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Abstract

The invention relates to a wind farm for feeding a total electric current into an electrical supply
network at a network connection point, wherein the wind farm has at least one wind power
installation, which is designed as a compensation wind power installation, and has an active
compensation unit, in order to generate a compensating component current having a modu-
lated compensation proportion, wherein the compensation proportion is modulated by the
active compensation unit, and at least one further wind power installation, which, as a wind
power installation without compensation, is designed to generate a non-compensating com-
ponent current without a modulated compensation proportion, wherein the compensating
component current or the compensating component currents and the non-compensating
component current or the non-compensating component currents are superposed to form the
total electric current to be fed in in a farm network that connects the wind power installations
and the compensating component current or the compensating component currents are
generated so that the total current to be fed in at a reference point in the farm network, in a
section between the farm network and the network connection point or in the electrical supply
network influences an occurring reference current or an occurring reference voltage in order
to achieve a prescribed current form for said reference current or a prescribed voltage form

for said reference voltage.

(Fig. 2)
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1

Method for the compensation of currents to be fed in from a wind park

The present invention relates to a wind farm for feeding a total electric current into a supply
network at a network connection point. The present invention further relates to such a com-
pensation wind power installation and to a method for feeding in a total electric current by
means of such a wind farm and to a method for generating a current of a compensation wind

power installation.

It is known, particularly for wind farms, to generate alternating electric current for feeding into
an electrical supply network by virtue of the fact that a plurality of wind power installations
each having at least one inverter each generate a component current, which is superposed to
form a total electric current to be fed in and is fed into the electrical supply network. Such

wind power installations are also referred to as converter-coupled generators.

The component currents of the converter-coupled generators are mostly generated by means

of modulation methods using a multiplicity of inverters, in particular of cascaded inverters.

A disadvantage of the use of such modulation methods is, in particular, that the individual
component currents can have high harmonics levels. This effect can also be negatively
amplified by the cascaded embodiment of the inverters, in particular so that the total electric
current to be fed in by the wind farm no longer meets the requirements of the electrical supply

network.

Harmonics are to be understood below as meaning essentially harmonics of a current; these

can be determined by a series of known analysis methods.

The German Patent and Trademark Office has searched the following prior art in the priority
application relating to the present application: WO 01/73518 A1; US 8,971,066 B2; "Harmonic
Resonances in Wind Power Plants: Modeling, Analysis and Active Mitigation Methods" by
F.D. Freijedo et al., IEEE Eindhoven PowerTech, 2015; "Harmonic Challenges and Mitigation
in Large Offshore Wind Power Plants" by Dong Energy Wind Power, Harmony Symposium,
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August 26, 2015; "Transient Response of a Wind Energy Conversion System Used as Active
Filter" by Grazia Todeschini et al., IEEE Transactions on Energy Conversion, Volume 26, No.
2, June 2011.

It is therefore the object of the present invention to address at least one of the problems
mentioned above. In particular, the intention is to propose a solution that can control and/or
compensate the harmonic content of the total current to be fed in from a wind farm in a sim-

ple manner.

According to the invention, a wind farm for feeding a total electric current into an electrical
supply network at a network connection point as claimed in claim 1 is proposed. The wind
farm comprises at least one wind power installation, which has an active compensation unit,
and at least one further wind power installation, which is designed as a wind power installa-

tion without compensation.

The at least one wind power installation having the active compensation unit is subsequently
also referred to as a compensation wind power installation and is designed to generate a
compensating component current having a modulated compensation proportion, that is to say
a component current onto which a compensation proportion has been modulated by the
active compensation unit. For this purpose, an active filter can be used, for example, which
modulates a compensation proportion onto the current generated by the wind power installa-
tion. The compensation wind power installation thus generates in a first step a conventional
current, onto which a compensation proportion, which has been generated by an active

compensation unit, is modulated in a second step.

The at least one further wind power installation, which is subsequently also referred to as a
wind power installation without compensation, does not have an active compensation unit in
the sense of a compensation wind power installation and is designed to generate a non-
compensating component current without a modulated compensation proportion, that is to
say in a basically entirely normal manner. Such a non-compensating component current can
be generated, for example, by a frequency inverter. The frequency inverter can implement
pulse-width modulation or a tolerance range method, for example, but does not carry out
additional modulation for the non-compensating component current in the sense that harmon-

ics proportions or compensation proportions are supplemented in a targeted manner to form
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the current generated in this way. In any case, no modulation is performed by an active
compensation unit.

Furthermore, the wind power installations of the wind farm, that is to say both the compensa-
tion wind power installations and the wind power installations without compensation, are
connected to one another by means of a common farm network and feed into a supply net-
work by means of a common network connection point as a wind farm. The compensating
and non-compensating component currents generated by the wind power installations are
thus superposed in the farm network to form a common total electric current to be fed in.

