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SYSTEMS AND METHODS FOR WELDING ELECTRODES

BACKGROUND

[0001] The invention relates generally to welding and, more specifically, to
electrodes for arc welding, such as Gas Metal Arc Welding (GMAW) or Flux Core
Arc Welding (FCAW).

[0002] Welding is a process that has become ubiquitous in various industries for a
variety of applications. For example, welding is often used in applications such as
shipbuilding, offshore platform, construction, pipe mills, and so forth. Certain
welding techniques (e.g., Gas Metal Arc Welding (GMAW), Gas-shielded Flux Core
Arc Welding (FCAW-G), and Gas Tungsten Arc Welding (GTAW)), typically
employ a shielding gas (e.g., argon, carbon dioxide, or oxygen) to provide a particular
local atmosphere in and around the welding arc and the weld pool during the welding
process, while others (e.g., Flux Core Arc Welding (FCAW), Submerged Arc
Welding (SAW), and Shielded Metal Arc Welding (SMAW)) do not. Additionally,
certain types of welding may involve a welding electrode in the form of welding wire.
Welding wire may generally provide a supply of filler metal for the weld as well as
provide a path for the current during the welding process. Furthermore, certain types
of welding wire (e.g., tubular welding wire) may include one or more components
(e.g., flux, arc stabilizers, or other additives) that may generally alter the welding

process and/or the properties of the resulting weld.

BRIEF DESCRIPTION

[0003] In one embodiment, a tubular welding wire electrode includes a sheath and
a core. The core includes a carbon source and a potassium source that together
comprise less than 10% of the core by weight. Furthermore, the carbon source is

selected from the group: carbon black, lamp black, carbon nanotubes, and diamond.

[0004] In another embodiment, a welding method includes feeding a welding wire
electrode into a welding apparatus. The welding wire electrode includes a core and a

sheath, and the core comprises a carbon source and a stabilizer that together comprise
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less than 10% of the core by weight. The method further includes forming a welding

arc between the welding wire electrode and a coated metal workpiece.

[0005] In another embodiment, a welding system includes a welding torch
configured to receive a welding wire electrode. The welding wire electrode includes a
carbon source and an alkali metal source that together comprise less than 10% of the
welding wire electrode by weight. Furthermore, the welding torch is configured to
cyclically move the welding wire electrode in a desired pattern while maintaining an

arc between the welding wire electrode and a workpiece.
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 a gas metal arc welding (GMAW) system, in

accordance with embodiments of the present disclosure;

[0008] FIG. 2 is a cross-sectional view of a tubular welding electrode, in

accordance with embodiments of the present disclosure;

[0009] FIG. 3 is a process by which the tubular welding electrode may be used to

weld a workpiece, in accordance with embodiments of the present disclosure; and

[0010] FIG. 4 is a process for manufacturing the tubular welding electrode, in

accordance with embodiments of the present disclosure.

DETAILED DESCRIPTION

[0011] As mentioned, certain types of welding electrodes (e.g., tubular welding
wire) may include one or more components (e.g., flux, arc stabilizers, or other
additives) that may generally alter the welding process and/or the properties of the

resulting weld. Accordingly, the present disclosure is directed toward welding
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electrode compositions incorporating various forms of carbon (e.g., graphite,
graphene, carbon black, lamp black, diamond, or similar carbon sources) to stabilize
the arc and/or alter the chemistry (e.g., increase the carbon content) of the weld.
Furthermore, the present welding electrode embodiments may further include other
stabilizers, such as alkali metal compounds (i.e., compounds of Group 1 elements,
such as lithium (Li), sodium (Na), potassium (K), rubidium (Rb) or cesium (Cs)),
alkaline earth metal compounds (i.e., compounds of Group 2 elements, such as
beryllium (Be), magnesium (Mg), calcium (Ca), strontium (Sr), barium (Ba)), rare
earth silicides, as well as other elements (e.g., titanium, manganese, or similar
elements) and minerals (e.g., pyrite, magnetite, and so forth). As discussed below, the
disclosed welding electrodes may enable the welding of coated workpieces (e.g.,
plated, galvanized, painted, aluminized, carburized, or similarly coated workpieces)
and/or thinner workpieces (e.g., 20-, 22-, 24-gauge, or thinner workpieces).
Additionally, the disclosed welding electrodes generally enable acceptable welds
under different welding configurations (e.g., direct current electrode negative
(DCEN), direct current electrode positive (DCEP), variable polarity, pulsed direct
current (DC), balanced or unbalanced alternating current (AC) polarity waveforms)
and different welding methods (e.g., involving circular or serpentine welding

electrode movements during welding).

