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SMART GRID WELDING SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority of US Provisional Patent Application No.

61/297,344, entitled "Smart Grid Hybrid Welding System", filed January 22, 2010,

which is herein incorporated by reference.

BACKGROUND

[0002] The present invention relates generally to welding, heating and cutting

systems and to their operation in connection with Smart Grid connectivity and data

exchange.

[0003] Welding systems have become virtually ubiquitous throughout industry.

Such systems are currently used in all industries, including manufacturing, physical

plant construction, ship building, pipeline construction, maintenance and repair, etc.

While variations exist in the system configurations and their modes of operation,

many such systems are strictly electrical and rely upon the creation of a welding arc to

melt and fuse base metals and/or adder metals, typically in the form of rods and wires.

Currently available systems include, for example, gas metal arc welding (GMAW)

systems, shielded metal arc welding (SMAW) systems, etc. In conventional terms,

such systems may include so-called stick welders, metal inert gas (MIG) welders,

tungsten inert gas (TIG) welders, etc. It should be noted that in the present context,

although references made to "welding" systems and operations, the term here is

intended to cover similar and related processes, such as heating (e.g., induction

heating used to support welding operations), and cutting (e.g., plasma torch systems).

[0004] Welding systems that rely on the creation of a welding arc have been

refined to operate efficiently and effectively for joining metals in desired joints, but

nevertheless requires substantial amounts of power. This power is typically provided

from the power grid when the systems are connected to the grid (e.g., plugged in).

However, other power sources are also common, however, including engine-driven

generators, batteries, and the use of alternative sources, such as fuel cells, super



capacitors, etc. have been proposed. In many contexts, the welding systems are

designed to regulate the conversion and delivery of power based upon the onset and

termination of welding arcs (or heating in the case of heating systems, or plasma arc

creation in the case of plasma arc cutting systems). When connected to the grid, these

systems may represent substantial loads. Moreover, the systems may alter the power

factor of the connected infrastructure, requiring correction for efficient operation.

However, to date, little or no effort has been invested in intelligently coordinating

operation of welding systems with the grid, or the coordination of alternative power

sources from which the welding systems may draw the needed power with power

from the grid.

[0005] Recent developments in power production and distribution have focused on

the establishment of a so-called "Smart Grid". While the project is still evolving in

definition and scope, and will certainly require years for full implementation, the

concept includes the creation of an interactive power generation and distribution

infrastructure in which data systems enable closer coordination of power production

and loads. It is hoped that such efforts will result in a power grid that is more reliable,

efficient, and balanced.

[0006] There is a need, at present, for improvements in welding systems that will

be capable of cooperating with the Smart Grid infrastructure such that the significant

loads represented by such systems can be at least partially managed along with other

loads and power production assets that will be a part of the future Smart Grid

deployment.

BRIEF DESCRIPTION

[0007] The present invention provides improved welding systems designed to

respond to such needs. Here again, the term "welding systems" will be taken to

include systems both for arc welding, as well as for heating and cutting of work pieces

in conjunction with these types of operations. The invention offers an improvement

to existing systems that may be deployed at various levels in the welding processes

and that may be scaled to particular operations, production layouts, plant assets, etc.



In a simple implementation, a conventional welding system may be coupled to a

Smart Grid interface such that operation of the welding system may be coordinated

with information exchanged with and external Smart Grid interface on a power

production distribution side. Moreover, such Smart Grid interface circuitry may be

incorporated into welding systems themselves to enable internal monitoring and

control. Still further, the monitoring and control functions may be deployed at a

production area level, a plant level or a business level to manage multiple welding

assets and to coordinate their operation. The invention also allows for the intelligent

coordination of both welding system loads, and the production and storage of power.

These operations are available on a demand side (e.g., in a welding system, between

welding systems, at a production area level, at a plant level, at a plant level, or at an

enterprise level). So-called "demand response" is therefore afforded by the invention,

allowing for more coordinated production, storage and usage of power in weld

settings.

