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The Invention relates to a wind park and a method for operating a wind park having at least two wind energy systems (1), each
comprising a generator (15) having a convener (17) for generating electrical energy and a control system (2), a park master (8) that
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iInput of which a signal for a target voltage Is stored and that emits control signals for the converter (17) in order to change the
generated idle power so as to regulate the voltage output by the wind energy systems (1).
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(57) Abstract: The invention relates to a wind park and a method for operating a wind park having at least two wind cnergy sys -
tems (1), each comprising a generator (15) having a converter (17) for generating electrical energy and a control system (2), a park
master (8) that is designed for active and idle power control and that transmits a control signal for idle power via a communicati-
ons network (7) to the wind energy systems (1), and a connection network (3) that connects the wind energy systems (1) to one
another, wherein the wind cnergy system (1) compriscs an idlc power regulator, at the input of which an idle power target value is
stored. The invention proposes that, in addition to the idle power regulator, a supplementary regulator be disposed on the wind
energy systems, at the input of which a signal for a target voltage is stored and that emits control signals for the converter (17) 1n
order to change the generated idle power so as to regulate the voltage output by the wind energy systems (1).

(57) Zusammenfassung:

[Fortsetzung auf der ndchsten Seite]
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—  hinsichtlich der Berechtigung des Anmelders, ein Patent —  vor Ablauf der fiir Anderungen der Anspriiche geltenden
zu beantragen und zu erhalten (Regel 4.17 Ziffer ii) Frist; Veroffentlichung wird wiederholt, falls Anderun-
—  Erfindererklirung (Regel 4.17 Ziffer iv) gen eingehen (Regel 48 Absatz 2 Buchstabe h)
Veriffentlicht: (88) Veriffentlichungsdatum des internationalen Recher-
chenberichts:
—  mit internationalem Recherchenbericht (Artikel 21 Absatz 12. November 2009
3)

Dic FErfindung betrifft cinen Windpark sowie ¢cinen Verfahren zum Betreiben cines Windparks mit mindestens zwei Windenergie-
anlagen (1), die jeweils einen Generator (15) mit einem Umrichter (17) zur Erzeugung elektrischer Energie und eine Steuerung (2)
aufweisen, einem Parkmaster (8), der zur Wirk- und Blindleistungskontrolle ausgebildet ist und ein Steuersignal fiir Blindleistung
tiber ein Kommunikationsnetzwerk (7) an die Windenergicanlagen (1) iibermittelt, und einem Verbindungsnetz (3), welche die
Windenergicanlagen (1) miteinander verbindet, wobei dic Windencrgicanlage (1) cinen Blindleistungsregler aufweist, an dessen
Eingang ¢in Blindleistungssollwert angelegt ist. ErfindungsgeméB ist vorgesehen, dass auBer dem Blindleistungsregler ein Zusatz-
regler an den Windenergieanlagen angeordnet ist, an dessen Eingang ein Signal fiir eine Sollspannung angelegt ist und der Steuer-
signale filr den Umrichter (17) zur Veridnderung der abgegebenen Blindleistung derart ausgibt, um die abgegebene Spannung der
Windencrgicanlagen (1) auf dic Sollspannung 7 regeln.
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Wind park with voltage regulation of the wind energy systems

and operating method

The invention relates to a wind farm having at least one wind

energy installation, which each have a generator and a con-

verter, and having a farm master which is designed for real

power and wattless—-component monitoring and transmits a con-

trol signal for the wattless component via a communlcation

network to the wind energy installations, and having a con-

nection grid system which connects the wind energy installa-

tions to one another 1n order to feed electrical power 1nto a

grid system via a junction point.

aamad

The behavior of wind farms when connected to the electrical

grid system is becoming increasingly important

P

of wind farms. Because of the increasing number and size of

-

for operation

)

the wind farms, they can and must make theilr contribution to

ensuring the stabillity of the grid system. The important fac-

tors from the point of view of the grid system operators are

ey

not only the compensated feeding of real power,

additionally also requirements relating to the feeding of

but there are

wattless component, 1n order to make it possible to comply

with specific tolerance limits for the emitted voltage. The

latter is particularly important 1n the case of wind farms

which are connected to the medium-voltage grid system. This

1s because, 1n these grid systems, changes in the voltage

level of individual points, such as the feed point of a large

wind farm, due to the network structure, can

lead to influ-

ences on the primary routes and directions in which the elec-

trical power flows. It is also known for it to be highly im-

portant to feed 1n wattless components in order to support

the voltage level. This is the case in particular in the

event of a voltage dip.

-

The capability of wind farms with modern wind energy instal-

lations fitted with converters to feed both

P

rec

1 power and a

wattless component is therefore of major importance. One re-
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quirement 1s that specific nominal-value reguirements must be

complied with for the wattless component (irrespective of

whether this relates to a direct requirement for the wattless

component or the power factor), and frequently for the nomi-
nal voltage as well, with respect to a junction point between

the wind farm and the grid system. The farm master uses these

nominal value requirements to determine appropriate control
signals for the individual wind energy installations in the

wind farm. In doing so, 1t 1s necessary to remember that the

wind energy installations in a wind farm do not necessarily
all need to be 1dentical, and that, particularly in spatially

extended wind farms, they are frequently also connected via

F

long lines with different capacitance and resistance charac-

g

fect associated

teristics. In order to counteract the delay e:
with this, attempts have been made to transmit reguirements
for the voltage to be emitted by the wind energy installa-
tions, rather than wattless-component nominal values, to the
wind energy installations, in which case the wind energy in-
stallations regulate this 1n accordance with the requirement
by means of a local voltage regulator (DE-A-102004048339).

