wo 2014/140783 A2 |10V 00O OO O O A

(43) International Publication Date
18 September 2014 (18.09.2014)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2014/140783 A2

(51
eay)

(22)

(25)
(26)
(30)

1

(72

31

International Patent Classification: Not classified

International Application Number:
PCT/IB2014/000383

International Filing Date:
17 March 2014 (17.03.2014)

Filing Language: English
Publication Language: English
Priority Data:

13/834,179 15 March 2013 (15.03.2013) US

Applicant: LINCOLN GLOBAL, INC. [US/US]J; 17721
Railroad St., City of Industry, CA 91748 (US).

Inventor: PETERS, Steven, R.; 15565 Windmill Point
Road, Huntsburg, OH 44046 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(84)

HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(34

Title: TANDEM HOT-WIRE SYSTEMS

FG. 2

(57) Abstract: A system (100) and method is provided. The system includes a first power supply (130, 135) that outputs a welding
current that includes welding pulse currents and a background welding current. The system also includes a second power supply
(130, 135) that outputs a heating current that includes first heating pulse currents at a first polarity and second heating pulse currents
at an opposite polarity. The system (100) also includes a controller (195) that synchronizes at least one of the first heating pulse cur-
rents and the second heating pulse currents with at least one of the welding pulse currents and the background current to influence a
position of an arc (110) relative to a molten puddle based on magnetic fields created by the welding current and the heating current.
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TANDEM HOT-WIRE SYSTEMS

Field of the Invention
[01] The invention is related to a welding system according to claim'1 and to a
method of welding éccording to claim 7. Systems and methods of the present invention relate to
welding and joining, and more specifically to tandem hot-wire systems.
Technical Background
[02] As advancements in welding have occurred, the demands on welding throughput
have increased. Because of this, various systems have been developed to increase the speed
of welding operations, including vsystems which use multiple welding power supplies in which
one power supply is used to create an arc in a consumable electrode to forma weld puddle and
a second power supply is used to heat a filler wire in the same welding operation. While these
systems can increase the speed or deposition rate of a welding operation, the different currents
created by the multiple power supplies can interfere with each other causing arc blow and other
problems during welding. In addition, these power supplies are not synchronized in order to
optimize the process, e.g., welding, joining, cladding, building-up, brazing,'etc. Thus, improved
systems are desired.
DESCRIPTION

[03] In order to improve these systems and especially to avoid arc blow a welding
system according to claim 1 and a method of wélding according to claim 7 are described. Fur-
v ther embodiments of the invention are spbject of the subclaims. Exemplary embodiments of the
present invention include systems and methods in which heating currents are synchronized with
welding currents to influence a position of an arc relative tq a moiten puddle. In some exem-

plary embodiments, the system includes a first power supply that outputs a welding current that
-1-
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includes welding pulse currents and a background welding current. The first power supply pro-
vides the welding current via a torch to a first wire to create an arc between the first wire and the
workpiece. The arc creates a molten puddle on the workpiece. The system also includes a first
wire feeder that feeds the first wire to the torch and a second wire feeder that feeds a second
wire to the molten puddle via a contact tube. The system further includes a second power sup-
ply that outputs a heating current that includes first heating pulse currents at a first polarity and
second heating pulse currents at an opposite polarity. The second power supply provides the
heating current to the second wire via the contact tube. The system additionally includes a con-
troller that synchronizes at least one of the ﬁrét heating pulse currents and the second heating
pulse currents with at least one of the welding pulse currents and the background current to
influence a position of the arc relative to the molten puddle based on magnetic fields created by
said welding current and said heating current.

[04] In some exemplary embodiments, the system includes a first power supply that
outputs a welding current that includes welding pulse currents and a background welding cur-
rent. The first power supply provides the welding current via a torch to a first wire to create an
arc between the first wire and the workpiece. The system also includes a first wire feeder that
feeds the first wire to the torch, and a second wire feeder that feeds a second wire to a molten
puddle via a contact tube. The system further includes a second power supply that outputs a
heating current that includes first heating pulse currents at a first polarity and second heating
pulse currents at a polarity that is opposite that of the first polarity. The second power supply
provides the heating current to the second wire via the contact tube. The system additionally
includes a controller that synchronizes at least one of the first heating pulse currents and the

second heating pulse currents with at least one of the welding pulse currents and the back-
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ground current to influence a position of the arc relative to the molten puddle based on magnetic
fields created by the welding current aﬁd the heating current. The controller also includes a
balance control that adjusts a duration of the first heating pulse currents relative to the second
heating pulse currents. The controller can also include an offset control that adjusts an ampli-
tude of the first heating pulse currents relative to the second heating pulse currents, and a dead
time control that adjusts a first dead time of a transition from the first heating pulse currents to
the second heating pulse currents relative to a second dead time of a transition from the second
heating pulse currents to the first heating pulse currents.

[05] In some embodiments, the system includes a first wire feeder that feeds a first
wire to a torch and a first power supply that outputs a welding current to the first wire via the
torch. The welding current including a first current segment that is output when the first wire is
in contact with a workpiece and that melts a'portion of the first wire. The welding current also
has a second current segment that is output when the portion from the first wire has transferred
to the workpiece and an arc is created between the first wire and the workpiece. The system
also includes a second wire feeder that feeds a second wire to the moiten puddle via a contact
tube, and a second power supply that outputs a heating current that includes first heating pulse
currents at a first polarity and second heating pulse currents at a polarity.that is opposite that of
said first polarity. The second power supply provides the heating current to the second wire via
the contact tube. The system further includes a controller that performs at least one of a first
synchronization and a second synchronization. The first synchronization includes synchronizing
at least one of the first heating pulse currents and the second heating pulse currents with the
second current segment to influence a position of the arc relative to the molten puddle based on

magnetic fields created by the welding current and the heating current. The second synchroni-
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zation includes synchronizing at least one of the first heating pulse currents and the second
heating pulse currents with the first current segment to influence the transfer of the portion from
the first wire.

~ [06] In some embodiments, the system includes a first power supply that outputs a
welding current that includes welding pulse currents and a background welding current. The
first power supply provides the welding current via a torch to a first wire to create an arc be-
tween the first wire and the workpiece. The system also includes a first wire feeder that feeds
the first wire to the torch, and a second wire feeder that feeds a second wire to the molten pud-
dle via a contact tube. The system further includes a second power supply that outputs a heat-
ing current that includes heating pulse currents and a background heating current. The second
power supply provides the heating current to the second wire via the contact tube. The system
additionally includes a controller that synchronizes at least one of said heating pulse currents
and said background heating current with at least one of the welding pulse currents and the
background current to influence a position of the arc relative to the molten puddie based on
magnetic fields created by the welding current the said heating current. The controller also in-
cludes a background current controller that adjusts a value of the background heating current,
and automatically changes a value of the heating pulse currents to maintain a preset average
value for the heating current.

[07] These and other features of the claimed invention, as well as details of illustrated

embodiments thereof, will be more fully understood from the following description and drawings.



