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1. 

METHOD OF OPERATING ASINGLE-PHASE 
GENERATOR IN PARALLEL WITH AN 

INVENTOR 

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 applica 
tions. Typically, an individual electrical generator operates in 
a stand-by mode wherein the electrical power provided by a 
utility grid is monitored such that, it the commercial electrical 
power from the utility grid fails, the engine of the electrical 
generator is automatically started causing the alternator to 
generate electrical power. When the electrical power gener 
ated 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 
lines to the electrical generator. As is known, most residential 
electric equipment in the United States is designed to be used 
in connection with electrical power having a fixed frequency, 
namely, sixty (60) hertz (Hz). 

Typically, electrical generators utilize a single driving 
engine coupled to a generator or alternator through a common 
shaft. Upon actuation of the engine, the crankshaft rotates the 
common shaft so as to drive the alternator that, in turn, gen 
erates 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 
outputs sixty (60) hertz (Hz) when the engine is rotating at 
3600 revolutions perminute (rpm) but only outputs forty-five 
(45) 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 maxi 
mum 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 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 
oflow 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 util 
ity grid fails and the business or residence also has an elec 
trical generator, it is desirable to utilize the electrical genera 
tor in combination with the alternate energy source or battery. 

If two alternating current (AC) power sources arc to be 
connected in parallel, the AC output Voltages must be Syn 
chronized otherwise the instantaneous difference in Voltage 
potential may result in current transferred between the two 
Voltage sources. However, the pulsating torque produced by a 
single-phase generator may result in Some fluctuation in fre 
quency 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 at a 
constant frequency. If the generator is connected in parallel to 
the inverter, the variable frequency of the output power from 
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2 
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 connecting 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 a first 
mode and in parallel with the single-phase generator in a 
second mode. 

In accordance with one embodiment of the present inven 
tion, a method for controlling operation of an inverter having 
an output configured to he connected in parallel with an 
output of a single-phase generator is disclosed. An input 
signal is received at the inverter, where the input signal cor 
responds to a measured or estimated angular position of a 
rotor in the single-phase generator. The inverter executes 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 position of the rotor and Syn 
chronizes a phase angle of the AC voltage to the angular 
position of the rotor. It is contemplated that the signal corre 
sponding to the angular position of the rotor may be gener 
ated, for example, by an angular position sensor connected to 
the rotor, a measured Voltage or current output from the 
single-phase generator, an estimate based on generator 
parameters, or one or more 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 operating mode, the 
inverter executes the modulation routine to synchronize the 
phase angle of the AC Voltage to the angular position of the 
rotor. A Switch may be used to selectively connect and dis 
connect the output of the inverter with the output of the 
single-phase generator. In the first operating mode, the 
inverter operates with the switch disconnecting the output of 
the inverter from the output 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 frequency 
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 output 
of the inverter with the output of the single-phase generator. 

According to another embodiment of the invention, a sys 
tem 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 
alternator includes a rotor operatively coupled to the shaft 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 corre 
sponding to an angular position of the rotor and a 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 output by the inverter to the angular position of the 
rOtOr. 

These and other objects, advantages, and features of the 
invention will become apparent to those skilled in the art from 
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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 modifi 
cations 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 furnished herewith illustrate a preferred con 
struction of the present invention in which the above advan 
tages and features are clearly disclosed as well as others 
which will be readily understood from the following descrip 
tion of the illustrated embodiment. 

In the drawings: 
FIG. 1 is a block diagram representation of an engine 

driven generator connected in parallel with an inverter 
according to one embodiment of the present invention; 

FIG. 2 is a block diagram representation of the inverter 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 a graphical representation of the inverter compen 
sating the phase angle of the output Voltage of the inverter in 
response to a fluctuation in the output Voltage from the gen 
eratOr. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The various features and advantageous details of the Sub 
ject matter disclosed herein are explained more fully with 
reference to the non-limiting embodiments described in detail 
in the following description. 