[0012] It should be appreciated that, as used herein, the term “tubular welding
electrode” or “tubular welding wire” may refer to any welding wire or electrode
having a metal sheath and a granular or powdered core, such as metal-cored or flux-
cored welding electrodes. It should also be appreciated that the term “stabilizer” may
be generally used to refer to any component of the tubular welding that affords

improves the quality of the arc and/or weld.

[0013] Turning to the figures, FIG. 1 illustrates an embodiment of a gas metal arc
welding (GMAW) system 10 that utilizes a welding electrode (e.g., tubular welding
wire) in accordance with the present disclosure. It should be appreciated that, while
the present discussion may focus specifically on the GMAW system 10 illustrated in
FIG. 1, the presently disclosed welding electrodes may benefit any arc welding

process (e.g., FCAW, FCAW-G, GTAW, SAW, SMAW, or similar arc welding
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process) that uses a welding electrode. The welding system 10 includes a welding
power unit 12, a welding wire feeder 14, a gas supply system 16, and a welding torch
18. The welding power unit 12 generally supplies power to the welding system 10
and may be coupled to the welding wire feeder 14 via a cable bundle 20 as well as
coupled to a workpiece 22 using a lead cable 24 having a clamp 26. In the illustrated
embodiment, the welding wire feeder 14 is coupled to the welding torch 18 via a cable
bundle 28 in order to supply consumable, tubular welding wire (i.e., the welding
electrode) and power to the welding torch 18 during operation of welding system 10.
In another embodiment, the welding power unit 12 may couple and directly supply

power to the welding torch 18.

[0014] The welding power unit 12 may generally include power conversion
circuitry that receives input power from an alternating current 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 via the cable 20. As such, the
welding power unit 12 may power the welding wire feeder 14 that, in turn, powers the
welding torch 18, in accordance with demands of the welding system 10. The lead
cable 24 terminating in the clamp 26 couples the welding power unit 12 to the
workpiece 22 to close the circuit between the welding power unit 12, the workpiece
22, and the welding torch 18. The welding power unit 12 may include circuit
elements (e.g., transformers, rectifiers, switches, and so forth) capable of converting
the AC input power to a direct current electrode positive (DCEP) output, direct
current electrode negative (DCEN) output, DC variable polarity, pulsed DC, or a
variable balance (e.g., balanced or unbalanced) AC output, as dictated by the demands
of the welding system 10. It should be appreciated that the presently disclosed
welding electrodes (e.g., tubular welding wire) may enable improvements to the
welding process (e.g., improved arc stability and/or improved weld quality) for a

number of different power configurations.

[0015] The illustrated welding system 10 includes a gas supply system 16 that
supplies a shielding gas or shielding gas mixtures from one or more shielding gas
sources 17 to the welding torch 18. In the depicted embodiment, the gas supply
system 16 is directly coupled to the welding torch 18 via a gas conduit 32. In another
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embodiment, the gas supply system 16 may instead be coupled to the wire feeder 14,
and the wire feeder 14 may regulate the flow of gas from the gas supply system 16 to
the welding torch 18. A shielding gas, as used herein, may refer to any gas or mixture
of gases that may be provided to the arc and/or weld pool in order to provide a
particular local atmosphere (e.g., to shield the 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). In certain embodiments, the shielding gas flow
may be a shielding gas or shielding gas mixture (e.g., argon (Ar), helium (He), carbon
dioxide (CQO,), oxygen (O,), nitrogen (N;), similar suitable shielding gases, or any
mixtures thereof). For example, a shielding gas flow (e.g., delivered via conduit 32)

may include Ar, Ar/CO, mixtures, Ar/CO,/O, mixtures, Ar/He mixtures, and so forth.

