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DC BUS VOLTAGE CONTROL FOR TWO STAGE SOLAR CONVERTER 

ABSTRACT

5

Systems, methods, and apparatus for supplying AC power to an AC power grid from a DC 

power source, such as a photovoltaic (PV) array are disclosed. The systems and methods can 

include a converter coupled to the DC power source that provides DC power to a DC bus at a 

DC bus voltage. The systems and methods can further include an inverter coupled to the DC 

10 bus for converting the DC power of the DC bus to an output AC power. The systems and 

methods can further include a control system configured to regulate the DC bus voltage of the 

DC bus to operate at a variable DC bus voltage setpoint. The control system can adjust the 

DC bus voltage setpoint based at least in part on the DC bus voltage and the output AC cunent 

of the inverter.
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This application claims priority from United States Application No. 12/605,514 filed on 

26 October 2009, the contents of which are to be taken as incorporated herein by this 

5 reference.

FIELD OF THE INVENTION

The present invention relates generally to the field of solar power generation and, more 

10 particularly, to methods and systems for controlling DC bus voltage in a solar power 

converter.

BACKGROUND OF THE INVENTION

15 Solar power generation is becoming a progressively larger source of energy throughout the 

world. Solar power generation systems typically include one or more photovoltaic arrays (PV 

arrays) having multiple interconnected solar cells that convert solar energy into DC power 

through the photovoltaic effect. In order to interface the output of the PV arrays to a utility 

grid, a solar converter is needed to change the DC current and DC voltage output of the PV

20 array into a 60/50 Hz AC current waveform that feeds power to the utility grid.

Various solar power converters exist for interfacing the DC output of a PV array into AC 

power. One implementation of a solar power converter consists of two stages, a boost 

converter stage and an inverter stage. The boost converter controls the flow of DC power 

25 from the PV array onto a DC bus. The inverter converts the power supplied to the DC bus into 

an AC current and AC voltage that can be output to the AC grid.

Existing solar power converters utilize control systems to regulate the boost converter and the 

inverter to compensate for various system variables, such as AC grid voltage magnitude, 

30 voltage drops across power devices, such as insulated gate bipolar transistors (IGBTs), diodes 

and reactors used in the solar power converter, transformers and conductors used in the solar 

power collection system, and other system variables. To accommodate a normal working 

range of grid voltage, such as, for instance ± 10% of nominal grid voltage, the control system 

will typically regulate the DC bus voltage of the solar power converter to operate at a fixed

<fi)enanic>
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0 DC bus voltage setpoint, such as about 110% of the nominal AC grid voltage. The use of a 

fixed DC bus voltage setpoint, however, does not optimize the efficiency of the solar power 

converter, often resulting in higher semiconductor junction temperatures for the IGBTs and 

diodes of the solar power converter and in higher harmonic frequencies output to the AC grid.

5 This is particularly true when the AC grid voltage is less than the voltage of the DC bus 

voltage.

Thus, there is a need for a solar power converter that regulates DC bus voltage to increase the 

efficiency of the solar power converter that overcomes the above disadvantages.

10

A reference herein to a patent document or other matter which is given as prior art is not to be 

taken as an admission that that document or matter was known or that the information it 

contains was part of the common general knowledge as at the priority date of any of the 

claims.

15

BRIEF DESCRIPTION OF THE INVENTION

Aspects and advantages of the invention will be set forth in part in the following description, 

or may be obvious from the description, or may be learned through practice of the invention.

20

According to an aspect of the present invention, there is provided an apparatus for supplying 

AC power to an AC power grid from a DC power source, comprising a converter coupled to 

the DC power source, said converter providing DC power to a DC bus; an inverter coupled to 

said DC bus, said inverter converting the DC power of said DC bus into AC power; and, a 

25 control system configured to regulate the DC bus voltage to be substantially equal to a variable

DC bus voltage setpoint, said control system being configured to adjust the variable DC bus 

voltage setpoint based at least in part on an output AC current of said inverter.

