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(54) CONTROLLING A WIND TURBINE CONVERTER

(57) It is described a method of controlling a convert-
er (13), in particular of a wind turbine (1), the converter
comprising a first converter portion (15) connected to a
generator (9), a DC-link (17), and a second converter
portion (19) connected to a utility grid, the method com-
prising: controlling the first converter portion (15) and the
second converter portion (17) by a first control signal

(113) and a second control signal (115), respectively,
both being derived based on a requested power signal
(105), in particular requested active power signal, and a
generator rotational speed (107), wherein the first control
signal (113) indicates substantially constant generator
torque for rotational speed variations of the generator
rotational speed (107) above a frequency threshold.
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Description

Field of invention

[0001] The present invention relates to a method and
to an arrangement of controlling a converter having a
generator converter portion and a utility grid converter
portion. Further, the present invention relates to a gen-
erator system and further relates to a wind turbine.

Art Background

[0002] Conventionally, between a generator of a wind
turbine and an output terminal of the wind turbine, a con-
verter is connected which converts the variable frequen-
cy AC power stream to a substantially fixed frequency
AC power stream. The output terminal of the wind turbine
is, potentially via a point of common connection, to which
plural other wind turbines are connected, and via option-
ally one or more wind park transformers, connected to a
utility grid providing electric energy to plural consumers.
Conventionally, the power stream supplied to or ex-
changed with the utility grid needs to be controlled re-
garding electrical properties, such as power flow, voltage
phase angle and so on. Due to the configuration of the
conventional converter being composed of a generator
portion, a DC-link and a utility grid portion, there are de-
sign options how to control the converter.
[0003] Conventionally, the converter may receive a
power demand signal from a wind turbine controller. This
power demand signal may conventionally be directly
used in the utility grid converter portion which delivers
the demanded power to the utility grid. Similarly, the gen-
erator converter portion may also receive the same pow-
er demand signal in a conventional system. To this power
demand, a correction power, such as derived from a DC-
link voltage controller may be added. The generator con-
verter portion may then control the generator power to
this combined value. Thus, conventionally, in the steady
state, the utility grid converter power signal and the gen-
erator converter portion power signal are both equal to
the demanded value (ignoring losses) and the DC-link
voltage is at the demanded voltage value. Further con-
ventional variants may control the torque of the generator
rather than its power.
[0004] When conventionally the generator power is
held constant also at varying generator rotational speed,
this may not be optimal for damping mechanical reso-
nances.
[0005] Thus, a technical problem solved by the present
invention may be regarded as providing a control method
and a corresponding control arrangement which is capa-
ble of controlling a converter comprising a generator side
portion and a utility grid portion such as to effectively
damp mechanical oscillations, reduce speed ripples
and/or the load to components of the generator and/or
drive train and/or to improve efficiency and performance
of power production.

[0006] The problem is solved by the subject-matter of
the independent claims. The dependent claims specify
particular embodiments of the present invention.