[0016]  Accordingly, the illustrated welding torch 18 generally receives the
welding electrode (i.e., the tubular welding wire), power from the welding wire feeder
14, and a shielding gas flow from the gas supply system 16 in order to perform
GMAW of the workpiece 22. During operation, the welding torch 18 may be brought
near the workpiece 22 so that an arc 34 may be formed between the consumable
welding electrode (i.e., the welding wire exiting a contact tip of the welding torch 18)
and the workpiece 22. Additionally, as discussed below, by controlling the
composition of the welding electrode (i.e., the tubular welding wire), the chemistry of
the arc 34 and/or the resulting weld (e.g., composition and physical characteristics)
may be varied. For example, the welding electrode may include fluxing or alloying
components that may act as arc stabilizers and, further, may become at least partially
incorporated into the weld, affecting the mechanical properties of the weld.
Furthermore, certain components of the welding electrode (i.e., welding wire) may
also provide additional shielding atmosphere near the arc, affect the transfer

properties of the arc, and/or deoxidize the surface of the workpiece.

[0017] A cross-section of an embodiment of the presently disclosed welding
electrodes is illustrated in FIG. 2. FIG. 2 illustrates a tubular welding electrode 50
(e.g., tubular welding wire 50) that includes a metallic sheath 52 that encapsulates a
granular or powdered core 54. The metallic sheath 52 may be manufactured from any

suitable metal or alloy (e.g., high-carbon steel, low-carbon steel, or other suitable
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metal or alloy). It should be appreciated that since the metallic sheath 52 may
generally provide the filler metal for the weld, the composition of the metallic sheath
52 may affect the composition of the resulting weld. As such, the metallic sheaths 52
may include additives or impurities (e.g., iron oxides, carbon, alkali metals,
manganese, or similar compounds or elements) that may be selected to provide
desired weld properties. The granular core 54 of the illustrated tubular welding
electrode 50 may generally be a compacted powder with a composition that, as
discussed below, may include a carbon source and an alkali metal compound in
certain embodiments. The carbon source, the alkali metal compound, and other
components (e.g., other fluxing or alloying components) may be homogenously or
non-homogenously (e.g., in clumps or clusters 56) disposed within the granular core
54. Additionally, for certain welding electrode embodiments (e.g., a metal-cored
welding electrode), the granular core 54 may include one or more metals (e.g., iron,
iron oxides, or other metals) that may provide at least a portion of the filler metal for

the weld.

[0018] Examples of components that may be present within the tubular welding
electrode 50 (i.e., in addition to the one or more carbon sources and the one or more
alkali metal compounds) include other stabilizing, fluxing, and alloying components,
such as may be found in METALLOY X-CEL™ welding electrodes available from
Ilinois Tool Works, Inc. Generally speaking, the total percentage of the combination
of the one or more carbon sources and the one or more alkali metal compounds may
be between approximately 0.01% and approximately 10% by weight, relative to the
granular core 54 or the entire tubular welding electrode 50. It should be noted that the
weight percentage generally refers to the contribution by weight of the potassium and
carbon sources as a whole, not merely the elemental potassium or carbon contribution
by weight. For example, in certain embodiments, the total percentage of the
combination of the one or more carbon sources and the one or more alkali metal
compounds may be between approximately 0.01% and approximately 8%, between
approximately 0.05% and approximately 5%, or between approximately 0.1% and
approximately 4%. It should be appreciated that, under the conditions of the arc 34,

the components of the welding wire (e.g., the metal sheath 52, the granular core 54,
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and so forth) may change physical state, chemically react (e.g., oxidize, decompose,
and so forth), or become incorporated into the weld substantially unmodified by the

weld process.

