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APPARATUS FOR AND METHOD OF STARTING ARC WELDING PROCESS WITH PULSING WIRE
BEFORE INITIATION OF ARCING

Field of the Invention
[01] The invention is related to devices, systems, and methods, that relate to

welding, and more specifically that are related to starting an arc welding process.
TECHNICAL BACKGROUND

[02] When starting a welding application the welding electrode (or filler wire)
can tend to spatter when the electrode makes contact with the work piece. This typically
occurs because the welding current is started at the time contact is made between the

electrode and the work piece. The spatter can cause defects in the weld joint.
SUMMARY OF THE INVENTION

[03] Against this background it is an object to improve arc starting methods.
This problem is solved by a method of welding according to claims 1 and by a 'welding
system according to claim 15. Further embodiments are subject of the subclaims. An
exemplary embodiment of the present invention is a welding system and method for
welding where the method includes advancing an electrode towards at least one work
piece to be welded, where the advancement is pulsed between a first advancement rate
and a second advancement rate and the first advancement rate is higher than the sec-
ond advancement rate. A sensing voltage is provided to the electrode and a contact is
detected between the electrode and the at least one work piece. Then a separation of
the electrode from the at least one work piece is detected. After separation the pulsing

of the electrode is stopped and the electrode is advanced toward the at least one work

CONFIRMATION COPY
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piece at a first fixed speed, and after separation a welding current is provided to the

electrode to weld the at least one work piece.
BRIEF DESCRIPTION OF THE DRAWINGS

[04] 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 ac-

companying drawings, in which:

[05] FIG. 1 illustrates a diagrammatical representation of a welding system in

accordance with an exemplary embodiment of the present invention; and

[06] FIGs. 2 through 5 illustrate diagrammatical representations of weld start-

ing operations in accordance with various embodiments of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS AND OF EXEMPLARY EMBODI-
' MENTS

[071 Exemplary embodiments of the invention will now be described below by
reference to the attached Figures. The described exemplary embodiments are intended
to assist the 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 throughout.

[08] Figure 1 depicts an exemplary welding system 100 in accordance with an
embodiment of the present invention. The system 100 comprises a welding power sup-
ply 101, a wire feeding mechanism 103, and a detection circuit 115 which can detect
voltage, current, or both. The welding power supply 101 is coupled to a work piece W
via a ground connection 111 and to the wire feeder 103 via a lead 113. It is noted that

the leads 111 and 113 are shown as negative and positive respectively, however, this is
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not intended to limit embodiments of the present invention to DC welding, as the power
supply 101 can perform AC or reverse polarity welding as well. The wire feeder mecha-
nism 103 uses a lead (npt shown) to provide a welding signal from the lead 113 to a
welding torch 105. The welding signal is passed from the welding torch 105 to a weld-
ing electrode 107. The welding electrode 107 is drawn from a source 109 via rollers 104

in the wire feeding mechanism.

[09] In an exemplary embodiment, the detection circuit 115 uses a lead 117
coupled to the torch 105 and a lead 119 coupled to the work piece W to sense the volt-
age between the welding electrode 105 and the work piece W, and the system uses
leads 111 and 113 to sense the current. Such current and voltage sensing circuits are
generally known. In other embodiments, the current can also be sensed by the circuit
115. The sensed current and/or voltage is transmitted to the welding power supply 101
via a lead 123, and a control lead 121 couples the wire feeding mechanism 103 to the
power supply 101. Of course, if leads 111/113 are used to sense the current, the power
supply 101 senses the current directly. The circuit 115 can be any type of circuit which
is capable of detecting the real time voltage and/or current between the electrode 107
and the work piece W, and can be integral to the power supply 101 or the wire feeding
mechanism 103. The circuit 115 is depicted as a separate component in Figure 1 for
clarity and is not required to be a separate component of the system 100. In fact, the
circuit 115 can be the same circuit used by the power‘ supply 101 to detect the real time
welding current and/or voltage used for control the welding signal. The lead 123 com-
municates feedback information from the circuit 115 to the power supply 101 and the
lead 121 allows the wire feeding mechanism 103 and the power supply 101 to commu-

nicate with each other to control the wire feeding and welding operations as needed.

