (DE).
(84) Bestimmungsstaaten (soweit nicht anders angegeben, fiir
(72) Erfinder: BUSKER, Kai; Steuermannsweg 15, 26629 Jede verfiighare regionale Schutzrechtsart): ARIPO (BW,
GroBlefehn (DE). BEEKMANN, Alfred; Am Park 30, GH, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ,
26639 Wiesmoor (DE). TZ, UG, ZM, ZW), eurasisches (AM, AZ, BY, KG, KZ,
RU, TJ, TM), europdisches (AL, AT, BE, BG, CH, CY,
CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT,
[Fortsetzung auf der ndchsten Seite]
(54) Title: METHOD FOR CONTROLLING A WIND PARK

(54) Bezeichnung : VERFAHREN ZUM STEUERN EINES WINDPARKS

(57) Abstract: The invention relates to a method for supplying electric

power from a wind park (112) having a plurality of wind turbines (100)
to an electric power supply grid (120), wherein each of the wind turbines
(100) provides an electric power turbine output (PA) and the sum of the
turbine outputs (P4) provided is supplied as a park output (Pp) to the
electric power supply grid (120), and a turbine target value (Pasu) is
predetined for each of the wind turbines (100) for specifying the turbine
output (Ps) to be provided, and the turbine target value (Pason) is
controlled via a controller (R;, R;) depending on a control deviation (AP)
as a comparison between the park output (Ppis) supplied and a target
value (Ppson) of the park output (Pp) to be supplied.

(57) Zusammenfassung: Die Erfindung betriftt ein Verfahren zum
Einspeisen elektrischer Leistung eines mehrere Windenergieanlagen
(100) aufweisenden Windparks (112) in ein elektrisches Versorgungsnetz
(120), wobei jede der Windenergieanlagen (100) eine elektrische
Anlagenleistung (P,) bereitstellt und die Summe der bereitgestellten
Anlagenleistungen (Ps) als
Versorgungsnetz (120) eingespeist wird, und ein Anlagensollwert (P son)
an jede der Windenergieanalgen (100) zur Vorgabe der bereitzustellenden
Anlagenleistung (Ps) vorgegeben wird, und der Anlagensollwert (P ason)
iber einen Regler (R,
Regelabweichung (AP) als Vergleich der eingespeisten Parkleistung (Pris)
mit einem Sollwert (Prson) der einzuspeisenden Parkleistung (Py).

Parkleistung (Pp) in das elektrische

R;) geregelt wird, abhidngig von einer
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Certified translation from the German into the English language

i

Woppeﬁ;/ij Properties GmbH
., Dreekamp 5, 26605 Aurich

Method for controlling a wind park

The present invention relates to a method for supplying the electric power of a wind park
comprising several wind turbines into an electric power supply grid. The present invention

moreover relates to a wind park that qualifies for this purpose.

Wind parks are generally known today, and they describe a conglomeration of wind
5  turbines forming a common unit. Such a wind park is defined, in particular, by a point of
common coupling (PCC). All wind turbines use such a point of common coupling to

supply electric power into the supply grid.

Ideally, the wind turbines - and thus the wind park - will supply as much power into the
supply grid as is possible given the prevailing wind conditions. There may be also situa-
10 tions where it may be desirable to reduce the supplied power, for example in the case of
a power surplus at the supply grid. On the other hand, it may also make sense to reduce
the performance of the wind park below the currently feasible value, for example in antici-
pation of an increased power demand at the grid, to be able to increase the supplied

power as soon as the anticipated high demand occurs suddenly at the grid.

15 From patent application US 2005 0042098 A1 we know that the grid operator can specify
a percentage power value for the wind park, which - in relation to the wind park's nominal
powers - specifies a lower, desired power value to be supplied. For example, if the grid
operator wants the wind park to supply no more than half of the nominal power, he can
specify a value of 50 percent for the wind park. This value is then supplied to the wind ’

20 turbines, which will reduce their output accordingly. In this way, not more than half of the

nominal power is supplied.

A problem may arise, for example, if one wind turbine fails to work. In that case, this failed
installation would not provide any power at all. The remaining installations could provide
correspondingly more power if they could recognize the failure of that one installation,
25  and if the power level were known by means of which the failure of this one wind turbine
could be compensated by the remaining wind turbines. However, such an exchange of
information, as well as the coordination of the wind turbines to compensate for such

deficiency in output, is complicated. One must also take into account that some wind

*2014166813*
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parks comprise wind turbines with different power output, and sometimes even wind

turbines stemming from different manufacturers. Those are called mixed wind parks.

The German Patent and Trademark Office has researched the following prior art in the
priority application for this application: DE 10 2009 030 725 A1, DE 10 2011 112 025 A1
and US 2005/0042098 A1.