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 a diagrammatical overview of a Smart Grid welding system

designed to cooperate with Smart Grid monitoring and control components on a

power production side;

[0010] FIG. 2 is a diagrammatical representation of an exemplary welding system

including a welding power supply designed to communicate with an external Smart

Grid interface, and to coordinate and control the use of power based upon such

communication;



[0011] FIG. 3 is a similar diagrammatical representation of welding power supply

that includes power generation and power storage circuitry (e.g., a hybrid systems)

designed to communicate with a Smart Grid interface;

[0012] FIG. 4 is a diagrammatical representation of a system that might include an

external monitor and controller; and

[0013] FIG. 5 is a flow chart illustrating exemplary steps in logic for performing

welding applications in communication with a Smart Grid

DETAILED DESCRIPTION

[0014] As described more fully below, the systems, functionality and operation of

welding equipment made available by the present invention provide for two-way data

communication and where desired two-way power flow between welding systems and

the power grid. In terms of the loads applied to the grid by welding and similar

operations, this may allow for appropriate communication and timing of the onset and

termination of welding operations. It may also allow for the planning of operations,

scheduling of welding-based production operations, and the monitoring of power

usage during such operations. Similarly, when welders or welding systems, or even

production areas or entire production facilities include power generation capabilities,

control of these assets can be based upon such factors as the availability of power

from the grid, cost of power from the grid, peak and off-peak utilization, etc. In short,

because of welding and similar operations may represent a substantial load that may

suddenly draw from the grid, the ability to communicate parameters from a Smart

Grid monitoring or control entity and a welding operation will greatly facilitate

coordination of power production and distribution both on the grid side and on the

welder side.

[0015] It should also be noted that the systems, components and functionality

described below are intended to be compatible with existing and future-developed

Smart Grid standards, particularly those established under the direction of the United

States National Institute of Standards and Technology (NIST), the Grid Wise



Architecture Counsel, the United States Department of Energy, as well as other

organizations that are and will become standards-setting bodies, such as the American

National Standards Institute (ANSI), the Institute of Electrical and Electronics

Engineers (IEEE) and the ZigBee Alliance. Such standards do and will call for the

measurement of certain electrical parameters of loads and power generation

equipment, the communication of such parameters to grid-side providers, the

communication of information, such as power availability, power factor needs,

pricing, etc. from such providers, as well as for the extraction of power from the

power grid and the application of generated power to the power grid, such as by

welding systems, generators associated with welding systems, storage devices, etc.

Moreover, it is contemplated that at least some of this functionality will be performed

automatically, without operator intervention, while other aspects may be based upon

input by a particular welding operator, production management, plant management,

etc.

[0016] Turning now to the drawings, and referring first to FIG. 1, a Smart Grid

welding system 10 is illustrated diagrammatically. The welding system is designed to

receive power from the power grid 12 and includes a welding production facility

designated generally by the reference 14. As will be appreciated by those skilled in

the art, the power grid 12 will include a range of energy producers 16 that produce

electrical power from a variety of resources and applies the power to the grid

distribution and transmission infrastructure 18. In general, the producers may

produce the power based upon any available technologies, such as fossil fuels,

hydroelectric power generation, wind energy, photovoltaic devices (e.g., solar), fuel

cells, etc. The producers will condition the power, typically generated in three-phase,

and provide the power to the distribution and transmission infrastructure 18 through

which it is delivered to all consumers and users. In the Smart Grid implementation

illustrated, one or more independent system operators 20 will be active in the vicinity

of the production facility 14, and may server to provide data to, receive data from, and

coordinate with the facility for the usage and supply of power before, during and after

welding operations. Moreover, a Smart Grid control/monitoring entity 22 may exist



separately, such as a governmental or quasi-governmental authority tasked with the

monitoring of power quality, the assurance of grid reliability, etc.

[0017] In the illustration of FIG. 1, three-phase power is illustrated as being

distributed to the production facility 14, although power could be distributed to a

facility in single-phase form. In the United States, for example, three-phase power is

delivered at 60 Hz, although other standards may be accommodated by the system.

