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METHOD AND APPARATUSFOR CONTROLLING A
FREQUENCY CONVERTER

CROSS-REFERENCE TO RELATED PATENT APPLICATION
[01] This application claims priority from U.S. Provisional Patent

Application No. 61/583,449 filed on January 5, 2012 in the U.S. Patent
Trademark Office, the disclosure of which isincorporated herein in its entirety
by reference.

BACKGROUND OF THE INVENTION

1 Field of the Invention

[02] Apparatuses and methods consistent with the present invention
relate to afrequency converter utilized in awind turbine generator.

2. Description of the Related Art

[03] Power grids are the part of a power supply system and have
the components necessary to transfer the electric power generated by
power generating units across long distances to points of power consumption.
Most power grids installed today carry energy as an aternating voltage and
current. It is worth highlighting that the number of power grids carrying
energy as continuous voltage and current (DC) is increasing due to the
advantages they offer in terms of energy efficiency in long-distance grids. This
has been possible due to the progress in conversion systems based on power
electronics, which alow interconnecting the two types of grids, alternating

power grids and continuous power grids, by using HVDC (High Voltage
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Direct Current) and HVAC (High Voltage Alternating Current) conversion
structures.

[04] Similarly, the progress experienced in power electronics is
favoring a change in a new direction towards a distributed generation structure
and away from the basic generation structure used until now, which has been
based mainly on large thermal, hydraulic or nuclear power stations. One of the
key elements in the growing structure of distributed generation is wind
power, which in the last decade has experienced large growth by way of new
installations of wind power generators. Wind power generation relies on
power electronics, since most of the generators used to convert the mechanical
power of wind into electric power injected into the grid are controlled by
conversion structures based on power electronics, especially components
known as frequency converters.

[05] Frequency converters are controlled from control units that
perform control based mainly on information captured using current and
voltage transducers, and by running control algorithms to control the power
flow between two electrica systems. There are different kinds of electrical
systems, such as power grids or electrical machines, and the power flow can
be bidirectional. For example, if the energy is consumed from the power grid
in order to be transformed into mechanical energy in the shaft of an electric
machine, the application will correspond to a motor application (for example,
pumping or ventilation applications). In contrast, if the energy is extracted

from an electric machine and injected into the power grid, the application will
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correspond to a generation application (for example, wind generation
applications, where the primary power source is the wind, which turns the
shaft of the electric machine).

[06] Alternating power grids consist mainly of cables (the physical
medium through which energy flows) and voltage transformers (components
that allow adapting voltage levels between different connection points).
Both components, cables and transformers, are components having a mainly
inductive nature, and therefore, provide inductive impedance to the alternating
current circulating through them. Depending on the characteristics of each
power grid, the existing inductive impedance will vary, the length of the
cables in the grid being an important parameter to consider when quantifying
the value of inductive impedance (the greater the length, the greater the grid
inductance and therefore the greater the inductive impedance). The existence
of high inductive impedance in a power grid will mean a greater loss in its
transmission capacity. This phenomenon is due to the voltage drop that occurs
in the inductive impedance of the cable when current circulates through it, and
it can become important in certain cases that combine factors such as long
lengths of cable and high power consumption (high circulation of current
through the power grid).

[07] In the related art, there exist some solutions to the
aforementioned problem of a loss of transmission capacity in power grids
having a high inductive impedance. One of the commonly applied solutions

relies on the compensation of the highly inductive power grids by inserting
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capacitive components (condensers) in series. This functions to compensate
for the inductive impedance of the power grid itself by inserting series
capacitive impedance, resulting in the reduction of the total equivalent
impedance. This technique minimizes the problem of voltage drops in the
power grid and therefore contributes to maintaining its capacity for power
transmission.

