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ABSTRACT

A welding system includes a power supply configured to

output

power to a welding device. The power supply is

configured to alternate the power output between an arc

phase
phase

and a hotwire phase. The power output in the arc
produces an arc between a welding electrode and a

workpiece, and the power output in the hotwire phase heats
the welding electrode without producing an arc.
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SYSTEM FOR ARC WELDING WITH
ENHANCED METAL DEPOSITION

BACKGROUND

[0001] The invention relates generally to welding systems
and, more particularly, to an arc welding power supply used
for enhanced metal deposition.

[0002] Welding is a process that has become increasingly
ubiquitous in various industries and applications. While
such processes may be automated in certain contexts, a large
number of applications continue to exist for manual welding
operations. Such welding operations generally involve an
electrode configured to pass an arc between a torch and a
workpiece, thereby heating the workpiece to create a weld.
In many systems, a consumable filler material is provided to
the weld, where it becomes molten and is deposited into the
weld. In some welding systems, the filler material is heated
before it is brought to the weld, allowing for a quicker and
smoother transition into a molten state for metal deposition.
[0003] Such welding systems generally include two power
sources. One power source provides a current for resistively
heating the consumable filler material. The other power
source provides power for heating the workpiece to establish
and maintain the weld pool. This second power source may
include a gas metal arc welding (GMAW) power supply, a
gas tungsten arc welding (GTAW) power supply, a laser, or
other heat source. Unfortunately, it can be expensive to
implement equipment for heating both the workpiece and
the consumable material. In addition to the high cost, it can
be difficult to integrate multiple power sources with existing
hand-held or automated welding systems.

BRIEF DESCRIPTION

[0004] In an embodiment, a welding system includes a
power supply configured to output power to a welding
device. The power supply is configured to alternate the
power output between an arc phase and a hotwire phase. The
power output in the arc phase produces an arc between a
welding electrode and a workpiece. The power output in the
hotwire phase heats the welding electrode without producing
an arc.

[0005] In another embodiment, a welding power supply
includes control circuitry configured to cycle welding power
output from the power supply to a welding electrode
between an arc phase and a hotwire phase. The control
circuitry conditions the welding power to produce an arc
between the welding electrode and a workpiece in the arc
phase. The control circuitry conditions the welding power to
heat the welding electrode without producing an arc in the
hotwire phase.

[0006] In a further embodiment, a welding system
includes a welding torch configured to direct a welding
electrode toward a workpiece. The welding system also
includes a power supply configured to provide power to the
welding torch in an arc phase and in a hotwire phase,
alternating between the arc phase and the hotwire phase. A
current heats the welding electrode without producing an arc
between the welding electrode and the workpiece in the
hotwire phase.

DRAWINGS

[0007] These and other features, aspects, and advantages
of'the present invention will become better understood when
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the following detailed description is read with reference to
the accompanying drawings in which like characters repre-
sent like parts throughout the drawings, wherein:

[0008] FIG. 1 is a diagrammatical representation of an
embodiment of a welding system that may implement an
arc/hotwire welding process;

[0009] FIG. 2 is a side view of an embodiment of com-
ponents of the welding system of FIG. 1 operating in an arc
phase;

[0010] FIG. 3 is a side view of an embodiment of the
components of FIG. 2 operating in a hotwire phase;

[0011] FIG. 4 is a plot illustrating an embodiment of
current and voltage of power output from a welding power
supply implementing an arc/hotwire welding process;
[0012] FIG. 51is a process flow diagram of an embodiment
of a method for implementing, via the welding system of
FIG. 1, an arc/hotwire welding process; and

[0013] FIG. 6 is a diagrammatical representation of an
embodiment of a welding system that may implement an
arc/hotwire welding process.

DETAILED DESCRIPTION

[0014] Presently disclosed embodiments are directed to
welding systems for alternating between an arc phase of
welding power output and a hotwire phase of power output.
In the arc phase, the process power may be relatively high
and provided to the welding torch for establishing and
maintaining an arc, thereby heating the workpiece and
electrode. In the hotwire phase, the process power may be
relatively low for resistively heating the welding wire with-
out producing an arc. In this way, a single power supply may
be able to provide power and mass-flow management of the
hotwire welding process to control heat input, dilution, etc.
An embodiment may involve providing power to an induc-
tion heating element located around the welding wire to
inductively heat the wire. Control circuitry in the power
supply may provide signals for alternating the power output,
welding wire feed speed, contact points, or other welding
parameters, as the welding system cycles between the arc
phase and the hotwire phase. The welding system may cycle
between these phases of power output at a constant fre-
quency. In some embodiments, the control circuitry may
provide adjustments to current and/or wire feed speed to
maintain the system in the hotwire phase for a predeter-
mined duration.