The incoming power is received by a metering and distribution infrastructure 28 on

the production facility side. This equipment allows for the conditioning of incoming

power, stepping up or stepping down of voltage levels, and so forth for servicing the

production facility. Moreover, the metering and distribution infrastructure is coupled

to one or more monitor/controllers 30 which allow for sensing, storing, and

communicating data regarding the power needs and power utilization, both to and

from the facility. In a presently contemplated embodiment, the monitor/controller 30

may be capable of communicating data over the power lines, although other

technologies may be envisaged, such as separate data transmission wiring, wireless

data transmission, etc. It should also be noted that the metering and distribution

infrastructure 28 may allow for the conditioning of outgoing power from the facility,

where such power is available and suitable for application to the grid.

[0018] The production facility 14 illustrated in FIG. 1 may include one or multiple

plants, as indicated by reference numeral 24 and 26. In general, these plants may be

at the same or different locations, and coordinated utilization of power, loading of the

grid, generation and storage of power on the production facility side may be

coordinated between such plants. Also illustrated in FIG. 1, are a plurality of

production areas, such as indicated by reference numeral 32. Such production areas

may exist within a particular facility or plant, such as for specific types of

manufacturing, assembly, subcomponent processing, etc. Within each production

area, then, multiple processes may be carried out as indicated generally by reference

numeral 34. Such processes may include welding, cutting, fitting up, grinding, heat

treating, and machining, just to mention a few. Relevant to the present invention, at

least one of the processes includes one or more welders as indicated by reference

numeral 36. As discussed below, because welding operations may require substantial



quantities of power, and may represent loads that come onto the system relatively

quickly and terminate relatively quickly, coordination of their operation with other

assets of the facility, as well as with the Smart Grid, information is useful in

contributing to the stability of the grid, cost effective manufacturing, manufacturing

planning, etc.

[0019] In the embodiment illustrated in FIG. 1, the production facility 14 also

includes power production assets as well as energy storage assets, as indicated by

reference numeral 38 and 40, respectively. The power production assets 38 may

include any desired type of power generation equipment, such as engine-driven

generators, fuel cells, conventional boilers or gas combustion power production

equipment (e.g., turbines), wind generators, etc. Such assets may function

continuously or as needed, as described more fully below. Energy storage assets 40

may similarly include any suitable technologies, such as batteries, capacitors, super

capacitors, fly wheels, etc.

[0020] As will be appreciated by those skilled in the art, the electrical equipment,

particularly welders 36, are coupled to an internal power distribution network within

facility 14 (not represented). This facility infrastructure allows for the distribution of

power to the loads, as well as for the protection of loads, the exchange of power

between the grid and power production assets and energy storage assets, etc. In some

production facilities, for example, one or more welders may be provided in a weld cell

designed for the production of a specific part or family of parts. Such welders may

include any suitable welding technology, such as stick welders, MIG welders, TIG

welders, etc. As discussed above, although the term "welder" is utilized in connection

with FIG. 1, such systems should be understood to include, and this term is intended

to designate, not only welding equipment, but also heating systems, such as for heat

treatment, cutting equipment, such as plasma cutters, etc. Because such equipment

may use power supplies similar to or incorporated in welding power supplies, their

power management may be similar to or identical to that described below. Finally,

the welders included in the system may be of the type employed by a human operator

or may be automated, such as robotically.



[0021] The system of FIG. 1 advantageously allows for monitoring of power

utilization by operation of the welders, as well as control of demand, production and

storage of power by the facility in connection with welding operations. As described

more fully below, each of the welders will preferably include sensing circuitry, such

as for detecting voltages, currents, power draw, etc. that can be used separately or

collectively by the facility to maintain records of power utilization during welding

operations. Further, such sensing circuitry allows for collecting information that can

be used to advise the independent system operators and/or the Smart Grid

control/monitoring entity and/or the energy producers and distributors of power

needs, actual power utilization, etc. The data may also be used, such as by the

monitor/controller 30 to coordinate the draw of power from the grid with power

extracted from the power production assets 38 and the energy storage assets 40, such

as to allow for accommodating the grid-available power or lack thereof, the variations

in price of such power, the availability of power from the internal power production

assets and energy storage assets, etc.

