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WELDING WIRE PREHEATING SYSTEM AND METHOD 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority to U.S. Provisional Patent Application No.  

61/761,007, entitled "Welding Wire Preheating System and Method", filed February 

5, 2013, which is herein incorporated by reference in its entirety for all purposes.  

BACKGROUND 

[0002] The invention relates generally to welders, and more particularly to a 

welder configured to perform a preheating operation on welding wire prior to 

execution of a weld.  

[0002a] A reference herein to a patent document or other matter which is given as 

prior art is not to be taken as an admission that that document or matter was known or 

that the information it contains was part of the common general knowledge as at the 

priority date of any of the claims.  

[0003] A wide range of welding systems and welding control regimes have been 

implemented for various purposes. In continuous welding operations, metal inert gas 

(MIG) techniques allow for formation of a continuing weld bead by feeding welding 

wire shielded by inert gas from a welding torch. Electrical power is applied to the 

welding wire and a circuit is completed through the workpiece to sustain an arc that 

melts the wire and the workpiece to form the desired weld.  

[0004] Advanced forms of MIG welding are based upon generation of pulsed 

power in the welding power supply. That is, various pulsed regimes may be carried 

out in which current and/or voltage pulses are commanded by the power supply 

control circuitry to regulate the formation and deposition of metal droplets from the 

welding wire, to sustain a desired heating and cooling profile of the weld pool, to 

control shorting between the wire and the weld pool, and so forth. However other 

welding regimes exist and are commonly used that provide power that is not pulsed.  
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The various regimes may rely on "electrode positive" or "electrode negative" 

polarities, and the present disclosure may relate to any and all of these.  

[0005] While very effective in many applications, MIG welding techniques may 

experience different initial welding performance based upon whether the weld is 
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started with the electrode "cold" or "hot". In general, a cold electrode start may be 

considered a start in which the electrode tip and adjacent metals are at or relatively 

near the ambient temperature. Hot electrode starts, by contrast, are typically those in 

which the electrode tip and adjacent metals are much more elevated, but below the 

melting point of the electrode wire. In some applications, it is believed that initiation 

of arcs and welds is facilitated when the electrode is hot. However, the current state 

of the art does not provide regimes designed to ensure that the electrode is heated 

prior to initiate of welds.  

[0006] There is a need, therefore, for improved welding strategies that allow for 

welding initiation with a heated electrode so as to improve weld performance.  

BRIEF DESCRIPTION 

[0007] The present disclosure relates to methods and systems designed to respond 

to such needs. In accordance with certain aspects, a welding method comprises 

receiving a signal indicative of initiation of welding process, and prior to initiating a 

welding arc, controlling voltage or current applied to a welding electrode to preheat 

the electrode. Feedback voltage and current are monitored to determine a termination 

of preheating, and then preheating is terminated and the welding arc is initiated in 

accordance with a desired welding protocol.  

[0008] In accordance with another aspect, a welding method comprises receiving a 

signal indicative of initiation of welding process, and, prior to initiating a welding arc, 

automatically controlling voltage or current applied to a welding electrode to preheat 

the electrode. Preheating is then terminated when the electrode reaches a desired 

resistance or a desired power level as determined based upon monitored current and 

voltage applied to the welding electrode, and the welding arc is initiated in accordance 

with a desired welding protocol.  

[0009] In accordance with a further aspect, a welding system, comprises a power 

supply comprising power conversion circuitry and control circuitry configured to 

cooperate to provide welding current and voltage to a welding electrode, a signal 
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source configured to provide a signal for initiation of a welding process, and current 

and voltage monitoring sensors. The control circuitry is configured to, prior to 

initiating a welding arc, control voltage and current applied to a welding electrode to 

preheat the electrode, to monitor the applied voltage and current to determine a 

termination of preheating, and to terminate preheating and initiate the welding arc in 

accordance with a desired welding protocol.  

[0009a] In accordance with another aspect, a welding method comprises receiving a 

signal indicative of initiation of welding process; 

prior to initiating a welding arc, determining an amount of time that a welding 

wire has not been under an arc condition; 

determining at least one of a preheating time, current, or voltage based on the 

determined amount of time; 

terminating a preheat cycle based on a timer; and 

initiating the welding arc in accordance with a desired welding protocol.  

