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(57) ABSTRACT

An welding system includes an interface with a first input
clement configured to receive an mput relating to a param-
cter of power delivered to a welding torch from a welding
power supply, a second input element configured to receive
an mput relating to a rate of advancement of an electrode
delivered to the welding torch from a welding wire feeder,
a third mput element configured to receive an mput relating
to whether the parameter of power and the rate of advance-
ment of the electrode are automatically set, and a color
display device configured to display the parameter of power
and the rate of advancement of the electrode. The welding
system also includes control circuitry configured to adjust
and display on the color display device the parameter of
power and the rate of advancement based at least in part on
a selected diameter setting for the electrode and a selected
material thickness setting for a work piece when the third
iput element 1s activated, and to control the parameter of
power and the rate of advancement based on the adjustment
of the parameter of power and the rate of advancement.
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WELDING SYSTEM USER INTERFACE
HAVING A COLOR DISPLAY FOR SETTING
WELDING PARAMETERS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application 1s a continuation of U.S. patent
application Ser. No. 15/362,355, filed Nov. 28, 2016 (now
U.S. Pat. No. 10,773,328), and claims priority to and the
benefit of U.S. Provisional Application Ser. No. 62/267,720,
entitled “WELDING SYSTEM USER INTERFACE HAV-
ING A COLOR DISPLAY FOR SETTING WELDING

PARAMETERS”, filed Dec. 15, 2015, which i1s hereby
incorporated by reference 1n 1ts entirety for all purposes.

BACKGROUND

[0002] The present disclosure generally relates to systems
and methods for setting welding parameters.

[0003] A common metal welding technique employs the
heat generated by electrical arcing to transition a work piece
to a molten state, to facilitate a welding process. One
technique that employs this arcing principle 1s wire feed
welding. At its essence, wire feed welding involves routing,
welding current from a power source into an electrode that
1s brought into close proximity with the work piece. When
close enough, current arcs from the electrode to the work
piece, completing a circuit and generating sutlicient heat to
weld the work piece. Often, the electrode 1s consumed and
becomes part of the weld itself. Thus, new wire electrode 1s
advanced, replacing the consumed electrode and maintain-
ing the welding arc. If the welding device i1s properly
adjusted, the wire feed advancement and arcing cycle pro-
gresses smoothly, providing a good weld.

[0004] Traditionally, during a welding operation, an
operator selects the level and types of resources provided to
the weld location, depending, of course, on the particulars of
the weld and the materials being welded. For instance, an
operator may select between various kinds and sizes of wire
clectrode, ranging from the diameter of wire to the material
the wire electrode 1s made of. Different kinds of wire
clectrode, however, perform well at different operational
settings of the welding device. That 1s, different kinds of
wire electrodes perform well within different voltage range
of values and wire feed speeds, for instance. For example, a
grven 0.023 inch mild-steel wire electrode may perform well
at 17 volts and with a wire feed speed of 250 inches per
minute, while a 0.035 inch mild steel wire electrode per-
tforms well at 19 volts with a wire feed speed of 230 inches
per minute.

[0005] Conventionally, welding devices rely on the
knowledge and acumen of the operator to select the most
appropriate voltage and wire feed settings for the wire
clectrode being used and weld conditions. Unfortunately, 1n
many cases, the weld operator 1s a novice to the field,
especially 1 the case of portable welding devices. IT the
operator does not properly adjust the voltage and wire feed
speed settings, the arcing may not be suflicient to produce a
good weld, or any weld at all. Furthermore, 1n traditional
devices, the wire feed speed control and the voltage control
are wholly independent from one another, thus making 1t
difficult for the operator to adjust both parameters while a
weld 1s progressing.
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BRIEF DESCRIPTION

[0006] In one embodiment, a welding system includes an
interface. The interface includes a first input element con-
figured to receive an input relating to a parameter of power
delivered to a welding torch from a welding power supply.
The interface also includes a second 1nput element config-
ured to receive an input relating to a rate of advancement of
an electrode delivered to the welding torch from a welding
wire feeder. The iterface further includes a third input
clement configured to receive an input relating to whether
the parameter of power and the rate of advancement of the
clectrode are automatically set. The interface also includes a
color display device configured to display the parameter of
power and the rate of advancement of the electrode. The
welding system also 1ncludes control circuitry configured to
adjust and display on the color display device the parameter
of power and the rate of advancement based at least 1n part
on a selected diameter setting for the electrode and a selected
material thickness setting for a work piece when the third
input element 1s activated, and to control the parameter of
power and the rate of advancement based on the adjustment
of the parameter of power and the rate of advancement.

[0007] In another embodiment, a welding system 1ncludes
an interface. The interface includes a first input element
configured to receive an 1nput relating to a parameter of
power delivered to a welding torch from a welding power
supply. The interface also includes a second mmput element
configured to receive an input relating to a rate of advance-
ment of an electrode delivered to the welding torch from a
welding wire feeder. The interface further includes a third
mput element configured to receive an put relating to
whether the parameter of power and the rate of advancement
of the electrode are automatically set. The interface also
includes a color display device configured to display a first
color graphical representation of an acceptable range of
values for the parameter of power, and to display a second
color graphical representation of an acceptable range of
values for the rate of advancement of the electrode. The
welding system also 1includes control circuitry configured to
adjust and display on the color display device the first color
graphical representation of the acceptable range of values
for the parameter of power when the third input element 1s
activated, to adjust and display on the color display device
the second color graphical representation of the acceptable
range of values for the rate of advancement of the electrode
when the third input element 1s activated, and to control the
parameter of power and the rate of advancement based on
the adjustment.

