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Description

TECHNICAL FIELD

[0001] The present disclosure relates to methods and
systems of protecting and controlling renewable energy
plants. More particularly, the disclosure relates to meth-
ods of protecting wind power plants during power network
faults, and especially recurring power network faults.

BACKGROUND

[0002] Wind power plants, as well as other renewable
energy power plants, are expected to conform to partic-
ular requirements of the power network to which they are
connected. Wind power plants, which typically comprise
a plurality of wind turbine generators and are also known
as a wind parks or a wind farms, are each connected to
a power network or ’grid’. At the power network, the power
output from each wind power plant to the network is con-
trolled, under normal operating conditions, by a power
plant control system or controller (PPC). In exceptional
operating conditions, such as during a grid fault, wind
turbine generators are protected by low-voltage ride-
through (LVRT) and fault ride-through (FRT) protection
schemes implemented by a wind turbine controller. Both
the PPC and wind turbine controller implement opera-
tional limits and requirements as set out by a Transmis-
sion System Operator (TSO) or in country-specific grid
interconnection requirements or ’grid codes’ to achieve
continuity of power supply.
[0003] Establishing continuity of power supply is par-
ticularly important to grid operation and control. A notable
challenge to this continuity is presented when a transient
fault occurs, which leads to a voltage dip while the line
or equipment on which the fault occurred is temporarily
taken offline by opening circuit breakers around the fault.
Transient faults are often only temporary events, such
as flash-overs across insulators or self-clearing fault on
power lines, and the preferred approach on many power
networks is to automatically reclose the tripped breaker
after a predefined time delay to increase availability of
power supply. If the fault has not been fully cleared when
the breakers are reclosed, then there may be a second
voltage dip, and the fault becomes a recurring fault. Until
the fault clears, there may be any number of dips. Wind
turbine generators are expected to remain connected to
the power network through such temporary faults.
[0004] As mentioned, during external fault scenarios,
each wind turbine generator is protected from voltage
deviation beyond its tolerable limits by an LVRT protec-
tion scheme. The protection scheme operates to track a
predefined curve during the fault, and is set to disconnect
the turbine for any voltage deviation below the curve. The
turbine should remain connected to the network at all
other times. If a ride-through threshold is reached, the
LVRT protection scheme is reset in preparation for future
faults.

[0005] However, even though the turbine design and
LVRT protection scheme are coordinated with the re-
quirements of the power network, recurring fault scenar-
ios present a problem in wind power plant operation.
More precisely, operating conventional LVRT protection
schemes may result in unwanted disconnection of the
wind turbine generator from the power network due to
the configuration of the LVRT protection scheme not tak-
ing account of recurring faults. Even when LVRT protec-
tion schemes are configured to be compliant with the
network requirements relating to recurring faults, a con-
flict may result due to other protection systems operating
in precedence to the LVRT protection scheme. This con-
flict impacts the ability of the LVRT protection scheme,
as well as other protection schemes, to provide sufficient
protection to the wind turbine generator, and so may
make the wind turbine generator vulnerable to damage.
[0006] Among relevant prior art are CN 103 414 171
A and US 2019/069326.
[0007] In view of the above mentioned problems there
is need for protection of wind turbine generators that can
sufficiently operate during recurring faults and without
impacting the operation of conventional LVRT protection
schemes.

SUMMARY OF THE INVENTION

[0008] According to an aspect of the present invention,
as defined by claim 1, there is provided a method for
operating a wind turbine generator connected to a power
network to account for recurring voltage faults on the
power network caused by automatic reclosure of at least
one circuit breaker following a short-circuit. The method
comprises: identifying a deviation of voltage level of the
power network from a normal operational voltage level
of the network; determining that the identified deviation
fulfils criteria for automatic reclosure; and operating the
wind turbine generator in a recurring fault mode if auto-
matic reclosure criteria are fulfilled. In operating the wind
turbine generator in recurring fault mode, the method
comprises: monitoring the recovery of the voltage level
from the deviation; categorising the recovery of the volt-
age as one of at least a strong recovery or a weak re-
covery; and implementing a ride-through protocol ac-
cording to the category of recovery.
[0009] By implementing a recurring fault mode that is
separate to conventional low-voltage ride-through
modes, the method provides a protection protocol that is
able to account for multiple voltage dips based upon char-
acteristics of the recovery. In particular, by categorising
the recovery, the method protects generators throughout
recurring faults, whilst remaining compliant with grid re-
quirements as is mandatory for new power plants. Fur-
thermore, the above method does not impact upon con-
ventional low-voltage ride-through modes due to the de-
termination of the deviation fulfilling particular criteria and
only entering the recurring fault mode if the criteria are
fulfilled. Therefore, the method acts as an augmentation
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to the low-voltage ride-through modes, requiring minimal
or no alteration to existing hardware. Advantageously,
therefore, the method can be implemented readily in both
existing and new plants.
[0010] The deviation may comprise a power network
fault. Determining that the deviation fulfils criteria for au-
tomatic reclosure may comprise comparing the voltage
levels following the fault with a predetermined reclosure
threshold.
[0011] By using a reclosure threshold, it is noted that
recurring faults are most likely to happen where circuit
breakers are configured to automatically reclose. Com-
paring voltage levels in the described manner ensures
that the method is able to smoothly integrate with existing
power networks.
[0012] According to the present invention, categorising
the recovery of the voltage may comprise applying one
or more tests to the recovery such that the recovery is
categorised as strong recovery if it passes the, or each,
test and is categorised as weak recovery if it does not
pass one or more of the tests.
[0013] Preferably, the method comprises three tests,
and the recovery may be categorised as strong recovery
only if it passes each of the three tests.
[0014] The recovery is categorised as weak recovery
unless it passes particular tests, thereby implementing a
strict approach to voltage recovery. Where weak recov-
ery is involved, there may be some danger to generators
if the correct protocol is not implemented, and so the step
of categorising the recovery as strong recovery only if it
passes the, or each, test ensures that protection of gen-
erators can be prioritised.
[0015] The at least one test may comprise comparing
the voltage level with a first voltage threshold. The test
may be passed if the voltage level exceeds the first volt-
age threshold in a predetermined first time period. The
test may be passed if the voltage level exceeds the first
voltage threshold at the end of a predetermined first time
period.
[0016] Beneficially, comparison of voltage level with a
threshold within periods of time indicates the speed and
size of the recovery adequately. It is possible that the
recovery of the voltage within the particular time period
is a function of the state of the grid and/or the power plant,
and so can be used as a gauge or metric of the recovery.
[0017] The at least one test may comprise comparing
the voltage level with a second voltage threshold. The
test may be passed if the voltage level exceeds the sec-
ond voltage threshold in a predetermined second time
period. The test may be passed if the voltage level ex-
ceeds the second voltage threshold at the end of a pre-
determined second time period.
[0018] Implementation of two tiers of voltage thresh-
olds over certain time periods is useful for computational
efficiency, and for speed of implementation of ride-
through protocols should the recovery fail one or more
of the tests. The tests may be performed sequentially,
such that failure of a first test results in the categorisation

