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(54) WIND GENERATOR SET, CONVERTER, AND LOW-VOLTAGE RIDE-THROUGH DETECTION

METHOD AND DEVICE

(67)  The present disclosure provides a wind turbine,
a converter, and a low-voltage ride-through detection
method and device. The low-voltage ride-through detec-
tion method includes: determining an adjustment value
of a preset parameter of a power grid on the basis of a
power grid voltage, wherein the preset parameter in-
cludes at least one of a current, a current frequency and
a power factor angle; adjusting the preset parameter of
the power grid on the basis of the adjustment value; and

detecting, on the basis of a power grid voltage after the
preset parameter of the power grid is adjusted, whether
the power grid meets a low-voltage ride-through condi-
tion. Therefore, a power grid fault of the wind turbine in
a weak grid can be accurately identified, so as to enter
a low-voltage ride-through state, thereby avoiding sys-
tem instability in the process of a power grid fault
ride-through in the weak grid.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to the field of
wind power generation technologies. More particularly,
the present disclosure relates to a wind turbine, a con-
verter, and a low-voltage ride-through detection method
and device.

BACKGROUND

[0002] When a wind turbine is connected to a weak
grid, a voltage drop formed by a grid-connected current
of the wind turbine and a line impedance function has a
significant effect on an end voltage of the wind turbine.
When a far end of the power grid fails, there is a phe-
nomenon that the end voltage of the wind turbine does
not drop and the system oscillates.

SUMMARY

[0003] An exemplary embodiment of the present dis-
closure is to provide a wind turbine, a converter, and a
low-voltage ride-through detection method and device to
solve the problem of system instability in the process of
a power grid fault ride-through in the weak grid.

[0004] According to an exemplary embodiment of the
present disclosure, there is provided a low-voltage ride-
through detection method, including: determining an ad-
justment value of a preset parameter of a power grid on
the basis of a power grid voltage, wherein the preset pa-
rameter includes at least one of a current, a current fre-
quency and a power factor angle; adjusting the preset
parameter of the power grid on the basis of the adjust-
ment value; and detecting, on the basis of a power grid
voltage after the preset parameter of the power grid is
adjusted, whether the power grid meets a low-voltage
ride-through condition.

[0005] According to an exemplary embodiment of the
present disclosure, there is provided a low-voltage ride-
through detection device, including: an adjustment value
determination unit configured to determine an adjust-
ment value of a preset parameter of a power grid on the
basis of a power grid voltage, wherein the preset param-
eter includes atleastone of a current, a current frequency
and a power factor angle; a parameter adjustment unit
configured to adjust the preset parameter of the power
grid on the basis of the adj ustment value; and a low-
voltage ride-through detection unit configured to detect,
on the basis of a power grid voltage after the preset pa-
rameter of the power grid is adjusted, whether the power
grid meets a low-voltage ride-through condition.

[0006] According to an exemplary embodiment of the
present disclosure, there is provided a converter, includ-
ing the low-voltage ride-through detection device accord-
ing to the exemplary embodiment of the present disclo-
sure.
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[0007] According to an exemplary embodiment of the
present disclosure, there is provided a wind power gen-
erator set, including the converter according to the ex-
emplary embodiment of the present disclosure.

[0008] According to an exemplary embodiment of the
present disclosure, there is provided a computer-reada-
ble storage medium having stored thereon computer pro-
grams that, when executed by a processor, implement
the low-voltage ride-through detection method according
to the exemplary embodiment of the present disclosure.
[0009] According to an exemplary embodiment of the
presentdisclosure, there is provided a computing device,
including: at least one processor; at least one memory
storing computer programs that, when executed by the
at least one processor, implement the low-voltage ride-
through detection method according to the exemplary
embodiment of the present disclosure.

[0010] According to an exemplary embodiment of the
presentdisclosure, there is provided a computer program
product, wherein instructions in the computer program
product are executable by a processor of a computer
device to achieve the low-voltage ride-through detection
method according to the exemplary embodiment of the
present disclosure.