The compensation wind power installation is designed in accordance with the invention to
generate the compensating component current having a modulated component proportion so
that, when the compensating and the non-compensating component currents, that is to say
all of the component currents, are superposed, a total current to be fed in is generated, which
total current forms at a reference point the reference current occurring there so that the
reference current achieves a prescribed current form or a prescribed current. Depending on
the case of use, it is proposed that, instead of a reference current, a reference voltage is
considered and the total current to be fed in is generated so that said reference voltage
achieves a prescribed voltage form or a prescribed voltage. This is also achieved by super-
posing the compensating and the non-compensating component currents to form the total
current to be fed in. The consideration of a reference voltage instead of a reference current is
proposed particularly for a reference point that is arranged in the electrical supply network. In
this case, it comes down less to the current form than to the voltage form, whereas in the
case of considering the reference point in the farm network, or in a section between the farm
network and the network connection point, the consideration of a reference current is pre-
ferred.

Subsequent explanations regarding embodiments and effects in connection with a reference
current also apply analogously to reference voltages.

In this case, the fact that a wind power installation of an already existing wind farm can easily
be retrofitted with an active filter in order to thus increase the quality of the current of the

entire wind farm to be fed in is particularly advantageous.
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To this end, the reference point can be located in the farm network itself, between the farm
network and the network connection point or in the supply network.

The wind farm preferably has a detection means for detecting harmonics of the reference
current, which harmonics occur at the reference point, and the active compensation unit is
configured to generate the modulated compensation proportion depending on the detected
harmonics of the reference current, which harmonics occur at the reference point, so that the
harmonics of the reference current or of the reference voltage, which harmonics occur at the

reference point, are compensated or at least reduced or minimized.

The detection means is configured, in particular, to detect the harmonics occurring at the
reference point and to transmit said harmonics to the active compensation unit. This can be
carried out both directly and indirectly and/or by means of cable or radio or the like. The
detection means can furthermore be designed both as a measurement means or as a meas-

urement receiver.

The active compensation unit generates the modulated compensation proportion preferably
depending on the detected harmonics so that the harmonics at the reference point are com-
pensated or at least reduced or minimized. For example, the network connection point can be
selected as the reference point so that the compensation wind power installation minimizes
or, in the best case, completely eliminates the harmonics of the total current to be fed in at
the network connection point. The wind farm then feeds into the supply network substantially
without harmonics. It is particularly advantageous here that a wind power installation or a few
wind power installations having an active compensation unit can virtually eliminate all of the

harmonics of a wind farm.

The wind farm preferably has exactly one compensation wind power installation or the wind
farm has at least one subnetwork, which comprises exactly one compensation wind power

installation.

The number of compensation wind power installations is therefore adapted according to the
wind farm power. In particular, to compensate harmonics, according to one of the above
embodiments, a compensation wind power installation is configured to compensate the
harmonics of a multiplicity of wind power installations without compensation, for example in a

ratio of greater than 1:5, in particular greater than 1:10. If the wind farm has more than 10
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wind power installations, it is proposed to subdivide them into subnetworks so that the wind
farm according to the invention preferably has exactly one compensation wind power installa-
tion for each subnetwork. In particular, in the compensation of harmonics, particularly a few

compensation wind power installations are required.

According to the invention, a wind power installation for generating electrical power for feed-
ing into an electrical supply system as claimed in claim 5 is furthermore proposed. This is
referred to above and subsequently as a compensation wind power installation. The compen-
sation wind power installation has an active compensation unit, in particular an active filter, in
order to generate a compensating component current having a modulated compensation
proportion, wherein the compensation proportion is modulated by the active compensation
unit in order to reach or to generate a setpoint current form of a reference current at a refer-
ence point. The wind power installation according to the invention is therefore configured to
function as a compensation installation of a wind farm described above and below in accord-

ance with at least one embodiment.

The compensation wind power installation is further designed as a conventional wind power
installation, for example as a wind power installation without a transmission, having a syn-
chronous generator and a full converter, which wind power installation generates a conven-
tional component current. In addition, the compensation wind power installation has an active
compensation unit, which modulates a compensation proportion onto said conventional
component current. The modulation is therefore carried out by the active compensation unit.
The conventional component current is in this case modulated in accordance with one em-
bodiment accordingly using a compensation proportion so that a reference current at a refer-
ence point reaches a specific setpoint current form.

A detection means is preferably provided for detecting harmonics of the reference current,
which harmonics occur at the reference point, and the active compensation unit is configured
to modulate the compensation proportion depending on the detected harmonics of the refer-
ence current or of the reference voltage, which harmonics occur at the reference point, so
that the harmonics of the reference current or of the reference voltage, which harmonics

occur at the reference point, are compensated or at least reduced or minimized.