WO 2014/140783 PCT/IB2014/000383

BRIEF DESCRIPTION OF THE DRAWINGS
[08] The above and/or other aspects of the invention will be more apparent by de-

scribing in detail exemplary embodiments of the invention with reference to the accompanying
drawings, in which:
[09] FIG. 1 is a diagrammatical representation of an exemplary embodiment of a
welding system according to the present invention;
[10] FIG. 2 is an enlarged view of the area around the torch of the system of Figure 1;
[11] FIGS. 3A-3D illustrate exemplary welding and hot wire waveforms that can be
used in the system of Figure 1;
[12] | FIG. 4 illustrates exemplary welding and hot waveforms that can be used in the
system of Figure 1;
[13] FIGS 5A and 5B illustrate exemplary polarity alignments of exemplary welding
and hot wire waveforms;
[14] FIGS 6A and 6B illustrate magnetic field orientations corresponding to the polar-
ity alignments of Figures 5A and 5B;
[15] FIG. 7 illustrates exemplary welding and hot waveforms that can be used in the
system of Figure 1;
[16] FIG. 8 illustrates exemplary waveform controls for the sensing and current con-
troller of Figure 1; and
[17] FIGS. 9-11 illustrate exemplary welding and hot waveforms that can be used in
the system of Figure 1.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
[18] Exemplary embodiments of the invention will now be described below by refer-

ence to the attached Figures. The described exemplary embodiments are intended to assist the
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understanding of the invention, and are not intended to limit the scope of the invention in any
way. Like reference numerals refer to like elements throughouit.

[19] An exemplary embodiment of this is shown in Figure 1, which shows a system
100. The system 100 includes an arc welding system 102, such as a GMAW system, with a
tandem hot wire system 104. The GMAW éystem 102 includes a power supply 130, a wire
feeder 150, and a torch 120. The power supply 130 provides a welding waveform that creates
an arc 110 betWeen welding electrode 140 and workpiece 115. The ‘welding electrode 140 is
delivered to a molten puddle 112 created by thé arc 110 via the wire feeder 150 and the torch
120. Along with creating the molten puddle 112, the arc 110 transfers droplets of the welding
wire 140 to the molten puddle 112. The operation of a GMAW welding system of the type de-
scribed herein is well known to those skilled in the art and need not be described in detail
herein. It should be noted that although a GMAW system is shown and discussed regarding
depicted exemplary embodiments with respect to joining/welding applications, exemplary em-
bodiments of the present invention can also be used with TIG, Plasma, FCAW, MCAW, and
SAW systems in applications involving joining/welding, cladding, building-up, brazing, and com-
binations of these, etc. Of course with TIG and Plasma systems, the welding electrode is not a
consumable electrode. Not shown in Figure 1 is a shielding gas system or sub arc flux system
which can be used in accordance with known methods.

[20] The‘hot wire system 104 includes a wire feeder 155 feeding a wire 145 to the
weld puddle 112 via contact tube 125. The hot wire system 104 aiso includes a power supply
135 that resistance heats the wire 145 via contact tube 125 prior to the wire 145 entering the
molten puddle 112. The power supply 135 heats the wire 145 to a desired temperature, eg.,to

- at or near a melting temperature of the wire 145. Thus, the hot wire system 104 adds an addi-
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tional consumable to the molten puddle 112. The system 100 can also include a motion control
subsystem that includes a motion controller 180 operatively connected to a robot 190. The mo-
tion controller 180 controls the motion of the robot 190. The robot 190 is operatively connected
(e.g., mechanically secured) to the workpiece 115 to move the workpiece 115 in the direction
111 such that the torch 120 and the wire 145 effectively travel along the workbiece 115. Of
course, the system 100lcan be configured such that the torch 120 and the wire 145 can be
moved instead of the workpiece 115.

[21] As is generally known, arc generation systems, such as GMAW, use high levels
of current to generate the arc 110 between the advancing welding consumable 140 and the mol-
ten puddle 112 on the workpiece 115. To accomplish this, many different welding éurrent wave-
forms can be utilized, e.g., current waveforms such as cohstant current, pulse current, etc.
However, during operation of the system 100, the current generated by the power supply 130
can interfere with the current generated by the power supply 135, which is used to heat the wire
145. Because the wire 145 is proximate to the arc 110 generated by the power supply 130 (be-
cause they are each directed to the same molten puddie112), the respective currents of the
power supplies can interfere with each other. Specifically, each of the currents generates a
magnetiq field, and those fields can interferé_ with each other and adversely affect the weld-
ing/joining operation. That is, the magnetic fields generated by the hot wire current by power
supply 135 can interfere with the stability of the arc 110 generated by the power supply 130 and
the efficiency of the welding/joining op‘eration.‘ However, by synchronizing the welding and hot
wire current waveforms, these same magnetic fields can be controlled to stabilize the arc and/or

to optimize the welding process.
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[22] For example, when the currents through the welding consumable 140 (arc 110)
and hot wire 145 are in phase, i.e., the pulses and polarity align (see Figure 5A), the currents
will produce magnetic flux lines that flow in the same direction as illustrated in Figure 6A. In the A
space between the arc 110 and the hot-wire 145 the flux lines flow in opposite directions and, to
a large extent, cancel each other, but there is still a magnetic ﬁeld surrounding the wires 140
and 145. This magnetic field has a net magnetic force that wants to pull the wires 140 and 145
closer to each other. However, this magnetic force is not strong enough to deflect the wires 140
and 145, but the arc 110 is easily deflected. As shown in Figure 5A, the arc 110 is deflected to
the middle, i.e., toward the hot wire 145 and further over the molten puddle 112. In this position,
the heating of the arc 110 is generally directed to the molten puddie 112 and not the workpiece
115. By directing the arc 110 to the middle, the admixture between the base metals and molten
puddle is minimized, which can be desirable in some applications, e.g., cladding applications.
However, in other applications, e.g., joining applications, the reduced admixture may not be a
desirable feature.

[23] When the currents through the wire 140 and 145 have opposite polarity, e.g., the
opposite polarity pulses are aligned (see Figure 5B), the magnetic lines in the space between
wire 145 and arc 110 are intensified. The build up of the magnetic flux creates a net magnetic
force that pushes the arc 110 forward, i.e., away from the wire 145 as illustrated in Figure 6B.
In this position, the heating of the arc 110 is generally directed forward of the weld puddie 112
and serves to preheat the workpiece 115. This preheating of the workpiece 115 can be desir-
able in some applications, e.g.., joining applications, in order to increase the penetration and
admixture. In addition, the opposite polarity configuration may help prevent burn through in

some applications because the arc 110 is not over the puddle 112. However, by preheating in
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this manner, the weld puddle 112 can have space to cool down before the wire 145 enters the
puddie 112, which may not be desirable. In addition, when the polarity is opposite, the potential
difference between the hot wire 145 and the arc 110 is such that the arc 110 will tend to jump to A
the wire 145 rather than to the workpiece 115 if the opposite polarity operation is maintained too
long.

[24] When the welding current pulse occurs during a time wheq the hot wire current is
zero, there is rhinimal effect (or no effect) on the arc 110. In some applications, this operation
may be desirable to maintain arc stability.