[08] Inserting series capacitors in highly inductive power grids is
effective when solving the problem of the loss of transmission capacity of a
grid, but in turn, results in problematic effects when considered from the point
of view of the stability of the compensated power grid. Specifically, the
insertion of series capacitors within an inductive grid results in the equivalent
circuit of that grid having a natural resonant frequency according to the
formula described by:

Equation (1)

_ [Ee
fe= Il %

Wherein:

JR _Natural resonant frequency of the compensated grid

Jo. Base frequency of the power grid

X, . Capacitive impedance of the series condenser inserted in the

power grid

XL _ Inductive impedance of the power grid

[09] Figure 2 shows a single-line wire diagram for a power grid
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compensated with series capacitors. The different components making up the
power grid are: the central power generation unit 13 shown in the figure as a
wind farm; the equivalent inductance 14 of the transmission lines or power
grid cables; the condensers introduced in series in the power grid to
compensate for the equivalent inductance of the power grid; and the collectors
15 present in the power grid that join the transmission lines from different
points.

[10] Depending on the degree of compensation applied to the power
grid (percentage of capacitive impedance as series capacitors with respect to
the inductive impedance of the power grid itself), the resulting value of
the resonant frequency of the power grid will vary. The ratio of capacitive
and inductive impedances commonly applied in power grid compensation
usually results in resonant frequency values lower than the grid's base
frequency. The technical literature uses the term SSI (Sub Synchronous
Interactions) to describe the condition of apower grid having these features.
[11] Grids with subsynchronous resonance are potentially dangerous
grids for integrating generation components that are based on generation
turbines with rotary shafts having a low-frequency mechanic oscillation. This
is the case of synchronous generators with long shafts (typical example of
generation plants) in which the distribution of mass along the shaft that in turn
rotates by the action of aprimary torque source (steam, water, etc.), commonly
exhibit mechanical oscillation modes with frequencies of less than the

base frequency of the power grid to which they are connected. In the event
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that the grid connected to a generator with the features mentioned above is
compensated with a specific value of series capacitors that make the
natural subsynchronous resonant frequency coincide with the oscillation
frequency of the mechanical shaft, negative effects may be inducted on the
shaft, since the amplitude of the mechanical oscillation of the shaft could be
amplified with a negative damping (that is, an oscillation of increasing
amplitude over time). This effect could result in a failure of the generator
shaft. This case corresponds to a problem specific to the natural interaction
between two parts of apower system, the power grid adjusted with capacitors
and the generator, where the mechanical mass of a synchronous generator
resonates with the subsynchronous frequency of the grid equivalent impedance
of the power grid. This phenomenon is known in the technical literature as
SSR (Subsynchronous Resonance).

[12] In addition to the possibility of the natural resonant frequency
of a compensated power grid coinciding with the natura mechanica
resonant frequency of generators injecting power into that grid, the growing
presence of frequency converters connected to the grid adds a new aspect to
be considered from the point of view of grid stability. This is the interaction
of frequency converter controls with compensated grids, a phenomenon that
can cause the loss of control of the flow of energy through the converter,
which may destabilize the power grid itself. This phenomenon is known in
the literature as SSCI (Subsynchronous Control Instability).

[13] The SSCI phenomenon occurs when control of the
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frequency converters connected to compensated grids having series capacitors
makes the converters behave as electrical systems whose equivalent resistance
acquires negative values within a frequency range of less than the grid base
frequency. The SSCI phenomenon may have similar effects to those of the
SSR phenomenon, but to achieve this there must be a high number of
frequency converters connected to compensated grids. The increasing use of
frequency converters connected to the grid, together with the existence of
power grids compensated with series capacitors, have made this potentialy
hazardous scenario become areality, for which a solution is desired and which
forms abasis for the invention disclosed herein.

SUMMARY OF THE INVENTION

[14] Aspects of the invention relate to a method for controlling a
frequency converter connected to the power grid, characterized in that it
contributes to damping the subsynchronous resonance that may occur in the
power grid. The control method isbased on the reading of the voltage from the
grid to which the frequency converter is connected. Voltage readings are used
to identify the resonant frequencies existing in the grid and are also used
within the regulation loops of the frequency converter in order to establish the
current set points that the converter must regulate in order to dampen
the subsynchronous resonance in the power grid.

[15] The control method proposed may be implemented in existing
systems, since this is an improvement that may be applied to the software

operating in the control unit governing the converter, and could therefore may
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be applied by updating the control program used in the central control unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[16] The above and other aspects and features of the various aspects
of the present invention will become more apparent by describing in detail
exemplary embodiments thereof with reference to the attached drawings in
which:

[17] Figure 1 shows a single-line wire diagram of a wind power
application based on a doubly-fed topology.

