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CONTROL SYSTEM FOR STAND-BY
ELECTRICAL GENERATOR

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

This invention relates generally to engine driven, electrical
generators, and 1n particular, to a control system for control-
ling operation of the engine and the electrical generator
driven therewith.

BACKGROUND AND SUMMARY OF TH
INVENTION

L1

Electrical generators are used 1n a wide variety of applica-
tions. As 1s conventional, electrical generators utilize a single
driving engine coupled to a generator or alternator through a
common shait. Upon actuation of the engine, the crankshatt
rotates the common shatt so as to drive the alternator which,
in turn, generates electrical power.

Typically, an individual electrical generator operates in
either a stand-by mode or a parallel mode. In the stand-by
mode, the electrical power provided by a utility 1s monitored
such that 11 the commercial electrical power from the utility
fails, the engine of the electrical generator 1s automatically
started causing the alternator to generate electrical power.
When the electrical power generated by the alternator reaches
a predetermined voltage and frequency desired by the cus-
tomer, a transfer switch transiers the load imposed by the
customer from the commercial power lines to the electrical
generator.

Alternatively, 1n the parallel mode, the electrical generator
supplies electrical power 1n parallel with the utility grid. As
such, the electrical power generated by the electrical genera-
tor must be synchronized with the commercial electrical
power supplied by the utility. Typically, multiple 1tems such
as governors, voltage regulators and the like are required to
synchronize the electrical power generated by the electrical
generator with the commercial electrical power supplied by
the utility. This additional equipment 1s provided in separate
cabinet units from the electrical generator 1tself, which adds
significantly to the cost of the electrical generator.

Therefore, 1t 1s a primary object and feature of the present
invention to provide an electrical generator incorporating a
control system which controls operation of the electrical gen-
erator 1n a stand-by mode or a parallel mode.

It 1s a further object and feature of the present invention to
provide an electrical generator which has the ability to supply
clectrical power to a load independent of the utility grid, or
which may supply electrical power 1in parallel with the utility
or1d.

It1s a still further object and feature of the present invention
to provide an electrical generator which 1s simple to operate
and less expensive to manufacture than prior electrical gen-
erators.

In accordance with the present invention, a control system
1s provided for controlling operation of an engine driven,
clectrical generator. The electrical generator generates AC
power and AC voltage for a load. The AC power has a mag-
nitude and a power factor and the AC voltage has a magnmitude
and a frequency. The control system includes a generator
control operatively connected to the engine for controlling
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2

operation thereot and operatively connected to the generator
for controlling the AC power generated thereby. A commu-
nications link operatively connects the generator control to a
network.

A user 1terface 1s operatively connected to the network.
The user mterface allows the user to communicate with the
generator control so as set predetermined operating param-
cters of the engine and the generator.

The control system may include a transfer switch having a
first input connectable to a utility source for providing AC
power, a second mnput operatively connected to the generator,
and an output connectable to the load. The transter switch 1s
selectively movable between a first position connecting the
utility source to the load and a second position connecting the
generator to a load. The transfer switch 1s also operatively
connected to the generator control such that the generator
control controls movement of the transier switch between the
first and second positions.

It 1s contemplated to interconnect the load to a utility
source which provides AC power having a magnitude and a
power factor and AC voltage having a magnitude and a fre-
quency. The control system includes a synchronizer for deter-
mining the magnitude and frequency of the AC voltage of the
utility source and a magnitude and frequency of the AC volt-
age generated by the generator. The synchronizer 1s opera-
tively connected to the generator control. The generator con-
trol varies the magnitude and frequency of the AC voltage
generated by the generator to match the magnitude and fre-
quency of the AC voltage provided by the utility source. A
switch 1s operatively connected to the generator control and 1s
movable between a {first closed position for interconnecting
the generator and the load and a second open position. The
generator control moves the switch to the closed position 1n
response to the magnitude and frequency of the AC voltage
generated by the generator being generally equal to the mag-
nitude and frequency ol the AC voltage provided by the utility
source.

The generator control may include a digital governor con-
nectable to the engine for controlling the engine speed of the
engine. The digital governor includes a throttle valve movable
between a {irst opened position where the engine speed 1s at
maximum and a second closed position where the engine
speed 1s at minimum. The generator control may also include
a volt-ampere-reactive (VAR) control for varying the power
factor of the AC power generated by the generator to the
predetermined level. In addition, the generator control
includes a voltage regulator for controlling the magnitude of
the AC voltage generated by the generator. An alarm system 1s
connectable to the engine for monitoring various engine
parameters. The alarm system communicates with the gen-
erator control and generates an alarm signal 1n response to a
predetermined condition on the engine.

In accordance with a further aspect of the present inven-
tion, a generator structure 1s provided for generating AC
power for a load. The generator structure includes a generator
connectable to a load. The generator generates AC power
having a magnitude and a power factor and an AC voltage
having a magnitude and a frequency. An engine 1s operatively
connected to the generator for driving the generator. The
engine has an adjustable engine speed. A generator control 1s
operatively connected to the engine for controlling operation
thereol and 1s operatively connected to the generator for con-
trolling AC power generated thereby. A communications link
operatively connects the generator control to a network.

