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ELECTRODE NEGATIVE PULSE WELDING SYSTEM AND
METHOD

BACKGROUND

[0001]  The invention relates generally to welding processes, and more specifically,
to methods and systems for controlling electrode transfer in pulsed spray gas metal

arc welding (GMAW-P) processes.

[0002] Welding is a process that has become ubiquitous in various industries, and
may be used to facilitate many metal construction and assembly applications. For
example, one process commonly known as gas metal arc welding (GMAW) is most
generally a specific welding process that uses a welding arc between a continuous
filler metal electrode and a workpiece. Certain GMAW derivation processes or
transfer modes such as spray transfer and pulsed spray transfer (e.g., GMAW-P) may
include relatively high voltage levels, high amperage levels, and high wire feed speed
(WES) to wransfer droplets of the metal electrode material across the welding arc onto
relatively thin metals workpieces. Unfortunately, when using an electrode negative
polarity welding arc, the metal electrode may be reluctant to transfer material across

the welding arc.

[0003] Thus, while it would be advantageous in many applications to utilize a
pulsed electrode negative welding regime, conventional techniques would add too
much energy to the weld, create bridging shorts and inconsistent metal transfer, erratic
arc length, and may result in unwanted spatter. Improvements in the field that would
permit such waveforms to be utilized while improving welding performance would be

an advance in the art.

SUMMARY OF THE INVENTION

[0003A] An aspect of the present invention provides for a welding system, including a
power source configured to generate welding power and deliver the welding power to a
welding torch. The welding torch is coupled to a negative output terminal of the power
source; a welding wire feeder configured to advance a metal cored electrode into the
welding torch at a rate of advancement; and control circuitry configured to implement an

electrode negative pulse welding regime having a current-closed loop peak phase, a
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generally parabolic current-closed loop stabilization phase following the peak phase, and
a current-closed loop return phase following the stabilization phase. An arc re-
establishment routine is implemented in the event of a short circuit following the

stabilization phase.

[0003B]  Another aspect of the present invention provides for a welding method,
including creating a linear current-close loop controlled ramp to a desired peak transition;
current-closed loop regulating welding power during a peak phase; creating a non-linear
current-closed loop ramp during a stabilization phase to a desired return transition; and
creating a current-closed loop return to a background power level. The steps are
performed cyclically throughout a welding operation with an electrode negative polarity.
An arc re-establishment routine is implemented in the event of a short circuit following

the stabilization phase.

[0003C] A further aspect of the present invention provides for a non-transitory
computer-readable medium having computer executable code stored for it, the code
including instructions for: creating a linear current-close loop controlled ramp to a
desired peak transition; voltage-closed loop regulating welding power during a peak
phase; creating a non-linear current-closed loop ramp during a stabilization phase to a
desired return transition; and creating a current-closed loop return to a background power
level. The steps are performed cyclically throughout a welding operation with an
electrode negative polarity. An arc re-establishment routine is implemented in the event

of a short circuit following the stabilization phase.

BRIEF DESCRIPTION

[0004] In one embodiment, a welding system includes a power source configured
to generate welding power and deliver the welding power to a welding torch, wherein
the welding torch is coupled to a negative output terminal of the power source. A
welding wire feeder is configured to advance a metal cored electrode into the welding
implement an electrode negative pulse welding regime comprising a current-closed loop
peak phase, a generally parabolic current-closed loop stabilization phase following the

peak phase, and a current-closed loop return phase following the stabilization phase.

la
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[0005] In accordance with another aspect, a welding method comprises creating a
linear current-close loop controlled ramp to a desired peak transition, current-closed
loop regulating welding power during a peak phase, creating a non-linear current-
closed loop ramp during a stabilization phase to a desired return transition, and
creating a current-closed loop return to a background power level. The steps are

performed cyclically throughout a welding operation with an electrode negative

polarity.

