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ABSTRACT

The present invention is directed to a MIG welding machine having a 115V volt

inverter. Incorporation of the 115 volt inverter into the MIG welding power source reduces
the weight of the power source thereby increasing its portability. The power source may
include a power factor correction circuit to provide a near-unity power factor such that output
power of the inverter is more efficiently provided. Additionally, the 115 volt inverter is

constructed such that for short periods of time, the inverter may output power at a level that

exceeds its power rating.
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MIG WELDING MACHINE HAVING 115V INVERTER

BACKGROUND OF THE INVENTION

The present invention relates generally to welding systems and, more
particularly, to a welding machine designed to introduce a consumable wire electrode to
a weld and having an inverter to condition a 115 volt raw power input to a form usable by
the welding process.

MIG welding, formerly known as Gas Metal Arc Welding (GMAW), combines the
techniques and advantages of TIG welding's inert gas shielding with a continuous,
consumable wire electrode. An electrical arc is created between the continuous,
consumable wire electrode and a workpiece. As such, the consumable wire functions as
the electrode in the weld circuit as well as the source of filier metal. MIG welding is a
relatively simple process that allows an operator o concentrate on arc control. MIG
welding may be used to weld most commercial metals and alloys including steel,
aluminum, and stainless steel. Moreover, the travel speed and the deposition rates in
MIG welding may be much higher than those typically associated with either Gas
Tungsten Arc Welding (TIG) or Shielded Metal Arc Welding (stick) thereby making MIG
welding a more efficient welding process. Additionally, by continuously feeding the
consumable wire to the weld, electrode changing is minimized and as such, weld effects
caused by interruptions in the welding process are reduced. The MIG welding process
also produces very little or no slag, the arc and weld pool are clearly visible during
welding, and post-weld clean-up is typically minimized. Another advantage of MIG
welding is that it can be done in most positions which can be an asset for manufacturing
and repair work where vertical or overhead welding may be reqdi}ed.

To ease portability, MIG welding systems have been designed such that the wire
feeder and power supply circuitry are integrated within a single housing. Further, MIG
systems have been designed to be operable on a 115 VAC input. As a result, these
MIG systems may be transported to multiple welding sites and plugged into a standard
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and commonly available 115 volt terminal for power rather than a less common 230 volt
terminal. Designing the MIG machine to be opefable on a 115 volt line and integrating
the wire feeder and power source in a common housing provides a relatively compact
and portable unit. Generally, however, 'the output welding current of these portable
machines must be limited so that line current does not exceed the capacity of the circuit

breaker protecting the 115VAC line. The circuit breaker is typically a 15 or 20 amp
circuit breaker.

A prior art MIG welding machine operable on a 115 volt input is schematically
shown in Fig. 1. A typical 115VAC MIG machine 2 consists of a line frequency
transformer 3 designed to receive an 115VAC input 4 and feed the input to either a
controlled or uncontrolled rectifier 5. The rectifier in turn feeds an output capacitor 6 and
output filter choke 7. The capacitor 6 and filter choke 7 determine the welding
characteristics of the MIG machine. The capacitor 6 provides an instantaneous source
of stored energy which assists in the welding process by providing the high currents
typically required. The output filter choke 7 limits the rate of rise of the output current
which controls the harshness of the arc as well as the spatter level. That is, capacitor 6

and filter choke 7 regulate operation of wire feeder 8 to control the output 9 provided to a
weld.

MIG welders having 115VAC transformer-rectifier combination provide a
relatively compact and relatively portable machine. However, these known MIG welders
typically weigh 50 to 60 pounds, or more. In addition, these known MIG welders typically
have a wide profile to accommodate fitting of the transformer and wire feeder in the
single housing. These features detract from the portability of the welder. Also, as
mentioned above, the output rating must be limited so as not to trip the input line circuit
breaker. The output capacitor has a beneficial effect of being able to supply large
instantaneous currents to the output, but tends to make the line draw higher because of
the poor form factor of the line current. As a result, the welder has a relatively poor
power factor. In addition the overall nower efficiency of the transformer rectifier circuit is

fairly low. For example, for a given KVA input drawn from the AC line, only about 60-65
percent is converted o usable output welding power.
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It is therefore desirable to design a portable welder to carry out a MIG welding
process having a 115 volt inverter to condition a raw power input with improved power
factor characteristics and improved portability.
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BRIEF DESCRIPTION OF THE INVENTION

The present invention is directed to a MIG welding machine having a 115 volt
inverter that overcomes the aforementioned drawbacks. Incorporation of the 115 volt
inverter into the MIG welding power source reduces the weight of the power source
thereby increasing its portability. The power source includes a power factor correction
circuit to provide a near-unity power factor such that output power of the inverter is more
efficiently provided. Additionally, the 115 volt inverter is constructed such that for short
periods of time, the inverter may output power at a level that exceeds its power rating.

