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(57) ABSTRACT

An embodiment includes an apparatus for supporting auto-
matic welding performed by a welding system. A welding
contact tip is configured to be attached to a welding tool and
is configured to accept a consumable welding wire electrode
that is fed there-through during an automatic GMAW weld-
ing process to form an arc between a tip of the consumable
welding wire electrode and a work piece. A secondary mate-
rial, being of a different material from that of the welding
contact tip, is positioned at or near a distal end of the weld-
ing contact tip. During the automatic GMAW welding pro-
cess, detection of a flaring event of the arc by the welding
system is facilitated by the secondary material changing
phase in response to the flaring event, resulting in changing
at least one detectable characteristic of the arc.
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DETECTION OF CONTACT TIP
CONSUMPTION WITH WELDING

CROSS REFERENCE TO RELATED
APPLICATION/INCORPORATION BY
REFERENCE

[0001] This U.S. Pat. Application claims priority to and
the benefit of U.S. Provisional Pat. Application Serial No.
63/316,042 filed on Mar. 3, 2022, which is incorporated by
reference herein in its entirety. The disclosure of U.S. Pat.
No. 7,705,269 B2, issued on Apr. 27, 2010, is incorporated
by reference herein in its entirety. The disclosure of U.S.
Pat. No. 8,338,753 B2, issued on Dec. 25, 2012, is incorpo-
rated by reference herein in its entirety.

FIELD

[0002] Embodiments of the present invention relate to
automatic gas metal arc welding (GMAW). More specifi-
cally, embodiments of the present invention relate to
improving detection of an arc flaring event due to a consum-
able welding wire electrode burning back to the contact tip
in automatic gas metal arc welding (GMAW).

BACKGROUND

[0003] In GMAW welding (e.g., aluminum GMAW weld-
ing), if the feeding of the wire electrode is interrupted, the
arc will burn back to the contact tip and welding will con-
tinue, until the weld is completed or manually shut off. This
results in missed welds or incomplete welds in automatic
welding operations as the machine does not recognize that
the welding conditions have changed. There is also a poten-
tial for bird nesting of the wire electrode, which could
destroy the wire feeder.

SUMMARY

[0004] An embodiment includes an apparatus for support-
ing automatic welding performed by a welding system. A
welding contact tip is configured to be attached to a welding
tool and is configured to accept a consumable welding wire
electrode that is fed there-through during an automatic
GMAW welding process to form an arc between a tip of
the consumable welding wire electrode and a work piece.
A secondary material (e.g., a non-copper material) is posi-
tioned near a distal end of the welding contact tip such that,
during the automatic GMAW welding process, detection of
a flaring event of the arc by the welding system is facilitated
by the secondary material changing phase in response to the
flaring event, resulting in changing at least one detectable
characteristic of the arc. In some embodiments, a secondary
material is attached to the outside or the inside of the contact
tip. When the welding arc flares back to the contact tip, the
secondary material melts and vaporizes and is introduced
into the arc, which changes a voltage characteristic and/or
an impedance characteristic of the arc to improve the signal
to detect the flaring event.

[0005] In one embodiment, an apparatus for supporting
automatic welding performed by a welding system is pro-
vided. A welding contact tip is configured to be attached to a
welding tool and is configured to accept a consumable weld-
ing wire electrode that is fed there-through during an auto-
matic GMAW welding process to form an arc between a tip
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of the consumable welding wire electrode and a work piece.
A secondary material, being of a different material from that
of the welding contact tip, is positioned at or near a distal
end of the welding contact tip. During the automatic
GMAW welding process, detection of a flaring event of
the arc by the welding system is facilitated by the secondary
material changing phase in response to the flaring event,
resulting in changing at least one detectable characteristic
of the arc. In at least one embodiment, the secondary mate-
rial changes phase by at least one of vaporizing or ionizing
into a plasma of the arc in response to the flaring event of the
arc. In one embodiment, the secondary material changes
phase at least by melting into a weld puddle on the work
piece in response to the flaring event of the arc to form a
removable slag. In one embodiment, the secondary material
changes phase at least by melting into a weld puddle on the
work piece in response to the flaring event of the arc and
becoming an inconsequential part of a deposit on the work
piece. In one embodiment, the secondary material is a non-
copper material. In one embodiment, the welding contact tip
is a copper material. In one embodiment, the secondary
material is a silicon material. In one embodiment, the detect-
able characteristic of the arc is a voltage, and/or a current,
and/or an impedance. In one embodiment, the secondary
material is in the form of a wire and is attached to at least
one of an outside or an inside of the welding contact tip. In
one embodiment, the secondary material is in the form of a
disk or ring. In one embodiment, the secondary material is in
the form of a ground or granular material. In one embodi-
ment, the secondary material is configured as a fuse that
changes phase in response to the flaring event at least by
transitioning from a shorted closed state to an un-shorted
open state. In one embodiment, the secondary material is
attached to the welding contact tip via at least one of an
adhesive or a welded bond.