[0011] For the low-voltage ride-through detection
method and device according to the exemplary embod-
iments of the present disclosure, by firstly determining
an adjustment value of a preset parameter of a power
grid on the basis of a power grid voltage, wherein the
preset parameter includes at least one of a current, a
current frequency and a power factor angle, adjusting
the preset parameter of the power grid on the basis of
the adjustment value, and then detecting, on the basis
of a power grid voltage after the preset parameter of the
power grid is adjusted, whether the power grid meets a
low-voltage ride-through condition, a power grid fault can
be accurately identified by the wind turbine in a weak
grid, so as to enter a low-voltage ride-through state,
thereby avoiding system instability in the process of a
power grid fault ride-through in the weak grid.

[0012] Further aspects and/or advantages of the dis-
closed general concept will be set forth in part in the fol-
lowing description and, in part, will be obvious from the
description, or may be learned by practice of the dis-
closed general concept.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other purposes and features of
exemplary embodiments of the present disclosure will
become more apparent by the following detailed descrip-
tion in conjunction with the accompanying drawings
showing embodiments by way of example, wherein:

Fig. 1 shows a flow diagram of a low-voltage ride-
through detection method according to an exemplary
embodiment of the present disclosure;

Fig. 2 shows a schematic diagram of a low-voltage
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ride-through hysteresis principle;

Fig. 3 shows a block diagram of a low-voltage ride-
through detection device according to an exemplary
embodiment of the present disclosure; and

Fig. 4 shows a schematic diagram of a computing
device according to an exemplary embodiment of
the present disclosure.

DETAILED DESCRIPTION

[0014] Reference will now be made in detail to the ex-
emplary embodiments of the present disclosure, exam-
ples of the embodiments are illustrated in the accompa-
nying drawings, wherein like reference numerals refer to
the like components throughout. The embodiments will
be described below by referring to the accompanying
drawings in order to explain the present disclosure.

[0015] An end voltage EWT of a wind turbine can be

constrained by a node voltage Eg and a line impedance
voltage drop EZ of a power grid. For example, EWT = Eg
+ EZ. The line impedance voltage drop EZ is related to

a line impedance Z, an output current amplitudeTof the
wind turbine, a current frequency f, a power factor angle,
etc. For example, EZ = 2X ZXFXZX] . Thus, even if the

node voltage of the power grid has dropped, the line im-
pedance voltage drop may also cause an end voltage of
the wind turbine not to fall below a low-voltage ride-
through threshold, thereby causing the wind turbine not
to operate in a low-voltage ride-through state.

[0016] The present disclosure proposes to use a
scheme of injecting a disturbance into the power grid to
reduce the impedance voltage drop, thereby realizing a
low-voltage ride-through detection of the wind turbine.
[0017] Fig. 1 shows a flow diagram of a low-voltage
ride-through detection method according to an exempla-
ry embodiment of the present disclosure.

[0018] Referring to Fig. 1, at step S101, an adjustment
value of a preset parameter of a power grid is determined
on the basis of a power grid voltage.

[0019] Inanexemplary embodimentof the present dis-
closure, the preset parameter may include at least one
ofacurrent, acurrentfrequency and a powerfactorangle.
Thatis, if the preset parameter is atleast one of a current,
a current frequency and a power factor angle, an adjust-
ment value of the at least one thereof may be determined
on the basis of the power grid voltage, for example, if the
preset parameter is a current, an adjustment value of the
current of the power grid may be determined on the basis
of the power grid voltage; if the preset parameter is a
current frequency, an adjustment value of the current fre-
quency of the power grid may be determined on the basis
of the power grid voltage; if the preset parameter is a
power factor angle, an adjustment value of the power
factor angle of the power grid may be determined on the
basis of the power grid voltage; if the preset parameters
are a current and a power factor angle, an adjustment
value of the current and an adjustment value of the power
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factor angle of the power grid may be determined on the
basis of the power grid voltage; if the preset parameters
are a current and a current frequency, an adjustment
value of the current and an adjustment value of the cur-
rent frequency of the power grid may be determined on
the basis of the power grid voltage; if the preset param-
eters are a current, a current frequency and a power fac-
tor angle, an adjustment value of the current, an adjust-
ment value of the current frequency and an adjustment
value of the power factor angle of the power grid may be
determined on the basis of the grid voltage.