Therefore, in accordance with one aspect of the present invention, a MIG welding
power source has a raw power input configured to receive a raw power signal for a MIG
welding process. The raw power signal has a voitage level of at least approximately
115V. The power source includes an inverter configured to receive the 115V signal and
provide a welding output suitable for MIG welding. The power source further includes a
welding power output configured to supply the welding output for a MIG welding process.

In accordance with another aspect, the present invention includes a method of
regulating a power source having an 115V inverter to condition raw power into a form
usable by a MIG welding process. The method includes determining a maximum
allowable voltage error given an output condition at a weld and determining an
instantaneous command current given the maximum allowable voltage error. The
method further includes inputting a signal proportional to the instantaneous command
current {o a controller of the 115V inverter. The signal is designed to regulate the
controller to provide a control signal to regulate an output of the 115V inverter.

According to another aspect of the present invention, a MIG welding system
includes a power source having an 115V inverter configured to condition a raw power
input into a form usable by a MIG welding process. They system also has a wire feeder
connected to the power source and configured to introduce a consumable electrode to a
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weld and an electrode holder configured to receive the consumable electrode and place the

consumable electrode in relative proximity to a workpiece at the weld.

According to yet a further aspect of the present invention, a method of controlling
output of a MIG welding power source includes a step of detecting a prolonged short circuit
at a weld. The method also includes the step of increasing output current at a first ramp rate
so as to clear the prolonged short circuit at the weld. The output current is then increased

to a second ramp rate once the output current reaches a preset threshold.

The invention in a further broad aspect seeks to provide a MIG welding power source
a raw power input configured to receive a raw power signal for a MIG welding process, the
raw power signal having a voltage level of approximately 115V, and an inverter configured
to receive the raw power signal and provide a welding output suitable for MIG welding. An
inverter controller is operably connected to the inverter and is configured to receive feedback
regarding a weld state at a weld and control the inverter to provide a welding output at a
current level greater than the rated current level when a short is detected to clear the short,
and a welding power output is configured to supply the welding output for a MIG welding

process.

In a still further aspect, the invention comprehends a MIG welding system comprising
a power source having an 115V inverter configured to condition a raw power input Into a
form usable by a MIG welding process, the power source including a power factor correction
circuit designed to boost the raw power input to provide a DC bus voltage greater than 115V
and provide a near-unity power factor. A wire feeder is connected to the power source and
is configured to introduce a consumable electrode to a weld, and an electrode holder is
configured to receive the consumable electrode and place the consumable electrode in relative

proximity to a workpiece at the weld.

Various other features, aspects and advantages of the present invention will be made
apparent from the following detailed description and the drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

The drawings illustrate one preferred embodiment presently contemplated for
carrying out the invention.

In the drawings:

Fig. 1 is a block diagram of a prior art power supply circuit.

Fig. 2 is a pictorial view of a welding system in accordance with one aspect of the
present invention,

Fig. 3 is a block diagram qf a power supply circuit in accordance with one
embodiment of the present invention.

Fig. 4 represents a pair of waveforms illustrating a short-arc MIG welding
Process. '

Fig. 5 Is a block diagram illustrating a controller for an 115V inverter for a MIG
power source. '

F'ig. 6 represents welding and logic waveforms illustrating inverter control in
accordance with the present invention.

Fig. 7 is state diagram illustrating operational control of an 115V inverter for a
MIG welding power source.

Fig. 8 is a flow chart setting forth the steps of a dual ramp rate algorithm in
accordance with another embodiment of the invention.