[10] Also shown in Figure 1, in some embodiments, a robotic or semi-
automatic movement device 125 moves and positions the torch 105 during welding. In

other exemplary embodiments, the positioning of the torch 105 can be via semi-
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automatic welding operations via a user, and need not be a robotic welding device. In
the embodiment shown, the device 125 positions the torch 105, and controls the move-
ment of the torch 105 and/or work piece W, in accordance with a program stored in a
system controller 127. Such components of a robotic or semi-automatic welding system
are generally known and need not be described in detail herein. As shown, the system
controller 127 can be coupled to the welding power supply 101 and wire feeding
mechanism 103 to control their operation prior to and/or during welding. Further, the
feedback from the circuit 115 can be provided directly to the system controller 127 to

control the overall welding operation as described below.

[11] As indicated previously, starting a welding operation can be difficult as
spatter can be created when the initial welding arc is created. The following method,
employing the above exemplary system 100, allows for the initiation of the welding op-
eration without creating any significant spatter. Figures 2 through 5 depict various
methods of starting an arc welding operation in accordance with exemplary embodi-

ments of the present invention.

[12] As shown in the Figure 2, at the beginning of the operation the power
supply 101 is providing and regulating a sensing voltage V1 to the wire 107. In an ex-
emplary embodiment of the present invention, the voltage V1 is at least 10 volts. In fur-
ther exemplary embodiments, the voltage is at least 15 volts, and in yet additional em-
bodiments the voltage V1 is between 15 and 60 volts. Of course, other values can be
utilized without departing from the spirit or scope of the preseht invention. Because
there is no contact and no arc between the electrode 107 and the work piece W there is
no current. Additionally (at Step 1) the electrode 107 is advanced toward the work piece
W in a pulsed fashion. That is, the electrode 107 is advanced at a first speed S1 for a
period of time T and then advanced at a second speed for a period of time T'. In some
embodiments the times T and T’ can be the same, while in other exemplary embodi-

ments the time T is longer in duration, and in further exemplary embodiments the time
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T is longer in duration. This pulsing can be achieved in a number of different ways. For
example, the wire feeder 103 can feed the wire at speed S1 for the time T and then stop
feeding for time T°, but since there will be some compressive forces existing in the wire
after the initial pulse the wire 107 will still advance at speed S2, as the wire relaxes. Al-
ternatively, during the time T’ the wire feeder 103 can simply be feeding the wire 107 at
a second speed S2. Thus, in some exemplary embodiments the wire feeding mecha-
nism 103 pulses the wire feeding by start and stopping the wire feeding mechanism
103, while in other exemplary embodiments the pulsing can be from one feed speed to
another feed speed by the wire feeder 103. Thus, for example, during the feeding pulse
the speed of the feeding of the electrode 107 is at a first level S1 for a period T and then
at a second speed S2 for the time T’, which is less than the speed S1. The electrode
107 is fed/pulsed by the wire feeding mechanism 103 such that the electrode makes
contact with the work piece W (Step 2). The pulsing of the electrode 107 can be con-
trolled in a number of different ways, including feeding the electrode at a set speed S1
for a period of time T, or the wire feeding mechanism can be controlled by advancing
the electrode 107 a set distance for each pulse, at a set rate S1. Because contact is
made, the voltage between the electrode 107 and the work piece W drops to nearly

zero and the current will begin to flow.

[13] When the wire 107 makes contact with the work piece W (Step 2) the de-
tection circuit 115 detects either the flow of current and/or the drop in voltage to a con-
tact level Vc and provides that feedback to the power supply 101 and/or system control-
ler 127. In some exemplary embodiments, the voltage contact level Vc is set at 2 volts,
such that when the voltage reaches 2 volts, or below, the controller 127 and/or power
supply 101 determines that contact has been made. In other exemplary embodiments of
the present invention, the voltage contact level Vc can be set at 1 volt. Of course, other

values can be utilized without departing from the spirit or scope of the present invention.
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[14] Now that contact has been made a first current C1 is provided through the
wire 107 and into the work piece W, which is less than an arc welding current level.
That is, the current level C1 is at a level such that although a small arc can be created
between the wire 107 and the work piece W the current is not so high that arc welding
begins. In exemplary embodiments of the present invention the current level C1 is no
more than 20 amps. In another exemplary embodiment of the present invention, the
level C1 is no more than 10 amps. In a further exemplary embodiment, the current level
C1 is in the range of 10 to 20 amps. Of course, other values can be utilized without de-
parting from the spirit or scope of the present invention.