DRAWINGS

[0008] These and other features, aspects, and advantages
of the present disclosure will become better understood
when the following detailed description 1s read with refer-
ence to the accompanying drawings in which like characters
represent like parts throughout the drawings, wherein:

[0009] FIG. 1 1s a schematic diagram of an embodiment of
a welding system, wheremn an interface 1s configured to
display welding parameters of the welding system:;

[0010] FIG. 2 1s a front view of an embodiment of the
interface for a MIG or flux cored welding process including
Auto-Set welding parameters;
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[0011] FIG. 3 1s a front view of an embodiment of the
interface for a MIG or flux cored weld state including
Auto-Set welding parameters and output and arc weld
graphical indicators;

[0012] FIG. 4 1s a front view of an embodiment of the
interface for a MIG or flux cored hold state including
Auto-Set welding parameters and a hold graphical indicator;
[0013] FIG. 5 1s a front view of an embodiment of the
interface for a MIG or flux cored OCV state including
Auto-Set welding parameters and a run-in speed graphical
indicator;

[0014] FIG. 6 1s a front view of an embodiment of the
interface for a stick weld state including Auto-Set welding
parameters and output and arc weld graphical indicators;
[0015] FIG. 7 1s a front view of an embodiment of the
interface for a stick hold state including Auto-Set welding
parameters and hold, output, and arc weld graphical indica-
tors;

[0016] FIG. 8 1s a front view of an embodiment of the
interface for a stick OCV state including Auto-Set welding
parameters and an output graphical indicator;

[0017] FIG. 9 1s a front view of an embodiment of the
interface for a TIG weld state including Auto-Set welding
parameters and output and arc weld graphical indicators;
[0018] FIG. 10 1s a front view of an embodiment of the
interface for a TIG hold state imcluding Auto-Set welding
parameters and output and a hold graphical indicators;
[0019] FIG. 11 1s a front view of an embodiment of the
interface for a TIG OCYV state including Auto-Set welding
parameters and an output graphical indicator;

[0020] FIG. 12 1s a front view of an embodiment of the
interface for a TIG pre-tlow state including Auto-Set weld-
ing parameters and output and pre-flow graphical indicators;
[0021] FIG. 13 1s a front view of an embodiment of the
interface for a TIG post-flow state including Auto-Set weld-
ing parameters and hold, output, and post-flow graphical
indicators;

[0022] FIG. 14 1s a front view of an embodiment of the
interface for a TIG remote standby state including Auto-Set
welding parameters and a remote graphical indicator;
[0023] FIG. 15 1s a front view of an embodiment of the
interface for a TIG remote weld state including Auto-Set
welding parameters and remote, arc weld, and output graphi-
cal indicators;

[0024] FIG. 16 1s a front view of an embodiment of the
interface for a TIG remote hold state including Auto-Set
welding parameters and a hold graphical indicator;

[0025] FIG. 17 1s a front view of an embodiment of the
interface for a TIG remote OCV state including Auto-Set
welding parameters and remote and output graphical indi-
cators;

[0026] FIG. 18 1s a front view of an embodiment of the
interface for a TIG remote pre-tflow state including Auto-Set
welding parameters and remote, pre-flow, and output graphi-
cal indicators; and

[0027] FIG. 19 1s a front view of an embodiment of the
interface for a TIG remote post-flow state including Auto-
Set welding parameters and remote, post-flow, and output
graphical indicators.

DETAILED DESCRIPTION

[0028] Turning now to the figures, FIG. 1 illustrates a
welding system 10 that includes a welding torch 12 that
defines the location of a welding operation with respect to a
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work piece 14. Placement of the welding torch 12 at a
location proximate to the work piece 14 allows electrical
current provided by a power source 16, which converts
incoming alternating current (AC) power to an appropriate
direct current (DC) power-that 1s routed to the welding torch
12 via a welding torch cable 18, to arc from the welding
torch 12 to the work piece 14. In summary, this arcing
completes an electrical circuit from the power source 16, to
the welding torch 12 via the welding torch cable 18, to an
clectrode, to the work piece 14, and at 1ts conclusion, back
to the power source 16. This arcing generates a relatively
large amount of heat causing the work piece 14 and/or filler
metal to transition to a molten state, facilitating creation of
a weld.

[0029] To produce electrical arcing, the exemplary weld-
ing system 10 includes a wire feeder 20 that provides a
consumable wire electrode to the welding torch cable 18
and, 1n turn, to the welding torch 12. The welding torch 12
conducts electrical current to the wire electrode via a contact
tip (not shown) located 1n a neck assembly of the welding
torch 12, leading to arcing between the egressing wire
clectrode and the work piece 14.

[0030] To shield the weld area from contaminants during
welding, to enhance arc performance, and to improve the
resulting weld, i certain embodiments, the exemplary weld-
ing system 10 includes a gas source 22 that feeds an 1nert
shielding gas to the welding torch 12 via the welding torch
cable 18. It 1s worth noting, however, that a variety of
shielding materials, including various fluids and particulate
solids, may be employed to protect the weld location.
Additionally, certain wire electrodes are designed to operate
without a shielding material.

[0031] Advancement of these welding resources (e.g.,
welding current, wire electrode, and shielding gas) 1s eflec-
tuated by actuation of a trigger 24 secured to a handle 26 of
the welding torch 12. By depressing the trigger 24 (arrow
28), a switch disposed within the trigger 24 1s closed,
causing the transmission of an electrical signal that com-
mands promotion of the welding resources into the welding
torch cable 18. For example, depressing the trigger 24 sends
a signal to control circuitry 30, which, 1n turn, activates a
motor 32 that advances wire electrode into the welding torch
cable 18, opens a valve to allow the flow of shielding
material, and commands the power source 16 to output the
desired level of power to the wire electrode. In certain
embodiments, the control circuitry 30 includes memory
components 34, to store programming instructions, com-
mand programs, appropriate data, etc. In certain embodi-
ments, the control circuitry 30 also includes a processing
device, such as a processor 36, among others types of
processing devices, to ellectuate control of the welding
system 10. In general, the control circuitry 30 1s configured
to control the operating parameters (e.g., parameters of
power, such as voltage and current, delivered by the power
source 16, the rate of advancement (e.g., wire feed speed) of
the consumable wire electrode via the wire feeder 20, the
flow of shielding materials from the gas source 22, and so
forth) based on settings received via a user interface 38 that
1s 1mcluded as part of the welding system 10, as well as
automatic adjustments made to these received settings by the
control circuitry as disclosed herein.