The generator structure may include a transfer switch hav-
ing a first input connectable to a utility source for providing
AC power, a second input operatively connected to the gen-
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crator and an output connectable to the load. The transfer
switch 1s selectively movable between a first position for
connecting the utility source to the load and a second position
for connecting the generator to the load. The transier switch s
operatively connected to the generator control such that the
generator control controls movement of the transier switch
between first and second positions in response to AC power
supplied by the utility source.

It 1s contemplated that the load be a utility source which
provides AC power having a magnitude and a power factor
and an AC voltage having magmtude and a frequency. The
generator control includes a synchronizer for monitoring the
magnitude and frequency of the AC voltage provided by the
utility source and a magnitude and frequency of the AC volt-
age generated by the generator. The generator control varies
the magnitude and frequency of the AC voltage generated by
the generator to match the magnitude and frequency of the AC
voltage of the utility source. The generator control may also
include a volt-ampere-reactive (VAR) control for varying the
power factor of the AC power generated by the generator.

A switch may be operatively connected to the generator
control and be movable between a first closed position
wherein the generator 1s connected to the utility source and a
second open position. The generator control moves the switch
to the closed position 1n response to the magnitude and fre-
quency of the AC voltage generated by the generator being
generally equal to the magnitude and frequency of the AC
voltage provided by the utility source. The generator control
includes a digital governor connected to the engine for con-
trolling the engine speed of the engine. The digital governor
includes a throttle valve which 1s movable between a {first
open position wherein the engine speed 1s at a maximum and
a second closed position wherein the engine speed 1s at a
mimmum. A generator control includes a voltage regulator
for regulating the magnitude of the AC voltage generated by
the generator.

In accordance with a still further aspect of the present
invention, a method 1s provided for providing AC power to a
load. The method includes the steps of setting various oper-
ating parameters for a generator structure and transmitting the
same to the generator structure over a network. AC power and
AC voltage are generated with the generator structure in
response to the various operating parameters set. The AC
power has a magmtude and a power factor and the AC voltage
has a magnitude and a frequency.

It 1s contemplated that the load be a utility source which
provides AC power having a magnitude and a power factor
and AC voltage having a magnitude and a frequency. The
method includes the additional step of monitoring the mag-
nitude and frequency of the AC voltage provided by the utility
source and the magnitude and frequency of the AC voltage
generated by the generator structure. The magnitude and fre-
quency of the AC voltage generated by the generator structure
1s varied so as to match the magnitude and frequency of the
AC voltage provided by the utility source. The generator
structure and the utility source are interconnected 1in response
to the magnitude and frequency of the AC voltage generated
by the generator structure be generally equal to the magnmitude
and frequency of the AC voltage provided by the utility
source.

In addition, the power factor of the AC power generated by
the generator structure may be varied to a predetermined level
and the AC voltage generated by the generator structure may

be adjusted to a user selected magnitude.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings furnished herewith 1llustrate a preferred con-
struction of the present invention in which the above advan-
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4

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 1s a schematic view of a network system for con-
trolling and managing the distribution of electrical power;

FIG. 2 1s a schematic view of a first embodiment of a power
generation system;

FIG. 3 1s a schematic view of a second embodiment of a
power generation system;

FIG. 4a 1s a schematic view of a generator structure for
generating electrical power for the power generation system
of FIG. 3;

FIG. 4b 1s a schematic view of the generator structure of
FIG. 4a for the power generation system of FIG. 2;

FIG. 5 1s a display screen for monitoring the supply and
distribution of electrical power provided by the power gen-
eration systems of FIGS. 1 and 2;

FIG. 6 1s a generator settings display screen for allowing
the user to provide the generator settings for the generator
structure of FIG. 4;

FIG. 7 1s acommand settings display screen for controlling
the starting and stopping of the generator structure of FIG. 4;

FIG. 8 1s a holiday settings display screen for allowing a
user to specily days on which the generator structure of FIG.
4 1s not operated;

FIG. 9 15 a system setting display screen for allowing the
user to specily the settings of the power generation system of
FIGS. 2-3; and

FIG. 10 1s a clock programming screen for allowing a user
to program a day and a time for use with the screens of FIGS.

3-9.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring to FIG. 1, a network control system for control-
ling and monitoring a plurality of power generation systems 1s
generally generated by the reference numeral 10. Each of the
power generation systems 1s generally designated by the ret-
erence numeral 12. Fach power generation system includes
system controller 14 operatively connected to a plurality of
generator panels 16 by serial communications link 18. Each
generator panel 16 1s operatively connected to a correspond-
ing generator 20a and 20b, as hereinatter described.

As best seen 1n FIGS. 4a-4b, generator panel 16 1s opera-
tively connected an engine 22 and a corresponding generator
20a or 20b. It can be appreciated that the following descrip-
tion of generator panel 16 operatively connected to generator
20a will be understood to describe a second generator panel
16 operatively connected to generator 20b, as 1f fully
described herein. Engine 22 receives fuel such as natural gas
or liquid propane vapor through an intake. The fuel provided
to engine 22 1s compressed and 1gnited within the cylinders
thereof so as to generate reciprocating motion of the pistons
of engine 22. The reciprocating motion of the pistons of
engine 22 1s converted to rotary motion by a crankshatt. The
crankshait 1s operatively coupled to generator 20a through
shaft 28 such that as the crankshalfit 1s rotated by operation of
engine 22, shaft 28 drives generator 20a which, 1n turn, con-
verts the mechanical energy by engine 22 to electrical power
on output 31 of generator 20a for transmission and distribu-
tion.

