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(57) Abrege(suite)/Abstract(continued):

to limit it to a harmonic limit value, wherein the harmonic predictor (6) comprises a calculation module (61), which calculates a
complex average over at least one period of the harmonic from one of the wind energy Installations (I) and determines a first
substitute vector therefrom, an iteration module (62), which progressively connects the calculation module (61) to at least one other
of the wind energy Installations |l in order to form at least one second substitute vector, and a summing module (63), which adds
the substitute vectors to form a total vector T and compares the latter with the harmonic limit value. The combination of the
calculation module (61) and the iteration module (62) progressively achieves a phase-correct calculation of the total harmonics
output by the wind farm.
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(57) Abstract: A wind farm has at least two wind energy installations (1), which each have a generator (10) having a converter (11)
for producing electric power. The mvention provides a harmonic predictor (6) that determines the harmonic expected from the wind
farm 1 order to limit it to a harmonic limit value, wherein the harmonic predictor (6) comprises a calculation module (61), which
calculates a complex average over at least one period of the harmonic from one of the wind energy installations (I) and determines a
first substitute vector therefrom, an iteration module (62), which progressively connects the calculation module (61) to at least one
other of the wind energy installations II in order to form at least one second substitute vector, and a summing module (63), which
adds the substitute vectors to form a total vector T and compares the latter with the harmonic limit value. The combination of the
calculation module (61) and the iteration module (62) progressively achieves a phase-correct calculation of the total harmonics
output by the wind farm.
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—  hinsichtlich der Berechtigung des Anmelders, die —  vor Ablauf der fiir Anderungen der Anspriiche geltenden
Prioritat einer friheren Anmeldung zu beanspruchen Frist;  Veroffentlichung — wird  wiederholt,  falls
(Regel 4.17 Ziffer iii) Anderungen eingehen (Regel 48 Absatz 2 Buchstabe h)

—  Erfindererkiarung (Regel 4.17 Ziffer iv) (88) Veriffentlichungsdatum des internationalen

Veriffentlicht Recherchenberichts:

7. November 2013
—  mit internationalem Recherchenbericht (Artikel 21 Absatz

3)

Ein Windpark weist mindestens zwel Windenergieanlagen (1), die jeweils emen Generator (10) mit emem Umrichter (11) zur
Erzeugung elektrischer Energie aut. Erfindungsgemall 1st ein Oberschwingungspradiktor (6) vorgesehen, der die vom Windpark
erwartete Oberschwingung bestimmt zur Begrenzung autf emmen Oberschwingungsgrenzwert, wobel der Oberschwingungspradiktor
(6) umiasst ein Berechnungsmodul (61), das einen komplexen Mittelwert iber mindestens eine Periode der Oberschwingung einer
der Windenergicanlagen I berechnet und daraus emmen ersten Ersatzvektor bestimmt, ein Iterationsmodul (62), welches das
Berechnungsmodul (61) sukzessive auf mindestens eine andere der Windenergieanlagen II auischaltet zur Bildung mindestens
eines zwelten Ersatzvektors, und ein Summiermodul (63), welches die Ersatzvektoren autaddiert zu einem Gesamtvektor T und
mit dem Oberschwingungsgrenzwert vergleicht. Mit der Kombination aus Berechnungsmodul (61) und Iterationsmodul (62) wird
sukzessiv eine phasenrichtige Berechnung der insgesamt abgegebenen Oberschwingungen des Windparks erreicht.
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Wind farm harmonic predictor, and method therefor

The 1nvention relates to a wind farm with at least two wind tur-
bines, each having a generator with a converter for generating

electrical energy.

On account of the increasing number and size of wind farms, when
wind farms are operated on the electrical transmission network
it is of increasing importance that they act on the network in a
stabilizing manner. By this means, wind farms make their contri-
bution to safeguarding the stability of the electrical network.