[0015] Turning now to the figures, FIG. 1 is an embodi-
ment of a welding system 10, which includes a power supply
12 and a wire feeder 14 coupled to one another via conduc-
tors or conduits 16. In the illustrated embodiment, the power
supply 12 is separate from the wire feeder 14, such that the
wire feeder 14 may be positioned at some distance from the
power supply 12 near a welding location. However, it should
be understood that the wire feeder 14, in some implemen-
tations, may be integral with the power supply 12. In such
cases, the conduits 16 would be internal to the system. In
embodiments in which the wire feeder 14 is separate from
the power supply 12, terminals are typically provided on the
power supply 12 and on the wire feeder 14 to allow the
conductors or conduits 16 to be coupled to the devices so as
to allow for power and gas to be provided to the wire feeder
14 from the power supply 12, and to allow data to be
exchanged between the two devices, as described more fully
below.
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[0016] The system 10 is designed to provide wire, power,
and shielding gas to a welding torch 18. The torch 18 may
be of many different types, and generally allows for the feed
of'a welding wire and shielding gas to a location adjacent to
a workpiece 20, where a weld is to be formed to join two or
more pieces of metal. A second conductor 21 is run to the
workpiece 20 to complete an electrical circuit between the
power supply 12 and the workpiece 20.

[0017] The system 10 is designed to allow for data settings
to be selected by the operator, particularly via an operator
interface 22 provided on the power supply 12. The operator
interface 22 will typically be incorporated into a front
faceplate of the power supply 12, and may allow for
selection of settings such as the type of weld process, the
type of wire to be used, voltage and current settings, and so
forth. These weld settings are communicated to control
circuitry 24 within the power supply 12. In the illustrated
embodiment, the system 10 is designed to allow for gas
metal arc welding (GMAW). It should be noted that while
reference is made in the present disclosure to “GMAW”
processes, the torch 18 and techniques described herein may
be used with or without inert gas, such as with flux cored or
metal cored wires.

[0018] The control circuitry 24 operates to control gen-
eration of welding power output that is applied to the
welding wire for carrying out the desired welding operation.
In presently disclosed embodiments, the control circuitry 24
is configured to cycle the welding power output between an
arc phase and a hotwire phase. The control circuitry 24 is
coupled to power conversion circuitry 26. This power con-
version circuitry 26 is adapted to create the output power
that will ultimately be applied to the welding wire at the
torch 18. Various power conversion circuits may be
employed, including choppers, boost circuitry, buck cir-
cuitry, inverters, converters, and so forth. The power con-
version circuitry 26 is coupled to a source of electrical
power, as indicated by arrow 28. The power applied to the
power conversion circuitry 26 may originate in the power
grid, although other sources of power may also be used, such
as power generated by an engine-driven generator, batteries,
fuel cells or other alternative sources. Finally, the power
supply 12 illustrated in FIG. 1 includes interface circuitry 30
configured to allow the control circuitry 24 to exchange
signals with the wire feeder 14.

[0019] The wire feeder 14 includes complimentary inter-
face circuitry 32 that is coupled to the interface circuitry 30.
The wire feeder 14 also includes control circuitry 34 coupled
to the interface circuitry 32. The control circuitry 34 allows
for wire feed speeds to be controlled in accordance with
operator selections. The control circuitry 34 is coupled to an
operator interface 36 on the wire feeder 14 that allows
selection of one or more welding parameters, particularly
wire feed speed. The operator interface 36 also may allow
for selection of such weld parameters as the type of welding
process, the type of wire utilized, current, voltage or power
settings, power cycle frequency, and so forth. The control
circuitry 34 is coupled to gas control valving 38, which
regulates the flow of shielding gas to the torch 18. In general,
such gas is provided at the time of welding, and may be
turned on immediately preceding welding and/or for a short
time following welding. The gas supplied to the gas control
valving 38 is typically provided in the form of pressurized
bottles, as represented in FIG. 1 by arrow 40.
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[0020] The wire feeder 14 includes components for feed-
ing wire to the torch 18, and thereby to the welding
application, under the control of the control circuitry 34. For
example, one or more spools 42 of welding wire are housed
in the wire feeder 14. Welding wire 44 is unspooled from the
spools 42 and is progressively fed to the torch 18 as
described below. Each of the spools 42 may be associated
with a clutch 46 that disengages the spool 42 when the
welding wire 44 is to be fed to the torch 18. The clutch 46
may be regulated to maintain a minimum friction level to
avoid free spinning of the spools 42. A feed motor 48 is
provided that engages with wire feeder feed rolls 50 to push
the welding wire 44 from the wire feeder 14 towards the
torch 18. In practice, one of the feed rolls 50 is mechanically
coupled to the feed motor 48 and is rotated by the feed motor
48 to drive the welding wire 44 from the wire feeder 14,
while the mating feed roll is biased towards the welding wire
44 to maintain good contact between the feed rolls 50 and
the welding wire 44. Some systems may include multiple
pairs of such feed rolls 50. In an embodiment, the feed motor
48 may be a torque-limited motor. Finally, in certain
embodiments, a tachometer 52 is provided for detecting the
speed of the feed motor 48, the feed rolls 50, or any other
associated component in order to provide an indication of
the actual wire feed speed. Signals from the tachometer 52
are fed back to the control circuitry 34.