~

This concept offers the advantage of rapid transmission, even

when the transmission speed in the communication network is

limited. However, it has disadvantageously been found that

lmplementation can be difficult, particularly in the case of

wind farms having wind energy installations of a different

type or from different manufacturers. This applies in par-

ticular to retrofitting. It is also known for a dedicated

wattless-component nominal value to be preset for each of the
individual wind energy installations (WO-A-01/73518). One

disadvantage of this concept is that, when the wattless com-

ponent (or the power factor or the angle) of the individual
wind energy installations is preset directly by the farm mas-
ter, the limited transmission speeds in the communication

pr—
hpp—

network for the wind farm can result in delays, leading to

delayed readjustment and thus to a poor response to rapid

changes.
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In the light of the last-mentioned prior art, the i1nvention 1s
based on the object of providing an i1mproved power-factor
management which achleves a better dynamic response and

therefore more stability in the grid systemn.

In the case of a method for operation of a wind farm having at

least two wind energy installations, which has a generator with

F

a converter for production of electrical power and has a

controller, having a farm master which 1s designed for real-
power and wattless-component monitoring, and transmits a control
signal for the wattless component via a communicatilion network to
the wind energy installations, and having a connection grid
system which connects the wind energy i1nstallations to one
another in order to feed the electrical power produced into a
grid system via a junction point, wherein the wattless component
is regulated at at least one of the wind energy installations by
means of a power-factor requlator to whose input a wattless-
component nominal value 1s applied and which acts on the
converter in order to set a wattless component, there 1is
provided, according to the invention, application of a signal to
the at least one wind energy installation, and regulation of the
emitted voltage by varying the wattless component emitted from

the converter at the nominal voltage by means of an additional

regulator, and furthermore linking of the power-factor regulator

and the additional regulator such that a common control signal

is formed for the converter.

The expression real-power or wattless regulator should be
understood in a wide sense, and 1n addition to real power
regulation devices it also covers current requlation devices

which appropriately regulate the real component and the reactive

component of the current, and therefore also the emitted power.

It 18 therefore irrelevant to the invention whether
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the current or the power, or both in a mixed form, is or are
used to regulate the real component and the reactive compo-
nent.

prav
p—

The combination, as provided according to the invention, of a

dedicated power-factor regulator in the wind energy installa-

tion and local voltage regulation achieves a better response

of the wind energy installations in the wind farm, to be pre-

cise particularly with respect to the dynamic response tO

changes. This improvement allows faster regulation 1in the

wind farm and makes it possible to avoid oscillations, such

as those which, conventionally, have occurred frequently 1n

o

"erent types of wind energy

— —~

the case of wind farms with di

installations. In this case, the response can be influenced

in a simple manner (in general by a simple software change)

by the choice of the way in which the power-factor regulation

and the additional regulation are linked. The interaction ac-

cording to the invention of the power-factor regulator and

the additional regulator by linking them therefore results in
a rapid dynamic response, that is to say a fast reaction to

voltage changes, and good stability, that 1s to say steady-

state accuracy without the risk of regulation oscillations.

For finer tuning, it is possible to provide for the power-

factor regulation to have the dominant influence in the link-

ing process. This reinforces the damping influence on regula-

tion oscillations between the wind energy installations, as a

result of which these virtually disappear. In contrast, 1if

the additional regulation of the voltage is dominant 1in the

linking process, then a faster response can be achieved when

the voltage changes occur.

The interaction according to the invention will be explalned

F

in the following text using the example of a voltage dip. The

voltage reduction in the grid system is identified virtually

at the same time by the farm master and the control system

for the individual wind energy installations. The farm master

uses 1its wattless-component monltoring unit to calculate a

new wattless-component nominal value on the basis of the

4
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changed voltage value. Because of the signal delay, which un-

F

avoidably occurs because of the limited bandwidth, 1in the

F

transmission of the changed nominal value to the wind energy

installations (this value is in practice several hundred mill-

liseconds), the changed nominal values arrive at the power-

factor regulator for the wind energy installatlons with a

considerable delay. Since the additional regulator 1n the

wind energy installation likewise identifies the voltage dip,

P

there is no need to wait for the delayed transmission of new

nominal values, and instead the required change 1n the wat-

tless-component output can be anticipated at this stage. When

the new nominal values arrive from the farm master, the link-

ing process according to the invention to the power-factor

i

regulator ensures that sufficient steady-state accuracy 1s

achieved. In this case, the wattless-component monitoring

unit that is implemented in the farm master adapts the nomi-

nal requirements for the wind energy installations such that

the total wattless component being produced by the farm at

that time matches the nominal requirement. This process can

be carried out slowly and therefore with high steady-state

accuracy, since the wind energy installations in which the

additional regulator and the power-factor regulator are

linked can autonomously anticipate the required reaction.

