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(57) Abstract: A system for connecting a single-phase generator in parallel with an inverter is disclosed, A signal corresponding to
the angular position of the rotor in the generator is provided to the inverter, for example, from an angular position sensor connected
to the rotor in the generator. Because variations in the load applied to the generator cause variations in the frequency of the power
output by the generator, the inverter synchronizes the phase angle of the voltage output by the inverter to the angular position of the
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METHOD OF OPERATING A SINGLE-PHASE
GENERATOR IN PARALLEL WITH AN INVERTER

FIELD OF THE INVENTION

This invention relates generally to engine~driven, electrical generators, and in particular,

to a method for operating a single-phase generator in parallel with an inverter.
BACKGROUND AND SUMMARY OF THE INVENTION

Electrical generators are used in a wide variety of applications. Typically, an individual
electrical generator operates in a stand-by mode wherein the electrical power provided by a
utility grid is monitored such that if the commercial electrical power from the utility grid fails,
the engine of the electrical generator is automatically started cansing the altemator o generate
electrical power. When the electrical power generated by the alternator reaches a predetermined
voltage and frequency desired by the customer, a transfer switch transfers the load imposed by
the customer from the commercial power hnes to the electrical generator. As ix known, most
residential electric equipment in the United States is designed to be used in connection with

slectrical power having a fixed frequency, namely, sixty {60) herlz (Ha)

Typically, electrical generators utilize a single driving engine coupled to a generator or
alternator through a commeon shafl. Upon actuation of the engine, the crankshaft rotates the
comumon shaft 50 as to drive the aliernator that, in tum, generates electrical power. The
frequency of the electrical power output from the alternator is a function of the rotational speed
of the driving engine. For example, a two-pole generator oulputs sixty (60) hertz (Hz) when the
engine is rotating at 3600 revolutions per minute {rpm) but only outputs forty-five (43) Hz when
the engine is rotating at 2700 rpm. When the generator includes a single-phase alternator, the
alternator has a pulsating torque that ranges from zero {0) to the maximum value corresponding

to the generator design.

Improvements in power conversion have led to an increase in distributed power
generation. Individual businesses and residences may include, for example, a photovoltaic (PV)

array to generate at least a portion of the power required by that business or residence, In
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addition, a power storage device, such as a battery, may be included to store excess energy
generated during periods of peak production and deliver the energy to the business or residence
during periods of low production, The power is typically transferred from the alternate energy
source or from the battery to the business or residence via an inverter. The inverter is able to
generate a voltage waveform synchronized to the utility grid. If the vtility grid fails and the
business or residence also has an electrical generator, it 1s desirable to utilize the electrical

generator in combination with the alternate energy sourcs or battery.

If two alternating current (AC) power sources are to be connected in parallel, the AC
ontput voltages must be synchronized otherwise the instantaneous difference in voltage potential
may result in current transferred between the two voltage sources. However, the pulsating torque
produced by & single-phase generator may result in some fluctuation in frequency of the power
output by the generator. Variations in the load applied to the generator may also cause
fluctuation in the frequency of the power output by the generator. In contrast, the power output
by the inverter is typically regulated &t & constant frequency. Ifthe generator is connected in
paratlel to the inverter, the variable frequency of the output power from the generator produces
voltage waveforms from the generator that are out of phase with the constant frequency voltage

waveforms output from the inverter.

Therefore, it is a primary object and feature of the present invention to provide a system

and method for conmecting a single-phase generator in parallel with an inverter.

It is a further object and feature of the present invention to provide a system and method
which permits the inverter to run independently of the single-phase generator in 2 first mode and

in parallel with the single-phase generator in a second mode,

In sccordance with one embodiment of the present invention, # method for controlling
operation of an inverter having an output configured to be vonnected in parallel with an output of
a single-phase generator is disclosed. An input signal is received at the inverter, where the mput
signal corresponds to a measured or estimated angular position of a rotor in the single-phase
generator. The inverter exccutes a modulation routine to generate an AC voltage at the output of

the inverter. The modulation routine receives the input signal corresponding to the angular
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position of the rotor and synchronizes a phase angle of the AC voltage to the angular position of
the rotor. 1t is contemplated that the signal corresponding to the angular position of the rotor
may be generated, for examnple, by an angular position sensor connected to the rotor, a measured
voltage or current output froms the single-phase generator, an estimate based on generator
parameters, or one or nore firing signals corresponding to ignition of fuel in each cylinder of the

engine driving the single-phase generator.