Digital governor 26 1s operatively connected to throttle 24
which controls the volume of intake air to engine 22. As 1s
known, digital governor 26 protects engine 22 from over-
speed conditions and maintains engine 22 at a desired engine
speed which, 1n turn, causes generator 20a to generate a
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desired electrical power at a desired frequency. Digital gov-
ernor 26 controls the engine speed of engine 22 by regulating
the position of throttle 24, and hence, the amount of fuel and
air provided to the combustion chamber of engine 22. As 1s
known, throttle 24 1s movable between a wide-open position
wherein engine 22 runs at full power and a closed position
wherein engine 22 runs at minimum power. Generator control
42 controls operation of digital governor 26, and hence,
throttle 24, as hereinafter described.

As 1s conventional, generator 20a generates AC voltage
having a magnitude and a frequency and AC current having a
magnitude and a frequency. In alternating current power
transmission and distribution, the cosine of the phase angle
(0) between the AC voltage and the AC current 1s known as the
power factor. The AC power generated by generator 20a may
be calculated 1n according to the expression:

P=IxVxCos O

wherein P 1s the AC power; 1 1s the root means square of the
AC current; and V 1s the root means square of the AC
voltage.

The magnitude of the AC output voltage of generator 20a 1s
monitored by voltage regulator 30. As 1s conventional, gen-
erator 20a includes an armature winding or exciter which
controls the magnitude of the AC output voltage of generator
20a. Voltage regulator 30 acts to increase or decrease the
excitation of the exciter of generator 20a to the degree needed
to maintain the magnitude of the AC output voltage at a
desired value.

It 1s contemplated to operatively connect engine 22 and
generator 20a to an alarm system 32. Alarm system 32 moni-
tors various operating conditions of engine 22 and generator
20a and provides a warning 11 any of the operating conditions
fall outside normal operating levels. In addition, alarm system
32 1s operatively connected to generator control 42 such that
generator control 42 may shut down generator 20a 1n
response to certain, predetermined alarm conditions on
engine 22 and/or generator 20a so as to prevent damage to
power generation system 12.

Referring to FIGS. 2 and 4b, 1t 1s contemplated to connect
generators 20a and 20b to corresponding loads 34 and 36,
respectively, through corresponding transier switches 38.
Each transfer switch 38 1solates the electrical power supplied
by a utility on supply line 40 from the electrical power sup-
plied at outputs 31 of corresponding generators 20a and 20b.
Electrical power supplied on supply line 40 1s monitored such
that if the electrical power from the utility fails, engines 22 are
started by generator controls 42, FIG. 4b, 1n a conventional
manner. With engines 22 of power generation systems 12
started, generators 20a and 20b generate electrical power, as
heretolore described. When the electrical power generated by
generators 20a and 20b reaches the magnitude and frequency
desired by the user, generator control 42 through transfer
switch control 33 causes transier switches 38 to transier loads
34 and 36 from supply line 40 to corresponding outputs 31 of
generators 20a and 20b, respectively. In response to restora-
tion of electrical power on supply line 40 by the utility, gen-
erator controls 42 through transfer switch controls 33 cause
transier switches 38 to transier loads 34 and 36 from outputs
31 of generators 20a and 20b, respectively, to supply line 40.
Thereaiter, engines 22 are stopped by corresponding genera-
tor controls 42. By stopping engines 22, generators 20a and
20b no longer generate electrical power.

Alternatively, referring to FIGS. 3 and 4a, in the eventof a
power outage, generators 20a and 20b may be put 1n parallel
with each other 1 order to supply electrical power to load 74.
Generators 20a and 20b are put 1n parallel with each other by
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connecting outputs 31 of generators 20a and 20b to supply
line 40. However, prior to connecting outputs 31 of generators
20a and 20b to supply line 40, it 1s necessary to match the
magnitude of the AC output voltage of generator 20a with the
magnitude of the AC output voltage of generator 20b. In
addition, the outputs of generators 20a and 20b must be
synchronized. In order to synchronize the outputs of genera-
tors 20a and 20b, the phase sequences and the frequencies of
the outputs of generators 20a and 20b must be identical. Once
synchronized, generator control 42 through transfer switch
control 33 causes transier switches 44a and 44b to close such
that outputs 31 of generators 20a and 20b, respectively, are
coupled to supply line 40. Thereatter, supply line 40 1s con-
nected to load 74, as hereinafter described.