[0032] The user interface 38 i1s the primary means by
which a user or an operator interacts with the welding
system 10. The user interface 38 may include input devices
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such as a keypad, stylus, pushbuttons, dials, or any form of
transducer that converts a physical interaction with the user
interface 38 into an electrical signal iput. However, as
described herein, 1n certain embodiments, the user interface
38 may also include a color display screen to display color
graphical representations of mput and output devices such as
buttons, 1cons, text, windows, and similar features relating to
the setting and displaying of welding parameters. For
example, the user interface 38 may be a graphical interface,
and may display color graphical indicators of welding
parameters such as voltage, amperage, and wire feed speed
in varying colors. In addition, instead of (or in addition to)
physical input devices for recerving inputs from a user, in
certain embodiments, the color display screen described
herein may display user mput elements, such as buttons,
sliders, knobs, and so forth, for receiving inputs from the
user.

[0033] As will be discussed henceforth and illustrated by
FIGS. 2-19, in certain embodiments, the user interface 38
may 1include a welding process selector 40, an electrode
diameter adjustor 42, a material thickness adjustor 44, an
Auto-Set selector 46, a color display screen 48, and voltage
and wire feed speed and/or amperage adjust dials 50 and 52,
respectively. For further purpose of illustration, FIG. 2 waill
be referenced in the discussion of the atorementioned com-
ponents of the user interface 38, although 1t should be
appreciated that FIGS. 3-19 may embody the same compo-
nents, features, characteristics, properties, and so forth.

[0034] With the foregoing 1n mind, the welding process
selector 40 may allow an operator or other user to select
from a plurality of welding processes. For example, as
depicted 1n FIG. 2, the welding process selector 40 may
allow an operator to choose from welding processes, such as
a stick welding process, a tlux cored welding process, one or
more metal 1nert gas (MIG) welding processes, one or more
tungsten inert gas (11G) welding processes, and so forth. In
addition to general welding processes, i certain embodi-
ments, the welding process selector 40 may also allow the
operator to select the material of the welding electrode. For
example, as depicted 1 FIG. 2, 1n desiring to implement a
MIG welding process, the operator may further select, for
example, a stainless steel, another type of steel, or aluminum
clectrode for implementing the MIG process. In one
embodiment, the welding process selector 40 may also allow
an operator to select a desired welding process (e.g., stick,
MIG, TIG, etc.), electrode material type (e.g., steel, alumi-
num, etc.), and gas type (e.g., C25, C100, Argon, etc.), and
subsequently elect to enable the Auto-Set function of the
welding system 10 to automatically set the approprate
voltage and wire feed speed and/or amperage welding
parameters. Certain Auto-Set functionality 1s described in
greater detail i U.S. Pat. No. 8,604,389, which is herein
incorporated by reference 1n 1ts enfirety.

[0035] As previously discussed, the user interface 38 may
also include an electrode diameter adjustor 42 (e.g., an
clectrode wire, an eclectrode rod, or tungsten electrode,
depending on the type of welding process type selected).
The electrode diameter 1s an 1mportant parameter 1 per-
forming welds, as the suitable generated amperage of the
welding arc 1s dependent upon the diameter of the electrode
wire. In certain embodiments, the electrode diameter adjus-
tor 42 may {eature, for example, a “+” pushbutton to
increase the electrode diameter setting and a “-" pushbutton
to decrease the electrode diameter setting as depicted. Simi-
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larly, the user interface 38 may also include a material
thickness adjustor 44, which may also, for example, include
a “+” pushbutton to increase the material thickness setting
(e.g., relating to the work piece 14 that 1s being welded
upon) and a “-" pushbutton to decrease the material thick-
ness setting. The electrode diameter and material thickness
settings, 1n conjunction, have an eflect on the voltage and
amperage (1.e., electrical current) required to perform a
given welding procedure. In certain embodiments, an opera-
tor or other user may select the Auto-Set function via the
Auto-Set selector 46. When the Auto-Set feature 1s enabled
(e.g., activated by the operator), the operator may only be
required to mput the respective electrode diameter and
material thickness settings for the power source 16 to
automatically adjust (e.g., increase or decrease) voltage,
wire Teed speed, and/or amperage parameters to appropriate

settings.

[0036] The Auto-Set selector 46 may be, for example, an
on/oil electrical switch or on/ofl pushbutton, which may be
activated or deactivated, allowing an operator to simply
enable or disable the Auto-Set function of the welding
system 10. In certain embodiments, the user interface 38
may include one or more light indicators 54 (e.g., LEDs 1n
certain embodiments) to indicate whether the Auto-Set func-
tion 1s enabled or disabled. For example, in performing a
MIG welding process, the operator may select the Auto-Set
function, via the Auto-Set selector 46 and the one or more
light indicators 54 may display a blue light, for example, or
other indication to the operator that the Auto-Set function 1s
enabled. Similarly, 1 certain embodiments, the welding
process selector 40 may be associated with a plurality of
light 1indicators 55, each light indicator 535 being spatially
aligned with a label corresponding to a respective welding
process (e.g., “FLUX CORED”, “MIG STAINLESS”, and
so forth) such that mampulation of the welding process
selector 40 changes the selected welding process, and the
light indicator 35 that corresponds to the selected welding
process may display a blue light, for example, or other
indication to the operator that the particular welding process
has been selected, while the other light indicators 55 corre-
sponding to the other welding processes are not illuminated.