The purpose of this invention is therefore to address at least one of the above problems.
It should, at least, propose a solution that would coordinate, in a manner as optimal as
possible, the process of supplying an electric power supply grid with the power generated

by a wind park. At least one alternative solution should be proposed.

What is proposed in accordance with the invention is a method according to Claim 1.
What is hence assumed is a wind park featuring several wind turbines that supply jointly
into an electric power supply grid. Each wind turbine provides an electric power turbine
output. Said electric power turbine output indicates the respective active power currently
provided by the respective wind turbine. This means that power, or output, or wind park

output basically means active power P.

The sum of all power provided by the wind turbines of said wind park - provided that they
are subject to the proposed method - is the wind park output that is supplied to the elec-

tric power supply grid.

A turbine target value is now provided to each of the wind turbines. Said turbine target
value indicates to the respective wind turbine the amount of output to be provided. Each
of the wind turbines will hence try to generate and provide as much active power as
currently specified by the turbine target value. This can also mean that the wind turbines,
or even just a single wind turbine, will stay below the specified value, if, for example, the
prevailing wind conditions allow for only a lower value. A lesser amount of power can also
be supplied if other framework conditions do not allow for the provision of the amount of
power that has been specified by the turbine target value. It is now hereby proposed to
control the turbine target value by means of a controller. Said adjustment control shall
take place such that the supplied wind park output, namely in particular at the point of
common coupling, is compared to a target value of the wind park output to be supplied.
Such target value can be specified, for example, by the operator of the supply grid. Dur-
ing such comparison, a deviation is determined that is used here as a control deviation.

The turbine target value is controlled based on such control deviation.
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This means that the specified target value of the wind park output, which is to be sup-
plied, is not simply forwarded - or first apportioned to the individual installations and then
forwarded - but the actual wind park output is, instead, compared to the specified wind
park output, and a target value is then specified as a function thereof. If the comparison
shows, for example, that the supplied wind park output is still greater than the desired
output, the turbine target value is accordingly reduced even further. The assignment of
said wind park output to the individual wind turbines, the outputs of which add up to said
wind park output, does not have to be known here. It does not have to be checked
whether all installations in the wind park provide a comparatively low output, or whether
some installations have just stopped working and the remaining installations provide a

less strongly reduced output.

Preferably, the controller will issue a relative target value as the turbine target value,
which relates to the respective nominal power of the wind turbine. It will issue, in particu-
lar, a corresponding percentage target value. The same value is provided moreover - or
alternatively - to each wind turbine. For example, the controller may initially issue the
value 100 percent to all wind turbines, in particular if the target value of the wind park
output to be supplied is 100 percent, or if no value has been specified for the wind park

output - i.e., if the wind park may supply as much power as is currently possible.

This means that each wind turbine is given a value of 100 percent as its turbine target
value. In this way, each wind turbine can supply as much power as possible. With the
above-described approach, it is assumed that the nominal power of the wind turbine is
the maximum possible power, even though most of the wind turbines could theoretically
generate more power than their nominal power under adequate wind conditions. Howev-
er, under normal operating conditions of a wind turbine, the nominal power value can be
taken as the practical maximum value.

Now, if the target value is reduced, and if one assumes, for the sake of simplicity, that all
wind turbines are operating and that they currently provide nominal power, this will initially
result in a difference between the wind park output target value to be supplied and the
actual supplied wind park output. The turbine target value is now reduced based on the
difference identified, namely based on the control deviation. In the case of a P-control,
said reduction may be volatile at first, if the change in the target value of the wind park
output to be supplied - which for purposes of simplification is referred to as wind park
target value - is volatile, as well. Other controller types may be suitable as well, for exam-

ple Pl-controllers. The turbine target value is thus reduced to, for example, 80 percent, if
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the specified wind park target value, for example, was also 80 percent. The wind turbines
will now adapt their output according to the target value, and will reduce it, for example, to
80 percent - to mention a very simple and also very simplified example. The overall wind
park output that is supplied is hence also reduced to 80 percent to thus achieve the

desired wind park output target value.

Now, if a wind turbine stops working, the supplied wind park output will be reduced ac-
cordingly by the power that such non-working installation would have supplied before it
stopped working. For example, if the wind park output is only 70 percent, it will be below
the wind park target value. But the controller will detect this and will increase the turbine

target value.

Such increased output target value is transmitted to all wind turbines, including to the one
that stopped working, although this will not have any bearing on said wind turbine at first.
The other installations will, however, increase their performance, until the actually sup-
plied wind park output has reached the wind park target value, provided this is at all
possible. In that case, for example, the default target value is 85 percent, and all wind
turbines in the wind park will possibly provide 85 percent of their respective nominal
power. Only the installation that stopped working will provide 0 percent of its nominal

power.

