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(57) Abstract: A hybrid vehicle including a welder that is adapted to be powered off a direct current (DC) bus generated by the
electronics of the hybrid vehicle is provided. A variety of exemplary placements of the welder on or in the hybrid vehicle are pro-
vided. Additionally, a parallel hybrid configuration, a series hybrid configuration, and a series-parallel configuration including
welding converter circuitry that is adapted to utilize the DC bus from the hybrid vehicle to generate welding power are provided.
The figure is a block diagram illustrating components of an exemplary drivetrain (24) arranged in a series configuration that may
be located in the hybrid vehicle. The series drivetrain (24) includes an energy storage device (26) (e.g. a battery, electronics (28), a
motor (38), wheels (40), and welding converter circuitry (42). In the illustrated embodiment, the electronics (28) include a power
converter (46), However, in additional embodiments the electronics may include additional components, such as additional power
converters, rectifiers, capacitrsm and so forth suitable for the given application. The energy storage device (26) may be any device
capable of storing and dissipating energy, such as a battery, a fuel cell, a solar cell, a capacitor, and so forth.
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WELDING SYSTEMS POWERED BY HYBRID VEHICLES COMPRISING AN
ENGINE AND AN ENERGY STORAGE DEVICE

CROSS REFERENCE TO RELATED APPLICATIONS

[0001]  This application is a Non-Provisional Patent Application of US Provisional
Patent Application No. 61/186,160, entitled “Hybrid Vehicle Welder”, filed June 11,

2009, which is herein incorporated by reference.

BACKGROUND

[0002] The invention relates generally to welding systems, and, more particularly,

to welding systems powered off of hybrid vehicles.

[0003] Welding is a process that has become increasingly ubiquitous in various
industries and applications. For example, welding is used to join workpieces in
applications such as construction, shipbuilding, factory equipment repair, and so forth.
Accordingly, welding is often performed in close proximity to one or more work
vehicles used to transport supplies to the work location, to aid in construction
performed at the work location, and so forth. Such work vehicles are typically
associated with high emissions levels and high engine noise levels that may decrease
productivity. Additionally, if such vehicles are required to be run for the duration of
the workday, such as to power welding or other operations, high fuel consumption
may lead to high fuel costs, higher total emissions, and reduced life of the vehicle

engine.

[0004] Somewhat apart from such applications, a variety of hybrid work vehicles,
including trucks have been developed that utilize power from both an engine and a
battery to provide the required power for locomotion and any other on-board
operations. Such hybrid vehicles are often more efficient than conventional vehicles
powered by internal combustion engines alone, and so are particularly attractive for
applications in which emissions, noise, and so forth are of concern. As in other
hybrid applications, the ability of such vehicles to serve their intended functions
typically depends upon the actual application demands, particularly in terms of the

duty cycle imposed on the battery and engine. To date, little or no synergy has been
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developed between such hybrid vehicle development and applications requiring

intermittent welding capability.

BRIEF DESCRIPTION

[0005] In one exemplary embodiment described below, a welding system includes
a hybrid vehicle including an engine and an energy storage device. The engine and
the energy storage device are adapted to cooperate with electronic circuitry to
generate a direct current (DC) bus output. The welding system also includes a
welding device coupled to the hybrid vehicle and adapted to utilize the DC bus output

from the hybrid vehicle as a source of power.

[0006] In another embodiment, a hybrid vehicle includes an engine and an energy
storage device adapted to cooperate with the engine to generate a DC bus output and
to drive a motor. The hybrid vehicle also includes converter circuitry coupled to the
engine and the energy storage device and adapted to receive the DC bus output and to

convert the DC bus output to a power output appropriate for use by a welding device.

[0007] In another embodiment, a welding device includes an engine and a
generator driven by the engine to produce weld power. The welding device also
includes converter circuitry adapted to receive a DC bus power output from electronic
circuitry located in a hybrid vehicle, to convert the DC bus power output to a welding

power output, and to transfer the welding power output to the engine.