[0006] In one embodiment, a welding contact tip for sup-
porting automatic welding performed by a welding system
is provided. The welding contact tip has a proximal portion
configured to be attached to a welding tool and a distal por-
tion, being of a different material than the proximal portion.
The proximal portion and the distal portion are configured to
accept a consumable welding wire electrode that is fed
there-through during an automatic GMAW welding process
to form an arc between a tip of the consumable welding wire
electrode and a work piece. During the automatic GMAW
welding process, detection of a flaring event of the arc by the
welding system is facilitated by the different material of the
distal portion causing a change in at least one detectable
characteristic of the arc in response to the flaring event. In
one embodiment, the distal portion includes a non-consum-
able carbon-based ceramic material. In one embodiment, the
proximal portion includes copper and the distal portion
includes graphite. In one embodiment, the distal portion
includes a consumable non-copper material.

[0007] In one embodiment, a welding contact tip for sup-
porting automatic welding performed by a welding system
is provided. The welding contact tip has a proximal portion
made of a first material and is configured to be attached to a
welding tool. The welding contact tip has a distal portion
made of the first material and has a coating material on at
least an outer surface of the distal portion which is different
from that of the first material. The proximal portion and the
distal portion are configured to accept a consumable weld-
ing wire electrode that is fed there-through during an auto-
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matic GMAW welding process to form an arc between a tip
of the consumable welding wire electrode and a work piece.
During the automatic GMAW welding process, detection of
a flaring event of the arc by the welding system is facilitated
by the coating material on the distal portion causing a
change in at least one detectable characteristic of the arc in
response to the flaring event. In one embodiment, the coat-
ing material includes a non-consumable carbon-based cera-
mic material. In one embodiment, the first material includes
copper and the coating material includes graphite. In one
embodiment, the coating material includes a consumable
non-copper material.

[0008] Numerous aspects of the general inventive con-
cepts will become readily apparent from the following
detailed description of exemplary embodiments, from the
claims, and from the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
various embodiments of the disclosure. It will be appre-
ciated that the illustrated element boundaries (e.g., boxes,
groups of boxes, or other shapes) in the figures represent
one embodiment of boundaries. In some embodiments, one
element may be designed as multiple elements or multiple
elements may be designed as one element. In some embodi-
ments, an element shown as an internal component of
another element may be implemented as an external compo-
nent and vice versa. Furthermore, elements may not be
drawn to scale.

[0010] FIG. 1 is a system block diagram illustrating one
embodiment of a welding system;

[0011] FIG. 2 illustrates one embodiment of a modified
contact tip connected to a welding tool, in accordance with
one embodiment;

[0012] FIG. 3 illustrates graphs of how arc characteristics
change to improve detection of an arc flaring event when
using a modified contact tip, in accordance with one
embodiment;

[0013] FIG. 4 illustrates one embodiment of a modified
contact tip having a disk-shaped secondary material
attached thereto at a distal end, and having a central passage
for a wire electrode to pass;

[0014] FIG. 5 illustrates another embodiment of a modi-
fied contact tip having a ground secondary material attached
thereto at a distal end;

[0015] FIG. 6 illustrates yet another embodiment of a
modified contact tip having a side secondary material
attached thereto near a distal end;

[0016] FIG. 7 illustrates one embodiment of a contact tip
having a proximal portion and a distal portion;

[0017] FIG. 8 illustrates one embodiment of a contact tip
having a secondary material screwed into or pressed-fitted
into a distal end of the contact tip; and

[0018] FIG. 9 illustrates a block diagram of an example
embodiment of a controller that can be used, for example,
in the welding system of FIG. 1.