According to another aspect of the invention, the inverter may be configured to execute
in a first operating mode and in a second operating mode. During the first operating mode, the
inverter executes the modulation routine independent of the input signal, and during the second
aperating mode, the inverter executes the modulation routine to synchronize the phase angle of
the AC voltage to the angnlar position of the rotor. A switeh may be used to selectively connect
and disconnect the output of the nverter with the output of the single-phase generator. In the
first operating modse, the inverter operates with the switch disconnecting the output of the
inverter from the outpat of the single-phase generator. The inverter then receives a second input
signal at the inverter corresponding to an indication that the single-phase generator is generating
voltage at a desired magnitude and freguency and transitions from the first operating mode to the
second operating mode. In the second operating mode, the inverter generates a control signal for

the switch to connect the putput of the inverter with the output of the single-phase generator.

According to another embodiment of the invention, a system for synchronizing a voltage
output by an inverter with a voltage generated by a single-phase generator is disclosed. The
single-phase generator includes an engine having a shaft rotated by operation of the engine and
an alternator. The altemator includes a rotor operatively coupled to the shatt and a stator having
a winding. The rotor is rotated by rotation of the shaft from the engine and the voltage is
generated on the winding as a function of the rotation of the rotor. The inverter includes an input
configured to receive an input signal corresponding to an angular position of the rotor and 8
processor configured to execute a modulation routine. The modulation routine receives the input
signal corresponding to the angular position of the rotor and synchronizes a phase angle of the

voltage cutput by the inverter to the angular position of the rotor,
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These and other objects, advantages, and featares of the invention will become apparent
1 those skilled in the art from the detailed description and the accompanying drawings. It should
be understood, however, that the detailed description and accompanying drawings, while
indicating preferred embodiments of the present invention, are given by way of illustration and
not of limitation. Many changes and modifications may be made within the scope of the present
invention without departing from the spirit thereof, and the invention includes all such

modifications,
BRIEF DESCRIPTION OF THE DRAWINGS

The drawings fumished herewith illustrate a preferred construction of the present
invention in which the above advantages and features ave clearly disclosed as well as others

which will be readily understood from the following description of the illustrated embodiment.
in the drawings:

FI1G. 1 is a block diagram representation of an engine-drniven generator connected in

paraliel with an inverter according to one embodiment of the present invention;
FIG. 2 is a block diagram representation of the dnverter of Fig. 1:

FIG. 3 is a graphical representation of an output voltage from the inverter synchronized

to an output voltage from the generator; and

FIG. 4 is 8 graplical representation of the inverter compensating the phase angle of the
output voltage of the inverter in response to a fluctuation in the output voltage from the

generator.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The varicus features and advantageous details of the subject matter disclosed herein are
explained more fully with reference to the non-limiting embodiments described in detail in the

following deseription.
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Referring to Fig. 1, an engine-driven, electrical gencrator system is generally represented

by the reference mumeral 10, The generator system 10 includes an alternator 20 defined by a
cylindrical rotor 24 rotatably received within the stator 22. 1t is contemplated that the rotor 24
may include either permanent magnets or a winding configured to establish a magnetic field
rotating with the rotor 24, The stator 22 includes a winding in which a single-phase voltage is
induced responsive to the rotation of the magnetic field from the rotor 24. As a result, an AC
voltage 26 is present at the output of the generator system 10, An angular position sensor 38,
such as a resoiver or an encoder, may be mownted fo the aliernator 20 and generate a measured

position signal 32 corresponding to the angular position of the rotor 24 within the alternator 20