Fig. O represents a pair of waveforms for exemplary voltage and current resulting
from implementation of the control illustrated in Fig. 8. '

Fig. 10 represents a pair of waveforms illustrating commonalities in slope

between voltage and current resulting from implementation of the control illustrated in
FFig. 8.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Fig. 2, a welding-type system 10 is show incorporating the present
invention. System 10 includes a portable power source 12, which can be an AC or a DC
welding power supply operable in either a constant current (CC) or constant voltage
(CV) mode. The power source 12 has a work cable 14 and clamp 16 designed to hold a
workpiece 18 for welding. Power source 12 is also connected to a wire feeder 20 via an
input power cord or cable 21. Cable 21 is designed to translate power from the power
source 12 or other power supply to the wire feeder. Also connected between the power
source 12 and the wire feeder 20 is a weld cable 22. The wire feeder 20 also includes a
welding torch or gun 24 and a voltage sensing lead with clip (not shown) configured to
provide voltage at the weld feedback to the wire feeder and/or power source. A
shielding gas cylinder 28 is also connected to the wire feeder 20 to provide shielding gas
through hose 29 for the welding process. Alternately, the wire feeder 20 may be
disposed in the power source 12 to provide an integrated MIG welder. ‘

The wire feeder 20 includes a wire drive assembly (not shown) that includes a
spool of welding wire (not shown) that is supplied to the weld under control of a
controller (not shown) that is connected to the power source 12 through cord 22. The
controller is governed by a microprocessor capable of being programmed to operate
according to certain algorithms and/or programs. User selections or inputs received by
the controller from a display and control panel (not shown) and an internally

programmed algorithm cause welding system 10 to operate according to the user
selections.

When the welding torch 24 is positioned proximate to Wdf:kpiece 18, welding wire
Is fed into contact with the workpiece 18. Once friggered, an electrical current and

voltage are generated to cause the welding wire to be heated and melt. As a result, an -
electrical arc is established which causes the welding wire to continue to melt as well as

transfer the melted welding wire to the workpiece 18 where the welding wire fuses and
cools with the workpiece 18. Because the electrical energy supplied to the welding
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system is typically greater than that required to melt the welding wire, most of the
remaining energy is in the form of heat which is transferred to the surface of the
workpiece 18 resulting in the workpiece 18 also melting and improved bonding between
the melted welding wire and the workpiece 18. As the weiding torch 24 is translated

across the workpiece 18, melted welding wire is continuously transferred to the
workpiece 18.

In one exemplary embodiment, the wire feeder is configured to operate on 115
VAC control input power. The power source is designed to operate in either a CC or CV
mode. The wire feeder is designed to introduce flux cored, solid steel, or stainless steel
welding wire to a weld. One skilled in the art would appreciate that these values are
illustrative of only one particular welding assembly and that the present invention is -
equivalently applicable with other welding systems having different operating
specifications and other consumable electrodes.

To reduce the weight of the power source and thereby improve its portability
characteristics, the power source has an inverter assembly. Replacing the standard
transformer-rectifier circuit with a high frequency inverter power circuit reduces the
weight of the power source and improves the physical profile to allow for greater
portability. For instance, by' replacing the transformer-rectifier circuit with the inverter
circuit the weight of the machine may be reduced by half or more. Additionally, the
power circuit for the inverter requires significantly smaller components than the standard
transformer-rectifier circuit, which can be more readily arranged into a smaller, narrow
package further improving the portability of the MIG welder.

In addition, the high frequency inverter circuit typically has a higher power
efficiency than the transformer-rectifier. The inverter circuit can be further combined with
a power factor correction circuit (PFC) to further reduce the line draw for a given output
power. That is, for a high frequency inverter combined with a PFC, for a given KVA input
drawn from the AC line, 80 — 85 percent may be convértedxinto a usable output welding
power. This is a significant improvement in line-draw efficiency that can translate

8
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directly into high output ratings for the inverter-based MIG machine compared to a standard

transformer-rectifier MIG machine.

Referring to Fig. 3, a schematic representation of a power supply circuit of a power
source in accordance with the present invention is shown. The power supply circuit 30

includes, 1n one embodiment, a PFC stage 32 designed to receive an 115VAC input 34. The
PFC stage is designed to convert the incoming AC power signal into a DC bus voltage. In

one embodiment, the PFC stage 32 converts the incoming AC signal to a 400VDC signal.
The PFC stage 32 also re-shapes the input current to attain an improved form factor and,
subsequently, a relatively high power factor, namely a near unity power factor, e.g., 0.95
to 0.99. The DC bus voltage is fed to an input capacitor 36 which provides a source of
stored energy to inverter circuit 38 to provide power throughout the complete cycle of the
input voltage sine wave. Capacitor 36 may also provide the inverter 38 with the capability
of short bursts of higher than normal output power without increasing the AC line draw. In
this respect, energy storage capacitor 36 is similar to the capacitor is a known transformer-
rectifier topology; however, capacitor 36 stores energy at a much higher voltage, i.e.
approximately 400VDC. Since the amount of energy stored in the capacitor 36 is a function
of the voltage squared, a much smaller capacitor may be used to store energy at a higher
voltage which is advantageous for reducing the weight of the power source.