DRAWINGS

[0006] 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:

[0007] FIG. 1 is a block diagram of an exemplary GMAW system in accordance

with the present disclosure;

[0008] FIG. 2 is an exemplary elevational view of the welding electrode of the
GMAW system of FIG. 1 using a direct current electrode negative (DCEN) polanty in

an improved pulse welding process;

[0009] FIG. 3 is an exemplary elevational view of the electrode shown in FIG. 2

illustrating material transfer during a peak phase of the pulse welding process;

[0010] FIG. 4 is an exemplary timing diagram of the pulse welding process voltage

and amperage waveforms; and

[0011] FIG. 5 is a detailed graphical representation of certain phases of the pulsed

welding process.
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DETAILED DESCRIPTION

[0012] Welding processes have become ubiquitous in various industries, and may
be used to facilitate metal construction and assembly applications. GMAW is most
generally a specific welding process that uses a welding arc between a continuous
filler metal clectrode and a workpiece. Certain GMAW derived processes or transfer
modes such as spray transfer and pulsed spray transfer (GMAW-P) may include
relatively high voltage levels, high amperage levels, and high wire feed speed (WES)
to transfer droplets of the metal electrode material across the welding arc to perform
welding tasks on relatively thin metals workpieces. Unfortunately, when using an
electrode negative polarity welding arc, the metal electrode may be reluctant to

transfer material across the welding arc.

[0013]  Accordingly, present embodiments relate to systems and methods useful in
adjusting onc or more characteristics of voltage and ampcrage output levels to
improve transfer metal clectrode across a DCEN pulsing welding arc, as well as arc
stability. Specifically, reducing the falling edge transition of each peak pulse in a
pulse welding regime creates a ‘‘stabilization phase” between the peak and a
background phase, allowing sufficient time and slow responsiveness at a current-
closed loop output for deposition to settle while avoiding or reducing the change for a
“hard short” that requires clearing. In prior techniques, aggressive current control
following the peak phase tended to cause rapid voltage changes, arc instability,
spatter, and frequent short circuits. Other characteristics of the voltage and amperage
output levels such as pulse frequency, background period, and pulse width may also
be adjusted to improve arc control. As used herein, “stabilization phase” may refer to
control of current (and voltage) following a peak phasc of a pulsc welding regime,
prior to transition to a phase in which voltages (and currents) return to a background
level. The stabilization phase will typically be used and with DC electrode negative
pulse welding techniques, and may characterized by a parabolic, current-closed loop
decline in welding power output. The stabilization phase may be terminated at a
higher programmed current than in conventional pulse welding regimes. Then, in a
“return to background” phase following the stabilization phase, a proportional-only

gain is used for the voltage-closed loop control. It should be appreciated, however,
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that the techniques described herein may not be limited to spray transfer and pulsed
spray transfer GMAW processes, but may also be cxtended to other GMAW
processes.  Indeed, as discussed below, rather than a spray-type transfer, the
stabilization phase tends to promote a more globular transfer of filler metal to the

weld puddle, particularly when used with an EN polarity.

[0014] With the foregoing in mind, it may be useful to describe an embodiment of
an welding system, such as an exemplary GMAW system 10 illustrated in FIG. 1.
The system illustrated may be typical for an automated or semi-automated (e.g.,
robotic) welding system, although the arrangement illustrated may be altered in many
ways, and the techniques may also be used in hand-held welding processes. As
illustrated, the welding system 10 may include a welding power source 12, a welding
wire feeder 14, a gas supply system 16, and a welding torch 18. The welding power
sourcc 12 may gencrally supply welding power for the welding system 10. For
example, the power source 12 may couple to the welding wire feeder 14 via a power
cable 20, as well as to via a lead cable 22 to a workpiece 24, such as through a clamp
26. In the illustrated embodiment, the welding wire feeder 14 is coupled to the
welding torch 18 via a weld cable 28 in order to supply, for example, a metal cored
welding electrode and power to the welding torch 18 during operation of the welding
system 10. In some arrangements, the wire feeder may be incorporated into the power
source. Gas from the gas supply system 16 is also typically routed through the weld
cable 28. Regarding the workpiece, it is believed that the present techniques may be
particularly well suited to workpieces comprising relatively thin gauge galvanized (or
coated) steels, although other materials and sizes of materials may be welded as
disclosed. Morcover, various travel speeds may be accommodated by manual, or
more typically robotic movement of the torch, the workpiece, or both, such as travel

speeds of at least 30 in/min, although other speeds may be utilized as well.