The generator system 10 further includes an engine 12. Asis conventional, the engine 12
recetves fuel such as gasoling, diesel, natural gas, or Hguid propane vapor through an intake, The
fuel provided fo the engine 12 is compressed and ignited within gach of the ovlinders responsive
to a firing signal s0 as to generate reciprocating motion of the pistons of the engine 12, The
reciprocating motion of the pistons of the engine 12 1s converted to rofary motion by a
crankshafl. The crankshafl is operatively coupled to the rotor 24 of the slternator 20 through a
shaft 14 such that as the crankshaft is rotated by operation of the engine 12, the shaft 14 drives
the rotor 24 of the alternator 20, A controller 16 is provided to control operation of the engine
12. The eontroller 16 may receive external input signals such as a command to start the engine
or an input corresponding to the voltage present on the utility grid 28 such that the controller 16
may start the engine if the utility grid 28 fails. The controller 16 may furiher receive signals
from the altemator 20 which, for example, correspond to the voltage and/or current generated by
the alternator 20. The controller 20 may use the voltage and/or current signals to generate an
estimated position signal that may be transmitted to the inverter 50 instead of, or in combination

with, the measured position signal 32,

The generator system 10 is connected in paraliel with an inverter 30. Referring also to
Fig. 2, the inverter 50 inclades a processor 52 and memory 54, The processor 52 may be a single
processor or multiple processors operating in paraliel. The memory 54 may be a single device or
multiple devices and may include volatile memory, non-volatile memory, or a combination
thereof. The processor 32 is configured 1o execute instructions stored in the memory 54 to

control operation of the inverter 50, The inverter 50 includes a power input 531 configured to
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receive an input voltage 43 frot a power source. According to the embodiment illustrated in
Fig. 1, the power source is a battery 42. Optionally, the power source may be s photovolteje
(PVY} array or other alternate energy source, The inverter 30 also includes a power conversion
section 56 and a power output 7. The power conversion section 56 receives the input vollage
43 and provides a regulated output voltage 60 at the power output 57. According to the
iltustrated embodiment, the battery 42 provides 8 DC voltage to the inverter 50. The power
comversion section 56 includes mudtiple switches, such as insulated gate bipolar transistors
{(IGBTs}, metal-oxide semiconductor field effect transistors (MOSFETS), silicon controlled
vectifiers {(SCRs), or the like. The switches are controlled by a modulation routine stored in
memory 54 and executed by the processor 52 to selectively connect and disconnect the power
input 51 to the power output 57. The resultant output voltage 60 is a medulated waveform
having 4 fundamental AC component at a desived amplitude and frequency. Optionally, the
power conversion section 56 may be configured for bidirectional power transfer. As a result,
during perieds when the utility grid is providing power to the load 46 or when the generator 10 1s
providing excess, the inverter 50 may converi an AC volfage available at the cutput 57 to a DC

voltage suitable for charging the battery 42.

The inverter 50 may also include two inputs 53, 55 configured to receive controd signals.
A first input 53 is configured (o receive a signal, such as the position signal 32 from the angular
position sensor 30, corvesponding to an angular position of the rotor 24 in the altemnator 20. The
processor 52 uses the angular position of the rotor 24 to generate gating signals 58 for the power
conversion section 56. The gating signals are used to enable and disable the switches and are
controlled to generate the desired AC output voltage 60. The inverter may also include one or
more sensors 61 connected to the output of the power conversion section 56 with each sensor 61
generating a signal 1o the processor 52 corresponding to a magnitude of voltage or current output
from the power conversion section 56, The processor 52 also utilizes the voltage and/or current

signals in the modulation routine for generation of the gating signals 38.

The inverter S0 may also be configured fo receive a feedback signal 45 from a sensor 44
operatively connected to the output of the generator system 10. Optionally, multiple sensors 44
may be provided with each generating 4 feedback signal 45 to the inverter 50, The sensor 44

may be configured to detect a magnitude of veltage or a magnitude of current and generate a
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voltage feedback signal or a current feedback signal, respectively. A second input 55 is
configured to receive the voltage and/or current feedback signals 45. It is contemplated that the
voltage and/or current feedback signal 45 may be ntilized o defermine the angular position of

the rofor 24.

As previously discussed, the engine 12 receives a firing signal for each cylinder o 1gnite
the fuel therein, causing the reciprocating motion of the pistons and subsequent rotation of the
crankshafl. A controller for the engine 12 is configured to generate these firing signals when the
piston is at the top of its stroke, forcing the piston down the eylinder, Because sach piston is
mechanically coupled to the crankshafl, each piston reaches the upper and lower ends of iis
stroke at substantially the same angular position during each revolution of the crankshaft.
Further, the crankshatt drives the shaft 14 coupled to the alternator. Therefore, each firing signal
for each cylinder occurs at substantially the same angular position of the rotor. According to yet
another embodiment of the invention, the fizst input 53 may be configured to receive an input {or
multiple inputs) corresponding to each firing signal. The processor 52 may ntilize the firing

signals to determine the angular posttion of the rotor 24.

