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DESCRIPTION

FIELD

[0001] The present disclosure relates generally to wind turbines, and more particular to
systems and methods for increasing the mechanical inertia of a wind turbine rotor immediately
after the occurrence of a frequency grid event such that the wind turbine can provide additional
power output to stabilize the grid.

BACKGROUND

[0002] Generally, a wind turbine includes a turbine that has a rotor that includes a rotatable
hub assembly having multiple blades. The blades transform wind energy into a mechanical
rotational torque that drives one or more generators via the rotor. The generators are
sometimes, but not always, rotationally coupled to the rotor through a gearbox. The gearbox
steps up the inherently low rotational speed of the rotor for the generator to efficiently convert
the rotational mechanical energy to electrical energy, which is fed into a utility grid via at least
one electrical connection. Gearless direct drive wind turbines also exist. The rotor, generator,
gearbox and other components are typically mounted within a housing, or nacelle, that is
positioned on top of a base that may be a truss or tubular tower.

[0003] Grid integration of wind turbines can be complicated by a number of issues, primarily
related to wind variability and the electrical characteristics of wind generators. A typical wind
turbine appears to the grid as a substantially different generation source than a conventional
power plant. The most significant difference is that the wind turbine is inherently uncontrollable.
Such uncontrolled real power output variations can have an impact on the grid, including
frequency variations. In addition, the electrical characteristics of wind generators result in a
disturbance response that is naturally different from that of conventional synchronous
generators. Without special controls, a wind turbine does not inherently participate in the
regulation of grid frequency. By contrast, synchronous machines do participate in frequency
regulation through their inherent inertia, and their governor controls. When wind generator
displaces conventional synchronous generation, the burden of frequency regulation placed
upon the remaining synchronous generators is increased.

[0004] Frequency control is a particularly significant issue with high levels of wind and solar
penetration, in weak systems, and in control areas where tie-line interchange is constrained or
non-existent. Therefore, it is desirable to provide a system that is capable of increasing the
mechanical inertia of the wind turbine rotor immediately after the occurrence of a frequency
grid event such that the wind turbine can provide additional power output to stabilize the grid.
The article "Primary frequency control by wind turbines”, by Erlich | et al: 2010 IEEE POWER
AND ENERGY SOCIETY GENERAL MEETING; MINNEAPOLIS, MINNESOTA, USA, 25-29
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JULY 2010, IEEE, PISCATAWAY, NJ, USA, 25 July 2010, pages 1-8, is an example of grid
frequency support.

BRIEF DESCRIPTION

[0005] Aspects and advantages of the invention will be set forth in part in the following
description, or may be obvious from the description, or may be learned through practice of the
invention.

[0006] In one aspect, the present disclosure is directed to a method according to claim 1 for
operating a wind turbine connected to a power grid in response to one or more grid events
occurring in the power grid. The method includes monitoring, via one or more sensors, a
frequency of the power grid so as to detect one or more grid events occurring in the power
grid. In response to detecting one or more grid events occurring in the power grid, the method
includes increasing mechanical inertia of a rotor of the wind turbine during a first time frame
immediately after one or more grid events occurs in the power grid. After the first time frame,
the method includes providing a required additional power output to the power grid during a
subsequent, second time frame so as to stabilize the power grid after one or more grid events
occurs in the power grid.

[0007] In one embodiment, the method may include reducing a torque of the wind turbine
during the first time frame after one or more grid events occurs in the power grid. In such
embodiments, the method may also include simultaneously increasing mechanical inertia of
the rotor of the wind turbine and reducing the torque of the wind turbine during the first time
frame after one or more grid events occurs in the power grid. In several embodiments, the step
of increasing mechanical inertia of the rotor of the wind turbine may include, e.g. increasing a
rotor speed of the rotor.

[0008] In further embodiments, the first time frame may range from about zero (0) seconds to
about five (5) seconds. Thus, the second time frame may range from about five (5) seconds to
about fifteen (15) seconds.

[0009] In particular embodiments, the required additional power output may be greater than
about 10% of rated power of the wind turbine. In certain embodiments, the required additional
power output may be greater than energy consumed in a predetermined time frame after one
or more grid events occurs in the power grid. As such, the predetermined time frame may
range from about ten (10) seconds to about twenty (20) seconds.

