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OPERATING A WIND POWER PLANT INCLUDING ENERGY
STORAGE DURING GRID FAULTS

FIELD OF THE INVENTION

[0001] Embodiments of the invention are generally related to wind turbine

generators and energy storage devices, and more specifically to strategies for using

energy storage devices when a wind turbine generator experiences a grid fault.

BACKGROUND

[0002] In recent years, there has been an increased focus on reducing emissions

of greenhouse gases generated by burning fossil fuels. One solution for reducing

greenhouse gas emissions is developing renewable sources of energy. Energy

derived from the wind has proven to be an environmentally safe and reliable source

of energy, which can reduce dependence on energy generated by burning fossil

fuels.

[0003] Energy in wind can be captured by a wind turbine, which is a rotating

machine that converts the kinetic energy of the wind into mechanical energy, and the

mechanical energy subsequently into electrical power. Common horizontal-axis

wind turbines include a tower, a nacelle located at the apex of the tower, and a rotor

that is supported in the nacelle by means of a shaft. The shaft couples the rotor

either directly or indirectly with a rotor assembly of a generator housed inside the

nacelle.

[0004] A wind park is a collection of wind turbines that are connected to the

power grid and collectively supply electrical power to the power grid. The power grid

has defined parameters, in particular, a defined voltage and a defined frequency.

Power grid parameters are defined in a technical specification called the grid code.

The grid code also defines the required behavior of generating units such as wind

turbines during grid faults, e.g., during severe dips in the grid voltage.



SUMMARY OF THE INVENTION

[0005] Embodiments of the invention are generally related to wind turbine

generators and energy storage devices, and more specifically to strategies for using

energy storage devices when a wind turbine generator experiences a grid fault.

[0006] One embodiment of the invention provides a method for operating a wind

power plant comprising at least one wind turbine generator. The method generally

comprises detecting that a grid fault has occurred, and in response to detecting the

grid fault, generating one or more signals configured to operate an energy storage

system in at least a first mode configured to transfer reactive power from the energy

storage system to a power grid. The method further comprises charging the energy

storage system with active power generated by the at least one wind turbine

generator during the grid fault.

[0007] Another embodiment of the invention provides a wind power plant

comprising at least one wind turbine generator, a power plant controller and at least

one energy storage system. The power plant controller is generally configured to

detect that a grid fault has occurred, and generate one or more signals configured to

operate the energy storage system in at least a first mode configured to transfer

reactive power from the energy storage system to a power grid. The energy storage

system is generally configured to be charged with active power generated by the at

least one wind turbine generator during the grid fault.

[0008] Yet another embodiment of the invention provides a converter device

coupled with a power grid and an energy storage system. The converter device is

generally configured to receive one or more signals configured to set the converter

device in at least a first mode configured to transfer reactive power from the energy

storage system to the power grid, and charge the energy storage system with active

power generated by the at least one wind turbine generator during the grid fault.



BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that the manner in which the above recited features, advantages and

objects of the present invention are attained and can be understood in detail, a more

particular description of the invention, briefly summarized above, may be had by

reference to the embodiments thereof which are illustrated in the appended drawings.

[0010] It is to be noted, however, that the appended drawings illustrate only

typical embodiments of this invention and are therefore not to be considered limiting

of its scope, for the invention may admit to other equally effective embodiments.

[001 1] Figure 1 illustrates an exemplary wind turbine.

[0012] Figure 2 illustrates an exemplary drive train of the wind turbine.

[0013] Figure 3 illustrates an exemplary wind power plant according to an

embodiment of the invention.

[0014] Figure 4 illustrates an exemplary energy storage system according to an

embodiment of the invention.

[0015] Figure 5 is a flow diagram of exemplary operations performed to operate

a wind power plant during a grid fault, according to an embodiment of the invention.

DETAILED DESCRIPTION

[0016] Embodiments of the invention provide methods, systems, and articles for

operating a wind power plant during a grid fault. An energy storage system may be

configured to transfer reactive power from to a power grid in response to detecting

the grid fault. This may be controlled using a converter device. While providing

reactive power to support the grid, the energy storage system may be charged with

active power generated by at least one wind turbine generator during the grid fault.

Furthermore, the energy storage system supports grid recovery by providing active

power after a grid fault is removed.



[0017] In the following, reference is made to embodiments of the invention.

