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240 Volt wall outlet. As a result, the battery is charged by either power from a wall outlet or, if the generator is running, by power
provided from the alternator.
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ABSTRACT

A system and method for a double source battery charger of an engine-generator. The
double source battery charger of the engine-generator includes an electric starter and a battery.
The electric starter is selectively energized by the battery to start an engine of the engine-
generator. The double source charger maintains the battery at a desired charge such that the
battery has sufficient charge to energize the electric starter. The double source battery charger is
selectively coupled to one of two power sources to charge the battery: an alternator of the
engine-generator and an external AC source, such as a standard 120 Volt or 240 Volt wall outlet.
As a result, the battery is charged by either power from a wall outlet or, if the generator is

running, by power provided from the alternator.



DOUBLE SOURCE BATTERY CHARGER

[0001]

FIELD OF THE INVENTION

[0002] The invention relates to battery chargers and engine-generators.

BACKGROUND

[0003]  Engine-generators, also referred to as gen-sets, generally include an internal
combustion engine that drives an alternator to generate electricity. The alternator includes a
rotor and a stator. A drive shaft of the engine rotationally drives the rotor, which induces current

in the stator. The induced current forms the output of the generator.

SUMMARY OF THE INVENTION

[0004] In one embodiment, the invention provides a double source battery charger for an
engine-generator having an electric starter and a battery. The electric starter for the engine-
generator is selectively energized by the battery to start an engine of the engine-generator. The
double source charger maintains the battery at a desired charge such that the battery has
sufficient chargé to energize the electric starter. The double source battery charger is selectively
coupled to two power sources to charge the battery: an alternator of the engine-generator and an
external AC source, such as a standard 120 Volt or 240 Volt wall outlet. As a result, the battery
is charged by either a wall outlet or, if the generator is running, by power provided from the
alternator.

[0005] In another embodiment, the invention provides a method of charging a battery in a
generator having a double source battery charger, an electric starter motor, an internal
combustion engine, and an external power connector. The method includes coupling the battery

to the electric starter motor to start the internal combustion engine and driving an alternator, by
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the internal combustion engine, to produce alternator output power. The method further includes
detecting at least one of a presence of the alternator output power and an absence of external
power from the external power source connector and, in response, controlling a switch to connect
the alternator to the double source battery charger. The battery is then charged by the double
source battery charger using the alternator output power from the alternator. The method also
includes detecting at least one of an absence of the alternator output power and a presence of
external power from the external power connector, and, in response, controlling the switch to
connect the external power source connector to the double source battery charger. The battery is
then charged by the double source battery charger using the external power from the external

power connector.

[0006] In another embodiment, the invention provides a generator having a double source
battery charger, a battery, an internal combustion engine, and an electric starter motor selectively
coupled to the battery to start the internal combustion engine. The generator further includes an
alternator having a rotor driven by the internal combustion engine and a stator in which
alternator output power is induced when the rotor is driven. The alternator output power is
provided at an alternator output. The generator also includes an external power source
connector, a switch, and a battery charger. The external power source connector is operable to
be coupled to an external power source and to provide external power at a connector output. The
switch has a first input coupled to the alternator output, a second input coupled to the connector
output, and a switch output. The battery charger is coupled to the battery and operable to charge
the battery. The battery charger further has a power input coupled to the switch output such that
the battery charger is selectively coupled, via the switch, to one of the alternator output and
connector output to charge the battery using one of the alternator output power and the external

power.

[0007] In another embodiment, the invention provides a method of charging a battery in a
generator having a double source battery charger, an internal combustion engine, an electric
starter motor selectively coupled to the battery to start the internal combustion engine, an
alternator driven by the internal combustion engine to produce alternator output power, and an
external power source connector operable to be coupled to an external power source to provide

external power. The method includes detecting whether at least one of the alternator is
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producing alternator output power and the external power source connector is providing external
power. The method further includes connecting one of the alternator and the external power
source connector to an input of the double source battery charger based on the detection. The
method also includes charging the battery, by the double source battery charger, using power
received at the input from the connected one of the alternator and the external power source

connector.

[0008] Other aspects of the invention will become apparent by consideration of the detailed

description and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figs. 1A-E depict a generator with a double source battery charger according to an

embodiment of the invention.
[0010] FIG. 2 depicts a block diagram of the generator system.
[0011] FIG. 3 depicts a double source battery charger circuit.