Referring again to Fig. 1, a transfer switch 40 may be utilized to selectively comnect the
generator systent 10 to the load. It is contemplated that the transfer switch 40 may be a single
switch or a combination of multiple switches controlled to move between a first position and a
secand position etther in tandem or sequentially. According to the ilustrated embodiment, the
transfer switch 40 selectively connects the wiility grid 28 or the output voltage 26 from the
generator system 1010 a load 46. A sensor (not shown) monitors the statis of the utility grid 28
The sensor may be g separate sensor or integral, for example, to the transfer switch 40, to the
inverter 50, or to a separate system controller {(not shown). A connection 62 between the transfer
switch 40 and the inverter 50 indicates that one or more inputs and/or outputs (/0O) 59 are
connected between the inverter 50 and the transfer switch 40 according to the application
requirements. The VO 59 may be configured, for example, to receive feedback signals
corresponding to the operation of the grid or to provide control signals 1o the transfer switch 40
to move the throw of the transfer switch 40 between a fivst pole and a second pole. As

illustrated, the inverier 50 is continuously conuvected to the load 46 and alternately operates in

parallel with either the voltage from the utility grid 28 or the voltage 26 output from the
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generator, Optionally, the inverter 50 may be connected in parsllel and swilched together with

the ontput from the generator system 10.

In operation, the wverter 50 may be configured o operate etther independently of or in
cooperation with the generator system 10, When the inverter 50 is operating independently of
the generator system 10, it may be operating in cooperation with the stility grid 28, As
flustrated in Fig, 1, the inverter 50 may be continually connected to the load 46. When the
utility grid 28 is comected fo the load 46, the inverter 50 may be configured to draw power from
the utility grid 28 to charge the battery 42, When the utility grid fails, the inverter 50 may draw
energy from the battery 42 to provide power 1o the load 46, Optionally, the inverter S0 may be
connected between another energy source, such as a PV array. The inverter 50 may be
configured to supply power from the other energy source to the load 46 in paraliel with the ntility
grid 28. Because the inverter 50 is supplying power directly to the load 46, the output voltage 60
1s at the same frequency as that supplied by the utility grid 28 {e.g., 60 Hz}, and when operating
in parallel with the wtility grid 28, the averter 50 synchronizes the output voltags 60 with the

voltage provided by the vtility grid 28,

When the utility grid 28 fails, the inverier 50 is configured to operate in couperation with
the generator system 10, Initially, the generator system 10 is typically in an idle state because
power 1s supplied to the load 46 by the utility grid 28 and/or the alteruate energy source via the
inverter 30, The generator system 10 may include an mput that monitors the state of the utility
grid 28 or receives an input commanding the generator systemn 10 to start up and begin
generating power. The generator system 10 requires a short duration during which the engine 12
accelerates up 1o a desired speed and the alternator 20 begins generating electricity at a desired
frequency. During this ramp-up period for the generator system 10, the inverter 50 may be
commanded to mnmediately begin supplying power to the load 46. If the inverter 50 had been
supplying power in tandem with the utility grid 28, it may continue supplying power at the same
frequency. If the inverter 50 was charging the battery 42, it may switch operation to draw energy
from the battery 42 and supply power to the load 46 at a desived frequency (e.g., 60 Hz) and at an

arbitrary phase angle since it is initially operating independently of any other power source.
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Once the generator system 10 has completed an initigl start-up sequence, it may begin
supplying power to the load 46, As is known, the frequency of the AC voltage 26 at the output

of the geuerator system 10 is dependent upon the number of poles and the rotational speed of

rotor 24 which comresponds, in turn, to the speed of engine 12, 1t is noted that during transient

operations the engine 12 of the generator system 10 does not operate at a fixed, constant speed,
but will deviate, and may deviate significantly, from the synchronous speed when the magnitade
of the load 46 changes. In other words, when additional current is required from the alternator
20 by a load 46, the engine speed will decrease momentarily as It altenysts to increase the power
output. Conversely, when the curreni required from the alternator 20 by a load 46 decreases, the
engine speed will increase momentarily as it attempis to reduce the power output, Changes in
the magnitude of the load 46, therefore, resull tn variations in the speed of the engine 12, which

in tursy, results in variations in the frequency and voltage at the output of the alternator 20.