[0020] Inanexemplary embodimentof the present dis-
closure, when determining an adjustment value of a pre-
set parameter of a power grid on the basis of a power
grid voltage, a Q-axis component of the power grid volt-
age may be acquired firstly and then an active current
limiting amplitude output by a wind turbine may be cal-
culated on the basis of the Q-axis component of the pow-
er grid voltage.

[0021] Inanexemplary embodiment of the present dis-
closure, when acquiring the Q-axis component of the
power grid voltage, the Q-axis component of the power
grid voltage may be calculated by a converter phase-
locked loop of the power grid. In particular, the Q-axis
component of the power grid voltage calculated by the
converter phase-locked loop may be used as a trigger
factor of a disturbing current.

[0022] Inanexemplary embodiment of the present dis-
closure, when calculating the active current limiting am-
plitude output by the wind turbine on the basis of the Q-
axis component of the power grid voltage, afiltering proc-
ess may be performed on the Q-axis component of the
power grid voltage firstly, and then the active current lim-
iting amplitude output by the wind turbine may be calcu-
lated according to the processed Q-axis component,
thereby improving stability of the power grid. Preferably,
in order to perform low-voltage ride-through detection
quickly, when performing a filtering process on the Q-
axis component of the power grid voltage, a filter delay
should not exceed 1/4 of a work frequency period.
[0023] Inanexemplary embodiment of the present dis-
closure, when determining the adjustment value of the
preset parameter of the power grid on the basis of the
power grid voltage, the Q-axis component of the power
grid voltage may firstly be calculated by the converter
phase-locked loop, a filtering process may be performed
on the Q-axis component of the power grid voltage, and
then the active current limiting amplitude output by the
wind turbine may be calculated according to the proc-
essed Q-axis component.

[0024] Inanexemplary embodiment of the present dis-
closure, when calculating the active current limiting am-
plitude output by the wind turbine according to the proc-
essed Q-axis component, an apparent current output by
the wind turbine may firstly be calculated on the basis of
the processed Q-axis component and a rated grid-con-
nected apparent current of a wind turbine, and then the
active current limiting amplitude output by the wind tur-
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bine may be calculated on the basis of the apparent cur-
rent output by the wind turbine. For example, the active
current limiting amplitude output by the wind turbine may
be calculated according to the  formula

Iy = (1 — K= Eq) * Is rated

12 —12

Id_Max = q_ref

. Herein, I is the appar-
ent current at an inverter side of a converter, Eq is the Q-

axis component of the power grid voltage calculated by
the converter phase-locked loop, | ;414 is the rated grid-

connected apparent current of the set, 1, ¢ is a reactive
current reference value of the set, |4 . is the active

current limiting amplitude, and K is an intensity adjust-
ment gain.

[0025] Inanexemplary embodimentof the present dis-
closure, afiltering process may also be performed on the
calculated active current limiting amplitude |y 4. Vari-
able rate filtering may be performed when performing a
filtering process on the calculated active current limiting
amplitude 1§ o FOr example, the variable rate filtering
may be applied to the calculated active limiting amplitude
lg max- No filtering is performed when Iy .4 decreases
and low-pass filtering is performed when 1, ., increas-
es. -

[0026] Atstep S102,the preset parameter ofthe power
gridis adjusted on the basis of the determined adjustment
value.

[0027] In particular, if the preset parameter is at least
one of a current, a current frequency and a power factor
angle, the at least one thereof may be adjusted on the
basis of the determined adjustment value of the at least
one thereof, for example, if the preset parameter is a
current, a current of the power grid may be adjusted on
the basis of the determined adjustment value of the cur-
rent; if the preset parameter is a current frequency, a
current frequency of the power grid may be adjusted on
the basis of the determined adjustment value of the cur-
rent frequency; if the preset parameter is a power factor
angle, an power factor angle of the power grid may be
adjusted on the basis of the determined adjustment value
of the power factor angle; if the preset parameters are a
current and a power factor angle, a currentand an power
factor angle of the power grid may be adjusted on the
basis of the determined adjustment value of the current
and the determined adjustment value of the power factor
angle, respectively; if the preset parameters are a current
and a current frequency, a current and a current frequen-
cy of the power grid may be adjusted on the basis of the
determined adjustment value of the current and the de-
termined adjustment value of the current frequency, re-
spectively; if the preset parameters are a current, a cur-
rent frequency and a power factor angle, a current, a
current frequency and a power factor angle of the power
grid may be adjusted on the basis of the determined ad-
justment value of the current, the determined adjustment