An important parameter of network quality is the harmonic con-

tent. Relevant requlations limit amplitude depending on the or-
der of the harmonics in order to obtain adequate network quali-
ty. As a result of the switching processes 1n the converter,
modern converter-controlled wind turbines generate harmonics of
different kinds, both those with even and odd order and those
with a fixed phase relationship to the network or those with a
variable phase relationship to the network. Wind turbines are
measured as part of a type test which is to be carried out for
each type of wind turbine, and characteristic values are deter-
mined therefrom. If a plurality of wind turbines 1s to be con-
nected to the network, as in the case of a wind farm, as a rule
the harmonics are determined from the values for the 1ndividual
wind turbines with the help of a calculation method. The harmon-
ics emitted by the wind farm as a whole must remain below cer-

tain limits. In practice, this often imposes a limit on the wind

farm.

When calculating the harmonics for wind farms based on the cer-
tified measurements for the individual wind turbine, different

procedures are used depending on the type of harmonic: harmonics

with low odd order numbers are viewed as typical for machine or
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mains-commutated converters using thyristor technology. The har-

monics are fixed in phase relative to the fundamental, and the

F

harmonics of

the individual wind turbines add 1n a scalar man-

ner. For a farm with N wind turbines, this results 1n N times

pl—

the value ot

a single wind turbine. Higher-order harmonics, 1n

particular in the region of the converter switching frequency,

F

are viewed as typical for freewheeling pulse inverters. The

phase relationship of wind turbines equipped with said 1nverters

is not fixed relative to the fundamental, but can drift relative

thereto. In

distributed.

fore do not

fact, the phase relationship is statistically evenly
The values of the individual wind turbines there-

add directly; instead, 1in accordance with the sta-

tistical distribution, a proliferation corresponding to the

sgquare root

monics (100

-

the value of

of the wind turbines can be applied for these har-

wind turbines therefore do not generate 100 times

a single wind turbine but only 10 times). As this

results in a reduction in relation to the approach with low or-

der numbers

with scalar multiplication, this 1is also referred to

as a reduction factor of 1/V(N).

Harmonics with low but even order numbers are only 1nadequately

considered in the regulations. As a rule, they contain a signif-

icant fixed-

phase portion and are therefore a mixture of fixed-

phase and variable-phase. The reduction factor 1/N(N) applicable

to varlable-

phase harmonics cannot therefore be usea. Conven-

tionally, therefore, a direct scalar addition 1s carried out

-

without reduction. This is unsatisfactory, as the limits are of-

gr—

ten very low, as a result of which the size of the wind farm 1S

#

significantly restricted with regard to the number of wind tur-

bines.

In addition,

gr—

the diversity of calculation methods makes the ap-

o

plication cumbersome depending on the type Of harmonic.
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The invention is based on the object of avoiding this disad-

vantage and achieving a universal reduction which can be applied

L 1

‘or all even and odd harmonics and also those at intermedilate

frequencies, and in particular even for low even harmonics.

The solution according to the invention lies in the characteris-

tics of the independent claims. Advantageous 1lmprovements are

the subject matter of the dependent claims.

According to the invention, a wind farm with at least two wind

turbines, each having a generator with a converter for generat-
ing electrical energy, 1is provided with a harmonic predictor

which determines the harmonic component expected from the wind

farm in order to limit it to a harmonic limit, and which for

this purpose is designed with a calculation module which calcu-

F

lates a complex mean value over at least one period of the har-

pr—

monic component of one of the wind turbines and determines a

first equivalent vector therefrom, an iteration module which

successively connects the calculation module to at least one

—

other of the wind turbines to form at least one second equiva-

lent vector, and a summing module which sums the equivalent vec-

tors to form a total vector and compares it with the harmonic

limit.

i

First of all, let us explain some of the terms used:

A complex mean value is understood to be a mean value which 1s

calculated in the complex number plane taking into account the

real part and the imaginary part of the harmonic. It 1s there-

fore a complex number.