The DC bus voltage is fed to a high frequency inverter circuit 38 which converts the
power to the voltage and current levels required for the welding process. A controller 40
is used to control the output of the inverter 38. The output may be controlled by adjusting
the duty cycle of the transistors (not shown) of inverter 38. The controller receives, as
inputs, feedback regarding the output voltage and/or output current 42. The controller
utilizes the feedback signals to cause the output of the inverter to follow a desired waveform
based on the particular conditions of the welding arc. For high frequency imverter 38, the
controller 40 sets the output characteristics of the welding power source. In contrast, for
standard transformer-rectifier power sources, the output capacitor and filter choke set the

output characteristics. The inverter then provides a conditioned and controlled output to wire
feeder 44.
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The controlier for the inverter may demand that the power source deliver high
currents and/or high voltages resulting in high output power demands at times based
upon the conditions of the arc. This is particularly true for a MIG welding process known
as short-arc, where the arc load, rather than appearing as a fairly constant load, is
comprised of repetitive periods of short circuits and open arc. Short-arc is a preferred
process for low current, low heat input applications with smaller diameter welding wires.
Fig. 4 illustrates a typical short-arc welding current waveform 46 and voltage waveform
48. As shown, during a short circuit when the voltage 48 falls to a low value 50, the
current 46 will naturally start to rise to a maximum level 52 because of the constant
voltage characteristic of the power source, and when the short clears 52 the current wil
naturally fall back to some lower level 56. At the moment the short clears 52, the current

and voltage are both high for some period of time as the current naturally falls based on
either real or emulated circuit inductance.

The peak currents, during and immediately after the short circuit, can be two to
three times, or more, of the average current. For an 115VAC MIG welding machine, the
average output current is generally limited to less than 150 amps. In this regard, the
peak short circuit current demands become a significant issue, because the peak
currents can be typically two to three times or more of the actual rating of the power
source. For larger welding machines with higher oufput ratings, the high short circuit
currents are of less concern and therefore the power supply circuitry can simply deliver

the current and voltage as determined by the arc and by the particular dynamic
characteristics of the power source.

With a standard MIG welder having a transformer-rectifier circuit operable on an
1T15VAC input, these high current demands can be met by using energy stored in the
output capacitor, while at the same time momentarily drawing higher currents from the
AC line. A typical circuit breaker can handle significant short term overloads because of
their relatively slow time constant. This allows these types of machines to momentarily
draw more power from the line as needed to replenish the output capacitor following
periods of high current and voltage demand.

10
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In contrast, with an inverter based circuit topology, all of the power deli\}ered to
the output is processed in near real-time because of the limited amount of storage
capacitance on the output side. As such, the inverter circuit may be combined with a
large storage capacitor (not shown) on the output as well as a physical inductor (not
shown) to control the dynamic load line; however, these additional components may be
bulky and therefore mitigate the benefits of the inverter circuit by adding additional
weight and size, as well as cost to the power source. In addition, with this configuration,
the dynamics are controlled by physical components rather than a controller which limits
the ability to have different dynamic characteristics to suit different welding applications.

The processing of power by an inverter circuit is typically handled by
semiconductor switches (not shown), which are generally sized according to the average
‘output rating of the machine. In addition, because of the efficiency of these types of
circuits, most of the components are physically small, such as the transformers (not
shown) and the heat sinks (not shown) required for the semiconductors, which leads to
the small size and low weight of the inverter. In addition the control circuits for the
inverter 36 and the PFC 34 are designed for specific maximum current levels. As a
result, it is not practical to simply draw more power off the line as required by the load
than the control and semiconductors have been sized to handle, even for short
durations.  Further, to improve portability, it is not practical to use oversized
semiconductors, heat sinks, transforme'rs, and the like, to handle whatever the load
demanded. Preferably, the peak power demands of the load are substantially

minimized, while at the same time, managing the peak power that has to be delivered by
the inverter 36.

