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SYSTEMS AND METHODS TO FACILITATE THE STARTING AND STOPPING
OF ARC WELDING PROCESSES

[0001] This U.S. patent application claims priority to and the benefit of U.S. provi-
sional patent application serial number 61/725,789 filed on November 13, 2012,

which is incorporated herein by reference in its entirety.
TECHNICAL FIELD

[0002] Certain embodiments of the present invention relate to arc welding. More
particularly, certain embodiments of the present invention relate to systems and

methods facilitating the starting and stopping of arc welding processes.
BACKGROUND

[0003] Certain prior art welding systems use limited techniques and/or rely on the
welding operator to start or stop a welding process when creating a weld. As a re-
sult, the ability to consistently establish an arc with limited spatter at the beginning
of a welding process or properly fill a crater at the end of a welding process may be
restricted and may require significant training and experience of the welder.

[0004] Further limitations and disadvantages of conventional, traditional, and pro-
posed approaches will become apparent to one of skill in the art, through compari-
son of such systems and methods with embodiments of the present invention as set

forth in the remainder of the present application with reference to the drawings.

SUMMARY

[0005]In certain welding applications (e.g., GMAW welding processes using con-
sumable welding electrodes), it is desirable to start a welding process without stub-

bing the electrode to the workpiece, and without creating a large amount of spatter.
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Furthermore, it is desirable to end a welding process without leaving a crater that is
susceptible to cracking. However, the ability to gracefully start a welding process
and to properly end a welding process is not always straightforward, and may re-
quire much skill and experience (and possibly additional work) by the welder. Ac-
cordingly, there is a need for systems and methods for facilitating the starting and
stopping of arc welding processes as well as for responding to events in mid-weld.
The invention has found for example, specially designed éignals may be briefly ap-
plied between a welding electrode and a welding workpiece at the start and end of
a welding process. Furthermore, specially designed signals may be briefly applied
in the middle of a welding process if determined events occur (e.g., if the arc goes
out). The problem is solved, according to the invention by the systems and methods
as defined by claims 1, 5, 7, 9, 10, 12, 13, 14, 15 or 16 respectively. Preferred solu-
tions are disclosed in the subclaims. It is particularly preferred to provide the system
of claim 1 or the method of claim 12 wherein a negative polarity portion of the first
signal provides the sufficient energy to initially melt back the electrode from the
workpiece and/or wherein the second signal comprises one or more of a cyclical
DC positive welding output current signal, a cyclical DC negative welding output
current signal, or a cyclical AC welding output current signal. Further, it is preferred
to provide the system of claim 5 or the method of claim 13 wherein the second sig-
nal comprises one or more of a cyclical DC positive welding output current signal, a
cyclical DC negative welding output current signal, or a cyclical AC welding output
current signal and, particularly, further comprising a dedicated high frequency gen-
erator circuit configured to generate the first signal of sufficient voltage and fre-
quency. It is also preferred to provide the system of claim 7 or the method of claim
14 wherein a current level of the second signal is ramped up to a determined weld-
ing current level to create a smooth transition from the establishment of the arc
and/or to provide the system of claim 9 or the method of claim 15 wherein a lost
trigger signal to the wire feeder indicates that the welding process is about to finish
or wherein a determined trigger signal sequence to the wire feeder indicates that
the welding process is about to finish. It is further preferred to provide the system of
claim 10 or the method of claim 16 wherein the event includes one or more of arc

extinction or stubbing and/or wherein the first polarity type includes one of an alter-
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nating polarity type, a DC positive polarity type, or a DC negative polarity type
and/or wherein the second polarity type includes one of an alternating polarity type,

a DC positive polarity type, or a DC negative polarity type.

[0006]In one embodiment of the present invention, a signal of sufficient energy is
applied to a welding electrode at the start of welding to melt back the electrode to
prevent stubbing. An arc welding system having a power source and a wire feeder
is provided. The power source is configured to provide a welding output current to
generate an arc between a consumable welding electrode and a welding workpiece
during a welding process. The wire feeder is operatively connected to the power
source and is configured to feed the electrode during the welding process. The
power source and the wire feeder are also configured to sense when the electrode
first contacts the workpiece at the start of welding as the electrode is advanced to-
ward the workpiece by the wire feeder and apply a first signal of sufficient energy to
the electrode in response to sensing when the electrode first contacts the work-
piece to initially melt back the electrode from the workpiece. In accordance with an
embodiment, a negative polarity portion of the first signal provides the sufficient en-
ergy to initially melt back the electrode from the workpiece. The power source and
the wire feeder may also be configured to subsequently apply a second signal to
the electrode to start creating a weld. The second signal may include one or more
of a cyclical DC positive welding output current signal, a cyclical DC negative weld--
ing output current signal, or a cyclical AC welding output current signal. The power
source may include a voltage feedback circuit operatively connected to a controller
and configured to sense when the electrode first contacts the 'workpiece at the start
of welding. The power source may include a current feedback circuit operatively
connected to a controller and configured to sense when the electrode first contacts

the workpiece at the start of welding.