[0019] The carbon source present in the granular core 54 and/or the metal sheath
52 may be in a number of forms and may stabilize the arc 34 and/or increase the
carbon content of the weld. For example, in certain embodiments, graphite, graphene,
nanotubes, fullerenes or similar substantially sp*-hybridized carbon source may be
utilized as the carbon source in the tubular welding electrode 50. Furthermore, in
certain embodiments, graphene or graphite may be used to also provide other
components (e.g., moisture, gases, metals, and so forth) that may be present in the
interstitial space between the sheets of carbon. In other embodiments, substantially
sp’-hybridized carbon sources (e.g., micro- or nano-diamond, carbon nanotubes,
buckyballs) may be used as the carbon source. In still other embodiments,
substantially amorphous carbon (e.g., carbon black, lamp black, soot, or similar
amorphous carbon sources) may be used as the carbon source. Furthermore, while the
present disclosure may refer to this component as a “carbon source,” it should be
appreciated that the carbon source may be a chemically modified carbon source that
may contain elements other than carbon (e.g., oxygen, halogens, metals, and so forth).
For example, in certain embodiments, the tubular welding electrode 50 may include a
carbon black carbon source (e.g., in the granular core 54 and/or the metallic sheath

54) that may contain a manganese content of approximately 20%.

[0020]  Additionally, the tubular welding electrode 50 may also include one or
more alkali metal compounds to stabilize the arc 34. That is, the granular core 54
and/or the metallic sheath 52 of the tubular welding electrode 50 may include one or
more compounds of the Group 1 and Group 2 elements, i.e., lithium (Li), sodium
(Na), potassium (K), rubidium (Rb), cesium (Cs), beryllium (Be), magnesium (Mg),
calcium (Ca), strontium (Sr), or barium (Ba). A non-limiting list of example
compounds include: Group 1 (i.e., alkali metal) and Group 2 (i.e., alkaline earth
metal) silicates, titanates, manganese titanate, alginates, carbonates, halides,
phosphates, sulfides, hydroxides, oxides, permanganates, silicohalides, feldspars,

pollucites, molybdenites, and molybdates. For example, in an embodiment, the
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granular core 54 of the tubular welding electrode 50 may include potassium
manganese titanate, potassium sulfate, sodium feldspar, potassium feldspar, and/or
lithium carbonate. Similar examples of carbon sources and alkali metal compounds
that may be used are described in U.S. Patent No. 7,087,860, entitled “STRAIGHT
POLARITY METAL CORED WIRES,” and U.S. Patent No. 6,723,954, entitled
“STRAIGHT POLARITY METAL CORED WIRE,” which are both incorporated by

reference in their entirety for all purposes.

[0021]  Additionally, the tubular welding electrode 50 may also include other
stabilizing components. Rare earth elements may generally provide stability to the
arc 34 and may affect the properties of the resulting weld. For example, in certain
embodiments, the tubular welding electrode 50 may use rare earth silicides, such as
the Rare Earth Silicide (e.g., available from Miller and Company of Rosemont,
Mlinois), which may include rare earth elements (e.g., cerium). Furthermore, the
tubular welding electrode 50 may, additionally or alternatively, include other elements
and/or minerals to provide arc stability and to control the chemistry of the resulting
weld. For example, in certain embodiments, the granular core 54 and/or the metallic
sheath 52 of the tubular welding electrode 50 may include certain elements (e.g.,
titanium, manganese, zirconium, fluorine, or other elements) and/or minerals (e.g.,
pyrite, magnetite, and so forth). By specific example, certain embodiments may
include zirconium silicide, nickel zirconium, or alloys of titanium, aluminum, and/or
zirconium in the granular core 54. In particular, sulfur containing compounds,
including various sulfide, sulfate, and/or sulfite compounds (e.g., such as
molybdenum disulfide, manganese sulfite, barium sulfate, calcium sulfate, or
potassium sulfate) or sulfur-containing compounds or minerals (e.g., pyrite, gypsum,
or similar sulfur-containing species) may be included in the granular core 54 to
improve the quality of the resulting weld by improving bead shape and facilitating
slag detachment, which may be especially useful when welding galvanized

workpieces, as discussed below.