Referring now to Fig. 5, controller 40 of Fig. 3, which is designed to control
inverter 36 so that the peak current and power demands are reduced and controlled to
fall within the capabilities of the power source, Is shown in a block diagram. A voltage
feedback signal 58, Vib, proportional to the actual output voltage of the power source is
subtracted from a command signal 60, Vcommand, by a voltage error amplifier 62 to
produce a voltage error signal 64, Verror. The voltage feedback signal 58 is also input

11
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to a short circuit detector 66 which generates a logic signal, Vshort, 68 indicating
whether the condition of the welding arc load is at a short circuit condition or an open arc
condition. The controller includes a short circuit timer 70 which inspects the duration of
the short circuit phase of the voltage feedback signal to create another logic signal 72,
Vclear, which indicates that a particular short circuit has exceeded a preset time limit, i.e.
typically approximately five milliseconds. The rate of change of the voltage error signal
is controlled by a limiter block or stage 74. The rate of change of the voltage error
amplifier can be set differently for the arc phase and the short circuit phase of the arc by
use of logic sighal 68. The output of the limiter block 74 is fed to a current clamp stage
76 which clamps the VOItage error sighal to a maximum level. The maximum level is
dependent upon the particular conditions of the welding arc, as indicated by the logic
signals 68 and 72. In addition, the clamp level may be set based upon other inputs not
specifically illustrated. These other inputs may include the welding wire size and type,
the type of shielding gas, and the speed of the wire being fed into the arc by the wire
feeder. These other inputs may be either set-up or stationary inputs, or dynamic inputs
(such as the wire feed speed), as opposed to the signals 68 and 72 which are real-time
indicators of the welding process.

The output of the current clamp block 76 is a current command signal 78,
lcommand, that is input to the inverter detailing what level of output current the inverter
should produce to control the welding process. A signal 80 proportional to the actual
output welding current, Ifb, is subtracted from the lcommand signal 78 by a current error
amplifier 82, which in turn feeds the inverter control circuit 84, the output of which is

normally a pulse width modulated (PWM) signal 86 designed to control the output of the
inverter.

Control of the inverter is predicated upon detection of the state of the welding
process. That is, control of the inverter depends on whether a short circuit or open arc
condition is detected at the weld. Generally, when the welding process is initiated, the
output condition at the weld corresponds to an open arc phase condition. When an open
arc condition is detected, the current is clamped or limited to a maximum value which is
compatible with the steady state rating of the power source. For example, if the power

12
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source is rated at 150 Amps average, then the maximum current during the arc phase
would be limited to approximately 150 amps. When a short is detected at the weld, the
output current of the inverter is increased at a relatively fast pace. For instance, the rate
may be 100 — 200 Amps/msec which allows the current to reach a short circuit clamp
level quickly. This provides improved short clearing in a reasonable time by providing a
greater area under the amperage-time curve.

The maximum current allowed during a short circuit is clamped or limited to a level
based upon the particular welding conditions at the output. These conditions may
include wire size and type, as well as shielding gas and wire feed speed. The
instantaneous maximum current level is preferably set to a value in which most short
circuits will clear normally during steady-state welding conditions. It is generally
understood that if a short circuit does not naturally clear itself within a reasonable time
(typically 4 — 5 msec), then the arc process is susceptible to instability. Therefore, in
accordance with the present invention, if a short circuit lasts for longer than a predefined
period of time, the output current of the inverter is allowed to rise at a relatively high rate
( approx. 100 — 200 Amps/msec) to a higher current level, i.e. Iclear, to help clear the
short. |f the short circuit persists at this higher current level remedial action must be
taken to alleviate the non-cleared short. Examples of remedial action include shutting off
the inverter output or momentarily stopping or reversing the wire feed. The total time
duration of the current at the Iclear level is preferably limited to a value below the
thermal time constants of the inverter power components and heat sinks, so that the
temperatures of these components remain at desired levels.

If the short circuit clears at the Iclear level, the current output of the inverter is
immediately allowed to lower to a level lower than the Iclear level, such as the short
circuit clamp level. If the short circuit clears at the clamp level, the inverter output is then
allowed to decay down to the maximum allowed arc phase current over a short time
interval (1 — 2 msec). This post-short circuit time interval briefly allows relatively high
currents with normal arc voltages {0 be output by the inverter. This post-short circuit
time interval is preferably short because during this interval the inverter may be required
to deliver greater than its normal output power rating. During this interval the input DC

13
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bus capacitor supplies additional energy to the inverter circuit. In addition, the higher
output power may cause greater losses in the power semiconductors and other inverter
components. If this time interval of higher output power is kept short, a minimal
temperature rise caused by the additional losses will be experienced because of the
thermal time constants of the semiconductors as well as the thermal time constants of
the transformer, heat sinks and other components. |f the clamp current for the short
circuit phase is less than the maximum allowed current for the arc phase, then the post-
short circuit phase may be ignored.