"Successively connects" is understood to mean that the 1teration

module interacts with the calculation module in such a way that

the complex mean value is formed for a second wind turbine and,

3
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if necessary, for a third, fourth and further wind turbilnes, SO

that accordingly second, third, fourth and, if necessary, fur-

ther equivalent vectors are formed.

The invention is based on the knowledge that the harmonic compo-

F

nent emitted by the wind turbines of a wind farm as a whole can

be more accurately estimated by taking into account the respec-

tive mean phase relationships. The invention achieves thils 1in an

elegant manner by combining a calculation for each wind turbine

in its own right, this being carried out successively 1n an 1t-

farm to be

eration process for all wind turbines of the wind

considered, with subsequent summing over the individual wind

turbines. In this way, the calculation for the wind farm as a

F
—

whole, which can only be carried out with difficulty, 1s reduced

to a calculation for the individual wind turbines, wherein an

analysis with the correct phase relationship can be achlieved as

F

a result of the design of the calculation module with the 1mple-

mentation of a complex mean value generator. Wind turbines with

P

variable-phase parts of the harmonics which are offset with re-

spect to one another therefore partially cancel one another out

or only add to one another to a small extent. With this vectori-

al summation, a total vector, which is significantly smaller

than that which is calculated in the conventional manner, 1s fi-

nally determined for the whole wind farm.

The invention has recognized that a predictor formed on this ba-

F

sis also estimates the harmonics with sufficient accuracy 1n

cases where the harmonics comprise fixed-phase and variable-

phase components. Conventionally, only cases with purely varia-

ble-phase harmonics could be determined by vectorial addition.

The invention now enables this to be carried out for mixed cas-—

es, and therefore achieves a widely usable predictor. It 1S

suitable for all harmonics, whether even, odd or at intermediate

frequencies. In particular, this predictor is also sultable for

4



use with even harmonics of a low order,

CA 02861955 2014-07-18

only inadequately considered.

i

which were previously

A substantially more accurate estimate of the harmonic component

emitted by the wind

P

means oL

farm as a whole can therefore Dbe

achleved by

the predictor according to the invention, namely pre-

cisely and particularly in cases where the harmonic component 1S

P

a mixed case of fixed-phase and variable-phase parts. This re-

sults in a significant advance in comparison with the estimate

based on a purely scalar addition which was previously common 1in

the prior art. With the predictor according to the invention, 1t

1s there:

connecting point.

combined to

Expediently,

form a recursion module.

By this means,

‘ore possible to arrange more wind turbines at a given

the iteration module and the summing module are

the harmonic

component can be determined easily and 1in an easilly understanda-

ble manner

harmonic limit is reached. In this way,

—

F

for an increasing number of wind turbines in the wind

farm. This makes it possible to then cease recursion when the

the harmonic predictor

immediately directly outputs the maximum number of wind turbines

simplification

Preferably,

heed

for a wind

-

-

"ixed-phase part of the harmonic component of

for practical application.

yr—

farm that can be connected. This is a considerable

the calculation module has an offset unit for a

the wind turbine,

a rotator for a variable-phase part of the harmonic component,

and a vectorizer which is designed to determine the equivalent

tude and angle.
determined by means of the offset unit.

is that it typically always has the same phase

ﬁ

bines of

calculated in a simpli:

the wind

The

pr—

P
p—

vector based on mean values of

Wy
|

O.

farm under consideration.

"ied manner by means OL

o

—y

—
P

y———
PP

the ot

fset unit and rotator by magni-

fixed-phase part in particular can be easily

Characteristic of this

for the wind tur-

It can therefore be

fset unit.
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The rotator, which represents the variable rotating part of the

harmonic component, 1is preferably provided for the variable-

phase part. With the various wind turbines under consideration,

the variable-phase part is by definition not rigidly coupled but

F

independent. A vectorial calculation therefore results in dif-

F'h

ferent directions for the vectors (even if they all have the

same magnitude or length), so that the desired reduction 1is

F ﬁ

formed therein on account of the dai

ferent angles. The

F

vectorizer measures these differences with regard to the angles

and takes them into account in the summation in order to ulti-

mately determine the equivalent vector, which i1s determined by a

certain magnitude (length of the vector) and angle (phase rela-

tionship) .