It 1s also contemplated to put generators 20a and 20b 1n
parallel with the utility by connecting outputs 31 of genera-
tors 20a and 20b to the utility. In order to put generators 20a
and 20b 1n parallel with the utility, it 1s necessary to match the
magnitude of the AC output voltages of generators 20a and
20b with the magnitude of the AC voltage of the utility. In
addition, the outputs of generators 20a and 20b must be
synchronized with the utility. In order to synchronize the
outputs of generators 20a and 20b with the utility, the phase
sequences and the frequencies of the outputs of generators
20a and 20b must be 1dentical in phase and frequency with the
utility.

Referring back to FIGS. 4a and 4b, by way of example,
voltage matching 1s accomplished by voltage regulators 30 of
generator panels 16. Each voltage regulator 30 1s supplied
with the magnitude of the AC voltage provided by the utility,
as hereinatfter described, and thereafter, raises or lowers the
AC voltage provided by corresponding generators 20a or 20b
to precisely match the magnitude of the AC voltage provided
by the utility under the control of corresponding generator
controls 42 of generator panels 16. As such, it i1s contemplated
to operatively connect generator controls 42 of generator
panels 16 to supply line 40 to monitor the utility. Synchroni-
zation 1s achieved by increasing or decreasing the engine
speed, as heretofore described, such that phase sequence and
the frequency of the AC outputs of generators 20a and 20b are
identical to the phase and frequency supplied by the utility.
Synchronmizers 35 momitor the AC power provided by the
utility and provide such imnformation to corresponding gen-
erator controls 42. Once synchronization 1s achieved, transier
switches 44a and 44b are closed by generator controls 42
through transfer switch controls 33 such that outputs 31 of
generators 20a and 20b, respectively, are coupled to supply
line 40. Thereatter, supply line 40 1s connected to the utility,
as hereinafter described.

When generators 20a and 20b are connected 1n parallel
with the utility, the AC output voltages of generators 20a and
20b cannot be varied by excitation of corresponding exciters
of generators 20a and 20b. Excitation of exciters of generators
20a and 20b controls the power factors of the electrical power
supplied by generators 20a and 20b to the utility. As such, the
excitation of exciters of generators 20a and 20b when gen-
erators 20a and 20b are connected 1n parallel with the utility
1s known as volt-ampere-reactance (VAR) control, block 50.

Further, when generators 20a and 20b are connected 1n
parallel with the utility, the opening and closing of throttles 24
by digital governors 26 does not change the engine speeds of
corresponding engines 22. The opening and closing of
throttles 24 increases the AC power supplied to the utility by
generators 20a and 20b. As such, the opening and closing of
throttles [34] 24 when generators 20a and 20b are connected
in parallel with the utility 1s known as power control, block

d2.
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Generator controls 42 of the generator panels 16 are opera-
tively connected to serial communications link 18 by com-
munication interfaces 56. In the preferred embodiment, each
communication interface 56 1s a RS485. Referring to FIGS. 2
and 3, serial communications link 18 allows system controller
14 to communicate with generator controls 42 of generator
panels 16. System controller 14 includes a microcontroller
and a visual display. The microcontroller executes a software
program which 1s displayed on the visual display of system
controller 14. The software program allows a user to monitor
the electrical power supplied by the utility; to monitor various
operating conditions of the engines and generators of the
power generation systems 12; and to control various operat-
ing parameters of power generation systems 12.

Referring to FIG. 3, 1n a first embodiment, system control-
ler 14 1s operatively connected by line 58 to the utility to
monitor the utility and to measure the voltage and current
provided by the utility. In addition, system controller 14 1s
operatively connected by line 59 to supply line 40 to monitor
the electrical power supplied by generators 20a and 20b.
System controller 14 1s also operatively connected to
switches 61 and 63 by lines 65 and 67 in order to control the
opening and closing of switches 61 and 63, for reasons here-
inafter described. In an alternate embodiment, FIG. 2, system
controller 14 1s connected by line 69 to the utility to monitor
the utility and to measure the voltage and current provided by
the utility.

The magnitudes of the voltage and current provided by the
utility are displayed on display screen 60, FIG. 5. Display
screen 60 includes voltage display 62 for displaying the mag-
nitude of the rms voltage provided by the utility and current
display 64 for displaying the magnitude of the rms current
provided by the utility. System controller 14 calculates the
power supplied by the utility and power factor of the power
supplied and displays the same on display screen 60 at power
display 66 and power factor display 68, respectively.

Display screen 60 also includes utility icon 70 representing
the utility, load 1con 72 representing load 74, and generator
icons 76 and 78 representing corresponding generators 20a
and 20b, respectively. Generator power displays 80 and 82 are
positioned adjacent corresponding generator icons 76 and 78,
respectively, to display the power and power factor of the
outputs of generators 20a and 20b. In addition, the total power
provided by generators 20a and 20b 1s displayed by total
power display 84. Display screen 60 also includes a time
display 86 for displaying the date and time, as well as, power

connections having switch icons 88a-d therein which repre-
sent the states of switches 61, 63, 44a and 44b, respectively, of
FIG. 3.