[0015] The welding power source 12 may further generally include power
conversion circuitry (not separately shown) that receives input power from a power
source 30 (e.g., an AC power grid, an engine/generator set, or a combination thereof),
conditions the input power, and provides DC or AC output power for welding. The

welding power source 12 will also include output terminals for providing welding
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power output, and these may allow for connection in accordance with cither positive
or negative polarity welding regimes. Specifically, the welding power source 12 may
power the welding wire feeder 14, and by extension, the welding torch 18 in
accordance with demands of the welding system 10. In certain embodiments
contemplated by this disclosure, the welding torch 18 may be coupled to the power
supply and wire feeder to implement an EN welding regime, and in particular, a pulse
welding process. That is, the power source 12 may be useful in providing a DCEN
output, in which the electrical current flows through the completed circuit from the
negative to positive direction, and thus affects the welding arc and/or welding process.
In addition to a DCEN output, the power source 12 may also include circuit elements
(c.g., transformers, rectifiers, switches, and so forth) capable of converting the AC
input power to a direct current electrode positive (DCEP) output, DC variable
polarity, pulsed DC, or a variable balance (¢.g., balanced or unbalanced) AC output to

perform one or more welding processes.

[0016] For GMAW embodiments, the welding system 10 also includes the gas
supply system 16 to supply a shielding gas or shielding gas mixtures from one or
more shielding gas sources to the welding torch 18. The shielding gas may be any gas
or mixture of gases that may be provided to the welding arc and/or weld pool in order
to provide a particular local atmosphere (e.g., to shield the welding arc, improve arc
stability, limit the formation of metal oxides, improve wetting of the metal surfaces,
alter the chemistry of the weld deposit, and so forth). For example, the shielding gas
may comprise one or a mixture of argon (Ar), helium (He), carbon dioxide (Co»),

oxygen (o), and nitrogen (x2).

[0017]  Accordingly, as previously noted, the welding torch 18 generally reccives
the metal welding electrode from the welding wire feeder 14, and a shielding gas flow
from the gas supply system 16 in order to perform a welding operation on the
workpiece 24. During operation, the welding torch 18 may be brought near the
workpiece 22, such that the welding electrode 32 approaches the workpiece and a
welding arc 34 is established. It is further believed that the present techniques may be
particularly useful with particular types of electrode wires. For example, the electrode

34 may be a metal cored welding wire suitable for use with a DCEN welding polarity.



In such cases, the electrode will include a sheath consisting of metal encircling one or
more metal cores. The welding electrode may also include fluxing or alloying
components that may act as arc stabilizers and, further, may become at least partially
incorporated into the weld. One metal cored welding wire useful for DCEN pulse
welding in accordance with the present techniques is disclosed in U.S. patent
application no. 13/743,178, entitled Systems and Methods for Welding Electrodes,
filed on January 16, 2013, by Barhorst et al.

[0018] In cerlain embodiments, the welding power source 12, the welding wire
feeder 14, and the gas supply system 16 may each be controlled and commanded by a
control circuitry 36. The control circuitry 36 will include one or more processors 38
and cooperating data processing and sensing circuitry that may be communicatively
coupled to a memory 40 to execute instructions stored in the memory for carrying out
the presently disclosed techniques. These instructions may be encoded in programs or
code stored in tangible non-transitory computer-readable medium, such as the
memory 40 and/or other storage. The pulse welding techniques will typically be pre-
programmed for specific wire types and sizes, and the particular process desired may
be selected by a welding operator via an interface (not separately shown). The
processor 38 may be a general purpose processor, system-on-chip (SoC) device,
application-specific integrated circuit (ASIC), or other processor configuration. The
processor 38 may also support an operating system capable of supporting applications
such as, for example, Pro-Pulse ™, Accu-Pulse ™, Accu-Curve ™, and Profile Pulse
™ ayaijlable from Illinois Tool Works, Inc. Similarly, the memory 40 may include,
for example, random-access memory (RAM), read-only memory (ROM), flash
memory (e.g., NAND), and so forth. As will be further appreciated, in one
embodiment, the memory 40 of the control circuitry 36 may be flash updated (e.g., via
wired and/or wireless data transmission, programming, and so forth) to include
instructions to vary one or more parameter characteristics of the welding output
power, and by extension, the welding arc 34. It should be noted that in many
configurations, separate processing and control circuitry may be provided for the

power supply and for the wire feeder. The power supply typically performs the
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processing of the control signals used to control power electronic devices (e.g., SCRs,
IGBTs, ctc.) for producing desired output. In presently contemplated embodiments,
code defining the DCEN pulse welding process utilizing a stabilization phase is stored

in the memory 40 and executed by processing circuitry in the power supply.