In a particularly advantageous embodiment, which possibly merits

r—

independent protection, the converter of the wind turbine 1s ad-

justable with regard to its fixed-phase and variable-phase part

pr—.

of the harmonic component. With modern high-frequency pulse con-

verters, it has been shown that, although harmonics cannot Dbe

(completely) avoided, they can be influenced with regard to

their mean phase relationship. The magnitude and, above all, the

p—
—

angular position of the equivalent vector can be affected Dby

shifting the weighting between fixed-phase and variable-phase

part. This enables values to be set for the individual wind tur-

bines so that they mutually neutralize one another as far as

possible in their effect on the harmonics. This makes 1t possi-

ble to provide more wind turbines in the wind farm without ex-

ceeding the harmonic limit. For this purpose, the harmonlc pre-

dictor expediently works together with a limiter. This adjusts

the ratio between fixed-phase and variable-phase part 1in such a
way that a reduction to the desired limit 1s achieved. Alterna-
tively or additionally, the limiter can also Dbe designed so that

the number of wind turbines which emit electrical energy 1s lim-
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ited in order to guarantee that the harmonic limit is maintained

in crlitical cases.

Preferably, the harmonic predictor is designed particularly for

even order harmonics, namely in particular up to those of the

50th order. Particularly preferred is a design for low harmonics

gl—
p—

(up to the 20th order) and/or high harmonics in the region of

the converter switching frequency.

The invention further extends to a method for limiting the har-

monic component generated by a wind farm, wherein the wind farm

comprises at least two wind turbines, each having a generator

with a converter for generating electrical energy, wherein, ac-

A

cording to the invention, for a first of the wind turbines, a

calculation is provided of a complex mean value over at least

*

one period of the harmonic component and determination therefrom

of a first equivalent vector with magnitude and angle, and for

—

a2t least one second of the wind turbines, iterative determina-

pr—

tion of a second equivalent vector in the same manner, and fi-

e y—

nally use of the first equivalent vector as the foot of the se-

T

cond equivalent vector for summation and subsequent formation of

a total vector and its comparison with the harmonic limit. The

foot of a vector is understood to mean the end opposite the tip.

ﬁ

For more detailed explanation of the method, reference 1s made

to the explanation above relating to the wind farm.

The invention further extends to a corresponding harmonic pre-

dictor for a wind farm and the corresponding method. Reference

is made to the above explanations. In addition, it is noted that

the harmonic predictor can expediently be provided with a simu-

lation interface. This serves to function as an interface with a

simulation environment, in which the wind farm with 1ts w1lnd

turbines is implemented. This enables the harmonic predictor ac-

v
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cording to the invention to be also applied to wind farms 1in

their development and planning phase, that 1s to say without

them having to be already realized in practice. This results 1n

a s1lgnai:

*

icant expansion of the application spectrum of the har-

monic predictor according to the 1nvention.

The invention is explained below with reference to the attached

drawings in which an advantageous exemplary embodiment 1s shown.