[0021] It should be noted that other system arrangements
and input schemes may be implemented. For example, the
welding wire 44 may be fed from a bulk storage container
(e.g., a drum) or from one or more spools outside of the wire
feeder 14. Similarly, the welding wire 44 may be fed from
a “spool gun” in which the spool 42 is mounted on or near
the torch 18. As noted herein, the wire feed speed settings
may be input via the operator interface 36 on the wire feeder
14, on the operator interface 22 of the power supply 12, or
both. In systems having wire feed speed adjustments on the
torch 18, this may be the input used for the setting.

[0022] Power from the power supply 12 is applied to the
welding wire 44, typically by means of a weld cable 54.
Similarly, shielding gas is fed through the wire feeder 14 and
the weld cable 54. During welding operations, the welding
wire 44 is advanced through the weld cable jacket towards
the torch 18. The torch 18 may include a trigger switch 58
that provides a signal that is fed back to the wire feeder 14
and therefrom back to the power supply 12 to enable the
welding process to be started and stopped by the operator.
That is, upon depression of the trigger switch 58, gas flow
is begun, wire is advanced, and power is applied to the weld
cable 54 and through the torch 18 to the advancing welding
wire 44.

[0023] In present embodiments, the power supply 12 is
configured to alternate the power output between an arc
phase and a hotwire phase. In each phase, the power is
provided to the torch 18 for a specific purpose. For example,
the power output in the arc phase is directed through the
welding wire 44 to produce an arc between the welding wire
44 and the workpiece 20, as described above. In the hotwire
phase, however, the power is output toward the torch 18 in
order to heat the welding wire 44 without producing an arc.
In the illustrated embodiment, this involves outputting a
different amount of power to the welding wire 44, so that the
current flowing through the welding wire 44 resistively heats
the welding wire 44. When the welding wire 44 is main-
tained at a higher temperature, it becomes more easily
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molten and deposited into the weld. By cycling between the
two phases, it may be possible to deposit more filler material
into a weld while providing less heat to the workpiece 20 via
the welding arc. In the disclosed embodiments, the power
output from the power supply 12 is not limited to DC power,
but may include AC or pulsed power in one or both of the
alternating phases.

[0024] The control circuitry 24 may operate to control the
power output from the power supply 12 in both the arc phase
and the hotwire phase. For example, the control circuitry 24
may provide signals to the power conversion circuitry 26 for
cycling the power output from the power supply 12 between
the arc phase and the hotwire phase at a predetermined
frequency. This frequency may be manually set via the
operator interface 22 or automatically selected based on
inputs related to the type of welding wire 44 used, the
welding process, the material or thickness of the workpiece
20, and so forth. The control circuitry 24 may provide
signals for managing the total process power, the heat output
to the workpiece 20, and the mass flow rate of filler material
entering the weld. Such control may be available during the
arc phase, the hotwire phase, and the transition between
these phases. In some embodiments, the control circuitry 24
may operate to maintain the welding power output in the
hotwire phase for a desired amount of time, keeping the
system 10 from prematurely breaking into an arc. The
control circuitry 24 may execute such control based on
feedback provided via sensors 60 located throughout the
welding system 10. The sensors 60 may include voltage
sensors, current sensors, light sensing devices (photodiodes,
photovoltaics, photoresistors, etc.) strain gauges, wire feed
speed sensors, torque sensors, etc. The change in power
output may be accompanied by a change in welding wire
feed speed. In such instances, the control circuitry 24 may
communicate with the wire feeder 14 to adjust the wire feed
speed as the power supply 12 transitions from one phase of
power output to another.