Summary of the Invention

[0007] According to an embodiment of the present in-
vention it is provided a method of controlling a converter,
in particular of a wind turbine, the converter comprising
a first (e.g. generator side) converter portion connected
to a generator, a DC-link, and a second (e.g. utility grid
side) converter portion connected to a utility grid, the
method comprising: controlling the first converter portion
and the second converter portion by a first control signal
and a second control signal, respectively, both being de-
rived based on a requested power signal, in particular
requested active power signal, and a generator rotational
speed, wherein the first control signal indicates substan-
tially constant generator torque for rotational speed var-
iations of the generator rotational speed above a frequen-
cy threshold, according to the independent method claim.
[0008] The method may be performed by an arrange-
ment for controlling a converter according to an embod-
iment of the present invention, in particular may be per-
formed by a wind turbine controller.
[0009] The generator rotational speed may be meas-
ured or estimated, e.g. from generator currents and volt-
ages as derived e.g. from a ,speed observer’. Thus, a
physical measurement of speed is not required.
[0010] The first converter portion may also be referred
to as a generator side converter portion and the second
converter portion may also be referred to as a utility grid
converter portion. Each converter portion may comprise
plural controllable switches, such as IGBTs, wherein e.g.
for each phase (for example in total three phases may
be supported), two of the controllable switches may be
connected in series (other converter topologies are pos-
sible). The conductance states of the controllable switch-
es may be controlled by pulse width modulation signals.
The first converter portion may in particular comprise or
be a AC-DC converter portion being capable of convert-
ing a (variable) frequency AC power stream to a substan-
tially DC power stream which may be present at the DC-
link. The utility grid converter portion or the second con-
verter portion may be capable of converting the DC power
stream to a fixed frequency (for example 50 Hz or 60 Hz)
power stream. The power stream or power output by the
second converter portion may further be transformed by
a transformer to a higher voltage before supplying the
transformed power stream to a point of common coupling
to which plural other wind turbines or other generators
are connected.
[0011] The first control signal and the second control
signal may for example define reference values such as
active power, current, torque corresponding to desired
values at the output terminal of the respective converter
portion or of the generator. The respective first control
signal and the second control signal may be supplied to

1 2 



EP 3 723 272 A1

3

5

10

15

20

25

30

35

40

45

50

55

controllers. The outputs of these controller might then be
supplied to one or more gate driver circuits which gen-
erate from those control signals pulse width modulation
signals which are sent to gates of the controllable switch-
es in the first converter portion and the second converter
portion, respectively. For example, space vector modu-
lation schemes may be applied. The first control signal
and the second control signal may be implemented as
electrical signals and/or optical signals.
[0012] E.g. a (software) controller may receive the 1st
and/or 2nd control signal and may output a demanded
converter AC terminal voltage (either for the generator
bridge or network bridge, respectively). The AC terminal
voltage demand signal may be received at a PWM pattern
generator which derives the switching pattern needed to
achieve that terminal voltage, the switching pattern may
be supplied to the gate drives.
[0013] The requested power signal may be or may cor-
respond to a reference power desired to be output by the
generator or the converter. The generator may in partic-
ular be implemented as a permanent magnet synchro-
nous machine, for example three-phase permanent mag-
net electrical machine. The generator may comprise a
stator providing a whole circumference and having one
(e.g. three phase) winding set or may comprise two or
more stator segments each segment providing a section
of a whole circumference, such as 180°, 90°, 60° or the
like, and each stator segment having one (e.g. three
phase) winding set. Each of the potential plural winding
sets may be connected to a respective associated first
converter portion.
[0014] The requested power signal may for example
be received from a wind park controller or an operator of
a utility grid. The requested power signal may define a
requested active power.
[0015] The first control signal may directly define a de-
sired generator torque or may for example indicate a sig-
nal related to generator torque such as a current signal,
in particular active current signal.
[0016] During operation of the generator, the generator
rotational speed may vary. The variation of the generator
rotational speed may for example comprise variations at
different frequencies. The generator rotational speed
varying over time may have different frequency compo-
nents of variations. The different frequency components
may for example be obtained by applying a Fourier trans-
formation on the generator rotational speed as observed
over time. Very fast variations of the generator rotational
speed then correspond to high frequency components
and low varying generator rotational speed corresponds
to low frequency components. In the present application,
high frequency components of the generator rotational
speed variations may for example be referred to as those
which have a frequency above the frequency threshold.
Low frequency components of the generator rotational
speed variations may be referred to as those frequency
components of the rotational speed variations which are
below the frequency threshold.