Furthermore, 1in addition to the rapid regulation of the con-

F

trol differences while at the same time avoiding control os-

cillations, the method according to the invention allows

*

flexible matching to the requirements of different grid sys-

tem operators. For example, the method can easily be 1mple-

mented in such a way that, rather than presetting a wattless

component for the wind farm as an entity, a nomlinal voltage

for the wind farm can be used as an entity for control pur-

poses. Furthermore, the method according to the invention of-

fers the advantage that it can be implemented with compara-

tively minor modifications 1in software-based control systems

and farm masters. Only a small amount of additional hardware

complexity 18 reqguired.
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The signals of the power-factor regulator and of the addi-

tional regulator can be linked by means of variable weighting

factors. This makes it possible to influence the interaction

between the additional regulator and the power-factor regula-

tor. Various operating methods are possible. For example, 1t

is possible for the farm master to preset not only the signal

for the nominal voltage for the additional regulator but also

for the wattless-component nominal value for the power-factor

regulator. This allows very flexible overall optimization of

——

the response of the wind energy installations in the wind

| -

"arm, and therefore of the wind farm with respect to the grid

system. However, for simplicity, it is also possible to pro-

P
-

vide for one of the two nominal values to in each case be set

at the wind energy installation, and for the other to in each

case be preset dynamically by the farm master. For example,

if provision is made for the wattless-component nominal value

to be constant, the farm master passes the signal for the
nominal voltage to the additional regulator for the wind en-
ergy installation. This allows very rapid voltage regulation

F

and therefore achieves effective stabilization of the grid-

system voltage. Furthermore, this makes it possible to avoid

undesirable excessive voltage increases by individual wind

energy installations. This therefore allows the losses 1n the

wind farm to be optimized overall. In this case, there 1s no

need to preset a fixed wattless component for all of the wind

p—

energy installations, but expediently only for some of the

wind energy installations in the farm. However, alterna-

tively, it 1s also possible to provide a fixed setting for

the nominal voltage at the wind energy installations, while

the wattless-component nominal value is preset dynamically by

the farm master. This also allows sufficiently rapid reaction

to voltage changes, to be precise in particular also 1n con-

junction with wind energy installations 1n the wind farm
which do not have local voltage regulation. This method ac-

cording to the invention can therefore be carried out very

flexibly in various ways. Furthermore, 1t 1s robust to wind

ﬁ

farms with wind energy installations of different types,

which do not have specific functionalities, such as voltage
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regulation, or have different additional functionalities,

such as additional passive compensation. The method according

to the invention can therefore be used successfully even 1n

those wind farms which have wind energy installations for
which it is not possible to preset either the nominal voltage

or the wattless component. The method according to the inven-

+ion is therefore even suitable for wind farms which cannot

be included in the regulation process because of a widely ex-

tended connection grid syStem or difficulties in the communi-

ﬁ
p—

cation network of individual installations.

In one proven embodiment, the linking is carried out by vary-

ing the wattless component in the wind energy installation

linearly with the voltage, provided that the voltage 1s

within a voltage tolerance band. Provision 1s preferably also

made for the wattless component to be varied non-linearly

F

outside the limits of the tolerance band, for example by

means of a kink in a characteristic at the limits of the tol-

i

erance band. This therefore allows the response of the method

according to the invention to be varied within and outside
the tolerance band, between the wattless-component preset on

the one hand and the voltage regulation on the other hand.

In this case, the linking process 1s influenced predominantly

F
—

by the additional regulator, and the wattless component O:

the wind energy installation will follow a voltage change,

—

corresponding to the characteristics of the additional regu-

lator. In this case, the additional regulator may be not only

a proportional regulator but may also have integral and/or

differential components.

The linking process can advantageously be carried out by 1in-

put filtering of the input variable for the power-factor

regulator or the additional reqgulator. In particular, 1t 1s

P

possible to connect the additional regulator upstream of the

power—factor regulator, as a result of which an output signal

r—

from the voltage regulator 1s applied as one of the input

signals to the power-factor regulator. This makes 1t possible
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to achieve a clear regulator structure. This structure allows

non-linear input filtering, for example by means of a charac-

teristic element as an input filter.

pr—

In order to improve the overall voltage stability of the wind

farm, the voltage emitted from the wind farm can be regulated

at a nominal value by means of a voltage control module which

P

acts on the wattless-component monitoring unit of the farm

-~

master. A nominal value for the nominal voltage of the farm

is applied as an input thereto, and its output signal 1s ap-

plied as an input signal to the wattless-component monitoring

F

unit. This makes it possible to base the operation of the

wind farm on a voltage nominal value (preset by the grid sys-
tem operator) rather than wattless-component nominal values.
A reactive-current compensator can advantageously be used as

a voltage control module and, in the simplest case, may be in

the form of a characteristic element. Provision 1s preferably

also made for a pilot control signal for the nominal voltage

F

to be produced as a function of the actual voltage at the

wind farm in order to compensate for the voltage changes pro-

duced by the additional regulators for the wind energy 1in-

stallations. This makes it possible to use the pilot control

g

to largely compensate in the farm master for the risk of

overshoots when the grid system voltage changes because of

P

the influence of the local voltage regulation of the wind en-

ergy installation. The fundamental idea 1s simply to correct

the wattless-component nominal values transmitted to the wind

energy installations by the contribution to be expected from
the local voltage regulation. This therefore considerably im-
proves the dynamic response to voltage changes, 1in particular

voltage dips.

