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SYSTEMS FOR AND METHOD OF WELDING WITH SYNCHRONISED MULTIPLE USER
INTERFACE MODULES

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority from and the benefit of U.S. Provisional Application
Serial No. 61/697,993, entitled “WELDING SYSTEM WITH MULTIPLE USER INTERFACE
MODULES,” filed September 7, 2012, which is hereby incorporated by reference in its entirety

for all purposes.

BACKGROUND

[0002] The present invention relates generally to the field of welding systems, and more

particularly to welding systems with multiple user interface modules that are synchronized.

[0003] In typical welding systems, user interface (UI) modules may appear in many locations.
However, the Ul modules may each display different sets of information at the different
locations. In some cases, a Ul module may even display outdated information. This disconnect

of information within the system may result in conflicting settings, leading to operator confusion.

BRIEF DESCRIPTION

[0004] In one embodiment, a welding system user interface module includes a front panel
comprising a first input device and a first display screen. The welding system user interface
module also includes circuitry comprising a memory storing machine-readable instructions, a
processor for executing the machine-readable instructions, and communication circuitry
configured to receive Ul data from the first input device or a second input device of a remote
welding system user interface module, and to broadcast synchronized data to the first display

screen and a second display screen of the remote welding system user interface module.

[0005] In another embodiment, a welding system includes a first user interface module

located on a first welding system component, and a second user interface module located on a
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second welding system component. Data displayed by the first and second user interface

modules is synchronized.

[0006] In another embodiment, a method includes receiving Ul data from a first user interface
module of a welding system or a second user interface module of the welding system. The
method also includes broadcasting synchronized data to the first and second user interface

modules based at least in part on the received Ul data.

DRAWINGS

[0007]  These and other features, aspects, and advantages of the present invention will become
better understood when the following detailed description is read with reference to the
accompanying drawings in which like characters represent like parts throughout the drawings,

wherein:

[0008] FIG. 1 is a diagram of an embodiment of a welding system that may utilize

synchronized Ul modules, in accordance with embodiments of the present disclosure;

[0009] FIG. 2 is a block diagram of an exemplary welding system including various welding

equipment and accessories, in accordance with embodiments of the present disclosure;

[0010] FIG. 3 is a front view of the upper Ul module, in accordance with embodiments of the

present disclosure;

[0011] FIG. 4 is a front view of the lower Ul module, in accordance with embodiments of the

present disclosure;

[0012] FIG. 5 is a perspective view of the welding torch of FIG. 1 having the torch Ul

module, in accordance with embodiments of the present disclosure;

[0013] FIG. 6 is a block diagram of the welding power supply unit, the welding wire feeder,
and the welding torch of FIG. 1, illustrating exemplary circuitry of the Ul modules, in

accordance with embodiments of the present disclosure; and



WO 2014/039584 PCT/US2013/058099

[0014] FIG. 7 is a flow chart of an exemplary method of control used by the controlling Ul
module of the welding system of FIG. 6, in accordance with embodiments of the present

disclosure.

DETAILED DESCRIPTION

[0015] The embodiments described herein include improvements to welding system user
interface modules. Such improvements may provide consistent data throughout all Ul modules
in the system, resulting in synchronized data (e.g., relating to operating parameters of the various
welding system components, parameters relating to the welding process as a whole, and so forth)
being provided to all of the components for improved welding system operability. The Ul
modules enable an operator to adjust and monitor the inputs and outputs of the welding system,
which may be received from and distributed to multiple locations in a welding environment. The
welding system may include multiple Ul modules on various components within the system,
such as a welding power source, a welding wire feeder, a welding torch, a welding helmet, a
welding remote device (e.g., a pendant), a welding cooling system, a personal computer (PC),
and so forth. The Ul modules may be specifically designed for the specific components for
which they are designed. However, the Ul modules may include certain types of Ul modules
that may be interchangeably (e.g., removable and replaceable) used between various components
of a welding system. In addition, Ul modules within a welding system may be synchronized
such that the data are always relatively synchronized (e.g., within a given updating period, such
as less than 1 millisecond) across the various UI modules. For example, as described in greater
detail below, in certain embodiments, one of the Ul modules in a welding system may always
function as the synchronization module, receiving Ul data (e.g., data relating to manipulation of
input devices, data relating to changes in state for the particular Ul module, data relating to
changes in system states, and so forth) from the various Ul modules within the welding system,

and broadcasting synchronized data to the various Ul modules.