The Iclamp level, set for a typical short circuit, as well as the Iclear level may be
higher than the average current rating of the power source; however, these current
levels are preferably only allowed during a short circuit and for a very short time after the
short clears. The output voltage during a short circuit is typically less than half of what it

is during the arc phase, thus the current may be approximately twice the normal average

rated current without requiring the inverter circuit to deliver more than its rated output
power. In addition the highest current level is only allowed during a short circuit when
the output voltage is low. When the short circuit clears the current is preferably
immediately be lowered to the clamp level.

Fig. 6 Illustrates typical waveforms associated with the above control process.
Signal 88 corresponds to an arc voltage showing two short circuit events 90 and 92.
The first short circuit 90 clears in a normal fashion within the allowed time limit, while the
second short circuit 92 does not clear within the allowed time limit. The second trace 94
corresponds to the arc current. It can be seen that the current rises fairly quickly to the
Iclamp limit 96 during the first short circuit 90, and remains at that level for the duration
of the short circuit 90. Once the short 90 clears the current 94 naturally decreases to
level 98 dictated by the specific conditions of the arc. For the second short circuit 92,
the current again rises rapidly to the Iclamp level 96 and remains there until the logic
signal 100, Vclear, indicates that the short circuit has exceeded the allowed time limit, at
which point the current again rises fairly rapidly up to the Iclear level 102 and remains
there until the short circuit 92 clears. Once the short circuit clears 92, the current is
immediately lowered to the Iclamp level 96 and then naturally decreases to level 98

14
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dictated by the arc. It is important for the overall stability of the welding process that a short
circuit not persist for an extended period of time, which it can be seen that within a short

time of raising the current to the Iclear level, the short circuit cleared.

Table 1 below sets forth a series of exemplary values for the Iclamp and Iclear levels
referenced above. The data in the table shown is for two different wire sizes (.024" and
.030" diameters - 0.061 cm and 0.076 cm diameters, respectively) both with a shielding gas
mixture of 75 percent Argon and 25 percent carbon dioxide, for several wire feed speeds
(WFS). One skilled in the art will appreciate that the above are illustrative of only two wire
sizes and that other wire sizes and shielding gas mixtures may require different values for
Iclamp and Iclear. Wire feed speed is given in the units of inches per minute.

0.024" Wire 0.030” Wire

Iﬁ
N

Q
0

300A
300A
300A
300A
300A
300A

240A
240A
240A
240A
240A
240A

160A
180A
200A
220A
240A
260A

150 120A
120A
250 140A
150A
160A
170A

350

]
T
3
o
)
ﬂ

Table 1

Referring now to Fig. 7, a state diagram 104 illustrates the sequence of operation
of the inverter control. The process begins with an external command, which would
typically be an operator input, initiating the process and causing transition from a Start
Phase 106 to an Arc Phase 108. Upon detection of a short circuit, the control transitions
to the Short Phase 110. Exit from the Short Phase 110 is either by detection of a
voltage feedback signal indicating the short circuit has cleared whereby the control
transitions to the Post Short Phase 112, or by the short circuit time exceeding the Tclear

time, whereby the control transitions to the Clear Phase 114. Exit from the Clear Phase
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114 is either by detection of a voitage feedback signal indicating the short circuit has
cleared whereupon the control transitions to the Post Short Phase 112, or by the short
time exceeding the Tstop time whereupon the control transitions to the Stop Phase 116.
If a new short circuit occurs during the Post Short Phase 112 then the control transitions
back to the Short Phase 110; otherwise transition out of the Post Short Phase 112 back
to the Arc Phase 108 occurs when the time exceeds the Tpost_short time. The process
ends upon detection of a stop command, which again would typically be an operator
input, whereupon the control transitions from the Arc Phase to the End Phase 118.

During the Arc Phase 108, Short Phase 110, Clear Phase 114 and Post Short
Phase 112, voltage feedback is compared to the voltage command signal, a voltage
error signal is derived, the rate of change of the voltage error signal is limited to a
specific rate which may vary for each phase, the maximum voltage error is compared to
the maximum allowed voltage error for that phase, and this voltage error becomes the

current command which dictates what the output current of the inverter is at that point in

time.