10

15

20

25

30

35

40

45

50

55

value of the current frequency and the determined ad-
justment value of the power factor angle, respectively.
[0028] Atstep S103, itis detected that, on the basis of
a power grid voltage after the preset parameter of the
power grid is adjusted, whether the power grid meets a
low-voltage ride-through condition.

[0029] Inanexemplary embodiment of the present dis-
closure, when detecting, on the basis of a power grid
voltage after the preset parameter of the power grid is
adjusted, whether the power grid meets a low-voltage
ride-through condition, a D-axis component and a Q-axis
component of the power grid voltage after the preset pa-
rameter of the power grid is adjusted may firstly be ac-
quired, a vector sum of the D-axis component and the
Q-axis component of the power grid voltage after the pre-
set parameter is adjusted may be calculated to obtain a
positive sequence voltage amplitude of the power grid
voltage after the preset parameter is adjusted, and a low-
pass filtering process may be performed on the positive
sequence voltage amplitude, and then it may be detected
that, on the basis of the processed positive sequence
voltage amplitude and a preset low-voltage ride-through
threshold, whether the power grid meets a low-voltage
ride-through condition. For example, a positive sequence
component of a three-phase voltage may firstly be ex-
tracted using a symmetrical component method, and
then Clark and Park transformations are performed on
the positive sequence component of the three-phase
voltage to obtain the D-axis component and the Q-axis
component of the power grid voltage.

[0030] Inanexemplary embodiment of the present dis-
closure, when detecting, on the basis of the processed
positive sequence voltage amplitude and a preset low-
voltage ride-through threshold, whether the power grid
meets a low-voltage ride-through condition, a difference
between the preset low-voltage ride-through threshold
and the processed positive sequence voltage amplitude
may firstly be calculated, the difference between the pre-
setlow-voltage ride-through threshold and the processed
positive sequence voltage amplitude may be input to a
hysteresis controller, and then under a condition that the
difference between the preset low-voltage ride-through
threshold and the processed positive sequence voltage
amplitude is greater than an entering hysteresis value of
the hysteresis controller, a delay counter starts to count,
and it is determined that the power grid meets the low-
voltage ride-through condition under a condition that the
count value of the delay counter reaches a target delay;
under a condition that the difference between the preset
low-voltage ride-through threshold and the processed
positive sequence voltage amplitude is less than an exit
hysteresis value of the hysteresis controller, the delay
counter starts to count, and itis determined that the power
grid does not meet the low-voltage ride-through condition
under a condition that the count value of the delay counter
reaches the target delay.

[0031] Fig. 2 shows a schematic diagram of a low-volt-
age ride-through hysteresis principle. Hysteresis is to
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avoid boundary oscillations. Without hysteresis, assum-
ing that the low-voltage ride-through threshold is 0.9pu,
and then under a condition that the voltage is lower than
0.9pu, the converter will enter a low-voltage ride-through
state, enters the low-voltage ride-through state and starts
to supplement reactive power, the voltage rises, and un-
der a condition that the voltage is higher than 0.9pu, the
converter exits the low-voltage ride-through state. The
reactive power is returned, the voltage drops below
0.9pu, the converter enters the low-voltage ride-through
state again, and this process repeats to cause boundary
oscillations.

[0032] With the hysteresis controller, as shown in Fig.
2, the low-voltage ride-through enable threshold for en-
tering the low-voltage ride-through state is set to, for ex-
ample, 0.87pu, and the low-voltage ride-through exit
threshold for exiting the low-voltage ride-through state is
set to, for example, 0.9pu, so that under a condition that
the voltage is lower than 0.87pu, the converter enters the
low-voltage ride-through state and starts to supplement
the reactive power, and the converter will not exit the low-
voltage ride-through state as long as the voltage does
not rise above 0.9pu. Therefore, boundary oscillations
are avoided. The 0.03pu between the 0.87pu and the
0.9pu is the range of the hysteresis, which is related to
an impedance of the power grid and theoretically propor-
tional to the impedance of the power grid.