[0025] The power supply 12 alternates between outputting
power in an arc phase and in a hotwire phase as the welding
wire 44 is advanced through the torch 18. FIGS. 2 and 3 are
side views of an embodiment of the torch 18 outputting the
welding wire 44 toward the workpiece 20 during each of
these phases. The illustrated embodiment shows the power
for both heating the workpiece 20 and heating the filler
material (e.g., welding wire 44) flowing through the same
conductor (e.g., welding wire 44). This would not be pos-
sible with conventional systems that output power to heat
the workpiece 20 (e.g., via a welding torch, laser, etc.) from
a first heating source and output power to heat the filler
material from another heating source.

[0026] InFIG. 2, power flows through the welding wire 44
in the arc phase to establish and maintain an arc 80 between
the welding wire 44 and the workpiece 20. The torch 18 may
include an electrically conductive contact tube 81 that
receives and transfers the welding power from the power
supply 12 to the welding wire 44 as the wire exits the torch
18. The output power may be relatively high to produce the
arc 80, compared to the power output during the hotwire
phase. The voltage drops across a contact point, electrode
extension 82, anode (e.g., tip of the welding wire 44), arc
column, and cathode to produce the arc 80. The welding
wire 44 is advanced through the torch 18 and toward the
workpiece 20 at a predetermined wire feed rate. This pre-
determined wire feed speed may be appropriate for main-
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taining a desired deposition rate of filler material from the
welding wire 44 into a weld puddle 84, and for maintaining
a desired length of the electrode extension 82. The electrode
extension 82 is the length of the welding wire 44 through
which the current flows from the contact tube 81 to the arc
80. The electrode extension 82 may change based on both
advancement and deposition of the welding wire 44. The
power output is sufficient to establish and increase a heat
content of the weld puddle 84 formed on the workpiece 20.

[0027] In the hotwire phase, as illustrated in FIG. 3, there
is no arc produced between the welding wire 44 and the
workpiece 20. Instead, the power output to the welding wire
44 contributes to Joule heating within the welding wire 44.
The power output of the power supply 12 may be relatively
low in the hotwire phase, where the only significant voltage
drop is occurring along the length of the electrode extension
82 such that all of the energy is used to heat the electrode
extension 82. As a result, the end of the welding wire 44
flows directly into the weld puddle 84. The power output
from the power supply 12 may include a relatively high
current to heat the welding wire 44 in the hotwire phase. The
welding wire 44 may be delivered to the weld puddle 84 at
the same or a different wire feed speed than is used in the arc
phase. That is, in certain embodiments, the wire feeder 14 is
configured to advance the welding wire 44 toward the
workpiece 20 at a first feed rate during the arc phase and at
a second feed rate during the hotwire phase, as controlled by
the control circuitry 24 and 34. Any change in wire feed
speed may be to account for a changed rate of metal
deposition due to resistive heating. In an embodiment, the
power supply 12 may provide signals to the wire feeder 14
to adjust the wire feed speed to maintain the power output
in the hotwire phase. In addition, the power output from the
power supply 12 to the welding wire 44 may be adjusted to
maintain the welding system 10 in the hotwire phase for a
pre-determined amount of time. That is, the control circuitry
24 may operate to adjust the output power in order to keep
the welding wire 44 from breaking into the arc 80 before an
appointed time for the welding system 10 to enter the arc
phase.

[0028] In some embodiments, the welding system 10 may
use the same point of electrical contact (e.g., contact tube
81) in the torch 18 as the power output phase changes. In
other embodiments, the welding system 10 may change the
point of electrical contact as the power output phase
changes. In addition, the control circuitry 24 may provide
control signals for adjusting the electrode contact point to
maintain the power output in the hotwire phase. Adjusting
the contact point may be accomplished in many different
ways. For example, the contact tube 81 may serve as the
contact point during one of the phases (e.g., arc phase or
hotwire phase) where the power is provided to the welding
wire 44, and another contact point 102 may be used during
the other phase. The contact point 102 is located closer to the
outlet of the torch 18 so that the current flows through a
shorter electrode extension 104 in one of the phases. This
may decrease the Joule heating provided to the welding wire
44 in that phase, further altering filler material deposition. A
change in the point of contact in the torch 18 may be
accomplished in different ways. For example, in certain
embodiments, the welding system 10 may include two
power supplies 12, one to provide the arc phase power to the
welding wire 44 via the contact tube 81 (or the contact point
102), and another to provide additional hotwire phase power
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to the welding wire 44 via the contact point 102 (or the
contact tube 81). In other embodiments, the contact tube 81
may be mechanically actuated toward the position of the
illustrated contact point 102 and back, based on the phase of
power output. In still other embodiments, a switch in the
control circuitry 24 may change states to switch the power
provided from the power supply 12 between the contact tube
81 and the other contact point 102.