of the recovery as weak.
[0019] The second voltage threshold may be greater
than the first voltage threshold. The second voltage
threshold may be an upper voltage threshold, which is
less than an operational voltage of the generator. The
second voltage threshold may be equal to the predeter-
mined reclosure threshold. The first voltage threshold
may be a lower voltage threshold, and may be user-de-
termined. The first voltage threshold may alternatively be
set by predetermined grid requirements, or may be adap-
tive based upon monitored parameters of the plant or
grid.
[0020] The first and second time periods may be con-
current and of equal length. Thus, the comparison of volt-
age levels against the first and second thresholds may
be performed at the same time.
[0021] The at least one test may comprise comparing
the voltage level with a third voltage threshold and per-
forming a count of the number of times that the voltage
level is equal to the third voltage threshold within a third
predetermined time period. The test may be passed if
the count is zero or an even number. The test may be
passed if the voltage level is greater than the third voltage
threshold at the end of the predetermined time period.
[0022] Counting the times that the third threshold is
crossed provides an indication of stability of the voltage
levels following the initial recovery. An unstable, and
therefore weak, recovery, may have an odd count, where
the voltage level is below the third threshold at the end
of the third time period. This may indicate that the recov-
ery has decayed below the level that it should be, and
advantageously permits protection of the generators
where instability is present.
[0023] The second and third voltage threshold may be
the same. The third time period may follow at least one
of the first time period or the second time period. Com-
paring the voltage level with a third voltage threshold may
be performed after the comparison of the voltage level
with the first or the second threshold. The comparison of
the voltage level with the third voltage threshold may be
performed only if the previous two comparison tests are
passed.
[0024] The method may further comprise determining
that the voltage deviation fulfils low-voltage criteria. The
method may further comprise entering a low-voltage
mode if the low-voltage criteria are fulfilled, the low-volt-
age mode being configured to run concurrently with the
recurring fault mode. Running concurrent low-voltage
and recurring fault modes provides an extra layer of pro-
tection, and uses the existing protocol to help protect
generators during recurring fault situations.
[0025] If the voltage recovery is categorised as weak
recovery, the step of implementing a ride-through proto-
col may comprise terminating the recurring-fault mode
and operating the wind turbine generator in low-voltage
mode only. The method therefore protects the generators
first and foremost, where a weak recovery exists.
[0026] If the voltage recovery is categorised as strong

3 4 



EP 3 729 580 B9

4

5

10

15

20

25

30

35

40

45

50

55

recovery, the step of implementing a ride-through proto-
col may comprise altering the low-voltage mode to ac-
count for a subsequent voltage dip. Alteration of a low-
voltage mode may be a particularly useful feature as it
allows for restriction of the low-voltage mode’s operation.
Disconnection of the generators from the grid due to the
low-voltage mode’s operation during recurring faults can
be halted.
[0027] Altering the low-voltage mode may comprise re-
starting the low-voltage mode before automatic reclosure
to prevent the wind turbine generator from being discon-
nected in the event of another voltage deviation.
[0028] Where the voltage recovery is strong, by alter-
ing the low-voltage mode in the above way, the method
beneficially identifies that the generator is unlikely to be
in danger in the low-voltage mode and so acts to ensure
that disconnection does not occur should a further volt-
age deviation happen. This procedure improves the like-
lihood that generator is maintained in compliance with
grid requirements.
[0029] The method may comprise identifying a further
voltage deviation and operating the wind turbine gener-
ator in recurring fault mode in relation to the further volt-
age deviation. In this way, the method is useful in pro-
tecting generators throughout the entirety of the recurring
fault, not just the first deviations.
[0030] The method may comprise terminating recur-
ring fault mode if the voltage levels return to normal op-
erational levels.
[0031] According to another aspect of the invention,
as defined by claim 14, there is provided a wind turbine
generator may comprise a wind turbine controller config-
ured to carry out the method described above.
[0032] According to another aspect of the invention,
as defined by claim 15, there is provided a computer pro-
gram product downloadable from a communication net-
work and/or stored on a machine readable medium, com-
prising program code instructions for implementing the
method described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] One or more embodiments of the invention will
now be described, by way of example only, with reference
to the accompanying drawings, in which:

Figure 1 is a schematic view of a wind power plant
and its connection to a grid;
Figure 2 is a chart showing a typical reclosing se-
quence during a recurring fault on a power network;
Figure 3 is a chart showing voltage recovery of a
wind turbine generator using conventional protection
methodology;
Figure 4 is a block diagram of a control method ac-
cording to an embodiment of the invention;
Figure 5 is a flow chart illustrating the control method
of Figure 4;
Figure 6a is a chart showing strong voltage recovery

of a wind turbine generator;
Figure 6b is a chart showing the resetting of the low-
voltage ride-through protocol in response to the re-
covery show in Figure 6a;
Figure 7 is a chart showing weak voltage recovery
of a wind turbine generator;
Figure 8 is a chart showing an alternative strong
voltage recovery of a wind turbine generator; and
Figure 9 is a chart showing an alternative weak volt-
age recovery of a wind turbine generator.

DETAILED DESCRIPTION

[0034] Figure 1 illustrates a typical architecture in
which a wind power plant (WPP) is connected to a main
transmission grid as part of a wider power network. As
will be understood by the skilled reader, a WPP compris-
es at least one wind turbine generator (WTG), and is also
known as a wind park or a wind farm. The example shown
is representative only and the skilled reader will appre-
ciate that other specific architectures are possible, in re-
lation to both wind power plants and power plants for
other renewable energy sources. Thus, the invention also
relates to renewable energy power plants in general,
rather than being specific to wind power plants as in the
illustrated embodiment. In addition, the skilled reader will
appreciate that methods, systems and techniques also
described below may be applicable to many different con-
figurations of power network. Moreover, the components
of the wind power plant and power network are conven-
tional and as such would be familiar to the skilled reader.
[0035] Figure 1 shows a power network 10 incorporat-
ing a WPP 12. The WPP 12 includes a plurality of WTGs
14. A single WTG would also be possible. Each of the
plurality of WTGs 14 converts wind energy into electrical
energy, which is transferred from the WTGs 14 to a main
transmission network or main grid 16, as active current,
for distribution. A collector network 17 extends between
the WPP 12 and the main grid 16.
[0036] Each of the WTGs 14 is associated with a re-
spective WTG controller 15. In some embodiments, a set
of WTGs may share a single, semi-centralised WTG con-
troller, such that there are fewer WTG controllers than
WTGs. WTG controllers 15 can be considered to be com-
puter systems capable of operating a WTG 14 in the man-
ner prescribed herein.
[0037] During normal operation of the WPP 12, the
WTG controllers 15 operate to implement active and re-
active current requests received from a power plant con-
troller (PPC) 32. During extraordinary conditions, such
as during a grid fault, the WTG controllers 15 operate to
fulfil predetermined network requirements, as well as act-
ing to protect the WTGs 14 from any potentially harmful
conditions.
[0038] WTGs 14 generate both active current and re-
active current, and are operated to support the voltage
level of the main grid 16. The main grid 16 often has
specific requirements for voltage support, especially dur-
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ing deviations of the voltage from conventional operating
conditions, with which the WPP 12 is required to comply.
The WPP 12 will be expected to stay connected to the
grid 16 throughout a variety of faults or voltage deviations,
including during recurring faults.
[0039] Recurring faults are faults where the voltage
level ’dips’, or drops below a certain threshold value,
more than once without returning to normal operational
levels. Initially, a fault may occur where the voltage level
decreases rapidly from normal operational levels. Often,
voltage levels recover to close to conventional levels.
However, in some circumstances, recurring faults occur
where the voltage levels do not completely recover to
pre-fault levels, and instead a second dip occurs, where
the voltage drops rapidly again after recovering partially.
A recurring fault may have any number of dips before
recovery. Recurring faults may also be defined by way
of time periods, such as where a second voltage dip oc-
curs within a predefined time period after the first fault.
Such time periods may be quantifiable using knowledge
of the operation of systems within the grid. By way of
example, the predefined time period may be one second,
but this should be understood as not to be limiting.
[0040] More particularly, recurring faults occur when a
short-circuit is not cleared in time to prevent multiple volt-
age dips occurring on the grid, due to the automatic op-
eration of protection systems within the power plant or
grid. Conventional protection systems may inadvertently
disconnect the WPP 12 from the grid 16 during multiple
voltage dips and recurring faults, and their adaptation to
account for multiple dips can lead to inefficient protection
of the WPP 12 during other faults. WPPs 12 having WTGs
14 that are operated according to the method of the
present invention are configured to account for recurring
faults by resetting conventional protection systems prior
to the next dip, provided the condition of the grid 16 is
good enough to support strong voltage recovery.
[0041] Returning to Figure 1, each of the WTGs 14 of
the WPP 12 is connected to a local grid (not shown) that
links the WTGs 14. The WPP 12 is, in turn, suitably con-
nected to a collector bus 18 via a feeder line 20. The
collector bus 18 may be at an intermediate voltage level
that is suitable for relatively short distance power trans-
mission, for example in the region of 10 kV to 150 kV,
most usually between 110 kV and 150 kV. The collector
bus 18 may also provide a point of common coupling
(PCC) for a plurality of wind power plants, although, only
a single WPP 12 is shown here for simplicity.
[0042] The collector bus 18 is connected to a main
step-up transformer 22 by a transmission line 24. The
main transformer 22 is in turn connected to the main grid
16 at a Point of Interconnection (Pol) 26 by another trans-
mission line 28. The Pol 26 is an interface between the
WPP 12 and the main grid 16.
[0043] While the collector bus 18 may be required to
span distances up to around 100km, the main grid 16
may be an international, national, or regional grid such
as the National Grid of Great Britain, for example, and