An emergency controller is preferably used in the control

system for the wind energy installation, which 1s designed to

provide a preferably stored substitute value for the power-

factor regulator when there 1s no signal for the wattless-

component nominal wvalue. Thils makes it possible to maintailn a

P

certalin amount of power-factor regulation in the wind enerqgy
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installation, even in the event of failure of the communica-

tion, for example as a result of a fault in the communication

network, to be precise at a standard value stored 1n advance.

The invention relates to a wind energy installation which has

a generator with a converter for production of electrical

power, and has a controller with a connection for a communi-

cation network, via which a control signal for the wattless

component is applied to the wind energy installation, and has

an additional regulator to whose input a signal for a nominal

voltage is applied and which emits control signals for the

converter in order to vary the emitted wattless component, 1in

order to regulate the emitted voltage from the wind energy

installation at the nominal value, wherein, according to the

invention, the wind energy installation has a power-factor
regulator to whose input a wattless-component nominal value
is applied, and which acts on the converter 1in order to set a
wattless component which corresponds to the wattless-

component nominal value, and wherein a logic unit 1s provided

which connects the power-factor regulator and the additional

regulator to one another such that a common control signal 1is

formed for the converter.

The invention furthermore relates to a wind farm having at

least two wind energy installations, which have a generator

with a converter for production of electrical power and has a

controller, having a farm master which 1s designed for real-

power and wattless-component monitoring, and transmilts a con-

trol signal for the wattless component via a communication
network to the wind energy installations, and having a con-

nection grid system which connects the wind energy installa-

tions to one another in order to feed the electrical power

produced into a grid system via a junction point, wherein at

least one of the wind energy installations has a power-factor
regulator to whose input a wattless-component nominal value
is applied and which acts on the converter in order to set a
wattless component which corresponds to the wattless-

component nominal value, wherein, according to the invention,
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the wind energy installation has an additional regulator to
whose input a signal for a nominal voltage is applied, and
which emits control signals for the converter in order to

vary the emitted wattless component, in order to regulate the

emitted voltage from the wind energy installation at the

nominal value, wherein a logic unit is provided, which con-

nects the power-factor regulator and the additional regulator

to one another such that a common control signal 1is formed

for the converter.

For a more detailed explanation, reference is made to the

above statements relating to the method.

The invention will be explained in more detail in the follow-

ing text with reference to the attached drawing, which 1llus-

trates advantageous exemplary embodiments, and in which:

F

Fig. 1: shows a schematic view of one exemplary embodlment

of a wind farm according to the invention, having a

farm master and wind energy installations;

-
p—

Fig. 2: shows one example of a request relating to the re-

sponse of the wind farm to the grid system;

Fig. 3: shows a schematic 1llustration of a farm master ac-

cording to a first exemplary embodiment of the 1n-

vention;

o

Fig. 4: shows a schematic illustration of a wind energy 1n-

stallation according to a first exemplary embodl-

ﬁ

ment of the invention;

Fig. 5: shows illustrations of alternative characteristics

for the exemplary embodiment shown 1n Figure 4;

Fig. 6: . shows a schematic illustration of a farm master ac-

cording to a second exemplary embodiment of the in-

10
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vention; and

Fig. 7: shows a schematic i1llustration of a wind energy in-

stallation according to a second exemplary embodi-

ment of the invention.

According to one embodiment of the invention, a wind farm

comprises a plurality of wind energy installations 1 (by way

of example, Figure 1 shows five wind energy installations), a

dnp——

connection grid system 3 to which the wind energy installa-
tions 1 are connected and which is connected via a junction
point 69 to a medium-voltage grid system 9, a farm master 8

for central control of the wind farm and a communication net-

work 7, which connects the farm master 8 to the individual

wind energy installations 1.

The individual wind energy installations 1 have a tower 11 at

whose upper end a machine house 12 is arranged such that it

can rotate 1n the azlmuth direction. On its front end face, a

rotor 13 1s attached such that it can rotate to a rotor shaft

(not 1llustrated), via which the rotor 13 drives a generator

15 1in the machine house 12. This is preferably a double-fed
asynchronous generator, although other types are also possi-
ble. A converter 17 is connected to the generator 15 and con-

verts the electrical power at a variable frequency, as pro-

duced by the generator, to a three-phase current at a fixed

frequency (grid system frequency). The wind energy installa-

tion 1 1s monitored by a controller 2, which acts on the in-

™

dividual components of the wind energy installation 1 via

suitable control lines (not illustrated). The communication

network 7 1s connected to the controller 2.