[0022] FIG. 2 illustrates an exemplary welder of the type described above that may

be included in a production facility. However, it should be understood that the welder

shown in FIG. 2 may be completely stand-alone. That is, for larger production

facilities of the type illustrated in FIG. 1, welders may report to a monitor/controller

30 for a process, a production area, a plant or an entire facility. Other contexts,

however, will allow for Smart Grid interoperability in a single-user context, or for

multiple welders operating independently or quasi-independently.

[0023] The system illustrated in FIG. 2 is coupled to the grid 12 as discussed

above, and may or may not be part of a more extensive manufacturing operation. The

system comprises a welding power supply 42 that outputs welding power via welding

cables 44. A welding cable may be coupled to a wire feeder 46, such as for a MIG

system, although in other systems the welding cable may be directly coupled to a

torch 48, such as for stick, TIG or other types of welding. The welding power supply,

in some aspects may be conventional, such as including power conversion circuitry 50

that converts incoming power to welding power. Although three-phase power is

illustrated as being provided to the power conversion circuitry, the present invention



contemplates that the welding power supply may receive three-phase power or single-

phase power as desired. In operation, the welding system may have power factor

correction circuitry, such as that described in U.S. patent no. 5,601,741, which is

hereby incorporated into the present disclosure by reference. Moreover, the welding

power supply will typically be coupled to the grid through internal power distribution

components (not illustrated), such as for circuit protection, circuit interruption, etc.

[0024] The power conversion circuitry 50 operates to convert the incoming power

to power suitable for the welding operation. As will be appreciated by those skilled in

the art, such operations may be based upon the application of power to the torch and

to a workpiece, in the form of direct current power, alternating current power, pulsed

power, etc. Moreover, many different welding regimes and protocols may be

accommodated, such as constant current processes, constant voltage processes, etc.

The power conversion circuitry 50 operates under the control of control circuitry 52.

The control circuitry will typically include one or more processors, on-board or

separate memory circuitry, etc. The control circuitry also includes sensing devices

that allow for sensing at least one of a current and a voltage of the incoming power.

The control circuitry may also be capable of calculating an input real power, or input

apparent power and/or an input phase angle. The control circuitry further include

sensing devices that allow for sensing at least one of a weld current, voltage and

power output by the power conversion circuitry. Although not separately illustrated,

the control circuitry also will typically include operator interface devices that allow

for selection of particular operations, selection of weld settings, selection of currents

and voltages, selections of polarity, etc. The interface may also provide user feedback

(typically through a user-viewable display), of particular settings, energy utilization,

etc.

[0025] The embodiment of FIG. 2 also includes a Smart Grid interface 54 that is in

communication with the control circuitry 52. In the embodiment illustrated, the

interface 54 is incorporated in the welding power supply, although this interface could

be a separate device. The Smart Grid interface may, moreover, be defined by

programming in the same memory and processor structures of the control circuitry 52,

or separate memory and processor capabilities may be provided (such as on a



dedicated Smart Grid interface board provided in the power supply). The Smart Grid

interface allows for monitoring for power parameters before, during and after welding

operations. By way of example only, the Smart Grid interface may collect data

regarding currents, voltages, peak power utilization, duty cycles, power draw times,

power factor, etc. Such data may be stored in Smart Grid interface for exchange with

an external Smart Grid interface 56. The data may also be used to control or

influence the operation of the welding power supply. Smart Grid interface 56 will

typically be provided on the grid-side, such as in the independent system operator 20,

the Smart Grid control/monitoring entity 22, or one or more of the energy producers

or distributors. The Smart Grid interface 56 may, in accordance with presently

established and future Smart Grid standards, provide an indication to the welding

power supply of available power, power costs, etc. that allow for more intelligent

utilization of the welding power supply in performing welding operations. On the

other hand, the cooperation of the Smart Grid interface 56 with interface 54 may

allow for communication to the grid-side power provider of information regarding the

present weld settings, such as voltages, currents, power draw, as well as dynamic

information, such as actual power utilization during welding operations, settings the

control of the ramp up or ramp down of power at the initiation and at termination of a

welding arc, etc.

