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power supply is coupled to the upper portion (110) which provides a first current to the upper portion during the welding operation,
and a second power supply is coupled to the second portion (120) which provides a second current during the welding operation.
The first and second currents are accumulated in the electrode (E) during welding to provide a welding wavetform (500, 600). The
first power supply can have a higher inductance than the second power supply.



10

15

20

25

WO 2014/013324 PCT/IB2013/001571

METHOD AND SYSTEM FOR GAS METAL ARC WELDING AND A CONTACT TIP USED FOR
THE SAME
TECHNICAL FIELD
[001] The subject invention relates to a welding system and to a method of welding, and
more generally relates to devices, systems and methods for welding. More specifically, embodi-
ments of the present invention can be used for Metal Inert Gas (MIG), Pulsed Gas Metal Arc Weld-
ing (GMAW-P) or any type of pulsed spray metal transfer. More particularly, certain embodiments
relate to a torch and particular waveforms for use in such types of welding.
BACKGROUND

[002] Welding machines and systems use welding waveforms having low background
currents and higher peak currents in pulses. Often, the magnitude of the low level background cur-
rents is limited to the extent in which the arc formed by the low level background current can be
maintained and stabilized. Furthermore, the welding machines and systems are designed such that
they have a very low inductance in the machine for delivery of the welding current. This low induc-
tance allows the welding machine to changek the current very quickly in response to events, such as
shorting events, or otherwise be very responsive. As an example, a GMAW-P process and known
GMAW-P machines are shown and described in The Lincoln Electric Company Publication, NX-2.70
entitled, "Process: Pulsed Spray Metal Transfer” (Aug. 2004), which is incorporated by reference in
its entirety. For such known welding machines, using standard welding torches with a standard stick
out length, the background current is often limited to a minimum of about 20 amps, which can be
disadvantageous due to the amount of heat it can add to the weld.

[003] - Therefore, there remains a need for welding systems that can reduce the magnitude

of the low level background current below those previously known.

SUMMARY
[004] Embodiments of the present invention comprise a system and method for metal
transfer, a welding torch is provided having a contact tip which has an upper portion and a lower
portion, where the upper portion and the lower portion are electrically isolated from each other and
each of the upper portion and the lower portion make contact with the same electrode during a weld-

ing operation. A first power supply is coupled to the upper portion which provides a first current to
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the upper portion during the welding operation, and a secohd power supply is coupled to the second
portion which provides a second current during the welding operation. The first and second currents
are accumulated in the electrode during welding to provide a welding waveform.
[005] These and other features of the claimed invention, as well as detaiis of illustrated
embodiments thereof, will be more fully understood from the following description, claims and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS
[006] The above and/or other aspects of the invention will be more apparent by describing
in detail exemplary embodiments of the invention with reference to the accompanying drawings, in
which:
[007] FIG. 1. is a schematic illustration of one embodiment of a welding system of the

present invention;

[008] FIG. 2 is an illustrative embodiment of a welding torch for use in the system of FIG.
1;

[009] FIG. 3 is a partial cross-sectional view of one embodiment of the welding torch of
FIG. 2;

[0010] FIGs. 4 to 4B depict cross-sectional views of exemplary embodiments of welding

contact tip portions for use in the welding torch of FIG. 2;
[0011] FiGs. 5A to 5E are graphical depictions of welding waveforms for use with embodi-
ments of the present invention; and
[0012] FIG. 6 is a graphical illustration of another welding waveform to be used with em-
bodiments of the present invention.

DETAILED DESCRIPTION
[0013] Exemplary embodiments of the invention will now be described below by reference
to the attached Figures. The described exempliary embodiments are inténded to assist the under-
standing of the invention, and are not intended to limit the scope of the invention in any way. Like
reference numerals refer to like elements throughout.
[0014] FIG. 1. shows an electric arc welding system 100 in accordance with an exemplary

embodiment of the present invention. The system 100 includes a power supply 60, which is capable
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of generating a plurality of current pulses and direct those current pulses to an electrode E as it is
advanced towards a workpiece WP. An exemplary embodiment of the power supply 60 includes a
power source 10, which may be for example, a high switching speed power source, such as an in-

verter or chopper, with an input power supply 12 illustrated as a three phase electrical input. Of

course, a single phase input power supply having various voltages and frequencies or even a motor

or engine driven generator or alternator could be used to direct electrical power to converter or
power source 10. Output leads 14, 16 are connected in series across the electrode E and work-
piece WP to perform a welding process, such as for example a GMAW-P process, by directing an
appropriate current waveform (for example, pulses) to the electrode and workpiece. Although only
one pair of output leads 14, 16 are shown, multipie pair of output leads may be provided for selective
delivery of one or more segments of the welding waveform. [n one embodiment of subject system
and method, the welding electrode E is a continuous wire which may be a flux cored wire; but in the
alternative, a solid wire may be used. Accordingly, the welding wire electirode E may be self-
shielding or instead may use an external shielding, for example, from an external shielding gas or
flux blanket. To the extent any shielding may be used, the shielding gas/flux supply is directed into
the welding operation between the electrode and workpiece in accordance with standard practice.