The active compensation unit of the compensation wind power instaliation is therefore con-

figured to detect harmonics at a reference point by means of a detection means. The detec-
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tion means can in this case also be a constituent part of the active compensation unit or of
the compensation wind power installation.

In addition, the active compensation unit is preferably configured to modulate the harmonics
of the compensation wind power installation by means of a compensation proportion so that
the harmonics of a reference current, which harmonics occur at a reference point, are com-

pensated or minimized.

The active compensation unit is preferably arranged at a low-voltage side of the wind power

installation.

The active compensation unit of the compensation wind power installation is, for example,
arranged as an active filter at the low-voltage side of the wind power installation. The low-
voltage side is usually located at the primary side of the wind power installation, which has a
rated voltage of below 1 kV. The wind power installation is then accordingly connected via a
transformer to the supply network or to the farm network, which has, for example, a rated
voltage of 10 kV or 20 kV. The wind power installation is therefore connected to the farm
network via a transformer and the active compensation unit is arranged at the primary side of
the transformer.

According to the invention, a method for feeding a total electric current into an electrical
supply network at a network connection point by means of a wind farm is furthermore pro-
posed. The method according to the invention comprises the following steps: detecting a
reference current that is dependent on the total current at a reference point, generating at
least one first component current of the total current by means of a first wind power installa-
tion, wherein the first wind power installation is designed as a compensation wind power
installation and has an active compensation unit, modulating a compensation proportion onto
the at least one first component current by means of the active compensation unit of the first
wind power installation in order to compensate or to reduce harmonics of the reference
current or of the reference voltage, generating at least one second component current of the
total current by means of a second wind power installation without compensation, wherein the
second generated component current is not modulated by means of a compensation propor-
tion of an active compensation unit and a non-compensating component current without a
modulated compensation proportion is consequently generated, superposing the at least one

first compensating component current with the at least one second non-compensating com-
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ponent current at a superposition point to form the total electric current to be fed in at the
network connection point.

In a first step, the harmonics of a reference current are therefore detected at a reference
point; this can be performed, for example, using conventional measurement means. If the
network connection point is selected as the reference point, the reference current thus corre-
sponds to the total current to be fed in. If the reference point is outside of the wind farm, the
reference current is thus only partly dependent on the total current to be fed in. The reference
current thus then comprises a muitiplicity of infed currents of different generators and at least
one component of the total current to be fed in.

In a second step, a component current is then generated by means of the compensation wind
power installation and then modulated by the active compensation unit so that the harmonics
detected or occurring at the reference point are compensated accordingly. To this end, a
compensation proportion is modulated onto the component current by means of the active
compensation unit. In this case, it is taken into account that the current at the reference point
is composed of said component current having a compensation proportion and of further
component currents that are not modulated for compensation. In this case, the compensation
is performed particularly depending on a previously calculated setpoint value and/or so that
the occurring harmonics are minimized, in particular are eliminated.

The proposed method therefore makes it possible to compensate harmonics easily by means
of a few compensation wind power installations, that is to say conventional wind power instal-
lations, which have been provided and/or retrofitted with an active filter. Optimally, only one

wind power installation of a wind farm needs to be provided with a compensation unit.

In a preferred embodiment, the method according to the invention is designed as a control
method with feedback and/or is optimized by means of wind farm network analysis.

A harmonics setpoint value is preferably prescribed for compensation or reduction of the
harmonics and the at least one first compensating component current having a modulated
compensation proportion is generated depending on the harmonics setpoint value, in particu-
lar so that the harmonics setpoint value forms a reference variable for the generation in order

to prescribe the harmonics of the at least one compensating component current or in order to
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prescribe the total harmonics of the superposed total current, particularly for a location other
than the reference point.

By prescribing harmonics setpoint values, it is possible to modulate the superposed total
current aimost as desired. As a result of this, it is possible to generate both a total current that
is virtually free of harmonics and a total current that still has only specific harmonics, which
total currents attenuate harmonics present in the supply network, for example. For this pur-
pose, a control is preferably used, in which the harmonics setpoint values are used as refer-
ence variable of the control in order to generate a desired reference current at the reference
point.

A state observer is preferably used to detect the harmonics at the reference point, wherein
the state observer detects the harmonics at the reference point minus the compensation
achieved by the at least one first compensating component current as non-compensated
harmonics and the non-compensated harmonics are taken into account to generate the at
least one first compensating component current having a modulated compensation propor-

tion.