[0010] In another aspect, the present disclosure is directed to a system according to claim 10
for operating a wind turbine connected to a power grid in response to one or more grid events
occurring in the power grid. The system includes one or more sensors configured to monitor a
frequency of the power grid so as to detect one or more grid events occurring in the power grid
and a controller communicatively coupled to the sensor(s). The controller is configured to
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perform one or more operations, including but not limited to, in response to detecting one or
more grid events occurring in the power grid, increasing mechanical inertia of a rotor of the
wind turbine during a first time frame after one or more grid events occurs in the power grid,
and after the first time frame, providing a required additional power output to the power grid
during a subsequent, second time frame so as to stabilize the power grid after one or more
grid events occurs in the power grid. It should also be understood that the system may further
include any of the additional features as described herein.

[0011] In yet another aspect, the present disclosure is directed to a method for operating a
wind turbine connected to a power grid. The method includes providing, via the wind turbine, a
power output to the power grid. The method also includes receiving, via the wind turbine, a
frequency of the power grid so as to detect one or more grid events occurring in the power
grid. In response to one or more grid events occurring in the power grid, the method includes
simultaneously increasing a rotor speed of a rotor of the wind turbine and reducing a torque of
the wind turbine during a first time frame after the one or more grid events occurs in the power
grid. After the first time frame, the method includes providing an increased power output to the
power grid during a subsequent, second time frame so as to stabilize the power grid after one
or more grid events occurs in the power grid. It should also be understood that the method
may further include any of the additional steps and/or features as described herein.

[0012] These and other features, aspects and advantages of the present invention will become
better understood with reference to the following description and appended claims. The
accompanying drawings, which are incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and, together with the description, serve to explain the
principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] A full and enabling disclosure of the present invention, including the best mode thereof,
directed to one of ordinary skill in the art, is set forth in the specification, which makes
reference to the appended figures, in which:

FIG. 1 illustrates a schematic diagram of one embodiment of a wind turbine power system
according to the present disclosure;

FIG. 2 illustrates a block diagram of one embodiment of a controller suitable for use with the
wind turbine power system shown in FIG. 1;

FIG. 3 illustrates a schematic diagram of one embodiment of a timeline of operation of a wind
turbine power system following a frequency grid event in a power grid according to the present
disclosure; and,

FIG. 4 illustrates a flow diagram of one embodiment of a method for operating a wind turbine
connected to a power grid according to the present disclosure.
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DETAILED DESCRIPTION

[0014] Reference now will be made in detail to embodiments of the invention, one or more
examples of which are illustrated in the drawings. Each example is provided by way of
explanation of the invention, not limitation of the invention. In fact, it will be apparent to those
skilled in the art that various modifications and variations can be made in the present invention
without departing from the scope of the invention. For instance, features illustrated or
described as part of one embodiment can be used with another embodiment to yield a still
further embodiment. Thus, it is intended that the present invention covers such modifications
and variations as come within the scope of the appended claims.

[0015] Referring now to the drawings, FIG. 1 illustrates an example wind driven doubly-fed
induction generator (DFIG) system 100 according to one embodiment of the present
disclosure. Example aspects of the present disclosure are discussed with reference to the
DFIG wind turbine 10 of FIG. 1 for purposes of illustration and discussion. Those of ordinary
skill in the art, using the disclosures provided herein, should understand that example aspects
of the present disclosure are also applicable in other power systems, such as a wind, solar,
gas turbine, or other suitable power generation system.

[0016] In the example system 100, a rotor 106 includes a plurality of rotor blades 108 coupled
to a rotatable hub 110, and together define a propeller. The propeller is coupled to an optional
gearbox 118, which is, in turn, coupled to a generator 120. In accordance with aspects of the
present disclosure, the generator 120 may be any suitable generator, including, but not limited
to a doubly fed induction generator (DFIG) or a fully fed induction generator. The generator120
is typically coupled to a stator bus 154 and a power converter 162 via a rotor bus 156. The
stator bus 154 provides an output multiphase power (e.g. three-phase power) from a stator of
the generator 120 and the rotor bus 156 provides an output multiphase power (e.g. three-
phase power) of a rotor of the generator 120.

[0017] Referring to the power converter 162, the DFIG 120 is coupled via the rotor bus 156 to
a rotor-side converter 166. The rotor-side converter 166 is coupled to a line-side converter 168
which in turn is coupled to a line-side bus 188. In example configurations, the rotor-side
converter 166 and the line-side converter 168 are configured for normal operating mode in a
three-phase, pulse width modulation (PWM) arrangement using insulated gate bipolar
transistor (IGBT) switching elements. The rotor-side converter 166 and the line-side converter
168 can be coupled via a DC link 136 across which is the DC link capacitor 138.