[0015] In an exemplary embodiment, the power source 10 delivers a welding current de-
fined by a plurality of pulses to the electrode wire E for use in a welding operation between the elec-
trode E and a workpiece W. Accordingly, the welding current is sufficient to form a welding arc be-
tween the tip of the welding wire electrode E and the workpiece W during the pulses. The welding
arc may be defined by an arc current and/or arc voltage. In an exemplary embodiment, a shunt,
LEM or equivalent components/circuit 18 determines the arc current by creating a signal in line 20
directed to feedback circuit 22 so that the output signal on line 24 is a digital or analog representa-
tion of the actual output current at any given time. In a like manner, voltage feedback circuit 26 has
inputs 28, 30 for sensing the instantaneous arc voltage of the welding operation to create a signal in
output 32. This voltage signal is a digital or analog representation of the instantaneous arc voltage.
The arc current and‘ voltage are directed in a feedback loop to waveform generator 34 which genera-
tor is set to create a series of current waveforms or pulses with a selected profile, in accordance with

a signal in control line 36. The control signal represents the desired welding current. Output control
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signal in line 36 is either in the form of digital instructions, a program statement or an analog com-
mand signal in accordance with waveform processing. In one particular embodiment of waveform
process for welding, the control of the power source 10 using a waveform generator 34 is in accor-
dance with Waveform Control Technology“", an electronic waveform control system and method
from The Lincoln Electric Company of Cleveland, Ohio. Alternatively or in addition to, the control
signal in line 36 may be generated by standard waveform process technology known in the art, for
example, as described in >U.S. Patent No. 7,173,214. The power source 10 includes a controller,
which may be embodied as a pulse width modulator circuit, normaily a software signal, which circuit
controls the waveforms in the welding process between electrode E and workpiece WP. In general,
the power supply 60 can be constructed similarly to known welding power supplies which are capa-
ble of performing pulse welding operations, such as MIG, GMAW-P, spray arc transfer, surface ten-
sion transfer (STT), or other similar pulse welding operations. An example of such a welding power
supply is the Power Wave®, manufactured by The Lincoln Electric Company of Cleveland, Ohio.
[0016] Welding electrode wire E is shown schematically in FIG. 1 as being fed by a feeding
mechanism 38. In one exemplary embodiment of the feeding mechanism 38 the electrode wire E is
pulled from a spool 40 between drive rolls 42, 44 which are rotated by motor 46. The electrode wire
E may be fed through a flexible conduit or sleeve 48 into a welding torch or gun 200 used either in
an automatic, semi-automatic or manual welding process. The welding torch 200 is used to direct
electrical current from the power source 10 to the wire electrode E. The construction of the welding
torch 200, and more specifically its contact tip, will be discussed further below.

[0017] As also shown in Figure 1, the system includes an additional power supply 80. The
power supply 80 is a background current power supply 80 which provides a background current to
the electrode E during welding. In the exemplary embodiment shown, the background current is
also supplied to the electrode E via the torch 200. The background power supply is coupled to the
torch 200 via the lead 81 and the workpiece WP via the lead 83. It is noted that the power supply 80
can also include components such as voltage feedback 26, current feedback 22, shunt 18 and
waveform generator 34, as power supply 60, but these components have been omitted for clarity of

the figure. Furthermore, the background current supply 80 can be similarly constructed to common
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welding power supplies which are capable of supplying a current, voltage and/or power to a welding
electrode during welding.

[0018] in exemplary embodiments of the present invention, during welding the power sup-
ply 60 provides a plurality of current pulses to the electrode E as it is being advanced to the work-
piece WP and the power supply 80 is providing a generally constant current, which can be referred
to as a background current in some embodiments. These two current signals (from power supplies
60 and 80) are coupled together in the electrode to form a single welding waveform — which is gen-
erally similar to traditional welding waveforms. The advantages of this will be discussed further be-
low. L

[0019] In known welding systems, a single power supply provides both the pulses and
background current to an electrode during welding. This is generally done to reduced costs and
complexity by having a single power supply. However, this is not withouf its disadvaﬁtages. To
perform high performance or complex pulse welding operations, today's welding power supplies
have a very low inductance level in the welding circuit. This is to ensure that the welding current is
extremely responsive to changes made in the current during welding. For example, when pulse
welding it is desirable to be able to ramp the current up and down as quickly as possible, such as
when transitioning from a low background current to a higher peak current. However, this low induc-
tance can be problematic during the background portion of a welding current waveform. During the
background period (for example, between pulses) the background current is at a relatively low level
(compared to the pulses) and the low inductance of the welding system may allow the arc to become
unstable and “pop out”. Systems have been built in an effort to address this instability, such as the
Pulse Power 500, manufactured by The Lincoln Electric Co., of Cleveland, Ohio. However, im-
provements for this issue remain desirable. This instability comes from the fact that the current level
is relatively low and the welding system does not have the system inductance to easily overcome
the fluctuations that occur in the background current at such low levels. To overcome this instability
it is generally required that the background current be kept at a current level to ensure arc stability.
In many cases the background current must be at least 20 amps and in some welding operations
must be as high as 50 amps. However, thesé current levels can add unwanted, additional heat into

the weld joint. Therefore, if possible it is desirable to make the background current as low as possi-
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ble, but yet keep the arc stable during the background period. Embodiments of the present inven-
tioh are easily capable of achieving these benefits. .