[0016] Turning to the figures, FIG. 1 is a diagram of an embodiment of a welding system 10
that may utilize synchronized Ul modules, in accordance with embodiments of the present

disclosure. It should be appreciated that, while the welding system 10 described herein is
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specifically presented as a gas metal arc welding (GMAW) system 10, the presently disclosed
synchronized Ul modules may also be used with other arc welding processes (e.g., FCAW,
FCAW-G, GTAW, SAW, SMAW, or similar arc welding processes). More specifically, as
described in greater detail below, all equipment and accessories used in the welding system 10
may include the synchronized Ul modules described herein. The welding system 10 includes a
welding power supply unit 12 (i.e., a welding power source), a welding wire feeder 14, a gas
supply system 16, and a welding torch 18. The welding power supply unit 12 generally supplies
power to the welding system 10 and other various accessories, and may be coupled to the
welding wire feeder 14 via a weld cable 20 as well as coupled to a workpiece 22 using a lead
cable 24 having a clamp 26. In the illustrated embodiment, the welding wire feeder 14 is
coupled to the welding torch 18 via a weld cable 28 in order to supply welding wire and power to
the welding torch 18 during operation of the welding system 10. In another embodiment, the

welding power supply unit 12 may couple and directly supply power to the welding torch 18.

[0017] In the embodiment illustrated in FIG. 1, the welding power supply unit 12 may
generally include power conversion circuitry that receives input power from an alternating
current power source 30 (e.g., the AC power grid, an engine/generator set, or a combination
thereof), conditions the input power, and provides DC or AC output power via the weld cable 20.
As such, the welding power supply unit 12 may power the welding wire feeder 14 that, in turn,
powers the welding torch 18, in accordance with demands of the welding system 10. The lead
cable 24 terminating in the clamp 26 couples the welding power supply unit 12 to the workpiece
22 to close the circuit between the welding power supply unit 12, the workpiece 22, and the
welding torch 18. The welding power supply unit 12 may include circuit elements (e.g.,
transformers, rectifiers, switches, and so forth) capable of converting the AC input power to a
direct current electrode positive (DCEP) output, direct current electrode negative (DCEN)
output, DC variable polarity, or a variable balance (e.g., balanced or unbalanced) AC output, as
dictated by the demands of the welding system 10 (e.g., based on the type of welding process
performed by the welding system 10, and so forth).

[0018] The illustrated welding system 10 includes a gas supply system 16 that supplies a

shielding gas or shiclding gas mixtures to the welding torch 18. In the depicted embodiment, the
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gas supply system 16 is directly coupled to the welding torch 18 via a gas conduit 32 that is part
of the weld cable 20 from the welding power supply unit 12. In another embodiment, the gas
supply system 16 may instead be coupled to the welding wire feeder 14, and the welding wire
feeder 14 may regulate the flow of gas from the gas supply system 16 to the welding torch 18. A
shielding gas, as used herein, may refer to any gas or mixture of gases that may be provided to
the arc and/or weld pool in order to provide a particular local atmosphere (e.g., shield the arc,
improve arc stability, limit the formation of metal oxides, improve wetting of the metal surfaces,

alter the chemistry of the weld deposit, and so forth).

[0019] In addition, in certain embodiments, other welding equipment and welding
accessories (e.g., welding-related devices) may be used in the welding system 10. For example,
in most welding applications, a welding helmet 34 may be worn by an operator of the welding
system 10. The welding helmet 34 provides protection to the operator of the welding system 10,
particularly protecting the eyes of the operator from the flashing associated with the welding arc
during welding operations. In addition, in certain embodiments, the welding helmet 34 may
provide feedback to the operator related to parameters of the welding operations. For example,
the welding helmet 34 may include an internal display configured to display the welding
parameters to the operator during the welding operations. In addition, in certain embodiments, a
welding remote device (e.g., a pendant) 36 may be used to communicate between the welding
wire feeder 14 and the welding torch 18. The welding remote device 36 is a device that may be
used at a welding application remote from an associated welding power supply unit 12 and/or
welding wire feeder 14, yet still provide substantially the same display and input devices that the
remote welding power supply unit 12 and/or welding wire feeder 14 provide. In other words, the
welding remote device 36 may be used as a remote control panel when it is not feasible or
practical to use control panels on an associated remote welding power supply unit 12 and/or

welding wire feeder 14.