[0017] When there is (at least substantially) constant
generator torque for rotational speed variations of the
generator rotational speed above the frequency thresh-
old, mechanical oscillations may effectively be damped.
Further, efficiency may be improved and load may be
decreased.
[0018] The first converter portion is connected to the
generator. Controlling the first converter portion thus is
capable of controlling the power and current as generat-
ed by the generator. When the generator torque is sub-
stantially constant, in particular varies less than 5% or
less than 1% (for constant requested power signal), the
load or wear of generator components or drive train com-
ponents may be reduced. When the generator torque is
substantially constant for the high frequency components
of the rotational speed variations, the output power may
vary according to the rotational speed variations.
[0019] The first converter portion may also be referred
to as a generator bridge and the second converter portion
may also be referred to as a network bridge in the context
of the present application.
[0020] According to an embodiment of the present in-
vention, the first control signal defines an active current
demand value for the first converter portion, and/or the
second control signal defines a power demand value or
an active current demand value for the second converter
portion, and/or wherein the frequency threshold is in a
range of between 0.01 Hz and 1 Hz, in particular between
0.1 Hz and 1 Hz.
[0021] When the first control signal defines an active
current demand value for the first converter portion, con-
ventionally applied control schemes may be utilized upon
modification for implementation of the control method.
Further, when the second control signal defines a power
demand value or an active current demand value, also
the conventionally known algorithms may be employed
and modified for implementation of the control method.
[0022] The generator rotational speed may correspond
to the mechanical rotational speed of the rotor rotating
within the generator. In other embodiments, the genera-
tor rotational speed may correspond to the electrical ro-
tational speed being proportional to the rotational speed
of the rotor. Thereby, starting from conventionally known
control schemes, this embodiment of the invention may
be implemented.
[0023] According to an embodiment of the present in-
vention, the first control signal indicates varying genera-
tor torque for rotational speed variations below the fre-
quency threshold, in particular indicating generator
torque varying in accordance to the rotational speed var-
iations.
[0024] When the generator torque varies for the low
frequency components of the generator rotational speed,
excitations of mechanical vibration may be less than at
the high frequency components. Furthermore, by varying
the generator torque, the output power may substantially
be constant for rotational speed variations below the fre-
quency threshold, to more closely meet the requested
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power signal.
[0025] According to an embodiment of the present in-
vention, the second control signal and/or power demand
value for the second converter portion varies for rotation-
al speed variations above the frequency threshold, in par-
ticular the second control signal and/or power demand
value varies for rotational speed variations above the fre-
quency threshold in accordance with the rotational speed
variations.
[0026] The first control signal may be more or less con-
stant as rotational speed varies, whereas the second
control signal may vary as rotational speed varies.
In particular, both generator portions may be controlled
with compatible control signals such that the converter
portions do not counteract each other.
[0027] According to an embodiment of the present in-
vention, the second control signal and/or power demand
value for the second converter portion is substantially
constant for rotational speed variations below the fre-
quency threshold.
[0028] Al low frequencies the second control signal
and/or power demand value for the second converter por-
tion may substantially be a constant depending on the
requested power signal.
[0029] According to an embodiment of the present in-
vention, the DC-link is controlled for constant DC-voltage
by a DC-link controller. The DC-link controller may there-
by control the input voltage, i.e. the DC-voltage, for the
second converter portion. Thus, it may be ensured that
the output voltage of the second converter portion is with-
in desired ranges.
[0030] According to an embodiment of the present in-
vention, the DC-link controller generates a power modi-
fication signal in response to a DC-voltage error. The DC-
link controller may for example comprise a PI or PID con-
troller which receives the DC-voltage error (the difference
between a measured DC-voltage and a reference DC-
voltage) and derives the power modification signal in de-
pendence of the DC-voltage error such that the DC-volt-
age error decreases more and more, ideally reaching
zero.
[0031] According to an embodiment of the present in-
vention, the method further comprises determining the
second control signal, including: receiving the requested
power value; low pass filtering the generator rotational
speed; dividing the generator rotational speed by the fil-
tered generator rotational speed to obtain a division sig-
nal; and multiplying the requested power signal with a
signal derived based on the division signal to obtain the
second control signal.
[0032] Low pass filtering the generator rotational
speed may utilize a low pass filter having an appropriately
set frequency threshold. The filtered generator rotational
speed may not or may only have reduced amplitudes of
the high frequency components of the rotational speed
variations. The division signal may be larger than zero
for the high frequency components and may be equal to
one for the low frequency components of the rotational