According to another aspect of the present invention, there is provided a method for 

30 controlling a DC bus voltage in a system for providing AC power to an AC power grid from a

DC power source, said method comprising providing DC power to a DC bus at a DC bus 

voltage; converting the DC power on the DC bus to AC power with an inverter coupled to the 

DC bus, the inverter having an output AC current; controlling the DC bus voltage to be 

substantially equal to a DC bus voltage setpoint; and, varying the DC bus voltage setpoint
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Variations and modifications can be made to these exemplary embodiments of the present 

disclosure.

5

These and other features, aspects and advantages of the present invention will become better 

understood with reference to the following description and appended claims. The 

accompanying drawings, which are incorporated in and constitute a part of this specification, 

illustrate embodiments of the invention and, together with the description, serve to explain the

10 principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present invention, including the best mode thereof,

15 directed to one of ordinary skill in the art, is set forth in the specification, which makes 

reference to the appended figures, in which:

Figure 1 provides a block diagram of a solar power converter system in accordance with an 

exemplary embodiment of the present disclosure;

20

Figure 2 provides a circuit diagram of a solar power generation system in accordance with an 

exemplary embodiment of the present disclosure;

Figure 3 depicts a circuit diagram of a regulator topology for a solar power converter system

25 according to an exemplary embodiment of the present disclosure;

Figure 4 depicts a flow diagram of an exemplary method according to one exemplary 

embodiment of the present disclosure; and,

30 Figure 5 depicts a flow diagram of an exemplary method according to another exemplary 

embodiment of the present disclosure.

<filetianie>
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DETAILED DESCRIPTION OF THE DRAWINGS

Reference now will be made in detail to embodiments of the invention, one or more examples

5 of which are illustrated in the drawings. Each example is provided by way of explanation of 

the invention, not limitation of the invention. In fact, it will be apparent to those skilled in the 

art that various modifications and variations can be made in the present invention without 

departing from the scope or spirit of the invention. For instance, features illustrated or 

described as part of one embodiment, can be used with another embodiment to yield a still 

10 further embodiment. Thus, it is intended that the present invention encompass such 

modifications and variations as come within the scope of the appended claims and their 

equivalents.

Generally, the present disclosure is directed to methods and apparatus for supplying AC power 

15 to an AC power grid from a DC power source, such as a PV array. Figure 1 depicts a 

conceptual block diagram of an exemplary two stage power converter 100 used to convert DC 

power 115 from a PV array 110 into AC power suitable for feeding an AC power grid 140. 

The first stage of power converter 100 can include a DC to DC converter 120, such as a boost 

converter, that outputs DC power 125 onto a DC bus. The second stage of the power 

20 converter can be an inverter 130 that converts the DC power 125 on the DC bus to an AC 

power 135 suitable for being fed to an AC power grid 140.

A control system 150 can control the DC bus voltage of the DC bus by controlling the output 

AC current of inverter 130. In particular, inverter 130 can be regulated by control system 150 

25 such that the real power flow (i.e. the real part of the vector product of the inverter output AC 

voltage and the inverter output AC current) to the AC grid 140 from inverter 130 is equal to 

the power supplied to the DC bus by DC to DC converter 120. Varying the inverter output AC 

current will result in a change to the inverter output AC voltage, based on the impedance of 

the output transformer and the utility grid. Hence, controlling the output power of the inverter 

30 is possible by adjusting the AC output current. Adjusting the output power of the inverter will 

correspondingly induce a change in the DC bus voltage on the DC bus. Thus, by controlling 

the output AC current of inverter 130, the corresponding output AC voltage of inverter 130 

and the DC bus voltage of the DC bus are also controlled.