[0019]  As noted above, components of the control circuitry 36 is communicatively
coupled to (or embedded within) the welding power source 12, the welding wire
feeder 14, and gas supply system 16, and, as noted provides control of one or more
parameters (e.g., voltage and amperage output, wire feed speed, travel speed for

automated applications, etc.) associated with each of the aforementioned components.

[0020] FIG. 2 depicts an embodiment of a welding process using a DCEN polarity
electrical welding arc 34. As previously noted, the welding clectrode 32, once
energized and positioned near the workpiece establishes an electrical welding arc 34
to perform a weld of the workpiece 22. Specifically, when using a DCEN polarity
welding arc 34, heating will particularly take place in the wire clectrode, resulting in
less penetration than with DCEP processes. In such processes, the electrode is
designated as “negative”, while the workpiece is “positive”. Electron flow, indicated
by arrows 42 is from the electrode 32 to the workpiece, and primarily to the weld
puddle 44. Such techniques are sometimes referred to as “straight polarity”. In
general, an arc length 46 is maintained between the tip of the electrode and the weld
puddle 44. This arc length may be determined to some degree, and in many respects
controlled by the power input to the electrode, and therethrough to the arc, the weld
puddle, and the workpiece. While in many prior art techniques efforts are made to
rigorously control the arc length, the present technique, through use of the
stabilization phasc following pulsc peaks, tends to emphasize arc stability over strict

control of the arc length.

[0021] Moreover, in conventional GMAW-P processes, transfer of metal from the
electrode tends to be in a spray mode. In these techniques, the welding power supply
pulses the welding output with high peak currents set at levels that create spray

transfer, and low background current levels that maintain the arc, but that are too low
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for any metal transfer to occur. Becausc the metal transfer during the background

phase of the cycle, the weld puddle may freeze slightly.

[0022] While the present technique may be classified generally as a GMAW-P
process, it tends to differ from conventional processes in several important respects.
For example, conventional GMAW-P processes control the decline in current levels
from the peak based on a linear relationship between current and time (e.g., A/ms).
They also tend to close control loops (on current and/or voltage) to more rigorously
maintain arc length, and transition to a voltage phase at a current level lower then in
the present technique. Moreover, such existing techniques typically use a
proportional/integral gain for voltage-closed loop control on the return to background
portion of the ramp following the pulse peak. A consequence of these factors is that
voltage and currents decline aggressively, which can result in frequent short circuits

that may require clearing before the subsequent peak.

[0023] The present technique, particularly when used with EN polarities,
generates a “softer” down ramp, emphasizing arc stability and avoiding or reducing
the risk of short circuits. Moreover, as illustrated in FIG. 4, the transfer mode tends to
be more globular then conventional GMAW-P processes. While transfer occurs
during the peak phase, material continues to be melted from the electrode thereafter,
and one or more globules 48 tends to remain near or somewhat suspended between
the electrode and the weld puddle. The arc length 46 may change, or may be difficult
to rigidly qualify, although short circuits, and particularly “hard shorts™ are typically

avoided and the arc tends to be more stable.

[0024] Here again, while the waveform may be used with electrode positive
polarities, it is believed to be particularly useful when welding with electrode negative
polaritics and processes. For control, the power supply control circuitry may regulate
the power output by cyclically transitioning between voltage-closed loop control and
current-closed loop control. During the time the welding power output is low (e.g.,
during a background phase of the pulsed waveform), the welding arc remains
established, but will add little energy to the electrode and workpiece, although heating

of the electrode and weld puddle will continue. During this background phase, the
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clectrode and pool are allowed to cool somewhat, and between the peak phase and the
background phasc a stabilization phasc is implemented as discussed more fully below.
Again, the majority of metal transferred from the electrode will be transferred during
the peak phase of each pulse. This stabilization phase that follows each peak phase
reduces weld puddle instability and spatter, reduces the energy input to the weld (at
least in part by avoiding “hard shorts”, mitigates porosity, and reduces “burn through”

of the workpiece.