DRAWINGS

[0008] These and other features, aspects, and advantages of the present invention
will become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

[0009] FIG. 1 illustrates an exemplary hybrid work vehicle including a welder

integrated into a hybrid work vehicle and coupled to an internal vehicle DC bus to
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utilize power generated by the hybrid work vehicle in accordance with aspects of the

present invention;

[0010] FIG. 2 illustrates an exemplary hybrid work vehicle including a non-
integrated welder (located on top of a side of the hybrid work vehicle) and coupled to
a DC bus to similarly utilize power generated by the hybrid work vehicle in

accordance with aspects of the present invention;

[0011] FIG. 3 illustrates an exemplary hybrid work vehicle including a separate
welder (located next to a side of the hybrid work vehicle) and coupled to a DC bus to
again utilize power generated by the hybrid work vehicle in accordance with aspects

of the present invention;

[0012] FIG. 4 is a block diagram illustrating exemplary components of a series
configuration drivetrain that may be located in the hybrid vehicle of the previous

figures in accordance with aspects of the present invention;

[0013] FIG. 5 is a block diagram illustrating exemplary components of a parallel
configuration drivetrain that may be located in the hybrid vehicle of the previous

figures in accordance with aspects of the present invention; and

[0014] FIG. 6 is a block diagram illustrating exemplary components of a series-
parallel configuration drivetrain that may be located in the hybrid vehicle of the

previous figures in accordance with aspects of the present invention.

DETAILED DESCRIPTION

[0015]  As described in detail below, embodiments are provided of a hybrid vehicle
including a welder that is adapted to be powered off a DC bus generated by the
electronics of the hybrid vehicle. That is, presently contemplated embodiments
provide welders either permanently or removably coupled to hybrid vehicles for
operation in such positions. To that end, a variety of exemplary placements of the
welder on or in the hybrid vehicle are provided. For instance, the welder may be

integrated into one or more sides of the hybrid vehicle for use by a welding operator.
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Furthermore, a variety of configurations of internal components of the hybrid vehicle
are provided. For example, embodiments of a parallel hybrid configuration, a series
hybrid configuration, and a series-parallel configuration including welding converter
circuitry that is adapted to utilize the DC bus from the hybrid vehicle to generate
welding power are provided. Still further, it should be noted that the term welder, as
used herein, could be any welding or plasma cutting system designed to provide
power and/or consumables to a welding or plasma cutting operation. For example,
the welder may be any system designed for use in a metal inert gas (MIG) welding
operation, tungsten inert gas (TIG) welding operation, stick welding operation, pulse

welding operations, constant current process, constant voltage processes, and so forth.

[0016] Turning now to the drawings, FIG. 1 illustrates a hybrid work vehicle 10
including a welder 12 coupled to a DC bus 14 to utilize power generated by the hybrid
work vehicle 10. In this particular arrangement, the hybrid work vehicle 10 includes a
first side panel 16, a second side panel 18, and a front end compartment 20, although
such vehicles may be variously equipped, often depending upon the type of
application for which they are designed (e.g., construction, service, farming and
ranching, etc.). The illustrated hybrid work vehicle 10 is a work truck, yet other
embodiments of the hybrid vehicle may include other types and configurations of
vehicles. In the illustrated embodiment, the welder 12 is located in the first side panel
16 of the work vehicle 10. The welder 12 may be configured to be operated while
remaining in the side panel 16, or some other location of the vehicle in some
embodiments. That is, the welder may be fully integrated into the vehicle design. For
instance, the welder 12 may be located in a compartment that is adapted to open for
use and to close to protect the welder 12 during transportation or when use of the
welder 12 is not desired. For further example, the welder 12 may be located in the
side panel 16 such that a control panel of the welder is accessible to the user. Still
further, the welder may be configured to be removed from the side panel 16 of the
hybrid vehicle 10 for use. In such embodiments, the welder 12 remains connected to
the DC bus 14 of the hybrid vehicle 10 to utilize the vehicle power via one or more

cables or conduits.
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[0017] FIGS. 2 and 3 illustrate alternate placements of the welder in and on the
hybrid vehicle 10. Specifically, FIG. 2 illustrates the welder 12 positioned on top of
the second side panel 18 for use in a welding operation. As before, the welder 12 is
connected to and receives power from the DC bus of the hybrid vehicle. In this
embodiment, the welder 12 may be configured to be mounted in the illustrated
position when the hybrid vehicle is stopped at a work location and to be stored within
the vehicle during transportation, such as when being transported to and from a garage

or parking lot.