<filctunic>
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0 The output AC current of inverter 130 and, correspondingly, the DC bus voltage of the DC 

bus, can be regulated using a control system 150 that controls inverter 130. Control system 

150 can regulate the output of inverter 130 such that the DC bus voltage operates at a variable 

DC bus voltage setpoint. The switching loss of the power semiconductors, such as for 

5 instance IGBTs, is related to the DC bus voltage such that, as the DC bus voltage is decreased, 

the switching loss of the power semiconductors is also decreased. By adjusting the magnitude 

of the variable DC bus voltage setpoint based on a sensed DC bus voltage and by controlling 

the DC bus voltage based on the output AC current of inverter 130, it is possible for the 

control system to increase the efficiency of inverter 130.

10

For instance, in certain embodiments, control system 150 adjusts the magnitude of the variable 

DC bus voltage setpoint such that inverter 130 has a constant modulation index. As used 

herein, the term “modulation index” is intended to refer to a scalar quantity that measures the 

ratio of the peak AC output voltage of inverter 130 to the DC bus voltage. By including 

15 control system 150 that can be configured to regulate the magnitude of the DC bus voltage

setpoint based on the DC bus voltage and the output AC current of inverter 130, the subject 

matter of the present disclosure provides advantages over known power converter control 

systems.

20 For instance, the modulation index of inverter 130 can be kept to a fixed value irrespective of 

expected variations in system variables such as grid voltage magnitude and voltage drops 

across power devices, such as IGBTs, diodes, conductors, transformers, reactors and other 

devices. In addition, the systems and methods for bus voltage control according to 

embodiments of the present disclosure can provide for improved inverter 130 efficiency, lower

25 semiconductor junction temperatures, and improved harmonic output to the AC grid.

Referring now to the Figure 2, an exemplary two stage power converter system 200 for 

supplying AC power to an AC power grid 240 from PV array 210 will now be discussed in 

detail. PV array 210 has a plurality of interconnected solar cells that produce a DC voltage 

30 and a DC current in response to solar energy incident on the PV array 210. The DC output of

PV array 210 can be coupled to boost converter 220 through DC reactor 215. Only a portion 

of the circuitry of boost converter 220 is depicted in Figure 2. Figure 2 depicts three PV 

arrays 210 connected in parallel to boost converter 220. Those of ordinary skill in the art, 

using the disclosures provided herein, should readily understand that boost converter 220 can

<(ileri4nie>
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0 include any number of parallel PV array inputs without deviating from the scope or spirit of 

the present invention.

Boost converter 220 boosts the DC voltage output of PV array 210 to a higher DC bus voltage

5 and controls the flow of DC power onto DC bus 225. While a boost converter 220 is depicted 

in Figure 2, those of ordinary skill in the art will understand, using the disclosures provided 

herein, that any form of DC to DC converter configured to regulate the DC power provided to 

DC bus 225 is within the scope of the present disclosure. For instance, the DC to DC 

converter can be a boost converter, buck converter, or buck/boost converter.

10

Boost converter 220 regulates the flow of DC power onto DC bus 225. Boost converter 220 

controls the flow of power onto DC bus 225 by regulating either the DC input current or DC 

input voltage to DC bus 225, depending on the type of control system regulating boost 

converter 220. In particular embodiments, boost converter 220 can be controlled by sending 

15 gate timing commands to IGBTs 222 utilized in boost converter 220.

Boost converter 220 supplies DC power to DC bus 225. DC bus operates at a DC bus voltage 

that is regulated by inverter 230. DC bus 220 can include one or more capacitors 226 to 

provide stability to DC bus 220. As will be discussed in more detail below, embodiments of 

20 the present disclosure regulate the DC bus voltage of DC bus 225 to operate at a DC bus 

voltage setpoint.

Inverter 230 converts the DC power of DC bus 225 into AC power that is suitable for being 

fed to AC power grid 240. Only a portion of the circuitry of inverter 230 is depicted in Figure 

25 2. Figure 2 illustrates a three-phase AC output for inverter 230. However, those of ordinary

skill in the art, using the disclosures provided herein, should readily understand that inverter 

230 can similarly provide a single-phase AC output or other multi-phase AC output as desired 

without deviating from the scope of the present invention.