[0020] In exemplary embodiments of the bresent invention, the pulse power supply 60 has
a low inductance level, which is consistent with common welding power supplies. For example, the
power supply 60 has an inductance — for the output welding circuit (that is, the output circuit in the
power supply 60 which is used to output the current to the electrode E) — in the range of 40 to 70
micro henries with a saturation current in the range of 20 to 50 amps. However, the background
current power supply 80 has a higher inductance level -— for its output welding circuit — than the
power supply 60. In an exemplary embodiment, the inductance level for the welding circuit of the
power supply 80 is in the range of 15 to 80 milli henries with a saturation current in the range of 20
to 50 amps. In a further exemplary embodiment, the inductance is no more than 100 milli henries
with a saturation current in the range of 20 to 50 amps. Of course, these ranges are for exemplary
embodiments of the present invention, and other systems may have different values and still operate
within the spirit and scope of the present invention. By having this increased inductance in the weld-
ing circuit the power supply 80 is capable of providing a more stable arc between the electrode E
and the workpiece WP at low current levels. The inductance will allow the arc to be stably main-
tained during the fluctuations and anomalies that can occur at low current levels. It is noted that the
output welding circuit for the power supply 80 can be constructed similar to that for the power supply
60, or can be similar to known types of current output circuits, but is constructed to have a higher
inductance level as stated above. This can be accomplished in various ways, for example, including
an inductor (or similar components) to achieve the desired inductance level.

[0021] Thus, in exemplary embodiments of the present invention the welding waveform
used to weld the workpiece W is a resultant waveform from the combination of the current from the
power supply 60 and the background current power supply 80. This will be discussed further below.

[0022) Also, as shown in Figure 1, in exemplary the power supply is coupled to the work-
piece at point A and the power supply 80 is coupled at point B, which is remote and distinct from
point A.

[0023] Aé shown in Figure 1, the system 100 further includes a system controller 70 which

is coupled to each of the power supplies 60 and 80, and can also be coupled to the wire feeder 38.
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The system controller 70 can be any computerized device which is capable of communicated with
and/or controiling the power supplies and wire feeder. Further, although shown as a separate com-
ponent, the controller 70 can be integral to any of the power supplies. The controller 70 is utilized to
ensure proper communication between the power supplies 60/80 as needed and can be used to
control the operation of the power supplies 60/80 and the system 100. For example, the controller
70 can be utilized to control the output current of any one, or both, of the power supplies to provide
the desired welding current/waveform. For example, the controller 70 can control the magnitude and
polarity of the background current from the power supply 80 and/or control the frequency, magni-
tude, duration, polarity etc. of current pulse from the power supply 60.

[0024] FIG. 2 illustrates an exemplary embodiment of a welding gun/torch 200 for use of in
embodiments of the system 100. The gun 200 can be constructed similar to any known or com-
monly used welding guns or torches used for welding operations such as MIG, GMAW-P, etc. In the
exemplary embodiment shown, the conduit 48 is joined by connector 50 to the wire feeding mecha-
nism 38 so that the feed rolls 42, 44 can feed the electrode to the gun/torch 200. The gun/torch can
be assembled onto a robot, automatic or semiautomatic hand held torch. The welding torch 200
includes an outer housing 102, which is shown in this particular embodiment, with an inwardly ta-
pered portion 104. [t should be noted that for purposes of the present description the terms “gun”
and “torch” are intended to be synonymous and not distinguished from each other, but are merely
terms used to describe the device/apparatus used to deliver the electrode E to the workpiece WP at
the welding operation.

[0025] Figure 3 depicts a more detailed view of an exemplary embodiment of the torch/gun
200 of the present invention. In general, the torch/gun 200 has a construction similar to that of
known devices, except that in exemplary embodiments of the present invention, rather than utilizing
a single contact tip in the gun/torch 200 the torch 200 has multiple axially aligned contact tip portions
110 and 120 which are electrically isolated from each other in the gun 200. In exemplary embodi-
ments of the present invention, one of the contact tip portions is coupled to the pulse power supply
60 while the other contact tip portion is coupled to the background power supply 80. In the embodi-
ments shown and discussed herein the upper contact tip portion 110 (that is, the portion furthest

from the workpiece WP during welding) is coupled to the background power supply 80 and the lower
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portion 120 is coupled to the other power supply 60. Therefore, during welding the upper portion
110 provides a first portion of the welding waveform used to welding the workpiece and the lower
portion 120 provides a second portion of the waveform used to conduct the welding operation. That
is, the two respective currents from the power supplies 60/80 are combined into the electrode E to
form a single welding waveform. As stated above, the contact tip portions 110 and 120 are electri-
cally isolated from each: other such that the respective currents passed through the portions are
provided to the electrode E and the currents are not combined through contact between the contact
tip portions. As further discussed below, embodiments of the present invention allow for the optimi-
zation of stick-out length for each of the respective contact tip portions 110/120 to optimize the weld-
ing operation. Accordingly, based upon the arrangement of the contact tip portions, different por-
tions of the welding waveform can be applied at a desired "stick out length,” i.e., the distance be-
tween the distal end of the contact tip portion and the top of the arc.

{0026} in the exemplary embodiment shown in Figure 3, the torch 200 includes a first weld-
ing contact tip portion 110 and a second welding contact tip portion 120 spaced axially from the first
welding contact tip portion 110. As shown, the portions 110/120 are in line with each other to allow
the electrode E to pass through both of the contact tips portions. The general construction and con-
figuration of ‘the torch 200 and tip portions 110/120 can be optimized based on a desired structure
and welding operation and is not limited to the embodiments depicted herein.