[0037] Corresponding to the aforementioned electrode
diameter adjustor 42, material thickness adjustor 44, and
Auto-Set selector 46, the user mterface 38 may include a
color display screen 48. The color display screen 48 may be
any display device capable of displaying visual graphical
objects and/or alphanumeric texts relating to the setting of
welding parameters, real-time operational statuses of the
welding system 10, and so forth. For example, as depicted
in FIG. 2, the color display screen 48 may be a single liquid
crystal display (LCD) screen capable of displaying a
selected electrode diameter (e.g., 0.030"), material thickness
(e.g., 8"), power source welding voltage (e.g., 18.5 volts),
and wire feed speed (e.g., 270 inches per minute). In certain
embodiments, the welding process selector 40, the electrode
diameter adjustor 42, the material thickness adjustor 44, the
Auto-Set selector 46, the welding parameter adjustment
dials 50 and 52, or any combination thereof, may be dis-
played as graphical input devices on the color display screen
48. For example, 1n certain embodiments, the color display
screen 48 may be a touch screen configured to receive mputs
from a user via such graphical mput devices that are dis-
played on the color display screen 48. In other words,
instead of (or 1n addition to) actual physical mput devices
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disposed on the user interface 38, in certain embodiments,
other types of user input elements, such as graphical buttons,
sliders, knobs, and so forth, displayed via the color display
screen 48 may be used to receive iputs from a user.

[0038] In certain embodiments, when the Auto-Set selec-
tor 46 1s enabled, the color display screen 48 may automati-
cally display acceptable ranges of values of welding voltage
and wire feed speed and/or amperage based upon mnputs of
the required electrode diameter and/or material thickness
parameters (e.g., which are set based upon manipulation of
the electrode diameter adjustor 42 and the material thickness
adjustor 44). As used herein, an acceptable welding param-
eter value range may be a range of values within which the
power source 16 holds the voltage and wire feed speed
and/or amperage 1n response to an entered or estimated
value of the electrode diameter and material thickness
parameters, such that a weld may be effectively executed.
For example, as depicted 1n FIG. 2, a welding operator may
input an electrode diameter of 0.030" and a material thick-
ness of A" via the user interface 38. The power source 16
may 1n response, for example, automatically set 18.5 volts
and 270 inches per minute as appropriate welding parameter
settings to eflectively execute a weld for these particular
clectrode diameter and material thickness characteristics.
The appropriate welding parameters may then be displayed
via the color display screen 48. The user interface 38 also
includes welding parameter adjustment dials 50 and 52,
which may be used to manually adjust (e.g., increase or
decrease) the voltage and wire feed speed parameters and/or
amperage parameter within acceptable ranges of values,
depending on the particular type of welding process selected
using the welding process selector 40.

[0039] In certain embodiments, when the Auto-Set selec-
tor 46 1s enabled, 1t there are current values for the voltage
and wire feed speed parameters and/or the amperage param-
cter, these values may be automatically adjusted to bring
them within their respective acceptable ranges of values. For
example, 1 certain embodiments, 1f the current wire feed
speed value 1s above the acceptable range of values for wire
feed speed that 1s determined by the control circuitry 30
upon selection (e.g., activation) of the Auto-Set selector 46,
then the wire feed speed may be automatically adjusted by
the control circuitry 30 to bring the wire feed speed down to
a value just within the acceptable range of values for the
wire feed speed, down to a value just within a preferred
subrange (e.g., a second acceptable range of values within
the acceptable range of values) of the acceptable range of
values for the wire feed speed, or down to an 1deal value for
the wire feed speed within the acceptable range of values.
Similar adjustments may be made for current and/or voltage,
as well as to bring lower values up to certain ranges or
values.

[0040] In certain embodiments, upon power-up of the
welding system 10, a message may be automatically dis-
played via the color display screen 48 prompting an opera-
tor, for example, to enable the Auto-Set function via the
Auto-Set selector 46. In the case that the operator selects the
Auto-Set function by activating the Auto-Set selector 46,
one or more messages may subsequently prompt the opera-
tor to select both the electrode diameter and material thick-
ness settings via the electrode diameter adjustor 42 and the
material thickness adjustor 44, respectively. Similarly, mes-
sages may be automatically displayed via the color display
screen 48 1n the case, for example, an operator changes or
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switches welding processes via the welding process selector
40. These messages may be displayed to render further
instructions to the operator to eflectively execute the
selected welding process. For example, 11 the welding pro-
cess 1s switched from a TIG process to a MIG Steel C25
process, a message “PLEASE USE C25 GAS (75% AR/25%
CO,)” may automatically appear via the color display screen
48. Likewise, in switching from the MIG Steel C25 process
to a TIG Lift-arc Remote process, a message “PLEASE USE
DCEN POLARITY 100% ARGON GAS” may automati-
cally appear via the color display screen 48. In certain
embodiments, the text of such messages may be displayed
on the color display screen 48 1n larger than usual fonts, 1n
colors (e.g., red, etc.) diflerent than usual text colors (e.g.,
white text on a black background, or vice versa), and/or 1n
association with colors graphics (e.g., red exclamation
marks, etc.) such that the attention of the user may be better
attracted. These features may provide supplemental guid-
ance relating to appropriate welding settings (e.g., relating to
shielding gases to be used, polarities to be used, and so forth)
to operators or users of the welding system 10, and thus
ensure that welds are performed appropriately.