[25] When the hot wire current waveform is AC, i.e., a varying polarity waveform, the
changing magnetic fields will apply a force on the arc 110 in one direction at one polarity and
then apply a force in the opposite direction after the polarity has reversed, i.e. the arc 110 will
oscillate. The amplitude of the oscillation will depend on the duration and amplitude of the hot
wire current pulses. At low AC frequencies, the hot wire current can produce a visible oscillation
“sweep” of the arc 110. If the variable polarity hot wire current waveform frequency is in-
creased, the magnitude of the movement of arc 110 will decrease.

[26] As seen above, magnetic fields created by the welding and hot wire currents can
have a big influence on the arc 110. Accordingly, without proper control and synchronization
between the respective currents, the competing magnetic fields can destabilize the arc 110 and
thus destabilize the process. Therefore, exempléry embodiments of the present invention utilize
current synchronization between the power'supplies 130 and 135 to ensure stable operation,
which will be discussed further below. In addition, exemplary embodiments can control the hot
wire current pulses such that the arc 110 can be positioned relative to the puddle 112 to opti-

mize the process, e.g., cladding, joining, etc. Thus, based on the application, the frequency,
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phase angle, and/or amplitude and duration of pulses of the hot wire current can be varied to
control the position of arc 110. | |

[27] Figure 2 depicts a closer view of an exemplary welding operation of the present
invention. As can be seen the torch 120 (which can be an exemplary GMAW/MIG torch) deliv-
ers a consumabie 140 to the molten puddle 112 (i.e., weld puddle) through the use of the arc
110 — as is generally known. Further, contact tube 125, in this embodiment, is integrated into
torch 120 and the hot wire consumable 145 is delivered to the molten puddle 110 by wire feeder
155 via contact tube 125. It should be noted that although the torch 120 and contact tube 125
are shown as integrated in this figure, these components can be separate as shown in Figure 1.
Of course, to the extent an integral construction is utilized, electrical isolation within the torch
must be used so as to prevent current transfer between the consumables during the process.
As stated above, magnetic fields induced by the respective currents can interfere with each
other and thus embodiments of the present invention synchronize the respective currents. Syn-
chronization can be achieved via various methods. For example, as illustrated in Figure 1, a
sensing and current controller 195 can be used to control the operation of the power supplies
130 and 135 to synchronize the respective currents. In addition, the sensing and current con-
troller 195 can also be used to control wire feeders 150 and 155. In Figure 1 the sensing and
current controller 195 is shown external to the power supplies 130 and 135, but in some em-
~ bodiments the sensing and current controller 195 can be internal to at least one of the welding
power supplies 130 and 135 or to at least one of the wire feedérs 150 and 155. For example, at
least one of the power supplies 130 and 135 can be a master which controls the operation of
the other power supplies and the wire feeders. During operation, the sensing and current con-

troller 195 (which can be any type of CPU, welding controller, or the like) controls the output of
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the welding power supplies 130 and 135 and the wire feeders 150 and 155. This can be ac-
complished in a number of ways. For example, the sensing and current controller 195 can use
real-time feedback data, e.g., arc voltage V,, welding current I, heating current I,, sensing volt-
age V,, etc., from the power supplies to ensure that the welding waveform and heating current
waveform from the resbective power supplies are properly synced. Further, the sensing and
current controller 195 can control and receive real-time feedback data, e.g., wire feed speed,
etc., from the wire feeders 150 and 155. Alternatively a master-siave relationship can also be
utilized where one of the power supplies is used to control the output of the other.

[28] The control of the power supplies and wire feeders can be accomplished by a
number of methodologies including the use of state tables or algorithms that control the power
supplies such that their output currents are synchronized for a stable operation. For example,
the sensing and current controller 195 can include a parallel state-based controller. Parallel
state-based controllers are discussed in Application Nos. 13/534,119 and 13/438,703, which are
incorporated by reference herein in their entirety. Accordingly, paraliel state-based controilers
will not be further discussed in detail.

[29] . Figures 3A-C depicts exemplary current waveforms for the welding current and
the hot wire current that can be output from power supplies 130 and 135, respectively. Figure
3A depicts an exemplary welding waveform 201 (e.g., GMAW waveform) which uses current
pulses 202 to aid in the transfer of droplets from the wire 140 to the puddle 112 via the arc 110.
Of éourse, the welding waveform éhown is exemplary and representative and not intended to be
limiting, for example the welding current waveform can be that used for pulsed spray transfer,
pulse welding, short arc transfer, surface tension transfer (STT) welding, shorted retract weld-

ing, etc. The hot wire power supply 135 outputs a current waveform 203 which also has a se-
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ries of pulses 204 to heat the wire 145, through resistance heating as generally described
above. The current pulses 202 and 204 are separated by a background levels 210 and 211,
respectively, of a lesser current level than their respective' pulses 202 and 204. As generally
described previously, the waveform 203 is used to heat the wire 1 45 to a desired temperature,
e.g., to at or near its melting temperature and uses the pulses 204 and background to heat the
wire 145 through resistance heating. As shown in Figure 3A the pulses 202 and 204 from the
respective current waveforms are synchronized such that they are in phase with each other. In
this exemplary embodiment, the current waveforms are controlled such that the current pulses
202/204 have a similar, or the same, frequency and are in phase with each other as shown. As
discussed above, the effect of pulsing pulses 202 and 204 at the same time, i.e., in phase, is to
pull the arc 110 toward the wire 145 and further over the weld puddie 112. Surprisingly, it was
discovered that having the waveforms in phase produces a stable and consistent operation,
where the arc 110 is not significantly interfered with by the heating current generated by the
waveform 203.

[30] Figure 3B depicts waveforms from another exemplary embodiment of the present
invention. In this embodiment, the heating current waveform 205 is controlled/synchronized
éuqh that the pulses 206 are out-of-phase with the pulses 202 by a constant phase angle ©. In
such an embodiment, the phase angle is chosen to ensure stable operation of the process and
to ensure that the arc is maintained in a stable condition. In exemplary embodiments of the
present invention, the phase angle © is in the range of 30 to 90 degrees. In other exemplary
embodiments, the phase angle is 0 degrees. Of course, other phase angles can be utilized so
as to obtain stable operation, and can be in the range of 90 to 270 degrees, while in other ex-

emplary embodiments the phase angle is in the range of 0 and 180 degrees.

12-
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[31] Figure 3C depicts another exemplary embodiment of the present invention,
where the hot wire current 207 is synchronized with the welding waveform 201 such that the hot
wire pulses 208 are out-of phase such that the phase angie © is about 180 degrees with the
welding pulses 202, and occurring only during the background portion 210 of the waveform 201.
In this embodiment the respective currents are not peaking at the same time. That is, the
pulses 208 of the waveform 207 begin and end during the respective back'ground portions 210
of the waveform 201.

[32] In some éxemplary embodiments of the present invention, the puise width of the
welding and hot-wire pulses is the same. However, in other embodiments, the respective pulse-
widths can be different. For example, when using a GMAW pulse waveform with a hot wire
pulse waveform, the GMAW pulse width is in the range of 1.5 to 2.5 milliseconds and the hot-
wire pulse width is in the range of 1.8 to 3 milliseconds, and the hot wire pulse width is larger
than that of the GMAW pulse width.