[0012] FIG. 4 illustrates a charging profile of the double source battery charger with three

modes of operation.
[0013] Figs. 5A-B depict flow charts for the double source battery charger input source.
DETAILED DESCRIPTION

[0014]  Before any embodiments of the invention are explained in detail, it is to be
understood that the invention is not limited in its application to the details of construction and the
arrangement of components set forth in the following description or illustrated in the following
drawings. The invention is capable of other embodiments and of being practiced or of being

carried out in various ways.
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[0015] It should also be noted that a plurality of hardware and software based devices, as
well as a plurality of different structural components may be used to implement the invention. In
addition, it should be understood that embodiments of the invention may include hardware,
software, and electronic components or modules that, for purposes of discussion, may be
illustrated and described as if the majority of the components were implemented solely in
hardware. However, one of ordinary skill in the art, and based on a reading of this detailed
description, would recognize that, in at least one embodiment, the electronic based aspects of the
invention may be implemented in software (e.g., stored on non-transitory computer-readable
medium) executable by one or more processors. As such, it should be noted that a plurality of
hardware and software based devices, as well as a plurality of different structural components
may be utilized to implement the invention. Furthermore, and as described in subsequent
paragraphs, the specific mechanical configurations illustrated in the drawings are intended to
exemplify embodiments of the invention and that other alternative mechanical configurations are
possible. For example, “controllers” described in the specification can include standard
processing components, such as one or more processors, one or more computer-readable medium
modules, one or more input/output interfaces, and various connections (e.g., a system bus)

connecting the components.

[0016] With reference to Figs. 1A-E, a generator 100 is shown including a frame 105 having
a folding handle 110 pivotable about hinge 115 to fold forward and down to meet the top side of
the generator 100. The generator 100 further includes a fuel tank 120 with a fuel cap 122, a
rechargeable battery 125, a main panel 130, an electric starter motor 135, an internal combustion
engine 140, and an alternator 145. Although not shown, in some instances, two or more wheels
are secured to the bottom of the frame 105 to ease in the transport of the generator 100. The
generator 100 also includes a socket 150 for coupling to a wall outlet connector to charge the
battery 125. The generator 100 further includes a pull starter cord 155 (shown without a grip
handle) to optionally start the engine 140 without the use of the battery 125 and electric starter
135. The generator 100 includes a starter switch 156 to couple the electric starter 135 to the
battery 125, and a fuel valve 158 to open/close a fuel supply line connecting the fuel tank 120 to
the engine 140. The generator 100 also includes an idle control switch 157 to alter an idle

control mode of the generator 100.
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[0017] The main panel 130 is positioned adjacent to the fuel tank 120 and above the electric
starter 135 and engine 140. In the illustrated embodiment, the main panel 130 includes four AC
outlets 160, each having terminals for connecting to a three prong plug of an AC load. The AC
outlets 160 are ground fault circuit interrupter (GFCI) outlets, although other outlet types may be
included. The main panel 130 further includes a 120/240 Volt AC outlet 165. The AC outlets
160 and 165 are protected from water and contaminant (e.g., dust) infiltration via covers (not
shown), which may be made of rubber or another suitable material. In some embodiments, DC

outlets are also provided on the main panel 130 or elsewhere on the generator 100.

[0018] With reference to FIG. 2, the generator 100 further includes a double source battery
charger 225, a generator output module 230, and a controller 235. The engine 140 rotates an
output shaft 240 when enabled, which rotates a rotor (not shown) of the alternator 145. The
rotating rotor induces an AC output from a stator (not shown) of the alternator 145. The AC
output by the alternator 145 is received by the generator output module 230 and the double
source battery charger 225.