[0020] The welding equipment and accessories illustrated in FIG. 1 are merely exemplary
and not intended to be limiting of the types of welding equipment and accessories that may be
used in the welding system 10 and include synchronized Ul modules as described herein. Many

other types of welding equipment and accessories (e.g., welding cooling systems, personal
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computers (PCs), and so forth) may also be used in conjunction with the welding system 10 and
include synchronized Ul modules as described herein. As will be appreciated, welding systems
10 may sometimes become somewhat complex with the number of welding equipment and
accessories that are included in the welding systems 10. For example, FIG. 2 is a block diagram
of an exemplary welding system 10 including various welding equipment and accessories,
including a welding power supply unit 12, a wire feeder 14, a welding torch 18, a welding helmet
34, and welding remote device 36, a welding cooling system 44, and a personal computer (PC)
46, in accordance with embodiments of the present disclosure. As will be appreciated, each of
the welding system components of FIG. 2 may be configured to receive one or more of the Ul
modules 38, 40, 42 in specific locations. For example, as illustrated in FIG. 1, the welding
power supply unit 12 may be configured to receive an upper Ul module 38 in an upper front
panel, and to receive a lower Ul module 40 in a lower front panel. Similarly, the welding wire
feeder 14 may be configured to receive an upper Ul module 38 in a front panel. The welding
torch 18 may be configured to receive a torch Ul module 42 in a top body portion. In certain
embodiments, the welding helmet 34 may be configured to receive one of the Ul modules 38, 40,
42 in an interior portion of the welding helmet 34 to enable the operator to view the information.
In other embodiments, a Ul module may be specifically designed (e.g., having different
functionality than any of the Ul modules 38, 40, 42) for use within the interior portion of the
welding helmet 34. The welding remote device 36 may be configured to receive one of the Ul
modules 38, 40, 42 (or a Ul module specific designed for the welding remote device 36) in a
front panel. Returning now to FIG. 2, the welding cooling system 44 and the PC 46 may be

configured to receive one of the Ul modules 38, 40, 42 in a front panel.

[0021] As illustrated in FIG. 2, the communication paths between the various welding
equipment and accessories can become somewhat complex. In particular, any number and
combination of the welding system components of FIG. 2 may be used together. The
synchronized Ul modules described herein facilitate synchronized communication of data
between such welding equipment and accessories. More specifically, as described above, the
embodiments described herein provide synchronized Ul modules that may be specifically
designed for the specific welding equipment and accessories for which they are designed.

However, the Ul modules are interchangeable (e.g., are removable and replaceable) between
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certain welding equipment and accessories. For example, returning now to FIG. 1, for purposes
of illustration herein, the illustrated welding system 10 includes an upper Ul module 38, a lower
Ul module 40, and a torch Ul module 42, each of which may have specific input devices and
display devices for the specific type of Ul module. For instance, the torch Ul module 42 is
specifically designed for welding torches such as the welding torch 18 illustrated in FIG. 1 and,
as such, may generally include a smaller physical profile having fewer and more streamlined
input devices and display screens than, for example, the upper and lower Ul modules 38, 40. As
also illustrated in FIG. 1, both the welding power supply unit 12 and the welding wire feeder 14
include upper Ul modules 38, whereas only the welding power supply unit 12 includes a lower
Ul module 40. However, in other embodiments, the welding wire feeder 14 may be configured
to receive a lower Ul module 40 instead of an upper Ul module 38, or may be configured to
receive both an upper Ul module 38 and a lower UI module 40. It will be appreciated that the Ul
modules 38, 40, 42 illustrated in FIG. 1 are merely exemplary and not intended to be limiting.
Other types of synchronized UI modules may be used.