[33] In some exemplary embodiments, along with changing the width of the hot wire
current pulse and the phase angle ©, the background current of the hot wire current can also be
adjusted to provide a more stable arc 110 and/or influence the arc 110 as discussed above. In
many hot wire systems, however, it is desirable to maintain an average heating current through
the wire 145 in order to maintain a consistent temperature for the hot wire. Thus, in some em-
bodiments, a change in the background current will also require a change to the peak pulse
current.

[34] For example, in Figure 3D, the hot wire waveform 310, which is similar to wave-
form 203, has peak pulses 312 which are separated by a background current 314. In this ex-

emplary embodiment, the peak pulses 312 are synchronized to align with the pulses 202 of
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waveform 201 similar .to that of the embodiment in Figure 3A. Thus, the behavior of the arc 110
with-waveform 310 will be similar to that of the embodiment discussed above with respect to
Figure 3A. If, however, it is desired that the arc 110 not be pulled as far over the puddie 112
during the pulse current 312 period, the background current level can be increased as shown in
waveform 310" (the background current 314" is at a higher level then background current 314 of
waveform 310). When the background current is increased, the peak current pulse (see pulse
312') has to be lowered in order to maintain the same average current through the wire 145,
Accordingly, by changing the hot wire baékground current, an operator can influence the behav-
ior of the arc 110 during the peak pulse periods. Of course, the arc 110 will also be influenced
by the background current, but the influence due to the change in background current is less
than the change in the peak current because the magnetic field produced by a current is propor-
tional to the square of the current. In some embodiments, the background current adjustment
can be located on the sensing and current controller 195 as shown in Figure 8 (see background
current control 808) and/or on the hot wire power supply 135 (not shown). The method of set-
ting the background current is not limiting. For example, the background current control 808
can be set based an actual value for the background current or as a ratio of peak current to
background current to name just two. The adjustment to the peak and/or background currents
based on the setting of background current control 808 can be done automatically, e.g., by the
sensing and current controller 195 or by the hot wire power supply 135.

[35] Accordingly, depending on the application, exemplary embodiments of the pre-
sent invention can provide more or less amplitude to the hot wire current peak pulse by chang-
ing the hot wire background current. For example, in cladding operations, a high peak ampli-

tude similar to peak pulse 312 of waveform 310 may be desired. This is because the peak
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pulse 312, when aligned with welding pulse 202, will deflect the arc 110 over the puddle 112
and a higher amplitude will provide a greater deflection.- By having the arc 110 over the puddle
112, there is less penetratiqn of the base metal of workpiece 115 by arc 110 and therefore, less
of the base metal mixes with the puddle 112. However, in joining applications, more penetration
can be required. In such applications, the background current can be increased in order to drop
the amplitude as illustrated in waveform 310". If the magnitude of the peak current is decreased,
the arc 110 will not be pulled over the puddie 117 as much. Accordingly, there is deeper pene-
“tration into the base metal of workpiece 115 by thé ard 110. The deeper penetration provides
more admixture and better fusion in, e.g., joining applications.

[36] It should be noted that although the heating current in the exemplary embodi-
ments is shown as a pulsed current, for some exemplary embodiments the heating current can
be constant power. The hot-wire current can also be a pulsed heating power, constant voltage,
a sloped output and/or a joules/time based output.

[37] As explained herein, to the extent both currents are pulsed currents, they should
to be synchronized to ensure stable operation. There are many methods that can be used to
accomplish this, including the use of synchronization signals. For example, the sensing and
current controllier 195 (which can, e.g., be integral to either or the power supplies 135/130) can
set a synchronization signal to start the bulsed arc peak and also set the desired start time for
the hot wire pulse peak. As explained above, in some embodiments, the pulses will be syn-
chronized to start at the same time, while in other embodiments the synchronization signal can
set the start of tﬁe pulse peak for the hot wire current at some duration after the arc pulse peak

- the duration would be sufficient to obtained the desired phase angle for the operation.
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[38] In the embodiments discussed above, the arc 110 is positioned in the lead - rela-
tive to the travel direction. This is shown in each of Figures 1 and 2. This is because the arc
110 is used to achieve the desired penetration in the workpiece(s). That is, the arc 110 is used |
to create the molten puddle 112 and achieve the desired penetration in the workpiece(s). Then,
following behind the arc process is the hot wire process. The addition of the hot wire process
adds more consumable 145 to the puddle 112 without the additional heat input of another weld-
ing arc, such as in a traditional tandem MIG process in which at least two arcs are used. Thus,
embod‘iments of the present invention can achieve significant deposition rates at considerably
less heat input than known tandem Welding methods.

[39] As shown in Figure 2, the hot wire 145 is inserted in the same weld puddle 112
as the arc 110, but trails behind the arc by a distance D. In some exemplary embodiments, this
distance is in the range of 5 to 20 mm, and in other embodiments, this distance is in the range
of 5 to 10 mm. Of course, other distances can be used so long as the wire 145 is fed into the
same molten puddie 112 as that created by the leading arc 110. However, the wires 140 and
145 are to be deposited in the same molten puddle 112 and the distance D is to be such that
there is minimal adverse magnetic interference with the arc 110 by the heafing current used to
heat the wire 145. In general, the size of the puddle 112 — into which the arc 110 and the wire
145 are collectively directed - will depend on the welding speed, arc parameters, total power to
the wire 145, material type, etc., which will also be factors in determining a desired distance
between wires 140 and 145.

[40] As stated above, because at least two consumables 140/145 are used in the
same puddle 112 a very high deposition rate can be achieved, with a heat input which is similar

to that of a single arc operation with up to twice the deposit rate. This provides significant ad-
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vantages over tandem MIG welding systems which have very high heat input into the work-
piece. For example, embodiments of the present invention can easily achieve at least 23Ib/hr
deposition rate with the heat input of a single arc. Other exemplary embodiments have a depo-
sition rate of at least 35 Ib/hr.

[41] In exemplary embodiments of the present invention, each of the wires 140 and
145 are the same, in that they have the same composition, diameter, etc. However, in other
exemplary embodiments the wires can be different. For example, the wires can have different
diameters, wire feed speeds and composition as desired for the particular operation. In an ex-
emplary embodiment the wire feed speed for the lead wire 140 is higher than that for the hot
wire 145. For example, the lead wire 140 can have a wire feed speed of 450 ipm, while the trail
wire 145 has a wire feed speed of 400 ipm. Further, the wires can have different size and com-
positions. In fact, because the hot wire 145 does not have to travel through an arc to be depos-
ited into the puddie the hot wire 145 can have materials/components which typically do not
transfer well through an arc. For example, the wire 145 can have a tungsten carbide, or other
similar hard facing material, which cannot be added to a typical welding electrode because of
the arc. Additionally, the leading electrode 140 can have a composition which is rich in wetting
agents, which can help in wetting the puddle 112 to provide a desired bead shape. Further, the
hot wire 145 can also contain slag elements which will aid in protecting the puddle 112. In addi-
tion, the hot wire 145 can also include elements/components which impede or hamper the arc
performance but are added to the puddle to improve some aspect of the weld bead, e.g., for
added strength, better cold weather performance, better creep resiétance at higher tempera-
tures, better machinability, improved crack resistance, improved bead wet-ability, or alloying

elements to resist or aid in the formation of specific grain structures. Therefore, embodiments of
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the present invention allow for great flexibility in the weld chemistry. it should be noted that be-
cause the wire 140 is the lead wire, .the arc welding operation, with the lead wire 140, provides
the penetration for the weld joint, where the hot wire 145 provides additional fill for the joint.