Figure

Figure

Figure

F'igure

Figure

F'igure

Figure

An exemplary embodiment of a wind

1:

o :

]

In the drawings:

shows an overview of

d

wind farm with a harmonic pre-

dictor according to the invention;

shows an alternative embodiment with the harmonic pre-

dictor according to the invention;

g

shows a diagram of the reduction in the harmonic compo-

nent achieved with the harmonic predictor;

shows a representation of the fixed-phase and variable-

pr——

phase portion of the harmonic component of a wind tur-

bine;

F

shows magnitudes and mean values of the harmonic compo-

nent over one period;

shows a graphical illustration of the prediction method

shows an expanded representation for a large number OrI

for three wind turbines;

and

)

wind turbines in the wind farm.

farm with a harmonic predictor

according to the invention is shown in Figure 1. The wind farm

3
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comprises a plurality of wind turbines 1, three wind turbines

being provided in the exemplary embodiment shown. They are con-

P

structed in an identical manner and designated by means of Roman

numerals I, II and I respectively for identification. The wind

turbines 1 in each case have a doubly-fed asynchronous generator
10 with a converter 11, and are connected to a common network 2,

which is in the form of a medium-voltage network, 1n order to

output the electrical energy generated. This leads to a connect-

ing point 3, which usually contains a high-voltage transformer

(not shown) for connecting to a high-voltage network 9.

A wind farm master 5, which carries out a superimposed control

P

for the wind turbines of the wind farm, is also provided. The

wind farm master 5 1s connected to the wind turbines 1 by means

of a separate signal cable network 4.

Also connected to the signal cable network 4 is a harmonic pre-
dictor 6. This comprises a calculation module 61, an iteration

module 62 and a summing module 63. The iteration module 62 and

the summing module 63 are combined to form a recursion module

64. An input 65 for the order of the harmonic n to be processed

by the harmonic predictor is arranged on the calculation module

61. Low even-numbered orders are normally furnished here. Fur-

ther, an input 66 for a harmonic limit is provided on the har-

P

monic predictor 6. An output connection 67 of the harmonic pre-

dictor 6 is fed back to a limiter 68 which is arranged on the

farm master 5.

Signals relating to the harmonic to be processed, 1n particular

with reference to the fixed-phase and variable-phase portion,

are provided by the wind turbine 1 via the signal cable network

4. As a rule, this information is available in an operating con-

F

trol system of the wind turbine 1 and can be requested there-

R—

from, as appropriate sensors are available in the wind turbine 1

9
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itself. However, it can also be provided that the appropriate

values are measured separately by means of sensors 14 on the in-
dividual wind turbines and transmitted via the signal cable net-

work 4.

From the values so applied, the calculation module 61 determines

a complex mean value of the harmonic component over at least one

full period and calculates an equivalent vector therefrom. This

is described in more detail below with reference to Figures 4

and 2.

———

A harmonic component of one of the wind turbines, wind turbine I

being used as an example, is shown in the complex plane 1n Fi1g-

ure 4. The harmonic component has a fixed-phase part and a vari-

able-phase part. The coordinate system for the complex represen-

tation of the harmonic component is chosen so that the fixed-

phase part lies on the real axis. In Figure 4, the fixed-phase

part is shown with a dashed horizontal arrow. In addition to the

fixed-phase part comes the variable-phase part, which 1s shown

as a circular rotating vector with a thin continuous arrow. Thils

F

arrow rotates at the frequency resulting from the order of the

—

harmonic. The total value of the harmonic component at any given

time is represented by the tip of the thin arrow, the foot of

” e

which lies on the tip of the dashed arrow for the fixed-phase

part. This results in the characteristic values shown in Figure

F

5. In Figure 5, the real part of the harmonic component 1s shown

—

by the dashed line, and the imaginary part of the harmonic com-

ponent is shown by the continuous line. The magnlitude of the

complex number which is defined by the respective real part and

imaginary part is shown by the chain-dotted line. It can be seen

that this line, unlike the lines for the real and imaginary

part, does not have a sinusoidal pattern, but rather has a flat

spot in the region around the angle 180°. This results from the

fact that, when considering the tip of the arrow of the continu-

10
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ous line in Figure 4, this is at an almost constant distance

from the origin as it sweeps through at the left-hand end of the

=

circle, that is to say in the region facing the imaginary axis.