[0029] In embodiments utilizing an automated torch sys-
tem, the electrode extension 104 may be adjusted to facili-
tate the transition between the arc and hotwire phases. In the
case of the transition from the arc phase to the hotwire phase,
the torch 18 could be retracted (effectively reducing the wire
feed rate) at a rate that allows wire entering the weld puddle
84 to be heated to a temperature that causes the welding wire
44 to soften and lose some of its columnar strength. This
softening of the welding wire 44 helps keep the electrode
from pushing the welding torch 18 away from the workpiece
20 upon entering the hotwire phase. Conversely, during the
transition from the hotwire phase to the arc phase, the
welding torch 18 could be advanced toward the weld puddle
84, effectively increasing the wire feed rate and reducing the
likelihood that the preheated welding wire 44 would be
melted too quickly. Quick melting of the welding wire 44 at
the onset of the arc phase may produce an excessively long
arc length that is undesirable.

[0030] The power supply 12 may alternate between the arc
phase and the hotwire phase at a pre-determined frequency.
This pre-determined frequency may refer to a number of
welding process cycles completed in a given amount of time.
The welding process cycle may include a total of one arc
phase and one hotwire phase. The power supply 12 may
operate in the arc phase for a pre-determined portion of this
complete cycle, and this is referred to as the duty cycle of the
disclosed arc/hotwire welding process. These and other
aspects relating to cycle frequency are depicted in FIG. 4,
which is a plot 120 showing parameters 122 of the welding
power output by a power supply 12 with respect to time 124.
The parameters 122 include the voltage 126 and the current
128 of the power supplied to the torch 18 as the power
supply 12 alternates between the arc phase and the hotwire
phase. In some embodiments, the cycle frequency may be
variable, depending on the type of welding process per-
formed.

[0031] In the illustrated embodiment, the power output in
the arc phase is noticeably different from the power output
in the hotwire phase. The power output may be higher in the
arc phase than the power output in the hotwire phase, as
indicated by the current and voltage readings shown in the
plot 120. Between times T1 and T2, the power output is in
the hotwire phase, with a relatively low voltage 130 and a
relatively high current 132. Between times T2 and T3, the
power output is in the arc phase, with a relatively high
voltage 134. The time period 124 from times T1 to T3
represents one complete cycle of the alternating power
output, and the duty cycle may be determined by dividing
the time period between times T2 and T3 by the time period
between times T1 and T3. The alternating welding process
may be highly dependent on cycle frequency. In the illus-
trated embodiment, the cycle frequency is approximately 1.0
Hz, as the process completes approximately one cycle every
second. It may be desirable for the cycle frequency to range
from approximately 1.0 to 1.5 Hz, 1.0 to 3.0 Hz, 1.0 to 5.0
Hz, or 1.0 to 10 Hz. Other embodiments could operate at
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higher cycle frequencies. If the cycle frequency is too high,
the welding system 10 may tend toward short circuit trans-
fer, where a significant mass of the welding wire 44 is not
transferred to the base material (e.g., workpiece 20) in the
hotwire phase. If the cycle frequency is too low, there may
be too much power delivered in the arc phase and too little
power delivered in the hotwire phase to produce a consistent
weld bead throughout the welding process. If the duration of
the arc phase is too long, heat input to workpiece 20 could
be too high, leading to undesirable results. If the duration of
the hotwire phase is too long, the weld puddle 84 may
solidify and additional welding wire 44 deposited therein
does not mix with the molten surface of the workpiece 20.
These conditions could negatively affect quality and/or
aesthetic appearance of the weld.