The farm master 8 1s provided to monitor the electrical power

fed into the grid system 9 and carries out a control function

for the wind energy installations 1. The electrical power

produced by the wind energy installations 1 is fed into the
distribution grid system 3 and is passed via this to a con-

nection line 6, via which it is passed to the junction point

11
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69 and further into the grid system 9. The connection line ©
may have a considerable length and may therefore have resilis-
tances, inductances and capacitances which are not negligi-

ble. These are illustrated symbolically in Figure 1 as con-

centrated elements 60 along the connection line 6. The con-
nection line 6 has a medium-voltage transformer 66 which 1is

designed to increase the voltage level 1n the distribution

grid system 3 from about 1000 volts to the voltage level of

the medium-voltage grid system 9 of about 20 kV. Furthermore,

pick-ups for voltage and current 68, 68’ are arranged along

the connection line 6, and their measurement signals are con-

nected to the farm master 8.

In addition to inputs of the voltage and current measurement

signals mentioned above, relating to the power fed from the

wind farm into the grid system 9, the farm master 8 has in-

puts for the maximum real power P-MAX that can be fed in and

for a preset wattless component for the power to be fed in.

The term “wattless-component preset” should be understood 1in

a general form and, in addition to a wattless-component value

F
—

Ov includes the power factor cos ¢, tan ¢, the angle ¢ itself

or else a preset voltage Uv. The farm master 8 has a real-

power branch with a subtraction element 83 and a real-power

monitoring unit 85 (Figure 3). The input signal, which 1s

supplied from the outside, for a maximum real power 1s ap-

plied to a positive input of the subtraction element 83. An

output signal from a real-power calculation unit 87 1is ap-

F

plied to the other, negative input of the subtraction element

33, and the measurement signals determined by the current and
voltage pick-ups 68, 68’ are connected to the real-power cal-

culation unit 87 as input signals. The real-power calculatilon

unit 87 determines the real power actually emitted from the

wind farm, and this 1s compared by the subtraction element 33

with the intended maximum power P-Max, and the difference re-

sulting from this is applied as an input signal to the real-

power monitoring unit 85. A limit function 1is implemented 1n
the real-power monitoring unit 85 and emits a real-power lim-

iting signal Ppaxy to the wind energy installations 1 1n the

12
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wind farm if the actually emitted real power exceeds the 1in-

tended maximum power.

The farm master 8 furthermore has a wattless-component branch

with a subtraction element 84 and a wattless—-component moni-

toring unit 88. An external nominal signal for the wattless-

P
pap—

component preset Qv 1s applied to a first, positive 1input of

the subtraction element 84. A wattless~component'calculation

p——

unit 89 is connected to the negative i1nput of the subtraction

element 84 and uses the voltage and current measurement sig-

nals determined by the measurement pick-ups 68, 68’ to calcu-

P
prp—

late the value of the wattless component Q actually emitted

from the wind farm. The subtraction element 84 determines the

difference between the wattless component actually fed in and

P

the applied preset value, and supplies the difference, after

limiting by a limiting module 86, to the wattless-component

monltoring unit 88. This is designed to use the difference

between the emltted wattless component and the intended nomi-

F

nal value to i1n each case produce updated control signals for

the 1ndividual wind energy installations 1 in the wind farm,

to be precise for their controllers 2. These control signals

are used to vary the nominal operating point of the wind en-

P

erences between the

ergy 1nstallations 1 such that any di

wattless power emitted from the wind farm and the preset

value are regulated out. It should be noted that direct pre-

F

setting of the nominal wattless component Qv is only one of a

.

number of possibilities for regulating the wattless compo-

F

nent. The process of presetting a nominal voltage is illus-

trated by way of example in Figure 2. The conversion module

32 1s 1n the form of a reactive-current compensator module in

which a characteristic function is stored for determining a

wattless-component preset Qv as a function of the preset

voltage. This 1s preferably stored in the form of a look-up
table.

The design and operation of the controller 2 for a wind en-

ergy 1nstallation 1 will be explained with reference to the

exemplary embodiment i1llustrated in Figure 4. The main compo-

13
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~nents of the controller 2 are a real-power regulator 25 and a

power~factor regulator 24. A subtraction element 23 1s con-

nected to the input of the real-power regulator 25. The maxi-

mum level P-MAX, as determined by the farm master, for the

real power of the respective wind energy 1nstallation 1s ap-

ﬁ

plied to the positive input of the subtraction element 23,

and a measure of the real power actually emitted by the wind
energy installation 1, as determined by a calculation unit

27, is applied to the negative input. This determines (in a

manner corresponding to the calculation unit 87 in the farm

master) the actually emitted real power on the basis of meas-

urement signals whilch are measured by voltage and current

sensors (not 1llustrated) on the connecting line of the wind

energy 1nstallation 1 to the connection grid system 3. The

~
prer

subtraction element 23 uses the difference to determine any

discrepancy, which is used as an input signal for the real-
power regulator. The real-power regulator 25 uses a control
algorithm which 1s known per se to determine a control signal
for the wind energy installation, and this 1s supplied to a

decoupling and limiting module 29.