[0033] Furthermore, according to an exemplary em-
bodiment of the present disclosure, there is also provided
a computer-readable storage medium having stored
thereon computer programs that, when executed, imple-
ment the low-voltage ride-through detection method ac-
cording to an exemplary embodiment of the present dis-
closure.

[0034] Inanexemplary embodimentof the present dis-
closure, the computer-readable storage medium may
carry one or more programs that, when executed, may
implement the following steps: determining an adjust-
ment value of a preset parameter of a power grid on the
basis of a power grid voltage; adjusting the preset pa-
rameter of the power grid on the basis of the adjustment
value; and detecting, on the basis of a power grid voltage
afterthe preset parameteris adjusted, whether the power
grid meets a low-voltage ride-through condition.

[0035] The computer-readable storage medium may
be, for example but notlimited to, an electronic, magnetic,
optical, electromagnetic, infrared, or semiconductor sys-
tem, device, or apparatus, or a combination of any of the
above. More specific examples of the computer-readable
storage medium may include, but are not limited to: an
electrical connection having one or more wires, a porta-
ble computer magnetic disk, a hard disk, a random ac-
cess memory (RAM), a read-only memory (ROM), an
erasable programmable read-only memory (EPROM or
Flash memory), an optical fiber, a portable compact disk
read-only memory (CD-ROM), an optical storage device,
a magnetic storage device, or any suitable combination
ofthe above. In an embodiment of the presentdisclosure,
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a computer-readable storage medium may be any tan-
gible medium that contains or stores computer programs
that may be used by or in connection with an instruction
execution system, device, or apparatus. Computer pro-
grams embodied on the computer-readable storage me-
dium may be transmitted using any suitable medium in-
cluding, but not limited to: wires, fiber optic cables, RF
(Radio Frequency) and the like, or any suitable combi-
nation of the above. The computer readable storage me-
dium may be embodied in any device; it may also be
present separately and not fitted into the device.

[0036] Furthermore, according to an exemplary em-
bodiment of the present disclosure, there is also provided
a computer program product, wherein instructions in the
computer program product are executable by a proces-
sor of a computer device to achieve the low-voltage ride-
through detection method according to an exemplary em-
bodiment of the present disclosure.

[0037] The low-voltage ride-through detection method
according to an exemplary embodiment of the present
disclosure has been described above in connection with
Figs. 1 and 2. Hereinafter, a low-voltage ride-through de-
tection device according to an exemplary embodiment
of the present disclosure and its units will be described
with reference to Fig. 3.

[0038] Fig. 3 shows a block diagram of the low-voltage
ride-through detection device according to an exemplary
embodiment of the present disclosure.

[0039] Referringto Fig. 3, the low-voltage ride-through
detection device includes an adjustment value determi-
nation unit 31, a parameter adjustment unit 32, and a
low-voltage ride-through detection unit 33. In an exem-
plary embodiment of the present disclosure, the low-volt-
age ride-through detection device may be provided in a
converter controller of a wind turbine.

[0040] The adjustment value determination unit 31 is
configured to determine an adjustment value of a preset
parameter of a power grid on the basis of a power grid
voltage.

[0041] Inanexemplary embodiment of the present dis-
closure, the preset parameter may include a current, a
current frequency and a power factor angle.

[0042] Inanexemplary embodiment of the present dis-
closure, the adjustment value determination unit 31 may
be configured to acquire a Q-axis component of the pow-
er grid voltage; and calculate an active current limiting
amplitude output by a wind turbine on the basis of the Q-
axis component of the power grid voltage.