However, it should be understood that the invention is not limited to specific

described embodiments. Instead, any combination of the following features and

elements, whether related to different embodiments or not, is contemplated to

implement and practice the invention. Furthermore, in various embodiments the

invention provides numerous advantages over the prior art. However, although

embodiments of the invention may achieve advantages over other possible solutions

and/or over the prior art, whether or not a particular advantage is achieved by a

given embodiment is not limiting of the invention. Thus, the following aspects,

features, embodiments and advantages are merely illustrative and are not

considered elements or limitations of the appended claims except where explicitly

recited in a claim(s). Likewise, reference to "the invention" shall not be construed as

a generalization of any inventive subject matter disclosed herein and shall not be

considered to be an element or limitation of the appended claims except where

explicitly recited in a claim(s).

[0018] The following is a detailed description of embodiments of the invention

depicted in the accompanying drawings. The embodiments are examples and are in

such detail as to clearly communicate the invention. However, the amount of detail

offered is not intended to limit the anticipated variations of embodiments; but on the

contrary, the intention is to cover all modifications, equivalents, and alternatives

falling within the spirit and scope of the present invention as defined by the

appended claims.

[0019] Figure 1 illustrates an exemplary wind turbine 100 according to an

embodiment of the invention. As illustrated in Figure 1, the wind turbine 100 may

include a tower 110, a nacelle 120, and a rotor 130. In one embodiment of the

invention the wind turbine 100 may be an on shore wind turbine. However,

embodiments of the invention are not limited only to on shore wind turbines. In

alternative embodiments, the wind turbine 100 may be an off shore wind turbine

located over a water body such as, for example, a lake, an ocean, or the like.



[0020] The tower 110 of wind turbine 100 may be configured to raise the nacelle

120 and the rotor 130 to a height where strong, less turbulent, and generally

unobstructed flow of air may be received by the rotor 130. The height of the tower

110 may be any reasonable height. The tower 110 may be made from any

reasonable material, for example, steel, concrete, or the like. In some embodiments

the tower 110 may be made from a monolithic material. However, in alternative

embodiments, the tower 110 may include a plurality of sections, for example, two or

more tubular steel sections 111 and 112, as illustrated in Figure 1. In some

embodiments of the invention, the tower 110 may be a lattice tower. Accordingly,

the tower 110 may include welded steel profiles.

[0021] The rotor 130 may include a rotor hub (hereinafter referred to simply as

the "hub") 13 1 and at least one blade 132 (three such blades 132 are shown in

Figure 1) . The rotor hub 13 1 may be configured to couple the at least one blade 132

to a shaft (not shown). In one embodiment, the blades 132 may have an

aerodynamic profile such that, at predefined wind speeds, the blades 132 experience

lift, thereby causing the blades to radially rotate around the hub. The movement of

the blades may also cause the shaft of the wind turbine 100 to rotate. The nacelle

120 may include one or more components configured to convert aero-mechanical

energy of the blades to rotational energy of the shaft, and the rotational energy of the

shaft into electrical energy.

[0022] Figure 2 illustrates a more detailed view of a nacelle 120 comprising a

drive train of the wind turbine according to an embodiment of the invention. As

illustrated in Figure 2, the nacelle 120 may include at least a low speed shaft 2 10, a

high speed shaft 2 11, a gearbox 220, and a generator 230, according to one

embodiment. In one embodiment, the low speed shaft 2 10 may couple the gearbox

230 to the hub 13 1 , as illustrated in Figure 2 . The gearbox 220 may rely on gear

ratios in a drive train to provide speed and torque conversions from the rotation of

the low speed shaft 2 10 to the rotor assembly of the generator 230 via the high

speed shaft 2 11.



[0023] In an alternative embodiment, the low speed shaft 2 10 may directly

connect the hub 13 1 with a rotor assembly of the generator 230 so that rotation of

the hub 13 1 directly drives the rotor assembly to spin relative to a stator assembly of

the generator 230. In embodiments where the low speed shaft 2 10 is directly

coupled to the hub 3 1 , the gear box 220 may not be included, thereby allowing the

nacelle 120 to be smaller and/or lighter.

[0024] The generator 230 may be configured to generate a three phase

alternating current based on one or more grid requirements. In one embodiment, the

generator 230 may be a synchronous generator. Synchronous generators may be

configured to operate at a constant speed, and may be directly connected to the grid.