The power-factor reqgulator 24 has a similar structure to that

P

of the real-power regulator 25, and a subtraction element 22

1s connected to its input. This subtraction element 22 forms

the difference between the applied signals for a nominal wat-

tless component gs, as determined by the wattless-component

monitoring unit 88 in the farm master 8, and the actually

gy

emitted wattless component of the wind energy installation,

-

as calculated by means of a wattless-component calculation

unit 28. The difference between these forms a wattless-
component discrepancy, which is applied as an input signal to
the power-factor regulator 24. From this, this uses a control

algorithm that 1s known per se to determine a control signal

for the wind energy installation 1, which is likewise applied

Lo the decoupling and limiting module 29. This is designed to

use the control signals from the real-power regulator 25 and

the power-factor regulator 24 to generate common reference

signals for the converter 17 in the wind energy installation

14
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1. These signals are applied as a reference vector b tO the
converter 17 and possibly also to the generator 15 in the

wind energy installation.

The controller 2 designed according to the invention further-

more has an additional regulator 4, which has a subtraction

element 41 at its input, and a control core 43. A measure for

2 nominal value of the voltage emitted by the wind energy in-

stallation 1 is applied to a positive input of the subtrac-

tion element 41; the measure of the actually emitted voltage,

as determined by the voltage measurement device 19, 1is ap-

plied to the other, negative input of the subtraction element

41. The voltage difference which results in this case 1s ap-

plied as an input signal to the control core 43 of the addi-

P
g

tional regulator 4. This is designed to use the voltage dif-

ference to determine correction signals for the i1nput of the

power-factor regulator 24. In the illustrated exemplary em-

bodiment, the control core 43 for this purpose has a

switchable characteristic element 44, which has a family of

different characteristics (two in the illustrated example)

implemented in it, as well as a multiplication element 45.
The choice between the characteristics can be made as re-

quired from the outside, by the farm master 8 or if required

also automatically by the controller 2 of the wind energy 1in-

stallation 1.

Reference is made to Figure 5, which shows the family of two

p—
aaad

characteristics. The characteristic represented by means oI a

solid line will be explained first of all. This 1is subdivided

into a plurality of sections: a first branch for a voltage

difference of more than 10% of the rated voltage, an upper

branch for a difference of more than +10% of the rated volt-

age, and a main area in the voltage band in between. The

characteristic gradient in the main area is chosen such that

a voltage difference of +10% or -10% results in a correction

value for the reactive current to be fed in of +16% and -105%,

respectively, of the rated current. A somewhat higher gradi-

F

ent of the characteristic is chosen 1in the lower branch, for
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which the nominal value for the reactive current changes Dby

about 20% of the rated value for every 10% further voltage

difference. In contrast, a very high gradient of the charac-

teristic is implemented for protection against overvoltage 1n

the upper branch of the characteristic, such that even a

e

voltage difference of +15% results in the maximum possible

reactive current (that is to say the rated current) beilng

emitted. A nominal value for the wattless component 1s calcu-
lated from the reactive current determined in this way, by
multiplication by the voltage, in the multiplication element

45. A characteristic such as this allows a good control rate

to be achieved, which is particularly suitable for improving

=

the response of the wind farm in its entirety with regard to

the wattless-component preset, when voltage changes occur.

These characteristics are particularly suitable for damping

control oscillations between the wind energy installations 1n

a wind farm with a wattless-component preset to the individ-

ual wind energy installations.

An alternative characteristic 1s represented by dashed lines

in Figure 5. This is subdivided into five sections: a lower
branch, a lower plateau, a main area, an upper plateau and an
upper branch. The main area extends over a narrower range

e

than in the case of the characteristic explained first of

all, specifically in a range from -5% to +5% of the nominal

ﬁ

voltage. The gradient of the linear characteristic is consid-

F

erably greater than in the case of the first variant, so that

even a difference of 5% results in a 30% change in the magni-

P

tude of the reactive current. This value of 30% for the reac-

tive current is also maintained in the subsequent plateau

area of the characteristic, which extends from 5% to 10% dif-

p—

ference, both in the case of undervoltage and 1n the case of

overvoltage. This is followed for lower voltage by the lower

branch of the characteristic, which has a gradient corre-

sponding to the first variant, that 1s to say a change of

3!

about 20% in the reactive current for every 10% voltage dif-

ference. The upper branch once again has a conslderably

P

greater gradient, as a result of which, starting from a reac-
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p—

tive current of 30% for an overvoltage of just 10%, the maxi-

mum reactive current (rated current) 1is reached at an over-

voltage of +15%. The voltage regulation element 1s dominant

in this characteristic. This i1s advantageous when particu-

larly rapid voltage regulation 1s desirable in the wind farm,

1in order to reliably preclude negative e:
ch

F P

fects of voltage

anges.

F

According to a further aspect of the invention, the gradient

O

P

the characteristic i1n the main area can be chosen such

o

that 1t corresponds to the characteristic gradient of the re-

active-current compensation implemented in the farm master 8.

This is achieved in that, when voltage changes occur, the in-

dividual wind energy installations can react autonomously and

quickly to the voltage change by means of the additional

regulator 4 by feeding in wattless component, while at the

same time, in the course of the greater reaction time of the

farm master 8, which is lengthened in particular by the com-

munication time via the communication network 7, corrected

nominal values for the individual wind energy installations

i

are calculated by means of the reactive-current compensation

of the farm master, as a result of which the local additional

regulators 4 for the wind energy installations 1 are returned

to thelr 1initial value again. A plurality of iteration cycles

O

f the farm master 8 may be required for this purpose before

a steady-state accuracy is achieved. However, this is not

disturbing since the additional regulator 4 provided at the

wind enerdy installations 1 ensures a rapid reaction and

Ctherefore a good dynamic response, overall.