30 Inverter 230 utilizes one or more inverter bridge circuits 232 that include power devices, such 

as IGBTs and diodes that are used to convert the DC power on DC bus 225 into a suitable AC 

waveform. For instance, in certain embodiments, inverter 230 uses pulse-width-modulation 

(PWM) to synthesize an output AC voltage at the AC grid frequency. The output of inverter 

230 can be controlled by providing gate timing commands to the IGBTs of the inverter bridge

<i1lcii4nic>
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0 circuits 232 of inverter 230, according to well known PWM control techniques. The output 

AC current flowing from inverter 230 has components at the PWM chopping frequency and 

the grid frequency.

5 The AC output of inverter 230 is coupled to the AC power grid 240 through AC reactor 235.

Various electrical components and devices can be included between the output of inverter 230 

and AC power grid 240. For instance, one or more conductors, buses, transformers, breakers, 

surge protection devices, power factor correction devices, etc. can be included between the 

output of AC inverter 230 and AC power grid 240.

10

Power converter 200 can also include a monitoring system configured to monitor various 

system parameters of power converter 200. For instance, power converter 200 can include a 

monitoring system configured to monitor the DC bus voltage of DC bus 225 and the output 

AC current of inverter 230. Figure 2 depicts locations for a DC bus voltage sensor 228 and an 

15 output AC current sensor 238. DC bus voltage sensor 228 can be used by a control system to 

generate a DC bus voltage feedback signal based on the DC bus voltage of the DC bus 225.

Output AC current sensor 238 can be used to generate an output AC current feedback signal 

based on the output AC current of inverter 230. In certain embodiments, the AC output 

current of inverter 230 is measured prior to any electrical devices that couple the inverter 230 

20 to the AC power grid 240, such as conductors, transformers, reactors, power factor correction

devices, etc. In this manner, variations in AC current caused by such electrical devices can be 

avoided. As will be discussed in detail with respect to Figure 3, embodiments of the present 

disclosure utilize the DC bus voltage feedback signal and the output AC current feedback 

signal to regulate the DC bus voltage of power converter 200.

25

Referring now to Figure 3, a control system 300 according to one exemplary embodiment of 

the present disclosure will now be discussed. Control system 300 includes a regulator 328 that 

regulates the level of the variable DC bus voltage setpoint 302 to operate inverter 330 at a 

constant modulation index. For instance, the inverter 330 can be operated at a modulation 

30 index in the range of about 0.0 to about 2.0, such as about 0.9 to about 1.5, such as about 0.97

to about 1.2. In this manner, the ratio of the DC bus voltage to the peak output AC voltage of 

the inverter can be kept substantially constant at a desired level in order to increase the 

efficiency of inverter 330.

<fileninic>
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0 Variable DC bus voltage setpoint 302 is a signal that indicates a desired DC bus voltage of the 

DC bus. Variable DC bus voltage setpoint 302 is adjusted based on the output of DC bus 

voltage setpoint regulator 328 so that the modulation index of inverter 330 is kept substantially 

constant.

5

Variable DC bus voltage setpoint 302 is compared to the DC bus voltage feedback signal to 

generate a DC bus voltage error signal 304. DC bus voltage error signal 304 is an input into 

voltage regulator 306, which generates real current reference command 308 based on DC bus 

voltage error signal 304. Voltage regulator 306 can be a proportional regulator, proportional 

10 integral regulator, proportional derivative regulator, proportional integral derivative regulator, 

or other suitable regulator. Real current reference command 308 provides an indication of the 

real output AC current to be provided by inverter 330 to operate the DC bus voltage at the 

variable DC bus voltage setpoint 302.