therefore may be required to span distances of up to
around 250km or more. Accordingly, the voltage level of
the main grid 16 may be much higher than the voltage
level of the collector bus 18 for better transmission effi-
ciency.
[0044] The connecting lines such as the transmission
and feeder lines 20, 24, 28 may each include a protection
system 30 to protect individual components from damage
during or following extreme conditions. For example, it
is envisaged that at least an appropriate circuit breaker
will be included in each line.
[0045] Hereinafter, it should be assumed that referenc-
es to components being connected or connections be-
tween components comprise suitable feeder or transmis-
sion lines as described above unless it is otherwise indi-
cated.
[0046] A Power Plant Controller (PPC) 32 is connected
to the power network 10 at a Point of Measurement (PoM)
34 and is also connected directly to the WPP 12. The
role of the PPC 32 is to act as a command and control
interface between the WPP 12 and a grid operator or
transmission system operator (TSO) 36. The TSO 36 is
responsible for indicating the needs and requirements of
the main grid 16 to the PPC 32. The PPC 32, in its role
as command and control interface, interprets the power
delivery demands requested of it by the TSO 36 and man-
ages the WTGs 14 in the WPP 12 in order to satisfy those
requirements, whilst taking into account other operative
factors such as grid faults and sudden changes in output
or measured grid voltage.
[0047] The PPC 32 is a suitable computer system for
carrying out the controls and commands as described
above and so incorporates a processing module 38, a
connectivity module 40, a memory module 42 and a sens-
ing module 44.
[0048] In order to monitor and regulate the output of
the WPP 12 and to interpret the power demands correct-
ly, the PPC 32 is connected to the transmission line 28
between the main transformer 22 and the Pol 26 at the
PoM 34. The PPC 32 is equipped to measure a variety
of parameters including a representative power output
that will be supplied to the main grid 16 at the Pol 26 by
the WPP 12. As the PoM 34 is not at the Pol 26, the
measured parameters are only representative as losses
in the lines between the PoM 34 and Pol 26, and between
the PoM 34 and the PPC 32, may have an effect on the
measurements. Suitable compensation may take place
to account for the losses to ensure that the measure-
ments are accurate.
[0049] In addition, the PPC 32 measures parameters
of the power output such as a frequency and voltage, as
well as reactive current exchange between the WPP 12
and the main grid 16 and the voltage level of the main
grid 16. The PPC 32 compares the measured parameters
against specific grid requirements and communicates
control commands to specific components of the WPP
12 accordingly. The WPP 12 is capable of altering its
reactive current output in reaction to commands received
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from the PPC 32.
[0050] The PPC 32 communicates control commands
to the WTG controllers 15, or directly to the WTGs 14, in
a suitable manner. It will be noted that Figure 1 is a sche-
matic view, so the way in which the control commands
are transferred is not depicted explicitly. However, it will
be appreciated that suitable cabling may be provided to
interconnect the PPC 32 and the WTGs 14 or WTG con-
trollers 15. The interconnections may be direct or ’point
to point’ connections, or may be part of a local area net-
work (LAN) operated under a suitable protocol (CAN-bus
or Ethernet for example). Also, it should be appreciated
that rather than using cabling, the control commands may
be transmitted wirelessly over a suitable wireless net-
work, for example operating under WiFi™ or ZigBee™

standards (IEEE802.11 and 802.15.4 respectively).
[0051] The main grid 16 incorporates, among other
components, transmission lines 45 for transmission of
power supplied by the WPP 12 and other connected pow-
er plants to end users (not shown). For safety, the main
grid 16 also incorporates protection means, in the form
of a plurality of automatically reclosing circuit breakers
46, at intervals along each transmission line 45. These
line breakers 46, which are also known as ’reclosers’
operate to prevent damage to the system 10 if an event
occurs that leads to a sudden and unexpected voltage
change, such as a short circuit. This protection is
achieved by opening the line breakers 46 to isolate the
section of the transmission lines 45 where the short circuit
has occurred. The line breakers 46 automatically reclose
the isolated line 45 after a predetermined time period has
elapsed following the opening of the line breakers 46 so
as to bring the line 45 back online following the fault as
quickly as possible.
[0052] The diagram of Figure 1 should only be taken
as a representation of a power network. Alternative con-
figurations of power network and power plants are known
and it is expected that other known components may be
incorporated in addition to or as alternatives to the com-
ponents shown and described in Figure 1. Such changes
would be within the capabilities of the skilled person. For
example, substations or extra transformers would be ex-
pected to be incorporated in the wind power plant de-
pending upon the number of turbines included in the plu-
rality of wind turbines.
[0053] As discussed in relation to Figure 1, the main
grid 16 incorporates a plurality of line breakers 46 which
operate to isolate sections of the transmission line 45 if
a fault event, for example a short circuit, occurs on that
section of the line 45. Line breakers 46 or other circuit
breakers may also be used for performing maintenance
on that line section. Short circuits result in dips in the
voltage levels of the grid 16, and these dips are also
reflected in the voltage level at the Pol 26 between the
grid 16 and the WPP 14. Once the line breakers 46 have
isolated the short circuiting section of the transmission
lines 45 from the rest of the grid 16, the voltage levels
can recover.