[18] Figure 2 shows a single-line wire diagram for a power grid
compensated with series capacitors.

[19] Figure 3 shows a block diagram representing the active
power regulation loop (17) and the reactive power regulation loop (27).

[20] Figure 4 shows a block diagram representing the modified
active power and reactive power regulation loops integrating the
subsynchronous resonance damping loop (39).

[21] Figure 5 shows a block diagram describing the
subsynchronous resonance damping loop (39).

[22] Figure 6 shows the results from a simulation of a wind power
generation software based on a doubly-fed topology controlled by a frequency
converter the operation of which is regulated by the regulation algorithms
defined in Figure 3.

[23] Figure 7 shows the results from a simulation of a wind power

generation software based on a doubly-fed topology controlled by a frequency
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converter the operation of which is regulated by the regulation agorithm
defined in Figure 4.

[24] Figure 7a shows a system including a grid subsynchronous
resonance damping loop based on power set points 50.

[25] Figure 7b shows the subsynchronous resonance damping loop
based on power set points 50

[26] Figure 8 is a diagram illustrating a system to which the
embodiments of the present invention may be applied.

[27] Figure 9 is a flowchart showing a method in accord with an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[28] The detailed description of the various aspects of the invention
will be developed based on a doubly-fed topology power generation
application. A person skilled in the art might understand that the invention
described is applicable to any application including at least one frequency
converter connected to the grid. As proof of the above, examples such as
power generation or consumption applications can be cited in which all of the
energy flows through the frequency converter (full converter), HVDC
applications for power distribution or HVAC applications for power
distribution.

[29] The doubly-fed topology consists of a doubly-fed
asynchronous generator wherein the stator terminals are connected directly to

the power grid and wherein the rotor terminals are connected to a frequency
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converter that isin turn connected to the power grid.

[30] Figure 1 shows a single-line wire diagram of a wind power
application based on a doubly-fed topology. The diagram shows the different
parts the application consists in, including the header transformer that adapts
the supply voltage, the wound rotor asynchronous generator 1, the frequency
converter 4 consisting of the inverter 6 and the rectifier 5, the shunt protection
circuit 13, the grid connection filter 8 and the generator connection filter 7, the
central control unit 10, the contactor for connection to the grid-side generator
2 and the contactor 9 for connecting the rectifier 5 to the grid.

[31] More specifically, Figure 1 shows a system including a doubly-
fed asynchronous generator 1, whose stator is connected to the power grid via
the stator coupling contactor 2 and a transformer 3. The transformer 3 adapts
the voltage output of the stator to the voltage level of the power grid. The
rotor of the double-fed synchronous generator 1is connected to a frequency
converter 4 consisting of a grid-side converter or rectifier 5 and a machine-
side converter or inverter 6. The system also includes a generator connection
filter 7 between the inverter 6 and the rotor aswell as a grid connection filter 8
connected between the rectifier 5 and the connection contactor 9 for
connecting the rectifier to the power grid.

[32] The system further includes a central control unit 10 that runs
the control algorithms from measurements taken from the system in order to
generate switching commands 11 of the static switches of the rectifier and to

generate switching commands 12 for the static switches of the inverter.
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[33] In an embodiment, the inverter 6 and the rectifier 5 may
include static switches of the IGBT type, with their opening and closing
governed by switching commands from the central control unit 10.

[34] The grid connection filter 8 and generator connection filter 7
may consist of passive components such as inductances, capacitances and/or
resistors. The main purpose of the grid connection filter 8 is the filtering of
voltage and current waves in order to reduce the harmonic content of the
power that is injected into the grid. The main purpose of the generator
connection filter 7 isto moderate the derivatives of the voltage waves imposed
by the inverter on the generator rotor coils.