15 Real current reference command 308 is compared with the output AC current feedback signal 

to generate a real output AC current error signal 310. Real output AC current error signal 310 

is provided to current regulator 312, which generates a real voltage reference command 314. 

Similar to voltage regulator 308, real current regulator 312 can be a proportional regulator, 

proportional integral regulator, proportional derivative regulator, proportional integral 

20 derivative regulator, or other suitable regulator. Real voltage reference command 314 

provides an indication of the real output AC voltage to be provided by inverter 330 to achieve 

the output AC current necessary to operate the DC bus voltage at the variable DC bus voltage 

setpoint 432.

25 Real voltage reference command 314 is normalized by dividing the real voltage reference 

command 314 by the DC bus voltage feedback signal to generate a first modulation command 

340 which is provided to inverter 330. Inverter 330 generates IGBT gate timing commands to 

regulate the output of inverter 330 to achieve the output AC current necessary to operate the 

DC bus voltage at the variable DC bus voltage setpoint value 302 based at least in part on first 

30 modulation command 340.

Control system 300 can further include a reactive current regulator 320 to regulate inverter 

330 to output a desired amount of reactive current to the AC grid. Reactive current setpoint 

316 is a signal that indicates the desired AC reactive current to be output by inverter 330.

<filei>dnic>
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0 Reactive current setpoint 316 can be set by a utility grid operator or other operator.

Reactive current setpoint 316 is compared with the output AC current feedback signal to 

generate a reactive output AC current error signal 318. Reactive output AC current error 

5 signal 318 is provided to current regulator 320, which generates a reactive voltage reference

command 322. Reactive current regulator 320 can be a proportional integral regulator, 

proportional derivative regulator, proportional integral derivative regulator, or other suitable 

regulator. Reactive voltage reference command 322 is normalized by dividing the reactive 

voltage reference command 322 by the DC bus voltage feedback signal to generate a second 

10 modulation command 350 which is provided to inverter 330. Inverter 330 generates IGBT 

gate timing commands to regulate the reactive current output of inverter 330 based at least in 

part on second modulation command 350 to generate a reactive AC output current 

substantially equal to the reactive current setpoint 316.

15 Control system 300 includes a control loop to regulate the level of the variable DC bus voltage 

setpoint 302. This control loop determines a modulation index feedback signal of inverter 330 

based on first modulation command 340 and second modulation command 350. For instance, 

in particular embodiments, the modulation index feedback signal can be calculated according 

to the following formula: 

20

where Mxy is the calculated modulation index and Ux is the first modulation command 340 and 

Uy is the second modulation command 350.

The calculated modulation index is compared to a modulation index setpoint 324 to generate a

25 modulation index error signal 326. Modulation index setpoint 324 can be set by a utility grid 

operator or other operator to be at a desired value for inverter 330. For instance, in particular 

embodiments, the modulation index setpoint 424 can be in the range of about 0.0 to about 2.0, 

such as about 0.9 to about 1.5, such as about 0.97 to about 1.2.

30 Modulation index error signal 326 is provided to DC bus voltage setpoint regulator 328, which 

generates a DC bus voltage setpoint command 325 based on the modulation index error signal 

326. DC bus voltage setpoint regulator 328 can be a proportional integral regulator, 

proportional derivative regulator, proportional integral derivative regulator, or other suitable

<filci>an>e>
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0 regulator. The control system 300 adjusts the DC bus voltage setpoint 302 based on DC bus 

voltage setpoint command 325 such that inverter 330 operates at a constant modulation index.

In particular embodiments, control system 300 can include upper and lower limits on the range

5 of the variable DC bus voltage setpoint 302 to keep the DC bus within a desired range. For 

instance, the lower limit on the variable DC bus voltage setpoint 302 can be the nominal AC 

grid voltage. This upper limit on the variable DC bus voltage setpoint 302 can be about 115% 

of the nominal AC grid voltage. By including upper and lower limits on the variable DC bus 

voltage setpoint 302, control system 300 can keep the DC bus voltage within a desired range 

10 when the AC grid voltage varies beyond a range for which normal performance is required.