Referring to FIG. 1, an engine-driven, electrical generator 
system is generally represented by the reference numeral 10. 
The generator system 10 includes an alternator 20 defined by 
a cylindrical rotor 24 rotatably received within the stator 22. 
It is contemplated that the rotor 24 may include either perma 
nent 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 respon 
sive 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 30, Such as a 
resolver or an encoder, may be mounted to the alternator 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. As 
is conventional, the engine 12 receives fuel Such as gasoline, 
diesel, natural gas, or liquid propane vapor through an intake. 
The fuel provided to the engine 12 is compressed and ignited 
within each of the cylinders responsive to a firing signal so as 
to generate reciprocating motion of the pistons of the engine 
12. The reciprocating motion of the pistons of the engine 12 
is converted to rotary motion by a crankshaft The crankshaft 
is operatively coupled to the rotor 24 of the alternator 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 1 is provided to control opera 
tion of the engine 12. The controller 16 may receive external 
input signals such as a command to start the engine oran input 
corresponding to the Voltage present on the utility grid 28 
such that the controller 16 may start the engine if the utility 
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4 
grid 28 fails. The controller 16 may further receive signals 
from the alternator 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 parallel with an 

inverter 50. Referring also to FIG. 2, the inverter 50 includes 
a processor 52 and memory 54. The processor 52 may be a 
single processor or multiple processors operating in parallel. 
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 52 is configured to 
execute instructions stored in the memory 54 to control opera 
tion of the inverter 50. The inverter 50 includes a power input 
51 configured to receive an input voltage 43 from a power 
source. According to the embodiment illustrated in FIG. 1 the 
power source is a battery 42. Optionally, the power Source 
may be a photovoltaic (PV) array or other alternate energy 
source. The inverter 50 also includes a power conversion 
section 56 and a power output 57. The power conversion 
section 56 receives the input voltage 43 and provides a regu 
lated output voltage 60 at the power output 57. According to 
the illustrated embodiment, the battery 42 provides a DC 
voltage to the inverter 50. The power conversion section 56 
includes multiple Switches. Such as insulated gate bipolar 
transistors (IGBTs), metal-oxide semiconductor field effect 
transistors (MOSFETs), silicon controlled rectifiers (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 
modulated waveform having a fundamental AC component at 
a desired amplitude and frequency. Optionally, the power 
conversion section 56 may be configured for bidirectional 
power transfer. As a result, during periods when the utility 
grid is providing power to the load 46 or when the generator 
10 is providing excess, the inverter 50 may convert an AC 
voltage available at the output 57 to a DC voltage suitable for 
charging the battery 42. 
The inverter 50 may also include two inputs 53, 55 config 

ured to receive control signals. A first input 53 is configured to 
receive a signal. Such as the position signal 32 from the 
angular position sensor 30, corresponding to an angular posi 
tion of the rotor 24 in the alternator 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 gener 
ating a signal to the processor 52 corresponding to a magni 
tude 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 58. 
The inverter 50 may also be configured to receive a feed 

back signal 45 from a sensor 44 operatively connected to the 
output of the generator system 10. Optionally, multiple sen 
sors 44 may be provided with each generating a feedback 
signal 45 to the inverter 50. The sensor 44 may be configured 
to detect a magnitude of voltage or a magnitude of current and 
generate a 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 
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contemplated that the Voltage and/or current feedback signal 
45 may be utilized to determine the angular position of the 
rotor 24. 
As previously discussed, the engine 12 receives a firing 

signal for each cylinder to ignite the fuel therein, causing the 
reciprocating motion of the pistons and Subsequent rotation 
of the crankshaft. 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 cylinder. Because each 
piston is mechanically coupled to the crankshaft, each piston 
reaches the upper and lower ends of its stroke at Substantially 
the same angular position during each revolution of the crank 
shaft. Further, the crankshaft 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 
first input 53 may be configured to receive an input (or mul 
tiple inputs) corresponding to each firing signal. The proces 
Sor 52 may utilize the firing signals to determine the angular 
position of the rotor 24. 