System controller 14 further includes generator settings
screen 90, FIG. 6, for allowing a user to input a plurality of
settings for generators 20a and 20b. Generator setting screen
90 i1ncludes number-of-generators input 92 for allowing a
user to mput the number of generators connected to commu-
nications link 18. In addition, generator setting screen 90
includes mputs for identitying the generator (either generator
20a or generator 20b) for which the settings on the generator
settings screen pertain 94; the maximum kilowatts produced
by the 1dentified generator 96; the recommended minimum
kilowatts for efficient operation of the identified generator 98;
the maximum power which may be produced by the identified
generator 1n volt-ampere-reactance 100; the priority of opera-
tion ol the identified generator as compared to the other
generators of the power generation system 102; and a slave
address for the generator control 42 of generator panel 16 for
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the 1dentified generator 104. Generator settings scroll bar 105
1s provided for allowing a user to scroll through the settings
for each generator.

Reterring to FI1G. 7, system controller 14 further includes a
command settings screen generally designated by the refer-
ence numeral 106. Command settings screen 106 allows a
user to mput various parameters for starting and stopping
generators 20a and 20b. Command settings screen 106
includes inputs for identitying: a command (by number) for
operation of the generators (either generator 20a and genera-
tor 20b) 108; a mode the user desires the generators to operate
during a prescribed time period 110; the maximum kilowatts
to be produced by the generators or consumed from the utility
during the prescribed time period depending on the mode
selected by the user 112; and a user selected limit for the
power factor of the electrical power produced by the genera-
tors or consumed from the utility during the prescribed time
period depending on the mode selected by the user 114.

Command setting screen 106 also includes mputs for 1den-
tifying the prescribed time period for which a user desires the
generators to operate under the 1dentified command. These
inputs include a month 116 and a day 118 for starting the
identified generator and a month 120 and a day 122 for stop-
ping the generators. Inputs are also provided for an hour 124
and a minute 126 for starting the generators on each day for
which the generators are intended to operate and an hour 128
and a minute 130 for stopping the generators on each day for
which the generators are intended to operate. Inputs are also
provided for identifying specific days of the week and holi-
days 132a-h during the prescribed time period for which the
generators are mtended not to operate. Command scroll bar
131 is provided for allowing the user to scroll through each
command.

Referring to FIG. 8, system controller 14 further includes a
holiday screen generally designated by the reference numeral
134. Holiday screen 134 includes inputs for a user: to identily
holidays (by number) on which generators 20a and 20b will
not be operational 135; and to specily a month 136 and a day
138 for each holiday identified. Holiday scroll bar 137 1s
provided for allowing the user to scroll through each holiday
identified.

As best seen 1n FIG. 9, system controller 14 includes a
system settings screen generally designated by the reference
numeral 142. System settings screen 142 includes inputs for
a user: to specity i1 a password 1s needed 144a to connect
system controller 14 to network 172, for reasons hereinafter
described, and 11 a password 1s needed 144b to interconnect
system controller 14 to serial communications link 18; to
specify a password [146] which must be entered by a user at
input 146 to gain access to screens ol FIGS. 6-10; to specily
a current transformer ratio which steps down the current
provided by utility so as to allow such current to be measured
by the ammeter of system controller 14; to specily a voltage
scaling factor to calibrate the volt meter which measures the
voltage provided by the utility 150; and to specily a system
voltage 152 to be generated by power generation system 12
(typically, the utility voltage).

Referring to FIG. 10, a clock-programming screen 1s gen-
crally designated by the reference numeral 154. Clock pro-
gramming screen 154 includes a scrollable calendar display
156 for displaying a calendar to a user. In addition, the clock-
programming screen 154 includes inputs for allowing a user
to specily the month 1358, the day of the month 160, the year
162, the weekday 164, the hour 166 and the minute 168. The
day and time 1nputted on clock-programming screen 154 are
displayed by time display 86 on display screen 60.
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In operation, for each power generation system 12, genera-
tor panels 16 and system controller 14 are connected to a
common serial communications link 18. Imitially, a user
inputs a plurality of settings for generators 20a and 20b on
generator settings screen 90 and the various parameters for
starting and stopping generators 20a and 20b on command
settings screen 106 of system controller 14, as heretofore
described. In addition, the user enters the mputs heretofore
described on holiday screen 134, system settings screen 142,
and clock programming screen 154 of system controller 14.
Thereaiter, 1n order to gain access to the various screens of
system controller 14, the user 1s prompted to enter the pass-
word provided at mput 146 of system settings screen 142.
After obtaining access to the various screens of system con-
troller 14, the user may monitor power generation system 12
and/or may vary the inputs, as heretofore described.

With respect to power generation systems 12 of FIGS. 1-2
and 4b, system controller 14 monitors the electrical power
supplied to supply line 40 by the utility. The magnitude of the
rms voltage provided by the utility and the magnitude of the
rms current provided by the utility are displayed on display
screen 60, FIG. 5. In addition, the power supplied by the
utility and power factor of the power supplied are displayed
on display screen 60. Further, display screen 60 displays the
date and time, as well as, the power connections of power
generation system 12.

If the electrical power from the utility fails, generator con-
trols 42 of generator panels 16 start engines 22 such that
generators 20a and 20b generate electrical power, as hereto-
fore described. When the electrical power generated by gen-
crators 20a and 20b reaches the magnitude and frequency
desired by the user, transier switches 38 transfer loads 34 and
36 from supply line 40 to corresponding outputs 31 of gen-
erators 20a and 20b, respectively. The power and power factor
of the outputs of generators 20a and 20b, as well as, the total
power provided by generators 20a and 20b to loads 34 and 36,
respectively, are displayed on display screen 60. Display
screen 60 also updates the power connections of power gen-
eration system 12.