[0019] The generator output module 230 conditions the AC power received from the
alternator 145 to output to one or more AC loads 255 and/or DC loads (not shown). For
example, in some constructions, the generator output module 230 includes a rectifier, inverter,
and filtering components (not shown). The rectifier receives and rectifies the AC power output
from the alternator 145 and outputs DC power to the inverter. The inverter then inverts the DC
power and outputs the AC power to the filtering components. The filtering components assist in
removing ripple, noise, etc. from the AC output by the inverter to provide a clean AC power
signal to one or more AC loads 255. In some constructions, the generator output module 230
filters the AC signal from the alternator 145 and provides the filtered AC signal to the AC loads
255 without the additional rectifier and inverter stages. The AC loads 255 are coupled to the
generator 100 via, for instance, a two or three-prong AC outlet (e.g., AC outlets 160) of the
generator 100. Rectifier circuitry within the generator output module 230 rectifies the AC output
from the alternator 145 and provides DC power, which may also be filtered, to one or more DC
loads (not shown). The one or more DC loads are coupled to the generator output module 230
via DC sockets (not shown) on the generator 100. In some instances, the generator 100 includes

more or fewer than four AC outlets 160 and the AC outlet 165. The controller 235 controls the
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generator output module 230 by, for instance, controlling high-speed switching elements and/or

other components in a rectifier, an inverter, or both.

[0020] With continued reference to FIG. 2, the controller 235 controls and is coupled to the
engine 140 and the electric starter 135. The controller 235 is operable to adjust a throttle 260 of
the engine 140 to control the speed thereof. In addition, the controller 235 is operable to control
additional operating properties of the engine 140. In FIG. 2, the dashed lines represent control
and signal lines on which information or commands are passed. Additionally, the controller 235
controls the electric starter 135 for the engine 140 during start up. The electric starter 135 is a
DC motor energized by the battery 125 to provide initial rotation of the output shaft 240 during
start up. Rotation of the output shaft 240 along with opening the throttle 260 to provide fuel to
the engine 140 enables starting of the engine 140. The electric starter 135 is selectively coupled
to the battery 125, for instance, by the user-activated starter switch 156.

[0021] The double source battery charger 225 maintains the charge of the battery 125 such
that the battery 125 is operable to provide power to the electric starter 135 sufficient to start the
engine 140. The double source battery charger 225 includes a battery monitoring module 265
that senses information about the battery 125 (e.g., battery temperature, battery voltage, polarity)
and relays the battery status information to the controller 235. The controller 235, in turn, may
use the battery status information to control charging of the battery 125. In some embodiments,
the double source battery charger 225 receives and uses the battery status information to control

charging directly, rather than relying on the controller 235.

[0022] The double source battery charger 225 is operable to receive power from two power
sources: the alternator 145 and an external AC source (not shown), such as a 120 Volt or 240
Volt wall outlet via a wall outlet connector 270. The double source battery charger 225
selectively connects battery charger circuitry to one of the alternator 145 and the external AC
source to supply power to the battery charger circuitry. The battery charger circuitry, in turn,
uses the power to provide charging current to the battery 125, as needed. When the generator
100 is operating, the double source battery charger 225 uses power from the alternator 145 to
charge the battery 125. However, when the generator 100 is not operating, the double source

battery charger 225 uses power from the external AC source, assuming that the wall outlet
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connector 270 is coupled to the external AC source. In some instances, the wall outlet connector
270 is coupled to an external DC source (not shown) to provide DC power to the double source
battery charger 225, which is used to selectively charge the battery 125. Additionally, in some
instances, the double source battery charger 225 receives DC power from a rectifier of the

generator output module 230, rather than receiving AC power from the alternator 145.

[0023] FIG. 3 illustrates the double source battery charger 225 in greater detail. The double
source battery charger 225 is shown coupled to the battery 125 and includes a double pole relay
275, a coil 277, switches 280, and a battery charger 285 (i.e. the battery charger circuitry). The
double source battery charger power sources are selectively connected by the relay 275 to the
battery charger 285. For instance, the relay 275 is controlled based on the presence of AC power
produced by the alternator 145. When the generator 100 is running and the alternator 145 is
providing AC output, the coil 277 is energized by current from the alternator 145, causing the
switches 280 to break electrical connections with the wall outlet connector 270 and to make
electrical connections with the alternator 145. When the generator 100 is not running or the
alternator 145 is otherwise not outputting power, the coil 277 is de-energized, causing the
switches 280 to break electrical connections with the alternator 145 and to make electrical
connections with the wall outlet connector 270. In some instances, rather than triggering based
on the presence of alternator power, the coil 277 is coupled to the wall outlet connector 270 and
triggers based on the presence of AC power from the external AC source via the wall outlet
connector 270. Thus, the relay 275 automatically connects the battery charger 285 to one of the
power sources of the double source battery charger 225 depending on the presence of the power

SOourcces.