This can achieve a situation in which the harmonics to be compensated are also detected
well when the compensation is effective, that is to say when, in the ideal case, harmonics no
longer occur at the reference point due to the compensation. In this case, however, the
compensation should nevertheless be continued even though no harmonics can be identified
at the reference point. For this, the compensation then observes the uncompensated har-
monics, that is to say the harmonics at the reference point minus the compensation achieved
by the at least one first modulated compensation proportion. Said uncompensated harmonics
are preferably detected by a state observer. A controller, which is designed as an observer or

estimator, is therefore used for the control.
The reference point is preferably the network connection point.
As a result of this, it is possible for a wind farm that uses the method according to the inven-

tion to generate a total current to be fed in, which does not have harmonics or has only low

harmonics. This is particularly desirable for wind farms that are connected to a weak network.
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The reference point is preferably located outside of the wind farm, wherein the proposed
method furthermore comprises the following steps: identifying harmonics setpoint values
depending on harmonics detected at the reference point, controlling the active compensation
unit depending on the identified harmonics setpoint values in order to generate harmonics in
accordance with the harmonics setpoint values and to generate the at least one first compo-
nent current having a modulated compensation proportion so that the total current to be fed in

has corresponding harmonics.

For example, a node in the supply network is selected as the reference point. This is particu-
larly desirable when the method according to the invention is carried out by a wind farm,
which is the greatest infeeder or the network generator with respect to the reference point. If
harmonics now occur at the reference point, these can be converted and passed to the
compensation wind power installations as setpoint values. The wind farm that has the com-
pensation wind power installations then generates specific harmonics at the network connec-
tion point of the wind farm. The total current generated in this way is then fed into the supply
network and superposed there in such a way that the harmonics, namely particularly the
voltage harmonics, are compensated at the reference point and the supply network is there-

fore stabilized.

Preferably, a check is carried out to determine whether harmonics at the reference point
exceed limit values, in particular for the 5th, 7th, 11th, 13th, 17th and/or 19th harmonic, and
in that the at least one modulated compensation proportion is optionally modulated onto the
first component current only when harmonics at the reference point have exceeded at least

one limit value.

According to this embodiment, a harmonic is assumed or the method is carried out therefore
only when a specific limit value has been exceeded. Only when the limit values have been
exceeded is the compensation then activated and a compensation proportion modulated. The
active compensation unit is therefore occasionally inactive. Such a procedure is particularly
well suited to preventing oscillations in the compensation wind power instaliation, the wind

farm and/or the supply network.

In a particularly preferred embodiment, a check is carried out to determine whether the 5th,
7th, 11th, 13th, 17th and/or 19th harmonic exceed a limit value. In order to improve the
quality at the reference point, one or more checking criteria are thus selected in a targeted
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manner. The 5th, 7th, 11th, 13th, 17th and/or 19th harmonic are particularly well suited here
since these are often generated by inverters of a higher order and the number of these in-
verters increases steadily with the increase in decentralized generators and will continue to
increase. The method is consequently particularly well suited to inverter-dominated supply

networks.

The check for harmonics at the reference point preferably comprises a divergence analysis
and, when a divergence is determined, the specific setpoint values are retained as long as
the divergence continues. That is to say a check is carried out to determine whether values

diverge and indicate oscillation.

It is proposed that, in the event of oscillation of the network, in particular of the harmonics,
setpoint values are no longer transmitted to the active compensation units and the modula-
tion by the active filters is adjusted. The method for compensating harmonics is therefore
stopped when the supply network is at risk of becoming unstable. It is therefore possible to
use the method according to the invention also in small decentralized supply networks, which

have a tendency to oscillate.

The total electric current is preferably generated by means of a wind farm according to at
least one embodiment described above and/or at least one modulated component current is
generated by means of a wind power installation according to at least one wind power instal-

lation embodiment described above.

According to the invention, a method for generating at least one compensation proportion by
means of an active compensation unit of a wind power installation according to the invention,
in particular according to at least one wind power installation embodiment described above, is
also proposed, wherein the component current modulated by means of the active compensa-
tion unit is provided at a low-voltage side of the wind power installation.

The present invention is now explained by way of example in more detail below on the basis
of exemplary embodiments with reference to the accompanying figures.

Fig. 1a shows a schematic view of a wind power installation,

Fig. 1b schematically shows a conventional wind farm,



10

15

20

25

CA 03021965 2018-10-23

-11 -

Fig. 2 shows an embodiment of a wind farm according to the invention,

Fig. 3a shows a preferred embodiment of a wind farm according to the invention, where-

in the reference point is the network connection point,

Fig. 3b shows a schematic illustration of the harmonics of a preferred embodiment of a
wind farm according to the invention, wherein the reference point is the network

connection point,

Fig. 4a shows a particularly preferred embodiment of a wind farm according to the

invention, wherein the reference point is located in the supply network,

Fig. 4b shows a schematic illustration of the harmonics of a preferred embodiment of a
wind farm according to the invention, wherein the reference point is located in

the supply network,

Fig. 5 shows a method sequence of a method according to the invention and

Fig. 6 shows a method sequence of a further method according to the invention in a

preferred embodiment.