[0018] FIG. 3 illustrates an embodiment of the hybrid vehicle 10 with the welder
12 located adjacent to the second side panel 18 of the hybrid vehicle 10. In this
embodiment, the welder 12 may be configured for use while located next to the
second side panel 18 or may be configured to be removed from the hybrid truck for
use. However, as before, the welder 12 is coupled to the DC bus 14 of the hybrid
welder during operation. Indeed, it should be noted that the welder 12 may be located
anywhere on, in, or around the hybrid vehicle 10 during operation such that the
welder may still be coupled to the DC bus 14. For example, the welder may be
located around the front end 20 of the hybrid vehicle 10 and connected to the DC bus
14 via an external connection. It should also be noted that such embodiments enable
the use of a hybrid vehicle DC bus-powered welder on any desired hybrid vehicle, not

simply trucks and work vehicles.

[0019] The DC bus 14 output of the hybrid vehicle may be any of a variety of
possible output voltage levels. For example, in some embodiments, the DC bus
output 14 may be between approximately 48 volts and approximately 400 volts. As
such, a variety of welding converter circuitry may be provided to convert the output
received from the hybrid vehicle to an output suitable for use by a welding or cutting
device. For example, in embodiments in which the DC bus output is greater than
approximately 100 volts, the welding converter circuitry may include isolation
circuitry adapted to isolate the high voltage output of the DC bus from an end user.
For further example, if the DC bus output is greater than approximately 100 volts, the
converter circuitry may also include a buck converter, a transformer, an inverter, or

some combination thereof. As such, it should be noted that a variety of components
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may be included in such converter circuitry depending on the voltage level of the DC

bus output.

[0020] FIG. 4 is a block diagram illustrating components of an exemplary
drivetrain 24 arranged in a series configuration that may be located in the hybrid
vehicle. The series drivetrain 24 includes an energy storage device 26 (e.g., a
battery), electronics 28, a controller 30 for the electronics 28, an engine 32, a clutch
34, a generator 36, a motor 38, wheels 40, and welding converter circuitry 42. In the
illustrated embodiment, the electronics 28 include a power converter 46. However, in
additional embodiments the electronics may include additional components, such as
additional power converters, rectifiers, capacitors, and so forth suitable for the given
application. The energy storage device 26 may be any device capable of storing and

dissipating energy, such as a battery, a fuel cell, a solar cell, a capacitor, and so forth.

[0021] The welding converter circuitry 42 may be positioned in a variety of
suitable locations. That is, although the welding converter circuitry 42 is illustrated
adjacent to the drivetrains in the illustrated embodiments, such circuitry may be
located in the hybrid vehicle, in the welding device, or in a separate enclosure.
Indeed, the converter circuitry need not be located in the hybrid vehicle in some
embodiments. Furthermore, the welding converter circuitry 42 may include a variety
of components, such as rectifiers, capacitors, and so forth. For example, in one
embodiment, the welding converter circuitry may be a one to one transformer
configured for isolation operating in conjunction with a chopper circuit. Still further,
the welding converter circuitry may be determined based on the DC bus output of the
hybrid vehicle. For example, for high bus voltages, the converter circuitry may be a
DC to DC inverter. For further example, the converter circuitry may be a DC to AC

inverter when used with tungsten inert gas (TIG) or auxiliary welding applications.

[0022]  During operation of the hybrid vehicle, the energy storage device 26 and
the engine 32 are configured to cooperate to power the hybrid vehicle and rotate the
wheels 40 as desired. Concurrently, the welding converter circuitry 42 is configured
to draw power from the DC bus output in the electronics 28 and convert the power to

an output suitable for use by a welder, plasma cutter, or similar device. It should be
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noted that the DC bus output may also be drawn from alternate locations, such as
from the energy storage device 26. In this way, internal components of the hybrid
vehicle 10 may be configured to generate both the power necessary for the proper
functioning of the vehicle as well as the power needed by an associated welding
device. Indeed, existing hybrid vehicles may be adapted to provide power for a
welding operation by coupling the welding device to the DC bus output of the hybrid
vehicle and providing welding converter circuitry adapted to convert the DC bus

output to a suitable power output for the welding device.