[0022]  Generally speaking, the tubular welding electrode 50 may generally
stabilize the formation of the arc 34 to the workpiece 22. As such, the disclosed

tubular welding electrode 50 may improve deposition rates while reducing splatter
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during the welding process. It should further be appreciated that the improved
stability of the arc 34 may generally enable the welding of coated metal workpieces.
A non-limiting list of example coated workpieces includes painted, sealed,
galvanized, galvanealed, plated (e.g., nickel-plated, copper-plated, tin-plated, or
electroplated or chemically plated using a similar metal), chromed, nitrite-coated,
aluminized, or carburized workpieces. For example, in the case of galvanized
workpieces, the presently disclosed tubular welding electrode 50 may generally
improve the stability and the penetration of the arc 34 such that a good weld may be
achieved despite the zinc coating on the outside of the workpiece 22. Additionally, by
improving the stability of the arc 34, the disclosed tubular welding electrode 50 may
generally enable the welding of thinner workpieces than may be possible using other
welding electrodes. For example, in certain embodiments, the disclosed tubular
welding electrode 50 may be used to weld metal having an approximately 16-, 20-,

22-, 24-guage, or even thinner workpieces.

[0023]  Furthermore, the disclosed tubular welding electrode 50 may also be
combined with certain welding methods or techniques (e.g., techniques in which the
welding electrode moves in a particular manner during the weld operation) that may
further increase the robustness of the welding system 10 for particular types of
workpieces. For example, in certain embodiments, the welding torch 18 may be
configured to cyclically or periodically move the electrode in a desired pattern (e.g., a
circular, spin arc, or serpentine pattern) within the welding torch 18 in order to
maintain an arc 34 between the tubular welding electrode 50 and the workpiece 22
(e.g., only between the sheath 52 of the tubular welding electrode 50 and the
workpiece 22). By specific example, in certain embodiments, the disclosed tubular
welding electrode 50 may be utilized with welding methods such as those described in
provisional U.S. Patent Application Serial No. 61/576,850, entitled “DC
ELECTRODE NEGATIVE ROTATING ARC WELDING METHOD AND
SYSTEM,” which is incorporated by reference herein in its entirety for all purposes.
It should be appreciated that such welding techniques may be especially useful when
welding thin workpieces (e.g., having 20-, 22-, or 24-guage thickness), as mentioned

above.
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[0024] FIG. 3 illustrates an embodiment of a process 60 by which a workpiece 22
may be welded using the disclosed welding system 10 and tubular welding electrode
50. The illustrated process 60 begins with feeding (block 62) the tubular welding
electrode 50 (i.e., the welding wire 50) to a welding apparatus (e.g., welding torch
18). Additionally, the process 60 includes providing (block 64) a shielding gas flow
(e.g., 100% argon, 75% argon / 25% carbon dioxide, 90% argon / 10% helium, or
similar shielding gas flow) near the contact tip of the welding apparatus (e.g., the
contact tip of the torch 18). In other embodiments, welding systems may be used that
do not use a gas supply system (e.g., such as the gas supply system 16 illustrated in
FIG. 1) and one or more components (e.g., aluminum, iron, or magnesium oxides) of
the tubular welding electrode 50 may provide a shielding gas component. Next, the
tubular welding electrode 50 may be brought near (block 66) the workpiece 22 such
that an arc 34 may be formed between the tubular welding electrode 50 and the
workpiece 22. It should be appreciated that the arc 34 may be produced using, for
example, a DCEP, DCEN, DC variable polarity, pulsed DC, balanced or unbalanced
AC power configuration for the GMAW system 10. Furthermore, as mentioned
above, in certain embodiments, the tubular welding electrode 50 may be cyclically or
periodically moved (block 68) relative to the workpiece 22 according to a particular
pattern and/or geometry (e.g., spinning arc, whirling pattern, or serpentine pattern)
such that the arc 34 may be maintained (e.g., substantially between the metal sheath
52 of the tubular welding electrode 50 and the workpiece 22) during the welding
process. Additionally, in certain embodiments, the tubular welding electrode 50
and/or the cyclical motion of the tubular welding electrode 50 during welding may
generally enable the welding of thinner (e.g., less than 20 gauge) workpieces as well
as painted, galvanized, galvanealed, plated, aluminized, chromed, carburized, or other

similar coated workpieces.