As discussed in detail above, control system 300 regulates the modulation index of inverter

330 such that the modulation index can be controlled to a fixed value irrespective of expected 

variations in system variables such as grid voltage magnitude and voltage drops across power 

15 devices. This allows for improved inverter efficiency, lower semiconductor junction 

temperatures, improved harmonic output to the AC grid, and improved reliability of the power 

converter system.

Figure 4 illustrates a flow diagram for a method 400 for controlling DC bus voltage according 

20 to one exemplary embodiment of the present disclosure. Initially, at 410, DC power is 

provided from a DC power source, such as a PV array, through a converter to a DC bus. At 

420, the DC power on the DC bus is converted into AC power using an inverter. At 430, the 

DC bus voltage of the DC bus and the output AC current of the inverter are monitored using, 

for instance a monitoring system including a DC bus voltage sensor and an output AC current 

25 sensor. At 440, the DC bus voltage is controlled to be substantially equal to a DC bus voltage 

setpoint. At 450, the method 400 includes varying the DC bus voltage setpoint based at least 

in part on the output AC current of the inverter.

Figure 5 illustrates a flow diagram for a method 500 varying the DC bus voltage setpoint 

30 according to one exemplary embodiment of the present disclosure. Initially, at 502, the DC

bus voltage is compared to the DC bus voltage setpoint. At 504, a real current reference 

command signal is generated based on the comparison of the DC bus voltage and the DC bus 

voltage setpoint. At 506, the real current reference command signal is compared to the output 

AC current of the inverter. At 508, a real voltage command signal is generated based on the

<filci>4niO
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0 comparison of the real current reference command signal and the output AC current of the 

inverter. At 510, the real voltage command signal is normalized to provide a real voltage 

modulation command.

5 At 512, the method 500 optionally includes comparing the output AC current of the inverter to 

a reactive current setpoint. At 514, a reactive voltage reference command signal is generated 

based on the comparison of the output AC current of the inverter to the reactive cunent 

setpoint. At 516, the reactive voltage reference command signal is normalized to provide a 

reactive voltage modulation command.

10

At 518, the method 500 includes determining a modulation index feedback signal from the real 

voltage modulation command and the reactive voltage modulation command. At 520, the 

modulation index feedback signal is compared to the modulation index setpoint. At 522, a DC 

bus setpoint command signal is generated based on the comparison of the modulation index 

15 feedback signal and the modulation index setpoint. The DC bus setpoint is controlled based at 

least in part on the DC bus setpoint command signal.

While the present subject matter has been described in detail with respect to specific 

exemplary embodiments and methods thereof, it will be appreciated that those skilled in the 

20 art, upon attaining an understanding of the foregoing may readily produce alterations to, 

variations of, and equivalents to such embodiments. Accordingly, the scope of the present 

disclosure is by way of example rather than by way of limitation, and the subject disclosure 

does not preclude inclusion of such modifications, variations and/or additions to the present 

subject matter as would be readily apparent to one of ordinary skill in the art.

25

Where the terms “comprise”, “comprises”, “comprised” or “comprising” are used in this 

specification (including the claims) they are to be interpreted a specifying the presence of the 

stated features, integers, steps or components, but not precluding the presence of one or more 

other features, integers, steps or components, or group thereof.