[0027] Referring to Figures 4, 4A and 4B, shown are illustrative embodiments of the first
and second welding contact tip portions 110, 120. Figure 4 is an illustrative depiction of the contact
tip portions 110/120 in the torch 200. It is noted that the remaining structure of the torch 200 is not
shown for clarity. As shown, the portions 110 and 120 are in line with each other to allow the elec-
trode E to pass through a channel through each of the portions. Each of the portions 110/120 can
be made of a material commonly used for welding contact tips and can be of a general shape and
cross-section as commonly used fér contact tips. The portions 110/120 are separated from each
other by a gap G which electrically isolates them from each other. The upper portion 110 is coupled
to the background power supply 80 and the lower portion 120 is coupled to the power supply 60.
The first contact tip portion 110 is a member having a proximal end 110a and a distal end 110b. The

first contact tip portion 110 further includes an inner surface 112 defining an internal passageway
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114 through which the electrode wire E may pass from proximal to distal end 110a, 110b. The pas-
sageway 114 may be substantially circular in cross-section; or alternatively, the inner surface may
be configured to define alternative passageway cross-sectional geometries, such as for example,
rectangle, triangular or oblong. Moreqver, the inner surface 112 may define the internal passage-
way 114 as having a constant width or diameter along the axial length of the passageway. Alterna-
tively, the passageway 114 may vary in its diameter along its length from the proximal to the distal
end 110a, 110b.

[0028] The first contact tip member 110 has an outer surface 116 which in one aspect de-
fines a substantially circular surface circumscribed about the passageway 114 such that the first
contact tip 110 defines a substantiaily cylindrical volume. The outer surface 116 may form alterna-
tive geometries about the passageway 114 such as for example rectangle, triangular, oblong, etc.
such that the portion 110 properly fits into a torch 200. Moreover, the geometry of the outer surface
116 may be constant along the axial length of the first contact tip 110 or may vary along the contact
tip length. _Disposed adjacent to the proximal end 110a of the first contact tip 110 may be an exten-
sion 118 having a different shape than the remainder of the portion 110, where the extension 118
can be configured to secure the first contact tip portion 110 within housing of the welding torch 200.
As shown, for example in FIG. 4B, the extension 118 includes an external thread.

[0029] Downstream of the first portion 110 (in the electrode travel direétion) is the second
portion 120. The second contact tip portion 120 has a proximal end 120a and a distal end 120b.
The second contact tip portion 120 further includes an inner surface 122 defining a second internal
passageway 124 through which the electrode wire E may pass from proximal to distal end 1203,
120b. The passageway 124 may be substantially circular in cross-section; or alternatively, the innér
surface may be configured to define alternative passageway cross-sectional geometries, such as for
example, rectangle, triangular or oblong. Moreover, the inner surface 122 may define a passageway
124 having a constant width or diameter along the axial length of the passageway. Alternatively, the
passageway 124 may vary in its diameter along its length from the proximal to the distal end 120a,
120b.

[0030] The second contact tip portion 120 has an outer surface 126 which in one aspect

defines a substantially circular surface circumscribed about the passageway 124 such that the sec-
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ond contact tip 120 defines a substantially cylindrical volume. The outer surface 126 may form al-
ternative geometries about the passageway 124 such as for example, rectangle, triangular, oblong,
etc. such that the portion 120 properly fits into a torch 200. Moreover, the geometry of the outer
surface 126 may be constant along the axial length of the second contact tip portion 120 or may vary
along the contact tip length. As shown, the distal portion of the second contact tip 120 tapers nar-
rowly in the distal direction. Also, as shown in Figure 4B, the proximal end 120a of the second con-
tact tip portion 120 may be adjacent to an extension portion 128. The extension 128 can be config-
ured to secure the second contact tip portion 120 within the welding torch 200. As shown, for exam-
ple in FIG. 4B, the extension 128 includes an external thread. Thus, as shown, the contact tip por-
tions 110 and 120 are secured in a torch 200 such that they have a fixed relationship to each other
during welding and so that they are electrically isolated from each other. In Figures 4 and 4B the
portions are isolated by an air gap G.

[0031] However, as shown in Figure 4A, in other exemplary embodiments of the present
invention, each of the portions 110 and 120 can be secured to each other with a dielectric spacer
portion 119 separating the portions so that they remain electrically isolated. In such embodiments,
the contact tip assembly 210 can be an integral unit comprising the two portions 110/120 and a di-
electric spacer portion 119 such that it can be replaced/installed in the torch as a single unit. In such
embodiments, the spacer 119 is made of a material which sufficienily isolates the upper portion 110
from the lower portion 120. Further, the material of the spacer 119 can be such that it bonds to each
of the portions 110 and 120 to secure each portion to each other. Each of the contact tip portions
110 and 120 can be electrically coupled to their respective power supplies via electrical connections
similar to that used for single tip welding applications, which are generally known. For example,
each of the contact portions 110/120 can be electrically coupled to the respective power supplies,
through the wire feeder 38 which will have separate current paths through a wire feeding conduit
(not shown). Alternatively, the power supplies can be separately coupled to the contact tip portions
110/120 via an electrical connection which adequately delivers the appropriate currents. It should
also be noted that in exemplary embodiments of the present invention, each of the respective power

sources 60 and 80 should contain diode protection in its welding circuits to prevent stray currents
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from entering the power supplies. Such diode protection circuits are generally known and need not
be described in detail herein.