[42] In some exemplary embodiments of the present invention, the combination of the
arc 110 and the hot-wire 145 can be used to balance the heat input to the weld deposit, consis-
tent with the requirements and limitations of the specific operation to be performed. For exam-
ple, the heat from the lead arc 110 can be increased for joining applications where the heat from
the arc aids in obtaining the penetration needed to join the work pieces and the hot-wire 145 is
primarily used for fill of the joint. However, in claddihg or build-up processes, the hot-wire wire
feed speed can be increased to minimize dilution and increase build up.

[43} Further, because different wire chemistries can be used a weld joint can be cre-
ated having different layers, which is traditionally achieved by two separate passes. The lead
wire 140 can have the required chemistry needed for a traditional first pass, while the trail wire
145 can have the chemistry needed for a traditional second pass. Further, in some embodi-
ments at least one of the wires 140/145 can be a cored wire. For example the hot wire 145 can
be a cored wire having a powder core which deposits a desired material into the weld puddle.
[44] _ Figure 4 depicts another exemplary embodiment of current waveforms of the
present invention. In this embodiment, the hot wire current 403 is an AC current, which is syn-
chronized with the welding current 401 (e.g. a GMAW system). In this embodiment, the positive
pulses 404 of the heating current are synchronized with the pulses 402 of the current 401, while
the negative pulses 405 of the heating current 403 are synchronized with the background por-
tions 406 of the welding current. Of course, in other embodiments the synchronization can be

opposite, in that the positive pulses 404 are synchronized with the background 406 and the

-18 -



WO 2014/140783 PCT/IB2014/000383

negative pulses 405 are synchronized with the pulses 402. In another embodiment, there is a
phz;se angle between the pulsed welding current and the hot wire current. By utilizing an AC |
waveform 403 the alternating current (and thus alternating magnetic field) can be used to aid in
stabilizing the arc 110. Of coursé, other embodiments can be utilized without departing from the
spirit or scope of the present invention.

[45] In some embodiments of the present invention, the welding current can be a
constant or near constant current waveform. In such embodiments, an alternating heating cur-
rent 403 can be used to mainfain the stability of the arc. The stability is achieved by the con-
stantly changed magnetic field from the heating current 403. It should be noted that although
Figures 3A-3C and 4 depict the exemplary waveforms as DC welding waveforms, the present
invention is not limited in this regard as the pulse waveforms can also be AC.

[46] In some embodiments of the present invention, the hot wire polarity can be var-
ied in order to provide greater control of/influence over the arc 110. This is done by varying the
magnetic fields surrounding the wires 140 and 145 in order to push or pull the arc 110 in a par-
ticular direction as desired. That is, the position of the arc 110 relative to the weld puddie 112
can be changed as desired to meet the needs of the application and/or counteract the effects of
adverse magnetic interactions. For example, as explained above, if the welding current and the
hot wire current are at the same polarity, the arc 110 will be pulled toward wire 145 due to the
magnetic interactions. If the welding current and the hot wire current are at opposite polarities,
the arc 110 will be pushed forward (i.e., away from puddie 112) due to the magnetic interac-
tions. If a neutral deflection is desired (little or no deflection), the welding current is puised when
the hot wire current is at a reduced background current value or between the positive and nega-

tive cycles, e.g., when the hot wire current is being held at zero. Accordingly, the position of arc
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110 relative to the puddle 112 depends on the magnetic fields created by the welding current
and hot wire current, and by synchronizing the respective pulses of the current waveforms,
these magnetic fields can be controlled to optimize a process and/or to provide arc stability.

[47] For example, Figure 7 illustrates an exemplary welding current waveform 710
and an exemplary hot wire current waveform 720 that can be used in the system of Figure 1.
The welding current waveform 710 includes pulses 712 separated by a background current level
714. As discussed above, the welding current flows through the wire 140 and creates the arc
110. Wire material in the form of droplets ié transferred via the arc 110 during the pulses 712.
Although the arc 110 is maintained during the background current level 714, no material is
transferred.

[48] The hot wire current waveform 720 in this exemplary embodiment is an AC
waveform with positive pulses 722 and negative pulses 724. As discussed above, the pulses
722 and/or 724 of hot wire current waveform 720 can be synchronized with pulses 712 of the
welding waveform 710 to optimize a process, e.g., a cladding or a joining process, and/or to
stabilize the arc 110. For example, in some joining operations, it can be desirable to optimize
the process such that it will transfer the droplets from wire 140 directly over the middle of the
weld puddle 112 (rather _than at the edge), and will also preheat the workpiec;e 115 when drop-
lets are not being transferred. Exemplary embodiments of the present invention can perform
this optimization. |

[49] As illustrated in Figure 7, the hof wire current pulses 722 can be synchronized
with the welding pulses 712 such that the pulses 712 and 722 are in phase. When these pulses
are in phase, the arc 110 will be pulled toward the hot wire, over the middle of puddie 112 (see

Figure 6A) as discussed above, and the droplets from wire 140 will transfer toward the center of
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the puddle. In addition, the negative pulses 724 can be synchronized such that they pulse dur-
ing the background current 714 phase of waveform 710. The background welding current 714
maintains the arc 110 and therefore has an associated magnetic field, albeit weaker than the
positive pulse 712 magnetic field. When the negative pulse 724 is pulsed, the magnetic fields of
the two currents will be of opposite polarity and the arc 110 will be pushed forward (see Figure
6B) as discussed above. As no droplets are transferred, the arc 110 will preheat the workpiece
115. Also, by pushing the arc 110 forward during this time, the background welding current 714,
the pulse 724 can help clean the plate, e.g., when welding coated materials such as galvanized
plate or primer coated plate. In addition, in some systems, opposite polarity operations can help
prevent burn through by deflecting the arc 110 away from the puddle 112 to let the puddle cool.
Accordingly, by appropriately synchronizing the pulses of the hot wire current waveform, which
can be a variable polarity waveform, with the weldihg waveform, the magnetic fields can be ma-
nipulated to optimize the processes, e.g., joining processes, cladding processes, etc.

{50] In the above exemplary embodiment, the pulses 712 and 722 Were synchronized
to provide peak current at the same time. However, the present invention is not limited to this
configuration. As with the other exemplary embodiments discussed above, the synchronization
of the hot wire current pulse 722 with welding waveform pulse 712 and/or of pulse 724 with
background current 714 can be offset by an phase angle © as desired for stable opera-
tions/optimizations. In addition, as with the other exemplary embodiments discussed above, the
widths of pulses 712, 722, and 724 can be varied as desired.

[51] As seen above, the ability to change/influence the position of the arc 110 is de-
sirable. However, conventional hot wire power supplies are balanced in that they provide an

even push/pull force to the arc of the primary heat source, e.g. a TIG torch. But in many appli-
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cations, the arc is more stable and/or the process becomes more efficient if the arc is pulled
slightly toward the hot wire side. Also, as seen above, pushing the arc forward can also be de-
sirable in some situations. To this end, some exemplary embodiments of the present invention
provide user controls directed to controlling the position of the arc relative to the puddle.