[0022] As described above, the Ul modules 38, 40, 42 may include different input devices
and display screens (e.g., plasma panels, LCDs panels, LED panels, and so forth), which
generally depend upon the general functionality of the welding equipment or accessory for which
the Ul module is used. For example, FIG. 3 is a front view of the upper UI module 38, FIG. 4 is
a front view of the lower Ul module 40, and FIG. 5 is a perspective view of the welding torch 18
of FIG. 1 having the torch Ul module 42, in accordance with embodiments of the present
disclosure. As illustrated, the upper Ul module 38 generally includes more input devices than
the lower Ul module 40. For example, the upper Ul module 38 includes two control knobs 48,
whereas the lower Ul module 40 only includes one control knob 48. These control knobs 48
may be used to control parameters of the welding process, such as voltage, current, wire feed
speed, welding wire diameter, and so forth. Similarly, the upper Ul module 38 includes
considerably more control buttons 50, which may be used to modify operating modes, modes of
information display, and so forth. Furthermore, the upper Ul module 38 includes a power button
52, which may be used to turn the respective welding equipment of accessory on or off, whereas
the lower Ul module 40 does not include a power button 52. However, the lower Ul module 40

includes memory buttons 54 that may be used to store certain operation profiles (e.g., a certain
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memory profile may include a given set of operating parameters, such as voltage, current, wire
feed speed, welding wire diameter, and so forth). The displays are also somewhat different
between the upper Ul module 38 and the lower Ul module 40. In certain embodiments, the
display screens 56 of the upper Ul module 38 may be display screens for displaying operating
parameters (e.g., voltage, current, wire feed speed, welding wire diameter, and so forth) as they
change during operation of the welding system 10, and the display screen 58 of the lower Ul
module 40 may be a display screen (e.g., touch screen) that may be scrolled through by the

operator to view various information of the welding system 10.

[0023] In contrast to the upper and lower Ul modules 38, 40, the torch Ul module 42
illustrated in FIG. 5 includes a relatively smaller display screen 60 (e.g., plasma, LCD, LED,
touch, etc.). The torch Ul module 42 may include control buttons 62 (e.g., soft keys, hard
buttons, knobs, etc.). As will be appreciated, the functionality of these control buttons 62 may be
relatively simpler than that of either the upper Ul module 38 or the lower Ul module 40.
However, the torch UI module 42 may enable the operator to adjust system parameters quickly
(e.g., without having to walk over to the welding power supply unit 12 or the welding wire

feeder 14), resulting in more efficient welding processes.

[0024] All of the various input devices (e.g., the control knobs 48, the control buttons 50, the
power buttons 52, the memory buttons 54, the control buttons 62, and so forth), as well as
various other input devices that may be included in the UI modules 38, 40, 42, may be used to
receive user inputs from the operator from the various welding equipment and accessories to
which the Ul modules 38, 40, 42 are attached. In addition, as described in greater detail below,
the various display screens 56, 58, 60 may display information that has been synchronized
between the various Ul modules 38, 40, 42. The operator may change and/or view any of the
welding system settings from any of the Ul modules 38, 40, 42 in the welding system 10. As
such, the UI hardware, software, and data may be duplicated at every Ul module 38, 40, 42 in the
welding system 10. Therefore, each UI module 38, 40, 42 may display the same information,
and only one set of data may need to be managed and relayed to each Ul module 38, 40, 42.
Using duplicated data at each UI module 38, 40, 42 may result in synchronized data throughout

the welding system 10, reducing the possibilities for mistakes and/or confusion. Furthermore,
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the welding system 10 may be able to receive input information at multiple locations and have
the information recognized across the entire welding system 10 immediately (e.g., within a given
updating period, such as every 100 milliseconds). Additionally, the synchronization mechanism
may enable locking and/or limiting of system parameters, improving the security of the welding

system 10.