speed variations. Thus, the second control signal may
cyclically change between being larger and smaller than
the requested power for the high frequency components
and may be equal to the requested power for the low
frequency components of the rotational speed variations.
[0033] The second control signal may be varying as
the speed varies, at higher frequencies, tending to vary
around the value of 1.
[0034] Thus, the utility grid power demand (a particular
implementation of the second control signal) may vary
with the generator rotational speed in the high frequency
regime. Thereby, however, the generator torque may be
held substantially constant.
[0035] According to an embodiment of the present in-
vention, the signal derived based on the division signal
is obtained by one of: the division signal; by applying a
compensation filter, in particular compensating for phase
error and/or gain error of the observed (estimated) rota-
tional speed signal and/or a utility bridge power transfer
function, to the division signal.
[0036] The compensation filter may be provided mainly
to compensate for the speed observer gain/phase errors
and network bridge power transfer function only.
[0037] The compensation filter may also be referred to
as lead/lag filter which may receive as input low pass
filtered utility grid active power, low pass filtered utility
grid reactive power and low pass filtered generator rota-
tional speed. The input values may define a respective
operational point. Thereby, rotational speed estimation
gain/phase errors and utility grid (network bridge) power
transfer function gain/phase errors may be dealt with and
may be considered.
[0038] According to an embodiment of the present in-
vention, the compensation filter is tuned in dependence
of a respective operation point of the first converter por-
tion and/or the second converter portion and/or the gen-
erator and/or utility grid. Thereby, the method may further
be improved and measurement related errors or phase
shifts may be decreased.
[0039] According to an embodiment of the present in-
vention, the method further comprises determining the
first control signal, including: receiving the requested
power signal; adding the requested power value to the
power modification signal (output by the DC controller)
to obtain a generator power demand signal; low pass
filtering the generator rotational speed; multiplying the
filtered generator rotational speed with a (stator) flux sig-
nal associated with magnetic flux of the generator to ob-
tain a generator back EMF signal; dividing the generator
power demand value by the generator back EMF signal
to obtain the first control signal.
[0040] Thereby, the first control signal may be obtained
in a simple manner. The flux signal may correspond to a
magnetic flux of the generator which may be due to the
permanent magnets and may be due to magnetic fields
as generated by the windings of the stator of the gener-
ator. The flux may for example be measured or deter-
mined, such as calculated from other known or measured
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quantities, such as current, voltage, inductivity or the like.
[0041] An estimate of the actual generator flux can be
derived from measurements of voltage and current, and
some knowledge of the generator parameters, for exam-
ple inductance and resistance.
[0042] According to an embodiment of the present in-
vention, the first control signal and/or the second control
signal indicates varying power for rotational speed vari-
ations above the frequency threshold, in particular indi-
cate varying power in accordance to the rotational speed
variations above the frequency threshold; and/or wherein
the second control signal indicates substantially constant
torque for rotational speed variations above the frequen-
cy threshold.
[0043] Since the power varies at relatively high fre-
quencies, deviations from the requested power may also
have a relatively high frequency thus not substantially
disturbing the power output.
[0044] It should be understood, that features, individ-
ually or in any combination, disclosed, described, applied
or explained in the context of a method of controlling a
converter may also be applied, individually or in any com-
bination to an arrangement for controlling a converter
according to an embodiment of the present invention and
vice versa.
[0045] According to an embodiment of the present in-
vention it is provided an arrangement for controlling a
converter, in particular of a wind turbine, the converter
comprising a first (e.g. generator side) converter portion
connected to a generator, a DC-link, and a second (e.g.
utility grid side) converter portion connected to a utility
grid, the arrangement comprising: an input section for
receiving input signals including a requested power sig-
nal, in particular requested active power signal, and a
(estimated or observed or measured) generator rotation-
al speed, a control section adapted to control the first
converter portion and the second converter portion by a
first control signal and a second control signal, respec-
tively, both being derived based on the input signals,
wherein the first control signal indicates substantially
constant generator torque for rotational speed variations
of the generator above a frequency threshold.
[0046] Furthermore, according to an embodiment it is
provided a generator system, comprising: a generator; a
converter, comprising a first converter portion connected
to the generator, a DC-link, and a second converter por-
tion connectable to a utility grid; and an arrangement ac-
cording to the preceding embodiment connected to con-
trol the converter.
[0047] Furthermore, according to an embodiment of
the present invention it is provided a wind turbine com-
prising: a rotor shaft at which plural blades are mounted
and a generator system according to the preceding em-
bodiment.
[0048] The aspects defined above and further aspects
of the present invention are apparent from the examples
of embodiment to be described hereinafter and are ex-
plained with reference to the examples of embodiment.