In some embodiments, the generator 230 may be a permanent magnet generator.

In alternative embodiments, the generator 230 may be an asynchronous generator,

also sometimes known as an induction generator. Induction generators may or may

not be directly connected to the grid. For example, in some embodiments, the

generator 230 may be coupled to the grid via one or more electrical devices

configured to, for example, adjust current, voltage, and other electrical parameters to

conform with one or more grid requirements. Exemplary electrical devices include,

for example, inverters, converters, resistors, switches, and the like.

[0025] Embodiments of the invention are not limited to any particular type of

generator or arrangement of the generator and one or more electrical devices

associated with the generator in relation to the electrical grid. Any suitable type of

generator including (but not limited to) induction generators, permanent magnet

generators, synchronous generators, or the like, configured to generate electricity

according to grid requirements falls within the purview of the invention.

[0026] Figure 3 illustrates an exemplary power plant system 300 according to an

embodiment of the invention. As illustrated in Figure 3, the power plant system 300

may include at least one wind turbine generator 3 10 (three such wind turbine

generators 310 are shown) coupled with a grid 320 via transmission lines 330. In

one embodiment, each of the transmission lines 330 may include a set of three lines

for transferring a three phase alternating current according to one or more



requirements of the grid 320. For example, the wind turbine generators 3 10 may be

configured to provide power at a controlled frequency and voltage to the grid. As

illustrated in Figure 3, the transmission lines 330 from the wind turbine generators

3 10 may be coupled with the grid at a point of common coupling (PCC) 341 . While

not shown in Figure 3, in some embodiments, PCC 341 may include one or more

electrical devices, for example, transformers, switches, and the like.

[0027] The power supplied by the wind turbine generators 310 to the grid 320

may include both active power and reactive power. In general, active power, or real

power, refers to the power that is transferred from the wind turbine generators to the

grid. Reactive power refers to the power that cycles back and forth between the

wind turbine generators 3 10 and the grid 320. Maintaining control over reactive

power in the system may be necessary for several reasons. For example, reactive

power control may be necessary for controlling the voltage at predefined locations,

e.g., the PCC 341 . Reactive power control may also be necessary for maintaining

proper magnetization of components within the wind turbine generators 3 10 .

[0028] In general, grid codes define minimum requirements for active power,

reactive power, voltages and current frequencies, and the like for operating wind

turbines. Furthermore, the grid codes may define required performance for the wind

turbine generators 3 10 during grid faults. Grid faults generally involve an

undesirable change in magnitude of the grid voltage or grid frequency. For example,

a short circuit in the grid may cause the grid voltage to drop significantly. Such

drastic changes in grid voltage may damage components of the wind turbine

resulting in expensive repairs and/or replacements.

[0029] Traditionally, wind turbine generators have been configured to disconnect

from the grid when a grid fault is detected. For example, a switch at the PCC 341

may be turned off to disconnect the wind turbine generators 3 10 from a faulty grid,

thereby protecting the components of the generators. However, as wind turbine

generators continue to generate a greater share of energy on the grid, modern grid

codes have started to require wind turbine generators to stay connected to the grid

during a grid fault. Furthermore, wind turbine generators may be required to support



the grid with reactive power during a fault so that active power transfer can be

quickly started soon after the grid fault is removed.

[0030] In one embodiment of the invention, an energy storage system 351 may

provide one or more of active and reactive power as needed to the power plant

system 300, as illustrated in Figure 3 . In one embodiment of the invention, the

energy storage system 351 may include one or more batteries. Any reasonable type

and number of batteries may be included in the energy storage system 351 .

Exemplary battery types include, for example, nickel, nickel-ion, zinc, alkaline, or the

like may be used in the energy storage system 351 . Furthermore, the batteries in

the energy storage system 351 may be arranged in any reasonable manner. For

example, the batteries may be connected in parallel and/or in series with one

another to achieve a desired storage capacity and voltage at the terminals of the

energy storage system 351 .

[0031] As illustrated in Figure 3 the energy storage system 351 may be coupled

to the PCC 341 via a voltage source converter 352 and a transformer 353. The

voltage source converter 352 may be configured to change or convert the voltage at

the terminals of the energy storage system 351 . For example, the voltage at the

terminals of the energy storage system 351 may be a direct current (DC) voltage.