[0041] As previously discussed, the Auto-Set function of
the welding system 10 may be enabled or disabled via the
Auto-Set selector 46 of the user interface 38. When Auto-Set
1s enabled, the power source 16 may automatically set
welding voltage, welding amperage, and wire feed speed for
a plurality of welding processes, electrode material types,
and shielding gas types. When Auto-Set 1s disabled, the
power source 16 may determine acceptable ranges of values
for the welding voltage, welding amperage, and wire feed
speed, thus allowing an operator to manually adjust the
parameters within the acceptable ranges of values. For
purposes of 1llustration, the alforementioned Auto-Set func-
tion will be discussed with respect to MIG or flux cored
welding processes, stick welding processes, and TIG weld-
ing processes, as depicted by FIGS. 2-19.

[0042] In an embodiment, the Auto-Set selector 46 of the
user interface 38 may be enabled to automatically set
welding voltage and wire feed speed parameters for a MIG
or flux cored welding process. In a MIG welding process, the
appropriate setting of the welding voltage and wire feed
speed parameters may be of particular importance, as the
welding voltage generally determines the height and width
of the weld bead, and the amperage of the weld arc is
generally dependent upon the speed of the wire feed. In the
case that the Auto-Set selector 46 1s enabled, the operator
may then select electrode diameter and material thickness
via the electrode diameter adjustor 42 and the material
thickness adjustor 44, respectively. The welding power
source 16 may then automatically determine the acceptable
voltage and wire feed speed parameters. For example, as
depicted within the color display screen 48 of FIG. 2, which
displays the MIG standby state, 0.030" represents an entered
value of the electrode diameter, 13" represents an entered
value of the material thickness, and 18.5 volts and 270
inches per minute represent the automatically determined
acceptable range of values for the welding voltage and wire
teed speed parameters, respectively.

[0043] In certain embodiments, as illustrated 1n FIG. 2, the
color display screen 48 may display a plurality of discrete
clectrode diameter setting indicators 56 (e.g., displayed as a
set of discrete points along a segmented line of a range of
potentially selectable electrode diameter settings), wherein a
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discrete electrode diameter setting indicator 56 correspond-
ing to the currently selected electrode diameter setting (e.g.,
0.030" as illustrated in FIG. 2) 1s highlighted, for example,
by being displayed 1n a relatively bright color (e.g., bright
blue in certain embodiments) whereas all of the other
discrete electrode diameter setting indicators 56 are dis-
played 1n a relatively neutral color (e.g., grey in certain
embodiments). Accordingly, when a user selects an elec-
trode diameter via the electrode diameter adjustor 42, the
appropriate discrete electrode diameter setting indicator 56
1s selected. The plurality of discrete electrode diameter
setting indicators 56 are intended to aid the user to know
where, within a range of potentially selectable electrode
diameter settings, the currently selected electrode diameter
setting 1s. As described herein, the number of discrete
clectrode diameter setting indicators 56 that are displayed by
the color display screen 48 i1s determined based on other
settings entered by the user. For example, 1n certain embodi-
ments, based on all of the other settings entered via the user
interface 38, the color display screen 48 will only display
discrete electrode diameter setting indicators 56 that corre-
spond to electrode diameter settings that make sense based
on these other entered settings.

[0044] Similarly, as illustrated 1n FIG. 2, the color display
screen 48 may display a plurality of discrete material
thickness setting indicators 58 (e.g., displayed as a set of
discrete points along a segmented line of a range of poten-
tially selectable material thickness settings), wherein a dis-
crete material thickness setting indicator 38 corresponding
to the currently selected maternial thickness setting (e.g., 8"
as 1llustrated 1n FIG. 2) 1s highlighted, for example, by being
displayed in a relatively bright color (e.g., bright blue 1n
certain embodiments) whereas all of the other discrete
material thickness setting indicators 58 are displayed 1n a
relatively neutral color (e.g., grey in certain embodiments).
Accordingly, when a user selects a material thickness via the
material thickness adjustor 44, the appropnate discrete
material thickness setting indicator 58 1s selected. The
plurality of discrete material thickness setting indicators 58
are mtended to aid the user to know where, within a range
of potentially selectable material thickness settings, the
currently selected matenal thickness setting 1s. As described
herein, the number of discrete material thickness setting,
indicators 58 that are displayed by the color display screen
48 1s determined based on other settings entered by the user.
For example, 1n certain embodiments, based on all of the
other settings entered via the user interface 38, the color
display screen 48 will only display discrete material thick-
ness setting indicators 38 that correspond to material thick-
ness settings that make sense based on these other entered
settings.

[0045] The color display screen 48 may then display
graphical range indicators 60 and 62, for example, 1n which
the graphical range indicators 60 and 62 depict (e.g., display
varying colors and/or movement of a range bar) whether the
welding voltage and/or wire feed speed parameters are 1n the
acceptable ranges of values as an operator adjusts one or
both of the welding parameter adjustment dials 50 and 52.
As such, when the operator makes adjustments via one (or
both) of the welding parameter adjustment dials 50 and 52,
the graphical range indicators 60 and 62 (which relate to the
parameters being adjusted by the welding parameter adjust-
ment dials 50 and 52, respectively) on the color display
screen 48 depict acceptable ranges of values for their respec-
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tive welding parameters (e.g., voltage and wire feed speed in
the embodiment 1llustrated in FIG. 2). In general, when one
of the welding parameter adjustment dials 50 and 52 1is
mampulated (e.g., the welding parameter adjustment dial 52
relating to wire feed speed being adjusted i FIG. 2), an
acceptable range of values for the related welding parameter
(e.g., wire feed speed in FIG. 2) 1s illustrated on the color
display screen 48, and a slider indicating the current value
(c.g., the shider 74 of the graphical range indicator 62) 1s
shown within the acceptable range, whereas an acceptable
range ol values for the other welding parameter (e.g.,
voltage 1n FIG. 2) 1s illustrated on the color display screen
48. In addition, 1n certain embodiments, the welding param-
cter adjustment dials 530 and 52 may be configured to only
accept values that fall within the acceptable ranges of values
for the welding parameters. For example, when manual
adjustments are attempted via the welding parameter adjust-
ment dials 50 and 352 that would bring their respective
parameters to values outside of their respective acceptable
range of values, such manual adjustments may simply be
ignored by the control circuitry 30, and not indicated as
having any effect on the parameters via the display screen
48. Furthermore, in certain embodiments, the graphical
range indicators 60 and 62 may only be displayed on the
color display screen 48 for a predetermined (e.g., pre-set as
a setting of the welding system 10) amount of time (e.g., 15
seconds, 10 seconds, S seconds, 3 seconds, or some other
predetermined amount of time) after an mput is received via
the welding parameter adjustment dials 50 and 352.