[0032] The alternating power output from the welding
power supply 12 may reduce the heat input to the workpiece
20. In GMAW systems, the arc accounts for approximately
85% of the total heat energy provided from the power supply
12. The arc heat may be transferred to the workpiece 20 by
conduction, convection, and radiation. There may also be an
element of arc energy that is transferred to the workpiece 20
by droplet impingement. The remaining energy available
from the power supply 12 generally goes into heating the
electrode extension 82 of the welding wire 44 via Joule
heating. Joule heating, or resistive heating, refers to the heat
generated through resistive losses of a conductor. As such,
the heat provided to the workpiece 20 in a constant voltage
GMAW process may be defined by the following relation-
ship:

v (9]

[0033] In equation 1, H represents the heat input to the
workpiece 20, M represents the efficiency of the welding
process, | represents the average current of the power output,
V represents the average voltage of the power output, and v
represents the travel speed of the torch 18 moving with
respect to the workpiece 20. As discussed above, however,
the disclosed embodiments cycle the output power through
a relatively high power arc phase and a relatively low power
hotwire phase. Thus, the heat input to the workpiece 20 for
this welding process may be defined by the following
relationship:

Vare

Waongive ] 2)

Vhotwire

H= wnm[ ] +(1- w)fihmwire[

Vam

[0034] In equation 2, w represents the duty cycle of the
welding process, or the percentage of each cycle in which
the power output is in the arc phase. The efficiencies of the
process in each phase are represented by M. and M, e
the power outputs are represented by IV, and IV, ..., and
the travel speeds of the torch 18 are represented by v, and
Viorwirer Because of the lower average voltage 130 in the
hotwire phase, as shown in FIG. 4, the power output in the
hotwire phase is inherently smaller than the power output in
the arc phase. As a result, the total heat input to the
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workpiece 20 in the alternating welding process is lower
than the total heat input in a constant voltage welding
process.

[0035] As a result of the decreased heat input to the
workpiece 20, the welding system 10 may be able to deposit
more filler material into the weld without overheating the
workpiece 20. By way of reduced “arc on time,” the welding
system 10 may be used to fill relatively large gaps in the
workpiece 20. This may not be possible with conventional
systems that constantly provide arc heat to the workpiece 20.
Similarly, the reduced heat input to the workpiece 20 may be
useful when the welding wire 44 is being deposited as an
overlay onto the workpiece 20. In some embodiments, the
overlay material (e.g., nickel tungsten carbide) may be
particularly temperature sensitive, so it is desirable to keep
“arc on time” as low as possible.

[0036] The alternating power output may facilitate
increased traveling speeds of the torch 18, which may be
useful for welding on thin sheets of material. During the arc
phase, the relatively high power output to the workpiece 20
may create a relatively larger weld puddle 84 with higher
heat content, offset by the duration of the hotwire phase as
well as increased travel speed.

[0037] In an embodiment, the power output and/or the
duty cycle may be adjusted to change an aesthetic appear-
ance of the weld bead produced by the welding system 10.
Such adjustments may be made based on operator inputs to
the power supply 12.

[0038] In an embodiment, the power output and/or the
duty cycle may be adjusted to tailor the cooling rate, and
therefore the microstructural characteristics of the work-
piece 20. The microstructure is dependent on the cooling
rate of workpiece 20, which in turn is inversely proportional
to the heat input to the workpiece 20. As mentioned above,
the heat input to the workpiece 20 is influenced by the power
and travel speed of each phase, as well as the duty cycle and
frequency of the process.

[0039] FIG. 5 is a process flow diagram of a method 150
for implementing the disclosed arc/hotwire welding process.
The method 150 includes increasing (block 152) the power
output from the power supply 12 to establish (block 154) the
arc 80. More specifically, the power supply 12 may provide
the power to the welding wire 44 at a relatively high voltage
134. Upon arc ignition, the power supply 12 operates in the
arc phase (block 156), outputting power at the relatively
high voltage 134 and maintaining the arc 80 to heat the
workpiece 20. After a predetermined time passes (block
158), the power supply 12 may decrease the power output
(block 160) to the welding wire 44. The predetermined time
may correspond with the duty cycle, representing a certain
proportion of the arc/hotwire cycle frequency, as discussed
above. The decrease in power output may extinguish (block
162) the arc 80 so that the power supply 12 outputs power
in the hotwire phase (block 164).