[0026] FIG. 3 illustrates a further embodiment of a welding power supply 42 that

includes power conversion circuitry 50 as well as power generation circuitry 58 and

power storage circuitry 60. In certain contexts, the welding power supply may

include both power generation circuitry 58 and storage circuitry 60 or only one of

these. Like the power supply described in connection with FIG. 2, welding power

supply 52 of FIG. 3 allows for the receipt of power from the power grid and its

conversion to power suitable for welding operations. In the embodiment of FIG. 3,

however, because multiple power sources are available, power conversion circuitry 62

may be included that allows for conditioning of the weld power output by the power

supply. All of the power conversion circuitry 50, the power of generation circuitry 58

and the power storage circuitry 60 may be jointly controlled by control circuitry 52

that is, as before, coupled to a Smart Grid interface 54.



[0027] The system of FIG. 3 may be considered a "hybrid" in so much as it allows

for drawing of power from the power grid as well as from alternative sources, such as

power generation circuitry 58 and power storage circuitry 60. In presently

contemplated embodiments, the power generation circuitry 58 may include, for

example, engine-driven generators, fuel cells, etc. The power storage circuitry 60

may include batteries, capacitors, super capacitors, etc. The availability of power

generation circuitry and power storage circuitry allows for a wide range of options in

the operation of the welding power supply. For example, under normal conditions,

the power conversion circuitry 50 may receive power from the grid and output the

desired welding power for a welding operation 48. Based upon such factors as grid

stability, available power, cost of power from the grid, etc., the control circuitry 52

may initiate operation of the power generation circuitry 58 (e.g., by starting a

generator engine) to provide some or all of the power necessary for welding.

Similarly, based upon the grid conditions power may be drawn from (or stored in)

power storage circuitry 60.

[0028] Many different scenarios may be envisaged and are enabled by the

arrangement of FIG. 3 . For example, because the onset of power draw by the welding

operation may be relatively sudden from the standpoint of the power grid, control

circuitry 52 may initially call for the draw of power from the power storage circuitry

60, and/or from the power generation circuitry 58. Controlling transitions at the

startup and determination of the initiation of the welding arc may thus reduce the rate

of change of power draw from the grid. The arrangement also allows, where desired,

for substantially smaller power generation circuitry 58 (e.g., a smaller engine and/or

generator) as well as for the exchange of power between the power conversion

circuitry 50, the power generation circuitry 58 and the power storage circuitry 60.

That is, during periods of power draw for welding operations, some or all of the

power may be drawn from the grid or from the other sources. Depending upon the

duty cycle of the welding operation, then, when the welding is not ongoing, the power

storage circuitry 60 may be recharged by power from the grid or power from the

power generation circuitry 58. Automation in the switching between sources of

power for the welding operation is also envisaged. Thus, an operator may allow for



such alternative power draw, or the system may be designed to function in this way

without operator intervention. Ideally, the source of power and the switching between

sources of power is essentially invisible to the operator such that the welding

operation may be performed in a conventional manner, while allowing for

accommodation of grid conditions, grid needs, etc. Control circuitry 52 and Smart

Grid interface 54, may also coordinate the flow of power back to the grid from power

generation circuitry 58 and/or power storage circuitry 60. In this way, welding power

supply 42 can become and alternate source of power for the Smart power grid during

times of peak demand. Power storage circuitry 60 may also be used to store power

from the Smart grid during times of low power demand as determined from Smart

Grid control entity 22 in FIG. 1.

[0029] FIG. 4 is diagrammatical representation of a variant of the embodiments of

FIGS. 2 and 3 . That is, an external monitor/controller 64 may be coupled to a

welding asset 66 and monitor at least some of the conditions of the welding asset.