[0007]!In one embodiment of the present invention, a signal of sufficient voltage and
frequency is applied between a welding electrode and a welding workpiece at the
start of welding to establish an arc by jumping a gap between the electrode and the

workpiece. An arc welding system having a power source and a wire feeder is pro-



10

15

20

25

30

WO 2014/076543 PCT/IB2013/002533

vided. The power source is configured to provide a welding output current to gen-
erate an arc between a consumable welding electrode and a welding workpiece
during a welding process. The wire feeder is operatively connected to the power
source and is configured to feed the electrode during the welding process. The
power source and the wire feeder are also configured to step-feed the electrode
towards the workpiece at the start of welding and apply a first signal of sufficient
voltage and frequency between the electrode and the workpiece to establish an arc
between the electrode and the workpiece before the electrode first makes contact
with the workpiece. The power source and the wire feeder may also be configured
to apply a second signal between the electrode and the workpiece to start creating
a weld once the arc is established. The second signal may include one or more of a
cyclical DC positive welding output current signal, a cyclical DC negative welding
output current signal, or a cyclical AC welding output current signal. As an option,
the system may include a dedicated high frequency generator circuit configured to

generate the first signal of sufficient voltage and frequency.

[0008]In one embodiment of the present invention, a signal of sufficient voltage and
frequency is applied between a welding electrode and a welding workpiece at the
start of welding to establish an arc by jumping a gap between the electrode and the
workpiece. An arc welding system having a power source and a wire feeder is pro-
vided. The power source is configured to provide a welding output current to gener-
ate an arc between a consumable welding electrode and a welding workpiece dur-
ing a welding process. The wire feeder is operatively connected to the power
source and is configured to feed the electrode during the welding process. The
power source and the wire feeder are also configured to feed the electrode towards
the workpiece at the start of welding in a de-energized (i.e., a non-welding state),
sense when the electrode first makes contact with the workpiece, pull the de-
energized electrode a determined distance away from the workpiece, and apply a
first signal of sufficient voltage and frequency between the electrode and the work-
piece to establish an arc between the electrode and the workpiece. The power
source and the wire feeder may be further configured to apply a second signal be-

tween the electrode and the workpiece corresponding to a cyclical welding wave-
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form process to start creating a weld once the arc is established. A current level of
the second signal may be ramped up to a determined welding current level to cre-
ate a smooth transition from the establishment of the arc, in accordance with an

embodiment.

[0009]In one embodiment of the present invention, a polarity type of a welding out-
put waveform is switched at the end of a welding process. An arc welding system
having a power source and a wire feeder is provided. The power source is config-
ured to provide a welding output current waveform of a first DC polarity to generate
an arc between a consumable welding electrode and a welding workpiece during a
welding process. The wire feeder is operatively connected to the power source and
is configured to feed the electrode during the welding process. The power source
and the wire feeder are also configured to sense when the welding process is about
to finish and switch the welding output current waveform to one of a second DC
polarity being opposite the first polarity, or to an alternating polarity, in response to
sensing when the welding process is about to finish. In accordance with various
embodiments, a lost trigger signal to the wire feeder, or a determined trigger signal
sequence to the wire feeder, may indicate that the welding process is about to fin-
ish.

[0010]In one embodiment of the present invention, a polarity type of a welding out-
put waveform is switched during a welding process. An arc welding system having
a power source and a wire feeder is provided. The power source is configured to
provide a welding output current waveform of a first polarity type to generate an arc
between a consumable welding electrode and a welding workpiece during a weld-
ing process. The wire feeder is operatively connected to the power source and is
configured to feed the electrode during the welding process. The power source and
the wire feeder are also configured to sense an event during the welding process
and switch the welding output current waveform to a second polarity type, being
different from the first polarity type, in response to sensing the event until the event
is overcome. The event may include one or more of an arc extinction event or a

stubbing event. The welding output waveform having the second polarity type may
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be configured to affect one or more of arc re-ignition, electrode burn back from the
workpiece, or diminished arc blow. The first polarity type may include one of an al-
ternating polarity type, a DC positive polarity type, or a DC negative polarity type.
The second polarity type may include one of an alternating polarity type, a DC posi-
tive polarity type, or a DC negative polarity type.