Fig. 1a shows a wind power installation 100 for generating electrical power for feeding into an
electrical supply network and/or into a farm network of a wind farm comprising the wind
power installation 100. The wind power installation 100 has a tower 102 and a nacelle 104.
On the nacelle 104 there is arranged an aerodynamic rotor 106 with three rotor blades 108
and a spinner 110. During operation, the rotor 106 is set in rotation by the wind and thereby

drives a generator in the nacelle 104.

Fig. 1b shows a conventional wind farm 150 having, by way of example, three wind power
installations 100 for generating electrical power by means of a generator 112, wherein the
wind power installations 100 may be identical or different. The three wind power installations
100 are thus representative of basically any desired number of wind power installations 100
of a wind farm 150. The wind power installations 100 provide their power, namely, in particu-
far, the generated current, to a farm network 152 as a component current in each case. In this

case, the respectively generated component currents or powers of the individual wind power
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installation 100 in the farm network 152 are added and provided at a transformer 154, which
is also referred to as a farm transformer 154. The farm transformer 154 is configured and
provided to step up the voltage of the farm network 152 and thus provide the electrical power
to a supply network, in particular via a connecting line 156, which connects the wind farm 150
at a network connection point 158 to an electrical supply network 160. The network connec-
tion point 158 is also generally referred to as infeed point or PCC and is the point at which the
wind farm 150 is connected to the electrical supply network and feeds in its electrical power.
The network connection point 158 can optionally have a further transformer. Fig. 1b is only a
simplified illustration of a conventional wind farm 150, which does not show, for example, a
control system, although a control system is present, of course. The farm network 152 can
also, for example, be designed differently by virtue of a transformer also being present at the
output of each wind power installation 100 or a plurality of wind power installations 100 form-
ing a subnetwork, for example, the multiplicity of which forms the farm network 152.

Fig. 2 shows an embodiment of a wind farm 250 according to the invention for feeding a total
electric current Gy into an electrical supply network 260 at a network connection paint 258.
The wind farm 250 has a plurality of wind power installations 200a, 200b, wherein each wind
power installation generates a respective component current Cywinga, Cwindt: Cwinae OF the total
electric current Ciy'. At least one wind power installation 200a of the wind farm 250 has an
active compensation unit 270 and is designed as a compensation wind power installation
200a in order to generate a compensating component current having a modulated compen-
sation proportion Cwinga, Wherein the compensation proportion is modulated by the active
compensation unit 270. In addition, the wind farm 250 according to the invention has at least
one further wind power installation 200b, which is configured as a wind power installation
200b without compensation, to generate a non-compensating component current without a
modulated compensation proportion Cyiaap, Which is unmodulated with respect to modulation
by an active compensation unit, that is to say is without a modulated compensation propor-
tion. As the non-compensating component current, basically therefore only a sinusoidal
current is generated, which, undesirably however, can deviate from an ideal sinusoidal cur-
rent. The wind power installations 200b without compensation thus do not have an active
compensation unit. The compensating component current having a modulated compensation
proportion Cwinga and the non-compensating component current without a modulated com-
pensation proportion Cwingo are superposed in the farm network 252 to form a total electric
current Ciy to be fed in. In the ideal case, said total electric current is fed into the electrical
supply network 260 at the network connection point 258 in a manner free of losses as total
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electric current C;;'. In addition, the wind farm usually has a section 256, for example a
connecting line between the farm network 252 and the network connection point 258, which
can lead to losses. The person skilled in the art knows to take such sections into account

accordingly by virtue of, for example, adapting the currents and/or voltages accordingly.

The compensating component current having a modulated compensation proportion Cyinga is
accordingly generated so that the total current C;yj' to be fed in influences a reference current
in order to achieve a prescribed current form Cg, for this reference current. The reference
current can occur at a reference point 270a, 270b, 270c in the farm network 252, in a section
256 between the farm network and the network connection point or in the electrical supply
network 260. The compensating component current having a modulated compensation
proportion Cwinga is thus generated so that a reference current occurring at a reference point
270a, 270b and/or 270c corresponds to a setpoint current, in particular corresponds in terms

of its current form to a setpoint current Cpq.

The wind farm 250 according to the invention can also have yet further wind power installa-
tions 200c, which are formed, for example, as wind power installations without compensation.

In addition, in a preferred embodiment, the wind power installations 200a, 200b, 200c¢ of the
wind farm 250 according to the invention are embodied as wind power installations without

transmissions and have synchronous generators having full converters.