30
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Component Reference Character

(Two stage) power converter 100

PV array 110

DC Output of PV array 115

DC converter 120

DC output of DC converter 125

Inverter 130

AC output of inverter 135

AC power grid 140

Control system 150

(Two stage) power converter

(system)

200

PV array 210

DC reactor 215

Boost converter 220

IGBT Converter Circuits 222

DC bus 225

Capacitors 226

DC bus voltage sensor 228

Inverter 230

IGBT Bridge circuits 232

Output AC current sensor 238

AC power grid 240

Control system 300

Variable DC bus voltage setpoint

(value)

302

DC bus voltage error signal 304

Voltage regulator 306

Real current reference command 308

Real output AC current error signal 310
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0 (Real) current regulator 312

Real voltage reference command 314

Reactive current setpoint 316

Reactive output AC error signal 318

Reactive current regulator 320

Reactive voltage reference 

command

322

Modulation index set point 324

DC bus voltage setpoint command 325

Modulation index error signal 326

DC bus voltage setpoint regulator 328

First modulation command 340

Second modulation command 350

Method 400

Flowchart block 410

Flowchart block 420

Flowchart block 430

Flowchart block 440

Flowchart block 450

Method 500

Flowchart block 502

Flowchart block 504

Flowchart block 506

Flowchart block 508

Flowchart block 510

Flowchart block 512

Flowchart block 514

Flowchart block 516

Flowchart block 518

Flowchart block 520

Flowchart block 522
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/

1. An apparatus for supplying AC power to an AC power grid from a DC power source, 

comprising:

5 a converter coupled to the DC power source, said converter providing DC power to a

DC bus;

an inverter coupled to said DC bus, said inverter converting the DC power of said DC bus into 

AC power; and,

a control system configured to regulate the DC bus voltage to be substantially equal to 

10 a variable DC bus voltage setpoint, said control system being configured to adjust the variable 

DC bus voltage setpoint based at least in part on an output AC current of said inverter.

2. The apparatus of claim 1, wherein the control system is configured to adjust the 

variable DC bus voltage setpoint based at least in part on a DC bus voltage of said DC bus and

15 the output AC current of said inverter.

3. The apparatus of claim 1, wherein said control system is configured to regulate the DC 

bus voltage to operate at the variable DC bus voltage setpoint by controlling the output of said 

inverter.

20

4. The apparatus of any one of claims 1 to 3, wherein said inverter converts the DC power 

of said DC bus into AC power based at least in part on a modulation index, said control system 

comprising a DC bus voltage setpoint regulator configured to adjust the variable DC bus 

voltage setpoint based at least in part on the modulation index for said inverter.

25

5. The apparatus of claim 4, wherein said control system regulates the variable DC bus 

voltage setpoint such that the modulation index of said inverter remains substantially constant.

6. The apparatus of claim 4, wherein said control system further comprises:

30 a real current regulator operatively coupled to said inverter, said real current regulator

providing a first modulation command to said inverter; and,

a reactive current regulator operably coupled to said inverter, said reactive current 

regulator providing a second modulation command to said inverter;

wherein said DC bus voltage setpoint regulator is configured to determine the

<filcnanic>
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0 modulation index of said inverter from the first and second modulation commands.

7. The apparatus of claim 6, wherein said control system further comprises a voltage 

regulator operably coupled to said real current regulator, said voltage regulator configured to

5 provide a real current reference signal to said real current regulator based at least in part on the 

variable DC bus voltage setpoint.

8. A system for supplying AC power to an AC power grid from a DC power source, 

comprising:

10 a boost converter coupled to the DC power source;

a DC bus coupled to said boost converter, said boost converter providing DC power to 

said DC bus;

an inverter coupled to said DC bus, said inverter configured to convert the DC power 

of said DC bus into AC power based at least in part on a modulation index;

15 a monitoring system comprising a DC bus voltage sensor and an output AC current

sensor, said DC bus voltage sensor providing a DC bus voltage feedback signal based on the 

DC bus voltage, said output AC current sensor providing an output AC current feedback signal 

based on the output AC current of said inverter; and,

a control system configured to control the DC bus voltage to be substantially equal to a 

>0 variable DC bus voltage setpoint, said control system configured to adjust the variable DC 

voltage setpoint based at least in part on the DC bus voltage feedback signal and the output 

AC current feedback signal so that the modulation index of said inverter remains substantially 

constant.