[0025]  FIGS. 3-5 primarily illustrate the outwardly-facing front panels of the UI modules 38,
40, 42. However, each of the UI modules 38, 40, 42 includes its own circuit board that includes
circuitry for processing Ul data (including data relating to user manipulation of user input
devices) from their respective input devices, communicating information relating to the Ul data
among the various Ul modules 38, 40, 42, receiving updated (e.g., synchronized) data relating to
operation of the welding process, displaying the received data on their respective display
screen(s), and so forth. In general, one of the Ul modules 38, 40, 42 will be used as a controlling
Ul module. In other words, one of the Ul modules 38, 40, 42 will be used to receive information
relating to the Ul data from all of the UI modules 38, 40, 42 of the welding system 10, and to
communicate updated (e.g., synchronized) data relating to operation of the welding system 10 to
the various UI modules 38, 40, 42, thereby synchronizing operation of the various Ul modules
38, 40, 42. In general, the UI modules 38, 40, 42 include substantially similar hardware and/or
software, such that any one of the UI modules 38, 40, 42 could be used as the controlling Ul
module. It will be appreciated that selection of a specific Ul module 38, 40, 42 as the controlling

module may be selected via the input devices of the various Ul modules 38, 40, 42.

[0026] FIG. 6 is a block diagram of the welding power supply unit 12, the welding wire
feeder 14, and the welding torch 18 of FIG. 1, illustrating exemplary circuitry of the Ul modules
38, 40, 42, in accordance with embodiments of the present disclosure. In the illustrated
embodiment, the upper Ul module 38 of the welding power supply unit 12 is being used as the
controlling Ul module. More specifically, the upper Ul module 38 of the welding power supply
unit 12 receives Ul data from the lower Ul module 40 of the welding power supply unit 12, the
upper Ul module 38 of the welding wire feeder 14, and the torch Ul module 42 of the welding
torch 18, and broadcasts synchronized data to the lower Ul module 40 of the welding power

supply unit 12, the upper UI module 38 of the welding wire feeder 14, and the torch Ul module
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42 of the welding torch 18, as well as updating its own input device(s) and display screen(s) with
the synchronized data. However, again, any one of the Ul modules 38, 40, 42 could be selected
as the controlling UI module insofar as each of the Ul modules 38, 40, 42 includes substantially
similar hardware and/or software, enabling each to function as the controlling UI module in the

manner the upper Ul module 38 is functioning in FIG. 6.

[0027] For example, as illustrated in FIG. 6, each of the Ul modules 38, 40, 42 includes a
circuit board 64 that includes a memory 66, a processor 68, and communication circuitry 70. As
described herein, in general, each of the Ul modules 38, 40, 42 includes only a single circuit
board 64 that is associated with certain input devices and/or display screens. However, in certain
embodiments, a composite Ul module may be used, which includes a first Ul module that
includes certain input devices and/or display screens and a first circuit board 64 that includes its
own memory 66, processor 68, and communication circuitry 70, and a second Ul module that
includes certain input devices and/or display screens and a second circuit board 64 that includes

its own memory 66, processor 68, and communication circuitry 70.

[0028] Each of the UI modules 38, 40, 42 includes machine-readable instructions stored in the
respective memory 66 that may be executed by the respective processor 68. The machine-
readable instructions of the controlling UI module (the upper Ul module 38 of the welding power
supply unit 12 in FIG. 6) determines the synchronized data to be broadcast to the other Ul
modules 38, 40, 42 of the welding system 10 based at least on Ul data received from the Ul
modules 38, 40, 42 of the welding system 10. The synchronized data that is broadcast may be
determined at least in part on data that is communicated to/from control circuitry 72 that is
internal to the welding system component (the welding power supply unit 12 in FIG. 6) on which
the controlling Ul module is located. Indeed, the communication circuitry 70 of each of the Ul
modules 38, 40, 42 may be configured to communicate with control circuitry 72 that is internal
to (e.g., within a housing of) the welding system component on which the UI module 38, 40, 42
is located, either wirelessly or via communication ports on the respective circuit board 64 that are
configured to mate with complementary ports in the respective welding system component. It
will be appreciated that certain welding system components (e.g., the welding torch 18) may not

include such internal control circuitry 72 in certain embodiments.