[0025] FIG. 4 shows an exemplary DCEN pulsed welding process 50 illustrated in
terms of an exemplary voltage trace 52 and current trace 54 over several sequential
cycles of pulsed welding. During each cycle, a voltage ramp 56 is the leading edge of
a voltage peak 58, followed by a stabilization phase down ramp 60, which is current-
closed loop, and a voltage-closed loop ramp 62 back to a background voltage level 64.
Corrcsponding phascs may be scen in the current waveform 54. That is, a current-
closed loop ramp 66 is implemented rising to the voltage-closed loop controlled peak
68. During the peak, the controller may vary the current to maintain the voltage at the
desired level. In practice, a desired voltage command is issued during the peak phase,
although the actual voltage may vary based on the dynamics of the arc, occasional
shorts that may occur, and so forth. Thereafter, a current-closed loop, generally
parabolic stabilization phase ramp 72 drives the current down to a transition to a
voltage-closed loop ramp 74 to return to the background level 78. The same cycle is

then repeated throughout the welding operation.

[0026] By way of example, in one embodiment, the rising edge portion 66 of the
current waveform 54 may be controlled at a ramp rate of approximately 600 A/ms.
Upon achieving peak amperage 68, the control circuitry will maintain a desired
voltage peak, such as approximately 200 V during a peak period 70. The generally
parabolic stabilization phase 72 of current-closed loop control will then be
implemented during a time 76 until the current has reached a programmed transition
point. Here, and throughout the present disclosure, it should be borne in mind that the
particular voltages, currents, ramp rates, and so forth will typically be programmed

(“trained”) in advance, optimized for particular wires and wire sizes, and so forth.
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Morcover, in some systems, some degree of operator or programmer control of the

paramcters may be provided.

[0027] FIG. 5 illustrates the peak, stabilization, and return phases of the current
waveform in somewhat greater detail. As shown, the current peak 80 begins at a
background level 78. At transition point 82, then, a linear ramp 66 is initiated, such as
at a rate of between 450 and 650 A/ms to a peak current transition point 84, such as
between 210 and 400 A. Of course these ranges are exemplary only, and will
typically be different for different wire sizes and wire feed speeds. In a presently
contemplated embodiment, the transition at this point may actually occur based on
one of two considerations. That is, the current may reach a programmed level, as
mentioned, or the voltage may reach a programmed peak value before the current
reaches that level, resulting in a transition before the current limit is reached.
Thereafter, during the peak phase, the current “floats” to maintain the voltage at a
desired level in a voltage-closed loop manner. Following the period for this peak, as
indicated by transition point 86, the stabilization phase begins that includes a decline

in the current through current-closed loop control.

[0028] The generally parabolic shape of the current waveform during the
stabilization phase results from implementation of a current-per-unit-time-squared
(1/t2) relationship during the ramped decline in current. Once the current reaches a
transition point 88, such as between 25 and 325 A, control again transitions to
voltage-closed loop control, and the current waveform will exhibit a shape resulting
from the control attempting to maintain the desired voltage decline to the background
level. It should be noted, however, that the transition point for exiting the
stabilization phasec may vary for different wire sizes and ratings, and may be
programmable within one or more ranges. For example, for 0.045” wires, the exit
point may be programmed between 100 and 325 A; for 0.040” wire it may be
programmed between 50 and 275 A; and for 0.035” wire it may be programmed
between 25 and 225 A. The programmed value tends to be roughly 25 to 50 A higher
than current-control-to-voltage-control transitions in peak down ramps in existing
pulse welding regimes (and where the current begins to regulate during the return to

background levels under voltage-closed loop control). Moreover, in a currently
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contemplated implementation, the gain applied during this “return” phase of voltage-
closed loop control is, in a presently contemplated embodiment, proportional only
(although other gain relationships may be used). It is believed that the combination of
the parabolic stabilization phase, the earlier exit point, and the use of a proportional-
only gain for the return to background levels, separately and/or together, produce
better control of arc stability (prioritized over arc length), and result in less frequent

shorts, and the tendency to avoid “hard shorts”.