DETAILED DESCRIPTION

[0019] Embodiments of the present invention may include
a modified contact tip for use in automatic welding of metal
materials. Embodiments of the present invention may
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include a welding system, having a modified contact tip,
configured to detect arc flaring events.

[0020] The examples and figures herein are illustrative
only and are not meant to limit the subject invention,
which is measured by the scope and spirit of the claims.
Referring now to the drawings, wherein the showings are
for the purpose of illustrating exemplary embodiments of
the subject invention only and not for the purpose of limiting
same, FIG. 1 is a system block diagram illustrating one
embodiment of a welding system 100. The system 100
includes a welding power source 110, a controller 120, a
wire feeder 130, and a welding tool 140. The welding tool
140 includes a modified contact tip 142, in accordance with
an embodiment of the present invention.

[0021] The wire feeder 130 is configured to feed a con-
sumable welding wire electrode 144 (e.g., made of alumi-
num) to the welding tool 140 and through the modified con-
tact tip 142. The welding power source 110 provides the
welding power (electrical welding output) to generate a
welding arc 146 between a tip of the consumable welding
wire electrode 144 and a work piece W. The wire feeder 130
is supplied with the consumable welding wire electrode 144
from a spool 135. In the embodiment of FIG. 1, the welding
tool 140 is moved along a track 152 in a travel direction 160
by a driving mechanism 150 (e.g., to weld a seam or a joint
along the work piece W) during an automatic gas metal arc
welding (GMAW) process. The driving mechanism 150
may include an electric motor, in accordance with one
embodiment. In accordance with other embodiments, the
welding tool 140 may be moved along a seam or a joint
via other means such as, for example, a welding robot hav-
ing an arm that provides multiple degrees of freedom of
movement of the welding tool 140.

[0022] The welding power source 110 includes a current
sensor 112 and a voltage sensor 114 to respectively sense the
current and the voltage of the arc formed between the tip of
the electrode 144 and the work piece W. During welding,
when the arc 146 is formed, the sensed current is represen-
tative of the arc current and the sensed voltage is represen-
tative of the arc voltage. In accordance with one embodi-
ment, the current sensor 112 and/or the voltage sensor 114
are not a part of the welding power source 110 but are opera-
tively connected thereto. The controller 120 includes a
memory 122 and a processor 124 (e.g., a central processing
unit or CPU) and is configured to control at least the welding
power source 110 and the wire feeder 130. The controller
120 may also control the driving mechanism 150, or another
controller (not shown) may control the driving mechanism
150, in accordance with various embodiments. The control-
ler 120 may take the form of the controller 700 of FIG. 7,
which is discussed later herein, in accordance with one
embodiment.

[0023] As discussed subsequently herein, the controller
120, the current sensor 112, and the voltage sensor 114 are
configured to operate in conjunction with the modified con-
tact tip 142 to determine when the electrode 144 has burned
back to the distal end of the modified contact tip 142 result-
ing in an arc flaring event. An arc flaring event occurs when
the electrode 144 stops feeding toward the work piece W
(e.g., due to some system failure). The electrode 144 burns
back to the modified contact tip 142 and the arc 146 can
begin to consume the modified contact tip 142 if the system
100 is not shut down. The sensed arc voltage and/or arc
current are sent to the controller 120 (e.g., via the power
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source 110) and the controller determines if an arc flaring
event has occurred based on the voltage and/or current.
[0024] For example, in conventional GMAW welding
(e.g., aluminum GMAW welding), if the feeding of the
wire electrode is interrupted, the arc can burn back to the
contact tip and welding can attempt to continue, until traver-
sal of the weld joint is completed or until the welding
machine is manually shut off. This results in missed welds
or incomplete welds in automatic welding operations as the
welding machine does not recognize that the welding con-
ditions have changed. There is also a potential for bird nest-
ing of the wire electrode, which could destroy the wire fee-
der. However, in accordance with embodiments of the
present invention, the contact tip is a modified contact tip
142 which allows for reliable detection of an arc flaring
event by the controller 120 via the current sensor 112 and/
or the voltage sensor 114. This allows the controller 120 to
shut down the power source 110 (and, for example, the wire
feeder 130) quickly enough to avoid damage to the rest of
the system 100 (e.g., the welding tool 140, etc.) and prevent
a continuous attempt at welding even though there is no wire
coming out of the modified contact tip 142.

