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METHOD FOR CONTROLLING ELECTRICAL POWER

Kent Kernahan

CROSS REFERENCES TO RELATED APPLICATIONS

[ooi] This application is related to commonly-owned United States Nonprovisional

Application Serial Number 12/061,025 filed April 2, 2008 by Kernahan, et al, titled

DISTRIBUTED MULTIPHASE CONVERTERS, hereinafter referred to as "the 025

application", which is incorporated herein in its entirety.

BACKGROUND

[002] I n the prior art of power generation, overwhelmingly dominated by rotating

power generators for decades, noise on a power line is dealt with by electrical filtering.

Filtering is done at various stages, including the filtering effect of a large power

transformer in a residential area. With the advent of alternative power generation, for

example solar power, wherein the provided alternative power does not rise from an

element rotating at a predetermined speed, other noise sources are introduced. Loads,

for example an appliance motor turning on or off, often introduce line noise of both a

positive and negative polarity.

[003] A typical means for controlling alternative power such as solar panels is a central

inverter, or sometimes a "microinverter" connected to each solar panel, the various

microinverter outputs then connected in parallel. The electronics employed in inverters

electrically provide a filtering effect with a corner frequency on the order of a few

hundred hertz to perhaps lKhz. Noise of a higher frequency is not attenuated.

SUMMARY

[004] An apparatus for controlling power generation, for example (but not limited to)

the apparatus disclosed in aforementioned U.S. patent application X)25, includes means

for measuring voltage, for calculating parameters, and for the execution of a control

algorithm, and control elements to provide control of the power delivered to a load. By

repetitively dividing the instantaneous voltage at the output terminals of such a system

into a desired (idealized) power value and providing the result as a value of current,



power is controlled to the desired value and any noise on the voltage signal is

diminished or eliminated. I n an example system wherein a solar system is connected

to an electrical power grid, the method according to the present invention comprises

the steps of first measuring the grid voltage, dividing a time-varying desired

instantaneous power value by the grid voltage, then providing an electrical current of a

value that will provide a power output of the desired value. The desired power value

may be changed from time to time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is graph of the voltage, current, and power level of an undistorted, ideal

alternating current power output.

FIG. 2 is a graph of the voltage, current, and power level of a distorted voltage

output, wherein corrective current is provided, as one example of the

present invention.

DETAILED DESCRIPTION OF THE INVENTION

Definition of some terms:

[005] A power generating system, such as a solar power generation system, includes

an electronic controller to control the power output of the system. Rather than a

method for voltage regulation, the present invention is a power regulation method

wherein a value of output voltage of the system is frequently measured, the voltage

value then divided into a target value for power to determine a value of current to be

provided to the load, the system then controlled to provide the calculated current



value, thereby regulating the power as desired. In some embodiments the sample and

response frequencies are much higher than the frequency of noise that may be present

at the output terminals of the power generation system (whether caused by the system

or the load), thereby negating the noise to provide a noise-reduced electrical output.

[006] I n the prior art, noise is suppressed by filtering techniques, whether proactively

provided for or as an inherent characteristic of the system. Note though that in such

systems the instant value of current is a modification of the previous value. These

systems are characterized as "continuous" systems. I n a system wherein current may

be provided as an arbitrary value, that is a "discontinuous" system, power is controlled

at any instant by providing a value of current that is not a function of a previous value.

An example of a discontinuous control system is an array converter as disclosed in the

025 application.

[007] Potential electrical disturbances include induced power spikes, the sudden

connection or removal of a load connected to a system, lightning strikes, and

component failures. It is important to note that the method of the present invention is

not simply a filtering mechanism, but is a control function wherein a power source

connected to a load proactively controls the current to provide an ideal power output.

The load connected to the power generation system may be powered devices such as

appliances, an electrical grid, or both. Switching power converters convert power at

one voltage and current to the same power (less losses) at a different voltage and

current. Since the method of the present invention regulates power output, the input

power is also regulated. The action of the method will tend to oppose any distortion in

the applied grid voltage by generating an opposite and proportional distortion in

current injected into the load.

[008] Looking to FIG. 1, an ideal, i.e. "clean" power signal from a grid 106 is shown.

As is well known, the power 106 is equal to the product of the current 102 times the

voltage 104 at any instant in time. Thus if one knows any two of these three

parameters 102, 104, 106 the third may be exactly determined.

[009] According to the present invention, an idealized model of power 106 as a

function of time is predetermined for a given time period, for example one or more



cycles of an AC power grid. Although FIG. 1 and FIG. 2 illustrate an alternating current

power output, the methods of the present invention are also applicable to a DC system.

[ooio] I n FIG. 2 thin lines representing idealized voltage 104 and current 102 are

shown for reference. Looking to FIG. 2, the voltage signal 204 is sampled frequently,

for example at time Tl. The sensed value of voltage is converted to a numerical

representation, for example by an analog to digital converter controlled by a system

controller. After digital conversion, the controller refers to a model of desired power

206 for the instant time and determines the value of current 202 to be provided by the

system, thereby controlling the power 206 to the desired profile.

[ooii] Still looking to FIG. 2, consider sampling the voltage during a time

window from T2 to T3, wherein an example of a voltage perturbation 210 is shown.

Using the same method as described hereinabove, current values are calculated during

the T2-to-T3 time period and provided as shown as a response current 212, thereby

again controlling the power 206 to the desired profile. Response is improved by using

a sample frequency higher than the frequency of noise which is anticipated and

tolerated by the system designer.

[ooi2] Another example of a voltage distortion and automatic corrective

response is also shown in FIG. 2. A perturbation 214 relative to the ideal voltage 104

has both a positive and a negative excursion. By the method described herein above,

corrective action is taken by injecting first less, then more current 212 relative to the

idealized current 102, as shown, again providing the desired power output.

[ooi3] The frequency of the power signal is arbitrary, including zero hertz (that

is, direct current). Likewise the frequency of sampling the voltage value and providing

responsive current is arbitrary. Higher sampling and response frequencies enable

negating higher frequency noise than do lower frequencies. In one embodiment a

sampling frequency of 30 Khz is used.



What is claimed is:

1. A method for controlling power output of a power generating system

comprising the steps of:

a. sampling a voltage signal at an output terminal of a power

generating system;

b. converting the voltage signal to a numerical representation;

c . dividing a predetermined power value by the numerical

representation of the voltage signal, thereby calculating a value of current; and

d . controlling the power generating system to provide the calculated

value of current to a load.

2. The method of Claim 1, wherein sampling the voltage signal is repeated

at a frequency.

3. The method of Claim 2, wherein the sampling frequency is thirty-

kilohertz.
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