[0011] Details of illustrated embodiments of the present invention will be more fully
understood from the following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Fig. 1 illustrates a schematic block diagram of an exemplary embodiment of
an arc welding system operatively connected to a consumable welding electrode

and a workpiece;

[0013] Fig. 2 illustrates a flowchart of a first exemplary embodiment of a method to

start a welding process using the system of Fig. 7;

[0014] Fig. 3 illustrates exemplary embodiments of signals applied between a weld-

ing electrode and a welding workpiece during the method of Fig. 2;

[0015] Fig. 4 illustrates a flowchart of a second exemplary embodiment of a method

to start a welding process using the system of Fig. 1;

[0016] Fig. 5 illustrates exemplary embodiments of signals applied between a weld-
ing electrode and a welding workpiece during the methods of Fig. 4 and Fig. 6;

[0017]Fig. 6 illustrates a flowchart of a third exemplary embodiment of a method to

start a welding process using the system of Fig. 1;
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[0018] Fig. 7 illustrates a flowchart of an exemplary embodiment of a method to fin-

ish a welding process using the system of Fig. 71;

[0019] Fig. 8 illustrates exemplary embodiments of signals applied between a weld-

ing electrode and a welding workpiece during the method of Fig. 7;

[0020] Fig. 9 illustrates a flowchart of an exemplary embodiment of a method to re-

spond to an event during a welding process using the system of Fig. 1; and

[0021] Fig. 10 illustrates exemplary embodiments of signals applied between a

welding electrode and a welding workpiece during the method of Fig. 9.

DETAILED DESCRIPTION

[0022] The following are definitions of exemplary terms that may be used within

the disclosure. Both singular and plural forms of all terms fall within each meaning:

[0023] "Software" or "computer program” as used herein includes, but is not limited
to, one or more computer readable and/or executable instructions that cause a
computer or other electronic device to perform functions, actions, and/or behave in
a desired manner. The instructions may be embodied in various forms such as rou-
tines, algorithms, modules or programs including separate applications or code
from dynamically linked libraries. Software may also be implemented in various
forms such as a stand-alone program, a function call, a servlet, an applet, an appli-
cation, instructions stored in a memory, part of an operating system or other type of
executable instructions. It will be appreciated by one of ordinary skill in the art that
the form of software is dependent on, for example, requirements of a desired appli-
cation, the environment it runs on, and/or the desires of a designer/programmer or
the like.

[0024]"Computer" or "processing element” or “computer device” as used herein

includes, but is not limited to, any programmed or programmable electronic device
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that can store, retrieve, and process data. “Non-transitory computer-readable me-
dia” include, but are not limited to, a CD-ROM, a removable flash memory card, a

hard disk drive, a magnetic tape, and a floppy disk. -

[0025] “Welding tool”, as used herein, refers to, but is not limited to, a welding gun,
a welding torch, or any welding device that may guide a consumable welding elec-
trode to a workpiece, provide a delivery system and diffuser for dispersing a shield-
ing gas, and/or provide for applying electrical power (from a welding power source)

to the welding wire.

[0026] “Welding output circuit path”, as used herein, refers to the electrical path
from a first side of the welding output of a welding power source, through a first
welding cable (or a first side of a welding cable), to a welding electrode, to a work-
piece (either through a short or an arc between the welding electrode and the work-
piece), through a second welding cable (or a second side of a welding cable), and

back to a second side of the welding output of the welding power source.

[0027]“Welding cable”, as used herein, refers to the electrical cable that may be
connected between a welding power source and a welding electrode and workpiece
(e.g. through a welding wire feeder) to provide electrical power to create an arc be-

tween the welding electrode and the workpiece.

[0028] “Welding output’, as used herein, may refer to the electrical output circuitry
or output port or terminals of a welding power source, or to the electrical power,
voltage, or current provided by the electrical output circuitry or output port of a weld-
ing power source (e.g., a welding output current waveform or a cyclical welding

waveform process).

[0029] “Computer memory”, as used herein, refers to a storage device configured to
store digital data or information which can be retrieved by a computer or processing
element. '
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[0030] “Controller”, as used herein, refers to the logic circuitry and/or processing
elements and associated software or program involved in controlling a welding

power source.

[0031]The term “signal’, as used herein, may refer to a welding output current
waveform produced by an arc welding system, or some other type of signal, data,

or information (e.g., an analog or digital control signal).

[0032] The term “AC welding” is used generally herein and may refer to actual AC
welding, DC welding in both positive and negative polarities, variable polarity weld-

ing, and other hybrid welding processes.

[0033] The term “de-energized” as used herein refers to having little or no current or
power applied. For example, a welding electrode may be in a de-energized state
when a welding output current sufficient to establish or maintain an arc between the
electrode and a workpiece is not applied, but a low level signal is applied to the

electrode for sensing when the electrode touches the workpiece.

[0034] The term “DC polarity” as used herein refers to a positive polarity or a nega-
tive polarity. The term “alternating polarity” as used herein refers to switching back
and forth between a positive polarity and a negative polarity (e.g., an AC welding
output current waveform switches back and forth between positive and negative
polarities). The term “polarity type” as used herein may be one of a positive DC po-

larity, a negative DC polarity, an alternating polarity, or some combination thereof.

[0035] The term “stubbing” refers to the undesirable situation where the welding
electrode sticks to the workpiece (e.g., when trying to establish an arc between the

electrode and the workpiece).