[0025] FIG. 2 illustrates one embodiment of a modified
contact tip 142 connected to a welding tool 140 (e.g., a
welding torch), in accordance with one embodiment. The
contact tip is a modified contact tip 142 in that it has a sec-
ondary material 210 (e.g., a non-copper material in the form
of a wire) attached thereto. The term “secondary material”
refers to a material (e.g., silicon) that is different from the
material of the contact tip 142 (e.g., copper). The left portion
of FIG. 2 shows the modified contact tip 142 with the sec-
ondary material 210 before welding. The right portion of
FIG. 2 shows the modified contact tip 142 with the second-
ary material (designated as 210" in FIG. 2) after an arc flar-
ing event. During the arc flaring event, at least a portion of
the secondary material 210 changes phase (e.g., melts and
vaporizes), resulting in changing at least one detectable
characteristic of the arc (e.g., voltage, current, impedance;
impedance is determined from the sensed voltage and cur-
rent). For example, the vaporized secondary material is
introduced into the plasma of the arc, in accordance with
one embodiment, during the arc flaring event.

[0026] In one embodiment, the secondary material
changes phase by at least one of vaporizing or ionizing
into a plasma of the arc in response to the flaring event of
the arc. In one embodiment, the secondary material changes
phase by melting into a weld puddle on the work piece in
response to the flaring event of the arc to form a removable
slag. In one embodiment, the secondary material changes
phase by melting into a weld puddle on the work piece in
response to the flaring event of the arc and becoming an
inconsequential part of a deposit on the work piece. In one
embodiment, the secondary material is configured as a fuse
that changes phase (e.g., by melting) in response to the flar-
ing event at least by transitioning from an electrically
shorted closed state to an electrically un-shorted open state.
[0027] In one embodiment, the main body of the modified
contact tip 142 is made of copper and has the secondary
material 210 attached thereto. The wire electrode 144 is
made of an aluminum material. When an arc flaring event
occurs (e.g., due to the wire electrode 144 burning back to
the distal end of the copper contact tip 142), the phase
change of the secondary material 210 changes the arc vol-
tage and/or the arc current which are detected by the con-
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troller 120 via the voltage sensor 114 and/or the current sen-
sor 112. The change in the arc voltage and/or the arc current
indicates the occurrence of the flaring event to the controller
120, and the controller 120 is programmed to shut down at
least the welding power source 110 as a result, in accordance
with one embodiment. The difference in conductivity
between copper/aluminum and the secondary material
amplifies the change in the arc voltage and/or the arc current
during the arc flaring event.

[0028] FIG. 3 illustrates graphs of how arc characteristics
change to improve detection of an arc flaring event when
using a modified contact tip, in accordance with one embo-
diment. The graphs of voltage and impedance in the top por-
tion of FIG. 3 show how detected voltage and impedance
change with a conventional copper contact tip (with no
non-copper secondary material attached) when an arc flaring
event occurs. The graphs of voltage and impedance in the
bottom portion of FIG. 3 show how detected voltage and
impedance change with the modified contact tip of FIG. 2
when an arc flaring event occurs. The change in voltage and
impedance is much more pronounced (and, therefore, more
reliably detectable) in the bottom portion of FIG. 3. There-
fore, the welding power supply 110 will be more reliably
shut down by the controller 120 when an arc flaring event
occurs using the modified contact tip 142 of FIG. 2 during
an automatic GMAW welding process.

[0029] In accordance with various embodiments, the mod-
ified contact tip 142 may take different forms. The wire form
of the secondary material 210 attached to the outside of the
contact tip 142 has already been discussed with respect to
FIG. 2. In an alternative embodiment, the wire form of the
secondary material may be attached inside the contact tip
142. In yet another embodiment, the secondary material
can be configured as a fuse that “opens” and changes the
detectable characteristic when the arc flaring event occurs.
Other embodiments of a modified contact tip are possible as
well.