[52] As illustrated in Figure 8, the sensing and current controller 195 includes a bal-
ance control 802, an offset control 804, and a dead time offset control 806. These controls can
be used to adjust the hot wire current waveform as discussed below. The sensing and current
controller 195 can include other controls related to welding operations. However, for brevity,
only those controls pertinent to explaining the present invention are shown and discussed. Of
course, in some embodiments, the waveform controls discussed below can be located on the
hot wire power supply 135.

[53] The balance control 802 adjusts the duration of the positive polarity relative to
duration of the negative polarity of the hot wire current waveform. The method of controlling the
balance is not limiting. For example, the balance control 802 can be configured to select a ratio
between the positive polarity and the negative polarity. In this case a ratio of 1 means that the
duration of the positive pulse equals the duration of the negative pulse, i.e., the width of the
pulses are equal. The balance control 802 can aiso be configured to select the actual time of
either the positive or negative pulse, e.g., the balance control 802 can adjust one of the pulse
durations and the other can be autbmatically determined by the sensing and current controller
195. For example, if the total time of the pulses is 10 ms, the balance control 802 can set the
positive pulse duration to, e.g., 6 ms, in which case the negative pulse duration will automati-
cally be set to 4 ms by the sensing and current controller 195. The balance control 802 can also

be configured to select the percentage of time that the polarity will be either positive or negative.
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For example, the balance control 802 can select, e.g., 60% for the positive pulse duration and
the negative pulse duration will automatically be set to 40% by the sensing and current control-
ler 195. The actual duration values in ms for the positive and negative pulses can then be
automatically set by the sensing and current controller 195. Of course, the balance control 802
can be configured such that only one of the pulses (positive or negative) is adjusted at any
given time. In addition, the present invention ié not limited to the above methods to control the
balance and other means can be used without departing from the spirit of the invention.

[54] The sensing and current controller 195 can be configured with one or more base
(or reference) hot wire current waveforms, which will then be modified based on the controls
802-806. For example, as illustrated in Figure 9, the sensing and current controller 195 can
include a base waveform 910 that is set for a 50% balance with the duration of the positive
pulse 912 equaling the duration of the negative pulse 914. In this example, the positive pulses
912 of the base waveform 910 are synchronized with pulses 902 of welding waveform 900.
Based on the application, an operator may decide that pulling the arc 110 to the middle of the
puddle 112 for a longer duration is desirable because, e.g., it will provide a better weld, more
stable arc, more efficient process, etc. As one example, the operator may want to pull the arc
110 for a longer duration in order to reduce penetration and admixture because a cladding op-
eration i§ being performed. Thus, the operator can adjust the balance control 802 to, e.g., 60%
instead of 50%. The effect of this operation, as seen in waveform 920, is to increase the dura-
tion of the positive pulse 922 and decrease the duration of the negative pulse 924, as compared
to base waveform 910. This will pull the arc 110 toward wire 140 for a longer duration than with

the base waveform 910 with 50% balance.
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[55] In addition to the balance control 802, the sensing and current controller 195 can
include an offset control 804. The offset control adjusts the amplitude of the positive polarity
relative to the amplitude of the negative polarity. That is, the "zero" iine is adjusted to give ei-
ther a greater positive amplitude or a greater negative amplitude. For example, waveform 930
illustrates an exemplary case where the offset is moved such that the amplitude of the pulse
932 (P') is greater than the amplitude (P) of the pulse 912 of base waveform 910 and the abso-
lute value of negative pulse 934 (N') is less than the absolute value of negative pulse 914 (N) of
base waveform 910. By adjusting the offset control 804 such that the amplitudes are more posi-
tive, the deflection-on arc 110 toward the puddle 112 is greater than the base waveform 910
during the time the welding pulses 902 are pulsed. Conversely, the forward deflection of arc
110 is less than the base waveform 910 during the time of the background welding current 904.
The offset adjustment is not limited to any one method. For example, the adjustment can be
based on actual current values, e.g., allowing an adjustment in the range of + 200 amps (or any
other desired range). The offset adjustment can also be in terms of percentage. For example,
a +10% adjustment can mean the "zero" will be moved by 10% with respect to, e.g., a peak-to-
peak value (or some other amplitude reference) such that the waveform 930 will have a more
positive peak value (P') for pulse 932 and a lower absolute peak value for negative pulse 934
(N') as shown in Figure 9. Based on the setting of the offset control 804, the sensing and cur-
rent controller can automatically set the actual current amplitudes in amps for the positive and
negative peak values.

[56] The sensing and current controller 195 can also include a dead time offset con-
trol 806. "Dead time" is the time period that the hot wire current is held at zero during the transi-

tion from positive to negative (see 916 of waveform 910) and from negative to positive (see
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918). The dead time offset control adjusts the ratio of the dead time from positive to negative
relative to the dead time from negative to positive. Of course, other methods can be used to
control the duration of each dead time 916 and 918 without departing from the spirit of the in-
vention. The dead time offset adjustment is used to minimize the effect of .the hot wire magnetic
field on the arc. For example, as illustrated in Figure 10, it may be desirable to have the welding
current pulse at a time when the hot wire current is at a value of zero (i.e., at a dead time) to
minimize the effect if the hot wire magnetic field on the arc 110. This can be accomplished by
having the pulses 912 offset by a phase angle © as shown in Figure 10 such that the pulse 912
does not pulse when the welding pulse 902 is pulsed. However, the base waveform 910 has a
negative pulse 914 that can still interfere with the welding pulse 902 at the desired phase angle
©. To minimize the effect of the negative pulse 914, the dead time offset control 806 can be
configured to adjust the ratio of the dead times 916 and 918 such that the welding pulse 902
aligns with a dead time of hot wire current waveform. As shown in waveform 910’ of Figure 10,
by adjusting the dead time offset control 806, the duration of dead time 916 is decreased and
the duration of dead time 918 is increased such that the negative pulse 914 is moved closer to
the positive pulse 912. By moving the negative pulse 914, the welding pulse 902 is able to
pulse during the dead time 918 of waveform 910. Thus, based on the setting of dead time off-
set control 806, the sensing and current controller 195 can automatically set the dead times in
ms for each zero transition.

[(57] As seen in the exemplary embodiments discussed above, a variable polarity hot
wire current waveform provides many advantages such as, for example, stable operation in sys-

tems that use an arc-type power source, ability to align droplet transfer from consumable elec-
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trode with either a dead time or a hot wire current pulse as desired, and ability to perform oppo-
site polarity operations that prevent burn through to name just a few advantages.