[0032] The axial distance D between the first and second contact portions, in one particu-
lar aspect, is measured from the distal end 110b of the first contact tip portion 110 to the proximal
end 120a of the second contact tip portion 120. The axial distance D is to be a distance to ensure
that no current transfer can occur between the upper and lower portions 110/120 during welding. In
an exemplary embodiment of the present invention, the distance D ranges from 0.25 to 2 inches.
Generally, the overall length of each of the portions is to be decided based on relevant structural and
design criteria, but each portion length should be such that sufficient contact is made with the elec-
trode E as it passes through the portions 110/120 so that proper current transfer can occur.

[0033] Because each of the contact tip portions 110/120 are electrically isolated from each
other each of the portions 110/120 will have a different “stick out” length for their respective currents
being provided to the arc. That is, the background current from the power supply 80 will have a first
stick out length L (from end 110b to the workpiece WP) and the current from the power supply 60
will have a second stick out length- Z (from end 120b to the workpiece WP) which is less than the
background current stick out length. The advantages of these varying stick out lengths will be dis-
cussed further below.

[0034] In exemplary embodiments of the present invention, the first stick out length L is in
the range of 1 to 4 inches. Further, in exemplary embadiments of the present invention, the second
stick out length Z is in the range of 0.5 to 0.75". Of course, other ranges can be utilized without de-
parting from the spirit or scope of the present invention depending on the desired welding perform-
ance and welding application. It is generally known that because of stick out, the electrode E is
heated via the equation I’R. Thus, the longer the stick out the higher the heating of the electrode E
— which can be beneficial. However, efforts to increase stick out length can cause issues with weld-
ing stability, as the electrode E can wobble or whip around during welding. However, with embodi-
ments of the present_ invention, the upper portion 110 can have a very long stick out — thus providing
increased heating) where the lower portion 120 then acts as a guide to control the electrode E dur-

ing welding.
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[0035] » in exemplary embodiments of the present invention, the first and second contact tips
110, .1 20 define a total axial length, as measured from the proximal end 110a of the first contact tip
to the distal end 120b of the second contact tip to range from 1.5 to 3.5 inches such that the assem-
bly can be disposed within a known or standard housing of a welding torch or gun.

[0036] Referring again to Figure 3, the first and secqnd contact tip portions110, 120 are
shown secured within the housing 102 at a desired axial distance so as to electrically axially isolate
the contact tips 110, 120 from one another. As previously described, the contact tip portions 110,
120 may alternatively be separated and spaced from one another by an insulating or non-conductive
material which electrically isolates the first contact tip 110 from the second contact tip 120. To se-
cure thev positions of the welding contact tips, the particular embodiment of the welding gun 200 in-
cludes a first mounting head 130 engaged with the first contact tip 110 and a second mounting head
140 engaged with the second contact tip 120. The mounting heads 130, 140 includes a central pas-
sage 132, 142 for communication with the inner passageways 114, 124 of the contact tip portions
110, 120. Accordingly, shielding gas and/or electrode wire E fed to the torch 200 can continuously
fed from the passageways 132, 142 of the mounting heads to the inner passageways 114, 124 of
the contact tips 110, 120. Of cburse, the shielding gas can be delivered via other structural pas-
sages without departing from the spirit or scope of the present invention. The mounting heads 130,
140 are also formed with threaded receivers 134, 144 for respectively engaging the threaded exten-
sions 118, 128 of the contact tips 110, 120. The mounting heads 130, 140 may be configured as a
known standard component shown and described, for example, in U.S. Patent No. 7,262,386, which
is incorporated herein by reference in its entirety. Accordingly, the mounting heads 130, 140 to-
gether with the contact tips 110, 120 may define axially spaced cylindrical surfaces which further
define within the interior of the welding gun housing, one or more annular shielding gas passages
through which the shielding gas may flow and exit distally to shieild the welding arc during the weid-
ing process.

[0037] In order to selectively apply one or more segments of the welding waveform to the
first and second contact tip portions and the welding wire electrode E, the contact tip portions
110/120 are each, respectively, coupled to the power supplies 60/80 as described above. Still refer-

ring to FIG. 3, the welding torch 200 further includes a first power sleeve 150 engaged with the first
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mounting head 130 and a second power sleeve 160 engaged with the second mounting head 140.
In one particular embodiment, the power sleeves 150, 160 are substantially annular members each
having a central bore in which the mounting heads 130, 140 are secured. Each of power sleeves
140, 150 are secured to the interior surface of an insulating sleeve 170 disposed along the inner
surface of the housing 102 of the welding torch 100. The power sleeves 140, 150 are axially spaced
within the insulating sleeve 170 so as to define or correspond to the desired axial spacing between
the contact tip portions 110, 120 and ensure that each of the portions 110/120 remain electrically
isolated from each other.

[0038] One or more segments of the welding waveform signal selectively applied to the
contact tips 110, 120 through the power sleeves 150, 160, which are each, respectively, coupled to
the power supplies 80 and 60 by appropriate leads.

{0039] Because the delivery of the welding waveform may be selectively applied to the
contact tips 110, 120 and therefore selectively applied to the electrode wire E at different stick out
lengths, the overall heat input from the welding waveform into the electrode wire E can be controfled
and more efficiently used. That is, because different portions of the waveform can be provided at
different stick-out lengths, the welding operation has greater flexibility in controlling stability and heat
input, which will be further explained below. For example, lower current may be used in a stable
manner over selected portions of the welding process. Moreover, faster pulsed and fast responsive
power sources may be used in delivery of welding waveforms due to the selective application of the
pulsed waveform at relatively short stick out lengths.