[0036] Fig. 1 illustrates a schematic block diagram of an exemplary embodiment of
an arc welding system 100 operatively connected to a consumable welding elec-
trode E and a workpiece W. The system 100 includes a switching power supply 105
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having a power conversion circuit 110 and a bridge switching circuit 180 providing
welding output power between the welding electrode E and the workpiece W. The
power conversion circuit 110 may be transformer based with a half bridge output
topology. For example, the power conversion circuit 110 may be of an inverter type
that includes an input power side and an output power side, for example, as deline-
ated by the primary and secondary sides, respectively, of a welding transformer.
Other types of power conversion circuits are possible as well such as, for example,
a chopper type having a DC output topology. The system 100 also includes a
bridge switching circuit 180 that is operatively connected to the power conversion
circuit 110 and is configured to switch a direction of the polarity of the welding out-
put current (e.g., for AC welding). In accordance with an embodiment, the bridge
switching circuit 180 of the switching power source 105 is configured to allow fast
switching between welding output polarities to accommodate the methods de-
scribed herein.

[0037] The system 100 further includes a waveform generator 120 and a controller
130. The waveform generator 120 generates welding waveforms at the command
of the controller 130. A waveform generated by the waveform generator 120 modu-
lates the output of the power conversion circuit 110 to produce the welding output
current between the electrode E and the workpiece W. The controller 130 also
commands the switching of the bridge switching circuit 180 and may provide control

commands to the power conversion circuit 110.

[0038] The system 100 may further include a voltage feedback circuit 140 and a
current feedback circuit 150 to monitor the welding output voltage and current be-
tween the electrode E and the workpiece W and provide the monitored voltage and
current back to the controller 130. The feedback voltage and current may be used
by the controller 130 to make decisions with respect to modifying the welding wave-
form generated by the waveform generator 120 and/or to make other decisions that
affect operation of the system 100, for example. In accordance with various em-

bodiments, the controller 130 may be used to control the start of an arc welding

10
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process, the end of an arc welding process, or intermediate periods during an arc

welding process when particular events occur.

[0039]In accordance with an embodiment, the switching power supply 105, the
waveform generator 120, the controller 130, the voltage feedback circuit 140, and
the current feedback circuit 150 constitute a welding power source of the system
100. The system 100 also includes a wire feeder 5 that feeds the consumable wire
welding electrode E toward the workpiece W through a welding tool 6. Electrical
power from the switching power supply 105 is applied to the welding electrode E via
the wire feeder 5, in accordance with an embodiment. The wire feeder 5, the con-
sumable welding electrode E, and the workpiece W are not part of the welding
power source but may be operatively connected to the welding power source 100

via a welding output cable.

[0040]When an arc welding process is about to be started to create a weld, it is
desirable to reliably establish an arc between the welding electrode and the work-
piece in such a manner as to avoid stubbing and excessive splatter. A highly ex-
perienced welder may be able to gracefully start a weld in such a manner. How-
ever, systems and methods described herein provide for the graceful starting of a

weld, even by a relatively inexperienced welder.

[0041] Fig. 2 illustrates a flowchart of a first exemplary embodiment of a method
200 to start a welding process using the system 100 of Fig. 1. In step 210 of the
method 200, the system 100 senses when the welding electrode E first contacts the
welding workpiece W at the start of welding as the electrode is advanced toward
the workpiece by the wire feeder. In accordance with an embodiment, the system
senses when the electrode contacts the workpiece by monitoring (e.g., using the
controller 130) the voltage between the electrode and the workpiece using the volt-
age feedback circuit 140. When the voltage between the electrode and the work-
piece goes to zero, the electrode is considered to be in contact with the workpiece.
In accordance with another embodiment, the system senses when the electrode

contacts the workpiece by detecting when a current starts flowing between the elec-
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trode and the workpiece using the current feedback circuit 150. When current starts
flowing between the electrode and the workpiece, the electrode is considered to be

in contact with the workpiece.

[0042]in step 220, a first signal of sufficient negative polarity is applied to the elec-
trode in response to sensing when the electrode first contacts the workpiece to ini-
tially melt back the electrode from the workpiece. Electrode negative energy tends
to cause the end of the electrode to readily melt back. However, in accordance with
other embodiments, signals of other polarity types having sufficient energy to ini-
tially melt back the electrode from the workpiece may be applied. In step 230, the
system switches to a cyclical welding waveform process (providing a second signal)
to start creating a weld. The cyclical welding waveform process may be any of a
number of arc welding processes that use DC positive, DC negative, or AC welding
output current waveforms, for example, (or some combination thereof) and may be
independent of the signal of sufficient negative polarity that is applied at the start of
welding, in accordance with an embodiment.