[0043] Inanexemplary embodiment of the present dis-
closure, the adjustment value determination unit 31 may
be configured to calculate the Q-axis component of the
power grid voltage by a converter phase-locked loop.
[0044] Inanexemplary embodiment of the present dis-
closure, the adjustment value determination unit 31 may
be configured to perform a filtering process on the Q-axis
component of the power grid voltage; calculate the active
current limiting amplitude output by the wind turbine ac-
cording to the processed Q-axis component.
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[0045] Inanexemplary embodimentof the present dis-
closure, the adjustment value determination unit 31 may
be configured to calculate the Q-axis component of the
power grid voltage by the converter phase-locked loop,
perform a filtering process on the Q-axis component of
the power grid voltage, calculate the active current limit-
ing amplitude output by the wind turbine according to the
processed Q-axis component.

[0046] Inanexemplary embodimentofthe present dis-
closure, the adjustment value determination unit 31 may
be configured to perform a low-pass filtering process on
the active current limiting amplitude by variable rate fil-
tering.

[0047] Inanexemplary embodimentof the present dis-
closure, the adjustment value determination unit 31 may
be configured to calculate an apparent current output by
the wind turbine on the basis of the processed Q-axis
component and a rated grid-connected apparent current
of a wind turbine; and calculate the active current limiting
amplitude output by the wind turbine on the basis of the
apparent current output by the wind turbine.

[0048] The parameter adjustment unit 32 is configured
to adjust the preset parameter of the power grid on the
basis of the adjustment value.

[0049] The low-voltage ride-through detection unit 33
is configured to detect, on the basis of a power grid volt-
age after the preset parameter of the power grid is ad-
justed, whether the power grid meets a low-voltage ride-
through condition.

[0050] Inanexemplary embodimentof the present dis-
closure, the low-voltage ride-through detection unit 33
may be configured to acquire a D-axis component and a
Q-axis component of the power grid voltage after the pre-
set parameter of the power grid is adjusted; calculate a
vector sum of the D-axis component and the Q-axis com-
ponent of the power grid voltage after the preset param-
eter is adjusted to obtain a positive sequence voltage
amplitude of the power grid voltage after the preset pa-
rameter is adjusted; perform a low-pass filtering process
on the positive sequence voltage amplitude; and detect,
on the basis of a processed positive sequence voltage
amplitude and a preset low-voltage ride-through thresh-
old, whether the power grid meets a low-voltage ride-
through condition.

[0051] Inanexemplary embodimentof the present dis-
closure, the low-voltage ride-through detection unit 33
may be configured to calculate a difference between the
preset low-voltage ride-through threshold and the proc-
essed positive sequence voltage amplitude; input the dif-
ference to a hysteresis controller; under a condition that
the difference is greater than an entering hysteresis value
ofthe hysteresis controller, startto count by a delay coun-
ter, and determine that the power grid meets the low-
voltage ride-through condition under a condition that the
count value of the delay counter reaches a target delay;
and under a condition that the difference is less than an
exit hysteresis value of the hysteresis controller, start to
count by the delay counter, and determine that the power
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grid does not meet the low-voltage ride-through condition
under a condition that the count value of the delay counter
reaches the target delay.

[0052] In addition, according to an exemplary embod-
iment of the present disclosure, there is also provided a
converter including the low-voltage ride-through detec-
tion device shown in Fig. 3. In addition, according to an
exemplary embodiment of the present disclosure, there
is also provided a wind turbine including the above con-
verter including the low-voltage ride-through detection
device shown in Fig. 3.

[0053] The low-voltage ride-through detection device
according to an exemplary embodiment of the present
disclosure has been described above in connection with
Fig. 3. Next, a computing device according to an exem-
plary embodiment of the present disclosure is described
in connection with Fig. 4.

[0054] Fig. 4 shows a schematic diagram of the com-
puting device according to an exemplary embodiment of
the present disclosure.

[0055] Referring to Fig. 4, a computing device 4 ac-
cording to an exemplary embodiment of the present dis-
closure includes a memory 41 and a processor 42, the
memory 41 has stored thereon computer programs that,
when executed by the processor 42, implement the low-
voltage ride-through detection method according to an
exemplary embodiment of the present disclosure.
[0056] Inanexemplary embodiment of the present dis-
closure, the computer programs, when executed by proc-
essor 42, canimplement the following steps: determining
an adjustment value of a preset parameter of a power
grid on the basis of a power grid voltage, wherein the
preset parameter includes at least one of a current, a
current frequency and a power factor angle; adjusting
the preset parameter of the power grid on the basis of
the adjustment value; and detecting, on the basis of a
power grid voltage after the preset parameter of the pow-
er grid is adjusted, whether the power grid meets a low-
voltage ride-through condition.