[0018] The power system 100 may also include a controller 174 configured to control the
operation of the various components of the system 100 as well as implementing any method
steps as described herein. Thus, the controller 174 can include any number of control devices.
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In one implementation, as shown in FIG. 2, the controller 174 can include one or more
processor(s) 176 and associated memory device(s) 178 configured to perform a variety of
computer-implemented functions and/or instructions (e.g., performing the methods, steps,
calculations and the like and storing relevant data as disclosed herein). The instructions when
executed by the processor 176 can cause the processor 176 to perform operations, including
providing control commands to the various system components. Additionally, the controller 174
may include a communications module 180 to facilitate communications between the controller
174 and the various components of the power system 100, e.g. any of the components of FIG.
1. Further, the communications module 180 may include a sensor interface 182 (e.g., one or
more analog-to-digital converters) to permit signals transmitted from one or more sensors to
be converted into signals that can be understood and processed by the processors 176. It
should be appreciated that the sensors (e.g. sensors 181, 183, 185) may be communicatively
coupled to the communications module 180 using any suitable means. For example, as shown,
the sensors 181, 183, 185 are coupled to the sensor interface 182 via a wired connection.
However, in other embodiments, the sensors 181, 183, 185 may be coupled to the sensor
interface 182 via a wireless connection, such as by using any suitable wireless communications
protocol known in the art. As such, the processor 176 may be configured to receive one or
more signals from the sensors.

[0019] As used herein, the term "processor” refers not only to integrated circuits referred to in
the art as being included in a computer, but also refers to a controller, a microcontroller, a
microcomputer, a programmable logic controller (PLC), an application specific integrated
circuit, and other programmable circuits. The processor 176 is also configured to compute
advanced control algorithms and communicate to a variety of Ethernet or serial-based
protocols (Modbus, OPC, CAN, etc.). Additionally, the memory device(s) 178 may generally
comprise memory element(s) including, but not limited to, computer readable medium (e.g.,
random access memory (RAM)), computer readable non-volatiie medium (e.g.,, a flash
memory), a floppy disk, a compact disc-read only memory (CD-ROM), a magnetooptical disk
(MOD), a digital versatile disc (DVD) and/or other suitable memory elements. Such memory
device(s) 178 may generally be configured to store suitable computer-readable instructions
that, when implemented by the processor(s) 176, configure the controller 174 to perform the
various functions as described herein.

[0020] During operation, alternating current (AC) power generated at the DFIG 120 by rotation
of the rotor 106 is provided via a dual path to an electrical grid 160. The dual paths are defined
by the stator bus 154 and the rotor bus 156. On the rotor bus side 156, sinusoidal multi-phase
(e.g. three-phase) AC power is provided to the power converter 162. The rotor-side power
converter 166 converts the AC power provided from the rotor bus 156 into direct current (DC)
power and provides the DC power to the DC link 136. Switching elements (e.g. IGBTs) used in
bridge circuits of the rotor side power converter 166 can be modulated to convert the AC
power provided from the rotor bus 156 into DC power suitable for the DC link 136.

[0021] The line-side converter 168 converts the DC power on the DC link 136 into AC output
power suitable for the electrical grid 160. In particular, switching elements (e.g. IGBTs) used in
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bridge circuits of the line-side power converter 168 can be modulated to convert the DC power
on the DC link 136 into AC power on the line-side bus 188. The AC power from the power
converter 162 can be combined with the power from the stator of the DFIG 120 to provide
multi-phase power (e.g. three-phase power) having a frequency maintained substantially at the
frequency of the electrical grid 160 (e.g. 50 Hz/60 Hz).

[0022] Various circuit breakers and switches, such as a converter breaker 186, can be
included in the power system 100 to connect or disconnect corresponding buses, for example,
when current flow is excessive and can damage components of the system 100 or for other
operational considerations. Additional protection components can also be included in the
power system 100.