25 9. The system of claim 8, wherein said control system comprises:

a voltage regulator configured to compare the DC bus voltage feedback signal to the 

variable DC bus voltage setpoint, said voltage regulator providing a real current reference 

command based on the comparison of the DC bus voltage and the DC bus voltage setpoint;

a real current regulator configured to compare the real current reference command to 

30 the output AC current feedback signal of said inverter, said real current regulator providing a 

real voltage command based on the comparison of the real current reference command to the 

output AC current of said inverter, said real current regulator configured to normalize the real 

voltage command based on the DC bus voltage feedback signal to provide a first modulation 

command for said inverter; and,
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0 a reactive current regulator configured to compare a reactive current setpoint to the 

output AC current feedback signal, said reactive current regulator providing a reactive voltage 

command based on the comparison of the reactive current setpoint to the output AC current 

feedback signal, said reactive current regulator configured to normalize the reactive voltage

5 command based on the DC bus voltage feedback signal to provide a second modulation 

command for said inverter.

10. The system of claim 9, wherein said DC bus voltage setpoint regulator is configured to 

determine a modulation index feedback signal from at least one of the first modulation

10 command and the second modulation command.

11. The system of claim 10, wherein said DC bus voltage setpoint regulator compares the 

modulation index feedback signal with a modulation index setpoint to generate a variable DC 

bus voltage setpoint signal.

15

12. The system of claim 11, wherein said control system regulates the variable DC bus 

voltage setpoint based on the variable DC bus voltage setpoint signal.

13. The system of any one of claims 9 to 12, wherein the modulation index can be 

20 determined as a function of the first modulation command.

14. The system of any one of claims 9 to 12, wherein the modulation index can be 

determined as a function of the second modulation command.

25 15. A method for controlling a DC bus voltage in a system for providing AC power to an

AC power grid from a DC power source, said method comprising:

providing DC power to a DC bus at a DC bus voltage;

converting the DC power on the DC bus to AC power with an inverter coupled to the 

DC bus, the inverter having an output AC current;

30 controlling the DC bus voltage to be substantially equal to a DC bus voltage setpoint;

and,

varying the DC bus voltage setpoint based in part on an output AC current of the 

inverter.
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setpoint based in part on a DC bus voltage of the DC bus and the output AC current of the 

inverter.

5 17. The method of claim 15, wherein said method comprises varying the DC bus voltage

setpoint based at least in part on a modulation index for the inverter.

18. The method of claim 17, wherein said method comprises: 

comparing the DC bus voltage to the DC bus voltage setpoint;

10 generating a real current reference command signal based on said comparison of the

DC bus voltage to the DC bus voltage setpoint;

comparing the real current reference command signal to the output AC current; 

generating a real voltage command signal based on said comparison of the real cunent 

reference command signal to the output AC current;

15 normalizing the real voltage command signal based on the output DC bus voltage to

generate a real voltage modulation command; and,

providing the real voltage modulation command to the inverter to control the inverter.

19. The method of claim 18, wherein said method comprises:

20 comparing a reactive current setpoint to the output AC current;

generating a reactive voltage command signal based on said comparison of the reactive 

current setpoint to the output AC current;

normalizing the reactive voltage command signal based on the output DC bus voltage 

to generate a reactive voltage modulation command; and,

25 providing the reactive voltage modulation command to the inverter to control the

inverter.

20. The method of claim 19, wherein said method comprises:

determining a modulation index feedback signal from at least one of the real voltage

30 modulation command and the reactive voltage modulation command;

comparing the modulation index feedback signal to a modulation index setpoint;

generating a DC bus voltage setpoint command signal based on said comparison of the 

modulation index to the modulation index setpoint; and,
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varying the modulation index setpoint value based on the DC bus voltage setpoint 

command signal.
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