[35] Operation of the assembly is monitored from the central control
unit 10, which processes measurements collected from sensors installed
throughout the system. The central control unit 10 runs the programmed
control agorithms in order to control the power flow between the generator
and the grid. As aresult of running these algorithms, switching commands 11
and 12 are generated for the IGBTs installed in both the rectifier 5 and in the
inverter 6. These switching commands 11, 12 are calculated using modulation
steps that use pulse width modulation techniques to synthesize from the
continuous stage voltages, reference voltages that must be applied at the
output of the inverter 6 and the rectifier 5 to control the currents in each of
these components. Pulse width modulation methods are widely used in the
current state of the art, and can vary between scalar or vector methods. Scalar

modulation methods are those based on the comparison of carrier signals with
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modulating signals (PWM, Pulse Width Modulation, for example). Vector
methods are those that apply specific vectors or switching patterns at specific
times calculated previoudly in the modulation stages (SVPWM, Space Vector
Pulse Width Modulation, for example).

[36] Figure 2 shows a single line diagram representing in a
simplified manner a power distribution line that interconnects a wind
generation plant 130 with a power collector 160 that is used to connect
different power distribution lines. The inductance 140 represents the inductive
nature of the power distribution line connected to the wind generation plant
130. The power distribution line that interconnects the wind generation plant
130 and the power collector 160 is compensated by introducing a capacitor
150 placed in series connection.

[37] Figure 3 shows that the control algorithms govern a power
regulation loop (known as the external loop) and a current regulation loop
(known as the inner loop). As shown in Figure 3, the structure consisting of
the two regulation loops is equivalent both for the active power 17 and for the
reactive power 27. The active power regulation loop 17 is based on the
comparison of an active power set point 18 with the actual value of the active
power measured in the system 19. The error 20 resulting from the comparison
will be processed by the active power regulator 21, which shal provide
the necessary active current output set point 22 to be regulated by
the subsequent active current loop. The inner active current regulation loop

shall receive the active current set point 22 imposed at the output of the

12
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active power regulator 21 and will compare this value with the real value of
the active current measured in the system 23. The error 24 resulting from
the comparison between both current values will be processed by the
active current regulator 25, which shall provide the necessary active voltage
output set points 26 to be imposed at the converter output via the static
switch triggering commands imposed by the modulation stage 100.

[38] Similarly to what has been described for the active power
regulation loop, the operating principle for the reactive power loop 27 is based
on the comparison of areactive power set point 28 that will be compared to
the actual value of reactive power 29 measured in the system. The error
30 resulting from the comparison will be processed by the reactive power
regulator 31 that will provide the necessary reactive current output set point 32
to be regulated by the subsequent reactive current loop. The inner active
current regulation loop shall receive the reactive current set point 32 imposed
a the output of the reactive power regulator 31 and will compare this value
with thereal value of the reactive current measured in the system 33. The error
34 resulting from the comparison between both current values will be
processed by the reactive current regulator 35, which shal provide the
necessary reactive voltage output set points 36 to be imposed at the converter
output via the static switch triggering commands imposed by the modulation
stage 100.

[39] The active voltage 26 and reactive voltage 36 set points will

be processed by the modulation stage 100, which shall define the
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switching commands 11, 12 for the static switches of the converter.

[40] This invention proposes modifying the regulation algorithms
described in Figure 3, completing them by including a new grid
subsynchronous resonance damping loop based on current set points 39
(Figure 4) or a new grid subsynchronous resonance damping loop based on
power set points 50 (Figure 7a). As shown in Figure 4,
subsynchronous resonance damping loop based on current set points 39 is
based on the readings of grid voltages 38 that, once processed, will determine
the necessary current set points to dampen the subsynchronous resonance of
the grid. As shown in figure 7a, subsynchronous resonance damping loop
based on power set points 50 isbased on the readings of grid voltages 38 that,
once processed, will determine the necessary power set points to dampen the
subsynchronous resonance of the grid

[41] As shown in Figure 5, the subsynchronous resonance damping
loop based on current set points 39 will process the readings of grid voltages
38 by applying mathematical operations such as Clarke transformations 42 and
Park transformations 43. The application of these two transformations
provides a vector representation of power grid voltages. The vector
representation of power grid voltages will be used by the voltage
subsynchronous component identification block 44 using filters that allow
differentiating the base frequency of the power grid from any
other frequencies that may be present, i.e., subsynchronous frquencies.