[0029] It should be noted that while certain embodiments discussed above relate
generally to pulsed welding regimes that switch between current-closed loop control
and voltage-closed loop control, in some embodiments, a “constant current” or
current-closed loop control only could be used with the current techniques. Similarly,
while electrode negative polarities are described above, the techniques may also be
uscd with clectrode positive processes.  In particular, when current-closed loop
control is used, the parabolic current-closed loop stabilization phase may be employed
as described. It is believed that such control may reduce the potential for short
circuits and particularly for “hard shorts” as described. In some cases, however,
where short circuits do occur, a technique for re-establishing the welding arc, such as
a current ramp up, may also be used. As will be appreciated by those skilled in the
art, such techniques may detect short circuits (such as by reference to detected
voltage), and increase current input to the welding arc while monitoring parameters
such as current, voltage, power, or a first or second derivative of one or more of such
parameters. Such arc re-establishment routines may also include a waveform or
portion of a waveform that may prevent a further short circuit by depressing the weld
puddle or any similar technique. In some such embodiments, a transition from the
parabolic stabilization phase to a “constant current” background phase may be
implemented. As described above, in certain such embodiments, the stabilization
phase may be used in a constant current (current-closed loop) welding process, but

with electrode negative polarity, and metal cored wires as also described above.

[0030] While only certain features of the invention have been illustrated and

described herein, many modifications and changes will occur to those skilled in the
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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.
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What is claimed is:

1. A welding system, comprising:

a power source configured to generate welding power and deliver the welding power
to a welding torch, wherein the welding torch is coupled to a negative output terminal of the

POWET source;

a welding wire feeder configured to advance a metal-cored electrode into the

welding torch at a rate of advancement; and

control circuitry configured to implement a direct current electrode negative pulse
welding regime comprising a current-closed loop peak phase, a generally parabolic
electrode negative current-closed loop stabilization phase following the peak phase, and a
current-closed loop return phase following the stabilization phase to a background power
level, wherein the stabilization phase comprises a down ramp of current defined by a

current-per-unit-time squared relationship,

wherein an arc re-establishment routine is implemented in the event of a short circuit

following the stabilization phase.

2. The welding system of claim 1, wherein all phases of the pulse welding

regime, control is current-closed loop.

3. The welding system of claim 1 or 2, wherein a leading edge of the peak phase

comprises a linear current-closed loop ramp to a pre-determined transition point.

4, The welding system of any one of claims 1 to 3, wherein a transition between

the stabilization phase and the return phase is programmable between 25 and 325 A.

5. The welding system of claim 4, wherein the transition between the

stabilization phase and the return phase is above 50 A.

13
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6. The welding system of claim 4, wherein the transition between the

stabilization phase and the return phase is above 100 A.

7. The welding system of claim 1, wherein the pulse welding regime produces

a generally globular transfer of molten metal from the electrode to a weld puddle.

8. A welding method, comprising:
creating a linear current-closed loop controlled ramp to a desired peak transition;
current-closed loop regulating welding power during a peak phase;

creating a non-linear current-closed loop ramp during a generally parabolic electrode
negative stabilization phase to a desired return transition, wherein the electrode negative
stabilization phase comprises a down ramp of current defined by a current-per-unit-time

squared relationship; and
creating a current-closed loop return to a background power level,

wherein the steps are performed cyclically throughout a welding operation with a

direct current electrode negative polarity,

wherein an arc re-establishment routine is implemented in the event of a short circuit

following the stabilization phase.

9. The method of claim 8, wherein the method is performed with a metal-cored

welding wire electrode.

10.  The method of claim 8 or 9, wherein the method is performed in accordance
with a pulse welding regime in which control is entirely current-closed loop, and wherein
the pulse welding regime produces a generally globular transfer of molten metal from the

electrode to a weld puddle.

11.  The method of any one of claims 8 to 10, wherein a transition between the

stabilization phase and the return phase is programmable between 25 and 325 A.

14
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12. A non-transitory computer-readable medium having computer executable

code stored thereon, the code comprising instructions for:
creating a linear current-closed loop controlled ramp to a desired peak transition;
voltage-closed loop regulating welding power during a peak phase;

creating a non-linear current-closed loop ramp during a stabilization phase to a
desired return transition, wherein the stabilization phase comprises a down ramp of current

defined by a current-per-unit-time squared relationship; and
creating a current-closed loop return to a background power level,

wherein the steps are performed cyclically throughout a welding operation, wherein

each of the steps is performed with a direct current electrode negative polarity,

wherein an arc re-establishment routine is implemented in the event of a short circuit

following the stabilization phase.

13.  The non-transitory computer-readable medium of claim 12, wherein the

method is performed with a metal-cored welding wire electrode.

14,  The non-transitory computer-readable medium of claim 12 or 13, wherein a
transition between the stabilization phase and the return phase is programmable between 25
and 325 A.

15
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