[15] In some embodiments, once contact has been made the power supply
101 switches from a voltage regulation mode (which is used to regulate the wire voltage
V1 prior to wire 107 contact) to a current regulation mode to regulate the current level
C1. Such regulation circuitry is known and need not be described in detail herein. In
other exemplary embodiments, the power supply 101 can continue to use voltage regu-
lation techniques with a current limit ability to ensure that the current C1 is maintained at
the desired level C1.

[16] After contact (as shown at step 3) the wire 107 rebounds. Stated differ-
ently, because of the pulsing nature of the wire feeding operation the wire 107 essen-
tially bounces off of the work piece W after it makes contact with the work piece W.
This bounce or rebound occurs because of the inherent flex in the wire 107 that results
from the pulsing of the wire 107. That is, as the wire 107 is being pulsed it is being re-
peatedly compressed and relaxed within its wire delivery system. Because the bounce
or rebound of the wire 107 breaks the contact between the wire 107 and the work piece
W the voltage begins to rise again to a rebound voltage level V2. This rebound voltage
level V2 is less than the initial voltage level V1 (because current is now flowing) and
higher than the contact voltage level Vc. In exemplary embodiments, the rebound volt-

age level V2 is at least 5 volts, while in other exemplary embodiments, the rebound
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voltage level V2 is at least 8 volts. In further embodiments the rebound voltage level V2
is in the range of 5 to 8 volts. Of course, other values can be utilized without departing
from the spirit or scope of the present invention. Further, the rebound voltage level V2

may or may not be the regulated voltage level for welding.

[17] This rebound voltage level V2 is detected by the detection circuit 115
which communicates the detected voltage to at least one of the controller 127 and
power supply 101, and the power supply 101 uses this information to begin the welding
operation. Thus, as the rebound voltage level V2 is reached the power supply 101 pro-
vides a welding current CW, which can be the current used for a desired welding opera-
tion. The welding current CW will be higher than the current C1. In some embodiments
of the present invention, the current CW can be the same as a background current
level, as used in a GMAW-pulse type welding waveform for a welding operation. For
example, if a GMAW-pulse welding waveform is to be used for welding having a back-

ground level of 60 amps, the current level CW will be set at 60 amps.

[18] Additionally, after the detection of the rebound voltage V2 the wire feeding
mechanism 103 is signaled to stop pulsing the feeding of the wire and feed the wire
continuously at a second speed S1’. In some exemplary embodiments, the second
speed S1’ can be the same as the initial speed S1, but it is not pulsed. Additionally, in
these embodiments the second speed S1’ is used for a period T” to allow for the initial
arc 201 to be created and stabilized, after which the wire is fed at a welding speed SW
which is the speed for the desired welding operation. The initial arc 201 is essentially
the initiation of a final welding arc and has sufficient energy to begin melting at least one
of the work piece and the wire 107 for welding. As shown at Step 5 the full welding arc
203 is present and the welding operation is occurring. In alternative embodiments, the
second speed S1’ is higher than the speed S1, and can be the speed at which the weld-
ing operation is to be conducted (SW).
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[19] At step 5 the welding arc 203 is fully established and the welding opera-
tion proceeds as desired at the desired current, voltage and wire feed speed levels. Of
course, the welding operation can be any type of welding operations, including but not
limited to pulsed, non-pulsed, MIG, GMAW, SAW, FCAW, etc. Embodiments of the pre-
sent invention are not limited by the type of welding waveform employed during the

welding operation.