[0023] In particular, when a low power output is required, the energy storage
device 26 may provide power through the power converter 46 to the motor 38, which
drives the wheels 40. As the desired power output increases, the engine 32
supplements the power provided from the energy storage device 26 to the motor 38
via the clutch 34 and the generator 36. During instances when the required vehicle
power remains steady, the power from the engine 32 may be utilized to charge the
energy storage device 26. As such, the power converter 46 may be configured to
operate as an AC to DC converter or as a DC to AC converter, depending on the flow
of power through the circuitry. For example, when discharging, the energy storage
device 26 may be configured to output an AC power output, which is converted to the
DC bus output by the power converter 46 acting as an AC to DC converter, rectifying
the output of the energy storage device 26. However, when charging the energy
storage device 26, the power converter 46 may be configured to receive DC power
and output AC power. Indeed, the power converter 46 may be configured to convert

between AC power and DC power as needed by the system.

[0024]  The controller 30 coupled to the electronics 28 may facilitate the process of
switching the functionality of the power converter 46 between an AC to DC converter
and a DC to AC converter. That is, the controller 30 may receive one or more
feedback signals indicating whether the energy storage device 26 is charging or
discharging and may direct the function of the converter 46 accordingly. The
controller 30 may also direct the operation of the electronics 28 to ensure that the DC
bus output utilized by the welding converter circuitry 42 is appropriately output at a

level suitable for a welding operation. To this end, the controller 30 may individually
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control the converter 46 to meet the needs of the system. Furthermore, if additional
components are included in the electronic circuitry 28, the controller 30 may output

different control signals to each of the components as necessary.

[0025] As will be appreciated by those skilled in the art, unlike conventional
internal combustion engine-powered vehicles, which typically include an alternator
driven by the engine, and capable of charging a 12 volt (or in come cases, 24 volt or
other battery), the DC bus of a hybrid vehicle is typically maintained at a much higher
voltage level, such as on the order of hundreds of volts. Accordingly, depending upon
the type of waveform (or more generally, power) desired for welding, in accordance
with the present technique, welding may be accomplished by drawing power directly
from the DC bus, with no conversion circuitry, or with circuitry for performing only
minimal conversion (e.g., voltage regulation). This will typically be the case where a
DC welding process is performed. Where more complex waveforms are desired (e.g.,
pulsed waveforms, waveforms for AC welding, conversion circuitry coupled to and
powered by the internal DC bus may generate such waveforms, and include control

circuitry of generally known topologies for this purpose.

[0026] It should be noted that in some embodiments described above the welder
may not be permanently integrated into the vehicle, but connected to the DC bus
when welding operations are desired. In such cases, the vehicle may be designed to
provide a convenient location at which the welder (or in some cases, simply weld
cables) may be connected, such as under a cover or panel what can be opened to

provide access, and closed when not in use.

[0027] It should also be noted that, although the present discussion contemplates
performing welding operations powered by the internal DC bus of a hybrid vehicle, in
some embodiments the welder or welding power circuitry may be able to be powered
by this as well as other sources. For example, the welder may also use batteries,
capacitors or other energy storage devices as an alternate (or even principal) source of
power. Power generation capabilities, such as fuel cells and engine-generators may
also be used as a secondary or primary power source. Further, where desired, a

connection to the power grid may be provided, such as for welders that are removable
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from the vehicle, or for integrated welders that are sometimes used when the vehicle

is in proximity to a grid connection (e.g., in a shop or garage).