[0030] For example, FIG. 4 illustrates one embodiment of
a modified contact tip 142 having a disk (or ring) secondary
material 410 attached thereto at a distal end, and having a
central passage 420 for the wire electrode 144 to pass. The
disk secondary material 410 may be, for example, made of a
silicon material or some other non-copper material. FIG. 5
illustrates another embodiment of a modified contact tip 142
having a ground (particulate or granular) secondary material
510 attached thereto at a distal end. The ground secondary
material 510 may be, for example, made of a ground silicon
material or some other ground non-copper material. FIG. 6
illustrates yet another embodiment of a modified contact tip
142 having a side-mounted secondary material 610 attached
thereto near a distal end. The side-mounted secondary mate-
rial 610 may be, for example, made of a silicon material or
some other non-copper material. The secondary materials
410, 510, and 610 may be attached at or near the distal
end of the contact tip 142 via an adhesive, for example, or
via some other form of bonding such as, for example, weld-
ing. Other methods of attaching the secondary material may
be possible as well, in accordance with other embodiments
(e.g., pressfitting).

[0031] Again, a detectable characteristic of the arc can be
changed by changing the plasma of the arc. For example, in
some embodiments, the secondary material can vaporize or
ionize into the plasma of the arc, but not melt into the weld
puddle. Alternatively, in other embodiments, the secondary
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material melts into the weld puddle, forming some kind of a
slag on the work piece that can be readily removed. As a
further alternative, in yet other embodiments, the secondary
material melts into the weld puddle and becomes a perma-
nent part of the work piece, but is inconsequential to the
resultant deposit on the work piece. As used herein, the
term “inconsequential” refers to the secondary material not
affecting the resultant deposit in any practical negative man-
ner with respect to the purpose of the weld.

[0032] In other embodiments, the disk secondary material
410, the ground secondary material 510, or the side-
mounted secondary material 610 (or the distal end of the
contact tip 142 itself) can be made out of a carbon-based
ceramic material (maybe graphite), or something similar,
that does not get consumed but still changes a detectable
characteristic of the arc to provide a good signal for detec-
tion of an arc flaring event. In yet another embodiment, the
secondary material can be a coating material on the distal
end of the contact tip 142. In one embodiment, the coating
material includes a non-consumable carbon-based ceramic
material. In one embodiment, the first material includes cop-
per and the coating material includes graphite. In one embo-
diment, the coating material includes a consumable non-
copper material.

[0033] For example, FIG. 7 illustrates one embodiment of
a contact tip 700 having a proximal portion 710 and a distal
portion 720. The proximal portion 710 includes a threaded
portion 715 that allows the contact tip 700 to be attached to
(e.g., screwed into) a welding tool (e.g., the welding tool
140 of FIG. 1). In one embodiment, the proximal portion
710 is made of copper and the distal portion 720 is made
of a secondary non-copper material such as, for example,
silicon or a carbon-based ceramic material (e.g., graphite).
In another embodiment, the proximal portion 710 and the
distal portion 720 are made of copper. However, an outer
surface of the distal portion 720 is coated (e.g., via physical
vapor deposition) with a secondary material that is not
copper.

[0034] FIG. 8 illustrates one embodiment of a contact tip
800 having a secondary material element 810 screwed into
or press-fitted into a distal end hole of the contact tip 800. In
one embodiment, all but the secondary material element 810
of the contact tip is made of copper (the secondary material
element 810 is made of a non-copper material). The second-
ary material element 810 allows a fed consumable welding
wire electrode to pass there-through (e.g., the secondary
material element 810 is in the form of a small threaded
tube). The secondary material element 810 gets consumed
during an arc flaring event, changing a detectable character-
istic of the arc as discussed previously herein, in accordance
with one embodiment. In another embodiment, the second-
ary material element 810 may be made of a material that
does not get consumed (e.g., the secondary material element
is a carbon-based ceramic material) but, nonetheless, results
in a change of a detectable characteristic of the arc during an
arc flaring event. In yet another embodiment, instead of
being screwed or press-fitted, the secondary material is
impregnated into the copper of the contact tip at the distal
end and is released upon melting during an arc flaring event.
[0035] In one embodiment, the contact tip itself could be
made out of something other than copper, not needing an
attachable secondary material. The ionization potential of
copper and aluminum are very similar. With a non-copper
contact tip (e.g., tungsten, steel, stainless steel, etc.) and an
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aluminum wire electrode, the arc characteristic would
change once the arc flared back to the distal end of the con-
tact tip, allowing for reliable detection of the arc flaring
event. Furthermore, a non-copper contact tip may provide
other unexpected benefits (e.g., pre-heating of aluminum
wire, better control of hydrogen).