Fig. 3a shows a preferred embodiment 350 of a wind farm according to the invention as
shown in figure 2. The wind farm 350 has at least one compensation wind power installation
300a having an active compensation unit 370 and further wind power installations 300b, 300¢c
without compensation. Each of the wind power installations 300a, 300b, 300c respectively
generates a component current Cyinda, Cwinds: Cwinge, Wherein the compensation proportion of
the compensation wind power installation Cwinga to be modulated is generated by the active
compensation unit 370, which is preferably embodied as an active filter. The compensating
and non-compensating component currents generated in this way are superposed in the
three-phase farm network 352 to form a total current C,; to be fed in. The total current Cyy to
be fed in is fed into the electrical supply network 360 at the network connection point 358 via

the wind farm transformer 354 and the connection line 356.
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The occurring reference current C, is detected at the network connection point 358 by the
detection means 370d and transmitted to the active compensation unit 370. The active com-
pensation unit 370 modulates the compensation proportion so that the compensating compo-
nent current Cwinga Minimizes, in particular compensates, the harmonic of the reference
current Cae In the steady state, the total current C,y; to be fed in therefore corresponds to the
reference current C,., wherein said reference current has essentially no harmonics. The wind

farm 350 therefore feeds into the supply network without harmonics.

Fig. 3b shows a schematic illustration of the harmonics 380 of a preferred embodiment of a
wind farm according to the invention according to fig. 3a. For simplified illustration, only the
first three harmonics are depicted schematically in per-unit form, namely in each case the
amplitude of the respective frequency proportion. Each wind power installation of the wind
farm according to the invention generates a component current, which has harmonics 382a,
382b, 382c. Said harmonics add up in the farm network to form a total current to be fed in,
which likewise has harmonics 384. The active compensation unit of a wind power installation
according to the invention now modulates the compensation proportion so that, when the
non-compensating component currents that have the harmonics 388b, 388c and the com-
pensating component currents that have the harmonics 388a are superposed, a total current
to be fed in is generated, which total current has the minimum harmonics 390. The total
current to be fed in by the wind farm according to the invention thus essentially no longer has

harmonics 390 at the network connection point.

Fig. 4a shows a particularly preferred embodiment 450 of a wind farm according to the inven-
tion, similar to as shown in figure 2. The wind farm 450 has at least one compensation wind
power installation 400a having an active compensation unit 470 and further wind power
installations 400b, 400c without compensation. Each of the wind power installations 400a,
400b, 400c respectively generates a component current Cwinga, Cwindb, Cwinde, Wherein the
compensation proportion of the compensation wind power installation Cy;nga to be modulated
is generated by the active compensation unit 470, which is preferably embodied as an active
filter. The compensating and non-compensating component currents generated in this way
are superposed in the three-phase farm network 452 to form a total current C, to be fed in.
The total current Cyy; to be fed in is fed into the electrical supply network 460 at the network
connection point 458 via the wind farm transformer 454 and the connection line 456 via a

network transformer.
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The occurring reference voltage Ca or the harmonics thereof is/are detected at a point in the
supply network by way of the detection means 470c. Compensation harmonics are identified
from the harmonics detected in this way and setpoint values Csq, which are transmitted to the
active compensation unit 470, are determined. The active compensation unit 470 modulates
the compensation proportion so that the compensating component current Cyinga minimizes,
in particular compensates, the harmonic of the reference voltage C, In the steady state, the
reference voltage C, therefore corresponds to a desired voltage form. The wind farm 450
therefore feeds into the supply network in a targeted manner with some harmonics so that the
harmonics of the reference voltage in the supply network are minimized. The harmonics of

the supply network voltage are thus minimized.

Fig. 4b shows a schematic illustration of the harmonics 480 of a preferred embodiment of a
wind farm according to the invention according to fig. 4a. For simplified illustration, only the
amplitudes of the respective frequency proportion of the first three harmonics are depicted
schematically in per-unit form. Each wind power installation of the wind farm according to the
invention generates a component current, which has harmonics 482a, 482b, 482¢. Said
harmonics add up in the farm network to form a total current to be fed in, which likewise has
harmonics 484. The active compensation unit of a wind power installation according to the
invention now modulates the compensation proportion so that, when the non-compensating
component currents that have the harmonics 488b, 488c and the compensating component
currents that have the harmonics 488a are superposed, a total current to be fed in is gener-
ated, which total current specifically has harmonics 390. The total current to be fed in from
the proposed wind farm thus has some harmonics 390 at the network connection point,

wherein the multiplicity of the remaining harmonics is minimized.

Fig. 5 shows a schematic method sequence 500 of a method according to the invention for
feeding a total electric current into an electrical supply network at a network connection point

by means of a wind farm according to the invention.