[0043] Fig. 3 illustrates exemplary embodiments of signals applied between a weld-
ing electrode and a welding workpiece during the method 200 of Fig. 2. Signal 310
is an example of a welding output current waveform output by the system 100 that
provides sufficient energy in the negative polarity 311 of the signal 310 to melt back
the electrode from the workpiece at the start of welding. Once the electrode melts
back from the workpiece (e.g., after applying the signal 310 for about 50-100 milli-
seconds), the system 100 switches to a cyclical welding waveform process provid-

'ing the welding output current waveform 320, for example, to create the weld. In

this manner, stubbing of the electrode is prevented and spatter is kept to a mini-
mum at the start of welding. In accordance with an alternative embodiment, the sig-
nal 310 may simply be a single negative polarity pulse applied at the start of weld-
ing having sufficient energy to melt back the electrode from the workpiece. Fur-
thermore, the signal 310 may simply be a single negative polarity pulse that is part
of the signal 320, appearing at the beginning of the signal 320. Other embodiments
of signals which first melt back the electrode from the workpiece and then proceed

12
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to create the weld are possible, in accordance with other embodiments of the pre-

sent invention.

[0044] Fig. 4 illustrates a flowchart of a second exemplary embodiment of a method
400 to start a welding process using the system 100 of Fig. 1. In step 410 of the
method 400, the welding electrode E is step-fed towards the welding workpiece at
the start of welding. For example, the electrode may be stepped in increments of 1
millimeter, in accordance with an embodiment. In step 420, a first signal of sufficient
voltage and frequency is applied between the electrode and the workpiece to at-
tempt to establish an arc between the electrode and the workpiece before the elec-
trode makes contact with the workpiece. In step 430, if an arc has not been estab-
lished, the method reverts back to step 410. As the electrode is stepped toward the
workpiece, the electrode sooner or later reaches a distance from the workpiece
where the first signal establishes an arc.

[0045]Once an arc is established, then, in step 440, a second signal is applied be-
tween the electrode and the workpiece corresponding to a cyclical welding wave-
form process to start creating a weld after the arc is established by the first signal.
The cyclical welding waveform process may be any of a number of arc welding
processes that use DC positive, DC negative, or AC weldihg output current wave-
forms, for example, (or some combination thereof) and may be independent of the
signal of sufficient voltage and frequency that is applied at the start of welding, in
accordance with an embodiment. If the arc ever extinguishes during the welding
process, the method 400 may once again be employed to re-start the arc and begin

welding again.

[0046]In accordance with an alternative or optional embodiment, a dedicated high
frequency generator circuit (HFGC) 190 may be provided and configured to gener-
ate the first signal of sufficient voltage and frequency to establish an arc between
the electrode and the workpiece. In such an embodiment, the dedicated HFGC 190
provides the first signal and the switching power supply 105 provides the second

signal corresponding to a cyclical welding waveform process.

13
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[0047]Fig. 5 illustrates exemplary embodiments of signals applied between a weld-
ing electrode E and a welding workpiece W during the methods 400 and 600 of Fig.
4 and Fig. 6. Signal 510 is a welding output current waveform output by the system
100 having sufficient voltage and frequency to establish an arc between the elec-
trode and the workpiece, without the electrode having to first make contact with the
workpiece. In accordance with one embodiment, the signal 510 provides a high
voltage level at high frequency and is generated by the switching power supply 105.
In accordance with an optional embodiment, the signal 510 is generated by the
dedicated high frequency generator circuit (HFGC) 190 which is specifically config-
ured for providing such a high voltage/high frequency signal. In accordance with an
embodiment, the HFGC 190 may be operatively connected between the switching
power supply 105 and the controller 130, and may be under the control of the con-
troller 130. Once the arc is established, the system 100 switches to a cyclical weld-
ing waveform process providing, for example, the welding output current waveform
520 to create the weld. In this manner, stubbing of the electrode is prevented and

spatter is kept to a minimum at the start of welding.

[0048] Fig. 6 illustrates a flowchart of a third exemplary embodiment of a method
600 to start a welding process using the system 100 of Fig. 7. In step 610 of the
method 600, a welding electrode E is fed towards a welding workpiece W at the
start of welding in a de-energized or low current state (i.e., a non-welding state). In
step 620, the system 100 senses when the electrode first makes contact with the
workpiece (e.g., by sensing a completion of the circuit when the electrode touches
the workpiece using the current feedback circuit 150). In step 630, the system pulis
the de-energized electrode back a determined distance from the workpiece in re-
sponse to sensing the contact. In step 640, a first signal (e.g., 510 of Fig. 5) of suffi-
cient voltage and frequency is applied between the electrode and the workpiece to
establish an arc between the electrode and the workpiece (e.g., for 50-100 millisec-

onds).
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[0049]In step 650, a second signal (e.g., 520 of Fig. 5) is applied between the elec-
trode and the workpiece corresponding to a cyclical welding waveform process to
start creating a weld after the arc is established. In accordance with an embodi-
ment, when the arc is established, the second signal may be ramped up to a normal
welding current level along with the wire feed speed to create a smooth transition
from arc establishment. Again, the cyclical welding waveform process may be any
of a number of arc welding processes that use DC positive, DC negative, or AC
welding output current waveforms, for example, (or some combination thereof) and
may be independent of the signal of sufficient voltage and frequency that is applied
at the start of welding, in accordance with an embodiment.