[0036] In some embodiments, a secondary material (ele-
ment) at the distal end of the contact tip acts as a higher
resistive material that provides a path for current to flow
once a lower resistive copper contact path (fuse) is melted.
The secondary material effectively provides a parallel path
for the current to flow, but only becomes activated when the
lesser resistant path is no longer available. The extreme con-
dition is for the secondary material to be an electrical insu-
lator, preventing a circuit to be completed and causing a
signal large enough to be detected such that welding can
be stopped.

[0037] FIG. 9 illustrates a block diagram of an example
embodiment of a controller 900 that can be used, for exam-
ple, in the welding system 100 of FIG. 1. For example, the
controller 900 is located within the welding system 100
(e.g., as the controller 120), in accordance with one embodi-
ment, as shown in FIG. 1. Referring to FIG. 9, the controller
900 includes at least one processor 914 (e.g., a microproces-
sor, a central processing unit, a graphics processing unit)
which communicates with a number of peripheral devices
via bus subsystem 912. These peripheral devices may
include a storage subsystem 924, including, for example, a
memory subsystem 928 and a file storage subsystem 926,
user interface input devices 922, user interface output
devices 920, and a network interface subsystem 916. The
input and output devices allow user interaction with the con-
troller 900. Network interface subsystem 916 provides an
interface to outside networks and is coupled to correspond-
ing interface devices in other devices.

[0038] User interface input devices 922 may include a
keyboard, pointing devices such as a mouse, trackball,
touchpad, or graphics tablet, a scanner, a touchscreen incor-
porated into the display, audio input devices such as voice
recognition systems, microphones, and/or other types of
input devices. In general, use of the term “input device” is
intended to include all possible types of devices and ways to
input information into the controller 900 or onto a commu-
nication network.

[0039] User interface output devices 920 may include a
display subsystem, a printer, or non-visual displays such as
audio output devices. The display subsystem may include a
cathode ray tube (CRT), a flat-panel device such as a liquid
crystal display (LCD), a projection device, or some other
mechanism for creating a visible image. The display subsys-
tem may also provide non-visual display such as via audio
output devices. In general, use of the term “output device” is
intended to include all possible types of devices and ways to
output information from the controller 900 to the user or to
another machine or computer system.

[0040] Storage subsystem 924 stores programming and
data constructs that provide some or all of the functionality
described herein. For example, computer-executable
instructions and data are generally executed by processor
914 alone or in combination with other processors. Memory
928 used in the storage subsystem 924 can include a number
of memories including a main random access memory
(RAM) 930 for storage of instructions and data during pro-
gram execution and a read only memory (ROM) 932 in
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which fixed instructions are stored. A file storage subsystem
926 can provide persistent storage for program and data
files, and may include a hard disk drive, a solid state drive,
a floppy disk drive along with associated removable media,
a CD-ROM drive, an optical drive, or removable media car-
tridges. The computer-executable instructions and data
implementing the functionality of certain embodiments
may be stored by file storage subsystem 926 in the storage
subsystem 924, or in other machines accessible by the pro-
cessor(s) 914.

[0041] Bus subsystem 912 provides a mechanism for let-
ting the various components and subsystems of the control-
ler 900 communicate with each other as intended. Although
bus subsystem 912 is shown schematically as a single bus,
alternative embodiments of the bus subsystem may use mul-
tiple buses.

[0042] The controller 900 can be of varying types. Due to
the ever-changing nature of computing devices and net-
works, the description of the controller 900 depicted in
FIG. 9 is intended only as a specific example for purposes
of illustrating some embodiments. Many other configura-
tions of a controller are possible, having more or fewer com-
ponents than the controller 900 depicted in FIG. 9.

[0043] While the disclosed embodiments have been illu-
strated and described in considerable detail, it is not the
intention to restrict or in any way limit the scope of any
subsequent appended claims to such detail. It is, of course,
not possible to describe every conceivable combination of
components or methodologies for purposes of describing the
various aspects of the subject matter. Therefore, the disclo-
sure is not limited to the specific details or illustrative exam-
ples shown and described. Thus, this disclosure is intended
to embrace alterations, modifications, and variations that fall
within the scope of subsequent appended claims, which
satisfy the statutory subject matter requirements of 35
U.S.C. §101. The above description of specific embodi-
ments has been given by way of example. From the disclo-
sure given, those skilled in the art will not only understand
the general inventive concepts and attendant advantages, but
will also find apparent various changes and modifications to
the structures and methods disclosed. It is sought, therefore,
to cover all such changes and modifications as fall within the
spirit and scope of the general inventive concepts, as defined
by subsequent appended claims, and equivalents thereof.