In the end, this means that all wind turbines in the wind park have been coordinated
without knowing, in detail, how much power can be generated by which wind turbine. It is
not necessary to determine which one of the installations mentioned in the above exam-
ple actually stopped working, since according to this embodiment the default value relates
to the respective wind turbine, namely here to the nominal power of the respective wind
turbine. Therefore, the same value can be specified for all installations - namely 85 per-
cent in the last condition of the stated example. For the one 1-MW wind turbine, this
means 85 percent of one megawatt, while for a 7.5-MW wind turbine, it means 85 percent

of 7.5 megawatts.

However, as an alternative, a separate default value can be determined for each wind

turbine. But this is not the favored solution to the problem.

The use of a relative or, respectively, standardized target value as the turbine target

value, is thus also an easy way of providing each wind turbine with the same value. This



10

15

20

25

30

means that, in fact, only one single value needs to be calculated and provided to each

wind turbine.

According to one embodiment, it is proposed to change the type of controller and - or
alternatively - its parametrization. This allows for the consideration of different situations
or operating conditions at the wind park and/or at the supply grid. These may be both
temporary and permanent situations or operating conditions. The wind park may be
connected, for example, to a strong or weak grid, which may be taken into account by
said controller that determines the turbine target value depending on the wind park target
value. Another thing that may be taken into account is an expected fluctuation in the
performance of the grid or, for example, the dynamics or, respectively, the potential

dynamics of the wind park.

According to one embodiment, it is proposed to change the controller type and/or the
parametrization by way of a selection signal. The operator of the wind park and/or the
operator of the supply grid may use said selection signal to set a default value. For ex-
ample, should the grid operator expect a volatile change in the available or requested
power soon, he may, for example, request a highly dynamic controller via the selection
signal. Such highly dynamic controller can be achieved through a corresponding para-

metrization and/or selection of a correspondingly dynamic controller type.

Another example would be a situation where the grid operator is aware of work being
carried out on the grid and where, for example, an important section of the grid is inter-
rupted temporarily. Here, one could also request a controller that would provide better

stabilization for the weakened grid.

Such requested change in controller type may also mean that the controller, which con-

trols the turbine target value, considers yet another input parameter.

According to one embodiment, it is proposed to change the controller type and/or the
parametrization based on a grid sensitivity of the supply grid. Grid sensitivity here means
the grid's reaction, in particular in relation to the point of common coupling, to a change in
a parameter affecting the grid. Grid sensitivity can be defined as the difference of a grid
reaction in relation to a difference of a grid influence parameter. What comes into ques-
tion here, in particular, is a definition in relation to the supplied active power and line
voltage level. Put in simplified terms, the following formula can be defined, for example,

for the grid sensitivity GS:
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Here, AP describes the change in supplied active power, namely the supplied wind park
output, and AU describes the resulting change in the line voltage U. These differences
are created over a very brief period of time, in particular in the area of one second or less,
and preferably, instead of using this descriptive formula, a partial derivative of line voltage
U can be also created based on the supplied wind park output P according to the differ-
ence of the voltage in relation to the difference of the power. Another possible grid reac-
tion could be a change in grid frequency. Another way of considering grid sensitivity

would be to apply the following formula:

According to one embodiment, it is proposed to change the controller type and/or the

parametrization based on a short circuit ratio.

Short circuit ratio (also referred to as SCR) means the ratio of short circuit power to
connected load. Short circuit power is the power that the respective supply grid can
provide at the considered point of common coupling to which the wind turbine or, respec-
tively, the wind park is connected, if there is a short circuit at the point of common cou-
pling. The connected load is the connected load of the connected wind turbine or, respec-
tively, of the connected wind park, and thus - in particular - the nominal power of the
generator that is to be connected or, respectively, the sum of all nominal powers of the
generators of the wind park. The short circuit ratio is thus a criterion for the strength of the
electric power supply grid in relation to such considered point of common coupling. A
strong electric power supply grid relating to said point of common coupling has mostly a

large short circuit ratio of, for example, SCR = 10.

It has been recognized that the short circuit ratio can also provide information on the
behavior of the respective supply grid at the point of common coupling. The short circuit

ratio may also vary.

When installing a wind park or wind turbine for the first time, it is advantageous to consid-
er the short circuit ratio and to adapt the active power control and the reactive power
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control thereto. Preferably, it is further proposed to record the short circuit ratio on a
regular basis even after the installation and commissioning of a wind turbine or wind park.
The short circuit power can be recorded, for example, based on information on the grid's
topology using simulation. The connected load can be determined simply by having
knowledge of the wind turbines installed at a wind park and/or by measuring the power

supplied at nominal wind.