[0025] FIG. 4 illustrates an embodiment of a process 70 by which the tubular
welding electrode 50 may be manufactured. The process 70 begins with a flat metal
strip being fed (block 72) through a number of dies that shape the strip into a partially
circular metal sheath 52 (e.g., producing a semicircle or trough). After the metal strip

has been at least partially shaped into the metal sheath 52, it may be filled (block 74)

10
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with the granular core material 54. Accordingly, the partially shaped metal sheath 52
may be filled with various powdered fluxing and alloying components (e.g., iron
oxide, zinc metal, or similar fluxing and/or alloying components). More specifically,
among the various fluxing and alloying components, one or more carbon sources and
one or more alkali metal compounds may be added such that together they comprise
less than 10% of the tubular welding electrode 50 and/or the granular core material
54. Furthermore, in certain embodiments, other components (e.g., rare earth silicide,
magnetite, titanate, pyrite, and/or other similar components) may also be added to the
partially shaped metal sheath 52. Once the components of the granular core material
54 have been added to the partially shaped metal sheath 52, the partially shaped metal
sheath 52 may then be fed through (block 76) one or more dies that may generally
close the metal sheath 52 such that it substantially surrounds the granular core
material 54 (e.g., forming a seam 58). Additionally, the closed metal sheath 52 may
subsequently be fed through (block 78) a number of dies (e.g., drawing dies) to reduce
the diameter of the tubular welding electrode 50 by compressing the granular core

material 54.

[0026] While only certain features of the invention have been illustrated and
described herein, many modifications and changes will occur to those skilled in the
art. It is, therefore, to be understood that the appended claims are intended to cover

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

11
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CLAIMS:

1 A tubular welding wire, comprising:

a sheath and a core, wherein the core comprises a carbon source and a
potassium source that together comprise less than 10% of the core by weight, and
wherein the carbon source is selected from the group: carbon black, lamp black,

carbon nanotubes, and diamond.

2. The tubular welding wire of claim 1, wherein the potassium source
comprises potassium silicate, potassium titanate, potassium alginate, potassium
carbonate, potassium fluoride, potassium phosphate, potassium sulfide, potassium
hydroxide, potassium oxide, potassium permanganate, potassium silicofluoride,

potassium feldspar, potassium molybdates, or a combination thereof.

3. The tubular welding wire of claim 1, wherein the tubular welding wire
comprises a sulfur source comprising manganese sulfite, molybdenum disulfide,

gypsum, calcium sulfate, barium sulfate, or pyrite.

4. The tubular welding wire of claim 1, wherein the tubular welding wire

comprises rare earth silicide.

5. The tubular welding wire of claim 1, wherein the carbon source and

the potassium source together comprise between 0.1% and 3% of the core by weight.

6. The tubular welding wire of claim 1, wherein the carbon source and

the potassium source together comprise between 0.01% and 8% of the core by weight.

7. The tubular welding wire of claim 1, wherein the carbon source and

the potassium source together comprise between 0.05% and 5% of the core by weight.
8. A welding method, comprising:

feeding a welding wire electrode into a welding apparatus, wherein the

welding wire electrode comprises a core and a sheath, and wherein the core comprises

12
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a carbon source and a stabilizer that together comprise less than 10% of the core by
weight; and
forming a welding arc between the welding wire electrode and a coated metal

workpiece.

0. The method of claim 8, comprising providing a shielding gas flow near
the welding arc, wherein the shielding gas flow comprises argon, carbon dioxide,

oxygen, nitrogen, helium, or a combination thereof.

10. The method of claim 8, wherein the coated metal workpiece comprises

a galvanized or galvanealed workpiece.

11. The method of claim 8, wherein the coated metal workpiece comprises
a metal workpiece that has been painted, plated, chromed, aluminized, carburized,

nitrite-coated, or a combination thereof.