DRAWINGS 

[0010] 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: 

[0011] FIG. 1 is a diagrammatical representation of an exemplary MIG welding 

system illustrating a power supply coupled to a wire feeder for performing welding 

operations in which an electrode is heated prior to weld initiation; 

[0012] FIG. 2 is a diagrammatical representation of exemplary control circuitry 

components for a welding power supply of the type shown in FIG. 1; 

[0013] FIG. 3 is a flow chart illustrating exemplary steps in a welding process in 

which the electrode is preheated; and 
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[0014] FIGS. 4 and 5 are illustrating voltage and current waveforms generated and 

applied for preheating an electrode.  

DETAILED DESCRIPTION 

[0015] Turning now to the drawings, and referring first to FIG. 1, an exemplary 

welding system is illustrated as including a power supply 10 and a wire feeder 12 

coupled to one another via conductors or conduits 14. In the illustrated embodiment 

the power supply 10 is separate from the wire feeder 12, such that the wire feeder may 

be positioned at some distance from the power supply near a welding location, and the 
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conduits 14 are embodied as a welding cable that transmits control signals and power 

between the power supply 10 and the wire feeder 12. However, it should be 

understood that the wire feeder, in some implementations, may be integral with the 

power supply. In such cases, the conduits 14 would be internal to the system. In 

embodiments in which the wire feeder is separate from the power supply, terminals 

are typically provided on the power supply and on the wire feeder to allow the 

conductors or conduits to be coupled to the systems so as to allow for power and gas 

to be provided to the wire feeder from the power supply, and to allow data to be 

exchanged between the two devices.  

[0016] The system is designed to provide wire, power and shielding gas to a 

welding torch 16. As will be appreciated by those skilled in the art, the welding torch 

may be of many different types, and typically allows for the feed of a welding wire 

and gas to a location adjacent to a workpiece 18 where a weld is to be formed to join 

two or more pieces of metal. A second conductor is typically run to the welding 

workpiece so as to complete an electrical circuit between the power supply and the 

workpiece.  

[0017] The system is designed to allow for data settings to be selected by the 

operator, particularly via an operator interface 20 provided on the power supply. The 

operator interface will typically be incorporated into a front faceplate of the power 

supply, and may allow for selection of settings such as the weld process, the type of 

wire to be used, voltage and current settings, and so forth. In particular, the system is 

designed to allow for MIG welding with various steels, aluminums, or other welding 

wire that is channeled through the torch. These weld settings are communicated to 

control circuitry 22 within the power supply.  

[0018] The control circuitry, described in greater detail below, operates to control 

generation of welding power output that is applied to the welding wire for carrying 

out the desired welding operation. In certain presently contemplated embodiments, 

for example, the control circuitry may be adapted to regulate the MIG welding 

regime, while also providing power for preheating the welding wire electrode prior to 

initiation of the weld. As described more fully below, such heating may be controlled 
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by altering operating parameters of current and voltage applied to the electrode 

through the welding cable and torch.  

[0019] The control circuitry is thus coupled to power conversion circuitry 24. This 

power conversion circuitry is adapted to create the output power, such as pulsed and 

non-pulsed waveforms that will ultimately be applied to the welding wire at the torch.  

Various power conversion circuits may be employed, including choppers, boost 

circuitry, buck circuitry, inverters, converters, and so forth. The configuration of such 

circuitry may be of types generally known in the art in and of itself. The power 

conversion circuitry 24 is coupled to a source of electrical power as indicated by 

arrow 26. The power applied to the power conversion circuitry 24 may originate in 

the power grid, although other sources of power may also be used, such as power 

generated by an engine-driven generator, batteries, fuel cells or other alternative 

sources. Finally, the power supply illustrated in FIG. 1 includes interface circuitry 28 

designed to allow the control circuitry 22 to exchange signals with the wire feeder 12.  

[0020] The wire feeder 12 includes complimentary interface circuitry 30 that is 

coupled to the interface circuitry 28. In some embodiments, multi-pin interfaces may 

be provided on both components and a multi-conductor cable run between the 

interface circuitry to allow for such information as wire feed speeds, processes, 

selected currents, voltages or power levels, and so forth to be set on either the power 

supply 10, the wire feeder 12, or both.  

[0021] The wire feeder 12 also includes control circuitry 32 coupled to the 

interface circuitry 30. As described more fully below, the control circuitry 32 allows 

for wire feed speeds to be controlled in accordance with operator selections, and 

permits these settings to be fed back to the power supply via the interface circuitry.  