What is claimed is:
1. An apparatus for supporting automatic welding per-
formed by a welding system, the apparatus comprising:
awelding contact tip configured to be attached to a welding
tool and configured to accept a consumable welding wire
electrode that is fed there-through during an automatic
GMAW welding process to form an arc between a tip of
the consumable welding wire electrode and awork piece;
and
asecondary material, being of a different material from that
of the welding contact tip, positioned at or near a distal
end of the welding contact tip such that, during the auto-
matic GMAW welding process, detection of a flaring
event of the arc by the welding system is facilitated by
the secondary material changing phase in response to the
flaring event, resulting in changing at least one detectable
characteristic of the arc.
2. The apparatus of claim 1, wherein the secondary material
1S a non-copper material.
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3. The apparatus of claim 1, wherein the welding contact tip
includes a copper material.

4. The apparatus of claim 1, wherein the secondary material
includes a silicon material.

5. The apparatus of claim 1, wherein the at least one detect-
able characteristic of the arc includes a voltage, a current, oran
impedance.

6. The apparatus of claim 1, wherein the secondary material
is in the form of a wire and is attached to at least one of an
outside or an inside of the welding contact tip.

7. The apparatus of claim 1, wherein the secondary material
is in the form of a disk.

8. The apparatus of claim 1, wherein the secondary material
is in the form of a ground material.

9. The apparatus of claim 1, wherein the secondary material
is configured as a fuse that changes phase in response to the
flaring event at least by transitioning from a shorted closed
state to an un-shorted open state.

10. The apparatus of claim 1, wherein the secondary mate-
rial is attached to the welding contact tip via at least one of an
adhesive or a welded bond.

11. The apparatus of claim 1, wherein the secondary mate-
rial changes phase by at least one of vaporizing or ionizing
into a plasma of the arc in response to the flaring event of the
arc.

12. The apparatus of claim 1, wherein the secondary mate-
rial changes phase at least by melting into a weld puddle on the
work piece in response to the flaring event of the arc to form a
removable slag.

13. The apparatus of claim 1, wherein the secondary mate-
rial changes phase at least by melting into a weld puddle on the
work piece in response to the flaring event of the arc and
becoming an inconsequential part of a deposit on the work
piece.

14. Awelding contact tip for supporting automatic welding
performed by a welding system,

the welding contact tip comprising:

aproximal portion configured to be attached to a welding
tool; and

a distal portion, being of a different material than the
proximal portion,

wherein the proximal portion and the distal portion are
configured to accept a consumable welding wire elec-
trode that is fed there-through during an automatic
GMAW welding process to form an arc between a tip
of the consumable welding wire electrode and a work
piece, and

wherein, during the automatic GMAW welding process,
detection of a flaring event of the arc by the welding
system is facilitated by the different material of the
distal portion causing a change in at least one detect-
able characteristic of the arc in response to the flaring
event.

15. The welding contact tip of claim 14, wherein the distal
portion includes a non-consumable carbon-based ceramic
material.

16. The welding contact tip of claim 14, wherein the prox-
imal portion includes copper and the distal portion includes
graphite.

17. The welding contact tip of claim 14, wherein the distal
portion includes a consumable non-copper material.

18. Awelding contact tip for supporting automatic welding
performed by a welding system,

the welding contact tip comprising:
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a proximal portion made of a first material and config-
ured to be attached to a welding tool; and
a distal portion made of the first material and having a
coating material on at least an outer surface of the dis-
tal portion which is different from that of the first
material,
wherein the proximal portion and the distal portion are
configured to accept a consumable welding wire elec-
trode that is fed there-through during an automatic
GMAW welding process to form an arc between a tip
of the consumable welding wire electrode and a work
piece, and
wherein, during the automatic GMAW welding process,
detection of a flaring event of the arc by the welding
system is facilitated by the coating material on the dis-
tal portion causing a change in at least one detectable
characteristic of the arc in response to the flaring event.
19. The welding contact tip of claim 18, wherein the coating
material includes a non-consumable carbon-based ceramic
material.
20. The welding contact tip of claim 18, wherein the coating
material includes a consumable non-copper material.
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