[0054] As events that result in short circuits are usually
temporary, or only semi-permanent at the very least, the
event may quickly clear itself, allowing the transmission
line 45 to be brought back ’online’ following the outage
by re-closing the line breakers 46 to reconnect the iso-
lated, disconnected section of line 45 to the rest of the
grid 16. Line breakers 46 automatically reclose after a
predetermined time period has elapsed following an out-
age so that the line can be offline for as short a time as
possible. If the event has cleared, then the voltage of the
grid 16 can be brought back to ordinary levels. Typically,
the time period is around 1.5 seconds which is specified
by a grid operating system.
[0055] However, if the event has not cleared, then the
reclosing of the affected section of transmission line 45
by the line breakers 46 will simply reconnect the short
circuit to the grid 16, causing another dip in voltage levels.
The line breakers 46 then open again, and attempts to
reclose again once the time period has elapsed. This
leads to multiple voltage dips, or what is known as a ’re-
curring fault’, and is seen across the network.
[0056] For example, a short circuit may be caused by
a stray tree branch briefly touching a transmission line.
As the tree moves away from the line, the problem will
be removed, the line will be clear to be brought back
online, and so automatic reclosing will be successful. If
the tree branch remains in contact with the transmission
line, reclosure of the affected section of the line by the
line breakers will only result in another voltage dip. Mul-
tiple voltage dips will occur until the problem has been
resolved, and the fault has cleared.
[0057] To deal with recurring faults, power network in-
terconnection requirements, or grid codes, have specific
criteria that connected WPPs 12 should meet in order to
be compliant. Non-compliance may lead to penalties be-
ing imposed on power plant operators, especially for op-
erators of existing power plants. Compliance is manda-
tory for new power plants. An example of these criteria
is shown in the %voltage-time chart of Figure 2, which
illustrates the requirements for generating units, i.e.
WTGs 14, during automatic reclosure of a transmission
line 45. The WTG controllers 15 and/or PPC 32 are ex-
pected to operate the WTGs 14 to comply with these
criteria during recurring faults.
[0058] In Figure 2, a short circuit event occurs at 0 sec-
onds, which may also be referred to as ’t1’. Prior to this
event, the WTG 14 is assumed to be operating in its nor-
mal operational range of between 90 % and 110 % of
expected voltage, which may also be written as between
0.9 and 1.1 per-unit voltage (pu).
[0059] As would be understood by the skilled person,
per-unit voltage is an expression of the voltage with re-
spect to a base value which is used as a reference. Using
a per-unit system allows for normalization of values
across transformers and other components that may
change the value by an order of magnitude.
[0060] At 0 seconds, the short circuit occurs, and the
voltage level of the grid 16 drops to 0 %, or 0 pu, voltage.
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Similarly, the voltage level of the WTGs 14 will also drop.
After 0.16 seconds, or ’t2’, the line breakers 46 act to
isolate the short circuit, and open, after which each WTG
14 is expected to recover back to its pre-fault voltage
level at its terminal. As will be understood by the skilled
person, the terminal of the WTG is the point of connection
of that WTG 14 to its local grid (not shown).
[0061] The line breakers 46 are configured to automat-
ically reclose an affected line 45 once a time period of
1.5 seconds has elapsed after they opened, i.e. 1.5 sec-
onds after t2. As the fault has not yet self-cleared, a sec-
ond voltage dip occurs 1.66 seconds after the short circuit
first occurred. The line breakers 46 respond to re-isolate
the affected line 45 0.16 seconds later, and re-open.
[0062] In the example of Figure 2, it is assumed that
the fault clears after the second dip, and so when the line
breakers 46 act to reclose the line 45 at a time of 1.5
seconds after opening for the second time, at 3.32 sec-
onds, there is not another dip. Instead, it is expected that
the WTG 14 will continue to supply active power, main-
taining the 80 % voltage level at least, before returning
to ordinary operation between 90 % and 110 % voltage
level 10 seconds later at 11.82 seconds.
[0063] It will be appreciated that the times shown in
Figure 2 are used as examples only. Other values may
be used as appropriate. The durations after which open-
ings or reclosures of the line occur are specific to each
main grid 16.
[0064] Figure 3 shows a similar chart to that of Figure
2 overlaid with an example of a conventional low-voltage
ride-through (LVRT) protection scheme curve. The curve
dictates the terminal voltage level above which a WTG
14 should be kept connected to the grid 16 or its local
grid (not shown) by the WTG controller 15 or PPC 32. If
the voltage level falls below the curve, the WTG 14 should
’trip’ and be disconnected, in order to protect the WTG
14 from sustained low voltage conditions.
[0065] Initially the LVRT curve tracks the fault and, a
short period after the opening of the line, increases line-
arly from 0 pu to 0.8 pu over a predefined time period.
The relatively slow and slightly delayed rise of the curve
means that the conditions for disconnection of the WTG
14 typically have to constitute a major fault resulting in
sustained low voltages. Once the terminal voltage has
reached a predefined exit threshold, which is slightly be-
low 0.9 pu in this example, the LVRT curve is no longer
required and so effectively ’resets’ in preparation for a
subsequent fault.
[0066] Ordinarily, when only a single dip results from
a fault, the terminal voltage of the WTG 14 would be
expected to rise above 0.8 pu well before the LVRT curve,
meaning that the WTG 14 stays connected to the grid as
required. It would be expected that the terminal voltage
would then rise to the exit threshold value to ’reset’ the
LVRT curve.
[0067] In contrast, in multiple dip scenarios, even
though the WTG 14 should stay connected to the grid,
the presence of a second or later dip will result in a voltage