[20] Figure 3 depicts another exemplary starting method which is similar to that
shown in Figure 2. However, in this embodiment an intermediate current level C2 is ini-
tiated after the rebound (Step 3) and prior to the initiation of the welding current CW.
This intermediate current C2 is used to establish the initial arc 201 and is at a level
above the initial current C1 and below the welding current CW. This intermediate cur-
rent C2 is used during the time period T” at which time the wire is fed at the speed S1’
which is less than the welding speed SW and is equal to or higher than the initial pulse

speed S1. Additionally, in this embodiment the wire 107 is not fed during the time T’ be-

tween pulses such that the wire 107 essentially stops between pulses.

[21] Figure 4 depicts another exemplary embodiment which is similar to Figure
2. However, in this embodiment the wire feed speed is increased to the welding wire
feed speed level SW after the rebound voltage V2 and/or welding current CW is
reached by the power supply 101. Thus, in this embodiment there is no intermediate
wire feed speed S1' and the wire feed speed is fed at the welding speed SW once the

rebound is detected.

[22] Figure 5 depicts another exemplary embodiment of the present invention.
Again, many aspects of the starting method are similar to the other figures. However, in
this embodiment the wire 107 is retracted by the wire feeder 103 after contact is de-
tected. Thus, after the wire contact is detected the wire feeder 103 is instructed to re-

tract or reverse the wire 107. This can be accomplished in a number of ways. For ex-
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ample, in some embodiments the wire feeder 103 can be instructed to retract the wire
107 at a reverse speed SR for a period of time TR. Alternatively, the wire feeder 103
can be instructed to retract the wire 107 a predetermined distance. Then, after the wire
is retracted and the appropriate voltage and/or current levels are detected the welding
operation can begin. Although Figure 5 depicts that the welding current CW and welding
wire feed speed SW are reached after retraction, like the embodiment shown in Figure 3
an intermediate current and wire feed speed level can be utilized without departing from

the spirit and scope of the present invention.

[23] In an exemplary embodiment of the present invention, the control imple-
mented by the system controller 127 and/or power supply 101, and any other control
electronics used, are high speed control electronics. The use of high speed control elec-
tronics allows for the rapid control of the system to ensure rapid establishment of the arc
201 after contact is made between the electrode 107 and the work piece W. In an ex- |
emplary embodiment of the present invention, the system controller 127 controls the
power supply 101 and the wire feeding mechanism 103 such that the timing between
contact of the electrode 107 with the work piece W (step 2) and the start of the arc 201
(step 4) is in the range of 20 to 50 ps. In another embodiment, the timing is in the range
of to 30 to 40 us. With this timing an arc can be established quickly with minimal or no
spatter, unlike prior arc starting methods. In another embodiment of the present inven-
tion, the above timing is the timing between contact of the electrode 107 with the work
piece W (step 2) and the time at which the wire feeding mechanism starts feeding the

electrode at the welding wire feed speed SW.

[24] In the embodiments described above, the controlier 127 and/or the power
supply 101 utilize the detected voltage and/or current levels to control the starting
method. However, other exemplary embodiments can use other detection methods
without departing from the scope or spirit of the present invention. For example, em-

bodiments of the present invention can monitor the rate of voltage change dv/dt and the
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rate of current change di/dt, in place of the voltage and current detection, respectively,
described above. That is, by monitoring the rate of change of the voltage and/or current
the controller 127 and power supply 101 can implement the starting methods described
above. Such embodiments can use voltage and/or current premonition circuits such that
the same control methodology described above is employed. The construction and utili-
zation of such circuit types are generally known and need not be described in detail

herein.

[25] While the invention has been particularly shown and described with refer-
ence to exemplary embodiments thereof, the invention is not limited to these embodi-
ments. It will be understood by those of ordinary skill in the art that various changes in
form and details may be made therein without departing from the spirit and scope of the

invention as defined by the following claims.
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What is claimed is:

A method of welding, comprising:

advancing an electrode (107) towards at least one work piece (W) to be welded,
where said advancement is pulsed between a first advancement rate and a sec-
ond advancement rate, where said first advancement rate is higher than said
second advancement rate;

providing a sensing voltage (V1, V2) to said electrode (107);

detecﬁng a contact between said electrode (107) and said at least one work
piece (W);

detecting a separation of said electrode (107) from said at least one work piece
(W),

stopping said pulsing of said electrode (107) after detecting said separation;

after said stopping of said pulsing, advancing said electrode (107) toward said at
least one work piece (W) at a first fixed speed; and '

after said detection of said separation, providing a welding current (C1,C2,CW) to

said electrode (107) to weld said at least one work piece (W).