The invention will be described in more detail hereinafter
with reference to examples of embodiment but to which
the invention is not limited.

Brief Description of the Drawings

[0049] Embodiments of the present invention are now
described with reference to the accompanying drawings.
The invention is not restricted to the illustrated or de-
scribed embodiments.

Fig. 1 schematically illustrates a wind turbine accord-
ing to an embodiment of the present invention com-
prising an arrangement according to an embodiment
of the present invention;

Fig. 2 schematically illustrates an arrangement for
controlling a converter according to an embodiment
of the present invention; and

Fig. 3 schematically illustrates an arrangement for
controlling a converter according to another embod-
iment of the present invention.

Detailed Description

[0050] The illustration in the drawings is in schematic
form. It is noted that in different figures, similar or identical
elements are provided with the same reference signs or
with reference signs, which are different from the corre-
sponding reference signs only within the first digit.
[0051] The wind turbine 1 schematically illustrated in
Fig. 1 comprises a rotation shaft 3 having a hub 5 at which
plural rotor blades 7 are mounted. The rotor shaft 3 ro-
tates within the generator 9 which outputs a three-phase
(or different number of phases) power stream 11. The
generator 9 may be a single channel or dual or multi
channel generator, each channel may have an associat-
ed converter. The output terminals of the generator 9 are
connected to a converter 13 which comprises a (first)
generator side portion 15, a DC-link 17 and a (second)
utility grid portion 19. The utility grid converter portion 19
outputs a three-phase power signal 21 which may for
example be supplied via a transformer to a point of com-
mon coupling which in turn is connected to a utility grid.
[0052] The converter 13 is controlled by an arrange-
ment 100 for controlling a converter according to an em-
bodiment of the present invention. Further, the generator
9, the converter 13 and the arrangement 100 form a gen-
erator system according to an embodiment of the present
invention, the generator system being labelled with ref-
erence sign 25.
[0053] The arrangement 100 comprises an input sec-
tion formed by input terminals 101, 103 for receiving input
signals including a requested power signal 105 and a
generator rotational speed 107 which is measured by a
measurement sensor 109. In other embodiment, the
measurement sensor 109 is realized by means of an ob-
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server, which derives the rotational speed indirectly via
measured electric quantities. The requested power sig-
nal 105 may for example be supplied from a wind park
controller. Based on the input signals 105, 107, the ar-
rangement 100 derives, using a control section 111, and
outputs a first control signal 113 to the first portion 15 of
the converter 13 and derives and outputs a second con-
trol signal 115 to the second converter portion 19 of the
converter 13. The control signals 113, 115 may define
reference values, such as regarding active power, reac-
tive power, current, torque which are then used by con-
trollers whose outputs are pulse modulation signals for
plural controllable switches within the first converter por-
tion 15 and the second converter portion 19. Thereby,
the first control signal 113 indicates substantially con-
stant generator torque for rotational speed variations of
the generator 9 above a frequency threshold.
[0054] The arrangement 100 illustrated in a schematic
manner in Fig. 1 is capable of carrying out or performing
a method of controlling a converter according to an em-
bodiment of the present invention.
[0055] Fig. 2 schematically illustrates an arrangement
200 of controlling a converter according to an embodi-
ment of the present invention which may for example be
utilized as the arrangement 100 illustrated in Fig. 1.
[0056] It is noted, that elements similar in structure
and/or function in the Figs. 1 to 3 are labelled with refer-
ence signs differing only in the first digit. A description of
a particular element not described with reference to a
particular drawing may be taken from the description in
another drawing or another embodiment.
[0057] The generator rotational speed 107 is received
at the input terminal 203, the requested power signal 105
is received at an input terminal 201. Using a low pass
filter 217 the generator rotational speed 207 is filtered to
remove high frequency components and results in a fil-
tered generator rotational speed signal 219.
[0058] The filtered generator rotational speed 219 is
multiplied by a flux signal 221 which is associated with
the magnetic flux of the generator 9, in order to obtain a
generator back EMF signal 223. Thereby, the multiplica-
tion is performed using a multiplication element 225.
[0059] Using a division element 227, a generator pow-
er demand value 229 is divided by the generator back
EMF signal 223 to obtain the first control signal 213, here
in particular the generator active current demand value
or signal.
[0060] Furthermore, the requested power signal 205
is received and added, using an addition element 231 to
a power modification signal 233 to result in the generator
power demand signal 229. The power modification signal
233 is generated using a DC-link controller 235 which
receives a DC-voltage error signal 237.
[0061] For generating the second control signal 215,
the generator rotational speed 207 is divided, using a
division element 239 by the filtered generator rotational
speed 219 to obtain a division signal 241. The requested
power signal 205 is multiplied, using a multiplication el-