This means that the magnitude of the vector for the whole har-

monic component, which runs from the origin to the tip of the

continuous arrow, 1is minimal in this region. The flat spot

F

therefore ultimately results from the superimposition of the

linear displacement due to the fixed-phase portion, which acts

like an offset, and the rotation due to the variable-phase part.

Also shown as horizontal lines in Figure 5 are the mean values

for the real part (dashed) and the mean value for the total val-

ue of the harmonic component (fixed-phase and variable-phase

part) shown chain-dotted. The mean value for the complex vector

of the harmonic component is likewise complex and 1s shown by a

cross in Figure 4. According to the invention, this 1s used as

B

an equivalent value for the harmonic component, the magnitude of

—

which corresponds to the mean amplitude of the harmonic compo-

nent. The calculation module 61 supplies this complex mean value

at its output as an equlvalent vector.

The iteration module 62 ensures that the calculation shown above

P

for the example of wind turbine I is repeated accordingly ftor

the further wind turbines, in the example II and III. The sum-
ming module 63 sums these values. This 1is visualized in Figure

6. Tt contains three circular representations which are desig-

—

nated by the Roman numerals I, II and ITII for the three wlnd

turbines. The representation of the first circle corresponds to

that in Figure 4 for wind turbine I. Its equivalent vector,

which acts as an equivalent value, 1is shown by the chain-dotted

arrow next to the Roman numeral I. The calculation 1s carried

cout for the second wind turbine II starting from this equivalent

value, that is to say, from a graphical point of view, starting

from the tip of the equivalent vector. This means that 1t acts

11
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as a zero point for the fixed-phase portion, which leads to a

horizontal displacement along the real axis. This 1s shown Dby

the dashed arrow next to the numeral II. In turn, the rotating

F

vector for the variable-phase part is shown around the tip of

p—

this arrow by means of a continuous line. As the second wind

turbine II has a different mean phase relationship with respect

to its variable-phase harmonic component, the equivalent vector

(chain-dotted arrow next to the numeral II), which 1is calculated

for said harmonic component in the same manner as for wind tur-

pi—
—

bine I, has a different orientation from the equivalent vector

for wind turbine I. A vectorial addition of the two equivalent

vectors therefore takes place. This procedure 1s repeated for

F

by means of the iteration module 62

—

the third wind turbine 111

and the summing module 63, resulting in the third equivalent

vector, which is shown by the chain-dotted arrow next to the nu-

meral III in Figure 6. From these three equivalent vectors, the

summing module 63 finally forms a total vector T, which 1s shown

F
—

by a thick continuous line. This represents the mean value orf

the total harmonic contribution generated by the wind turbines

- I taking into account the respective fixed-phase and varia-

ble-phase portions and their relative phase relationship.

If this method is carried out for a larger number of wind tur-

bines, for example for about 100 wind turbines, this results 1n

the pattern shown in Figure 7. A characteristic, which qualita-
tively corresponds to a square root characteristic, can be seen

from the overall pattern. This means that, according to the har-

monic predictor according to the invention, the total harmonics

= -

of a wind farm comprising a correspondingly large number N oI

wind turbines do not correspondingly increase N times, but

roughly follow a 1/V(N) characteristic. By this means, the over-

-

all behavior of a wind farm can be correspondingly estimated

with the predictor according to the invention, even for wind

turbines whose harmonic components are mixed in the sense that

12
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they contain fixed-phase and variable-phase portions. This makes
it easier to maintain the limits at the connecting point 3 to

the public network 9.

The harmonic predictor according to the invention can be used so

F

that converters 11 for generators 10 of the wind turbines 1 are

controlled in such a way that, with regard to the fixed-phase
and variable-phase part, their harmonic components are adjusted

so that the total vector T determined by the harmonic predictor

6 does not exceed the harmonic limit LIMIT. As well as adjusting

gre—

the converter 11, it can also be provided that the number N of

wind turbines is reduced in critical cases 1n order thus to

achieve a reduction in the harmonic component. It should be not-

F

ed that the principle of the harmonic predictor per se can be

used for any kind of wind turbines 1; it has proved its worth

particularly in wind turbines with doubly-fed asynchronous gen-

—

erator 10. In particular, the problem of the mixed case, that 1is

to say a harmonic component with fixed-phase and variable-phase

part, occurs especially with these.