Adjustments to the filters used to identify the subsynchronous components of

14
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the grid voltage will be predefined by default in order to identify the
subsynchronous components of the voltage of any power grid to which the
frequency converter is connected without having to know the theoretical
subsynchronous resonance value corresponding to such grid, which vaue
could be identified if the natural impedance vaues of the power grid are
known. A person skilled in the art can determine the natural impedances of a
power grid if the components making up such power grid are known.

[42] The subsynchronous components of the power grid identified
by the subsynchronous resonance identification block 44 shal be used in
the current damping set point calculation block 45 in order to generate
damping current set points that will be added to the current set points imposed
by the active and reactive power loops. The damping set points calculated by
the current damping set point calculation block 45 shall be split into active 40
and reactive 4 1 components.

[43] The active damping current set point 40 shall be added to the
active current set point 22 calculated by the active power regulator 21 and
the result of this addition shall correspond to the total active current 37 that
the active current regulator 25 must regulate. Similarly, the reactive
damping current set point 41 shall be added to the reactive current set point
32 calculated by the reactive power regulator 31 and the result of this
addition shall correspond to the total reactive current that the reactive
current regulator 35 must regulate.

[44] As shown in Figure 7b, the subsynchronous resonance damping

15
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loop based on power set points 50 will process the readings of grid voltages 38
by applying mathematical operations such as Clarke transformations 42 and
Park transformations 43. The application of these two transformations
provides a vector representation of power grid voltages. The vector
representation of power grid voltages will be used by the voltage
subsynchronous component identification block 44 using filters that alow
differentiating the base frequency of the power grid from any
other frequencies that may be present, i.e, subsynchronous frequencies.
Adjustments to the filters used to identify the subsynchronous components of
the grid voltage will be predefined by default in order to identify the
subsynchronous components of the voltage of any power grid to which the
frequency converter is connected without having to know the theoretical
subsynchronous resonance value corresponding to such grid, which vaue
could be identified if the natural impedance vaues of the power grid are
known. A person skilled in the art can determine the natural impedances of a
power grid if the components making up such power grid are known.

[45] The subsynchronous components of the power grid identified
by the subsynchronous resonance identification block 44 shal be used in
the power damping set point calculation block 55 in order to generate damping
power set points that will be added to the power set points, active power set
point 18 and reactive power set point 28. The damping set points calculated by
the power damping set point calculation block 55 shall be split into active 51

and reactive 53 components.
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[46] The active damping power set point 51 shall be added to the
active power set point 18 and the result of this addition shall correspond to the
total active power 52 that the active power regulator 21 must regulate.
Similarly, the reactive damping power set point 53 shall be added to the
reactive power set point 28 and the result of this addition shall correspond to
the total reactive power 54 that the reactive power regulator 31 must regulate.
[47] Figure 6 shows the results from a simulation of a wind power
generation software based on a doubly-fed topology controlled by a frequency
converter the operation of which is regulated by the regulation agorithms
defined in Figure 3. The simulation shows the system's behavior in the event
of a subsynchronous resonance appearing in the power grid. The
simulation shows the shapes of the active power injected into the grid 46, the
reactive power injected into the grid 47, the voltages of phases R, Sand T of
the power grid 48 and the currents of phases R, Sand T of the power grid 49.
The grid waveforms allow identifying the effect of the subsynchronous
resonance on the grid voltages of phases R, S and T. The effect of the grid's
subsynchronous resonance is that the control algorithms defined in Figure 3
cannot control the active and reactive power and the currents R, Sand T in the
system.

[48] Figure 7 shows the results from a simulation of awind power
generation software based on a doubly-fed topology controlled by a frequency
converter the operation of which is regulated by the regulation agorithm

defined in Figure 4. The simulation shows the system's behavior in the event
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of a subsynchronous resonance appearing in the power grid. The
simulation shows the shapes of the active power injected into the grid 46, the
reactive power injected into the grid 47, the voltages of phases R, Sand T of
the power grid 48 and the currents of phases R, Sand T of the power grid 49.
The waveforms shown in Figure 7, compared to the waveforms of Figure 6,
alow verifying the improvement in system behavior operating with the
control algorithms defined in Figure 4. The effect of the subsynchronous
resonance is dampened and the system maintains control of all its variables.