In response to restoration of electrical power on supply line
40 by the utility, generator controls 42 of generator panels 16
cause transiers switches 38 to transier loads 34 and 36 from
outputs 31 of generators 20a and 20b, respectively, to the
utility connected to supply line 40. Thereafter, generator con-
trols 42 stop corresponding engines 22 such that generators
20a and 20b no longer generate electrical power.

Alternatively, generators 20a and 20b may be placed 1n
parallel with a utility by connecting outputs 31 of generators
20a and 20b to the utility through supply line 40. As hereto-
fore described, in order to put generators 20a and 20b 1n
parallel with the utility, 1t 1s necessary to match the magni-
tudes of the AC output voltages of generators 20a and 20b
with the magnitude of the AC voltage of the utility. In addi-
tion, the outputs of generators 20a and 20b must be synchro-
nized with the utility such that the phase sequences and the
frequencies of the outputs of generators 20a and 20b are
identical 1n phase and frequency with the utility.

Once the outputs of generators 20a and 20b are synchro-
nized with the utility and the magnitudes of the AC output
voltages of generators 20a and 20b match of the AC voltage of
the utility, generator controls 42 of generator [powers] panels
16 cause transfer switches 38 to close such that loads 34 and
36 are operatively connected to the utility through supply line
40 and to outputs 31 of generators 20a and 20b, respectively.
The AC power and power factor provided by generators 20a
and 20b, as well as, the total power provided by generators
20a and 20b, respectively, are displayed on display screen 60.
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Display screen 60 also updates the power connections of
power generation system 12. It can be appreciated that gen-
erator controls 42 of generator panels 16 control the power
factors of the electrical power supplied by corresponding
generators 20a and 20b and the AC power supplied by gen-
erators 20a and 20b, as heretofore described, in accordance
with the mputs provided by a user on command settings
screen 106.

Referring to the embodiment of FIGS. 3 and 4a 1n the event
ol a power outage, system controller 14 advises each of gen-
erator controls 42 of generator panels 16 accordingly. Gen-
erator controls 42 of generator panels 16 start engines 22 such
that generators 20a and 20b generate electrical power, as
heretofore described. When the electrical power generated by
generators 20a and 20b reaches the magnitude and frequency
desired by the user, transier switches 44a and 44b close so as
to connect supply line 40 to corresponding outputs 31 of
generators 20a and 20b, respectively. Thereatter, system con-
troller 14 opens switch 61 and closes switch 63 in order to
connect supply line to load 74, and to hence, transter load 74
from the utility to generators 20a and 20b. The power and
power factor provided by generators 20a and 20b, as well as,
the total power provided by generators 20a and 20b to load 74,
are displayed on display screen 60. Display screen 60 also
updates the power connections of power generation system
12.

In response to restoration of electrical power by the utility,
system controller 14 advises generator controls 42 of genera-
tor panels 16 accordingly. Thereafter, system controller 14
closes switch 61 and opens switch 63 in order to connect the
utility to load 74. In addition, generator controls 42 of gen-
crator panels 16 open transier switches 44a and 44b so as to
disconnect the outputs 31 of generators 20a and 20b, respec-
tively, from supply line 40. Generator controls 42 stop corre-
sponding engines 22 such that generators 20a and 20b no
longer generate electrical power, or alternatively, system con-
troller 14 returns to operating generators 20a and 20b, as
provided by a user on command setting screen 106 Display
screen 60 updates the information displayed thereon accord-
ingly.

Alternatively, generators 20a and 20b may be placed 1n
parallel with the utility by connecting outputs 31 of genera-
tors 20a and 20b to the utility through supply line 40. As
heretofore described, in order to put generators 20a and 20b in
parallel with the utility, 1t 1s necessary to match the magni-
tudes of the AC output voltages of generators 20a and 20b
with the magnitude of the AC voltage of the utility. In addi-
tion, the outputs of generators 20a and 20b must be synchro-
nized with the utility such that the phase sequences and the
frequencies of the outputs of generators 20a and 20b are
identical in phase and frequency with the utility.

Once the outputs of generators 20a and 20b are synchro-
nized with the utility and the magnitudes of the AC output
voltages of generators 20a and 20b match of the AC voltage of
the utility, transfer switches 44a and 44b close such that
outputs 31 of generators 20a and 20b are connected to supply
line [74] 40. Thereafter, system controller 14 closes switch 63
in order to connect supply line 40 to the utility and to load 74.
The power and power factor provided by generators 20a and
20b, as well as, the total power provided by generators 20a
and 20b to load 74, are displayed on display screen 60. Dis-
play screen 60 also updates the power connections of power
generation system 12.