The teansfer switch 40 is controlied o altemately connsef either the utility grid 28, ina
first position, or the genevator system 10, in a second position, to the load 46, 1t 13 contemplated
that the transfer switch 40 may be & single switch simultaneousty transferring cach of the
electrival conductors 41 to the load 46 with either the utility grid 28 or the generator system 10,
Optionally, the transfer switch 40 may include multiple switches operated in a predetermined
order to transfer each of the electricsl conductors 41 to the load 46 10 a sequential order. The
transfer switch 40 may include & sensor configured to monitor operation of the utility grid 28,
and the transfer switch 40 may be configured to automatically switeh between the first and the
sceond positions based on the state of the utility grid 28. Optionally, the transfer switch 40 may
include an input configured to receive a conunand to switch between the first and the second
positions. The command may be generated by the generator system 10, the inverter 50, or an

external controller.

According to the embodiment shown in Fig. 1, the inverter 50 may be configured to
comtrol operation of the transfer switch 40. The inverter 50 is providing power o the load 46 at a
desired frequency. Optionally, if the utility grid 28 is present, the inverter 50 may control
charging of the battery using power from the utility grid 28. When the utility grid 28 fails, the
inverter 50 may either monitor the output voltage 26 from the generator system 16 via a voltage

and/or current sensor 44 or receive an input signal from the generator system 10 indicating that
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the generator syster has completed its fnitial ramp vp. The inverter 50 also receives a position
signal 32 at an input 53 corresponding to an angular position of the rotor 24 of the alternator 20.
The inverter 50 adjusts the phase angle of the vutput voltage 60 produced by the inverter 50 such
that it is synchronized with the anguelar position of the rotor 24, Once the inverier 50 is
generating an ontput voliage 60 synchromized with the AC voltage 26 from the generator system
10, the inverter 50 may output a conirol signal to the transfer switch 40 such that the transfer
switch 40 comnects the generator system 10 to the load 46. With reference o Fig, 3, the AC
vollage 26 from the generator system 10 and the oulput voliage 60 from the toverter 50 are
synchronized with each other and may be provided in parallel to the load 46. It is further
contemplated that the inverter 50 may be controlled to offset the angle of the output voltage 60
produced by the inverter 30 to control sharing of the load 46 between the inverter 50 and the
generator systern 10, Sinmularly, the inverter 50 may control the angle of the output voltage 60 o
cause current to flow into the inverter in order to charge the battery 42 from power supplied by

the generator system 10.

As previously indicated, however, the ouiput frequency of the AC voltage 26 generated
by the generator system 10 is subject to fluctuations, for example, from forque pulsations and/or
load variations. The inverter 50 uses the position signal to adjust the phase angle of the cutpat
voltage 60 such that it remains synchronized with the fluctuatious from the AC voltage 26
generated by the generator system 10, With reference to Fig. 4, the AC voltage 26 is illustrated
as increasing in frequency and the inverter 50 compensating accordingly. At the start 70 of the
graph, the two voltages 26, 60 are synchronized. The generator system 10 receives a disturbance
causing the frequency of the AC voltage 26 to increase. At the mid-point 72 of the graph, an
error 80 in the phase angle hetween the AC voltage 26 and the output voltage 60 exists. The
inverter 50 begins compensating for the ervor 80 such that the phase angle of the output voltage
64 changes and, in turp, the frequency of the output voltage 60 chanpes to match the frequency
of the AC voltage 26, At the end 74 of the graph, the two voltages 20, 60 are again

synchronized.

1t should be understood that the invention is not limited in its application to the details of
construction and arrangements of the components set forth herein. The invention i3 capable of

other embodiments and of being practiced or carried out in various ways. Variations and

16



modifications of the foregoing are within the scope of the present invention. It also being
understood that the invention disclosed and defined herein extends to all alternative
combinations of two or more of the individual features mentioned or evident from the text and/or
drawings. All of these different combinations constitute various alternative aspects of the
present invention. The embodiments described herein explain the best modes known for

practicing the invention and will enable others skilled in the art to utilize the invention.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for controlling operation of an inverter having an output configured
to be connected in parallel with an output of a single-phase generator, wherein the single-
phase generator includes a stator and a rotor, the method comprising the steps of:

receiving an input signal at the inverter, the input signal corresponding to an
angular position of the rotor in the single-phase generator; and

executing a modulation routine in the inverter to generate an alternating current
(AC) voltage, having a phase angle, at the output of the inverter, wherein the modulation
routine receives the input signal corresponding to the angular position of the rotor and

synchronizes the phase angle of the AC voltage to the angular-position of the rotor.