drop that is below the LVRT curve, and so disconnection
of the WTG 14 will result.
[0068] In some situations, in order to deal with multiple
dips, LVRT curve exit thresholds have been lowered to
unusually low levels so that the LVRT curve resets prior
to the second dip. However, this too may result in expo-
sure of the WTG 14 to damage as the exit threshold
should be set close to normal operating condition. Inter-
ference with under-voltage protection schemes is also
likely in this situation.
[0069] Therefore, the present invention presents a so-
lution to the problem of how best to account for multiple
voltage dips. The present invention utilises a protection
scheme that is operable in addition to the LVRT protec-
tion scheme and that integrates with the LVRT protection
scheme to provide adequate protection for WTGs during
recurring fault scenarios. In particular, the present inven-
tion utilises the recovery of voltage as an input to a control
method to satisfactorily predict, in real time and in the
period between dips, whether it will be necessary to reset
the LVRT curve in preparation for a second or subse-
quent dip, as well as predicting whether resetting the
curve is likely to endanger the WTG.
[0070] A representation of the incorporation of the
present invention into an existing WTG protection
scheme 100 is shown in Figure 4. In Figure 4, an input
voltage, Us, is queried by a low-voltage protection
scheme 102, an under-voltage protection scheme 104
and an over-voltage protection scheme 106. The low-
voltage protection scheme 102, which incorporates the
LVRT curve 108 and a timer 110, now includes a ’recur-
ring fault ride-through’ (RFRT) reset protection module
115, operating according to a RFRT reset method 200,
in communication with the timer 110. Any of the low-volt-
age, under-voltage, or over-voltage protection systems
102, 104, 106 may output a trip signal, based upon the
input voltage, US.
[0071] It can be seen, therefore, that the present in-
vention does not interrupt the operation of any of the pro-
tection schemes 102, 104, 106 but instead supplements
the LVRT protection 102 by providing a new, extra level
of scrutiny to the terminal voltage, Us, seen by the WTG
14. Note that the under-voltage protection scheme 104
and the overvoltage protection scheme 106 are not the
focus of the inventive concept described herein, but are
included in this discussion in overview for context and
completeness. Similarly, the override modules 120, AGO
trigger 122, and switch 124 for selecting low-voltage, un-
der-voltage, or AGO are provided for context only.
[0072] Therefore, it will be appreciated that the RFRT
reset protection module 115 provides functionality that
is in addition to and complements existing protection
functionality that may be provided in a WTG or power
plant controller.
[0073] The RFRT reset method 200, according to
which the module 115 and low-voltage protection system
102 operate, is implemented within a WTG 14 or PPC
32 as a mode of operation, which may be referred to as
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RFRT mode, or more simply, ’recurring fault mode’. Re-
curring fault mode is entered if a voltage deviation or
excursion from normal operational voltage levels of the
main grid 16 is identified, and if it is determined that the
deviation fulfils criteria for automatic reclosure of a trans-
mission line 45 to occur. If a deviation fulfilling the criteria
is determined, the mode is entered and the recovery of
voltage is monitored, categorised into a category accord-
ing to predetermined measures, and the correct re-
sponse is implemented. The correct response is in the
form of a ride-through protocol.
[0074] In other words, the mode and method 200 is
implemented to operate a WTG 14 to account for recur-
ring faults caused by automatic reclosure, and the recur-
ring fault mode serves the purpose of balancing a com-
promise between allowing for a recurring fault and pro-
tecting WTGs from inadequate grid conditions. If, having
identified a deviation of voltage levels and determined
that recurring faults are possible, the grid condition is
sufficient to ensure safety of the WTG, then recurring
faults are catered for. However, the safety of the WTG
takes precedence over accounting for recurring faults,
so unstable grid conditions are countered with the estab-
lished LVRT protection scheme.
[0075] For sufficient protection, the voltage level at-
tained following the dip, the speed at which that voltage
level was attained, and the stability of the voltage level
at the terminal should all be considered before a ride-
through protocol is decided upon. These ’tests’ may form
the basis for the categorisation.
[0076] The recurring fault mode is preferably carried
out for each individual WTG at respective WTG control-
lers, although it is possible that the method may also be
performed by the PPC, by an intermediate controller, or
by a remote controller.
[0077] An example of a method that can be used to
categorise the recovery of voltage levels following a fault
as described above is shown in Figure 5. The method
200 of Figure 5 categorises voltage recovery into one of
two categories: ’weak recovery’ or ’strong recovery’.
Weak voltage recovery indicates that the recovery of the
voltage is insufficient and potentially volatile, and that
such instability may cause damage to the WTG 14. Dur-
ing weak recovery, therefore, the WTG 14 is controlled
according to the conventional LVRT protection scheme.
Strong recovery indicates that the recovery of the voltage
is stable and sufficient to permit resetting of the LVRT
protection scheme to account for recurring faults.
[0078] The method 200 of Figure 5 is begun if it is iden-
tified that a deviation of voltage level from normal oper-
ational voltages has occurred, and this step may also
form the initial step of the method, despite not being
shown here. Once the method 200 has been begun, it is
determined 202 whether the deviation fulfils the criteria
for automatic reclosure by comparing the level to which
the voltage has dipped, Uretained, at time t1, to a lower
voltage threshold, LVT. The LVT is a predetermined level
set by operators of the main grid 16, and is the level that

voltage must dip below for automatic reclosure to be im-
plemented. The LVT may also by altered by the grid op-
erator based on the condition of the grid. Any changes
to this value will be communicated to the PPC 32 and
the WTG controllers 15 by the TSO 36.
[0079] If, in this step 202, it is determined that the LVT
is not crossed by the voltage level, then ordinary LVRT
procedures are followed 204. The threshold for LVRT
protection schemes to be implemented is assumed to be
higher than the LVT.
[0080] If it is determined by this step 202 that Uretained
is less than LVT, the recurring fault ride-through (RFRT)
sequence, or recurring fault mode, is implemented 206,
and the WTG 14 is operated according to it. The recurring
fault mode and LVRT protection schemes operate in tan-
dem, and the recurring fault mode can be considered to
augment the LVRT protection scheme. The recurring
fault mode may be terminated at any point based upon
the method 200.
[0081] Having activated 206 the recurring fault mode,
the first test, also first analysis 208, of the recovery is
performed 208 between time t2 and time t3. Time t2 is
the point at which the affected transmission line 45 is
isolated by opening the line breakers 46, and so will be
a known variable for the WTG controllers 15. Time t2 is
typically calculated relative to time t1 and is set by the
grid operator according to grid conditions. Time t3 is also
a fixed time period and is set relative to t1. Time t3 is
determined for the WTG 14, WPP 12 or grid 16 as re-
quired, and is variable such that it can be altered based
on the conditions of the system 10 and requirements of
the operator as will be discussed later.
[0082] Returning to the first analysis 208 of the method
200, the recovery voltage, Urecovery, is compared with the
LVT to identify whether the voltage level has returned
above this threshold following the dip within the time pe-
riod between t2 and t3. Urecovery is the actual measured
voltage level that is achieved following the removal of the
first dip, after t2. If the recovery voltage is above the low
voltage threshold at any point between t2 and t3, then
the second analysis 210 is performed. If, for the entire
time between t2 and t3, the voltage does not achieve a
level above LVT, then the voltage recovery is categorised
212 as weak, the recurring fault mode is terminated, and
the conventional LVRT scheme is followed 204.
[0083] The second test, also second analysis 210, is
performed upon identification that the recovery voltage
was above the low voltage threshold within the time pe-
riod between t2 and t3, i.e. between the opening of the
line on which the fault is identified and the time period
set by the system for the purpose of categorisation of the
recovery. The second analysis 210 identifies when the
recovery voltage first crosses an upper voltage threshold
(UVT). The UVT is a predetermined threshold that is
greater than the LVT but lower than the exit threshold for
the LVRT scheme. The UVT can be set according to grid
conditions or according to the WPP operation or inter-
connection. The UVT may be specified by the TSO 36
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or by the WPP operator.
[0084] The time measured from t2 to the first crossing
of the UVT is labelled trecovery*. If trecovery* is less than t3-
t2, then the third analysis or test 214 is performed. If
trecovery* is greater than t3-t2, then the voltage recovery
is categorised 212 as weak, the recurring fault mode is
terminated, and the conventional LVRT scheme is fol-
lowed 204. Therefore, this second analysis 210 deals
with the speed of the recovery.
[0085] If the first two analyses 208, 210 have identified
that the voltage recovery is not weak, then the third anal-
ysis 214 is performed. The third analysis 214 identifies
the stability of the voltage recovery at the UVT. By con-
sidering the oscillatory movement of the voltage level
about the UVT, the stability of the recovery can be mon-
itored and determined prior to the reclosure of the line
by the line breakers 46.
[0086] The third analysis 214 comprises counting 216
the crossings of the UVT by the recovery voltage in the
time period between time t3 and time t4. Put another way,
this means that every time Urecovery= UVT, the count in-
creases, provided those crossings are between t3 and
t4. Time t4 is a time calculated to be fractionally before
the reclosure of the line 45 by the line breakers 46. As
the time of the reclosure is known relative to t2 and t1,
t4 can be set to be just before this reclosure.
[0087] As prior to the third analysis 214 the voltage
level has exceeded UVT, a subsequent crossing will
bring the voltage level below the UVT. Similarly, all odd
number of crossings according to the count of the third
analysis 214 at this step will be a dip in the voltage, while
even numbered crossings will indicate the voltage level
rising about the UVT. Therefore the third analysis 214
also comprises the step 218 of identifying if the count is
an even integer. If the count is not even, then the voltage
level will be below the UVT prior to the next voltage dip,
and the voltage recovery is categorised 212 as weak. If
the count is 0 or even, then the voltage recovery is above
the UVT immediately before the next dip, and the voltage
recovery can be categorised 220 as strong recovery. As
the voltage recovery is strong, then recurring faults can
be accommodated, and so the LVRT curve is reset 222
at t4 so that the next dip does not disconnect the WTG.
[0088] Thus, more generally, the recurring fault mode
may be considered to carry out monitoring of the recov-
ery, categorisation of the recovery into a category such
as strong recovery or weak recovery, and implementing
an operation of the WTG 15 according to ride-through
protocol. It should be noted that although only strong and
weak recovery are discussed here, it may be useful to
incorporate more categories to permit different actions
to be taken based upon the conditions of the system.
[0089] Examples of different recoveries are shown in
Figures 6 to 9. Figures 6 and 8 show different scenarios
in which voltage recoveries might be categorised as
strong, while Figures 7 and 9 show scenarios in which
voltage recoveries might be categorised as weak.
[0090] In each of Figures 6 to 9, a fault occurs at t1,