ement 243, with a signal 245 which is derived based on
the division signal 241, to obtain the second control signal
215. In the embodiment illustrated in Fig. 2, the signal
245 which is derived based on the division signal is equal
to the division signal 241.
[0062] However, in an alternative embodiment, as is
illustrated in Fig. 3, the signal 345 which is derived based
on the division signal 341 is generated by applying a com-
pensation filter 347 to the division signal 341. Thereby,
the compensation filter 347 is tuned in dependence of
input signals such as relating to the operation point of
the first converter portion 15, the second converter por-
tion 19. In the illustrated embodiment, the compensation
filter 247 receives a low pass filtered grid power 349, a
low pass filtered grid reactive power 351 and a low pass
filtered observed speed 319.
[0063] According to an embodiment of the present in-
vention, the DC-link controller output signal affects the
first converter portion, i.e. the generator side converter
portion. The generator torque may be held relatively con-
stant in the presence of rotational speed variations. Ac-
cording to an embodiment of the present invention, the
DC-link controller 235 location is at the generator bridge.
The external demand signal 205 may comprise a power
demand signal. The utility converter portion 19 may be
controlled by the controller which acts in a way in which
the torque is held substantially constant, wherein the
power may deliberately deviate from the demand in re-
sponse to speed fluctuations. The generator side con-
verter portion 15 may be controlled to attempt to hold
constant the torque as well. As the generator speed var-
ies, generator power may vary (for frequencies above
the frequency threshold) in phase with the speed (i.e.
torque tends to be held relatively constant) which may
tend to damp mechanical resonances.
[0064] As can be taken from Figs. 2 and 3, in order to
calculate the generator active current demand (for ex-
ample first control signal 213, 313 illustrated in Figs. 2
and 3), the generator power demand signal 229 is divided
by the generator back EMF signal 223, 323. By including
a filter 217, 317 into a rotational speed signal 207 which
is used to calculate the generator back EMF 223, this
tends to reject speed fluctuations from the generator ac-
tive current demand, i.e. may tend to hold generator ac-
tive current relatively constant in the presence of the
speed fluctuations. Since the generator active current
may be closely related to the generator torque, this may
introduce a property of tending to hold generator torque
relatively constant in the presence of speed fluctuations.
[0065] According to an embodiment of the present in-
vention, at frequencies above the cut-off frequency (e.g.
frequency threshold) of the low pass filter 217, 317, a
constant-torque-like characteristic is created and at fre-
quencies below the cut-off frequency (e.g. frequency
threshold) of the low pass filter 217, 317), constant power
characteristic may be created.
[0066] If this generator side converter portion feature
was the only modification, then the network and gener-
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ator bridges would have mismatched control objectives.
The network bridge would want to hold power constant
in the presence of speed fluctuations, whereas the gen-
erator bridge would want the power to vary in response
to speed fluctuations. The resultant mismatched power
in the two different converter portions (or bridges) would
result in a DC-link voltage error and from this voltage
error the DC-link controller would modify the generator
power demand. In so doing, this additional power de-
mand would act to counter the constant-torque-like char-
acteristic that was introduced in the generator converter
portion.
[0067] In order to avoid this issue, the network bridge
power demand is modified in response to speed fluctu-
ations, as shown in Figs. 2 and 3. In an alternative im-
plementation (with similar or identical behaviour), the
downstream net active current demand may be modified
rather than the net power demand. By closely matching
the way in both network and generator bridges, modifying
power (compared with the externally requested value) in
the presence of speed fluctuations, this tends to prevent
the DC-link from observing voltage errors at the frequen-
cies at which speed is fluctuating, and therefore tends to
prevent the DC-link controller from creating an unwanted
modification to the generator power demand at the fre-
quencies at which speed is fluctuating.
[0068] Thereby, according to embodiments of the
present invention, a close to desired constant torque
characteristic may be achieved overall, for speed distur-
bances at frequencies above the cut-off frequency of the
low pass filter 217, 317. At all frequencies of speed dis-
turbance, the power in both the network bridge and the
generator bridge may be very similar, leading to inher-
ently good control of the DC-link voltage.
[0069] In the alternative embodiment 300 illustrated in
Fig. 3, the additional filter 347 is introduced in the calcu-
lation path of the power demand to the network bridge,
to potentially further enhance the performance. This filter
347 may be adaptively tuned as a function of the network
bridge and/or generator bridge operating point and may
compensate for gain and/or phase introduced in the ob-
served speed and/or the network bridge power transfer
function.
[0070] According to an embodiment of the present in-
vention, the network bridge power demand is modified
to create a (substantially) constant-torque-like character-
istic, as generator speed fluctuates (in particular having
frequency components for high frequencies). Further, the
generator bridge current demand may be modified ac-
cording to an embodiment of the present invention, to
create a constant-torque-like characteristic, as generator
speed fluctuates. The DC-link controller may be associ-
ated with the generator bridge.
[0071] It should be noted that the term "comprising"
does not exclude other elements or steps and "a" or "an"
does not exclude a plurality. Also elements described in
association with different embodiments may be com-
bined. It should also be noted that reference signs in the