The control circuitry 32 is coupled to an operator interface 34 on the wire feeder that 

allows selection of one or more welding parameters, particularly wire feed speed.  

The operator interface may also allow for selection of such weld parameters as the 

process, the type of wire utilized, current, voltage or power settings, and so forth. The 

control circuitry 32 is also coupled to gas control valving 36 which regulates the flow 

of shielding gas to the torch. In general, such gas is provided at the time of welding, 
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and may be turned on immediately preceding the weld and for a short time following 

the weld. The gas applied to the gas control valving 36 is typically provided in the 

form of pressurized bottles, as represented by reference numeral 38.  

[0022] The wire feeder 12 includes components for feeding wire to the welding 

torch and thereby to the welding application, under the control of control circuitry 36.  

For example, one or more spools of welding wire 40 are housed in the wire feeder.  

Welding wire 42 is unspooled from the spools and is progressively fed to the torch.  

The spool may be associated with a clutch 44 that disengages the spool when wire is 

to be fed to the torch. The clutch may also be regulated to maintain a minimum 

friction level to avoid free spinning of the spool. A feed motor 46 is provided that 

engages with feed rollers 48 to push wire from the wire feeder towards the torch. In 

practice, one of the rollers 48 is mechanically coupled to the motor and is rotated by 

the motor to drive the wire from the wire feeder, while the mating roller is biased 

towards the wire to maintain good contact between the two rollers and the wire.  

Some systems may include multiple rollers of this type. Finally, a tachometer 50 may 

be provided for detecting the speed of the motor 46, the rollers 48, or any other 

associated component so as to provide an indication of the actual wire feed speed.  

Signals from the tachometer are fed back to the control circuitry 36, such as for 

calibration as described below.  

[0023] It should be noted that other system arrangements and input schemes may 

also be implemented. For example, the welding wire may be fed from a bulk storage 

container (e.g., a drum) or from one or more spools outside of the wire feeder.  

Similarly, the wire may be fed from a "spool gun" in which the spool is mounted on 

or near the welding torch. As noted herein, the wire feed speed settings may be input 

via the operator input 34 on the wire feeder or on the operator interface 20 of the 

power supply, or both. In systems having wire feed speed adjustments on the welding 

torch, this may be the input used for the setting.  

[0024] Power from the power supply 10 is applied to the wire, typically by means 

of the welding cable 14 to a torch cable 52 to a work cable 53 in a conventional 

manner. Similarly, shielding gas is fed through the wire feeder and the torch cable 52.  

6
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During welding operations, the wire is advanced through the welding cable jacket 

towards the torch 16. Within the torch 16, an additional pull motor 54 may be 

provided with an associated drive roller, particularly for aluminum alloy welding 

wires. The motor 54 is regulated to provide the desired wire feed speed as described 

more fully below. A trigger switch 56 on the torch provides a signal that is fed back 

to the wire feeder 12 and therefrom back to the power supply 10 to enable the welding 

process to be started and stopped by the operator. That is, upon depression of the 

trigger switch, gas flow is begun, wire is advanced, power is applied to the torch cable 

52 and through the torch 16 to the advancing welding wire. These processes are also 

described in greater detail below. Finally, the work cable 53 and associated clamp 58 

allow for closing an electrical circuit from the power supply 10 through the welding 

torch 16, the electrode (wire), and the workpiece 18 for maintaining the welding arc 

during operation.  

[0025] It should be noted throughout the present discussion that while the wire 

feed speed may be "set" by the operator, the actual speed commanded by the control 

circuitry will typically vary during welding for many reasons. For example, 

automated algorithms for "run in" (initial feed of wire for arc initiation) may use 

speeds derived from the set speed. Similarly, various ramped increases and decreases 

in wire feed speed may be commanded during welding. Other welding processes may 

call for "cratering" phases in which wire feed speed is altered to fill depressions 

following a weld. Still further, in pulsed welding regimes, the wire feed speed may be 

altered periodically or cyclically.  