According to one configuration it is proposed to keep available as a selectable controller
type a P-controller, a Pl-controller, a PT1-controller or a hysteresis controller. Preferably,
the controller may also provide at its input or output a dynamic limitation ensuring that, in
the event of such limitation at the input, the wind park target value or, respectively, the
resulting difference from the wind park actual value may rise only at a limited inclination.
As an alternative, a similar inclination limitation may be provided at the output, i.e., for the
established turbine target value.

A specified hysteresis controller relates in particular to a controller configuration that is
nonlinear and that reacts differently in the case of an increase in control deviation than in

the case of a decrease in control deviation.

Another configuration proposes to record a grid frequency of the voltage of the supply
grid, namely in particular at the point of common coupling. The turbine target value is then

set based on the grid frequency and/or based on a change in grid frequency.

For example, the turbine target value may be reduced if the grid frequency exceeds the
nominal frequency or a limit above the nominal frequency. The turbine target value may
be reduced even further if a positive change in grid frequency has been recorded. If the
change in grid frequency is negative, on the other hand, i.e., if the grid frequency is again
approaching the nominal value, a lesser reduction in power and thus a less reduced
turbine target value may be provided for. Such consideration of the grid frequency or of its

change may also take place together with the implementation of a wind park target value.

According to one embodiment, each wind turbine specifies its own power adjustment
depending on the frequency or on the change in frequency. This means that each wind

turbine applies its own algorithm that reduces or increases the provided output.

Preferably, the change in, or selection of, the controller type and/or of its parametrization

will also depend on the fixed grid frequency and also, or alternatively, on the change in
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grid frequency. For example, in the case of strong or fast fluctuations in frequency, i.e.,
when a great change in grid frequency is recorded, one could select a particularly stabiliz-

ing controller to regulate the turbine target value.

Preferably, the following basic controller settings - hereinafter referred to as basic control
types - should be provided for.

According to one controller setting, there is no reduction in wind park output. This is
proposed herein as the first basic control type. In that case, the wind park target value is
not set at all or is set to 100 percent. Since a supplied wind park output in excess of 100
percent is not to be expected, the evaluation of the control deviation between supplied
wind park output and intended wind park output will generally result in a negative value or
in a value of not more than 0. Here, a limit prevents the control from increasing the tur-
bine target value to more than 100 percent. As an alternative, said turbine target value
can also be increased to more than 100 percent, as this will not lead to any other result
than if such value had been 100 percent. In such standard case, where the wind park
output is not to be reduced, the control output may also be set to a steady value of 100

percent, and/or the control deviation may be artificially set to 0.

As another controller configuration, it is proposed to have the wind park output specified
externally, in particular by the operator of the supply grid. This is referred to herein as the
second basic control type. In that case, the controller will determine the turbine target
value only based on the control deviation between the specified wind park output and the
supplied wind park output. This means that the turbine target value is adjusted by the
controller until the supplied wind park output corresponds to the specified wind park

output - at least in terms of the desired accuracy.

As a third basic control type, it is proposed to specify a wind park target value and that,
moreover, each wind turbine adjusts its provided output depending on the frequency or
on the change in frequency. This third basic control type thus corresponds to the second
basic control type, except that with the third basic control type the individual wind turbines
additionally provide for an active power control that depends on the frequency or on the

change in frequency.

As a fourth basic control type or, respectively, as basic control type 4, it is now proposed
for a wind park output to be specified and for the controller to determine a turbine target

value based on the control deviation between the wind park target value and wind park
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actual value while considering the grid frequency and/or a change in grid frequency. This
corresponds to basic control type 2, except that the turbine target value here also de-
pends on the grid frequency or on a change in grid frequency. Here, one can additionally
provide for the installations themselves to contain a frequency-dependent power control.
However, to avoid opposing frequency-dependent controls, a frequency-dependent power
control is preferably ruled out or turned off for the wind turbines if this is already taken into

account centrally by the controller, as proposed in the case of basic control type 4.

What is proposed, in particular, is to switch between these four basic control types. Such
switching can be performed by an external signal, for example by the grid operator. Such
switching can be also performed based on a recording of grid sensitivity and/or based on
a frequency of the grid and/or based on a change in frequency. If several criteria are
considered, they can be combined via a valuation function, and a criterion can be speci-
fied via a threshold determining when such switching will actually take place. Preferably,
a hysteresis element will be installed here, as well, to avoid a constant switching back
and forth between two or more controller types, in particular two or more basic control

types.

However, a switching between, in particular, the aforementioned basic control types may
also take place during the installation or commissioning of the wind park. A corresponding
indicator - also referred to as a flag - may be set for this purpose. In this respect, said

indicator or flag constitutes a signal for setting or selecting the corresponding controller.

Preferably, a basic control type may be selected or changed and, in addition, a para-
metrization may be modified. In addition, one may also select or switch a controller as the
content of the basic control type respectively selected, namely switching from a PI-

controller to a hysteresis controller, to mention just one example.