[0050]When a welding process is about to end, magnetic flux lines that have built
up in the workpiece may cause the arc to move around in an undesired manner
(this is called arc blow). As a result, the void at the end of a weld may not be prop-
erly filled, leaving a crater that is susceptible to cracking. In accordance with an
embodiment, the polarity of the output welding waveform may be changed near the
end of the welding process to prevent or at least minimize the arc blow effect,
thereby allowing the void or crater at the end of the weld to be properly filled.

[0051] Fig. 7 illustrates a flowchart of an exemplary embodiment of a method 700 to
finish a welding process using the system 100 of Fig. 1. In step 710 of the method
700, a welding output current waveform of a first DC polarity (DC + or DC -) is ap-
plied between a welding electrode and a welding workpiece to generate an arc be-
tween the electrode and the workpiece during a welding process to create a weld.
In step 720, the system senses when the welding process is about to end or finish.
In accordance with an embodiment, when a welder releases a trigger on a welding
tool, the trigger signal to the wire feeder may be lost, indicating that the welding
process is about to end. In this manner, the system may sense when the welding
process is about to end. In accordance with other embodiments, other methods and
means may be used to indicate or signal the end of a welding process. For exam-

ple, the system may be configured such that a welder may release-pull-release the
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trigger on the welding tool in quick succession, creating a determined trigger signal

sequence, to indicate that welding is about to finish.

[0052]In step 730, the welding output current waveform is switched to a different
waveform of a second DC polarity being opposite the first polarity, or to an alternat-
ing polarity, in response to sensing when the welding process is about to end. As a
result of switching the polarity type, any arc blow due to the build-up of magnetic
flux lines is disrupted, and the void or crater at the end of the weld may be properly
filled using the different waveform (e.g., for several seconds) without the welder
having to go back and fill the crater after the fact.

[0053] Fig. 8 illustrates exemplary embodiments of signals applied between a weld-
ing electrode and a welding workpiece during the method 700 of Fig. 7. Signal 810
is @ welding output current waveform of a first DC polarity (a DC + polarity) that may
be applied between a welding electrode and a welding workpiece to generate an
arc between the electrode and the workpiece during a welding process to create a
weld. Signal 820 is a second signal being of an alternating polarity (an AC wave-
form) that the system switches to in response to sensing when the welding process
is about to end. The AC waveform 820 diminishes the effects of the built-up mag-
netic flux lines in the workpiece, allowing the arc to stay in proper position on the
weld such that the void at the end of the weld may be filled.

[0054] Fig. 9 illustrates a flowchart of an exemplary embodiment of a method 900 to
respond to an event during a welding process using the system 100 of Fig. 7. In
step 910 of the method 900, a welding output current waveform of a first polarity
type is applied to generate an arc between a welding electrode and a welding
workpiece during a welding process to create a weld. In step 920, an event is
sensed by the system during the welding process. The event may be the extin-
guishing of the arc during the welding process or stubbing, for example. Such arc
extinction or stubbing may be sensed by the system using the voltage feedback
circuit and/or the current feedback circuit to sense a characteristic change in volt-

age and/or current between the electrode and the workpiece due to the event.
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Other types of events may be possible to sense and respond to as well, in accor-

dance with various other embodiments.

[0055]In step 930, the welding output current waveform is switched, at least mo-
mentarily (e.g., for 50-100 milliseconds), to a different waveform having a second
polarity type in response to sensing the event. The different waveform may be one
of the waveforms previously described herein to burn back the electrode from the
workpiece in the case of stubbing, or to diminish arc blow. Other types of different
waveforms having second polarity types may be possible as well, to counter other
undesirable events that may occur during the welding process. Therefore, depend-
ing on the nature of the event (e.g., arc blow, stubbing), the welding process is able
to quickly recover from the negative effects of the event by switching the polarity
type of the waveform. Once the event is overcome, the system may switch back to
the original welding output current waveform of the first polarity type to continue

welding.

[0056] Fig. 10 illustrates exemplary embodiments of signals applied between a
welding electrode and a welding workpiece during the method 900 of Fig. 9. Signal
1010 is a welding output current waveform of a first polarity type (e.g., an AC wave-
form) that may be applied between a welding electrode and a welding workpiece to
generate an arc between the electrode and the workpiece during a welding process
to create a weld. Signal 1020 is a second signal being of a second polarity type (a
DC positive waveform) that the system switches to in response to sensing an event

during the welding process.