[0026] FIG. 2 illustrates an exemplary embodiment for the control circuitry 22 

designed to function in a system of the type illustrated in FIG. 1. The overall 

circuitry, designated here by reference numeral 60, includes the operator interface 20 

discussed above and interface circuitry 28 for communication of parameters to and 

from downstream components such as a wirefeeder, a welding torch, and various 

sensors and/or actuators. The circuitry includes processing circuitry 62 which itself 

may comprise one or more application-specific or general purpose processors, 

designed to carry out welding regimes, make computations for waveforms 

implemented in welding regimes, and so forth. The processing circuitry is associated 
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with driver circuitry 64 which converts control signals from the processing to drive 

signals that are applied to power electronic switches of the power conversion circuitry 

24. In general, the driver circuitry reacts to such control signals from the processing 

circuitry to allow the power conversion circuitry to generate controlled waveforms for 

welding regimes. The processing circuitry 62 will also be associated with memory 

circuitry 66 which may consist of one or more types of permanent and temporary data 

storage, such as for providing the welding regimes implemented, storing welding 

parameters, storing weld settings, storing error logs, and so forth.  

[0027] As discussed above, the present electrode preheating techniques allow for a 

preheating regime to be implemented, when desired, with any welding program 

carried out by the system. In the embodiment illustrated in FIG. 2, the scheme is 

implemented by separate programmed protocols implemented by the processing 

circuitry 62. That is, a welding regime protocol may comprise any known or future 

developed welding program, such as pulsed and non-pulsed regimes, as indicted by 

reference numeral 68. A preheating protocol is provided that may always be used, or 

that may be used only when selected by an operator, as indicated by reference 

numeral 70. In practice, the preheating protocol may be implemented and, upon 

termination, control may be taken in accordance with the selected welding protocol 

The waveforms generated based upon these protocols may result from software only, 

hardware, and/or firmware that is implemented by the processing circuitry and/or that 

forms part of the control and driver circuitry illustrated. The preheating protocol and 

the welding protocol will generally make use of feedback from sensors and inputs.  

These inputs may include weld settings, pre-programmed logic, and inputs from 

sensors 72 received during the welding process. Sensed parameters will typically 

include, for example, current and voltage applied to the welding torch, and 

therethrough, to the welding electrode.  

[0028] FIG. 3 illustrates exemplary logic for implementation of the preheating and 

welding techniques. In a typical process, the welding operator will make certain 

selections to define the welding setup, as indicated generally by reference numeral 74.  

Such selections may include a welding process, voltages, currents, wire feed speeds, 

and so forth. The selections may be made on the power supply, on the wire feeder, or 
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both. At step 76, where desired, the operator may select to perform the preheating 

procedure described in the present disclosure. In certain systems, the preheating 

procedure may be automatically performed, although it is presently contemplated that 

the operator may select or de-select the preheating. Moreover, while manual welding 

systems are described, the same preheating processes may be performed in automated 

(e.g., robotic) systems.  

[0029] At step 78, with the workpieces, cable, and other system components ready 

to execute the desired welds, the operator may either touch the wire electrode onto the 

workpiece, or proceed with a non-touch start. In a non-touch start, the electrode will 

be spaced from the workpiece. At step 80, then, the operator may pull the trigger on 

the torch to initiate the weld in a conventional manner. However, rather initiate the 

arc as is normally done for weld initiation, where the preheat sequence is to be 

performed, preheating will be performed as indicated at step 82. As described below, 

several scenarios may be envisaged for preheating, in general, however, the voltage 

and current are controlled for a sufficient period to raise the temperature of the weld 

electrode to a particular point. As indicated at step 84, the logic may cycle during this 

preheating phase, with the system determining whether the termination point of the 

preheating (see below) has been reached as indicated at step 84. If not, the preheating 

protocol is followed until the termination point is reached. Thereafter, the arc may be 

initiated as indicated at step 86 and the selected welding regime protocol will be 

followed starting with the preheated electrode.  

[0030] Slightly different logic may be employed depending upon whether the start 

of the weld is from the touching situation or non-touch. For example, when 

performing a touching start, the system may implement a slight delay to detect the 

touch prior to preheating. In certain embodiments, prior to initiation of a welding arc, 

an amount of time that the electrode has not been under an arc condition may be 

determined, at least one of a preheating time, current, or voltage may be determined 

based on the determined amount of time, and termination of the preheating cycle may 

be terminated based on a timer (e.g., predetermined amount of time) that is set based 

on the determined preheating time, current, or voltage, for example. Moreover, the 

logic for implementing the preheating protocol may, in some cases, alter somewhat 
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the welding regime that follows immediately after preheating. That is, because the 

electrode will be preheated, a lower initial current may be employed in the subsequent 

welding process. In presently contemplated embodiments, time periods while 

preheating may vary, depending upon such factors as the wire used, the currents and 

voltages applied, and so forth. Typical periods for preheating may vary, for example, 

between 10 and 20 ms. In practice, a baseline voltages and amperages may be set for 

different wire sizes, such as by establishing a baseline at approximately 100A, with 

voltages set based upon the wire type and size. The wire type and size, as well as the 

wire feed speed used during welding and any different wire feed speeds used during a 

run-in phase that will typically be selected by the operator during the welding setup 

discussed above.  