[0046] Conversely, in the case that the Auto-Set selector
46 1s disabled, the operator may then manually adjust (e.g.
increase or decrease) the welding voltage and wire feed
speed parameters within an acceptable range of values (e.g.,
by manipulating the welding parameter adjustment dials 50
and 52, which correspond to the parameter displayed on the
color display screen 48 directly above respective welding
parameter adjustment dial 50 and 52). As such, 1t will be
appreciated that, depending on the welding parameter
adjustment dials 50 and 52 that are being manipulated, either
of the graphical range indicators 60 and 62 may include a
reticle 72 or a slider 74 within 1ts respective acceptable range
graphic.

[0047] As described herein, 1n certain embodiments, the
reticles 72 and/or the sliders 74 may be displayed in varying
colors to aid the user in ascertaining how to adjust the
welding parameter adjustment dial 50 and 52. For example,
in certain embodiments, the reticles 72 may be displayed 1n
a particular color (e.g., blue in certain embodiments) and the
sliders 74 may be displayed in different colors than the
reticles 72 such that the user may easily distinguish the tw

situations. In addition, it 1s noted that the acceptable range
graphics may include three distinct segments 1n certain
embodiments. For example, the middle segment of the
acceptable range graphics may correspond to a “preferred”
subset (e.g., subrange) of the acceptable range of values, as
determined by the control circuitry 30, whereas the two side
segments of the acceptable range graphics may correspond
to values that are still within the acceptable range of values,
but are not as preferred. In certain embodiments, when the
sliders 74 are within the middle segment of the acceptable
range ol values, the sliders 74 may be displayed in a first
color (e.g., green 1n certain embodiments), whereas when
the sliders 74 are within the side segments of the acceptable
range of values, the sliders 74 may be displayed 1n a second
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color (e.g., yellow 1n certain embodiments) to denote that the
currently selected value i1s no longer within the preferred
subset of the acceptable range of values but 1s still within the
acceptable range of values. Furthermore, 1n certain embodi-
ments, when the sliders 74 reach the outer bounds of the
acceptable range of values, the sliders 74 may be displayed
in a third color (e.g., red 1n certain embodiments) to denote
that the currently selected value 1s no longer within the
acceptable range of values. In other embodiments, the color
of the sliders 74 may vary based on the magnitude of the
current value for the respective parameter. For example, 1f
the current amperage value 1s at a lower end of 1ts acceptable
range of values, the color of the respective slider 74 may be
blue, whereas 11 the current amperage value 1s at a higher end
of its acceptable range of values, the color of the respective
slider 74 may be red, and while the amperage value changes
from the lower end to the higher end, the color of the
respective slider 74 may gradually transition between blue
and red. Such an embodiment would be 1mntended to convey
a relative amount of heat input 1nto the welding application.

[0048] The color display screen 48 of FIG. 3 displays the

MIG weld state, during an operator or user executes a weld.
An output graphical indicator 64 indicates that there 1s
currently an output of power from the power source 16, and
an arc weld graphical indicator 66 indicates that the power
source 16 1s sustaiming a welding arc. Hence, the output
graphical indicator 64 and the arc weld graphical indicator
66 may each further indicate to an operator, for example, that
the welding voltage, welding amperage, and wire feed speed
parameters are within acceptable ranges of values. As such,
in certain embodiments, the arc weld graphical indicator 66
may be displayed 1n a color (e.g., green 1n certain embodi-
ments) that indicates to the user that all of these parameters
are within acceptable ranges of values.

[0049] The color display screen 48 may also continue to
display the welding parameters for a duration of time after
a weld 1s completed and/or terminated. For example, as
depicted 1n FIG. 4, the color display screen 48 may assume
a hold state (e.g., indicated by a hold state indicator 68) for
a duration of time after a weld completion or termination,
such that the operator, for example, may note the preceding
operating welding voltage and welding amperage param-
eters. In certain embodiments, the hold state indicator 68
may be displayed in a relatively neutral color (e.g., grey in
certain embodiments) to denote that the system 1s currently
in a hold state. Similarly, the color display screen 48 of FIG.
5 displays the MIG open circuit voltage (OCV) state, 1n
which the output graphical indicator 64 signals that there 1s
currently an output power from the power source 16. How-
ever, no welding arc 1s generated at the depicted parameter
settings. A run-in graphical indicator 70 signals the wire feed
speed 1s at run-in speed, which 1s the speed of the wire feed
from the time the trigger 24 of the welding torch 12 1is
depressed until the imitiation of a welding arc. In certain
embodiments, the run-in graphical indicator 70 may be
similarly displayed in a relatively neutral color (e.g., grey 1in
certain embodiments).

[0050] In other embodiments, the Auto-Set selector 46 of
the user interface 38 may be enabled to automatically set
welding amperage for stick and TIG welding processes. In
a stick or T1G welding process, the appropriate setting of the
welding amperage (1.e., electrical current) may be of para-
mount significance, as the welding amperage and material
thickness, 1n particular, determines the intensity of the
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welding arc. Henceforth, FIGS. 6-8 are discussed for the
purpose of illustration of the stick welding process, FIGS.
9-13 are discussed for the purpose of illustration of the TIG
welding process, and similarly, FIGS. 14-19 are discussed
for the purpose of illustration of the TIG remote welding
process.