[58] | In some embodiments, the welding current waveform can be that of a short arc-
type process such as, short arc transfer, surface tension transfer (STT), shorted retract welding,
etc. - Figure 11 illustrates a short arc transfer welding waveform 1100 that can be used in the
system of Figure 1. The exemplary welding waveform 1100 that is output from power supply
130 to the wire 140 ramps from a background current lgs (1103) to a current value lps. During
the background current phase 1103 the arc 110 is present, but no material from the wire 140 is
transferred. When the wire 140 shorts to the weld puddle 112, the welding current increases in
value (see 1101) until a droplet from wire 140 is transferred to the weld puddie 112 (see Ips,
1102). The current value Ips is approximate as the value may vary for each droplet that is trans-
ferred. Once the droplet is transferred (1102), the current drops to the background current Igs.
Short arc transfer is known in the art and will not be further discussed in detail except as neces-
sary to explain the present invention.

[59] Short arc transfer (and other short-arc- type processes) has traditional been used
in many applications such as e.g., joining thin metals, cladding, building up, etc. because the
process deposits metal at low heat inputs. However, deposit rates can lbe limited, e.g., up to
approximately 225 ipm wfs. When combined with a hot wire system, e.g., the hot wire feeder
system 104 (Figure 1), and by synchronizing the hot wire current waveform pulses with the
welding waveform pulses as discussed below, the deposit rate of the system (hot wire and weld-
ing consumables together) can increase two to three times, e.g., up to 500 ipm for a 0.45 in di-

ameter wire.
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[60] For example, it has been found that providing a hot wire current pulse during the
time the consumable wire 140 is touching the puddle 112 assists in droplet transfer from the
wire 140. Because the polarities of the hot wire current and welding current are in phase, the
magnetic field from the hot wire current pulse will help "pull" the droplet from wire 140 to assist
in the short arc transfer process. Thus, exemplary embodiments of the present invention can be
configured to synchronize the hot wire current pulses to align with the time period that wire 140
is shorted to puddle 112 (see 1101 of waveform 1100).

[61] For example, the sensing and current controller 195 (or some other device) can
synchronize the current pulses 1112 such that the pulses 1112 are initiated when the wire 140
is shorted during period 1101 of welding waveform 1100. Because pulse 1112 and the welding
current at 1101 have the same polarity, the magnetic fields are in the configuration shown in
Figure 6A. Thus, the net force of the magnetic fields will want to force the wires 140 and 145
closer together. Although the net magnetic force is not strong enough to deflect the wires, this
force will help transfer ("pull") the droplet from wire 140, as the welding power supply 130 per-
forms the short arc transfer process. In the exemplary embodiment of Figure 11, the pulse 1112
starts as soon as the sensing and current controller 195 (or some other device) senses that the
wire 140 isv shorted to puddle 112. The method of sensing the short is not limiting. For exam-
ple, the sensing and current controller 195 can use feedback such as arc voltage V,, current |,
power from power supply 130, etc. to sense when the wire 140 has shorted to puddle 112.
However, as in the exemplary embodiments discussed above, the start of the hot wire pulse can
be varied by a phase angle as desired based on the welding process. In addition, as in the ex-

emplary embodiments above, the width and amplitude of pulse 1112 can be varied as desired.
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[62] In some embodiments, it is desirable to pull the arc 110 toward the hot wire 145
during the "peak & tailout" period of the short arc transfer. For example, if the arc 110 is located
over the puddle 112, thé arc 110 can help wash out the puddle 112 as the torch 120 travels for-
ward. To accomplish this, the sensing and current controller 195 (or some other device) can
synchronize the hot wire current waveform 1110 with the short arc transfer waveform 1100 such
that the hot wire current pulses 1114 will align with the "peak & tailout" period, i.e., arcing pe-
ribd, of waveform 1100 (see Figure 11). Because the pulses 1114 and waveform 1100 have the
same polarity, the arc 110 will be pulled further over the puddle 112 as shown in Figure 6A.
Similar to the exemplary embodiments discussed above, the sensing and current controller 195
can use feedback such as arc voltage V;, current |;, power from power supply 130, etc. to sense
when the wire 140 is in the arcing period in order to control when pulses 1114 should be initi-
ated. In addition, the start of the pulses 1114 can be delayed by a phase angle as desired.
Further, the width and amplitude of pulses 1114 can be varied as desired. Conversely, in some
embodiments, the controller 195 can use feedback such as arc voltage V;, current 1, power
from power supply 130, etc. to sense when the wire 140 is shorted in order to increase the cur-
rent through the hot wire 145 and increase the wire feed speed by controlling wire feeder 155.
This increases the deposit rate, but the increased hot wire current does not affect the arc, as the
wire 140 is shorted to the puddle 112 and there is no afc.

[63] As illustrated in the exemplary waveform 1110, hot wire current pulses 1112 and
1114 can be included in the same waveform such that the pulses 1112 can help transfer the
droplet as described above and pulse 1114 can pull the arc 110 to wash out the puddie 112. Of
course, embodiments of tﬁe present invention can include only one of pulses 1112 and pulses

1114 as desired.
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[64] In some embodiments, it can be desirable to push the arc 110 ahead of the pud-
dle 112 during the "peak & tailout" period of waveform 1100. By pushing the arc 110 ahead, the
arc 110 can preheat the workpiece 115 in order to improve "wetting action." As discussed
above, in order to push the arc 110 ahead of the puddle 112, the hot wire current pulses and
welding current pulses need to be of opposite polarity. Accordingly, in some embodiments of
the present invention, a variable hot wire current waveform is used with short arc-type proc-
esses. As shown in Figure 11, hot wire current waveform 1120 includes negative pulses 1124.
The negative pulses 1124 are synchronized with the "peak & tailout" period of waveform 1100.
Because pulses 1124 and waveform 1100 are of opposite polarities, the arc 110 is pushed
ahead of the puddle 112 during this time period. As with the other exemplary embodiments
discussed above, the phase angle can be varied such that the pulses 1124 start anywhere
within the "peak & tailout" period of waveform 1100 as desired to meet the needs of the applica-
tion. In addition, the width and amplitude of the pulses 1124 can be varied as desired, e.g., by
using the balance control 802 and the offset control 804, respectively.

[65] The exemplary waveform 1120 can also includes pulses 1122, which are syn-
chronized with the shorting period of welding waveform 1100 (see 1101). The effect of pulses
1122 is similar to the effect of pulses 1112 of the exemplary embodiment described above, i.e.,
pulses 1122 will help transfer the droplets from wire 140 during the time the wire 140 is shorted.
Accordingly, pulses 1122 will not be further discussed. In some exemplary embodiments,
pulses 1122 and 1124 can be included in the same waveform such that the pulses 1122 can
help transfer the droplet as described above and pulse 1124 can push the arc 110 to preheat
the workpiece 115. Of course, some embodiments can include only one of pulses 1122 and

pulses 1124 as desired.
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[66] It should be noted that although a GMAW system is shown and discussed re-
garding depicted exemplary embodiments with DC and variable polarity hot wire current wave-
forms, exemplary embodiments of the present invention can also be used with TIG, Plasma,
FCAW, MCAW, and SAW systems in applications involving joining/welding, cladding, brazing,
and combinations of these, etc. Of course with TIG and Plasma systems, the electrode is not
consumable.