[0023] Still referring to FIG. 1, the power system 100 may also include a battery energy
storage system (BESS) 190 coupled to the power converter 162. More specifically, as shown in
the illustrated embodiment, the BESS 190 can be connected in parallel with the DC link 136 of
the power converter 162. The battery energy storage system 190 can be used to provide
power to the DC link 136 under certain conditions. For instance, the BESS 190 can be used to
provide power to the DC link 136 to increase output of the power system 100 when wind speed
drops. Power can also be supplied and stored in the BESS 190 during operation of the power
system 100.

[0024] Referring now to FIG. 3, a flow diagram of one embodiment of one embodiment of a
method 200 for operating a wind turbine connected to a power grid in response to one or more
grid events occurring in the power grid is illustrated. In general, the method 200 will be
described herein with reference to the wind turbine 10 shown in FIG. 1. However, it should be
appreciated that the disclosed method 200 may be implemented with wind turbines having any
other suitable configurations. In addition, although FIG. 3 depicts steps performed in a
particular order for purposes of illustration and discussion, the methods discussed herein are
not limited to any particular order or arrangement. One skilled in the art, using the disclosures
provided herein, will appreciate that various steps of the methods disclosed herein can be
omitted, rearranged, combined, and/or adapted in various ways without deviating from the
scope of the present disclosure.

[0025] As shown at (202), the method 200 may include providing a power output to the power
grid 160, e.g. via the wind turbine power system 100. In other words, during normal operation,
the wind turbine power system 100 is configured to generate a rated power and provide the
generated power to the power grid 160. As shown at (204), the method 200 may include
monitoring, via one or more sensors, a frequency of the power grid so as to detect one or
more grid events occurring in the power grid 160. For example, in one embodiment, the
sensors 181, 183, 185 described herein are configured to continuously monitor one or more
electrical conditions (e.g. frequency, voltage, current, etc.) of the power grid 160 and send the
sensor signals to the controller 174. As such, the controller 174 is configured to determine
whether a frequency grid event is occurring the power grid 160 based on the sensor signals.
As described herein, a frequency grid event generally encompasses any over-frequency or
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under-frequency disturbance in the grid that can potentially diminish grid performance.

[0026] As shown at (206), the method 200 includes determining whether e frequency event
has been detected. If so, as shown at (208), the method 200 includes increasing or charging
mechanical inertia of the rotor 106 of the wind turbine 100 during an immediate time frame
(also referred to herein as a first time frame) after one or more grid events occurs in the power
grid 160. For example, in several embodiments, the mechanical inertia of the rotor 106 may be
increased by increasing a rotor speed of the rotor 106. Thus, during the time frame
immediately following the grid event, additional mechanical inertia may be generated and
stored such that the additional energy can be used to provide an increase in power as
described below.

[0027] In addition, in certain embodiments, the method 200 may include reducing a torque of
the wind turbine 100 during the immediate time frame after one or more grid events occurs in
the power grid 160. In such embodiments, the controller 174 may simultaneously increase the
mechanical inertia of the rotor 106 and reduce the torque of the wind turbine 100 during the
immediate time frame after one or more grid events occurs in the power grid 160. The
immediate time frame following the frequency grid event as described herein may range from
about zero (0) seconds to about five (5) seconds.

[0028] After the immediate time frame, as shown at (210), the method 200 includes providing
a required additional power output to the power grid 160 during a subsequent, second time
frame so as to stabilize the power grid 160 after one or more grid events occurs in the power
grid 160. The second time frame following the immediate time frame as described herein may
range from about five (5) seconds to about fifteen (15) seconds. In particular embodiments,
the required additional power output may be greater than about 5% to 10% of the rated power
of the wind turbine 100. To reach this value, the torque margin of the wind turbine power
system 100 is often at its limit. However, by increasing the rotor speed in the immediate time
frame, the torque can be reduced as well to maintain the demanded power output. Thus, such
actions provide an additional torque margin to deliver the required additional power output in
the second time frame. In addition, in one embodiment, the required additional power output
may be greater than energy consumed in a predetermined time frame after one or more grid
events occurs in the power grid 160. More specifically, the duration of the power increase may
be on the order of several seconds. For example, in one embodiment, the predetermined time
frame described herein may range from about ten (10) seconds to about twenty (20) seconds.