[0051] Similar to the previously discussed MIG process,
in the case that the Auto-Set selector 46 1s enabled, the
operator may then select electrode diameter and material
thickness via the electrode diameter adjustor 42 and the
maternial thickness adjustor 44, respectively. The welding
power source 16 may then automatically determine the
acceptable amperage parameters. The output graphical indi-
cator 64 signals an output of the power source 16, and the
graphical range indicator 62 indicates the acceptable range
of values for the amperage parameter as an operator, for
example, makes adjustments to the amperage parameter via
the welding parameter adjustment dial 52.

[0052] As such, when the operator adjusts the amperage
parameter via the welding parameter adjustment dial 52, the
acceptable range of values for the amperage parameter 1s
illustrated on the color display screen 48, and a shider
indicating the current value (e.g., the slider 74 of the
graphical range indicator 62) 1s shown within the acceptable
range. Again, 1n certain embodiments, the welding param-
cter adjustment dial 52 1s configured to only accept values
that fall within the acceptable ranges of values for the
amperage parameter, which may be determined based on the
other parameters mput via the user interface 38 (e.g., weld-
ing process type iput via the welding process selector 40,
clectrode diameter mput via the electrode diameter adjustor
42, matenal thickness imnput via the material thickness adjus-
tor 44, and so forth, or a combination thereof) when Auto-
Set 1s enabled (e.g., via activation of the Auto-Set selector
46). As discussed above with respect to FIG. 2, 1n certain
embodiments, the reticles 72 and/or the sliders 74 may be
displayed 1n varying colors to aid the user in ascertaining
how to adjust the welding parameter adjustment dial 50 and

S2.

[0053] FIG. 6 displays the stick weld state, in which, for
example, output power at 24 volts and 95 amps 1s sustained
from the power source 16 while an operator or user executes
a weld. FIG. 7 displays the stick hold state, in which, for
example, the color display screen 48 maintains display of the
previous state for a duration of time after a weld completion
or termination. FIG. 8 displays the stick open circuit voltage
(OCV) state, in which the output graphical indicator 64
indicates that there 1s currently an output voltage from the
power source 16. However, no welding arc 1s generated at
the depicted parameter settings.

[0054] As noted above, a TIG and/or TIG remote welding
process may depend heavily on the material thickness and
the amperage welding parameter. The T1G process typically
features a non-consumable tungsten electrode to generate a
weld, in which the tungsten electrode 1s guarded by an inert
shielding gas. Further, in comparison to previously dis-
cussed welding processes (e.g., MIG, flux cored, stick, etc.),
the TIG process may require that additional welding param-
eters and characteristics be monitored and communicated to
an operator of welding system 10. With the foregoing 1n
mind, similar to the other welding processes, the color
display screen 48 illustrated in FI1G. 9 displays the TIG weld
state. Like the other welding process, the TIG weld state 1s
the state 1n which the appropriate voltage (e.g., 12.0 volts)
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and welding amperage (e.g., 140 amps) are displayed while
an operator or user executes a weld. The color display screen
48 illustrated 1n FIG. 10 displays the TIG hold state, which
continues for a duration of time after a weld completion or
termination, such that the operator, for example, may note
the preceding operating welding voltage and welding amper-
age parameters. FIG. 11 displays the TIG open circuit
voltage (OCV) state, in which again the output graphical
indicator 64 indicates that there 1s currently a power output
on power source 16, but that no welding arc i1s being
maintained.

[0055] As depicted in FIG. 12, and disparate from the
previously discussed welding processes, the TIG Auto-Set
function may include a pre-flow state and a post-tlow state.
The TIG pre-flow state 1s the state 1n which 1nert gas tlows
prior to the generation of a welding arc to displace and shield
the area of the arc before 1gnition. For example, as depicted
within the color display screen 48 illustrated in FIG. 12, the
clectrode diameter and material thickness may be respec-
tively set at V16" and 316" inches. A pre-tlow graphical
indicator 76 may automatically indicate to an operator that
the 1nert gas has begun to tlow prior to the generation of the
welding arc. FIG. 13 depicts the TIG post-tlow state, where
a post-flow graphical indicator 78 automatically indicates
the post-flow state.

[0056] In certain embodiments, the TIG remote process
may be selected via the welding process selector 40 of the
user 1interface 38. As depicted within the color display screen
48 1illustrated in FIG. 14, the TIG remote process may be
indicated by a graphical indicator 82. In such a process, one
or more welding parameters may be remotely controlled or
adjusted by an operator. For example, FIG. 14 illustrates the
TIG remote standby state, where V16" represents an entered
value of electrode diameter, and ¥1¢" represents an entered
value of material thickness. The power source 16 may
automatically set the appropriate setting of the amperage
parameter (e.g., 140 amps). FIG. 15 illustrates the TIG
remote weld state, in which the appropnate settings for
welding voltage (e.g., 12.0 volts) and welding amperage
(e.g., 140 amps) are automatically displayed while an opera-
tor or other user executes a weld. Similarly, FIG. 16 displays
the TIG remote hold state, wherein, for example, after
displaying the aforementioned weld state, the operating
welding voltage and welding amperage parameters are fur-
ther held for an additional duration, as indicated by the hold
state indicator 68, such that the operator may note those
preceding welding parameters. FIG. 17 depicts the TIG
remote open circuit voltage (OCV) state, where the appro-
priate amperage (e.g., 140 amps) parameter setting 1s auto-
matically set upon receiving the electrode diameter (e.g.,
/16") and matenial thickness (e.g., ¥16") mputs (e.g., via the
clectrode diameter adjustor 42 and the material thickness
adjustor 44). The output graphical indicator 64 further
signals that there 1s currently an output power from the
power source 16, but that no welding arc 1s maintained. The
T1G remote process may also include pre-tlow and post-tlow
states, as depicted in FIGS. 18 and 19, respectively. The
pre-tlow state and post-flow state of the TIG remote process
may perform the same functions and exhibit the same
properties as that of the TIG pre-flow and post-tlow states
(e.g., as discussed above with respect to FIGS. 12 and 13).