[0028] FIG. 5 is a block diagram illustrating components of an exemplary
drivetrain 48 arranged in a parallel configuration that may be located in the hybrid
vehicle. The parallel drivetrain 48 includes the engine 32, the clutch 34, a
generator/motor unit 50, a transmission 52, wheels 40, an energy storage device 26,
electronics 28, the controller 30 for the electronics, and the welding converter
circuitry 42. As before, the parallel configuration drivetrain may be configured to
provide power for the hybrid vehicle operations. In doing so, the drivetrain 48
generates a DC bus suitable for use as a primary welding power source. However, in
the parallel configuration, both the engine 32 and the generator/motor 50 generate the
power to drive the wheels 40. This is in contrast to the series drivetrain configuration

in which the motor 38 exclusively generates such power.

[0029] During operation of the parallel configuration drivetrain 48, the energy
storage device 26 outputs power that is routed through the electronics 28 (e.g., a
power converter) to the generator/motor unit 50 and to the engine 32 to start the
engine 32 when desired. When an increase in power demand occurs, the engine 32
provides the primary source of power to the generator/motor 50, to the transmission
52, and to the wheels 40. The energy storage device may also provide a secondary
power source through the electronics 28 to the generator/motor unit 50 and through
the transmission 52 to the wheels 40. During steady state conditions, the engine 32
may power any desired rotation of the wheels 40 and a recharging of the energy
storage device 26. As such, as before, the power converter 46 may be configured to

operate as a DC to AC converter or as an AC to DC converter.

[0030] The welding converter circuitry 42 is configured to draw power from the
DC bus generated when the energy storage device 26 discharges and the first power
converter rectifies the power output from the energy storage device 26. It should be
noted that the DC bus output may be drawn from any of a variety of suitable
locations, such as from the energy storage device 26, the electronics 28, or both. The

welding converter circuitry 42 then converts the DC bus output to an output suitable
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for the welding or plasma cutting device. Since the converter circuitry 42 is adapted
to receive the DC bus output that is already generated by the hybrid vehicle
electronics, embodiments of the present invention may be utilized in conjunction with
existing hybrid vehicles by supplying appropriate converter circuitry that interfaces

with the existing DC bus output.

[0031] FIG. 6 is a block diagram illustrating components of an exemplary
drivetrain 54 arranged in a series-parallel configuration that may be located in the
hybrid vehicle. The series-parallel drivetrain 54 includes the energy storage device
26, the electronics 28, the controller 30 associated with the electronics 28, the
generator 36, the electric motor 38, a power splitter 56, the engine 32, the wheels 40,
and the welding converter circuitry 42. In this configuration, the engine 32 is
configured to both directly drive the motion of the wheels 40 and to allow the electric

motor 38 to drive the wheel rotation when desired.

[0032] During use, when a low power demand is desired, the energy storage
device 26 outputs power to the power converter 46, which rectifies the power output
of the energy storage device 26. The power converter 46 then routes the power to the
electric motor 38, which powers the wheels 40 through the use of the power splitter
56. When a greater power demand is desired, power from the engine 32 is routed by
the power splitter 56 through the generator 36 to supplement the power from the
energy storage device 26. When the hybrid vehicle is operating at a steady state
condition, the engine 32 supplies power through the power splitter 56, to the generator
36, and through the second power converter 46 to power the electric motor 38, which
drives the wheels 40. Concurrently, the power converter 46 may route energy back to
the energy storage device 26 to recharge the device while the steady state condition

persists.

[0033]  As before, the controller 30 is adapted to individually regulate the activity
of the components of the electronic circuitry 28. The welding converter circuitry 42
is adapted to draw power from the DC bus generated by the drivetrain 54 in the
electronics 28 and convert the DC bus power to a power output suitable for use by the

welder or plasma cutter. It should be noted that the DC bus output may be drawn

10
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from any of a variety of suitable locations, such as from the energy storage device 26,
the electronics 28, or both. As such, the welding converter circuitry 42 may include
rectifiers, capacitors, and any other electrical circuitry needed for the given

application.