[0024] The battery charger 285 input voltage may range from 90 to 144 Volts and 44 to 63
Hertz, or may be approximately 240 Volts and 50 Hz. The battery charger 285 includes, for
instance, a rectifier and other filtering elements (not shown) to condition the received AC power
and produce charging current for charging the battery 125. The battery charger 285 is operated
in different charging modes to charge the battery 125 depending on the state of charge of the
battery 125. FIG. 4 illustrates a plot of a charging profile of the battery 125 over time as
controlled by the battery charger 285. As shown, at various stages, the battery charger 285

charges the battery 125 in a constant current mode, a constant voltage mode, and a float mode.



CA 02830695 2013-10-22

At t =0, the battery charger 285 provides a constant current mode where the charging voltage
during the constant current mode is 11 to 14 Volt DC and the charging current during the
constant current mode is 0.5 to 0.75 Amps DC. Att= A, the battery charger 285 provides a
constant voltage mode where the charging voltage during constant voltage mode is 14.65 to
14.75 Volts DC, and the charging current during the constant voltage mode is 0.5 to 0.75 Amps
temporally decreasing to 0.05 to 0.1 Amps. Att= B, the battery charger 285 provides a float
mode where the charging voltage is maintained between 13.85 to 13.95 Volts DC.

[0025] The battery monitoring module 265 provides battery information (e.g., battery
voltage) to the controller 235 or battery charger 285. In turn, the controller 235 controls the
battery charger 285, or the battery charger controls itself, to operate in the appropriate modes
during the charging process. For instance, the battery charger 285 begins in the constant current
mode until the battery 125 reaches approximately 14 Volts, at which point the battery charger
285 enters to the constant voltage mode. The battery charger 285 remains in the constant voltage
mode until the battery 125 reaches 14.6 Volts, at which point the battery charger 285 enters the
float mode. In some embodiments, other battery charging techniques are implemented by the
battery charger 285. Additionally, in some embodiments, different charging thresholds and
current levels are used by the battery charger 285, particularly for different types of batteries
(e.g., 12-Volt, 18-Volt, or 28-Volt batteries). The battery charger 285 also includes protection
(not shown) that achieves dielectric protection between the input and output of the battery
charger 285 of at least 1500 Volts, short circuit protection, and reverse polarity protection against

connecting the battery 125 in reverse polarity.

[0026] FIG. 5A illustrates a method 300 for selecting the input to the double source battery
charger 225 according to an embodiment of the invention. In step 305, the relay 275 senses
whether the alternator 145 is outputting power. If the alternator 145 is outputting power, the
relay 275 makes (or maintains) an electrical connection between the alternator 145 and the
battery charger 285 and breaks (or keeps broken) an electrical connection between the wall outlet
connector 270 and the battery charger 285 (step 310). If the alternator 145 is not outputting
power, the relay 275 makes (or maintains) an electrical connection between the wall outlet
connector 270 and the battery charger 285, and breaks (or keeps broken) an electrical connection

between the alternator 145 and the battery charger 285 (step 315).
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[0027] In step 320, the controller 235 determines whether the battery 125 requires charging
based on information provided by the battery monitoring module 265. For instance, if the
battery 125 is below a certain voltage threshold, the controller 235 determines that the battery
125 requires charging, and proceeds to step 325. In step 325, the battery charger 285 charges the
battery 125. While charging, the method 300 continues to be executed such that, if the alternator
145 ceases providing power or begins providing power, the relay 275 will switch accordingly
(steps 305, 310, and 315) and the battery charger 285 will continue to charge the battery 125
(step 325), but use the alternate power source. If charging is not needed or the battery charging
is completed, the battery charger 285 ceases to charge the battery 125 and the method returns to
step 305.

[0028] Alternatively, in place of the relay 275, the controller 235 may monitor the presence
of power from the alternator 145 and wall outlet connector 270 and selectively make and break

connections accordingly.