10
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[0029] The communication circuitry 70 of the Ul modules 38, 40, 42 may similarly include
either wireless or wired communication circuitry for communicating between the UI modules 38,
40, 42. For example, in certain embodiments, the communication circuitry 70 may use Ethernet,
RS485, RS232, SPI, fiber optics, RF, or any other suitable communication methods to
communicate the Ul data and the synchronized data between the Ul modules 38, 40, 42. In
addition, in certain embodiments, the Ul modules 38, 40, 42 may also communicate (e.g., via
WiFi or other suitable communication techniques) with a personal computer (PC) (e.g., the PC
46 illustrated in FIG. 2), tablet computer, smart phone, and so forth, to provide a virtual user
interface to a remote operator. Furthermore, in certain embodiments, the synchronized data may
be communicated across different communication technologies, and be formatted accordingly.
Use of these communication methods may enable the welding system components to
communicate quickly, and may provide increased welding system security from unauthorized

users.

[0030] FIG. 7 is a flow chart of an exemplary method 74 of control used by the controlling Ul
module (e.g., the upper Ul module 38 of the welding power supply unit 12 of FIG. 6) of the
welding system 10, in accordance with embodiments of the present disclosure. In step 76, the
controlling UI module broadcasts synchronized data to the UI modules 38, 40, 42 of the welding
system 10, wherein the synchronized data includes a broadcast token embedded therein. In step
78, the controlling UI module receives Ul data from input devices of the Ul modules 38, 40, 42
of the welding system 10, wherein the Ul data includes a response token embedded therein. The
response tokens are generally related to the broadcast tokens. For example, the response tokens
may match the broadcast tokens, or may be related to (e.g. may include a counter, be an inverse,
and so forth) the broadcast tokens. In step 80, the controlling UI module reconciles conflicts
between Ul data based on the tokens, which may include timestamps, counters, or a combination
thereof. For example, a first user input command (e.g., via manipulation of a user input device)
received from one Ul module 38, 40, 42 may occur at substantially the same time as a second
user input command (e.g., via manipulation of a user input device) received from another Ul
module 38, 40, 42. Based at least in part on the response tokens that are embedded within the
potentially conflicting user input commands, the controlling Ul module determines which of the

user input commands should take priority, whether both user input commands should be

11
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implemented, and so forth. This determination may be made based at least in part on
communication with the control circuitry 72 internal to the welding system component on which
the controlling UI module is located. In addition, the reconciliation of the Ul data (e.g., user
input commands) may be determined by an arc controller (e.g., system root), which may be
internal to one of the welding system components. Furthermore, in certain embodiments, the
reconciliation of the UI data (e.g., user input commands) may also include prioritization of the
Ul data (e.g., user input commands). For example, a prioritization between the Ul data may be
based on the types of the Ul modules 38, 40, 42 (e.g., certain types of Ul modules 38, 40, 42 may
be given higher prioritization), the type of welding system component on which the UI module
38, 40, 42 is located (e.g., certain types of welding system components may be given higher
prioritization), a location of the Ul module 38, 40, 42 (¢.g., based on a network address), and so
forth, each of which may be embedded within the response tokens. Once the potentially
conflicting Ul data (e.g., user input commands) are reconciled by the controlling UI module, the
method continues back to step 76 where the controlling Ul module again broadcasts

synchronized data to the UI modules 38, 40, 42 of the welding system 10.

[0031]  As described above, each cycle of the method 74 may be performed by the controlling
Ul module at a given time interval (e.g., at least approximately every second, at least
approximately every 100 milliseconds, at least approximately every 50 milliseconds, at least
approximately every 10 milliseconds, at least approximately every 1 millisecond, or even more
frequently). However, in certain embodiments, the rate at which the synchronized data is re-
broadcast will change over time. For example, the rate at which the synchronized data is re-
broadcast may be reduced when there are no new changes to the synchronized data (e.g., when
the broadcast token stays the same between cycles). However, when a change in the
synchronized display data occurs (e.g., due to system behavior or new control values), the re-
broadcast time is momentarily sped up to ensure that each receiving display node (e.g., the Ul
modules 38, 40, 42) receives the update more rapidly. The broadcast rate reduction logic reduces
the total number of network messages that the Ul modules 38, 40, 42 have to process. For
example, in certain embodiments, three broadcast display data messages including the
synchronized data may be sent within approximately 1 millisecond (e.g., approximately 400

microseconds apart), and then the broadcast rate reduces to only once every 50 milliseconds