The voltage source converter 352 may be configured to transform the DC voltage

into an alternating current (AC) voltage having a predefined frequency and amplitude.

While a voltage source converter 352 is described herein, embodiments of the

invention are not limited only to the use of voltage source converters. In alternative

embodiments, a current source converter may be used in place of the voltage source

converter 352.

[0032] The transformer 353 may be configured to convert the output of the

voltage source converter 352 having a first frequency and a first amplitude to an

output having a second frequency and a second amplitude. In one embodiment, the

output of the transformer 353 may conform with one or more requirements of the grid

320. In an alternative embodiment of the invention, the transformer 353 may be



omitted and the output of the voltage source 352 may be directly connected to the

PCC 341 .

[0033] One advantage of using the energy storage system 351 and the voltage

source converter 352 is that the energy storage system 351 can be controlled to

produce both active power as well as reactive power. The control of energy storage

system to produce both active and reactive power may be performed in conjunction

with the voltage source converter 352. In one embodiment, the voltage source

converter 352 may include forced-commutated power electronic devices such as

Insulated Gate Bipolar Transistors (IGBTs) to synthesize a voltage that is controlled

in amplitude and phase from the energy storage system 351 .

[0034] Figure 4 is a more detailed view of the connection between the energy

storage system 351 , voltage source converter 352, and the transformer 353. As

illustrated in Figure 4, the energy storage system 351 may have a voltage V0 at

terminals 401 and 402. The voltage V0 may be a DC voltage. The voltage source

converter 352 may convert DC voltage V0 to an AC voltage V2 at terminals 4 11 and

4 12 of the voltage source converter 352. The transformer 353 may convert the

voltage V2 to a voltage V 1 at the PCC 341 .

[0035] Figure 4 also illustrates a reference for the direction for power transfer,

according to an embodiment. Specifically, a reference for the active power (P) and

the reactive power (Q) are shown. In one embodiment of the invention, the active

power and the reactive power may be determined by the following equations.

P = V 1 .V2. sin (δ)

X

Q = V V1-V2. cos (δ))

X

[0036] In the equations above δ represents an angle between the reference

voltages V 1 and V2, and X represents a reactance between the reference voltages

V 1 and V2.



[0037] In one embodiment, the voltage source converter 352 may be configured

to operate in a plurality of different operating modes, for example, an active power

modulation mode and a reactive power modulation mode. The particular operating

mode of the voltage source converter 352 may be controlled by a power plant

controller, e.g., the power plant controller 450 illustrated in Figure 4 . The power

plant controller 450 may generally be configured to monitor one or more grid

parameters, among other functions. Exemplary grid parameters monitored by the

power plant controller may include, for example, grid voltage, grid frequency, active

power generation, reactive power generation, and the like. Based on the measured

parameters, the power plant controller 352 may be configured to send one or more

signals to the voltage source converter 352 to select a desired mode of operation.

Exemplary interaction between the power plant controller 450 and the voltage source

converter 352 is described in greater detail below.

[0038] In some embodiments, the power plant controller 450 may also be

coupled with the energy storage system 351 , as illustrated in Figure 4 . Accordingly,

the power plant controller may be configured to detect a capacity and/or amount of

energy stored in the energy storage system 351 . In some embodiments, the power

plant controller 450 may be configured to control charging and discharging of the

energy storage system 351 . For example, the power plant controller 450 may be

configured to alter a state of the voltage source converter 352 such that the energy

storage system 351 is either charged or discharged.

[0039] Referring back to the modes of the voltage source converter 352, in one

embodiment, the voltage source converter 352 may be operated to modulate active

power while in the active power modulation mode. For example, in the active power

modulation mode, the voltage source converter may be configured to select a value

for the angle δ such that V 1 and V2 are out of phase and mostly active power (P) is

transferred. On the other hand, in the reactive power modulation mode, the voltage

source converter 352 may be configured to adjust the angle δ such that V 1 and V2

are in phase with one another. For example, δ may have a value at or near 0 so that

mostly reactive power is transferred.



[0040] In one embodiment of the invention, the direction of transfer of power may

depend on the relative values of V 1 and V2. For example, if V2 is lower than V 1,

then reactive power may flow from the grid 341 to the voltage source converter 352.

In other words, the voltage source converter 352 may be absorbing reactive power.