claims should not be construed as limiting the scope of
the claims.

Claims

1. Method of controlling a converter (13), in particular
of a wind turbine (1), the converter comprising a first
converter portion (15) connected to a generator (9),
a DC-link (17), and a second converter portion (19)
connected to a utility grid, the method comprising:
controlling the first converter portion (15) and the
second converter portion (17) by a first control signal
(113) and a second control signal (115), respectively,
both being derived based on a requested power sig-
nal (105), in particular requested active power signal,
and a generator rotational speed (107),
wherein the first control signal (113) indicates sub-
stantially constant generator torque for rotational
speed variations of the generator rotational speed
(107) above a frequency threshold.

2. Method according to the preceding claim,
wherein the first control signal (113) defines an active
current demand value for the first converter portion
(15), and/or
wherein the second control signal (115) defines a
power demand value or an active current demand
value for the second converter portion (19), and/or
wherein the frequency threshold is in a range of be-
tween 0.01 Hz and 1 Hz, in particular between 0.1
Hz and 1 Hz.

3. Method according to one of the preceding claims,
wherein the first control signal (113) indicates vary-
ing generator torque for rotational speed variations
below the frequency threshold, in particular indicat-
ing generator torque varying in accordance to the
rotational speed variations.

4. Method according to one of the preceding claims,
wherein the second control signal (115) and/or pow-
er demand value for the second converter portion
(19) varies for rotational speed variations above the
frequency threshold, in particular the second control
signal and/or power demand value varies for rota-
tional speed variations above the frequency thresh-
old in accordance with the rotational speed varia-
tions.

5. Method according to one of the preceding claims,
wherein the second control signal (115) and/or pow-
er demand value for the second converter portion
(19) is substantially constant for rotational speed var-
iations below the frequency threshold.

6. Method according to one of the preceding claims,
wherein the DC-link (17) is controlled for constant
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DC-voltage by a DC-link controller (235).

7. Method according to the preceding claim, wherein
the DC-link controller (235) generates a power mod-
ification signal (233) in response to a DC-voltage er-
ror (237).

8. Method according to one of the preceding claims,
further comprising determining the second control
signal (215), including:

receiving the requested power value (205);
low pass filtering the generator rotational speed
(207);
dividing the generator rotational speed (207) by
the filtered generator rotational speed (219) to
obtain a division signal (241); and
multiplying the requested power signal (205)
with a signal (245) derived based on the division
signal (241) to obtain the second control signal
(215).

9. Method according to the preceding claim, wherein
the signal (245) derived based on the division signal
(241) is obtained by one of:

the division signal (245);
by applying a compensation filter (347), in par-
ticular compensating for rotational speed esti-
mation phase error and/or gain error and/or util-
ity grid power transfer function gain and/or
phase error, to the division signal (241).

10. Method according to the preceding claim, wherein
the compensation filter (347) is tuned in dependence
of a respective operation point of the first converter
portion (15) and/or the second converter portion (19)
and/or the generator (9) and/or utility grid.

11. Method according to the preceding claim, further
comprising determining the first control signal (213),
including:

receiving the requested power signal (205);
adding the requested power value (205) to the
power modification signal (233) to obtain a gen-
erator power demand signal (229);
low pass filtering the generator rotational speed
(207);
multiplying the filtered generator rotational
speed with a flux signal (221) associated with
magnetic flux of the generator to obtain a gen-
erator back EMF signal (223);
dividing the generator power demand value
(229) by the generator back EMF signal (223)
to obtain the first control signal (213).

12. Method according to the preceding claim,

wherein the first control signal (113) and/or the sec-
ond control signal (115) indicates varying power for
rotational speed variations above the frequency
threshold, in particular indicate varying power in ac-
cordance to the rotational speed variations above
the frequency threshold; and/or
wherein the second control signal (115) indicates
substantially constant torque for rotational speed
variations above the frequency threshold.

13. Arrangement (100) for controlling a converter (13),
in particular of a wind turbine (1), the converter com-
prising a first converter portion (15) connectable to
a generator (9), a DC-link (17), and a second con-
verter portion (19) connectable to a utility grid, the
arrangement comprising:

an input section (101, 103) for receiving input
signals including a requested power signal
(105), in particular requested active power sig-
nal, and a measured or estimated generator ro-
tational speed (103),
a control section (111) adapted to control the
first converter portion (15) and the second con-
verter portion (19) by a first control signal (113)
and a second control signal (115), respectively,
both being derived based on the input signals,

wherein the first control signal (113) indicates sub-
stantially constant generator torque for rotational
speed variations of the generator above a frequency
threshold.

14. Generator system (25), comprising:

a generator (9);
a converter (13), comprising a first converter
portion (15) connected to the generator (9), a
DC-link (17), and a second converter portion
(19) connectable to a utility grid; and
an arrangement (100) according to the preced-
ing claim connected to control the converter
(13).

15. Wind turbine (1), comprising:

a rotor shaft (3) at which plural blades are mount-
ed; and
a generator system (25) according to the pre-
ceding claim.

13 14 



EP 3 723 272 A1

9



EP 3 723 272 A1

10



EP 3 723 272 A1

11



EP 3 723 272 A1

12

5

10

15

20

25

30

35

40

45

50

55



EP 3 723 272 A1

13

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