[0057] The embodiments described herein provide an
intuitive and flexible graphical user interface for setting
welding parameters for various processes, material types,
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material thicknesses, gas types, and electrode diameters. The
embodiments described herein provide a quick and simple
means for setting welding parameters to a novice operator,
or even an experienced operator, who may be unfamiliar
with a certain welding process. The embodiments described
herein further display color graphical representations of
recommended welding parameter ranges of values, and
display when the given welding parameters are at the
appropriate or optimal settings. The graphical user interface
1s also configured to render additional instruction and guid-
ance to the operator for a given selected welding process.
The embodiments described herein also give the operator a
simple means to enable or disable the Auto-Set function,
such that the operator may take advantage of the automatic
setting of welding parameters, or make use of the traditional
manual setting of the welding parameters.

[0058] While only certain features of the present disclo-
sure have been 1llustrated and described herein, many modi-
fications and changes will occur to those skilled in the art.
It 1s, theretfore, to be understood that the appended claims are
intended to cover all such modifications and changes as fall
within the true spirit of the present disclosure.

1. A welding system, comprising:
an interface, comprising:

a first mput element configured to receive an 1nput
relating to a parameter ol power delivered to a
welding torch from a welding power supply;

a second mput element configured to receive an mput
relating to a rate ol advancement of an electrode
delivered to the welding torch from a welding wire
feeder;

a third mput element configured to receive an 1nput
relating to whether the parameter of power and the
rate of advancement of the electrode are automati-
cally set; and

a color display device configured to display the param-
cter of power and the rate of advancement of the
electrode; and

control circuitry configured to adjust and display on the
color display device the parameter of power and the
rate of advancement based at least 1n part on a selected
diameter setting for the electrode and a selected mate-
rial thickness setting for a work piece when the third
input element 1s activated, and to control the parameter
of power and the rate of advancement based on the
adjustment of the parameter of power and the rate of
advancement,

wherein the color display device 1s configured to display

a lirst color graphical representation of an acceptable

range of values for the parameter of power, and to

display a second color graphical representation of an
acceptable range of values for the rate of advancement
of the electrode,

wherein the first color graphical representation comprises
an 1ndication of where the adjusted parameter of power
1s relative to the acceptable range of values for the
parameter of power, and the second color graphical
representation comprises an indication of where the
adjusted rate of advancement 1s relative to the accept-
able range of values for the rate of advancement,

wherein the control circuitry 1s configured to display on
the color display device the first and second color
graphical representations having reticles or sliders that
change colors based on a respective current value 1n
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relation to the respective acceptable range of values and
a respective rate of advancement of the electrode based
on a respective feed speed 1n relation to the respective
acceptable range of values,

wherein different colors indicate a preferred range of

values, an acceptable range of values, or an unaccept-
able range of values.

2. The welding system of claim 1, wherein the control
circuitry 1s configured to adjust and display on the color
display device the first color graphical representation of the
acceptable range of values for the parameter of power, and
to adjust and display on the color display device the second
color graphical representation of the acceptable range of
values for the rate of advancement of the electrode.

3. The welding system of claim 1, wherein the control
circuitry 1s configured to adjust a color of the first color
graphical representation based on where the adjusted param-
eter of power 1s relative to the acceptable range of values for
the parameter of power, and to adjust a color of the second
color graphical representation based on where the adjusted
rate of advancement value 1s relative to the acceptable range
of values for the rate of advancement.

4. The welding system of claim 3, wherein the control
circuitry 1s configured to adjust the parameter of power and
the rate of advancement to values within their respective
acceptable ranges of values when the third mnput element 1s
activated.

5. The welding system of claim 1, wherein the control
circuitry 1s configured to display on the color display device
the first and second color graphical representations having,
sliders that change colors based on a respective current value
in relation to the respective acceptable range of values.

6. The welding system of claim 1, wherein the interface
comprises a fourth input element configured to receive an
input relating to the diameter setting of the electrode,
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wherein the control circuitry 1s configured to determine the
acceptable ranges of values based at least in part on the
diameter setting of the electrode.

7. The welding system of claim 1, wherein the interface
comprises a fourth input element configured to receive an
input relating to the matenial thickness setting of the work
piece, wherein the control circuitry 1s configured to deter-
mine the acceptable ranges of values based at least 1n part on
the material thickness setting.

8. The welding system of claim 1, wherein the control
circuitry 1s configured to display on the color display device
the first color graphical representation of the acceptable
range of values for the parameter of power for a predeter-
mined amount of time after an input 1s received by the first
input element, and to display on the color display device the
second color graphical representation of the acceptable
range ol values for the rate of advancement of the electrode
for the predetermined amount of time after an nput 1is
received by the second nput element.

9. The welding system of claim 1, wherein the control
circuitry 1s configured to only accept values from the first
input element that correspond to values of the parameter of
power that are within the acceptable range of values for the
parameter ol power.

10. The welding system of claim 1, wherein the control
circuitry 1s configured to only accept values from the second
input element that correspond to values of the rate of
advancement of the electrode that are within the acceptable
range of values for the rate of advancement of the electrode.

11. The welding system of claim 1, wherein the first input
clement, the second mput element, the third mnput element,
or some combination thereof, are displayed as graphical
input elements on the color display device.
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