[0031] In general, the preheating may be thought of as adding energy to the 

electrode during what is effectively a short circuit between the electrode and the 

workpiece. As will be appreciated by those skilled in the art, the resistance of the 

electrode will typically increase as it is heated, and this increase in resistance may 

form the basis for the preheating protocol as well as for the point of termination of 

preheating. By monitoring voltage and current, then, and controlling these parameters 

the process may be free from dependency upon specific timing. In certain 

contemplated embodiments, the preheating protocol is based upon application of a 

fixed current (such as based on the wire selected) and increasing voltage from an 

initial level to a termination level when a voltage threshold is reached. Because the 

resistance of the wire (indicating a rising temperature) is indicated from the increasing 

voltage, with the current held steady, in accordance with Ohm's law, the protocol 

allows for raising the electrode resistance (and hence the temperature of th wire) to a 

desired and consistent level by simply monitoring the applied voltage. By way of 

example, a voltage level of 8v may be used as a threshold with a constant current of 

approximately 200A. Once the voltage threshold is met, then, the system switches to 

the arc start phase, but which may be initiated at a lower or more predictable current 

than it would have been with a cold electrode or with an electrode of different, 

unknown, temperatures.  

10
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[0032] FIG. 4 graphically illustrates waveforms in accordance with this aspect of 

the process. The graphically representation 88 is here presented with voltage along a 

vertical axis 90, current along a vertical axis 92, and time along a horizontal axis 94.  

A current waveform 96 can be seen as well as a voltage waveform 98. As noted 

above, at a point of initiation of the process, indicated generally by reference numeral 

100, the current and voltage are applied by the power supply to the torch and then 

through to the welding electrode. In this example, the current is increased to a 

generally constant level as indicated by reference numeral 102, in this case 

approximately 1OA. At the same point of initiation, the voltage is increased to an 

initial voltage of approximately 1.4v, and is increased gradually to a level of 

approximately 2.5v. In this example the current and voltage are direct, and 

continuous. The point of termination at approximately 2.5v, corresponds to a point 

where it has been determined that the electrode has been sufficiently heated to begin 

welding. At that point, the current is reduced as indicated at reference numeral 104 as 

is the voltage as indicated at reference numeral 108. Thereafter, although not shown 

in FIG. 4, the welding process may begin with initiation of the arc.  

[0033] FIG. 5 illustrates an alternative control scheme as indicated generally by 

reference numeral 110. Here again, voltage is illustrated along a vertical axis 90 with 

current along a vertical axis 92, and time along a horizontal axis 94. In this case, both 

the current and voltage are applied to initiate the process, in this case a current of 

approximately 200A is applied. The voltage is applied at an initial level and increases 

until the wire reaches a maximum temperature and flattens out or declines, as 

indicated generally by reference numerals 112 and 114. This decline may indicate 

that the wire will not undergo further resistance change by the application of 

additional energy. Thus, by monitoring the applied voltage, the trigger for 

terminating the process may be determined, followed by application of the selected 

welding protocol.  

[0034] Still further variations may include, for example, ramping up current, such 

as to reduce the time for preheating. In a further alternative, rather than using a 

voltage threshold, a change in ramp rate of the voltage may indicated that the wire is 

at a maximum current density. Still further, the protocol may employ a constant 
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voltage and watch for a drop in current to a threshold or a change in current ramp rate.  

As will be appreciated by those skilled in the art, or into the relationships dictated by 

Ohm's law, these various determinations will typically correspond to an increase in 

resistance of the welding electrode due to heating, which may be terminated at a 

desired voltage, current, power or any other desired threshold. With this in mind, it 

may also be possible to measure power and/or resistance and terminate the preheating 

processing based upon such analysis. The power and/or resistance may be 

determined, for example, based upon the applied or detected voltages and currents. It 

should be noted that, while reference may be made in the current disclosure to 

controlling and/or monitoring voltage and current (or power, resistance, etc.), this 

should be understood to mean that one or both current and voltage may be controlled, 

and the other monitored. In fact, it is considered that "controlling" one of the 

parameters (e.g., voltage) includes monitoring insomuch as the process of controlling 

will include knowing the value, whether through active control, feedback, or both.  