It 1s contemplated that system controller 14 incorporate a
load shedding feature such that i1 the electrical power from
the utility fails and 1t the plurality of generators 1in power
generation system 12 are inadequate to provide sufficient



US RE44,084 E

11

clectrical power to support load 74, system controller 14 may
disconnect a portion of load 74 from supply line 40. A circuit
breaker with a shunt trip 1s provided 1n series with portions of
load 74. If the electrical power from the utility fails, system
controller 14 trips the circuit breaker and removes a corre-
sponding portion of load 74 from the system. It 1s contem-
plated that multiple load shedding relays be provided and the
system controller 14 only shed such portion of load 74 as
necessary to allow the generators of power generation system
12 to provide adequate electrical power to the load. By way of
example, 11 one or more of the plurality of electrical genera-
tors ol power generation system 12 are off line, additional
portions of the load may be shed 1n order to for the generators
in operation to provide adequate electrical power to load 74.

Referring back to FIG. 1, it 1s contemplated that network
system 10 include a network controller 170 which 1s opera-
tively connected to a communication network 172 such as a
telephone network, a computer network, the internet, or a
combination for communication thereon. Network controller
170 1ncludes a microprocessor and one or more visual dis-
plays. It 1s further contemplated to interconnect systems con-
troller 14 to the communication network 172, as heretofore
described. It 1s contemplated that the microcontroller of net-
work controller [172] / 70 execute a software program so as to
allow a user to access each system controller 14 and selec-
tively display the screens, FIGS. 5-10 of the selected system
controller 14 on the visual display of the network controller
170. As such, the network system 10 allows for a single user
to monitor several power generation systems 12 from a single
locale and to control operation of these power generation
systems 12 1n the heretofore described. Consequently, a user
1s able to view the current operating conditions of each of the
power generation systems 12, as well as, configure system
controllers 14 from the remote locale. In addition, the user can
obtain detailed information from individual generators 20a
and 20b from the remote locale.

Various modes of carrying out the invention are contem-
plated as being within the scope of the following claims
particularly pointing out and distinctly claiming the subject
matter which 1s regarded as the invention.

We claim:

1. A control system for controlling operation of an engine-
driven, electrical generator which generates AC power and
AC voltage having a magnitude and a frequency for a load, the
load being operatively connected to a utility source which
provides AC power having a magnitude and power factor and
AC voltage having a magmtude and a frequency thereto, and
the engine having an adjustable engine speed, comprising:

a generator control operatively connected to the engine for
controlling operation thereof and operatively connected
to the generator for controlling the AC power generated
thereby;

a synchronizer operatively connected to [a] #ie generator
control, the synchronizer momitoring the magnitude and
frequency of the AC voltage of the utility source and the
magnitude and frequency of the AC voltage generated
by the generator; and

a communications link for operatively connecting the gen-
erator control to a network;

wherein the generator control adjusts the magnitude of the
AC voltage generated by the generator and adjusts the
engine speed of the engine to vary the frequency of the
AC voltage generated by the generator such that the
magnitude and frequency of the AC voltage generated
by the generation matches the magnitude and frequency
of the AC voltage of the utility source.
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2. The control system of claim 1 further comprising a user
interface operatively connected to the network, the user inter-
face allowing a user to commumnicate with tz2e generator con-
trol so as to set predetermined operating parameters of the
engine and the generator.

3. The control system of claim 1 further comprising a
transier switch having a first input connectable to the utility
source for providing AC power, a second mput operatively
connected to the generator, and an output connectable to an
alternate load, the transfer switch 1s selectively movable
between a first position connecting the utility source to the
alternate load and a second position connecting the generator
to the alternate load.

4. The control system of claim 3 wherein the transfer
switch 1s operatively connected to the generator control such
that the generator control controls movement of the transier
switch between the first and second positions.

5. The control system of claim 1 further comprising a
switch operatively connected to the generator control and
being movable between a first closed position for intercon-
necting the generator and the load and a second open position,
the generator control moving the switch to the closed position
in response to the magnitude and frequency of the AC voltage
generated by the generator being generally equal to the mag-
nitude and frequency of the AC voltage provided by the utility
source.

6. The control system of claim 1 wherein the generator
control includes a digital governor connectable to the engine
for controlling the engine speed of the engine.

7. The control system of claim 6 wherein the digital gov-
ernor includes a throttle valve, the throttle valve movable
between a first open position wherein the engine generates
maximum AC power and a second closed position wherein
the engine generates minimum AC power.

8. The control system of claim 1 wherein the generator
control includes a voltage regulator for controlling the mag-
nitude of the AC voltage generated by the generator.

9. The control system of claim 1 further comprising an
alarm system connectable to the engine for monitoring vari-
ous engine parameters, the alarm system communicating
with the generator control and generating an alarm signal 1n
response to a predetermined condition on the engine.