-

As a result of such linking of the compensation in the farm

master 8 to the additional regulator 4, the invention there-

fore achieves a considerable improvement in the response of

the wind farm with respect to the wattless component in the

F

event of voltage changes within and outside the intended tol-

erance band.
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The additional regulator 4 and the power-factor regulator 24

are linked to one another by being connected in series. In

this case, the additional regulator 4 acts as an input filter

for the power-factor regulator 24, which uses i1ts own refer-

ence varlable (wattless-component nominal value) and the ac-

P

tuating signal of the additional regulator 4 to calculate a

common output signal, which 1s transmitted with the reference

factor to the wind energy installations 1. A logic unit 5 is
therefore formed by the structure with the additional regula-

tor 4, the subtraction element 22, the power-factor regulator

24 and feedback via the voltage pick-up 19 and subtraction

element 41.

The wind energy installations 1 can in this case be operated

1n various ways. For example, in a first operating mode, as

described above, both the nominal wattless component and the

voltage of the individual wind energy installations 1 can be

preset by the farm master 8. This is the fully linked operat-

F

1ng mode and allows very flexible optimization of the re-

sponse of the wind energy installations 1 in the wind farm

' aliad

and, 1n consequence, optimization of the response of the wind

farm overall with respect to the grid system 9. Furthermore,

presetting a nominal wattless component for the individual

re—-

wind energy installations 1 offers the capability to also in-

clude any passive compensation devices which may be present
there in the closed-loop control process. - For simplicity,
however, other operating responses with restricted linking

may also be provided. For example, in a second operating

mode, the nominal voltage is still preset by the farm master

3, while a nominal wattless component is set at the wind en-

v}

ergy installations. This operating mode offers the advantage
of very rapid voltage regulation in order in this way to sta-

pilize the emitted voltage and therefore, in the end, the

voltage emitted overall from the wind farm to the grid system

9, as well. Furthermore, this allows optimization of the

losses 1n the wind farm and makes it possible to avoid unde-

sirable excessive voltage levels at individual wind energy

installations 1, in particular those which are located at the
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end of long connecting lines in the connection grid system 3.

-

In a wind farm having a plurality of wind energy installa-

P

tions, 1t 1s expedient for only some of the wind energy in-

stallations to have a constant wattless-component nominal

value preset. — An alternative third operating mode 1is for

Che farm master 8 to preset the emitted nominal wattless com-

ponent, while the nominal value for the emitted voltage is

constant. An operating mode such as this may be expedient in

wind farms which also have wind energy installations without

local voltage regulation. This operating mode can therefore

be used 1n particular for retrofitting. - Finally a fourth

operating mode is also possible, in which both the nominal

voltage and the wattless component are set at fixed nominal

values. This also makes it possible to include wind energy
installations 1 which are located at highly unfavorable
points (long connecting lines and difficult connection via

PP
L

1€Irs

the communication network 7). The invention therefore o:

the flexibility to be introduced into the overall control

concept for the wind farm well even for highly problematic

wind energy 1installations. In a situation such as this, the

controller 2 can preferably be designed such that either the

preset wattless component or the preset nominal voltage has

priority. In the situation mentioned first, it is expedient
to implement slow regulation in the controller 2, which in-
ternally slowly readjusts the wattless-component nominal

value such that the additional requlator is returned to its

lnitial value again when voltage changes occur.

Figure 6 illustrates a second embodiment of the farm master

which differs from the first embodiment illustrated in Figure

2 essentially by the provision of an additional compensation

module 80 for the voltage. A measured value for the voltage,

i

as determined by means of the voltage pick-up 68, of the

electrical power emitted by the wind farm into the grid syS—

tem 9 1s applied to one input of the compensation module 80.

An output signal from the compensation module 80 is applied

as a further negative input to the subtraction element 84 in

the farm master 8. The compensation module 80 has a D-

19
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characteristic and 1s designed, as pilot control, to deter-
mine a compensation value 1n the event of voltage changes,
which compensation value corresponds approximately to the 1n-

e

fluence of the reactive-current compensator i1n the farm mas-

5 ter 8. The nominal wattless—component value transmitted to

the individual wind energy installations 1 can therefore at

this stage be corrected by the contribution of the local ad-

ditional regulator 4. This consilderably counteracts the risk

o )

of overshoots in the event of sudden voltage changes.