[49] Figure 8 is adiagram illustrating an embodiment of the central
control unit 10 described above. Referring to figure 8, the system 800 may be
a general purpose computer, special purpose computer, personal computer,
server, or the like. The system 800 may include a processor 810, a memory
820, a storage unit 830, an 1/O interface 840, a user interface 850, and a bus
860. The processor 810 may be a central processing unit (CPU), i.e. central
control unit, that controls the operation of the system 800 by transmitting
control signals and/or data over the bus 860 that communicably connects the
elements 810 to 850 of the system 800 together. The bus 860 may be a control
bus, a data bus, or the like. The processor 810 may be provided with
instructions for implementing and controlling the operations of the system 800,
for example, in the form of computer readable codes. The computer readable
codes may be stored in the memory 820 or the storage unit 830. Alternatively,
the computer readable codes may be received through the I/O interface 840 or

the user interface 850. As discussed above, the memory 820 may include a
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RAM, a ROM, an EPROM, or Flash memory, or the like. As also discussed
above, the storage unit 830 may include a hard disk drive (HDD), solid state
drive, or the like. The storage unit 830 may store an operating system (OS)
and application programs to be loaded into the memory 820 for execution by
the processor 810. The I/O interface 840 performs data exchange between the
system and other external devices, such as other systems or peripheral devices,
directly or over a network, for example a LAN, WAN, or the Internet. The
I/O interface 840 may include a universal seria bus (USB) port, a network
interface card (NIC), Institution of Electronics and Electrical Engineers
(IEEE) 1394 port, and the like. The user interface 850 receives input of auser
and providing output to the user. The user interface 850 may include a mouse,
keyboard, touchscreen, or other input device for receiving the user's input.
The user interface 850 may aso include adisplay, such as amonitor or liquid
crystal display (LCD), speakers, and the like for providing output to the user.

[50] Figure 9 shows a flowchart describing the method according to
this embodiment. The flowchart represents an algorithm that can be executed
on the system shown in FIG. 8. In step 1, subsynchronous components
leading to subsynchronous resonance on an electrical grid are identified.
Based on the identified subsynchronous components, set points for damping
currents are determined (step 2). These damping current set points are then
added to the set points determined by the power regulation loops in step 3.
Lastly, in step 4, the frequency converter is controlled based on the total

current set points resulting from adding the damping current set points to the
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power regulation set points.

[51] While various features have been described in conjunction with
the examples outlined above, various alternatives, modifications, variations,
and/or improvements of those features and/or examples may be possible.
Accordingly, the examples, as set forth above, are intended to be illustrative.
Various changes may be made without departing from the broad spirit and
scope of the underlying principles.

[52] The present invention has been described above with reference
to flowchart illustrations of user interfaces, methods, and computer program
products according to embodiments of the invention. It will be understood that
each block of the flowchart illustrations, and combinations of blocks in the
flowchart illustrations, can be implemented by computer program instructions.
These computer program instructions can be provided to a processor of a
genera purpose computer, special purpose computer, or other programmable
data processing apparatus to produce a machine, such that the instructions,
which execute via the processor of the computer or other programmable data
processing apparatus, create means for implementing the functions specified in
the flowchart block or blocks. These computer program instructions may aso
be stored in a computer usable or computer-readable memory that can direct a
computer or other programmable data processing apparatus to function in a
particular manner, such that the instructions stored in the computer usable or
computer-readable memory produce an article of manufacture including

instruction means that implement the function specified in the flowchart block
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or blocks. The computer program instructions may also be loaded into a
computer or other programmable data processing apparatus to cause a series of
operational steps to be performed in the computer or other programmable
apparatus to produce a computer implemented process such that the
instructions that execute in the computer or other programmable apparatus
provide steps for implementing the functions specified in the flowchart block
or blocks.

[53] And each block of the flowchart illustrations may represent a
module, segment, or portion of code, which includes one or more executable
instructions for implementing the specified logical function(s). It should also
be noted that in some alternative implementations, the functions noted in the
blocks may occur out of order. For example, two blocks shown in succession
may in fact be executed substantially concurrently or the blocks may
sometimes be executed in reverse order, depending upon the functionality

involved.
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WHAT IS CLAIMED IS

1. A method for controlling afrequency converter connected to a
power grid, the method comprising:

identifying subsynchronous components in the electrical grid based on
voltage measurements of the electrical grid ;

determining set points for damping currents using the subsynchronous
components of the electrical grid;

adding the set points for the damping currents to current set
points calculated by power regulation loops to generate total current set points,
and

controlling the frequency converter based on the total current set points.