and the voltage deviation from operating voltage is suf-
ficient to fulfil the criteria set out in the first step 202 of
the method 200 of Figure 5. That is to say, that in each
of Figures 6 to 9, the recurring fault mode is activated
206 and followed according to the steps of Figure 5.
[0091] Furthermore, in each of Figures 6a to 9, it is
assumed that the line breakers 46 are opened at t2 and
result in a voltage recovery as the short circuit is isolated.
It is also assumed that reclosure happens very shortly
after t4. Finally, these Figures are only concerned with
the recovery following the first dip, and so the recovery
of the second dip is shown as being the ideal case, in
which the voltage level returns to a level above UVT in-
stantaneously and remains at this level for a while before
returning to pre-fault levels after a set time period. It will
be appreciated that multiple dips may occur if the fault is
not cleared following the second dip, and so the method
200 of Figure 5 may be repeated as many times as nec-
essary.
[0092] Focussing initially on Figure 6a, with reference
to Figure 5, the voltage deviation occurs at t1, recurring
fault mode is activated 206, and the line breakers 46 are
opened at t2 as discussed above. A voltage recovery is
shown between t2 and t3. The voltage recovery crosses
the LVT, and so passes the first test 208 of Figure 5. UVT
is also crossed by the voltage recovery, and this is
crossed before t3, meaning that the second test 210 of
the recurring fault mode of Figure 5 is passed. Finally,
the same voltage level is maintained above UVT until t4,
and so the count for recovery voltage being UVT is 0.
[0093] The final test 214 is therefore passed, and the
recovery can be categorised 220 as strong. In this case,
the LVRT curve is reset 222 at t4, although this is not
shown in Figure 6a. The WTG 14 will stay connected
through the second dip.
[0094] Figure 6b shows the effect of resetting the LVRT
curve. In Figure 6b, the voltage levels of Figure 6a are
shown by the dashed line, while the LVRT curve is shown
in the solid line. It can be seen that at or between t4 and
the second dip, the LVRT curve is reset to its lowest point,
and the count before the slow ramp up of the LVRT curve
is restarted.
[0095] Also shown in Figure 6a, and in Figure 7, is a
shaded area between t2 and t3. This shaded area indi-
cates the region through which an initial recovery should
pass in order to be considered strong. If the recovery
does not lie in this region, the recovery is automatically
considered weak, regardless of the later recovery.
[0096] In Figure 7, the voltage deviation occurs at t1,
and the line breakers 46 are opened at t2. The recovery
reaches the LVT, and so the first test 210 is passed.
However, UVT is reached after t3, so the recovery time
is greater than t3-t2. The second test 212 is not passed,
and the recovery is categorised 212 as weak. It can be
seen that the weak initial recovery falls outside the shad-
ed area. Therefore, the LVRT curve is not reset prior to
the second dip in this scenario, and the second dip will
result in the LVRT curve tripping and disconnection of
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the WTG 14.
[0097] Figure 8 shows a strong recovery, where oscil-
lations occur following the initial recovery above UVT. It
can be seen that the recovery of the voltage level be-
tween t2 and t3 passes the first and second tests 208,
210 of the recurring fault mode, and that between t3 and
t4, the voltage level is equal to UVT at two times, once
when descending below UVT and once when returning
above UVT. Therefore, as the count of UVT = Urecovery
is 2, the recovery is categorised 220 as strong. The LVRT
is reset 222 at t4, prior to the second dip. The WTG 14
will stay connected through the second dip.
[0098] Finally, Figure 9 shows an initial strong recov-
ery, which subsequently turns weak between t3 and t4.
As can be seen, the initial recovery falls within the shaded
portion of the grid, and passes the first two tests 208, 210
of the recurring fault mode. However, the count of UVT
= Urecovery is 3, as the voltage level oscillates between
t3 and t4 and falls below UVT at t4. Therefore, the recov-
ery is categorised 212 as weak, and the LVRT curve is
not reset. Instead, the conventional LVRT protection
scheme is followed 204 and the second dip will result in
the LVRT curve tripping and disconnection of the WTG
14.
[0099] Based upon requirements of the operator, t3
may be altered to implement more or less stringent re-
quirements for strong recovery to be assigned. For ex-
ample, if a grid is considered to be a strong grid, the
recovery should be fast and stable and so t3 may be
reduced. Time t3 may also be set according to grid con-
ditions or may be predetermined during installation of the
WPP 12 to account for the interconnection between the
WPP 12 and the main grid 16.
[0100] Furthermore, while t3 is fixed relative to t1, an
additional time, t2a, may be included in some embodi-
ments. Time t2a designates the point at which the recov-
ery initially crosses the UVT. If this additional time is used,
then the third analysis step is performed between t2a and
t4, instead of t3 and t4. This may be particularly useful
in very volatile grid conditions, where the voltage may
dip below UVT again before t3.
[0101] Many modifications may be made to the above
examples without departing from the scope of the present
invention as defined in the accompanying claims.

Claims

1. A method for operating a wind turbine generato (14)
connected to a power network (16)
to account for recurring voltage faults on the power
network caused by automatic reclosure of at least
one circuit breaker (46) following a short-circuit, the
method comprising

identifying a deviation of voltage level of the
power network from a normal operational volt-
age level of the network;

determining that the identified deviation fulfils
criteria for automatic reclosure; and
operating the wind turbine generator in a recur-
ring fault mode if automatic reclosure criteria are
fulfilled, wherein in operating the wind turbine
generator in recurring fault mode, the method
comprises:

monitoring the recovery of the voltage level
from the deviation;
categorising the recovery of the voltage as
one of at least a strong recovery or a weak
recovery; and
implementing a ride-through protocol ac-
cording to the category of recovery,

the method characterized in that
categorising the recovery of the voltage com-
prises applying one or more tests to the recovery
such that the recovery is categorised as strong
recovery if it passes the or each test and is cat-
egorised as weak recovery if it does not pass
one or more of the tests.

2. The method of Claim 1, wherein the deviation com-
prises a power network fault, and determining that
the deviation fulfils criteria for automatic reclosure
comprises comparing the voltage levels following the
fault with a predetermined reclosure threshold.