Moreover, the monitor/controller, as an external component, may be coupled to

existing welding assets to make the functionality and benefits described herein back-

compatible to existing welding systems.

[0030] It should also be noted that any and all of the benefits and functionalities

described above may be attained at different scales based upon welding system

topographies of the type illustrated in FIG. 1. That is, in the same way as power flow

can be controlled in the embodiment of FIG. 3, at a different scale or level, similar or

identical control may be attained. For example, based upon information exchanged

between the Smart Grid welding system and the independent system operator, the

Smart Grid control/monitoring entity, the producers or distributors, welders may be

programmed to operate in particular ways, such as to control power draw, control the

rate of change of power draw, etc. Moreover, at certain times of the day or night, the

grid operators may indicate a reduction of power costs that may be used for planning

purposes in production settings. Where possible, for example, high powered-

utilization welding applications, both manual and automated, may be scheduled at

times at which energy costs are reduced, typically at off-peak evening and night

hours. In such settings, moreover, both planned and emergency use of internal power



production assets and energy storage assets may be controlled based upon data

exchanged with the grid management entities.

[0031] FIG. 5 represents exemplary logic for performing welding operations in a

Smart Grid setting, as well as for operations that may be performed by virtue of the

Smart Grid connectivity with the power supply. The logic, designated generally by

reference numeral 68, will typically begin with the setup of the welding (or similar)

system as indicated at step 70. The setup will often include selection of a welding

process, selection of weld settings, fixturing and fitting, engineering of repetitive

welding operations, scheduling of automation systems and human operators, etc. At

step 72, then, an individual welding power supply, a Smart Grid component coupled

to such a welding supply, or a component coupled to any stage of a manufacturing

process may communicate with Smart Grid operators. As noted above, such

communication may include an indication of available power, power constraints,

utilization recommendations, power costs, etc. from the grid operators.

Communications back to the grid operator may include information relating to

welding processes, anticipated power needs, anticipated duty cycles, anticipated

power draw onset and termination ramp rates, etc. It should be noted, however, that

where desired, the welding system may operate based upon data exchanged via the

Smart Grid interface at all times that the system is coupled to the Smart Grid (that is,

whether a welding operation is set up or ongoing, or not).

[0032] At step 74, then, the welding operations may be performed. Such

operations are typically performed by initiating welding arcs and continuing power

draw in accordance with a desired welding protocol to establish one or more welded

joints. As noted above, the operation may, in addition to or instead of forming weld

joints, entail the application of heat to a weldment or to one or more work pieces,

cutting of one or more work pieces, etc. Actual operation indicated at step 76

includes the establishment of arcs, the draw of power, etc based upon the setup and

the welding system itself. However, it should be noted that at step 74, the welding

system and other equipment may generate power, utilize stored power, or convert and

transfer power from the grid or from a demand-side power source to power storage

equipment, etc.



[0033] Prior to termination of the welding operationthe system may continuously

exchange data with the Smart Grid operators to alter operation of the welder or any

other power equipment associated with the welder. That is, as the operation

continues, information relating to the draw of power, the voltage and current levels,

power factor, etc may be communicated from the welder or the welder installation to

the Smart Grid operators, and data relating to the condition of the grid may be

communicated back to the welder or the welding installation. Such communication

may continue until termination of the operation. Moreover, as mentioned above, the

operation of the welding system may be based upon data exchanged with the Smart

Grid even prior to or after a particular welding operation. For example, the Smart

Grid data may prompt the system to start engine-generator to provide additional

peaking power to the grid as needed. The Smart Grid may also decide when to charge

batteries and when not to. Other operations may enable power factor correction,

power flow to or from the grid, staging of system operation, etc. Many such

functions, both presently contemplated and later developed will be enabled by the

Smart Grid connectivity.

[0034] 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.



CLAIMS:

1. A welding system comprising:

a welding power supply configured to convert power from a power grid to

power for a welding operation;

a grid interface configured to communicate power-related data to and/or from

a grid-side monitor or controller; and

control circuitry coupled to the grid interface and to the welding power supply

and configured to control operation of the welding power supply based at least

partially upon data received from the grid-side monitor or controller.