[0029] The method 200 of FIG. 3 can be better understood with respect to FIG. 4. As an initial
point, the system and method of the present disclosure includes transferring the mechanical
inertia of the wind turbine rotor 106 into a temporary increase of electrical power for transient
under frequency grid events. More specifically, the system and method of the present
disclosure includes focuses on the Power Operating Reserve (POR). The POR is generally
defined as the additional power output required at the frequency nadir (i.e. minimum)
compared to the pre-frequency event power output, which is fully available and sustainable
between T4 and T, e.g. 5 seconds and 15 seconds after the event (where the nadir occurs
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between 5 and 15 seconds after the event, but with timing being grid code specific). Thus, the
POR time frame is illustrated in FIG. 4 and includes the Immediate Time Frame described
herein (e.g. about 5 seconds).

[0030] In addition, as shown, the frequency grid event is detected at Tq. In the Immediate Time
Frame following detection of the frequency grid event (between Ty and T4), there is a delay in

the power response of the wind turbine power system 100. More specifically, in certain
embodiments, the controller 174 delays the power response and charges the rotor 106 in the
first few seconds after the frequency event by increasing the rotor speed of the rotor 106. At
the same time, the controller 174 may also decrease the torque of the wind turbine power
system 100 to maintain the demanded power output from the power grid 160. Such actions
provide additional mechanical inertia and speed/torque margin for the wind turbine power
system 100 to deliver the required additional power output to stabilize the power grid 160.
Thus, as shown in the subsequent, second time frame between T4 and T, the wind turbine

power system 100 delivers the required additional power output to the power grid 160 so as to
stabilize the grid 160. In certain embodiments, the energy delivered during the frequency
events is higher than the energy consumed in the following 10 to 20 seconds after the
frequency event. In addition, the rotor speed may not drop as high below the original speed
set-point and the wind turbine power system 100 may be capable to recover to its previous
power output faster. Further, the additional power output during a frequency event must be
held for certain time frame (e.g. greater than 10 seconds) as required by the power grid 160.
By increasing the mechanical inertia via increasing the rotor speed, the power output can be
more stable especially at the end of the POR time frame when the rotor inertia is typically used

up.

[0031] Still referring to FIG. 4, before the Immediate Time Frame, the controller 174 may
evaluate a Potential Time Frame, i.e. before the frequency grid event occurs and is detected.
As such, if the controller 174 detects that the grid frequency is dropping, the controller 174 may
also be configured to increase the rotor speed during this time frame as well. Accordingly, such
action(s) by the controller 174 provide potential time to charge the rotor 106 if the Immediate
Time Frame is insufficient (e.g. due to grid requirements, such as fast frequency response
"FFR"). More specifically, in one embodiment, the Potential Time Frame may correspond to a
time frame related to the actual value and rate of change of the grid frequency towards a
certain threshold. As used herein, the FFR generally refers to the instance where the
Immediate Time Frame is equal to zero seconds, which is the potential time frame related to
the grid frequency.

[0032] Exemplary embodiments of a wind turbine, a controller for a wind turbine, and methods
of controlling a wind turbine are described above in detail. The methods, wind turbine, and
controller are not limited to the specific embodiments described herein, but rather, components
of the wind turbine and/or the controller and/or steps of the methods may be utilized
independently and separately from other components and/or steps described herein. For
example, the controller and methods may also be used in combination with other wind turbine
power systems and methods, and are not limited to practice with only the power system as



DK/EP 3617497 T3

described herein. Rather, the exemplary embodiment can be implemented and utilized in
connection with many other wind turbine or power system applications, such as solar power
systems.

[0033] Although specific features of various embodiments of the invention may be shown in
some drawings and not in others, this is for convenience only. In accordance with the principles
of the invention, any feature of a drawing may be referenced in combination with any feature of
any other drawin.
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KRAV

1. Fremgangsmade (200) til drift af en vindmglle (100) forbundet til et elnet (160) som reaktion pd
en eller flere nethaendelser der forekommer i elnettet (160), hvor fremgangsmaden (200) omfatter:

overvdgning, via en eller flere sensorer (181, 18, 185), af elnettet (160) for at detektere en
eller flere nethaendelser der forekommer i elnettet (160);

som reaktion pd detektering af en eller flere netheendelser der forekommer i elnettet (160),
forsinkelse af en effektreaktion (ENG: power response) og opladning af en rotor ved at forgge
mekanisk inerti af en rotor (106) af vindmgllen (100) i Igbet af en fgrste tidsramme
umiddelbart efter at en eller flere nethaendelser forekommer i elnettet (160), for at opretholde
det kreevede effektoutput fra elnettet; og,

efter den forste tidsramme, tilvejebringelse af et pakraevet yderligere effektoutput til elnettet
(160) i lgbet af en efterfglgende, anden tidsramme for at stabilisere elnettet (160) efter at en
eller flere nethaendelser forekommer i elnettet (160).