3. The method of any preceding Claim, wherein the at
least one test comprises comparing the voltage level
with a first voltage threshold, and wherein the test is
passed if the voltage level exceeds the first voltage
threshold in a predetermined first time period.

4. The method of Claim 3, wherein the at least one test
comprises comparing the voltage level with a second
voltage threshold, and wherein the test is passed if
the voltage level exceeds the second voltage thresh-
old in a predetermined second time period.

5. The method of Claim 4, wherein the second voltage
threshold is greater than the first voltage threshold.

6. The method of Claim 4 or Claim 5, wherein the first
and second time periods are concurrent and of equal
length.

7. The method of any preceding Claim, wherein the at
least one test comprises comparing the voltage level
with a third voltage threshold and performing a count
of the number of times that the voltage level is equal
to the third voltage threshold within a third predeter-
mined time period, and wherein the test is passed if
the count is zero or an even number.

8. The method of Claim 7 when dependent upon Claim
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4, wherein the second and third voltage thresholds
are the same.

9. The method of Claim 7 or Claim 8 when dependent
upon Claim 4, wherein the third time period follows
at least one of the first time period or the second time
period.

10. The method of any preceding claim comprising:

determining that the voltage deviation fulfils low-
voltage criteria; and
entering a low-voltage mode if the low-voltage
criteria are fulfilled, the low-voltage mode being
configured to run concurrently with the recurring
fault mode, wherein:
if the voltage recovery is categorised as weak
recovery, the step of implementing a ride-
through protocol comprises terminating the re-
curring-fault mode and operating the wind tur-
bine generator in low-voltage mode only.

11. The method of any preceding claim comprising:

determining that the deviation fulfils low-voltage
criteria;
entering a low-voltage mode if the low-voltage
criteria are fulfilled, the low-voltage mode being
configured to run concurrently with the recur-
ring-fault mode, and wherein:
if the voltage recovery is categorised as strong
recovery, the step of implementing a ride-
through protocol comprises altering the low-volt-
age mode to account for a subsequent voltage
dip.

12. The method of any preceding claim comprising iden-
tifying a further voltage deviation and operating the
wind turbine generator in recurring fault mode in re-
lation to the further voltage deviation.

13. The method of any preceding claim comprising ter-
minating recurring fault mode if the voltage levels
return to normal operational levels.

14. A wind turbine generator (14) comprising a wind tur-
bine controller (15), the controller comprising means
for carrying out the method of any preceding claim.

15. A computer program product downloadable from a
communication network and/or stored on a machine
readable medium, comprising program code instruc-
tions for implementing a method in accordance with
any of Claims 1 to 13.

Patentansprüche

1. Verfahren zum Betreiben einer Windkraftanlage
(14), die mit einem Leistungsnetzwerk (16) verbun-
den ist, um wiederkehrende Spannungsfehler auf
dem Leistungsnetzwerk zu berücksichtigen, die
durch automatische Wiedereinschaltung mindes-
tens eines Leistungsschalters (46) nach einem Kurz-
schluss verursacht werden, wobei das Verfahren

das Erkennen einer Abweichung des Span-
nungspegels des Leistungsnetzwerkes von ei-
nem normalen Betriebsspannungspegel des
Netzwerkes;
das Bestimmen, dass die erkannte Abweichung
die Kriterien für die automatische Wiederein-
schaltung erfüllt; und
das Betreiben der Windkraftanlage in einem
wiederkehrenden Fehlermodus umfasst, wenn
die Kriterien für eine automatische Wiederein-
schaltung erfüllt sind, wobei das Verfahren beim
Betreiben der Windkraftanlage im wiederkeh-
renden Fehlermodus Folgendes umfasst:

Überwachen der Wiederherstellung des
Spannungspegels von der Abweichung;
Kategorisieren der Wiederherstellung der
Spannung als zumindest starke oder
schwache Wiederherstellung; und
Durchführen eines Ride-Through-Proto-
kolls je nach Kategorie der Wiederherstel-
lung,

wobei das Verfahren dadurch gekennzeichnet
ist, dass die Kategorisierung der Wiederher-
stellung der Spannung die Anwendung eines
oder mehrerer Tests auf die Wiederherstellung
umfasst, so dass die Wiederherstellung als star-
ke Wiederherstellung kategorisiert wird, wenn
sie den oder jeden Test besteht, und als schwa-
che Wiederherstellung kategorisiert wird, wenn
sie einen oder mehrere der Tests nicht besteht.

2. Verfahren nach Anspruch 1, wobei die Abweichung
einen Leistungsnetzwerkfehler umfasst und die
Feststellung, dass die Abweichung die Kriterien für
eine automatische Wiedereinschaltung erfüllt, den
Vergleich der auf den Fehler folgenden Spannungs-
pegel mit einem vorgegebenen Wiedereinschal-
tungsschwellenwert umfasst.

3. Verfahren nach einem der vorstehenden Ansprüche,
wobei der mindestens eine Test den Vergleich des
Spannungspegels mit einem ersten Spannungs-
schwellenwert umfasst, und wobei der Test bestan-
den wird, wenn der Spannungspegel den ersten
Spannungsschwellenwert in einer vorbestimmten
ersten Zeitspanne überschreitet.
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4. Verfahren nach Anspruch 3, wobei der mindestens
eine Test das Vergleichen des Spannungspegels mit
einem zweiten Spannungsschwellenwert umfasst,
und wobei der Test bestanden wird, wenn der Span-
nungspegel den zweiten Spannungsschwellenwert
in einer vorbestimmten zweiten Zeitspanne über-
schreitet.

5. Verfahren nach Anspruch 4, wobei der zweite Span-
nungsschwellenwert größer ist als der erste Span-
nungsschwellenwert.

6. Verfahren nach Anspruch 4 oder Anspruch 5, wobei
die erste und die zweite Zeitspanne gleichzeitig ab-
laufen und gleich lang sind.

7. Verfahren nach einem der vorstehenden Ansprüche,
wobei der mindestens eine Test das Vergleichen des
Spannungspegels mit einem dritten Spannungs-
schwellenwert und das Durchführen einer Zählung
der Anzahl von Malen, bei denen der Spannungs-
pegel gleich dem dritten Spannungsschwellenwert
innerhalb einer dritten vorbestimmten Zeitspanne
ist, umfasst, und wobei der Test bestanden ist, wenn
die Zählung Null oder eine gerade Zahl ist.

8. Verfahren nach Anspruch 7 in Abhängigkeit von An-
spruch 4, wobei der zweite und der dritte Span-
nungsschwellenwert gleich sind.

9. Verfahren nach Anspruch 7 oder Anspruch 8, wenn
es von Anspruch 4 abhängt, wobei die dritte Zeit-
spanne auf die erste Zeitspanne und/oder die zweite
Zeitspanne folgt.

10. Verfahren nach einem der vorstehenden Ansprüche,
umfassend:

Bestimmen, dass die Spannungsabweichung
die Kriterien für eine Niederspannung erfüllt;
und
Eintreten in einen Niederspannungsmodus,
wenn die Kriterien für eine Niederspannung er-
füllt sind, wobei der Niederspannungsmodus so
konfiguriert ist, dass er gleichzeitig mit dem wie-
derkehrenden Fehlermodus läuft, wobei:
wenn die Spannungswiederherstellung als
schwache Wiederherstellung kategorisiert wird,
der Schritt der Implementierung eines Ride-Th-
rough-Protokolls das Beenden des wiederkeh-
renden Fehlermodus und den Betrieb der Wind-
kraftanlage nur im Niederspannungsmodus um-
fasst.