On the other hand, if V2 is greater than V 1, then reactive power may flow from the

voltage source converter 352 to the grid 341 . The energy storage system 351 on the

DC side of the voltage source converter 352 may act as a source for the transfer of

reactive power to the grid 341 .

[0041] One advantage of including the energy storage system, as described

hereinabove, is that active power and reactive power can be selectively transferred

to and from the grid. In one embodiment of the invention, during steady state

operation, excess power generated by wind turbine generators, e.g., the wind turbine

generators 3 10 of Figure 3, can be used to recharge the energy storage system 351 ,

as described above. For example, the power plant controller 450 may select an

active power modulation mode in the voltage source converter 352, which may

transfer active power generated by the wind turbine generators 3 10 to the energy

storage system 351 .

[0042] In one embodiment, when a grid fault is discovered, the power plant

controller 450 may select a reactive power modulation mode in the voltage source

converter 352. Because the voltage V 1 may be lower than the voltage V2 during a

grid fault, reactive power may flow from the energy storage system 351 to the grid

341 via the voltage source converter 352, thereby allowing the wind power plant to

remain connected to the grid and provide reactive power to support the grid.

[0043] In some embodiments of the invention, the voltage source converter 352

may be configured to control active and reactive power transfer simultaneously and

separately. For example, the voltage source converter may be configured to support

charging of the energy storage system 351 with active power generated from one or

more wind turbine generators 310 while supporting a grid with reactive power during

a grid fault.



[0044] One advantage of recharging the energy storage system 351 during a grid

fault is that a contribution of the power plant system 300 to the fault current in the

grid may be reduced. Fault currents may be large currents that may flow through, for

example, short circuits in a grid that are associated with a grid fault. Large fault

currents are generally undesirable as they may damage electrical components on

the grid. Because power produced by the wind turbine generators 3 10 may be

diverted to recharge the energy storage system 351 , the contribution of the power

plant system to the fault current on the grid may be significantly reduced.

[0045] Furthermore, traditional power plant systems generally reduce a rotational

speed of wind turbine blades in response to detecting a grid fault. Such actions may

be taken to reduce the power produced by the wind turbines that would simply be

dissipated through the high fault currents. One problem with this approach is that,

when the grid fault is removed, the wind turbines may not immediately be able to

revert to a desired faster rotational speed. By providing an energy storage system

351 that can absorb the active power produced by the wind turbines during a grid

fault, embodiments of the invention may obviate the need to slow down the rotational

speed of wind turbines during a grid fault.

[0046] In one embodiment, after a grid fault has been removed, the power plant

controller 450 may be configured to inject active power to support the active power

generated by the wind turbine generators 3 10, thereby allowing quicker grid recovery.

[0047] Figure 5 is a flow diagram of exemplary operations performed while

operating a wind power plant, according to an embodiment of the invention. As

illustrated in Figure 5, the operations may begin in step 5 10 by detecting that a grid

fault has occurred. As discussed above, a grid fault may occur due to a variety of

reasons including, for example, short circuits in one or more transmission lines of the

grid which may significantly alter the grid voltage or grid frequency. In step 520,

upon detecting a grid fault, one or more signals may be generated to operate an

energy storage system in at least a first mode configured to transfer reactive power

from the energy storage system to a power grid. The one or more signals may be

generated by a power plant controller and the operation of the energy storage



system may be controlled by a converter deivce, as described hereinabove. In step

530, the energy storage system may be recharged with active power generated by at

least one wind turbine generator during the grid fault.

[0048] Furthermore, as discussed hereinabove, upon detecting that the grid fault

has been removed, the power plant controller may generate one or more signals to

operate (e.g. via the converter device) the energy storage system in at least a

second mode configured to transfer active power from the energy storage system to

the power grid. By providing a system that includes an energy storage system that

can be charged with active power generated by wind turbine generators and that

provides reactive power to the grid during a grid fault, embodiments of the invention

allow wind power plants to remain connected to the grid during grid faults.

Furthermore, the energy storage system supports grid recovery after a grid fault has

been removed by injecting active power into the grid.