1t should be noted that for small diameter wires such as .024" (0.061 cm) and
especially with a shielding gas mixture of 75 percent Argon and 25 percent CO,, it is
possible to weld at low average output currents in the range of 30 to 40 Amps. This low
current range is ideal for very thin gauge sheet metal. For this low average output range it
is desirable to keep the heat input as low as possible while at the same time maintaining a

stable arc condition. In addition, a typical short circuit will clear in a reasonable time with
only minimal additional current, typically well below the Iclamp values shown in Table 1.

Also, often immediately after the short circuit clears there may be a spike or surge in the arc
voltage. The voltage control loop will react to this spike which may be well beyond the
voltage command level, and cause the output current to fall rapidly. This in turn leads to
arc instability by forcing the current to a low value durng a point in time where the arc is

quite fragile.

Accordingly, this control may be revisited for this low current range by limiting the

rise to a fairly low value, typically in the range of 10Amps/msec. However, if the rise
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rate is simply limited to this low value, the arc will become unstable because it will not be
able to react to the occasional prolonged short circuit which does not clear at this low
current level. Using a dual slope rise rate control where the rise rate switches to the
much higher rate, i.e. approximately 100 — 200 Amps/msec, once the instantaneous
output current exceeds a certain level, i.e. approximately 50 — 60 Amps, the stability

improves as well as the low amperage performance.

The steps or acts achieved by a computer program or algorithm in accordance
with the above-described dual slope rise rate control is shown in Fig. 8. Process 120
begins at 122 with the establishment of a current ramp rate default at 124. For low
current applications, the current ramp rate default is set to a relatively low value, i.e. 10
Amps/msec. In one preferred embodiment, the default ramp rate is governed by the
thickness of the consumable electrode being fed to the weld. However, one skilled in

the art will appreciate that the default current ramp rate may be based on other and/or
additional parameters.

At 126, a controller connected to various sensory components monitors short
circuit condition at the weld. Accordingly, process 120 includes the step of determining
whether a prolonged short circuit is occurring at the weld 128. If not 128, 130, the
process 120 returns to step 126 with continued monitoring of the weld for a prolonged
short circuit condition. However, if a prolonged short circuit is detected 128, 132, the
output current of the power source is increased at the default ramp rate so as to clear
the short circuit condition 134. Accordingly, at step 136, process 120 determines
whether the short has, in fact, cleared. If yes 136, 138, an open arc condition 140 is
deemed present at the weld. The open arc condition 140 will be maintained until
another short circuit condition is created at the weld or the welding process ends at 142.
On the other hand, if the short circuit has failed to clear 136, 144, a determination is
made whether the output current has exceeded a pre-set threshold at 146. In one
exemplary embodiment, the pre-set threshold is set to a value of approximately 50-60
Amps. As such, if the output current exceeds the pre-set threshold 146, 148, the
current is increased at a higher ramp rate 150. For example, the second ramp rate may

be approximately 100-200 Amps/msec as compared {o the 10 Amp/msec default ramp
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rate. Under most conditions, the short circuit will clear when the output current is
increased at the second ramp rate.  As such, process 120 continues with the
determination at 152 as to where the short circuit has cleared. If so 153, 154, an open
arc condition is deemed present at the weld 140. if not 152, 154, process 120 continues
with the taking of remedial action at step 156. As discussed previously, the remedial
action may include shutting off of the inverter power supply as well as adjusting the wire
feed parameters, I.e. retracting wire from the weld.

If at step 146 process 120 determines that the output current threshold has not
been exceeded 158, a comparison Is made to determine when the short at the weld has
exceeded a specified time interval. That is, at 160, the length of time of the prolonged
short circuit is compared to a threshold to determine if a pre-set time interval has been
exceeded. If not 160, 162, process 120 leaps back to step 146 for continued monitoring
of the output current relative to the pre-set current threshold. However, if the time
interval has been exceeded 160, 164, the output current is increased pursuant to the

second ramp rate at step 150 independent of the current level relative to the current
threshold.

Referring now to Fig. 9, a pair of waveforms illustrates voltage and current
conditions as a resuit of implementation of the low current control process described
above with respect to Fig. 8. Waveform 166 corresponds to the out voltage whereas
waveform 168 corresponds to the arc current. As readily shown, the current does not
rise significantly above an average value during a typical short circuit 169. Additionally,
it can be seen that during a relatively large spike or surge in voltage after the short
~ clears 170 the output current of the power source does not fall abruptly. That is, there is
very little difference between the arc phase with the voltage. spike and a typical arc

phase. In this regard, arc instability is neutralized by preventing the output current to fall
rapidly to a relatively low value.