11. Verfahren nach einem der vorstehenden Ansprüche,
umfassend:

Bestimmen, dass die Abweichung die Kriterien

für eine Niederspannung erfüllt;
Eintreten in einen Niederspannungsmodus,
wenn die Kriterien für eine Niederspannung er-
füllt sind, wobei der Niederspannungsmodus so
konfiguriert ist, dass er gleichzeitig mit dem wie-
derkehrenden Fehlermodus läuft, und wobei:
wenn die Spannungswiederherstellung als star-
ke Wiederherstellung kategorisiert wird, der
Schritt der Implementierung eines Ride-Th-
rough-Protokolls das Ändern des Niederspan-
nungsmodus umfasst, um einen nachfolgenden
Spannungseinbruch zu berücksichtigen.

12. Verfahren nach einem der vorstehenden Ansprüche,
umfassend das Erkennen einer weiteren Span-
nungsabweichung, und Betreiben der Windkraftan-
lage im wiederkehrenden Fehlermodus in Abhängig-
keit von der weiteren Spannungsabweichung.

13. Verfahren nach einem der vorstehenden Ansprüche,
umfassend die Beendigung des wiederkehrenden
Fehlermodus, wenn die Spannungspegel auf nor-
male Betriebspegel zurückkehren.

14. Windkraftanlage (14) umfassend eine Windkraftan-
lagensteuerung (15), wobei die Steuerung Mittel zur
Durchführung des Verfahrens nach einem der vor-
stehenden Ansprüche umfasst.

15. Computerprogrammprodukt, das von einem Kom-
munikationsnetzwerk heruntergeladen werden kann
und/oder auf einem maschinenlesbaren Medium ge-
speichert ist und Programmcodeanweisungen zur
Durchführung eines Verfahrens nach einem der An-
sprüche 1 bis 13 umfasst.

Revendications

1. Procédé pour faire fonctionner une éolienne (14)
connectée à un réseau de puissance (16) pour tenir
compte des défauts de tension récurrents sur le ré-
seau de puissance provoqués par la refermeture
automatique d’au moins un disjoncteur (46) à la suite
d’un court-circuit, le procédé comprenant les étapes
consistant à

identifier un écart du niveau de tension du ré-
seau de puissance par rapport à un niveau de
tension opérationnel normal du réseau ;
déterminer que l’écart identifié remplit les critè-
res pour une refermeture automatique ; et
faire fonctionner l’éolienne dans un mode de dé-
faut récurrent si les critères de refermeture auto-
matique sont remplis, dans lequel, lors du fonc-
tionnement de l’éolienne dans le mode de défaut
récurrent, le procédé comprend les étapes
suivantes :
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surveiller la récupération du niveau de ten-
sion à partir de l’écart ;
classer la récupération de la tension comme
étant au moins une récupération forte ou
une récupération faible ; et
mettre en œuvre un protocole de passage
en fonction de la catégorie de récupération,

le procédé caractérisé en ce que la catégori-
sation de la récupération de la tension comprend
l’application d’un ou plusieurs tests à la récupé-
ration de sorte que la récupération est catégo-
risée comme récupération forte si elle passe le
ou chaque test et est catégorisée comme récu-
pération faible si elle ne passe pas un ou plu-
sieurs des tests.

2. Procédé selon la revendication 1, dans lequel l’écart
comprend un défaut du réseau de puissance, et la
détermination que l’écart remplit les critères pour
une refermeture automatique comprend la compa-
raison des niveaux de tension à la suite du défaut
avec un seuil de refermeture prédéterminé.

3. Procédé selon une quelconque revendication pré-
cédente, dans lequel le au moins un test comprend
la comparaison du niveau de tension avec un pre-
mier seuil de tension, et dans lequel le test est réussi
si le niveau de tension dépasse le premier seuil de
tension dans une première durée prédéterminée.

4. Procédé selon la revendication 3, dans lequel le au
moins un test comprend la comparaison du niveau
de tension avec un deuxième seuil de tension, et
dans lequel le test est réussi si le niveau de tension
dépasse le deuxième seuil de tension dans une
deuxième durée prédéterminée.

5. Procédé selon la revendication 4, dans lequel le
deuxième seuil de tension est supérieur au premier
seuil de tension.

6. Procédé selon la revendication 4 ou la revendication
5, dans lequel les première et deuxième durées sont
concomitantes et de même longueur.

7. Procédé selon une quelconque revendication pré-
cédente, dans lequel le au moins un test comprend
la comparaison du niveau de tension avec un troi-
sième seuil de tension et la réalisation d’un compta-
ge du nombre de fois où le niveau de tension est
égal au troisième seuil de tension au sein d’une troi-
sième durée prédéterminée, et dans lequel le test
est réussi si le comptage est zéro ou un nombre pair.

8. Procédé selon la revendication 7 lorsqu’il dépend de
la revendication 4, dans lequel les deuxième et troi-
sième seuils de tension sont identiques.

9. Procédé selon la revendication 7 ou la revendication
8 lorsqu’il dépend de la revendication 4, dans lequel
la troisième durée suit au moins une de la première
durée ou de la deuxième durée.

10. Procédé selon une quelconque revendication pré-
cédente comprenant :

la détermination du fait que l’écart de tension
remplit les critères de basse tension ; et
l’entrée dans un mode basse tension si les cri-
tères de basse tension sont remplis, le mode
basse tension étant configuré pour fonctionner
en concomitance avec le mode de défaut récur-
rent, dans lequel :
si la récupération de tension est catégorisée
comme étant une récupération faible, l’étape de
mise en œuvre d’un protocole de passage com-
prend la fin du mode de défaut récurrent et le
fonctionnement de l’éolienne dans le mode bas-
se tension uniquement.

11. Procédé selon une quelconque revendication pré-
cédente comprenant :

la détermination du fait que l’écart remplit les
critères de basse tension ;
l’entrée dans un mode basse tension si les cri-
tères de basse tension sont remplis, le mode
basse tension étant configuré pour fonctionner
en concomitance avec le mode de défaut récur-
rent, et dans lequel :
si la récupération de tension est catégorisée
comme une récupération forte, l’étape de mise
en œuvre d’un protocole de passage comprend
la modification du mode basse tension pour tenir
compte d’une chute de tension ultérieure.

12. Procédé selon une quelconque revendication pré-
cédente comprenant l’identification d’un autre écart
de tension et le fonctionnement de l’éolienne dans
le mode de défaut récurrent en relation avec l’autre
écart de tension.

13. Procédé selon une quelconque revendication pré-
cédente comprenant la fin du mode de défaut récur-
rent si les niveaux de tension reviennent à des ni-
veaux opérationnels normaux.

14. Éolienne (14) comprenant un dispositif de comman-
de d’éolienne (15), le dispositif de commande com-
prenant des moyens destinés à mettre en œuvre le
procédé selon une quelconque revendication précé-
dente.

15. Produit programme d’ordinateur téléchargeable de-
puis un réseau de communication et/ou stocké sur
un support lisible par machine, comprenant des ins-
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tructions de code de programme pour mettre en œu-
vre un procédé selon l’une quelconque des reven-
dications 1 à 13.
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