[0049] While the invention has been illustrated by a description of various

embodiments and while these embodiments have been described in considerable

detail, it is not the intention of the applicant to restrict or in any way limit the scope of

the appended claims to such detail. Additional advantages and modifications will

readily appear to those skilled in the art. The invention in its broader aspects is

therefore not limited to the specific details, representative methods, and illustrative

examples shown and described. Accordingly, departures may be made from such

details without departing from the spirit or scope of applicant's general inventive

concept



WHAT IS CLAIMED IS:

1. A method for operating a wind power plant comprising at least one wind

turbine generator, the method comprising:

detecting that a grid fault has occurred;

in response to detecting the grid fault, generating one or more signals to

operate an energy storage system in at least a first mode configured to transfer

reactive power from the energy storage system to a power grid; and

charging the energy storage system with active power generated by the at

least one wind turbine generator during the grid fault.

2 . The method of claim 1, further comprising:

detecting that the grid fault has been removed; and

in response to detecting that the grid fault has been removed, generating

one or more signals to operate the energy storage system in at least a second

mode configured to transfer active power from the energy storage system to the

power grid.

3 . The method of claim 2 , wherein the one or more signals to operate the

energy storage system in the first mode and the one or more signals to operate

the energy storage system in the second mode are generated by a power plant

controller.

4 . The method of any of claims 1 to 3 , wherein charging the energy storage

system with the active power generated by the at least one wind turbine

comprises generating one or more signals to operate the energy storage system

in a third mode, wherein the energy storage system is configured to

simultaneously operate in the first mode and the third mode.



5 . The method of claim 4 , wherein operating the energy storage system in at

least one of the first mode, the second mode and the third mode comprises

operating the energy storage system using a converter device.

6 . The method of claim 5 , wherein the converter device is a voltage source

converter.

7 . A wind power plant, comprising:

at least one wind turbine generator;

a power plant controller; and

at least one energy storage system,

wherein the power plant controller is configured to:

detect that a grid fault has occurred; and

generate one or more signals configured to operate the at least one

energy storage system in at least a first mode configured to transfer

reactive power from an energy storage system to a power grid, and

wherein the energy storage system is configured to be charged with active

power generated by the at least one wind turbine generator during the grid fault.

8 . The wind power plant of claim 7 , wherein the power plant controller is

further configured to:

detect that the grid fault has been removed; and

in response to detecting that the grid fault has been removed, generate

one or more signals to operate the energy storage system in at least a second

mode configured to transfer active power from the energy storage system to the

power grid.

9 . The wind power plant of claims 7 or 8 , wherein the energy storage system

is configured to be charged by the active power generated by the at least one

wind turbine in response to one or more signals received from the power plant



controller in a third mode, wherein the energy storage device is configured to

simultaneously operate in the first mode and the third mode.

10. The wind power plant of claim 9 , further comprising a converter device

configured to operate the energy storage system in at least one of the first mode,

the second mode and the third mode.

11. The wind power plant of claim 10, wherein the converter device is a

voltage source converter.

12. The wind power plant of any of claims 7 to 11, wherein the energy storage

system comprises at least one battery.

13. The wind power plant of any of claims 7 to 12, further comprising a

transformer coupled between the energy storage system and the power grid.

14. A converter device coupled with a power grid and an energy storage

system, wherein the converter device is configured to:

receive one or more signals configured to set the converter device during

a grid fault in at least a first mode configured to transfer reactive power from the

energy storage system to the power grid; and

charge the energy storage system with active power generated by the at

least one wind turbine generator.

15. The converter device of claim 14, wherein the converter device is further

configured to receive one or more signals to set the converter device into at least

a second mode configured to transfer active power from the energy storage

system to the power grid.

16 . The converter device of claims 14 or 15 , wherein the converter device is a

voltage source converter.



17. The converter device of any of claims 14 to 16, wherein the converter

device is configured to charge the energy storage system with the active power

generated by the at least one wind turbine in response to one or more signals

received from the power plant controller to set the converter device in a third

mode, wherein the converter device is configured to simultaneously operate in

the first mode and the third mode.

18. The converter device of any of claims 14 to 17, wherein the energy

storage system comprises at least one battery.

19. The converter device of any of claims 14 to 18 , wherein the one or more

signals configured to set the converter device in the first mode are received from

a power plant controller.

20. The converter device of any of claims 14 to 19, wherein the converter

device comprises Insulated Gate Bipolar Transistors (IGBTs) to synthesize a

voltage that is controlled in amplitude and phase from the energy storage

system .
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