[0057]In summary, systems and methods for facilitating the starting and stopping of
arc welding processes, as well as for responding to events in mid-weld, are dis-
closed. Specially designed signals may be briefly applied between a welding elec-
trode and a welding workpiece at the start and end of a welding process to grace-
fully and properly start and stop a weld. Furthermore, specially designed signals
may be briefly applied in the middle of a welding process if determined undesirable

events occur to counter the effects of the undesirable events. In accordance with an
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embodiment, application of the specially designed signals and the normal cyclical
welding waveform processes is under the control of the controller 130 of the system

100, which is a software programmable device.

[0058]in appended claims, the terms “including” and “having” are used as the plain
language equivalents of the term “comprising”; the term “in which” is equivalent to

“wherein.” Moreover, in appended claims, the terms “first,” “second,” “third,” “up-

7o« "«

per,” “lower,” “bottom,” “top,” etc. are used merely as labels, and are not intended to
impose numerical or positional requirements on their objects. Further, the limita-
tions of the appended claims are not written in means-plus-function format and are
not intended to be interpreted based on 35 U.S.C. § 112, sixth paragraph, unless
and until such claim limitations expressly use the phrase “means for” followed by a
statement of function void of further structure. As used herein, an element or step
recited in the singular and proceeded with the word “a” or “an” should be under-
stood as not excluding plural of said elements or steps, unless such exciusion is
explicitly stated. Furthermore, references to “one embodiment” of the present inven-
tion are not intended to be interpreted as excluding the existence of additional em-
bodiments that also incorporate the recited features. Moreover, unless explicitly
stated to the contrary, embodiments “comprising,” “including,” or “having” an ele-
ment or a plurality of elements having a particular property may include additional
such elements not having that property. Moreover, certain embodiments may be
shown as having like or similar elements, however, this is merely for illustration
purposes, and such embodiments need not necessarily have the same elements

unless specified in the claims.

[0059]As used herein, the terms “may” and “may be;’ indicate a possibility of an
occurrence within a set of circumstances; a possession of a specified property,
characteristic or function; and/or qualify another verb by expressing one or more of
an ability, capability, or possibility associated with the qualified verb. Accordingly,
usage of “may” and “may be” indicates that a modified term is apparently appropri-
ate, capable, or suitable for an indicated capacity, function, or usage, while taking

into account that in some circumstances the modified term may sometimes not be
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appropriate, capable, or suitable. For example, in some circumstances an event or
capacity can be expected, while in other circumstances the event or capacity can-

not occur ~ this distinction is captured by the terms “may” and “may be.”

[0060] This written description uses examples to disclose the invention, including
the best mode, and also to enable one of ordinary skill in the art to practice the in-
vention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defined by the
claims, and may include other examples that occur to one of ordinary skill in the art.
Such other examples are intended to be within the scope of the claims if they have
structural elements that do not differentiate from the literal language of the claims,
or if they include equivalent structural elements with insubstantial differences from

the literal language of the claims.

[0061]While the claimed subject matter of the present application has been de-
scribed with reference to certain embodiments, it will be understood by those skilled
in the art that various changes may be made and equivalents may be substituted
without departing from the scope of the claimed subject matter. In addition, many
modifications may be made to adapt a particular situation or material to the teach-
ings of the claimed subject matter without departing from its scope. Therefore, it is
intended that the claimed subject matter not be limited to the particular embodi-
ments disclosed, but that the claimed subject matter will include all embodiments

falling within the scope of the appended claims.
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CLAIMS

What is claimed is:

An arc welding system comprising:

a power source configured to provide a welding output current to generate an
arc between a consumable welding electrode and a welding workpiece dur-
ing a welding process; and

a wire feeder operatively connected to the power source and configured to
feed the electrode during the welding process,

wherein the power source and the wire feeder are further configured to
sense when the electrode first contacts the workpiece at the start of welding
as the electrode is advanced toward the workpiece by the wire feeder and
apply a first signal of sufficient energy to the electrode in response to sensing
when the electrode first contacts the workpiece to initially melt back the elec-

trode from the workpiece.

The system of claim 1, wherein the power source and the wire feeder are
further configured to subsequently apply a second signal to the electrode to

start creating a weld.

The system of claims 1 or 2, wherein the power source includes a voltage
feedback circuit operatively connected to a controller and configured to
sense when the electrode first contacts the workpiece at the start of welding.
The system of claim 1, wherein the power source includes a current feed-
back circuit operatively connected to a controller and configured to sense

when the electrode first contacts the workpiece at the start of welding.

An arc welding system comprising:
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a power source configured to provide a welding output current to generate an
arc between a consumable welding electrode and a welding workpiece dur-
ing a welding process; and

a wire feeder operatively connected to the power source and configured to
feed the electrode during the welding process,

wherein the power source and the wire feeder are further configured to step-
feed the electrode toward the workpiece at the start of welding and apply a
first signal of sufficient voltage and frequency between the electrode and the
workpiece to establish an arc between the electrode and the workpiece be-
fore the electrode first makes contact with the workpiece.