According to the invention, it is not absolutely essential that

the harmonic predictor 6 is implemented on a real wind farm. It

is also possible to connect the harmonic predictor 6 to a simu-

lation interface 7 (see Fig. 2) which acts together with a simu-

lation computer 70. The simulation interface 7 together with the

ﬁ

simulation computer 70 model the electrical behavior of the wind

farm with its wind turbines 1 and the internal cable network Z

gr—
—

as far as the connecting point 3. In this way, the behavior of

the wind farm with regard to its harmonic component can pbe de-

P

termined in advance by means of the harmonic predictor 6 and

taken into account when designing the wind farm before 1t 1s ac-

tually built. This enables the wind farm to be designed with

much greater accuracy. For this purpose, the simulation 1nter-

face 7 has a connection 74 for simulating the signal network

13
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with the devices connected thereto and a connection /7 for con-

necting an output signal 67' of the harmonic predictor 6.

The improvements possible with the harmonic predictor according
to the invention are shown in Figure 3. The aimed-for i1deal sit-
uation is a reduction in the harmonic component with a reduction

factor RF according to a relationship 1/V(N), such as can only

be achieved with higher order harmonics using conventional

means; this is shown in Figure 3 by means of a dotted line. A

reduction as shown by the continuous line can be achieved with

It can be

the harmonic predictor according to the invention.

seen that, although not quite as significant a reductlion 1s
achieved as with the higher order harmonics, a considerable 1m-
provement is achieved compared with the previous case where no

reduction was to be assumed but a constant value of 1 according

to the dashed line.

The harmonic loading can therefore be more accurately estimated
with the harmonic predictor according to the invention, which

ultimately enables more wind turbines to be connected 1n a wind

farm for a given connecting point with specified harmonic limit.

It is particularly pleasing that a considerable reduction 1n the

harmonic loading is made possible with the harmonic predictor,

even with relatively small wind farms with ten or twenty tur-

pines.

14
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WE CLAIM

1. Wind farm with at least two wind turbines (1), each having a

generator (10) with a converter (11) for generating elec-

trical energy,
characterized 1n that

a harmonic predictor (6) which determines the harmonic com-
ponent expected from the wind farm in order to limit i1t to a
harmonic limit is provided, wherein the harmonic predictor

(6) comprises

a calculation module (61) which calculates a complex mean

p—

value over at least one period of the harmonic component of

one of the wind turbines I and determines a first eqgquivalent

vector therefrom,

an 1teration module (62) which successively connects the
calculation module (6l) to at least one other of the wind
turbines II to form at least one second equivalent vector,

and a summiling module (63) which sums the equivalent wvectors

to form a total vector T and compares 1t with the harmonic

limit.

2 . Wind farm according to Claim 1, characterized 1in that the
iteration module (62) and the summing module (63) are com-

bined to form a recursion module (64).

3. Wind farm according to Claim 1 or 2, characterized 1n that

the converter (11) 1s adjustable with regard to 1ts fixed-

phase and variable-phase part of the harmonic component.

4. Wind farm according to Claim 3, characterized 1n that the
harmonic predictor (©6) works together with a limiter (68)
which sets the harmonic component to the limit by adjusting

the ratio between fixed-phase and variable-phase parts.

15
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Wind farm according to Claim 3 or 4, characterized 1in that
the harmonic predictor (6) works together with the limlterx
(68) in such a way that the harmonic component 1s set to the
limit by restricting the number of wind turbines (1) which

emit electrical energy.