12. The method of claim 8, wherein the stabilizer comprises potassium
silicate, potassium titanate, potassium alginate, potassium carbonate, potassium
fluoride, potassium phosphate, potassium sulfide, potassium hydroxide, potassium
oxide, potassium permanganate, potassium silicofluoride, potassium feldspar,

potassium molybdenite, or a combination thereof.

13. The method of claim 12, wherein the stabilizer comprises magnetite,

pyrite, titanium, zirconium, rare earth silicide, or a combination thereof.

14. The method of claim 8, wherein the workpiece comprises a 16 gauge
thickness or less.

15. A welding system comprising:

a welding torch configured to receive a welding wire electrode, wherein the
welding wire electrode comprises a carbon source and a metal source that together
comprise less than 10% of the welding wire electrode by weight, wherein the metal

source comprises an alkali metal source, an alkaline earth metal source, or any

13
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combination thereof, and wherein the welding torch is configured to cyclically move
the welding wire electrode in a desired pattern while maintaining an arc between the

welding wire electrode and a workpiece.

16. The welding system of claim 15, wherein the welding system is
configured to weld using a power configuration selected from the group: direct
current electrode positive (DCEP), direct current (DC) variable polarity, pulsed DC,

balanced alternating current (AC), and unbalanced AC.

17. The welding system of claim 15, wherein the alkali metal source
comprises an alkali metal silicate, an alkali metal titanate, an alkali metal alginate, an
alkali metal carbonate, an alkali metal halide, an alkali metal phosphate, an alkali
metal sulfide, an alkali metal hydroxide, an alkali metal oxide, an alkali metal
permanganate, an alkali metal feldspar, an alkali metal pollucite, an alkali metal

molybdate, or a combination thereof.

18. The welding system of claim 15, wherein the alkaline earth metal
source comprises an alkaline earth metal silicate, an alkaline earth metal titanate, an
alkaline earth metal alginate, an alkaline earth metal carbonate, an alkaline earth metal
halide, an alkaline earth metal phosphate, an alkaline earth metal sulfide, an alkaline
earth metal hydroxide, an alkaline earth metal oxide, an alkaline earth metal
permanganate, an alkaline earth metal feldspar, an alkaline earth metal pollucite, an

alkaline earth metal molybdate, or a combination thereof.

19. The welding system of claim 15, wherein the welding system is

configured to weld a galvanized, painted, plated, chromed, or aluminized workpiece.

20. The welding system of claim 15, comprising a gas supply system
configured to supply a shielding gas to the welding torch, and wherein the shielding
gas flow comprises argon, carbon dioxide, oxygen, nitrogen, helium, or a combination

thereof.
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/—60
FEEDING THE TUBULAR WELDING
ELECTRODE TO THE WELDING APPARATUS N—62
FEEDING A SHEILDING GAS FLOW
TO THE WELDING APPARATUS N—64

BRINGING THE WELDING APPARATUS NEAR THE
WORKPIECE TO FORM AN ARC BETWEEN THE TUBULAR N— 66
WELDING ELECTRODE AND THE WORKPIECE

CYCLICALLY MOVING THE TUBULAR WELDING
ELECTRODE TO MAINTAIN THE ARC BETWEEN ONLY THE N— 68
METAL SHEATH OF THE TUBULAR WELDING ELECTRODE

FIG. 3

/—70
FEEDING THE FLAT METAL STRIP THROUGH ONE OR
MORE DIES TO PARTIALLY SHAPE THE METAL SHEATH [MN—72

FILL THE PARTIALLY SHAPED METAL SHEATH
WITH THE GRANULAR CORE MATERIAL, INCLUDING
THE ONE OR MORE CARBON SOURCES AND THE N—-74

ONE OR MORE ALKALI METAL COMPOUNDS

FEEDING THE FILLED, PARTIALLY SHAPED
METAL SHEATH THROUGH ONE OR MORE N— 76
DIES TO CLOSE THE METAL SHEATH

|

FEEDING THE CLOSED TUBULAR WELDING ELECTRODE
THROUGH ONE OR MORE DIES TO REDUCE THE DIAMETER N— 78
AND COMPACT THE GRANULAR CORE MATERIAL

FIG. 4
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