Referring again to FIG. 1, a transfer switch 40 may be 
utilized to selectively connect the generator system 10 to the 
load. it is contemplated that the transfer switch 40 may be a 
single Switch or a combination of multiple Switches con 
trolled to move between a first position and a second position 
either in tandem or sequentially. According to the illustrated 
embodiment, the transfer switch 40 selectively connects the 
utility grid 28 or the output voltage 26 from the generator 
system 10 to a load 46. A sensor (not shown) monitors the 
status of the utility grid 28. The sensor may be a 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 
(I/O)59 are connected between the inverter 50 and the trans 
fer Switch 40 according to the application requirements. The 
I/O 59 may be configured, for example, to receive feedback 
signals corresponding to the operation of the grid or to pro 
vide control signals to the transfer switch 40 to move the 
throw of the transfer switch 40 between a first pole and a 
second pole. As illustrated, the inverter 50 is continuously 
connected 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 generator. Optionally, the inverter 50 may 
be connected in parallel and switched together with the output 
from the generator system 10. 

In operation, the inverter 50 may be configured to operate 
either 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 utility grid 28. As illustrated in FIG. 1, the inverter 50 
may be continually connected to the load 46. When the utility 
grid 28 is connected to 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 to the load 
46. Optionally, the inverter 50 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 parallel with the utility grid 28. 
Because the inverter 50 is supplying power directly to the load 
46, the output Voltage 60 is at the same frequency as that 
supplied by the utility grid 28 (e.g., 60 Hz), and when oper 
ating in parallel with the utility grid 28, the inverter 50 syn 
chronizes the output voltage 60 with the voltage provided by 
the utility grid 28. 
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6 
When the utility grid 28 fails, the inverter 50 is configured 

to operate in cooperation with the generator system 10, ini 
tially, the generator system 10 is typically in an idle State 
because power is supplied to the load 46 by the utility grid 28 
and/or the alternate energy source via the inverter 50. The 
generator system 10 may include an input that monitors the 
state of the utility grid 28 or receives an input commanding 
the generator system 10 to start up and begin generating 
power. The generator System 10 requires a short duration 
during which the engine 12 accelerates up to a desired speed 
and the alternator 20 begins generating electricity at a desired 
frequency. During this ramp-up period for the generator sys 
tem 10, the inverter 50 may be commanded to immediately 
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 opera 
tion to draw energy from the battery 42 and Supply power to 
the load 46 at a desired frequency (e.g., 60 Hz) and at an 
arbitrary phase angle since it is initially operating indepen 
dently of any other power source. 
Once the generator system 10 has completed an initial 

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 generator system 10 is dependent upon the 
number of poles and the rotational speed of rotor 24 which 
corresponds, in turn, to the speed of engine 12. It 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 magnitude 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 attempts to increase the power output. Conversely, when 
the current required from the alternator 20 by a load 46 
decreases, the engine speed will increase momentarily as it 
attempts to reduce the power output. Changes in the magni 
tude of the load 46, therefore, result in variations in the speed 
of the engine 12, which in turn, results in variations in the 
frequency and voltage at the output of the alternator 20. 
The transfer switch 40 is controlled to alternately connect 

either the utility grid 28, in a first position, or the generator 
system 10, ina. Second position, to the load 46. It is contem 
plated that the transfer switch 40 may be a single switch 
simultaneously transferring each of the electrical 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 trans 
fer each of the electrical conductors 41 to the load 46 in a 
sequential order. The transfer switch 40 may include a sensor 
configured to monitor operation of the utility grid 28, and the 
transfer switch 40 may be configured to automatically switch 
between the first and the second positions based on the state of 
the utility grid 28. Optionally, the transfer switch 40 may 
include an input configured to receive a command to Switch 
between the first and the second positions. The command may 
be generated by the generator system 10, the inverter 50, oran 
external controller. 