Wind farm according to any one of claims 1 to 5, characte-

rized 1n that the harmonic component 1s of an even order,

preferably no greater than the 50th order, furthermore pre-
ferably 20th order, and/or lies in the region of the switch-

ing frequency of the converter (11).

Harmonic predictor for a wind farm comprising at least two
wind turbines (1), each having a generator (10) with a con-

verter (11) for generating electrical energy, wherein a lim-

it for the harmonic component generated by the wind farm 1is
determined, characterized in that the harmonic predictor (6)

comprises:

a calculation module (61) which calculates a complex mean

#

value over at least one period of the harmonic component of

one of the wind turbines I and determines a first equivalent

vector therefrom,

an 1i1teration module (62) which successively connects the
calculation module (61) to at least one other of the wind
turbines II to form at least one second equlvalent vector,
and a summing module (63) which sums the equilvalent vectors
to form a total vector T and compares it with the harmonic

limit.

The harmonic predictor according to claim 7, characterized
in that the iteration module (62) and the summing module

(63) are combined to form a recursion module (64).

16
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The harmonic predictor according to claim 7 or 8, characte-
rized in that the converter (11) 1s adjustable with regard

to 1ts fixed-phase and variable-phase part of the harmonic

component.

The harmonilic predictor according to Claim 9, characterized
in that the harmonic predictor (6) works together with a li-
miter (68) which sets the harmonic component to the limit by

adjusting the ratio between fixed-phase and variable-phase

parts.

The harmonic predictor according to Claim 9 or 10, characte-
rized 1n that the harmonic predictor (6) works together with

the limiter (68) in such a way that the harmonic component

1is set to the limit by restricting the number of wind tur-

bines (1) which emit electrical energy.

The harmonic predictor according to any one of claims 8 to
11, characterized 1n that the harmonic component 1s of an

even order, preferably no Jgreater than the 50" order, fur-

thermore preferably 20™ order, and/or lies in the region of

the switch-1ng frequency of the converter (11).

Method for predicting the harmonic component generated by a

wind farm, wherein the wind farm comprises at least two wind

turbines (1), each having a generator (10) with a converter

(11) for generating electrical enerqgy,

characterized by

for a first of the wind turbines (I)

calculation of a complex mean value over at least one period

o

of the harmonic component and determlination therefrom of a

first equivalent vector with magnitude and angle,

for at least one second of the wind turbines (II)

17
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lterative determination of a second equivalent vector 1n the

same manner,

use of the first equivalent vector as the foot of the second

equlivalent vector for summation, and

formation of a total vector T and its comparison wilth the

harmonic limit.

Method according to Claim 13, characterized by recursive de-
termination and summation of the eqguivalent vectors for fur-

ther wind turbines (III).

Method according to Claim 13 or 14, characterized 1n that
the determination cof an equivalent vector comprises a calcu-
lation of a mean value of a real part of the harmonic compo-

nent of the respective wind turbines.

Method according to Claim 15, characterized 1in that the de-

termination of an equivalent vector comprises a calculation

P

of a mean value of an 1maginary part of the harmonlc compo-

nent.

Method according to one of Claims 13 to 16, characterized by

splitting the harmonic component into a fixed-phase part and

into a variable-phase part.

Method according to one of Claims 13 to 17, characterized 1in
that the magnitude of the eguivalent vector 1s determined by
a mean value of the magnitude of the harmonic component over

at least one period.

Method according to one of Claims 16 to 18, characterized 1n

that the angle of the equivalent vector 1s determined by the

F

ratio of the mean values of i1maginary part to real part.

Method according to one of Claims 13 to 19, characterized by

adjusting the ratio between fixed-phase and variable-phase
18
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parts of the harmonic component 1n order to restrict 1t to a

limit.

21. Method according to one of Claims 13 to 20, characterized by
limiting the number of wind turbines 1in order to restrict

the harmonic component to the limit.

19
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