10

iy

In the second exemplary embodiment of the wind energy 1instal-

lation, as illustrated in Figure 7, an emergency control mod-

ule 21 is provided 1n the controller 2, and 1s designed to

provide a substitute value when there 1s no signal for the
15 nominal wattless component. For this purpose, the output of

the emergency control module 21 is applied to the subtraction

element 22. In order to allow reqgulation by means of the

emergency control module 21, 1t 1s preceded by a subtraction

element 20 which determines the difference between the nomi-

20 nal wattless component, as determined by the farm master 8,

and the nominal wattless component actually fed in, and ap-

plies this as an input signal to the emergency control mod-

ule. Even 1f the communication network 7 fails, wattless-

component regulation can therefore be carried out at the wind

25 energy 1installation 1. Regulation is in this case carried out

) d
—

optionally at a stored standard value or at a mean value o:

the most recently transmitted nominal wattless—-component val-

ues. The additional requlator 4 1s preferably still active,

for additional assistance.
30
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Patent Claims

A wind farm having at least two wind energy installa-
tions, which has a generator with a converter for pro-
duction of electrical power and has a controller, hav-
ing a farm master which is designed for real-power and
wattless-component monitoring, and transmits a control
signal for the wattless component via a communication
network to the wind energy installations, and having a
connection grid system which connects the wind energy
installations to one another in order to feed the elec-
trical power produced into a grid system via a junction

point, wherein at least one of the wind energy instal-

lations has a power-factor regulator to whose 1input a
wattless-component nominal value is applied and which
acts on the converter in order to set a wattless compo-
nent which corresponds to the wattless-component nomi-

nal value, wherein the wind energy installation has an

additional regulator to whose input a signal for a

nominal voltage is applied, and which emits control

signals for the converter in order to vary the emitted
wattless component, in order to regulate the emitted
voltage from the wind energy installations at the nomi-
nal voltage, wherein a logic unit is formed, which con-
nects the power-factor regulator and the additional
regqulator to one another, and wherein the logic unit 1s

configured to form a common control signal for the con-

verter.
The wind farm as claimed in claim 1, wherein the logic

unit has variable weighting factors for the power-

factor regulator and the additional regulator.

The wind farm as claimed in claim 1 or 2, whereiln the

logic unit is configured to vary the wattless component
linearly with the voltage in a voltage tolerance band

and to vary the wattless component non-linearly outside
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g—

the limits of the voltage tolerance band.

The wind farm as claimed 1n one of claims 1 to 3,
wherein the loglc unit comprises an input filter for

the wattless-power regulator or the additional regula-

tor, whereas the input filter 1s a control core having

a characteristic element.

The wind farm as claimed i1in one of claims 1 to 4,
wherein the power-factor regulator 1s connected to an

emergency controller which produces a substitute

valuewhen there 1s no control signal for the wattless

component from the farm master.

The wind farm as claimed 1n one of claims 1 to 5,

wherein the farm master has a conversion module which
has an input for a farm nominal voltage and whose out-

put acts on the wattless-component monitor.

The wind farm as claimed in one of claims 1 to 6,
wherein a compensation module is provided in the farm
master to whose input the actual voltage 1s applied and
whose output signal acts on the wattless-component

monitor for compensation.

A wind energy installation which has a generator with a

converter for production of electrical power, and has a

controller with a connection for a communication net-
work, via which a control signal for the wattless com-
ponent is applied to the wind energy installation, and
has a power-factor regulator to whose input a wattless-
component nominal value 1s applied and which acts on
the converter i1n order to set a wattless component
which corresponds to the wattless-component nominal
value, wherein the wind energy installation has an ad-
ditional regulator to whose input a signal for a nomi-
nal voltage is applied, and which emits control signals

for the converter in order to vary the emitted wattless
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component, 1in order to regulate the emitted voltage
from the wind energy installations at the nominal
value, and wherein a logic unit is provided, which con-
nects the power-factor regulator and the additional
regulator to one another to form a common control sig-

nal for the converter.

The wind energy installation as claimed in claim 8,
wherein the controller is designed as claimed in one of

claims 1 to 7.

A method for operation of a wind farm having at least
two wind energy installations, which has a generator

with a converter for production of electrical power and

has a controller, having a farm master which 1s de-
signed for real-power and wattless-component monitor-
ing, and transmits a control signal for the wattless
component via a communication network to the wind en-
ergy installations, and having a connectlion grid system
which connects the wind energy installations to one an-
other in order to feed the electrical power produced
into a grid system via a junction point, wherein the
wattless component is regulated at least one of the
wind energy installations by means of a power-factor
regulator to whose input a wattless-component nominal
value is applied and which acts on the converter 1n or-
der to set a wattless component, whereby application of
a signal for a nominal voltage to the at least one wind
energy installation, and regulation of the emitted
voltage by varying the wattless component emitted from
the converter at the nominal voltage by means of an ad-
ditional regulator, and linking of the power-factor

regulator and the additional regulator to form a common

control signal for the converter.

The method as claimed in claim 10, wherein the linking

is carried out by means of variable weighting factors.
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The method as claimed in claim 10 or 11, wherein the
linking is carried out by linear variation of the wat-
tless—-component with the voltage 1inside the limits of a
voltage tolerance band and by non-linear variation out-

side the limits of the voltage tolerance band.

The method as claimed in one of claims 10 to 12,
wherein the linking 1is carried out by input-filtering
of the input signals for the additional regulator or
the power-factor regulator, whereas a characteristic

element is used for input filtering.

The method as claimed in one of claims 10 to 13,

whereby regulation of the voltage at the junction point
of the wind farm at a nominal value by means of a volt-
age control module which acts on the wattless-component

monlitor.

The method as claimed in one of claims 10 to 14,

whereby production of a pilot control signal for the
nominal voltage as a function of the actual emitted
voltage of the wind farm, for compensation of the addi-

tional regulator.
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