[0057] The computing device shown in Fig. 4 is only
one example and should not impose any limitations on
the functionality and scope of use of the embodiments
of the present disclosure.

[0058] The low-voltage ride-through detection method
and device according to an exemplary embodiment of
the present disclosure has been described above with
reference to Figs. 1-4. However, it should be understood
that the low-voltage ride-through detection device and its
units shownin Fig. 3 may each be configured as software,
hardware, firmware or any combination of the above to
perform a particular functionality, the computing device
shown in Fig. 4 is not limited to include the components
shown above, but some components may be added or
deleted as needed, and the above components may also
be combined.

[0059] For the low-voltage ride-through detection
method and device according to the exemplary embod-
iments of the present disclosure, by firstly determining
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an adjustment value of a preset parameter of a power
grid on the basis of a power grid voltage, wherein the
preset parameter includes at least one of a current, a
current frequency and a power factor angle, adjusting
the preset parameter of the power grid on the basis of
the adjustment value, and then detecting, on the basis
of a power grid voltage after the preset parameter is ad-
justed, whether the power grid meets a low-voltage ride-
through condition, a power grid fault can be accurately
identified by the wind turbine in a weak grid, so as to
enter a low-voltage ride-through state, thereby avoiding
system instability in the process of a power grid fault ride-
through in the weak grid. The low-voltage ride-through
detection method and device according to an exemplary
embodiment of the present disclosure greatly facilitate
the development of an ultra-high voltage transmission in
conjunction with a large base wind farm.

[0060] While the present disclosure has been particu-
larly shown and described with reference to its the ex-
emplary embodiments, those of ordinary skill in the art
will understand that various changes in the form and de-
tails may be made on the present disclosure without de-
parting from the gist and scope of the present disclosure
as defined by the claims.

Claims

1. A low-voltage ride-through detection method, com-
prising:

determining an adjustment value of a preset pa-
rameter of a power grid on the basis of a power
grid voltage, wherein the preset parameter com-
prises at least one of a current, a current fre-
quency and a power factor angle;

adjusting the preset parameter of the power grid
on the basis of the adjustment value; and
detecting, on the basis of a power grid voltage
after the preset parameter of the power grid is
adjusted, whether the power grid meets a low-
voltage ride-through condition.

2. The low-voltage ride-through detection method ac-
cording to claim 1, wherein the step of determining
an adjustment value of a preset parameter of a power
grid on the basis of a power grid voltage comprises:

calculating a Q-axis component of the power
grid voltage by a converter phase-locked loop;
performing afiltering process on the Q-axis com-
ponent of the power grid voltage; and
calculating an active current limiting amplitude
output by a wind turbine according to the proc-
essed Q-axis component.

3. The low-voltage ride-through detection method ac-
cording to claim 2, wherein the step of calculating an
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active current limiting amplitude output by a wind tur-
bine according to the processed Q-axis component
comprises:

calculating an apparent current output by the
wind turbine on the basis of the processed Q-
axis component and a rated grid-connected ap-
parent current of a wind turbine; and
calculating the active current limiting amplitude
output by the wind turbine on the basis of the
apparent current output by the wind turbine.

The low-voltage ride-through detection method ac-
cording to any of claims 1-3, wherein the step of de-
tecting, on the basis of a power grid voltage after the
preset parameter of the power grid is adjusted,
whether the power grid meets a low-voltage ride-
through condition comprises:

acquiring a D-axis component and a Q-axis
component of the power grid voltage after the
preset parameter of the power grid is adjusted;
calculating a vector sum of the D-axis compo-
nent and the Q-axis component of the power
grid voltage to obtain a positive sequence volt-
age amplitude of the power grid voltage;
performing a low-pass filtering process on the
positive sequence voltage amplitude; and
detecting, on the basis of the processed positive
sequence voltage amplitude and a preset low-
voltage ride-through threshold, whether the
power grid meets the low-voltage ride-through
condition.