The method of claim 1, wherein said advancement is pulsed at said first ad-
vancement rate for a first duration and at said second advancement rate for a

second duration, where said first and second durations are not the same.

The method of claim 1 or 2, wherein said detecting of said contact between said
electrode (107) and said at least one work piece (W) comprises at least one of
detecting a voltage (V1, V2) and detecting a current (C1,C2,CW) between said

electrode (107) and at least one work piece (W).

The method of any of the claims 1 to 3, wherein said detecting of said contact

between said electrode (107) and said at least one work piece (W) comprises de-
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termining when a contact voltage between said electrode (107) and said at least

one work piece (W) is at or below a contact voltage level.

The method of any of the claims 1 to 4, further comprising providing a post-
contact current to said electrode (107) after said detection of said contact, where
said post-contact current is less than said welding current (W).

The method of any of the claims 1 to 5, wherein said detection of separation
comprises monitoring a voltage between said electrode (107) and said at least
one work piece (W) and said separation is determined when said voltage reaches

or exceeds a rebound voltage level.

The method of any of the claims 1 to 6, wherein said sensing voltage is at least
10 volts, and/or wherein said contact voltage level is no more than 2 volts, and/or
wherein said post-contact current is no more than 20 amps, and/or wherein said
rebound voltage level is less than said sensing voltage, and/or wherein said re-

bound voltage is at least 5 volts.

The method of any of the claims 1 to 7, wherein said electrode (107) is advanced
at said first fixed speed (S1, S’, 82, SR, SW) for a first duration and after said
first duration said electrode is advanced at a second fixed speed (S1, S°, S2, SR,
SW) which is faster than said first fixed speed (S1, S, S2, SR, SW).

The method of any of the claims 1 to 8, wherein after said detection of said sepa-
ration an intermediate current is provided to said electrode (107) before said
welding current is provided to said electrode (107), where said intermediate cur-

rent is less than said welding current.
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The method of any of the claims 1 to 9, wherein said first fixed speed (S1, S’, S2,
SR, SW) of said electrode is the same as said first advancement rate of said
electrode (107).

The method of any of the claims 1 to 10, further comprising providing a post-
contact current to said electrode (107) after said detection of said contact until
said separation is detected, and after said detection of said separation an inter-
mediate current is provided to said electrode (107) before said welding current is
provided to said electrode (107), where said intermediate current is larger than

said post-contact current and less than said welding current.

The method of any of the claims 1 to 11, further comprising reversing a direction
of said electrode (107) for a reversing duration after detection of said contact.

The method of any of the claims 1 to 12, wherein said first fixed speed (S1, S’,
S2, SR, SW) is a welding speed for said electrode (107).

The method of any of the claims 1 to 13, wherein said first fixed speed (S1, S,
S2, SR, SW) is maintained for a duration and said intermediate current is pro-
vided for said duration, and after said duration said electrode (107) is provided at

a second fixed speed and said welding current is provided.

A welding system (100), comprising:

a power supply (101) which provides a sensing voltage to a welding electrode
(107);

a wire feeding mechanism (103) which advances said welding electrode (107)
towards at least one work piece (W); and

a detection circuit (115) which detects at least one of a voltage and current be-

tween said welding electrode (107) and said at least one workpiece (W);



10

WO 2013/128262 PCT/IB2013/000314
15

wherein said wire feeding mechanism (103) advances said welding electrode
(107) using a plurality of wire feed speed pulses, where said pulses have a first
wire feed speed rate for a first duration and a second wire feed speed rate for a
second duration;

wherein said detection circuit (115) detects a contact between said welding elec-
trode (107) and said at least one work piece (W) and detects a separation of said
welding electrode (107) and said at least one work piece (W); and ’
wherein after said detection circuit (115) detects said separation, said wire feed-
ing mechanism (103) advances said welding electrode (107) at a first fixed speed
(81, S’, S2, SR, SW) and said power supply (101) provides a welding current to
said welding electrode (107).
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