106029} FIG. 5B illustrates a method 350 for the double source battery charger 225 according
to an embodiment of the invention. In step 355, the user determines whether to store the
generator. If the user stores the generator, in step 360, the user connects the generator 100 to a
wall outlet, which supplies AC power to the double source battery charger 225. Thereafter,
while in storage, the battery 125 of the generator 100 is charged to and/or maintained at a
generally full charge state by the double source battery charger 225 (step 365). If the user does
not store the generator 100 in step 355, the user determines whether to start and run the generator
100 in step 370. If not, the method 350 loops back and continues to cycle through steps 355 and
370 until the generator 100 is either stored or started by the user. Upon starting of the generator
100 in step 375, the double source battery charger 225 is connected to the output of the alternator
145. Thereafter, while running, the battery 125 of the generator 100 is charged to and/or
maintained at a generally full charge state by the double source battery charger 225 (step 365).

[0030] As described in detail above, the battery 125 and the double source battery charger
225 are included on the generator 100. Thus, by coupling the generator 100 to a standard wall
outlet, the battery 125 is able to be kept at full charge even when stored for extended periods of

time. That is, the battery 125 does not have a gradual charge loss due to extended storage
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periods, the resulting low charge of which could inhibit an electric start. Additionally, the user
does not need to purchase and connect a separate, external battery charger for the generator 100.
Moreover, the double source battery charger 225 is a regulated charger that is specifically
configured to not overcharge the battery 125 (see, e.g., FIG. 4). With an unregulated charger, the
battery 125 could be overcharged in instances where the generator 100 is run for long periods of
time, or could be undercharged in other instances. Overcharging and undercharging the battery
125 would reduce the life expectancy thereof. Accordingly, use of the regulated charger 225
extends the life of the battery 125.

[0031] Accordingly, embodiments of the invention provide a generator having a double

source battery charger and methods for the same.

10



The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A method of charging a battery in a generator having a double source battery
charger, an electric starter motor, an internal combustion engine, and an external power
connector, the method comprising:

coupling the battery to the electric starter motor to start the internal combustion
engine;

driving an alternator, by the internal combustion engine, to produce alternator
output power;

detecting at least one selected from the group consisting of a presence of the
alternator output power and an absence of external power from the external power source
connector and, in response, controlling a switch to connect the alternator to the double
source battery charger;

charging the battery, by the double source battery charger, using the alternator
output power from the alternator;

detecting at least one selected from the group consisting of an absence of the
alternator output power and a presence of external power from the external power
connector, and, in response, controlling the switch to connect the external power source
connector to the double source battery charger; and

charging the battery, by the double source battery charger, using the external

power from the external power connector.

2. The method of claim 1, wherein the step of detecting at least one selected from
the group consisting of the presence of the alternator output power and the absence of
external power from the external power source connector includes energizing a coil of a

relay by the alternator output power.

3. The method of claim 2, wherein, in the step of controlling the switch to connect

the alternator to the double source battery charger, the energized coil controls the switch.

11
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4. The method of claim 1,2 or 3,

wherein the step of detecting at least one selected from the group consisting of the
presence of the alternator output power and the absence of external power from the
external power source connector includes monitoring, by a controller, at least one
selected from the group consisting of the alternator output and the external power
connector,

wherein, in the step of controlling the switch to connect the alternator to the

double source battery charger, the controller controls the switch.

5. The method of any one of claims 1 to 4, further comprising:
determining a voltage level of the battery; and
controlling the double source battery charger to charge the battery based on the

voltage level.

6. The method of any one of claims 1 to 5, wherein charging the battery includes
charging the battery in a constant current charging mode initially, and

subsequently, charging the battery in a constant voltage charging mode.

7. A generator having a double source battery charger, the generator comprising:

a battery;

an internal combustion engine;

an electric starter motor selectively coupled to the battery to start the internal
combustion engine;

an alternator having a rotor driven by the internal combustion engine and a stator
in which alternator output power is induced when the rotor is driven, the alternator output
power provided at an alternator output;

an external power source connector operable to be coupled to an external power
source and to provide external power at a connector output;

a switch having a first input coupled to the alternator output, a second input

coupled to the connector output, and a switch output; and

12
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a battery charger coupled to the battery and operable to charge the battery, the
battery charger having a power input coupled to the switch output such that the battery
charger is selectively coupled, via the switch, to one selected from the group consisting of
the alternator output and connector output to charge the battery using one selected from
the group consisting of the alternator output power and the external power,

wherein the switch couples the battery charger to the alternator output power
based on detecting at least one selected from the group consisting of a presence of the
alternator output power and an absence of external power from the external power source
connector and wherein the switch couples the battery charger to the connector output
based on detecting at least one selected from the group consisting of an absence of the
alternator output power and a presence of external power from the external power

connector.