According to the embodiment shown in FIG.1, the inverter 
50 may be configured to control operation of the transfer 
switch 40. The inverter 50 is providing power to 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 10 via a Voltage and/or current sensor 44 
or receive an input signal from the generator System 10 indi 
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cating that the generator System has completed its initial ramp 
up. 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 output voltage 60 produced by the inverter 50 such that it 
is synchronized with the angular position of the rotor 24. 
Once the inverter 50 is generating an output voltage 60 syn 
chronized with the AC voltage 26 from the generator system 
10, the inverter 50 may output a control signal to the transfer 
switch 40 such that the transfer switch 40 connects the gen 
erator system 10 to the load 46. With reference to FIG.3, the 
AC voltage 26 from the generator system 10 and the output 
voltage 60 from the inverter 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 50 to control sharing of the load 46 between the 
inverter 50 and the generator system 10. Similarly, the 
inverter 50 may control the angle of the output voltage 60 to 
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 output frequency of 

the AC voltage 26 generated by the generator system 10 is 
Subject to fluctuations, for example, from torque pulsations 
and/or load variations. The inverter 50 uses the position signal 
to adjust the phase angle of the output Voltage 60 Such that it 
remains synchronized with the fluctuations from the AC volt 
age 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 synchro 
nized. The generator system 10 receives a disturbance caus 
ing the frequency of the AC Voltage 26 to increase. At the 
mid-point 72 of the graph, an error 80 in the phase angle 
between the AC voltage 26 and the output voltage 60 exists. 
The inverter 50 begins compensating for the error 80 such that 
the phase angle of the output Voltage 60 changes and, in turn, 
the frequency of the output Voltage 60 changes to match the 
frequency of the AC voltage 26. At the end 74 of the graph, the 
two Voltages 26, 60 are again synchronized. 

It 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 is capable of 
other embodiments and of being practiced or carried out in 
various ways. Variations and 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 vari 
ous alternative aspects of the present invention. The embodi 
ments described herein explain the best modes known for 
practicing the invention and will enable others skilled in the 
art to utilize the invention 

I claim: 
1. A method fur 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 modula 
tion routine receives the input signal corresponding to 
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8 
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 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 I 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 1 wherein the single-phase genera 
tor 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 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 from the output of the 
single-phase generator, the method further comprising the 
steps of: 

receiving a second input signal at the inverter correspond 
ing to the single-phase generator generating Voltage at a 
desired magnitude and a desired frequency; 

transitioning the inverter from the first operating mode to 
the second operating mode; and 

when the phase angle at the output of the inverter is syn 
chronized to the angular position of the rotor, generating 
a control signal for the Switch to connect the output of 
the inverter with the output of the single-phase genera 
tOr. 

7. A. system 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 alternator including a rotor operatively coupled to the 

shaft and a stator having a winding, wherein the rotor 
is rotated by rotation of the shaft and wherein the 
Voltage is generated on the winding as a function of 
the rotation of the rotor; and 

the inverter including: 
an input configured to receive an input signal corre 

sponding 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 a phase angle of the Voltage output by the 
inverter to the angular position of the rotor. 

8. The system of claim 7 further comprising an angular 
position sensor operatively coupled to the rotor and config 
ured to generate a position signal corresponding to the angu 
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lar position of the rotor, wherein the position signal from the 
angular position sensor is operatively connected to the input 
of the inverter. 

9. The system of claim 7 further comprising at least one 
sensor configured to generate a Voltage signal corresponding 
to an amplitude of the Voltage generated on the winding, 
wherein the Voltage signal is operatively connected to the 
input of the inverter. 

10. The system of claim 7 wherein the engine includes at 
least one cylinder and at least one output signal, wherein the 
at least one output signal corresponds to a firing signal for 
each of the cylinders and the at least one output signal is 
operatively connected to the input of the inverter. 

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 Witch configured to 
selectively connect and disconnect the Voltage generated by 
the single-phase generator with the at least one electrical load. 
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12. The system of claim 11 wherein the inverter is config 

ured 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 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. 

13. The system of claim 12 wherein the inverter further 
includes: 

a second input configured to receive a second input signal 
indicating that the single-phase generator is generating 
the Voltage at a desired magnitude and a desired fre 
quency; and 

an output operatively connected to the Switch, wherein the 
output provides a control signal to selectively connect 
and disconnect the Voltage generated by the single 
phase generator as a function of the second input signal. 

k k k k k 
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