[67] . While the invention has been particularly shown and described with reference to
exemplary embodiments thereof, the invention is not limited to these embodiments. It will be
understood by those of ordinary skill in the art thatAvarious changes in form and details may be
made therein without departing from the spirit and scope of the invention as defined by the fol-

lowing claims.
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REFERENCE NUMBERS

100 system 205 heating current waveform
102 arc welding system 206 pulse

104 tandem hot wire system ' 207 wire current

110 arc | o 208 pulse |

112 - puddie | ‘ 210 background level

115 workpiece - _ 211 background level

117 _puddle 310 hot wire waveform

120 torch | 310’ waveform

125 contact tube 312 peak pulse

130 power supply : 312 pulse

135 power supply | 314 background current

140 welding electrode / wire “314 background current

145 wire 401 current

150 wire feeder ‘ 402 current / pulse

155 wire feeder ‘ 403 hot wire current

180 motion controller ‘ 404 positive pulse

190 robot 405 negative pulse

195 current controller 406 background portion

201 welding waveform 710 welding current waveform
202 cufrent pulsé 712 pulse

203 current waveform 714 background current level
204 current pulse ‘ 720 wire current waveform
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722 positive pulse 930 waveform

724. negative pulse 932 - pulse

802 balance control 934 pulse

803 control 1100 welding waveform
804 offset control , 1101 period

805 control . » 1102 period

806 offset control 1103 background current
808 background current control 1112 pulse

900 welding waveform' ' 1114 pulse

902 pulse 1122 pulse

910 base waveform ' 1124 pulse

910’ waveform l4 welding current
912 positive pulse Iy heating current
914 negative puise V, voltage

916 dead time © angle

918 dead time les current value
920 waveform ' lps current value

922 postive pulse

924 negative pulse
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What is claimed is:

1. A welding system (100), said system compﬁsing:

a torch (110);

a first wire feeder (150, 155) that feed; a first wire (145) to said torch (120);

| a first power supply (130, 135) that outputs a welding current waveform to said first wire

(140, 145) via said torch (120), said welding current waveform_including a first current segment
that is output when said first wire (140, 145) is in contact with a workpiece (115) to melt and
transfer a portion of said first wire (140, 145), and a second current segment that is output dur-
ing an arcing period_between said first wire (140, 145) and said workpiece (115), said arc (110)
creating a molten puddle (112) on said workpiece (115);
| a second wire feeder (150, 155) that feeds a second wire (140, 145) to said molten pud-
dle (112) via a contact tube (125);

a second power supply (130., 135) that outputs a heating current waveform that includes
at least one of first heating current pulses, which influence said transfer of said portion of said
first wire (140, 145) based on magnetic fields created by said welding current waveform and
said heating current waveform, and second heating current pulses, which influence a position of
said arc (110) relative to said molten puddle (1 12) based on magnetic fields created by said
welding current waveform and said heating current waveform, said second power supply (130,
135) providing said heating current waveform to said second wire (140, 145) via said contact

tube (125); and
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a controller that performs at least one of a first synchronization that synchronizes said
first heating current pulses with said first current segment and a second synchronization that
synchronizes said second heating current pulses with said second current segment.

2. The system (100) of claim 1, wherein said heating current waveform includes both said
first heating current pulses and said second heating current puises, and

wherein said controller performs both said first synchronization and said second syn-
chronization.

3. The system (100) of claim 1 or 2, wherein said influencing said position of said arc (110)
comprises deflecting said arc (110) toward said second wire (140, 145) by setting said magnetic
fields to flow in a same direction, and deflecting said arc (110) away from said second wire (140,
145) by setting said magnetic fields to flow in opposite directions.

4. The system (100) of any of the claims 1 to 3, wherein said heating current waveform
includes said first or second heating current pulses, and

wherein said second heating current pulses and said second current segment have a
same polarity, and/or
wherein said second heating current pulses and said second current segment have opposite
polarities,
and/ or

wherein said controller performs said first synchronizing, which includes synchronizing
said first heating current pulses to start at a desired phase angle from when said first wire (140,
145) shorts to said moiten puddle (112),

and/ or
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wherein said controller performs said first synchronizing, which includes synchronizing
said second heating current pulses to start at a desired phase angle from a start of said arcing
period.
5. The system (100) of any of the claims 1 to 4, wherein said controller uses one of an out-
put voltage and an output current of said first power supply (130, 135) to determine when said
first wire (140, 145) shorts to said molten puddle (112), and/or
wherein said controller uses one of an output voltage and an output current of said first power
supply (130, 135) to deteﬁine when said first wire (140, 145) is in said arcing period.
6. The system (100) of any of the claims 1 to 5, wherein said welding current waveform is a
waveform corresponding to a short arc transfer process, a surface tension transfer process, or a
shorted retract welding process.
7. A method of welding, said method comprising:

feeding a first wire to a torch;

providing a welding current waveform to said first wire via said torch, said welding cur-
rent waveform including a first current segment that is provided when said first wire is in contact
with a workpiece to melt and transfer a portion of said first wire, and a second current segment
that is provided during an arcing period between said first wire and said workpiece, said arc
creating a molten puddle on said workpiece;

feeding a second wire to said molten puddle via a contact tube;

providing a heating current waveform that includes at least one of first heating current
pulses, which influence said transfer of said portion of said first wire based on magnetic fields

created by said welding current waveform and said heating current waveform, and second heat-
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ing current pulses, which influence a position of said arc relative to said molten puddle based on
magnetic fields created by said welding curren.t and said heating current;-

providing said heating current waveform to said second wire via said contact tube; and

performing at least one of a first synchronization that synchronizes said first heating cur-
rent pulses with said first cﬁrrent segment and a second synchronization that synchronizes said
second heating current_ pulses with said second current segment.
8. The method of claim 7, wherein said heating current waveform includes both said first
heating current pulses and said second heating current pulses, and

wherein said method comprises performing both said first synchronization and said sec-
ond synchronization.
9. The method of. claim 7 or 8, wherein said influencing said position of said arc comprises
deflecting said arc toward said second wire by setting said magnetic fields to flow in a same
direction, and deflecting said arc away from said second wire by setting said magnetic fields to
flow in opposite directions.
10. The method of any of the claims 7 to 9, wherein said heating current waveform includes
said second heating current pulses, and

wherein said second heating current pulses and said second current segment have a
same polarity.
11.  The method of any of the claims 7 to 10, whérein said heating current waveform includes
said second heating current pulses, and

wherein said second heating current pulses and said second current segment have op-

posite polarities.
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12. The method of any of the claims 7 to 11, wherein said heating current waveform includes
said first heating current pulses, and

wherein said method further comprises performing said first synchronizing, which in-
cludes synchronizing said first heating current pulses to start at a desired phase angle from
when said first wire shorts to said molten puddle.
13. The method of any of the claims 7 to 12, wherein said heating current waveform includes
said second heating current pulses, and

wherein said metﬁod further comprises performing said first synchronizing, which in-
cludes synchronizing said second heating current pulses to start at a desired phase angle from
a start of said arcing period.
14, The method of any of the claims 7 to 13, further comprising:

determining when said first wire shorts to said molten puddie based on one of a voltage
and a current in said first wire, and/or
further comprising:

determining when said first wire is in said arcing period based on one of a voltage and a
current in said first wire.
15.  The method of any of the claims 7 to 14, wherein said welding current waveform is a
waveform corresponding to a short arc transfer process, a surface tension transfer process, or a

shorted retract welding process.
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