2. The method of claim 1 further comprising the initial step of connecting an
angular position sensor to a shaft of the generator, wherein the angular position sensor

generates the input signal to the inverter.

3. The method of claim 1 further comprising the steps of:

measuring one of a voltage and a current from the output of the single-phase
generator; and

providing the measured voltage or current as an input to the inverter, wherein the
measured voltage or current is the input signal corresponding to the angular position of

the rotor.

4. The method of claim 3 wherein the single-phase generator is driven by an
engine having at least one cylinder and wherein the input signal corresponds to a firing
signal for each of the cylinders.

5. The method of claim 1 wherein the inverter is configured to execute in a first

operating mode and in a second operating mode and wherein during the first operating

mode, the inverter executes the modulation routine independent of the input signal and
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during the second operating mode, the inverter executes the modulation routine to

synchronize the phase angle of the AC voltage to the angular position of the rotor.

6. The method of claim 5, wherein a switch selectively connects and disconnects
the output of the inverter with the output of the single-phase generator wherein the
inverter initially executes in the first operating mode with the switch disconnecting the
output of the inverter frons the output of the single-phase generator, the method further
comprising the steps of’

receiving a second input signal at the inverter corresponding to the single-phase
genérator genexating voltage at a desired magnitude and a desired frequency:

transitioning the inverter from the first operating mode o the second operating
mode: and

when the phase angle at the output of the inverter is synchronized to the angular
position of the rotor, generaling a control signal for the switeh to connect the output of

the inverter with the output of the single-phase generator.

7. A systemn for synchronizing a voltage output by an inverter with a voltage
generated by a single-phase generator, the system comprising:
the single-phase generator including:
an engine having a shaft rotated by operation of the engine, and
an alfernator including a rator operatively coupled fo the shaft and
a stator having a winding, wherein the rotor is rotated by rotation of the shaft and
wherein the voltage 1s generated on the winding as a function of the rotation of
the rotor; and
the nverter including:
an input confignred to receive an input sigual corresponding to an
angular position of the rotor, and
a processor configured to execute a modulation routine, wherein the
modulation routine receives the input signal corresponding to the angular position of the
rotor and synchronizes 4 phase angle of the voltage output by the inverter to the angular

position of the rotor,
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8. The system of claim 7 forther comprising an angular position sensor
operatively coupled to the rotor and configured to generate a position signal
corresponding to the angular position of the rotor, whesean the position sigrial from the

angular position sensor is operatively connected to the input of the inverter.

9. The system of elaim 7 further comprising at least one sensor configured to
generate a voltage signal corresponding to an amplitude of the voliage generated on the

winding, wherein the voltage signal 15 operatively cotmected to the input of the inverter.

10, The systemn of claim 7 wherein the engine includes at least one oylinder and
at least one output signal, wherein the at least one output signal corresponds fo 2 firing
signal for cach of the cylinders and the at least one output signal is operatively connected

to the input of the mverter,

11, The system of claim 7 wherein the voltage output from the inverter and the
voltage generated by the single-phase generator are provided in parallel to at least one
electrical load, the system further comprising a switch configured to selectively connect
and disconnect the voltage generaied by the single-phase generator with the af least one

glectrical Inad.

12, The svstem of clabm 11 wherein the inverter is configored to execute in a first
pperating mede and.in a second operating mode and wherein during the first opersting
mode, the inverter execntes the modulation routine independent of the input signal and
during the second operating mode, the inverter sxecutes the modulation roatine o

synchronize the phase angle of the AC voltage to the angular position of the rotor.
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13, The system of claim 12 wherein the inverter further includes:

a second input copfigured to receive a second input signal indicating that the
single-phase generator is generating the voltage at a desired magnitude and a destred
frequency; and

an oulpat operatively connected to the switch, wherein the output provides a
control signal to selectively connect and disconnect the voltage gencrated by the single-

phase generator as a function of the second input sigral.
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