2. Fremgangsmade (200) ifelge krav 1, yderligere omfattende reduktion af et drejningsmoment af
vindmgllen (100) i Igbet af den fgrste tidsramme.

3. Fremgangsmade (200) ifglge krav 2, yderligere omfattende samtidigt at forgge den mekaniske
inerti af rotoren (106) af vindmgllen (100) og reducere drejningsmomentet af vindmgllen (100) i
Izbet af den fgrste tidsramme.

4. Fremgangsmade (200) ifglge et hvilket som helst af de foregdende krav, hvor forggelse af
mekanisk inerti af rotoren (106) af vindmgllen (100) yderligere omfatter forggelse af en
rotorhastighed af rotoren (106).

5. Fremgangsmdde (200) ifelge et hvilket som helst af de foregdende krav, hvor den farste
tidsramme spaender fra omkring nul (0) sekunder til omkring fem (5) sekunder.

6. Fremgangsmdde (200) ifglge et hvilket som helst af de foregdende krav, hvor den anden
tidsramme spaender fra omkring fem (5) sekunder til omkring femten (15) sekunder.

7. Fremgangsmdde (200) ifglge et hvilket som helst af de foregdende krav, hvor det pdkreevede
yderligere effektoutput er stagrre end omkring 10% af nominel effekt af vindmgllen (100).
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8. Fremgangsmade (200) ifglge et hvilket som helst af de foregdende krav, hvor det pdkreevede
yderligere effektoutput til at stabilisere nettet er stgrre end den energi der forbruges i en
forudbestemt tidsramme efter at en eller flere nethaendelser forekommer i elnettet (160).

9. Fremgangsmade (200) ifglge krav 8, hvor den forudbestemte tidsramme spaender fra omkring ti
(10) sekunder til omkring tyve (20) sekunder.

10. System til drift af en vindmglle (100) forbundet til et elnet (160) som reaktion pa en eller flere
nethaendelser, der forekommer i elnettet (160), hvor systemet omfatter:

en eller flere sensorer (181, 18, 185) konfigureret til at overvage elnettet (160) for at detektere
en eller flere nethaendelser der forekommer i elnettet (160); og,

en styreenhed (174) kommunikativt koblet til den ene eller de flere sensorer (181, 18, 185),
hvor styreenheden (174) er konfigureret til at udfgre en eller flere funktioner, hvor den ene
eller de flere funktioner omfatter:

som reaktion pd detektering af en eller flere nethaendelser der forekommer i elnettet
(160), forsinkelse af en effektreaktion og opladning af en rotor ved at forgge mekanisk
inerti af en rotor (106) af vindmgllen (100) i lgbet af en fagrste tidsramme efter at en
eller flere nethaendelser forekommer i elnettet (160), for at opretholde det pdkreevede
effektoutput fra elnettet; og,

efter den farste tidsramme, tilvejebringelse af et pakraevet yderligere effektoutput til
elnettet (160) i labet af en anden tidsramme, for at stabilisere elnettet (160) efter at
en eller flere nethaendelser forekommer i elnettet (160).

11. System ifglge krav 10, yderligere omfattende reduktion af et drejningsmoment for vindmgllen
(100) i lgbet af den fgrste tidsramme efter at en eller flere nethaendelser forekommer i elnettet
(160).

12. System ifglge krav 11, yderligere omfattende samtidig at forgge den mekaniske inerti af rotoren
(106) af vindmgllen (100) og reduktion af drejningsmomentet af vindmgllen (100) i lgbet af den
forste tidsramme efter at en eller flere nethaendelser forekommer i elnettet (160).

13. System ifglge krav 10, 11 eller 12, hvor forggelse af mekanisk inerti af rotoren (106) af
vindmgllen (100) yderligere omfatter forggelse af en rotorhastighed af rotoren (106).



DK/EP 3617497 T3

14, System ifglge krav 10, 11, 12 eller 13, hvor den fgrste tidsramme spaender fra omkring nul (0)

sekunder til omkring fem (5) sekunder.

15. System ifglge krav 10, 11, 12, 13 eller 14, hvor den anden tidsramme spaender fra omkring fem
(5) sekunder til omkring femten (15) sekunder.
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