10. A generator structure for generating AC power for a
load, the load including a utility source which provides AC
power having a magnitude and power factor and AC voltage
having a magnitude and frequency, comprising:

a generator connectable to the load, the generator generat-
ing AC power having a magnitude and a power factor
and AC voltage having a magnitude and a frequency;

an engine operatively connected to the generator for driv-
ing the generator, the engine having an adjustable engine
speed;

a generator control operatively connected to the engine for
controlling operation thereot and operatively connected
to the generator for controlling the AC power generated
thereby, the generator control including a synchronizer
for monitoring the magnitude and frequency of the AC
voltage provided by the utility source and the magmitude
and frequency of the AC voltage generated by the gen-
crator wherein the generator control adjusts the magni-
tude of the AC voltage generated by the generator and
adjusts the engine speed of the engine to vary the fre-
quency ol the AC voltage generated by the generator
such that the magnitude and frequency of the AC voltage
generated by the generator the magnitude and frequency
of the AC voltage of the utility source; and
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a commumnications link for operatively connecting the gen-
erator control to a network.
11. The generator structure of claim 10 further comprising
a transier switch having a first input connectable to a utility
source for providing AC power, a second 1nput operatively
connected to the generator, and an output connectable to an
alternate load, the transfer switch selectively movable
between a first position for connecting the utility source to the

alternate load and a second position for connecting the gen-
erator to the alternate load.

12. The generator structure of claim 11 wherein the transfer
switch 1s operatively connected to the generator control such
that the generator control controls movement of the transier
switch between the first and second positions 1n response to
the AC power supplied by the utility source.

13. The generator structure of claim 10 further comprising
a switch operatively connected to the generator control and
being movable between a first closed position wherein the
generator 1s connected to the utility source and a second open
position, the generator control moving the switch to the
closed position 1 response to the magnitude and frequency of
the AC voltage generated by the generator being generally
equal to the magnitude and frequency of the AC voltage
provided by the utility source.

14. The generator structure of claim 10 wherein the gen-
erator control includes a digital governor connectable to the
engine for controlling the engine speed of the engine.

15. The generator structure of claim 14 wherein the digital
governor 1ncludes a throttle valve, the throttle valve movable
between a {irst open position wherein the engine generates
maximum AC power and second closed position wherein the
engine generates minimum AC power.

16. The generator structure of claim 10 wherein the gen-
erator control includes a voltage regulator for regulating the
magnitude of the AC voltage generated by the generator.

17. A control system for controlling operation of an engine-
driven, electrical generator which generates AC power and
AC voltage having a magnitude and a frequency for a load, the
load being operatively connected to a utility source which
provides AC power having a magnitude and power factor and
AC voltage having a magnitude and a frequency thereto, and
the engine having an adjustable engine speed, comprising:

a generator control operatively connected to the engine for
controlling operation thereof and operatively connected
to the generator for controlling the AC power generated
thereby, the generator control imncluding a volt-ampere-
reactive (VAR) control for varying the power factor of
the AC power generated by the generator to a predeter-
mined value;

a synchronizer operatively connected to [a] tke generator
control, the synchronizer monmitoring the magnitude and
frequency of the AC voltage of the utility source and the
magnitude and frequency of the AC voltage generated
by the generator; and

a communications link for operatively connecting the gen-
erator control to a network;

wherein the generator control varies the magnitude and
frequency of the AC voltage generated by the generator
to match the magnitude and frequency of the AC voltage
of the utility source.
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18. A generator structure for generating AC power for a
load, the load including a utility source which provides AC
power having a magnitude and power factor and AC voltage
having a magnitude and frequency, comprising:

a generator connectable to the load, the generator generat-
ing AC power having a magnitude and a power factor
and AC voltage having a magnitude and a frequency;

an engine operatively connected to the generator for driv-
ing the generator, the engine having an adjustable engine
speed;

a generator control operatively connected to the engine for
controlling operation thereof and operatively connected
to the generator for controlling the AC power generated
thereby, the generator control including a volt-ampere-
reactive (VAR) control for varying the power factor of
the AC power generated by the generator;

the generator control including a synchronizer for moni-
toring the magnitude and frequency of the AC voltage
provided by the utility source and the magnitude and
frequency of the AC voltage generated by the generator
such that the generator control the magnitude and fre-
quency of the AC voltage generated by the generator the
magnitude and frequency of the AC voltage of the utility
source; and

a communications link for operatively connecting the gen-
erator control to a network.

19. A method of providing AC power to a load, the load
including a utility source which provides AC power having a
magnitude and a power factor and an AC voltage having a
magnitudes and a frequency, comprising the steps of:

setting various operating parameters for a generator struc-
ture and transmitting the same to the generator structure
over a network; and

generating AC power and AC voltage with a generator
structure 1n response to the various operating parameters
set, the AC power having a magnmitude and a power factor
and the AC voltage having a magnitude and a frequency;

monitoring the magnitude and the frequency of the AC
voltage provided by the utility source and the magnitude
and the frequency of the AC voltage generated by the
generator structure;

varying the magnitude and the frequency of the AC voltage
generated by the generator structure to match the mag-
nitude and the frequency of the AC voltage provided by
the utility source, and

interconnecting the generator structure to the utility source
in response to the magnitude and the frequency of the AC
voltage generated by the generator structure being gen-
crally equal to the magnitude and the frequency of the
AC voltage provided by the utility source.

20. The method of claim 19 comprising the additional step
of varying the power factor of the AC power generated by the
generator structure to a predetermined value.

21. The method of claim 19 comprising the additional step
of adjusting the magnitude of the AC voltage generated by the
generator structure to a user selected magnitude.
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