12



WO 2014/039584 PCT/US2013/058099

(c.g., a baseline broadcast rate). In certain embodiments, the broadcast rate can also be increased
while actively welding (e.g., from approximately 50 milliseconds to approximately 10
milliseconds or approximately 20 milliseconds). As such, the controlling Ul module of the
welding system 10 may vary the broadcast rate to optimize network performance and to ensure
prompt display updates. In particular, the broadcast rate may be varied based on single
occurrences or frequencies of occurrences of changes caused by, for example, manual changes
via the input devices of the Ul modules 38, 40, 42 and/or automatic changes such as system state

or feedback changes.

[0032] The modularity of the Ul modules 38, 40, 42 described herein enables relatively
complex welding systems, such as the welding system 10 illustrated in FIG. 2, to provide
appropriate types of synchronized data with minimal types of interchangeable Ul modules 38,
40, 42. For example, as illustrated in FIG. 6, the welding power supply unit 12 may include
system root control circuitry 72 that enables it to function as a network master and to control data
management and automation of the welding system 10. The control circuitry 72 may have no
input devices or display screens, however, the welding power supply unit 12 may include both a
“basic UI” (e.g., the upper Ul module 38) and an “advanced LCD UI” (e.g., the lower UI module
40). In addition, the welding wire feeder 14 may include control circuitry 72 that provides basic
local control functionality for the welding wire feeder 14 and the “basic UI” (e.g., the upper Ul
module 38). In addition, as described above, the welding torch 18 may include a “specialized
LCD UI” (e.g., the torch Ul module 42). Returning to FIG. 2, the welding helmet 34 may
include a specialized Ul module in an interior portion of the welding helmet 34. The welding
remote device 36 may include the “basic UI” (e.g., the upper UI module 38), the “advanced LCD
UI” (e.g., the lower Ul module 40), or a specialized Ul module. Similarly, the welding cooling
system 44 and the PC 46 may include the “basic UI” (e.g., the upper Ul module 38), the
“advanced LCD UI” (e.g., the lower UI module 40), or a specialized Ul module. Other types of
welding system components, such as a diagnostics service tool and simple accessories (e.g., foot
pedals and hand controls) may include simple specialized Ul modules with reduced

functionality.
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[0033] Furthermore, in certain embodiments, remote control nodes may be used that include
no display screens or input devices, but nevertheless may receive and apply the synchronized
data that is broadcast by the controlling UI module. Such remote control nodes may still be
capable of sending data to the controlling Ul module. For example, a current or temperature
sensor may function as a remote control node, and may send control messages to the controlling
UI module, and receive the synchronized data as control values or state changes. In addition,
automation or programmable logic controllers (PLCs) may use the same Ul synchronization
messages (€.g., in the synchronized data) to automatically adjust settings as a sequence of welded

parts are changed, for example.

[0034]  As described above, the modularity and interchangeability of the UI modules 38, 40,
42 described herein enable virtually unlimited combinations of Ul functionality. Again, it should
be noted that the UI hardware, software, and even the data communicated, of the UI modules 38,
40, 42 are substantially identical, enabling each of the Ul modules 38, 40, 42 to function as a
controlling Ul module or simply a node in the communication network of welding components
of the welding system 10. In addition, all of the UI modules 38, 40, 42 will have the same look
and feel as well as data management style. However, each of the Ul modules 38, 40, 42 may
individually display, at the same time, the exact same parameters, some of the same parameters
and some different parameters, or entirely different parameters, depending on the specific needs
of the particular UI modules 38, 40, 42. For all Ul modules 38, 40, 42 that are displaying the
same parameters, they match and are synchronized. For example, if one display screen changes
a parameter that is on other display screens, the other display screens update as the parameter
changes. For all UI modules 38, 40, 42 that are displaying parameters that are not currently on
other Ul modules 38, 40, 42, some parameters may be edited with no affect to the other Ul
modules. In certain embodiments, all of the upper UI modules 38 may display exactly the same
parameters. For example, if a change is made to what is being displayed on one upper Ul
module 38, all of the upper Ul modules 38 will be updated to match what is being displayed.
Conversely, all of the lower Ul modules 40 display may be independent from each other, and
display the same or different parameters. For example, if a change is made to what is being
displayed on one lower UI module 40, the other lower UI modules 40 may not necessarily follow