Fig. 10 illustrates another example of voltage and current waveforms resuiting
from implementation of the low current control described with respect to Fig. 8. Signal
172 corresponds to the arc voltage whereas signal 174 corresponds to arc current. The
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waveforms illustrate the dual slope on the rate of change of current for a couple of short
circuits. For the illustrated short circuits, the short did not clear before the current
reached the threshold level for the higher current ramp rate in which case the current
rises more rapidly. Once the current falls below the threshold level, the ramp rate drops
back to the lower default value.

Therefore, in accordance with one embodiment of the present invention, a MIG
welding power source has a raw'power input configured o receive a raw power signal
for a MIG welding process. The raw power signal has a voltage level of at least
approximately 115V. The power source includes an inverter configured to receive the
115V signal and provide a welding output suitable for MIG welding. The power source

further includes a welding power output configured to supply the welding output for a
MIG welding process.

In accordance with another embodiment, the present invention includes a
method of regulating a power source having an 115V inverter to condition raw power into
a form usable by a MIG welding process. The method includes determining a maximum
allowable voltage error given an ouiput condition at a weld and determining an
instantaneous command current given the maximum allowable voltage error. The
method further includes inputting a signal proportional to the instantaneous command
current to a controller of the 115V inverter. The signal is designed to regulate the

controller to provide a control signal to regulate an output of the 115V inverter.

According to another embodiment of the present invention, a MIG welding
system includes a power source having an 115V inverter configured to condition a raw
power input into a form usable by a MIG welding process. They system also has a wire
feeder connected to the power source and configured to introduce a consumable
electrode to a weld and an electrode holder configured to receive the consumable

electrode and place the cohsumable electrode in relative proximity to a workpiece at the
weld.
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According to yet a further embodiment of the present invention, a method of
controlling output of a MIG welding power source includes a step of detecting a
prolonged short circuit at a weld. The method also includes the step of increasing output
current at a first ramp rate so as to clear the prolonged short circuit at the weld. The
output current is then increased to a second ramp rate once the output current reaches a
preset threshold.

The present invention has been described in terms of the preferred embodiment,
and it is recognized that equivalents, alternatives, and modifications, aside from those

expressly stated, are possible and within the scope of the appending claims.
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What is claimed is:

1. A MIG welding power source having a rated current level during welding, the power
source comprising:

a raw power input configured to receive a raw power signal for a MIG welding process,
the raw power signal having a voltage level of approximately 115V;

an inverter configured to receive the raw power signal and provide a welding output

suitable for MIG welding;

an inverter controller operably connected to the inverter and configured to receive
feedback regarding a weld state at a weld and control the inverter to provide a welding output
at a current level greater than the rated current level when a short is detected to clear the short;

and
a welding power output configured to supply the welding output for a MIG welding

process.
2. The power source of claim 1 configured to provide one of a CC and a CV output.
3. The power source of claim 1 having a weight of approximately 15.9 kilograms.

4. The power source of claim 1 wherein the raw power input is further configured to receive

an approximate 230V power signal.

5. The power source of claim 1 further comprising a terminal configured to receive a

control cable connected to a wire feeder.

6. The power source of claim 1 further comprising a power factor correction circuit to boost

the raw power signal to a bus voltage greater than 115V with a near unity power factor.
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7. A MIG welding system comprising:
a power source having an 115V inverter configured to condition a raw power input into
a form usable by a MIG welding process, the power source including a power factor correction

circuit designed to boost the raw power input to provide a DC bus voltage greater than 115V

and provide a near-unity power factor;

a wire feeder connected to the power source and configured to introduce a consumable

electrode to a weld; and
an electrode holder configured to receive the consumable electrode and place the

consumable electrode 1n relative proximity to a workpiece at the weld.

8. The MIG welding system of claim 7 wherein the power source is configured to provide
either a CC or a CV output.

9. The MIG welding system of claim 7 wherein the wire feeder is configured to feed a
consumable electrode having a diametric thickness of approximately 0.024 inches.

10.  The system of claim 7 wherein the power source and the wire feeder are portable.

11.  The system of claim 7 wherein the consumable electrode includes one of steel, stainless

steel, and aluminum.

12.  The system of claim 7 wherein the power source includes operational circuitry designed
to provide a 400 VDC bus to be input to the 115V inverter.

13.  The system of claim 7 wherein the power source includes a controller designed to pulse
width modulate output of the inverter.
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