[0040] In general, the method 150 involves cycling the
power supply 12 output between the arc phase (block 156)
and the hotwire phase (block 164) at a desired frequency. To
automatically provide this alternating power, the control
circuitry 24 may monitor the time via a counter and provide
signals to the power conversion circuitry 26 for outputting
power in the correct phase at a given time. The control
circuitry 24 may provide additional control and tailoring of
the power output and other welding parameters for a smooth
transition from the hotwire phase (block 164) back to the arc
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phase (block 156). For example, the method 150 may
include retracting (block 166) the welding wire 44 prior to
or in conjunction with increasing (block 152) the power
output to transition into the arc phase (block 156). The
control circuitry 24 may signal the wire feeder 14 to adjust
rotation of the feed rolls 50 to pull the welding wire 44 away
from the workpiece 20. Retracting the welding wire 44 in
this way may reduce the spatter produced during arc re-
ignition. In some embodiments, this transition from hotwire
to arc phase may involve running a routine (block 166) to
break back into an arc. This routine, which may include a
reduction in welding current, may be run in addition to or in
lieu of a wire retraction. Such a reduction in weld current
may enable a smoother transition of the power output,
resulting in less spatter.

[0041] The method 150 may include determining (block
168) whether the predetermined time for the hotwire phase
has passed based on a timer or counter in the power supply
12. The predetermined time may be chosen based on an
amount of time that the weld puddle can cool before the arc
80 should be relit to input additional heat into the workpiece
20. If the time has passed, the control circuitry 24 may
switch the power supply 12 to outputting power in the arc
phase, as described above. However, if the predetermined
time has not yet passed, the power supply 12 may determine
(block 170) whether the welding power output to the weld-
ing wire 44 is about to break into an arc. If the arc 80 is about
to be established, but the predetermined hotwire time period
has not passed, the welding system 10 may adjust the power
output (block 172) or the wire feed speed (block 174) to
prevent the arc, keeping the welding power output in the
hotwire phase.

[0042] The power supply 12 may be configured to operate
in a regulated metal deposition mode to control when the arc
80 is established. Specifically, the control circuitry 24 may
predict when the system 10 will likely transition from the
hotwire phase to the arc phase, and adjust (block 172) the
power output to maintain welding operation in the hotwire
phase until the desired time. This may involve a reduction or
disruption of the weld current flowing through the welding
wire 44, which may keep an arc from breaking across the
space between the welding wire 44 and the workpiece 20.

[0043] The determinations (blocks 168 and 170) of
whether the hotwire phase has reached an appropriate tim-
eout and whether arc re-ignition is about to occur may be
made based on sensor feedback from one or more of the
sensors 60. The sensors 60 may provide feedback indicative
of one or more welding parameters for processing via the
control circuitry 24, and the control circuitry 24 may output
appropriate signals to the power conversion circuitry 26
and/or the wire feeder 14. The sensors 60 may include, for
example, a voltage sensor and/or current sensor for moni-
toring the voltage drop across components of the welding
system 10, current, or power output from the power supply
12. In addition, a force sensor located in the torch 18 may
provide force feedback indicative of when the arc is about to
ignite. In some embodiments, there may be a light sensor
(e.g., red or infrared sensitive photo-diode) mounted to the
torch 18 for monitoring the light emitted from the weld
puddle 84. This light intensity may be proportional to the
heat of the weld puddle 84, and the power supply 12 may be
configured to increase the power output to enter arc phase
power when the light intensity reaches a certain level
indicative of needing additional heat input. Thus, the light



US 2021/0146465 Al

sensor may be utilized to provide a rough determination
(block 168) of whether the predetermined time for the
hotwire phase has passed.

[0044] FIG. 6 is an embodiment of the welding system 10
that provides additional heat to the welding wire 44 during
the hotwire welding phase via an induction coil 190 in the
torch 18. The illustrated power supply 12 may provide a
current flow through the induction coil 190 via conductors
192 and 194. Due to the magnetic flux in the induction coil
190, a current is induced in the welding wire 44, adding heat
to the welding wire 44. The power conversion circuitry 26
provides power through a separate conductor 196 that
applies the power to the welding wire 44 for heating the
welding wire 44, and for establishing and maintaining the
arc 80 during the arc phase. That is, the power output to the
welding wire 44 may flow to the torch 18 via a different
route than the power output to the induction coil 190. The
alternating process power flows through the welding wire 44
during both the arc phase and hotwire phase. The power
supply 12 may provide current to the induction coil 190 for
additional heating of the welding wire 44 during the hotwire
phase.