[0040] Furthermore, the fact that the background current is being provided at a longer stick
out length can reduce the amount of current needed for the pulses to provide proper transfer of the
electrode E to the weld puddle. Specifically, because of the length of the stick out for the back-
ground current there will be additional heating of the electrode E as the current passes through the
length of the electrode E. Because of this additional heating less energy will be needed by the
pulses to provide sufficient droplet transfer during welding. That is, less overall power will be
needed to provide the melting and transfer of the electrode E during welding. For example, for a
particular MIG welding operation it may be needed to have a peak current of 350 amps for each of

the pulses and a background current of 50 amps to provide an effective welding operation. With
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embodiments of the present invention, the pulse peak current can be reduced (to 300 amps, for
example) while still obtaining the desired droplet transfer, and the background current can be
dropped (for example, from 20 to 10 amps) and still maintain a stable arc during the background.
Thus, the overall effect is that a weld can be achieved with significantly less overall heat input into
the weld joint, which is desirabie for various known reasons. For example, when a low background
current is maintained the frequency of the welding waveform can be increased. This results in an
increase of the focus of the welding arc. With this, the weld puddle becomes form controlled and the
moilten droplets from the electrode E are more easily delivered to the desired location (that is, the
droplets go where they are pointed). This can provide optimal welding when welding vertical up, and
other out-of-position welding applications. Further, when welding at lower wire feed speeds the use
of lower background currents provide for an increased range of operating frequencies. That is,
when welding with a lower wire feed speed with embodiments of the present invention the welding
frequencies can be increased. Furthermore, lower wire feed speeds can be attained because of the
higher attainable frequencies. Additional embodiments can provide advantages at high wire feed
speed welding applications, for example those that go from axial spray transfer to rotational spray
transfer at high wire feed speeds. By forcing more current through the upper portion 110 (that is — a
high background current ievet) the overall current used for welding can be reduced (when compared
to prior systems) because of the longer stick out of the background current. As such, embodiments
of the present invention can be the overall current below a level which would otherwise case rota-
tional spray transfer and keeping the welding process in a stable axial spray transfer mode.

[0041] Referring again to Figure 3, in other exemplary embodiments of the present inven-
tion, the gun 200 has a structure/mechanism which allows the gap G between the contact tip por-
tions 110 and 120 to be adjustable. That is, the structure of the torch 200 can have a rotatable
member (not shown) which, when rotated, alters distance between the portions 110/120 while keep-
ing the portions 110/120 axially aligned. This allows a user to manually adjust the distance between
the portions 110/120 to achieve a desired stick out distance for the upper portion 110.

[0042] Turning now to Figures 5A through 5E, various exempiary waveforms and waveform
portions are shown. It should be noted that the waveforms shown in Figures 5A-5E are very simplis-

tic pulse waveforms and are intended to be exemplary. Embodiments of the present invention are
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not limited to the express waveforms shown in these figures. As shown in Figure 5A, a waveform
500 is shown which is the waveform providing the welding arc. As in typical pulse welding opera-
tions, the waveform 500 has a plurality of pulses 501 and a background portion 503 between the
pulses 501. Typically, molten droplets of the elecirode E are transferred during the pulses, where |
the overall current is the highest and the arc is maintained during the background portion 503. The
waveform 500 represents an exemplary waveform that can be created by embodiments of the pre-
sent invention.

[0043] Figure 5B depicts the pulses 501 of the waveform 500 which are emitted by the
power supply 60 and provided to the electrode E through the contact tip portion 120. As shown in
this embodiment, the current pulses 501 are emitted by the power supply 60 such that no back- |
ground current is 'provided between the pulses. That is, the power supply 60 only emits current
pulses 501 and emits no current between the pulses. Of course, in other exemplary embodiments,
the power supply 60 can emit some current between the pulses 501. Figure 5C depicts the back-
ground current 503 that is emitted by the power supply 80 during welding. In the embodiment
shown, this current 503 is the background current 503 as shown in Figure SA. Thus, during welding
the pulses 501 and the background current 503 are combined in the electrode E to provide the
waveform 500 used for welding. An advantage of this configuration is that the pulses 501 are emit-
ted by a power supply 60 having a low level of inductance, such that the pulses 501 can be emitted
with the desired current ramp rates, while the background current 503 is emitted by a power supply
80 having a high level of inductance. This means that at a low current level, the high inductance will
aid in keeping the arc (during background) stable at lower current levels than normally utilized. Fur-
thermore, because the background current 503 is being provided with a longer than normal stick-out
length, less current will be needed during the background portion because of the additional heating
of the electrode E due té its longer stick-out length. As such, embodiments of the present invention
allow for significantly lowér background currents to be utilized during welding and thus significantly
lower heat input into the weld. For example, embodiments of the present invention can utilize back-
ground currents in the range of 5 to 20 amps, and in other embodiments the background level can

be in the range of 5 to 15 amps.
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[0044] Therefore, embodiments of 'thé present invention can be utilized to control heat input
into a weld. For example, the system controller 70 can be utilized to control the magnitude of the
background current 503 and/or pulses 501 to control the heat input into the weld.

[0045] Thus, as described above and shown in Figures 5A-5C a welding waveform 500 can
be constructed with two different current signals from two different power supplies 60/80. Of course,
it should be noted the magnitude of the background current should be taken into account when de-
termining the peak magnitude of current to be provided by the power supply 60. Specifically, the
background current 503 will be added to the current from the power supply 60 during the pulses
such that a total current wilt be provided. Thus, if the background current 503 is desired to be at 10
amps, and the peak current for the pulses 501 is desired to be at 300 amps, the power supply
should provide a peak of approximately 290 amps during the pulses such that the combined current
does not exceed a desired amount.