Preferably, the turbine target value is determined by a central control unit. The controller
is thus located inside the central control unit of a wind park. Said central control unit may
be a separate unit at the point of common coupling, or it may be provided in a wind tur-
bine, for example at the bottom of a wind turbine that is installed close to the point of
common coupling. Preferably, the central control unit may be also provided inside a
transformer unit at the point of common coupling. Preferably, said central control unit
comprises measuring equipment for recording the line voltage and/or grid frequency of
the supply grid.
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What is moreover proposed according to the invention is a wind park that has been
prepared to be operated by a method pursuant to one of the aforementioned embodi-

ments. Said wind park should be, in particular, FACTS-compliant.

The method for supplying electric power into a supply grid is described based on numer-
ous embodiments and relates to the supplying of active power into the electric power
supply grid. Likewise, it is possible in this way to control the reactive power to be supplied
to the grid, namely by specifying a reactive power target value for the wind park and by
having the controller determine and provide to the wind turbines a corresponding turbine
reactive power target value. This, too, shall be claimed according to the invention or,

respectively, as a separate teaching.

The invention is now described in more detail below, using embodiments as examples

with reference to the accompanying figures.

Figure 1 schematically shows a wind turbine.

Figure 2 schematically shows a wind park.

For illustration purposes, figure 3 shows a wind park with a control structure.

Figure 4 shows several time diagrams to illustrate potential control processes.

Fig. 1 shows a wind turbine 100 with a tower 102 and nacelle 104. A rotor 106 with three
rotor blades 108 and a spinner 110 is located on the nacelle 104. \When in operation, the
rotor 106 is brought to a rotating movement by the wind and thereby drives a generator in

the nacelle 104.

Fig. 2 shows a wind park 112 with, for example, three wind turbines 100, which may be
the same or differ. The three wind turbines 100 are thus representative of a basically
random number of wind turbines of the wind park 112. The wind turbines 100 provide
their power, in particular the generated electricity, via an electric wind park grid 114. The
currents or, respectively, powers generated by the individual wind turbines 100 are added
up. Most often, a transformer 116 will be provided, which transports the voltage at the
wind park to then supply it into the supply grid 120 at the supply point 118, which is also
generally referred to as a PCC. Fig. 2 is merely a simplified illustration of a wind park 112,
which does not show, for example, a control, although a control exists, of course. Also,
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the wind park grid 114 may be designed differently, including, for example, a transformer

at the output of each wind turbine 100, to mention just one other embodiment.

Fig. 3 shows, in particular, one control structure of a wind park 112, including a wind park
grid 114. Insofar as the structures of the wind park 112 shown in Fig. 3 are at least similar
to the wind park 112 shown in Fig. 2, the same reference sign has been used between
Fig. 2 and Fig. 3 for the purpose of more clarity. In this respect, wind park 112 of Fig. 3
also shows a wind park grid 114, which supplies into a supply grid 120 via a transformer
116 at a grid supply point 118. Both the wind park grid 114 and the supply grid 120, which

for the sake of simplicity may be also referred to simply as a grid, are three-phase grids.

A power meter unit 2 measures the currently generated wind park output Ppacwa. At a
summing point, the generated wind park output is compared to a specified wind park
output Paset and, as a result, indicates a wind park difference AP r. The wind park target
value may be specified by an external unit 4, for example by the operator of the supply
grid 120.

The thus determined difference AP p is regarded as the control deviation AP p . Said
wind park difference is then supplied to a controller Ry, if switch S1 is closed and switch
Sz is in the position as shown. The controller Rq will generate a turbine target value Paset,

if switch S4 is in the open position, as shown.

All of the switches shown in Fig. 3, namely switches S, through Ss, serve for illustration
purposes. In actual implementation, their function, which is described below, can often be
realized in a completely different way.

The thus generated turbine target value Paset is then provided to each turbine control 6 of
the respective wind turbine 100. Each turbine control 6 controls the respective installation
such that the latter issues a corresponding power Pai, Paz or, respectively, Pas and/or
provides such power, which is then supplied to the grid 120. According to one state of
operation - which is described, in particular, by Fig. 3, as shown, but with closed switch S,
- these individual turbine outputs Pai, Paz or, respectively, Pas follow the turbine target
value Paset. The turbine target value Paset is a standardized parameter lying, for example,
between 0 and 100 percent (i.e., between 0 and 1). In one embodiment, which is also the
basis of the description in Fig. 3, the turbine target value Paset relates to the nominal
power Pn of the respective wind turbine 100. For example, if the nominal power of the first
wind turbine WT1 is one MWWV, and the nominal power of the other two wind turbines WT:
and WTs is two MW each, a value of 50 percent means, in terms of the turbine target

value Paset, @ power of 500 kW for the first wind turbine WT1 and a value of 1 MW each
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for wind turbines WT2 and WTs. This means that a total of 2.5 MW would be generated in
this example. Such generated overall wind park output would be recorded at metering

point 2 and would then be available to the wind park control.