[0045] In some embodiments, current may flow through
the induction coil 190 during both the arc phase and hotwire
phase. That is, any combination of power output to one or
both of the welding wire 44 and the induction coil 190 may
provide the appropriate transition between arc phase and
hotwire phase system operation. In some embodiments, the
welding system 10 may include a second power supply for
providing current to the induction coil 190 during the
hotwire phase. The second power supply would communi-
cate with the power supply 12 via control circuitry in order
to coordinate the switching between arc phase and hotwire
phase power output. Regardless of whether one or more
power supplies 12 are used to output the power in the arc
phase and the hotwire phase, the disclosed welding system
10 is configured to alternate between the arc phase welding
power output for heating the workpiece 20 and the hotwire
phase power output for heating the welding wire 44 without
increasing the heat input to the workpiece 20 relative to a
100% arc phase process.

[0046] 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.

1. A welding system, comprising:

a power supply configured to output power to a welding
device, wherein the power supply is configured to
alternate the power output between an arc phase and a
hotwire phase;

wherein the power output in the arc phase produces an arc
between a welding electrode and a workpiece; and

wherein the power output in the hotwire phase heats the
welding electrode without producing an arc.

2. The welding system of claim 1, wherein the power
supply is configured to output the power at a cycle fre-
quency.

3. The welding system of claim 2, wherein the cycle
frequency is within a range of approximately 1.0 to 10 Hertz.

4. The welding system of claim 2, wherein the power
supply is configured to operate at a constant duty cycle of the
arc phase relative to the cycle frequency.
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5. The welding system of claim 1, comprising a welding
wire feeder configured to advance the electrode toward the
workpiece at a first feed rate during the arc phase and at a
second feed rate during the hotwire phase.

6. The welding system of claim 1, wherein the power
supply is configured to provide signals to a welding wire
feeder to adjust a wire feed speed to maintain the power
output in the hotwire phase.

7. The welding system of claim 1, wherein the welding
device is configured to move the welding electrode away
from the workpiece during a transition from the hotwire
phase to the arc phase.

8. The welding system of claim 1, wherein the power
supply is configured to output the power to the electrode in
both the arc and hotwire phases.

9. The welding system of claim 1, wherein the power
supply is configured to adjust a current to maintain the
power output in the hotwire phase.

10. The welding system of claim 1, wherein the power
supply is configured to provide a higher power output during
the arc phase than during the hotwire phase.

11. The welding system of claim 1, wherein the power
supply is configured to provide output power to the welding
electrode via a first contact point of the welding device
during the arc phase and to output power to the welding
electrode via a second contact point of the welding device
during the hotwire phase.

12. A welding power supply, comprising:

control circuitry configured to cycle welding power out-

put from the power supply to a welding electrode
between an arc phase and a hotwire phase;

wherein the control circuitry conditions the welding

power to produce an arc between the welding electrode
and a workpiece in the arc phase; and

wherein the control circuitry conditions the welding

power to heat the welding electrode without producing
an arc in the hotwire phase.

13. The welding power supply of claim 12, wherein the
power supply is configured to supply the welding power
output for a predetermined amount of time in the arc phase
and for another predetermined amount of time in the hotwire
phase for each cycle.

14. The welding power supply of claim 12, wherein the
control circuitry is configured to provide control signals for
adjusting a current of the power output or a position of an
electrode contact point to maintain the power output in the
hotwire phase.

15. The welding power supply of claim 12, wherein the
control circuitry conditions the power output to alternate
between relatively high power in the arc phase and relatively
low power in the hotwire phase.

16. A welding system, comprising:

a welding torch configured to direct a welding electrode

toward a workpiece; and

a power supply configured to provide power to the

welding torch in an arc phase and in a hotwire phase,
alternating between the arc phase and the hotwire
phase;

wherein a current heats the welding electrode without

producing an arc between the welding electrode and the
workpiece in the hotwire phase.

17. The welding system of claim 16, wherein a separate
current flows through an inductive heating element of the
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welding torch to provide additional heat to the welding
electrode in the arc phase, the hotwire phase, or both.

18. The welding system of claim 16, wherein the power
supply is configured to provide the power to the welding
electrode via a first contact point of the welding torch during
the arc phase and to provide the power to the welding
electrode via a second contact point of the welding torch
during the hotwire phase.

19. The welding system of claim 16, wherein the power
supply is configured to adjust a welding parameter based on
sensor feedback to maintain the power in the hotwire phase
for a predetermined amount of time.

20. The welding system of claim 16, wherein the power
supply is configured to alternate between providing power in
the arc phase and in the hotwire phase at a predetermined
frequency.
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