In a first step 510, the harmonics of a reference current are detected at a reference point, in
particular at the network connection point, for example by digital means for detecting harmon-

ics and currents.
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The harmonics detected in this way are transmitted to the active compensation units or the
compensation wind power installations, which is indicated by the line 515, and, where neces-

sary, are evaluated.

In a next step 520, the active compensation units, which are preferably configured on the low-
voltage side of the compensation wind power installation, modulate the compensation propor-
tions so that the harmonics detected at the reference point are at least reduced or compen-

sated. This can also take place, for example, by way of prescribing setpoint values.

Due to the constantly changing prevailing wind conditions and supply network fluctuations,
the method according to the invention is a control method with feedback, in which the refer-
ence current is made to track a setpoint current. This is indicated in fig. 5 by the dashed line
531.

Fig. 6 shows a schematic method sequence 600 of a further method according to the inven-
tion for feeding a total electric current into an electrical supply network at a network connec-

tion point by means of a method according to the invention.

In a first step 610, the harmonics of a reference voltage are detected at a reference point in
the supply network, for example by digital means for detecting harmonics and voltages.

Subsequently, in a further step 620, compensation harmonics are calculated depending on
the harmonics detected at the reference point. Compensation harmonics are, in particular,
those harmonics that at least partly generate attenuation of the total harmonics in the case of
superpaosition with other harmonics. The phase positions of said harmonics are ideally phase-

shifted by 180° with respect to the compensating harmonics.

In a next step 630, harmonics setpoint values are identified from the calculated compensation
harmonics for at least one active compensation unit of a wind power installation of the wind
farm in order to generate the identified compensation harmonics by means of the active

compensation unit.

In a further step 640, the harmonics setpoint values are transmitted to the at least one active

compensation unit.
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In a further step 650, the at least one active compensation unit subsequently generates a
compensation proportion to be modulated, by means of which the harmonics at the reference
point in the supply network are at least partly compensated. The wind farm therefore feeds
into the supply network at the network connection point specifically with specific harmonics

depending on setpoint prescribing.

In a preferred embodiment, the detection of harmonics 610 comprises checking 612 whether
harmonics are present, in particular whether predetermined limit values have been exceeded.
In this case, in particular, the 5th, 7th, 11th, 13th, 17th and/or 19th harmonics are observed. If
such harmonics are determined, generation of the compensation proportions can then op-
tionally be carried out to compensate said harmonics. Specific harmonics in the supply net-
work are thus monitored in a targeted manner and compensated by means of a wind farm
according to the invention. To this end, the wind farm has, in particular at the network con-

nection point, harmonics that have been modulated in a targeted manner.

In addition, the check for harmonics comprises a divergence analysis of the harmonics. If
during performance of the method the harmonics converge in decreasing fashion, the method
continues to be performed.

In contrast, if a divergence N of the harmonics is determined, that is to say oscillation of the
supply network in the range of the harmonics, the calculated setpoint values are retained.
The generation of the compensation proportions is thus frozen at its last setpoint value, which
is indicated by the line F.

The divergence of the harmonics can then either be monitored further and, in the case of
convergingly decreasing harmonics being determined, can be continued or the method is
suspended by means of a dead band for a certain time and the method then begins again
autonomously after the dead time has elapsed.

Due to the constantly changing prevailing wind conditions and supply network fluctuations,
the method according to the invention is a control method with feedback, in which the refer-
ence current is made to track a setpoint current. This is indicated in fig. 6 by the dashed line
691.
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Claims:
1. A wind farm for feeding a total electric current into an electrical supply network at a
network connection point, wherein
- the wind farm has at least:
5 - one wind power installation, which is designed as a compensation wind power

installation, and has an active compensation unit, in order to generate a com-
pensating component current having a modulated compensation proportion,
wherein the compensation proportion is modulated by the active compensation
unit,
10 and at least
- one further wind power installation, which, as a wind power installation without
compensation, is designed to generate a non-compensating component current
without a modulated compensation proportion,
wherein
15 - the compensating component current or the compensating component currents and
the non-compensating component current or the non-compensating component cur-
rents are superposed to form the total electric current to be fed in in a farm network
that connects the wind power installations

and

20 - the compensating component current or the compensating component currents are

generated so that the total current to be fed in at a reference point

- in the farm network,

- in a section between the farm network and the network connection point or

Date Recue/Date Received 2022-12-07
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- in the electrical supply network

influences an occurring reference current or an occurring reference voltage in order to
achieve a prescribed current form for said reference current or a prescribed voltage

form for said reference voltage

characterized by

a detection means for detecting harmonics of the reference current or of the reference

voltage, which harmonics occur at the reference point, wherein

the active compensation unit is configured to generate the modulated compensation
proportion depending on the detected harmonics occurring at the reference point so
that the harmonics occurring at the reference point are compensated or at least re-
duced or minimized.