The low-voltage ride-through detection method ac-
cording to claim 4, wherein the step of detecting, on
the basis of the processed positive sequence voltage
amplitude and a preset low-voltage ride-through
threshold, whether the power grid meets the low-
voltage ride-through condition comprises:

calculating a difference between the preset low-
voltage ride-through threshold and the proc-
essed positive sequence voltage amplitude;
inputting the difference to a hysteresis control-
ler;

under a condition that the difference is greater
than an entering hysteresis value of the hyster-
esis controller, starting to count by a delay coun-
ter, and determining that the power grid meets
the low-voltage ride-through condition under a
condition that a count value of the delay counter
reaches a target delay; and

under a condition that the difference is less than
an exit hysteresis value of the hysteresis con-
troller, starting to count by the delay counter,
and determining that the power grid does not
meet the low-voltage ride-through condition un-
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der a condition that the count value of the delay
counter reaches the target delay.

6. A low-voltage ride-through detection device, com-

prising:

an adjustment value determination unit config-
ured to determine an adjustment value of a pre-
set parameter of a power grid on the basis of a
power grid voltage, wherein the preset param-
etercomprises atleastone of acurrent, a current
frequency and a power factor angle;
aparameter adjustmentunit configured to adjust
the preset parameter of the power grid on the
basis of the adjustment value; and

a low-voltage ride-through detection unit config-
ured to detect, on the basis of a power grid volt-
age after the preset parameter of the power grid
is adjusted, whether the power grid meets a low-
voltage ride-through condition.

The low-voltage ride-through detection device ac-
cording to claim 6, wherein the adjustment value de-
termination unit is configured to:

calculate a Q-axis component of the power grid
voltage by a converter phase-locked loop;
perform a filtering process on the Q-axis com-
ponent of the power grid voltage;

calculate an active current limiting amplitude
output by a wind turbine according to the proc-
essed Q-axis component.

8. The low-voltage ride-through detection device ac-

cording to claim 6 or 7, wherein the low-voltage ride-
through detection unit is configured to:

acquire a D-axis component and a Q-axis com-
ponent of the power grid voltage after the preset
parameter of the power grid is adjusted;
calculate a vector sum of the D-axis component
and the Q-axis component of the power grid volt-
age to obtain a positive sequence voltage am-
plitude of the power grid voltage;

perform a low-pass filtering process on the pos-
itive sequence voltage amplitude; and

detect, on the basis of the processed positive
sequence voltage amplitude and a preset low-
voltage ride-through threshold, whether the
power grid meets the low-voltage ride-through
condition.

9. The low-voltage ride-through detection device ac-

cording to claim 8, wherein the low-voltage ride-
through detection unit is configured to:

calculate a difference between the preset low-
voltage ride-through threshold and the proc-
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10.

1.

12.

13.

14.

15.

essed positive sequence voltage amplitude;
input the difference to a hysteresis controller;
under a condition that the difference is greater
than an entering hysteresis value of the hyster-
esis controller, start to count by a delay counter,
and determine that the power grid meets the low-
voltage ride-through condition under a condition
that a count value of the delay counter reaches
a target delay;

under a condition that the difference is less than
an exit hysteresis value of the hysteresis con-
troller, start to count by the delay counter, and
determine that the power grid does not meet the
low-voltage ride-through condition under a con-
dition that the count value of the delay counter
reaches the target delay.

The device according to claim 8, wherein the device
is provided in a converter controller of a wind turbine.

A converter comprising the low-voltage ride-through
detection device according to any of claims 6-10.

A wind turbine comprising the converter according
to claim 11.

A computer-readable storage medium having stored
thereon computer programs that, when executed by
a processor, implement the low-voltage ride-through
detection method according to any of claims 1-5.

A computing device, comprising: at least one proc-
essor; at least one memory storing computer pro-
grams that, when executed by the at least one proc-
essor, implement the low-voltage ride-through de-
tection method according to any of claims 1-5.

A computer program product, wherein instructions
in the computer program product are executable by
a processor of a computer device to implement the
low-voltage ride-through detection method accord-
ing to any of claims 1-5.
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