[0046] Figure 5D depicts another exemplary welding waveform where both power supplies
60/80 are capable of providing an alternating current profile. In some welding operations it may be
desirable to utilize a welding waveform having two different polarities at different times. In these
embodiments, the power supplies 60/80 provide pulses 501 and a background current 503 of a first
polarity, and then for a different duration of the welding provide pulses 501’ and a background cur-
rent 503’ (respectively) of a second polarity.

{0047 Figure 5E depicts yet another exemplary waveform that cén be generated with em-
bodiments of the present invention. In such embodiments, the background current can be changed
from a first level 505, providing a first heat input into the weld, to a second level 505, to provide a
second heat input into the weld. In exemplary embaodiments this change can be effected solely by
changing the output of the background power supply 80. In other embodiments, this change can be
effected by solely the power supply 60 by the addition of a background current output between
pulées, and in yet other embodiments the background current change can be a result of changes in
the output of both power supplies 60/80. Of course, it should be noted that if rapid changes in the
current level are needed it may be desirable to effect those rapid changes with the power supply 60,

which has a lower inductance level than the power supply 80.
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[0048] Figure 6 depicts a single period PD of an exemplary embodiment of a more complex
pulsed welding waveform 600 which can be used by the system 100 when welding. The waveform
600 has a number of discrete segments or portions which may be selectively applied to the contact
tips 110, 120 and the welding electrode E to provide for a desired weld arc. At the beginning of the
pulse is the front flank 201 which defines the ramp-up rate of the waveform over which a molten
droplet is formed at the end of the welding electrode E. The level 202 defines an overshoot in the
waveform 600, which quantifies the amount of energy required to overcome the influence of induc-
tance in the power source and/or cable length to the power source. The pulse peak current level
203 defines the maximum amplitude of the waveform used in the welding operation which is directly
related to the amount of weld penetration. The peak current level 203 is maintained for a duration T,
also referred to as the peak current time or peak time. The duration T is directly related to the width
of the resultant weld bead. After the peak time T, the waveform 600 includes a tail-out segment 204
which adds energy to the molten droplet during droplet transfer. The tail out speed 205 is directly
related to the ﬂuidity of the fluid puddle. A step-off segment 206 reduces the tendency for fine drop-
let spatter and concludes at the background current segment 207. After reaching the step-off cur-
rent 206 the current is dropped to a background level 207, which maintains the welding arc for a
duration TB. After the time TB, the front flank 201 of the following pulse is begun and the process is
repeated. In exemplary embodiments of the present invention, the portions 201 - 206 are emitted by
the power supply 60 and directed to the contact tip portion 120, while the background 207 is emitted
by the power supply 80 and directed to the contact tip portion 110. Thus, all current about the back-
ground level 207 is emitted by the power Supply 60. As is generally understood, the puise frequency
is determined based on the time from the beginning of the front flank 201 of a puise to the end of the
duration TB or the inverse of the waveform period PD. The frequency of the waveform is inversely
related to the width of the arc cone of the welding arc. Accordingly, increasing the frequency nar-
rows the arc cone and decreasing the frequency broadens the arc cone. Further, as frequency can
control the droplet size, as the frequency increases (with the same wire feed speed) the droplet size
decreases. Alternative pulsed welding waveforms may be applied, for example, those shown and

described in U.S. Patent No. 7,173,214, which is incorporated herein by reference in its entirety.
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[0049] In one particular embodiment of the subject welding process using the welding sys-
tem 100, lower current levels are used than those previously employed during the background seg-
ment 207 of the welding process by applying a constant current to the electrode through the first
welding contact tip portion 110. The remainder of the welding waveform 600 is then applied to the
welding electrode wire E through the second welding contact tip 120, and can also have lower weld-
ing current levels as described above. More specifically, in exemplary embodiments the background
segment 207 is a constant low level current ranging between 1 amp and 20 amps from a constant
current generation circuit in the power supply 80. Again, as stated above, to maintain the stability of
the low level current of the background segment 207, the constant current circuit has a high induc-
tance, for example, 20 milli henries to maintain an arc at 5 to 20 amps. The larger stick out length
defined by the first contact tip portion 110, as compared to that of the distally disposed second weld-
ing contact tip portion 120, permits the heat input of the low level constant current of the background
segment 207 to be better used over a longer distance and for a longer time to preheat the electrode
E over the first stick out length. Preheat of the electrode wire E by the first contact tip portion 110
over the background segment 207 reduces the amount of heat input required by the second contact
tip 120 and the remainder of the welding waveform 600 to melt the electrode E in formation of the
weld.

[0050] Accordingly, as stated above, the non-background portion 201-206 of the pulsed
welding waveform 600 is generated by the power supply 60 and applied to the distally disposed
second welding contact tip portion 120. Moreover, because the background segment 207 is pro-
vided by power supply 80, the power supply 60 need not produce the low level background current
segment. The welding system 100 may take advantage of the shorter stick out length defined by the
second contact tip portion 120 as compared to the proximally located first contact tip portion 110.
Because of the shorter stick out length, the welding system 100 may have a low inductance and be
fast in response to better adapt the welding puise segment 201-206 to maintain the arc in accor-
dance with complex welding waveforms.