According to the control structure in Fig. 3, a recording of the difference between the
target and the actual value takes place for the wind park output. The result of such re-
cording is then available to a controller, which calculates a turbine target value based
thereon. In this context, such turbine target value is provided to several (possibly differ-
ent) wind turbines. Preferably, however, they will all be given the same input value, which

value would still result in different generated powers.

What is moreover proposed are some switching options that are illustrated based on
switches S, through Ss. Switch S. illustrates that there is also an option of not providing
the difference between the wind park target value Ppset and wind park actual value Prpactual
to the controller. In fact, this option reflects the situation where no target value at all is
specified for the wind park output Prset to be supplied, or, respectively, where such value
is 100 percent. In that case, no target value specification takes effect, which is to be
illustrated by the open switch S1. Here, the controller will issue 100 percent as the turbine
target value Paset. All turbine controls 6 are thus given the signal that they do not have to
reduce any power. Each wind turbine 100 - or, respectively, WT1, WT2 and WTs - can

generate as much power as possible under the prevailing wind conditions.

If the switch S is closed, the specification of the turbine target value Paset becomes active
depending on a default value of the wind park output Ppset that is to be supplied. In that
case, the controller Ry, which is shown for illustration purposes, initially controls the
turbine target value Paset. To this end, the controller R1 may be designed, for example, as
a Pl-controller. This means it has a proportional and an integral portion. Difference AP p
is thus promptly translated into part of the turbine target value Paset via the proportional
portion, and the integral portion can try to achieve a stationary accuracy. In order to be
able to consider an adjustment to other operating conditions of the wind park 112 or of
the supply grid 120, it is proposed to switch controllers. This is illustrated by switch Sq,
which can be used to switch, for example, to controller R2. Of course, the following,
unnamed switch needs to be switched accordingly. The dots suggest that further control-

lers may be provided to switch to them.

For example, in order to avoid vibration it may be advantageous to dispense with one
integral portion and use a pure P-controller. This may be an option, for example, if anoth-

er control algorithm is to be added. The switching of controllers, as illustrated by switch
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Sz, may also be a switching to a controller of the same type but with different parametri-
zation. Especially the more complex controllers, but even the Pl-controller, feature sever-
al parameters that should be synchronized. The switching between controllers ensures
the existence of a coherent set of parameters. Such switching can, of course, also be

realized in a process computer by assigning a new set of parameters.

Fig. 3 moreover illustrates that a frequency meter 8 is provided for, which measures grid
frequency fn. In general, said grid frequency can also be measured at wind park grid 114.
Such centralized measuring of the grid frequency fn is advantageous not only for illustra-
tion purposes, but often also in practical implementation. Said grid frequency fn is then
provided to the turbine controls 6 via, inter alia, switch Ss. In the operating condition
shown and described above, switch Ss is open and the turbine controls 6 work without
considering the grid frequency, as regards the adjustment of the power control. When
generating the currents to be supplied, the installations must, of course, consider the

grid's frequency and phase. Such consideration is not to be affected by said switch Sa.

Now, if switch S3 is closed, the grid frequency will be provided to turbine control 6, which
is to show that the control of the respective output Pai1, Paz or, respectively, Pas will now
consider this grid frequency fn. This means that the generated power may be reduced - in
particular quickly reduced - by each turbine control if the grid frequency fy rises above a
predefined limit or threshold. However, the grid frequency of either turbine control may be
always known, especially in practical application, as it is required for adjusting the fre-
quency and phase. Here, however, it shall be left unconsidered for the determination of
the power level. This means that here, the closed switch S; symbolizes the consideration

of the grid frequency fn for the determination of the power levels Pa1, Paz and Pas.

The grid frequency can, however, also be considered by the higher-level controller, which
determines the turbine target value Paset, as illustrated by switch S4. Switch S4 symbolizes
that the turbine target value Paset ' is co-determined by a frequency-dependent controller
R(f). This is what summing point 10 is provided for. What is also important aside from
controller R1 - or Rz, depending on the position of switch Sz - is the calculation performed
by controller R(f). The complementing of the two controllers can also take place in a
different manner than by summation. One could, for example, switch to an overall control-
ler that considers both the power difference of the wind park AP p and the grid frequency
fn.

The frequency-dependent controller or, respectively, the frequency-dependent partial

controller R(f) may depend directly on the frequency, or it may also, or as an alternative,
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depend on a change in frequency af/at, as illustrated by block 12. Block 12 shows a
partial derivative of the frequency according to time 9f/ét, which can also be realized in a
process computer through difference formation, or otherwise. In any event, switch Ss
shows that partial controller R(f) may depend directly on the grid frequency fn or its

change, or both.