(e.g., the data displayed may be synchronized, but the particular parameters being displayed may
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not be). It will be understood that any grouping of UI modules 38, 40, 42 may have differing
functionality. For example, in other embodiments, the upper Ul modules 38 may potentially
display different parameters, while the lower Ul modules 40 may display exactly the same
parameters. The parameter values themselves, however, will always be synchronized regardless

of the Ul module 38, 40, 42 upon which they are displayed.

[0035] While only certain features of the invention have been illustrated and described herein,
many modifications and changes will occur to those skilled in the art. It is, therefore, to be
understood that the appended claims are intended to cover all such modifications and changes as

fall within the true spirit of the invention.
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CLAIMS:

1. A welding system user interface module, comprising:

a front panel comprising a first input device and a first display screen; and

circuitry comprising a memory storing machine-readable instructions, a processor for
executing the machine-readable instructions, and communication circuitry configured to receive
Ul data from the first input device or a second input device of a remote welding system user
interface module, and to broadcast synchronized data to the first display screen and a second

display screen of the remote welding system user interface module.

2. The welding system user interface module of claim 1, wherein the machine-
readable instructions comprise instructions for reconciling conflicts between Ul data received

from the first and second input devices.

3. The welding system user interface module of claim 2, wherein the synchronized
data comprises a broadcast token, and the Ul data comprise a response token, wherein
reconciliation of the conflicts between the Ul data is based at least in part on the broadcast token

and the response token.

4. The welding system of claim 3, wherein the response token comprises

prioritization information.

5. The welding system user interface module of claim 1, wherein the communication
circuitry is configured to communicate with control circuitry internal to a welding system

component on which the welding system user interface module is located.
6. The welding system user interface module of claim 1, wherein the welding system

user interface module is removable and replaceable from a welding system component on which

the welding system user interface module is located.
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7. The welding system user interface module of claim 1, wherein the communication
circuitry comprises wireless communication circuitry configured to communicate with the

remote welding system user interface module wirelessly.

8. The welding system user interface module of claim 1, wherein the communication

circuitry broadcasts the synchronized data at least approximately every 100 millisecond.

9. A welding system, comprising:
a first user interface module located on a first welding system component; and
a second user interface module located on a second welding system component;

wherein data displayed by the first and second user interface modules is synchronized.

10.  The welding system of claim 9, wherein the first welding system component
comprises a welding power supply unit, and the second welding system component comprises a

welding wire feeder.

11.  The welding system of claim 9, wherein the first welding system component
comprises a welding power supply unit or a welding wire feeder, and the second welding system

component comprises a welding torch.

12.  The welding system of claim 9, wherein the first welding system component
comprises a welding power supply unit or a welding wire feeder, and the second welding system

component comprises a welding helmet.
13.  The welding system of claim 9, wherein the first welding system component

comprises a welding power supply unit or a welding wire feeder, and the second welding system

component comprises a welding remote device.
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14.  The welding system of claim 9, wherein the first welding system component
comprises a welding power supply unit or a welding wire feeder, and the second welding system

component comprises a welding cooling system.

15. The welding system of claim 9, wherein the first welding system component
comprises a welding power supply unit or a welding wire feeder, and the second welding system

component comprises a personal computer (PC), tablet computer, or smart phone.

16.  The welding system of claim 9, wherein conflicts between Ul data from the first

and second user interface modules are reconciled.

17. A method, comprising:

receiving Ul data from a first user interface module of a welding system or a second user
interface module of the welding system; and

broadcasting synchronized data to the first and second user interface modules based at

least in part on the received Ul data.

18. The method of claim 17, wherein the first and second user interface modules

comprise a composite user interface module.

19.  The method of claim 17, comprising removing the first user interface module
from a welding system component of the welding system and replacing the first user interface

module with a third user interface module.
20.  The method of claim 17, comprising varying a broadcast rate of the synchronized

data based at least in part on the frequency of occurrence of parameter adjustments or system

state changes.
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