The system of claim 7, wherein the power source and the wire feeder are
further configured to subsequently apply a second signal between the elec-
trode and the workpiece to start creating a weld once the arc is established.

An arc welding system comprising: _

a power source configured to provide a welding output current to generate an
arc between a consumable welding electrode and a welding workpiece dur-
ing a welding process; and

a wire feeder operatively connected to the power source and configured to
feed the electrode during the welding process,

wherein the power source and the wire feeder are further configured to feed
the electrode at the start of welding toward the workpiece in a de-energized
state, sense when the electrode first makes contact with the workpiece, pull
the de-energized electrode a determined distance away from the workpiece,
and apply a first signal of sufficient voltage and frequency between the elec-
trode and the workpiece to establish an arc between the electrode and the

workpiece.

The system of claim 11, wherein the power source and the wire feeder are

further configured to apply a second signal between the electrode and the

22



10

15

20

25

30

WO 2014/076543 PCT/IB2013/002533

10.

11.

12.

workpiece corresponding to a cyclical welding waveform process to start

creating a weld once the arc is established.

An arc welding system comprising:

a power source configured to provide a welding output current waveform of a
first DC polarity to generate an arc between a consumable welding electrode
and a welding workpiece during a welding process; and

a wire feeder operatively connected to the power source and configured to
feed the electrode during the welding process,

wherein the power source and the wire feeder are further configured to
sense when the welding process is about to finish and switch the welding
output current waveform to one of a second DC polarity being opposite the
first polarity, or to an alternating polarity, in response to sensing when the

welding process is about to finish.

An arc welding system comprising:

a power source configured to provide a welding output current waveform of a
first polarity type to generate an arc between a consumable welding elec-
trode and a welding workpiece during a welding process; and

a wire feeder operatively connected to the power source and configured to
feed the electrode during the welding process,

wherein the power source and the wire feeder are further configured to
sense an event during the welding process and switch the welding output
current waveform to a second polarity type, being different from the first po-

larity type, in response to sensing the event until the event is overcome.
The system of claim 10, wherein the welding output waveform having the
second polarity type is configured to affect one or more of arc re-ignition,

electrode burn back from the workpiece, or diminished arc blow.

An arc welding method comprising:
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13.

14.

a power source configured to provide a welding output current to generate an
arc between a consumable welding electrode and a welding workpiece dur-
ing a welding process; and

a wire feeder operatively connected to the power source and configured to
feed the electrode during the welding process, _
wherein the power source and the wire feeder are further configured to pro-
vide the steps to sense when the electrode first contacts the workpiece at the
start of welding as the electrode is advanced toward the workpiece by the
wire feeder and apply a first signal of sufficient energy to the electrode in re-
sponse to sensing when the electrode first contacts the workpiece to initially

melt back the electrode from the workpiece.

An arc welding method comprising:

a power source configured to provide a welding output current to generate an
arc between a consumable welding electrode and a welding workpiece dur-
ing a welding process; and

a wire feeder operatively connected to the power source and configured to
feed the electrode during the welding process,

wherein the power source and the wire feeder are further configured to pro-
vide the steps to step-feed the electrode toward the workpiece at the start of
welding and apply a first signal of sufficient voltage and frequency between
the electrode and the workpiece to establish an arc between the electrode
and the workpiece before the electrode first makes contact with the work-

piece.

An arc welding method comprising:

a power source configured to provide a welding output current to generate an
arc between a consumable welding electrode and a welding workpiece dur-
ing a welding process; and

a wire feeder operatively connected to the power source and configured to

provide the steps to feed the electrode during the welding process,
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15.

16.

wherein the power source and the wire feeder are further configured to feed
the electrode at the start of welding toward the workpiece in a de-energized
state, sense when the electrode first makes contact with the workpiece, pull
the de-energized electrode a determined distance away from the workpiece,
and apply a first signal of sufficient voltage and frequency between the elec-
trode and the workpiece to establish an arc between the electrode and the

workpiece.

An arc welding method comprising:

a power source configured to provide a welding output current waveform of a
first DC polarity to generate an arc between a consumable welding electrode
and a welding workpiece during a welding process; and

a wire feeder operatively connected to the power source and configured to
feed the electrode during the welding process,

wherein the power source and the wire feeder are further configured to pro-
vide the steps to sense when the welding process is about to finish and
switch the welding output current waveform to one of a second DC polarity
being opposite the first polarity, or to an alternating polarity, in response to

sensing when the welding process is about to finish.

An arc welding method comprising:

a power source configured to provide a welding output current waveform of a
first polarity type to generate an arc between a consumable welding elec-
trode and a welding workpiece during a welding process; and

a wire feeder operatively connected to the power source and configured to
provide the steps to feed the electrode during the welding process,

wherein the power source and the wire feeder are further configured to
sense an event during the welding process and switch the welding output
current waveform to a second polarity type, being different from the first po-

larity type, in response to sensing the event until the event is overcome.
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