8. The generator of claim 7, further comprising:
a coil coupled to the alternator output, wherein the switch and coil form a relay
such that,
when the coil is energized by the alternator output power, the switch
couples the alternator output to the switch output, and
when the coil is not energized by the alternator output power, the switch

couples the connector output to the switch output.

9. The generator of claim 7 or 8, further comprising:
a coil coupled to the connector output, wherein the switch and coil form a relay
such that,
when the coil is energized by the external power, the switch couples the
connector output to the switch output, and
when the coil is not energized by the external power, the switch couples

the alternator output to the switch output.

13
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10.  The generator of claim 7, 8 or 9, further comprising a controller having a sensor
operable to monitor at least one selected from the group consisting of the alternator

output and the connector output, and to control the switch based on the monitoring.

11.  The generator of any one of claims 7 to 10, further comprising a battery
monitoring module operable to determine a voltage level of the battery and provide the

voltage level to a controller.

12.  The generator of claim 11, wherein the controller is operable to control the battery

charger to charge the battery based on the voltage level.

13.  The generator of any one of claims 7 to 12, further comprising a controller
operable to control the battery charger to charge the battery in at least one selected from
the group consisting of a constant current charging mode, a constant voltage charging

mode, and a float mode.

14, The generator of any one of claims 7 to 13, further comprising;

a starter switch to control the electric starter motor selectively coupled to the
battery to start the internal combustion engine;

a fuel tank coupled to the internal combustion engine to supply fuel thereto;

a generator output module coupled to the alternator output; and

an alternating current (AC) outlet coupled to generator output module, the AC

outlet configured to connect to an external AC load.

15.  The generator of claim 14, wherein the external power source connector is located on

a first face of the generator and the AC outlet is located on a second face of the generator.

16.  The generator of claim 14 or 15, further comprising:
a frame supporting the battery, the internal combustion engine, the electric starter
motor, the alternator, the fuel tank, and the battery charger; and

a folding handle coupled to the frame via a hinge.
14
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17.  The generator of any one of claims 7 to 16, further comprising a pull starter cord

to start the engine.

18.  The generator of any one of claims 7 to 17, further comprising:
a frame having:
a base portion on which the internal combustion engine is supported; and
a fuel tank above the internal combustion engine, wherein the external
power source connector is located at a height higher than the base portion and

lower than the fuel tank.

19. A method of charging a battery in a generator having a double source battery
charger, the generator further including an internal combustion engine, an electric starter
motor selectively coupled to the battery to start the internal combustion engine, an
alternator driven by the internal combustion engine to produce alternator output power,
and an external power source connector operable to be coupled to an external power
source to provide external power, the method comprising:

detecting whether at least one selected from the group consisting of the alternator
is producing alternator output power and the external power source connector is
providing external power;

connecting, via a double throw switch, one selected from the group consisting of
the alternator and the external power source connector to an input of the double source
battery charger based on the detection; and

charging the battery, by the double source battery charger, using power received
at the input from the connected one selected from the group consisting of the alternator

and the external power source connector.

20.  The method of claim 19, wherein the step of detecting includes energizing a coil
of a relay by one selected from the group consisting of the alternator output power and

the external power.

15
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21. The method of claim 20, wherein, in the step of connecting, the energized coil
controls the double throw switch to connect the one selected from the group consisting of
the alternator and the external power source connector to the input of the double source

battery charger.

22.  The method of claim 19, 20 or 21, wherein the step of detecting includes
monitoring, by a controller, at least one selected from the group consisting of the
alternator output and the external power source connector; and

wherein, in the step of connecting, the controller controls the double throw switch
to connect the one selected from the group consisting of the alternator and the external

power source connector to the input of the double source battery charger.
23.  The method of any one of claims 19 to 22, wherein the step of charging further
comprises:

charging the battery in a constant current charging mode initially; and

subsequently, charging the battery in a constant voltage charging mode.
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