It may be advisable to close switch Si when switch Sz is open, and vice versa, in order to
consider a frequency dependence in only one manner, namely either centrally via the
partial controller R(f) or in every single turbine control 6. However, simultaneous consid-

eration when the controllers concerned are accordingly coordinated shall not be ruled out.

It is furthermore pointed out that the illustrated switching actions can be performed in a
targeted manner through an external input, i.e., through an external signal or external
indicator, or that an algorithm controlling such switching actions is provided, which de-

pends preferably on the grid frequency and/or on a time-related change in grid frequency.

As regards the above-mentioned basic control types, basic control type 1 corresponds to
the situation shown in Fig. 3, where the switches S1, S; and S4 are open. Basic control
type 2 corresponds to the illustration shown in Fig. 3, with the difference that switch Sz is
closed. When it comes to basic control type 2, however, switch Sz may select different
controllers R1 or Rz, or others.

Basic control type 3 corresponds to the situation shown in Fig. 3, with switch S; and
switch S3 being closed, however. This means that what is active here, in addition, is a

frequency-dependent determination of the power level in every turbine control 6.

Basic control type 4 corresponds to the situation shown in Fig. 3, with switch S; and
switch S4 being closed, however. This means that here, a turbine target value is also
influenced based on frequency.

If in this situation - i.e., with basic control type 4 - switch S is additionally closed, a fre-
quency-dependent power level determination is moreover active in every turbine control
6. This situation can be referred to as basic control type 5. In the case of said basic
control types 4 and 5, switching can moreover take place through switch Sz, i.e., a selec-

tion between controller R4, Rz or other suggested controllers.

Fig. 4 shows several time diagrams to illustrate a potential wind park control process. All
diagrams are based on the same time bar. The top diagram shows the course of the wind

park output, namely of both the specified wind park output Ppset and of the actual wind
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park output Pracal and of the control difference between wind park target output Ppset and
wind park actual output Ppacual, which is also referred to here as AP p. Such three cours-
es are normalized with the nominal power of the wind park Pen or, respectively, ex-

pressed in percent for the sake of convenience.

The second diagram shows the turbine target value Pa in a standardized form, namely as

a percentage value.

The last three diagrams each show the power Pa1, Paz or, respectively, Pas generated by
the three wind turbines WT+1, WT2 and WT3s pursuant to Fig. 3. The quantity of 3 has been
chosen only for the purpose of illustration. Although a wind park may consist of only three
wind turbines, it generally comprises considerably more wind turbines. The diagrams in
Fig. 4 suggest that the wind conditions allow each of the wind turbines WT,, WT2 and
WTs to generate nominal power, i.e., Pn1, Pn2 and Pns. In the illustration, the individual
outputs of the wind turbines are also shown as relating to their nominal powers Pn1, Pn2

and Pna.

The diagram starts with a default value of 100 percent for wind park output. This means
that no restriction applies. At the time t1, the wind park target value Pepset is reduced to 50
percent. This means that the wind park difference AP p initially rises to 50 percent, as
well. The present adjustment control would be the one pursuant to Fig. 3, with switch S,
being closed. The difference in wind park output AP p, which has jumped to 50 percent,
is now provided to controller R+. If said controller Ry is a Pl-controller, the turbine target
value, which can also be referred to as Paset, will jump from 100 percent to, for example,
75 percent. Because of the I-portion, the target value Pa will drop to 50 percent over time
t. All turbine outputs Pa1, Paz and Pas will also drop to 50 percent of their nominal power,
as required by the target value Paset. The sudden drop to 75 percent is not, however,
reflected by the actual values of the individual turbine outputs, which means that this

diagram is to suggest a certain dynamics or, respectively, physical inertia.

After some time, all turbine outputs Pa1, Paz and Pas will have dropped to 50 percent of
their nominal power. The diagram shown in figure 4 is based on the assumption that all
three wind turbines have the same nominal power Pn1 = Pn2 = Pns. Accordingly, the
actual value of the wind park output has dropped to 50 percent and thus corresponds to
the specified wind park target value Ppset. In the above diagram, the two graphs of the
actual value Practuai and of the target value Peset have been drawn at a small distance from
each other only for the sake of better visibility. Ideally, these values in this example are

identical.
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It is now assumed that the first installation WT; stops working at time tz. Its power Pai will
thus suddenly drop to 0. As a result, the wind park output Ppacwal will also drop suddenly,
and the power difference AP r of the wind park will rise by a corresponding value. The
turbine target value Paset will also change and increase by a small value to then keep

rising, because the controller R1 in effect is still a Pl-controller.