[0034] While the illustrated embodiments show welding converter circuitry as
associated with series, parallel, and series-parallel drivetrains, it should be noted that
embodiments of the present invention may be utilized in conjunction with any hybrid
vehicle. That is, the DC bus in any part of any type of drivetrain may be utilized as a
source of power for a welding device. Still further, the hybrid vehicle need not be a
hybrid work vehicle as illustrated herein. Indeed, the welding converter circuitry may
be utilized with any hybrid vehicle, such as hybrid cars or trucks. Furthermore, the
illustrated components of the shown drivetrains are merely exemplary, and other
drivetrains may include additional components not shown or may eliminate some of
the illustrated components. Still further, while embodiments of the present invention
may be used with hybrid vehicles as described herein, it should be noted that in
certain embodiments, the DC bus of alternate vehicles, such as plug-in electric

vehicles may also be utilized to power one or more welding devices.

[0035] While only certain features of the invention have been illustrated and
described herein, many modifications and changes will occur to those skilled in the
art. It is, therefore, to be understood that the appended claims are intended to cover

all such modifications and changes as fall within the true spirit of the invention.

11
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CLAIMS:

1. A welding system, comprising:

a hybrid vehicle comprising an engine and an energy storage device, wherein
the engine and the energy storage device are configured to cooperate with electronic
circuitry to generate a direct current (DC) bus output; and

a welding or cutting device coupled to the hybrid vehicle and configured to

utilize the DC bus output from the hybrid vehicle as a source of power.

2. The welding system of claim 1, wherein the welding or cutting device
comprises welding converter circuitry configured to receive the DC bus output and to
convert the DC bus output to a welding output appropriate for use by the welding

device.

3. The welding system of claim 1, wherein the welding or cutting device

is a plasma cutter.

4. The welding system of claim 1, wherein the welding or cutting device

is coupled to a first side of the hybrid vehicle.

5. The welding system of claim 1, wherein the welding or cutting device

is integrated into the hybrid vehicle.

6. The welding system of claim 5, wherein the welding or cutting device
is accessible to an operator via a removable panel that encloses the welding device in

the side of the hybrid vehicle.
7. The welding system of claim 1, wherein the engine, the energy storage

device, and the electronic circuitry of the hybrid vehicle are arranged in a series

configuration.

12
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8. The welding system of claim 1, wherein the engine, the energy storage
device, and the electronic circuitry of the hybrid vehicle are arranged in a parallel

configuration.

0. The welding system of claim 1, wherein the engine, the energy storage
device, and the electronic circuitry of the hybrid vehicle are arranged in a series-

parallel configuration.

10. A hybrid vehicle, comprising:

an engine;

an energy storage device configured to cooperate with the engine to generate a
direct current (DC) bus output of greater than approximately 48 volts and to drive a
motor;

converter circuitry coupled to the engine and the energy storage device and
configured to receive the DC bus output and to convert the DC bus output to a power

output appropriate for use by a welding or cutting device.

11. The hybrid vehicle of claim 10, further comprising electronic circuitry
configured to function as at least one of an alternating current (AC) to DC converter

and a DC to AC converter.
12. The hybrid vehicle of claim 11, further comprising a controller
configured to control the function of the electronic circuitry based on feedback

regarding an operating parameter of the hybrid vehicle.

13. The hybrid vehicle of claim 10, wherein the DC bus output is greater

than approximately 100 volts.

14. The hybrid vehicle of claim 11, wherein the converter circuitry

comprises a transformer and an inverter.

13
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15. The hybrid vehicle of claim 11, wherein the converter circuitry
comprises isolation circuitry configured to isolate the DC bus output from an

operator.

16. A welding or cutting device, comprising:

converter circuitry configured to receive a direct current (DC) bus power
output of between approximately 48 volts and approximately 340 wvolts from
electronic circuitry located in a hybrid vehicle and to convert the DC bus power

output to a welding power output.
17. The welding or cutting device of claim 16, wherein the hybrid vehicle
comprises an engine and an energy storage device configured to cooperate to provide

the DC bus power output.

18. The welding or cutting device of claim 16, wherein the hybrid vehicle

comprises a parallel drivetrain configured to output the DC bus power output.

19. The welding or cutting device of claim 16, wherein the hybrid vehicle

comprises a series drivetrain configured to output the DC bus power output.

20. The welding or cutting device of claim 16, wherein the welding or

cutting device is a plasma cutter.

14
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