The wind farm as claimed in claim 1, characterized in that

the wind farm has exactly one compensation wind power installation or

the wind farm has at least one subnetwork, which comprises exactly one compensation
wind power installation.

A wind power installation for generating electrical power for feeding into an electrical
supply network, wherein the wind power installation has an active compensation unit in
order to generate a compensating component current having a modulated compensa-
tion proportion, wherein the compensation proportion is modulated by the active com-
pensation unit in order to reach a setpoint current form of a reference current or a set-
point voltage form of a reference voltage at the reference point, wherein the wind pow-
er installation is configured to function as a compensation wind power installation of a
wind farm as claimed in one of claims 1 to 2.

Date Recue/Date Received 2022-12-07
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The wind power installation as claimed in claim 3, characterized in that

a detection means is provided for detecting the harmonics of the reference current or

of the reference voltage, which harmonics occur at the reference point, and

the active compensation unit is configured to modulate the compensation proportion
depending on the detected harmonics occurring at the reference point so that the har-
monics occurring at the reference point are compensated or at least reduced or mini-
mized.

The wind power installation as claimed in either of claims 3 and 4, characterized in that

the active compensation unit is arranged on a low-voltage side of the wind power

installation.

A method for feeding a total electric current into an electrical supply network at a

network connection point by means of a wind farm, comprising the following steps:

detecting a reference current that is dependent on the total current or a reference
voltage that is dependent on the total current at a reference point,

generating at least one first component current of the total current by means of a first
wind power installation, wherein the first wind power installation is designed as a com-
pensation wind power installation and has an active compensation unit,

modulating a compensation proportion onto the at least one first component current by
means of the active compensation unit of the first wind power installation in order to
compensate or to reduce harmonics of the reference current or of the reference volt-

age,

generating at least one second component current of the total current by means of a
second wind power installation without compensation, wherein the second generated
component current is not modulated by means of the compensation proportion of the
active compensation unit and a non-compensating component current without a modu-

lated compensation proportion is consequently generated,

Date Recue/Date Received 2022-12-07
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superposing the at least one first compensating component current with the at least
one second non-compensating component current at a superposition point to form the

total electric current to be fed in at the network connection point;

detecting harmonics at the reference point;

identifying harmonics setpoint values based on the harmonics detected at the refer-

ence point; and

controlling the active compensation unit depending on the harmonics setpoint values to
generate harmonics in accordance with the harmonics setpoint values and to generate
the at least one first component current having the modulated compensation proportion
such that the total electric current to be fed in has corresponding harmonics.

The method as claimed in claim 6, comprising setting the harmonics setpoint values for
compensation or reduction of the harmonics.

The method as claimed in one of claims 6 to 7, characterized in that

a state observer is used to detect the harmonics at the reference point,

the state observer detects the harmonics at the reference point minus the compensa-
tion achieved by the at least one first compensating component current as non-

compensated harmonics and

the non-compensated harmonics are taken into account to generate the at least one
first compensating component current having a modulated compensation proportion.

The method for feeding in a total electric current as claimed in one of claims 6 fo 8,

characterized in that the reference point is the network connection point.

The method for feeding in a total electric current as claimed in one of claims 6 fo 9,
characterized in that the reference point is located outside of the wind farm.

Date Recue/Date Received 2022-12-07
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The method for feeding in a total electric current as claimed in one of claims 6 to 10,

characterized in that

a check is carried out to determine whether harmonics at the reference point exceed

limit values.

The method for feeding in a total electric current as claimed in claim 11, wherein the
check is carried out to determine whether harmonics at the reference point exceed limit
values for the 5th, 7th, 11th, 13th, 17th and/or 19th harmonic.

The method for feeding in a total electric current as claimed in claim 11 or 12, wherein
the at least one modulated compensation proportion is modulated onto the first com-
ponent current only when harmonics at the reference point have exceeded at least one
limit value.

The method for feeding in a total electric current as claimed in one of claims 6 to 13,
characterized in that

detecting harmonics at the reference point comprises a divergence analysis and, when
a divergence is determined, the specific setpoint values are retained as long as the di-
vergence continues.

The method for feeding in a total electric current as claimed in one of claims 6 to 14,
characterized in that the total electric current is generated by means of a wind farm as
claimed in one of claims 1 to 2 and/or at least one compensating component current
having a modulated compensation proportion is generated by means of a wind power

installation as claimed in one of claims 3 to 5.

A method for generating at least one modulated compensation proportion of a compo-
nent current by means of an active compensation unit of a wind power installation as
claimed in one of claims 3 to 5, characterized in that the at least one compensation
proportion to be modulated generated by means of the active compensation unit is

provided on a low-voltage side of the wind power installation.

Date Recue/Date Received 2022-12-07
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