2. A method for controlling a frequency converter based on claim
1, wherein the damping current set points could be calculated from a damping

power set point.
3. A method for controlling afrequency converter based on Claim
1, wherein the identification of the subsynchronous components of the grid is

performed using filters.

4. A method for controlling afrequency converter based on Claim

1, wherein the set points for damping currents are calculated using regulators.
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5. A method for controlling afrequency converter based on Claim
4, wherein the regulators used to calculate the set points for damping currents
can be proportional, proportional integral or proportional integral derivative

regulators.

6. An electrical generating apparatus, the apparatus comprising:
an electrical generator configured to be connected to an electrical grid;
aconverter comprising an inverter connected to arotor of the electrical
generator;
acontrol unit configured to control the converter based on an active
power set point and areactive power set point, the control unit comprising:
an active power control unit that determines an active current
set point based on acomparison of measured active power output by
the electrical generator with and atarget active power set point;
areactive power control unit that determines an reactive current
set point based on acomparison of measured reactive power output by
the electrical generator with and atarget reactive power set point; and
a subsynchronous resonance damping unit that determines
subsynchronous components in the electrical grid based on voltage
measurements of the electrical grid to determine damping set points for
damping currents,

wherein the controller controls the converter based on the
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active current set point, the reactive current set point and the damping

set points.

7. An €electrical generating apparatus according to claim 6, wherein the
subsynchronous resonance damping unit may determine damping current set

points based on damping power set points.

8. The electrical generating apparatus according to claim 6, wherein
the damping set points comprise an active damping current set point and a

reactive damping current set point.

9. The electrical generating apparatus according to clam 6, wherein
the subsynchronous resonance damping unit comprises afilter configured to
differentiate a base frequency of the electrical grid from subsynchronous

components of the electrical grid.

10. The electrical generating apparatus according to claim 9, wherein
the subsynchronous resonance damping unit comprises aregulator to

determine the damping set points for the damping currents.

11. The electrical generating apparatus according to claim 9, wherein

the subsynchronous resonance damping unit comprises a calculation unit to

determine based on damping power set points the damping set points for the
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damping currents.

12 The €electrical generating apparatus according to claim 10, wherein
the regulators used to calculate the set points for damping currents can be
proportional, proportional integral or proportiona integral derivative

regulators.

25



WO 2013/102791 PCT/IB2012/002978

1/11

N\
ANN

0.

~— 10

x_/\/ll1

5

&

o

Measurements

’

A

4
(
Central Control Unit (CCU)

1
14

RTINS

H)ﬂ:&&*t‘é

> U AN ARAY

|
J

FIGURE 1



WO 2013/102791

PCT/IB2012/002978
2/11
o
o
A
(om—
hate
—————— o
N
il
o
-
©
. ) Li.
e
—

130




PCT/IB2012/002978

WO 2013/102791

3/11

¢ ddNoid

e e e [ e ————— e e

o)
™

€ T e

oy e

— e e
2z

001

P

[ VP . B el Sl P




PCT/IB2012/002978

WO 2013/102791

4/11

¥ 34NOld

001

XN 6C .
9l A
( .
N, Y ) @A | N
o T pe W o) 0g
Ge g
<t A
< SA !
i|..w In !
6c” Spm-- o
8¢ -
ez | O
Y NN
+ ~
3 (-




PCT/IB2012/002978

WO 2013/102791

5/11

¢ J34HN9I4

A

S
eydje
elaq
- - eydje |« 1S4
Gt - b ey A
6¢ |




PCT/IB2012/002978

WO 2013/102791

6/11

9 3dNOIH

2 RPN A A2 PN 18 SO L UL AN




PCT/IB2012/002978

WO 2013/102791

711

L 4dN9id

-, S
%i{’f{




PCT/IB2012/002978

WO 2013/102791

8/11

|

00L ~

e/, 3dNoid

LG

AN

———— —




PCT/IB2012/002978

WO 2013/102791

9/11

€S

—\ A.W ..