Of course, the first wind turbine WT, cannot follow such changed turbine target value,
because it has stopped working. However, the other two installations WT2 and WTs can
increase their output. The wind park output will increase accordingly to again reach the
target value Prset. The wind park output Pracua Will thus reach 50 percent again. But the
outputs Paz and Pas of the second and third wind turbine will be only at around 75 percent
of their nominal value Pnz or, respectively, Pns. Please note that the wind park target
value Ppset has remained unchanged at 50 percent since time t1.

Now, at the time ts the grid operator decides that the wind park will have to be used for a
controlled grid stabilization, based on frequency. This was not the case before. Such grid
stabilization is to be performed by a central wind park controller and not individually by
every turbine. As a result, this means that switch S4 in the illustration of figure 3 is closed.
Incidentally, the lower part of the switch Ss must be closed as well. This means that, in
addition, a frequency-dependent controller portion is enabled. However, the diagram of
fig. 4 does not show any effect whatsoever. This is because the grid frequency still shows
approximately its nominal value at the time ts. Moreover, the frequency fy is shown in an
inserted diagram on the upper right-hand side only beginning as of t3. The nominal fre-
quency assumed here is 50 hertz, which may be for example 60 hertz in other parts of
the world.

However, the grid frequency starts to rise between ts; and t4, to finally exceed an upper
threshold fo at ts. Now, the frequency-dependent controller, which was enabled at ts,
becomes active and requires the wind park output to go down. This is achieved by reduc-
ing the turbine target value Paset. The wind park target value Ppset remains unchanged at

50 percent.

The frequency reaches its highest value at ts and remains there until ts. Accordingly, the
turbine target value Paset reaches its smallest local value at ts. The wind turbine WT still
does not work, and the second and third wind turbine WT2 and WT: follow the turbine
target value Paset and drop their power Paz or, respectively, Pas accordingly. It should also
be noted that this frequency-dependent reduction in the turbine target value Paset takes

place very fast. This means that according to this example, the controller dynamics of
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said frequency-dependent controller (shown as R(f) in fig. 3) is higher than that of controller Ri.

In any event, the frequency starts to drop again at ts and falls below the upper threshold at t7. The
turbine target value Paset Starts to rise again at ts to basically reach the frequency-independent target
value at t7. The turbine outputs Paz and Pas follow accordingly, and at t7 the value of the wind park output

Practual is again at the externally specified 50 percent.

Throughout this specification and the claims which follow, unless the context requires otherwise, the
word "comprise”, and variations such as "comprises" and "comprising”, will be understood to imply the
inclusion of a stated integer or step or group of integers or steps but not the exclusion of any other

integer or step or group of integers or steps.

The reference to any prior art in this specification is not, and should not be taken as, an
acknowledgement or any form of suggestion that the prior art forms part of the common general

knowledge in Australia.
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Claims

Method for supplying the electric power of a wind park comprising several wind turbines into an

electric power supply grid, whereby

- each of the wind turbines provides an electric turbine output (Pa) and

- the sum of the provided turbine outputs (Pa) is supplied to the electric power supply grid
as wind park output (Pe), and

- a turbine target value (Paset) is specified for each of the wind turbines as a specification of
the turbine output (Pa) that is to be provided, and

- the turbine target value (Paset) is controlled via a controller (R1, Re) based on a control
deviation (AP), as a comparison of the supplied wind park output (Practual) and a target

value (Prset) of the wind park output (Pp) that is to be supplied.

Method according to Claim 1,

characterized in that

the controller issues as the turbine target value (Paset) a percentage target value in relation to the
respective nominal power (Pan) of the wind turbine and/or that the same value is given to every

wind turbine.

Method according to Claim 1 or 2,

characterized in that

a controller type and/or a parametrization is selected or changed
- via a selection signal,

- depending on a grid sensitivity of the electric power supply grid,
- depending on a grid frequency,

- depending on a change in grid frequency and/or

- depending on a short circuit ratio.

Method according to any one of the above claims, characterized in that one or the controller type
is selectable from the controller types in the list comprising a

- P-controller,

- Pl-controller,

- PT1-controller and

- hysteresis controller.

Method according to any one of the above claims,

characterized in that

a grid frequency (f) of the voltage (U) of the supply grid is recorded and the turbine target value
(Paset) depends on the grid frequency (f) and/or a change in the grid frequency (éf/at) and/or each
turbine sets its output (Pa) based on the turbine target value (Paset) and the grid frequency and/or
a change in the grid frequency (f/at).
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Method according to any one of the above claims,

characterized in that

the turbine target value (Paset) is specified for each wind turbine of the wind park by a central
control unit of the wind park and/or that a or the recorded grid frequency is transmitted to all wind

turbines of the wind park by the central control unit.

Wind park for supplying electric power into a supply grid, with the wind park applying a method

according to any one of the above claims to supply electric power.
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