[0051] Because of the flexibility provided by embodiments of the present invention, a weld-
ing system 100 with muitiple welding contact tip portions for segmenting and selective application of

the welding waveform is advantageous for use in out-of-position pulsed welding.
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[0052] Referring again to Figure 3, one or both welding contact tip portions 110, 120 may
include spring loading assemblies 180, ﬁ82 to define a fixed contact point between the inner sur-
faces 112, 122 and the welding wireb electrode E. Exemplary spring loaded assemblies are shown
and described in U.S. Patent Publication No. 2009/0294427 which is incorporated by reference in its
entirety, and therefore, need not be described in detail herein. As the electrode wire E moves
through the contact tip passageways 114, 124 the spring assemblies 180, 182 forces the wire into
contact with the inner surface 112, 122. Thus, there is a fixed and predictable contact point for the
electrode in each of the contact tip portions 110/120. These fixed distances provide arc stability and
coordinates droplet formation with the pulses of welding waveform signal to optimize and minimize
variations in the welding process. Of course, in other exemplary embodiments such structure is not
needed in the contact tip portions 110/120.

[0053] While the invention has been described with reference to certain embodiments, it
will be understood by those skilled in the art that various changes may be made and equivalents
may be substituted without departing from the scope of the invention. In addition, many modifica-
tions may be made to adapt a particular situation or material to the teachings of the invention without
departing from its scope. Therefore, it is intended that the invention not be limited to the particular
embodiments disclosed, but thavt the invention will include all embodiments falling within the scope of

the appended claims.
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CLAIMS
1. A welding system (100), comprising:

a welding torch (200) having a contact tip which has an upper portion (110) and a lower por-
tion (120), where said upper portion (110) and said lower portion (120) are electrically isolated from
each other and each of said upper portion (110) and lower portion (120) make contact with the same
electrode (E) during a welding operation;

a first power supply coupled to said upper portion (110) which provides a first current wave-
form to said upper portion (110) during said welding operation; and

a second power supply coupled to said second portion (120) which provides a second cur-
rent waveform during said welding operation, such that said first and second current waveforms are

accumulated in said electrode (E) during welding to provide a welding waveform.

2. The welding system of claim 1, wherein said first current waveform is a background current

. for said welding operation, wherein preferably said first current waveform is in the range of 5 to 20

amps.

3. The welding system of claim 1 or 2, wherein said second current waveform comprises a
plurality of current pulses (501°), wherein preferably between each of said current pulses (501°) said

second current waveform has a no current portion.

4. The welding system of one of the claims 1 to 3, wherein said first power supply utilizes a first
output circuit to output said first current waveform and said second power supply utilizes a second
output circuit to output said second current waveform, and wherein said first output circuit has a

higher inductance than said second output circuit.

5. The welding system of one of the claims 1 to 4, wherein said first power supply utilizes a first
output circuit to output said first current waveform, and wherein said first output circuit has an induc-
tance: of no greater than 100 milli henries, preferably in the range of 15 to 80 milli henries, with a

saturation current in the range of 20 to 50 amps.
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6. The welding system of one of the claims 1 to 5, wherein said upper portion (110) has a stick
out length (L) in the range of 1 to 4 inches (2.54 to 10.16 cm), and the lower portion has a stick out

in the range of 0.5 to 0.75 inches (1.27 to 1.91 cm).

7. The welding system of one of the claims 1 to 6, wherein a dielectric spacer is provided be-

tween said upper and lower portions (110, 120).

8. The welding system of one of the claims 1 to 7, wherein each of said first and second power
supplies can change, respectively, a polarity of each of said first and second current waveforms

during welding.

9. A method of welding, comprising:

providing a welding torch (200) having a contact tip which has an upper portion (110) and a
lower portion (120), where said upper portion (110) and said lower portion (120) are electrically iso-
lated from each other;

directing a welding electrode (E) to each of said upper portion (110) and lower portion (120)
so that each of said upper and lower portions (110, 120) make electrical contact with said electrode
(E) during a welding operation;

providing a first current waveform to said upper portion (110) during said welding operation
from a first power supply; and

providing a second current waveform to said lower portion (120) during said welding opera-
tion, such that said first and second current waveforms are accumulated in said ‘electrode (E) during

welding to provide a welding waveform (500, 600).

10. The welding method of claim 9, wherein said first current waveform is a background current
for said welding operation, wherein preferably said first current waveform is in the range of 5 to 20

amps.
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11. The welding method of claim 9 or 10, wherein said second current waveform comprises a
plurality of current pulses.
12. The welding method of one of the claims 9 to 11, wherein between each of said current

pulses said second current waveform has a no current portion.

13. The welding method of one of the claims 9 to 12, further comprising utilizing a first output
circuit having a first inductance to output said first current waveform and utilizing a second output
circuit having a second inductance to output said second current waveform, wherein said first induc-

tance is higher than said second inductance.

14. The welding method of one of the claims 9 to 13, utitizing a first output circuit to output said
first current waveform, wherein said first output circuit has an inductance of no greater than 100 milli
henries, preferably in the range of 15 to 80 milli henries, with a saturation current in the range of 20

to 50 amps.

15. The welding method of one of the claims 9 to 14, further comprising maintaining a stick out
length (L) in the range of 1 to 4 inches (2.54 to 10.16 cm) for said upper portion, and maintaining a
stick out in the range of 0.5 to 0.75 inches (1.27 to 1.91 cm) for said lower portion; and/ or further
comprising changing a polarity of each of said first and second current waveforms during said weld-

ing operation.
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