2 . The welding system of claim 1, wherein the grid interface is

configured to transmit data relating to operation of the welding power supply to the

grid-side monitor or controller.

3 . The welding system of claim 1, comprising a power generation device

configured to produce electrical power for the welding operation, and wherein the

control circuitry is configured to control operation of the power generation device

based at least partially upon data received from the grid-side monitor or controller.

4 . The welding system of claim 3, wherein the power generation device

comprises an engine-generator.

5 . The welding system of claim 3, wherein the control circuitry is

configured to command the welding power supply to draw power only from the

power generation device or only from the power grid based at least partially upon data

received from the grid-side monitor or controller.

6 . The welding system of claim 3, wherein the control circuitry is

configured to command the welding power supply to apply generated, or stored power

to the power grid based at least partially upon data received from the grid-side

monitor or controller.



7 . The welding system of claim 3, comprising an energy storage device

configured to store energy for use by the welding operation, and wherein the control

circuitry is configured to control charging and/or discharging of the energy storage

device based at least partially upon data received from the grid-side monitor or

controller.

8. The welding system of claim 7, wherein the control circuitry is

configured to command the welding power supply to draw power only from the

power generation device and the energy storage device or only from the power grid

based at least partially upon data received from the grid-side monitor or controller.

9 . The welding system of claim 1, wherein the grid interface is

configured to transmit data to and/or from a grid-side monitor or controller during an

arc welding operation.

10. The welding system of claim 1, wherein the grid interface is

incorporated into the welding power supply.

11. A welding system comprising:

a welding power supply configured to convert power from a power grid to

power for a welding operation;

a grid interface configured to communicate power-related data to and/or from

a grid-side monitor or controller;

a power generation device configured to produce electrical power for the

welding operation or an energy storage device configured to store energy for use by

the welding operation; and

control circuitry coupled to the grid interface, the welding power supply and

the power generation device or the energy storage device, and configured to control

operation of the welding power supply and the power generation device or energy

storage device based at least partially upon data received from the grid-side monitor

or controller.



12. The welding system of claim 11, comprising a power generation

device and an energy storage device, and wherein the control circuitry is configured to

control operation of both the power generation device and the energy storage device

based at least partially upon data received from the grid-side monitor or controller.

13. The welding system of claim 12, wherein the control circuitry is

configured to command exchange of electrical power between the welding power

supply, the power generation device and the energy storage device.

14. The welding system of claim 11, wherein the grid interface is

configured to transmit data relating to operation of the welding power supply to the

grid-side monitor or controller.

15. The welding system of claim 11, wherein the grid interface is

configured to transmit data to and/or from a grid-side monitor or controller during an

arc welding operation.

16. The welding system of claim 11, wherein the grid interface is

incorporated into the welding power supply.

17. A welding system comprising:

a welding power supply configured to convert power from a power grid to

power for a welding operation;

a grid interface configured to communicate power-related data to and/or from

a grid-side monitor or controller;

a power generation device configured to produce electrical power for the

welding operation and an energy storage device configured to store energy for use by

the welding operation; and

control circuitry coupled to the grid interface, the welding power supply and

the power generation device or the energy storage device, and configured to control

operation of the welding power supply, the power generation device and energy



storage device based at least partially upon data received from the grid-side monitor

or controller.

18. The welding system of claim 17, wherein the control circuitry is

configured to command exchange of electrical power between the welding power

supply, the power generation device and the energy storage device.

19. The welding system of claim 17, wherein the grid interface is

configured to transmit data relating to operation of the welding power supply to the

grid-side monitor or controller.

20. The welding system of claim 19, wherein the grid interface is

configured to transmit data to and/or from a grid-side monitor or controller during an

arc welding operation.

21. The welding system of claim 17, wherein the grid interface is

incorporated into the welding power supply.

22. The welding system of claim 17, wherein the control circuitry is

configured to command the welding power supply to apply generated power to the

power grid based at least partially upon data received from the grid-side monitor or

controller.
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