q. 34N9l4

[y

A X

Bloq

A

GG

19974

eydie

BEL
eydje

181

a4

0G



PCT/IB2012/002978

WO 2013/102791

10/11

BVRINYIN

8 FH4NOId

JVRE1IN O

UHE £

ASONIN

H0S53004d

o



PCT/IB2012/002978

WO 2013/102791

11/11

6 24n3i4

SIU10d 195 Jadnd |[e1op
uo paseg Ja11aAu0) Adusnbaly |os3u0)
y dais

A

sdoo uoiejnday 19Mod 10 SIUIod 195
01 sjualn) Suidwe( 104 SIUI0d 195 PPY
¢ dois

9

SUENe
suidweq Joj s1ulod 195 Suiwisleg
7 dais

1

PHY [e214103]3 /43 Ul
sjusuoduio) snouoiyduAsgng Ajluap|
T daas




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2012/002978

A. CLASSIFICATION OF SUBJECT MATTER

H02J HO2P

INV. H02J3/18 H02J3/38 HO02P9/10

ADD.

According to International Patent Classification (IPC) orto both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation

to the extent that such documents

are included in the fields searched

Electronic data base consulted during the international

EPO-Internal

search (name of data base and, where practicable,

search terms used)

C.DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 2 317 134 A2 (GEN ELECTRIC [US]) 1-5
4 May 2011 (2011-05-04)
Y paragraph  [0004] - paragraph [0046] ; 6-12
figures 2-4
X Wo 2011/112571 A2 (S| EMENS ENERGY INC 1,5
[US]; NELSON ROBERT J [US]; MA HONGTAO
[US] SI EMENS)
15 September 2011 (2011-09-15)
page 9, line 14 - page 13, line 15; figure
7
X us 5 227 713 A (BOWLER COLIN E J [US] ET 1,3-5
AL) 13 July 1993 (1993-07-13)
col umn 3, line 57 - col umn 16, 1ljne 61
_/__

| Xl Further documents are listed inthe continuation of Box C.

See patent family annex.

*

Special categories of cited documents

"A" document defining the general state of the art which is not considered

to be of particular relevance
"E" earlier application or patent but published on or after the international
filing date

"L" documentwhich may throw doubts on priority claim(s) orwhich is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document
means

referring to an oral disclosure, use, exhibition or other

"P" document published prior to the international
the priority date claimed

filing date but later than

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle ortheory underlying the invention

* document of particular relevance; the claimed invention cannot be
considered novel orcannot be considered to involve an inventive
step when the document is taken alone

* document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled inthe art

" document member of the same patent family

Date of the actual completion of the international search

17 June 2013

Date of mailing of the international search report

27/06/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized  officer

Jonda, Sven

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2012/002978

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 5 343 139 A (GYUGYl LASZLO [Uus] ET AL) 6-12
30 August 1994 (1994-08-30)
colum 5, line 59 - colum 13, |ine 22;
figure 7

Form PCT/ISA/210 (continuation of second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2012/002978

Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 2317134 A2 04-05-2011 CN 102064563 A 18-05-2011
EP 2317134 A2 04- 05-2011
us 2011101689 Al 05- 05-2011

Wo 2011112571 A2 15-09-2011 CA 2792499 Al 15-09-2011
CN 102869515 A 09-01-2013
EP 2516164 A2 31-10-2012
us 2013027994 Al 31-01-2013
W0 2011112571 A2 15-09-2011

us 5227713 A 13-07-1993 AT 158678 T 15-10- 1997
AU 664632 B2 23-11- 1995
CA 2110724 Al 25-11- 1993
DE 69314132 Dl 30-10- 1997
DE 69314132 T2 07-05- 1998
EP 0594833 Al 04-05- 1994
JP HO08500718 A 23-01- 1996
us 5227713 A 13-07- 1993
wo 9323910 Al 25-11- 1993
ZA 9303388 A 28-12- 1993

us 5343139 A 30-08-1994 AU 7561194 A 07-03-1996
us 5343139 A 30-08-1994
Wo 9605642 Al 22-02-1996

Form PCT/ISA/210 (patent family annex) (April 2005)




	abstract
	description
	claims
	drawings
	wo-search-report