[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.  

[0036] Throughout the description and claims of the specification, the word 

"comprise" and variations of the word, such as "comprising" and "comprises", is not 

intended to exclude other additives, components, integers or steps.  
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The claims defining the invention are as follows: 

1. A welding method, comprising: 

receiving a signal indicative of initiation of welding process; 

prior to initiating a welding arc, controlling voltage or current applied to a 

welding electrode to preheat the electrode; 

monitoring feedback voltage and current to determine a termination of 

preheating; and 

terminating preheating and initiating the welding arc in accordance with a 

desired welding protocol.  

2. The method of claim 1, wherein the signal is received from a welding 

torch as a result of an operator depressing a trigger of the torch.  

3. The method of claim 1 or 2, wherein during preheating, current applied 

to the welding electrode is maintained generally constant and voltage feedback from 

the electrode is monitored for an increase.  

4. The method of claim 3, wherein preheating is terminated when the 

voltage feedback from the electrode reaches a predetermined threshold value.  

5. The method of claim 3, wherein preheating is terminated when the 

voltage feedback reaches a peak and declines.  

6. The method of any one of claims 1 to 5, wherein during preheating, 

voltage applied to the welding electrode is maintained generally constant and current 

feedback from the electrode is monitored for a decrease.  

7. The method of any one of claims 1 to 6, wherein the applied voltage 

and current are monitored to determine when the welding electrode has reached a 

desired resistance, and preheating is then terminated.  
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8. The method of any one of claims 1 to 6, wherein the applied voltage 

and current are monitored to determine when the welding electrode has reached a 

desired power level, and preheating is then terminated.  

9. The method of any one of claims 1 to 8, wherein at least one of the 

applied current, the applied voltage and the termination of preheating is based upon a 

type and size of the electrode.  

10. A welding method, comprising: 

receiving a signal indicative of initiation of welding process; 

prior to initiating a welding arc, automatically controlling voltage or current 

applied to a welding electrode to preheat the electrode; 

terminating preheating when the electrode reaches a desired resistance or a 

desired power level as determined based upon monitored current and voltage applied 

to the welding electrode; and 

initiating the welding arc in accordance with a desired welding protocol.  

11. The method of claim 10, wherein termination of preheating is based 

upon a feedback voltage reaching a desired threshold.  

12. The method of claim 10, wherein termination of preheating is based 

upon a feedback current reaching a desired threshold.  

13. The method of claim 10, wherein termination of preheating is based 

upon a feedback voltage reaching maximum level and declining.  

14. The method of any one of claims 10 to 13, wherein at least one of the 

applied current, the applied voltage and the termination of preheating is based upon a 

type and size of the electrode.  
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15. A welding system, comprising: 

a power supply comprising power conversion circuitry and control circuitry 

configured to cooperate to provide welding current and voltage to a welding 

electrode; 

a signal source configured to provide a signal for initiation of a welding 

process; and 

current and voltage monitoring sensors; 

wherein the control circuitry is configured to, prior to initiating a welding arc, 

control voltage and current applied to a welding electrode to preheat the electrode, to 

monitor the applied voltage and current to determine a termination of preheating, and 

to terminate preheating and initiate the welding arc in accordance with a desired 

welding protocol.  

16. The system of claim 15, wherein the signal source comprises a welding 

torch.  

17. The system of claim 15 or 16, wherein during preheating, current 

applied to the welding electrode is maintained generally constant and voltage 

feedback is monitored for an increase.  

18. The system of claim 17, wherein preheating is terminated when the 

voltage applied to the electrode reaches a predetermined threshold value.  

19. The system of claim 17, wherein preheating is terminated when the 

applied voltage reaches a peak and declines.  

20. The system of claim 15 or 16, wherein during preheating, voltage 

applied to the welding electrode is maintained generally constant and current is 

monitored for a decrease.  
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21. The system of claim 15 or 16, wherein the applied voltage and current 

are monitored to determine when the welding electrode has reached a desired 

resistance, and preheating is then terminated.  

22. The system of claim 15 or 16, wherein the applied voltage and current 

are monitored to determine when the welding electrode has reached a desired power 

level, and preheating is then terminated.  
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