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(57) Abrégé/Abstract:

A welding system includes a welding power supply (12). The welding power supply provides a welding power for a welding
application through a weld cable (36). Additionally, the welding power supply includes weld cable communications circuitry (28)
including a receiver to receive data from the weld cable and to monitor the weld cable for frequency spurs or other interfering
signals. Further, the weld cable communications circuitry includes a transmitter to transmit data across the weld cable.
Furthermore, the transmitter adjusts data transmission characteristics based on the frequency spurs or the other interfering signals.
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(57) Abstract: A welding system includes a welding power supply (12). The welding power supply provides a welding power for a
welding application through a weld cable (36). Additionally, the welding power supply includes weld cable communications cir-
cuitry (28) including a receiver to receive data from the weld cable and to monitor the weld cable for frequency spurs or other inter -
fering signals. Further, the weld cable communications circuitry includes a transmitter to transmit data across the weld cable. Fur-
thermore, the transmitter adjusts data transmission characteristics based on the frequency spurs or the other interfering signals.



CA 02970072 2017-06-07

WO 2016/099641 PCT/US2015/056126

SYSTEMS AND METHODS FOR ADAPTIVELY
CONTROLLING WELD CABLE COMMUNICATIONS

BACKGROUND

[0001] The present disclosure relates generally to welding systems, and more

particularly to systems and methods for weld cable communications.

[0002] Welding is a process that has become increasingly prevalent in various
industries and applications. Such processes may be automated in certain contexts,
although a large number of applications continue to exist for manual welding
applications. In both cases, such welding applications rely on a variety of types of
equipment to ensure that the supply of welding consumables (e.g., wire and shielding
gas) is provided to the weld in an appropriate amount at the desired time. For
example, metal inert gas (MIG) welding typically relies on a wire feeder to enable a
welding wire to reach a welding torch. The wire is continuously fed during welding
to provide filler metal. A welding power source ensures that arc heating is available

to melt the filler metal and the underlying base metal.

[0003] In certain applications, power cables supply power from the welding power
source to a welding torch performing a welding application. For example, the
welding power source may provide a welding voltage and current that may be utilized
between the welding torch and a workpiece to perform the welding application.
Additionally, the power cables may also provide a data transmission medium between
componcnts of the welding system. However, the arrangement and characteristics of
power cables within the welding system may cause various distortions within the weld
cable system that affect power and data transmitted across a weld cable. In these
situations, various intcrference variables of a welding system (e.g., inductance and
resistance) may be determined to compensate for the various distortions within the
weld cable system. In some situations, switching voltage and current levels at the
welding power source may also result in interference or distortions in the data across
the weld cable. Accordingly, it may be beneficial to actively avoid interference
across the weld cable with systems and methods that efficiently and accurately alter

data transmission schemes.
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BRIEF DESCRIPTION

[0004]  Certain embodiments commensurate in scope with the originally claimed
subject matter are summarized below. These embodiments are not intended to limit
the scope of the claimed subject matter, but rather these embodiments are intended
only to provide a bricf summary of possible forms of the claimed subjcct matter.
Indeed, the claimed subject matter may encompass a variety of forms that may be

similar to or different from the embodiments set forth below.

[0005] In one embodiment, a welding system includes a welding power supply.
The welding power supply provides a welding power for a welding application
through a weld cable. Additionally, the welding power supply includes weld cable
communications circuitry including a receiver to receive data from the weld cable and
to monitor the weld cable for frequency spurs or other interfering signals. Further, the
weld cable communications circuitry includes a transmitter to transmit data across the
weld cable. Furthermore, the transmitter adjusts data transmission characteristics

based on the frequency spurs or the other interfering signals. .

[0006] In another embodiment, a method includes transmitting one or more tones
through a weld cable from a transmitter disposed along the weld cable with an initial
tone assignment of a set of tone assignments. Additionally, the method includes
providing welding power and data communication through the weld cable via a
welding system. Further, the method includes monitoring at least one weld system
characteristic along the weld cable with weld cable communications circuitry, and
changing transmission of the one or more tones with the transmitter from the initial
tone assignment to a second tone assignment based on the at least one weld system

characteristic.

[0007]  In another embodiment, a welding system includes a wire feeder. The wire
feeder receives a welding power for a welding application through a weld cable.
Additionally, the wire feeder includes weld cable communications circuitry including
a receiver to receive data from the weld cable and to monitor the weld cable for

frequency spurs or other interfering signals. Further, the weld cable communications



circuitry includes a transmitter to transmit data across the weld cable. Furthermore, the
transmitter adjusts data transmission characteristics based on the frequency spurs or the other

interfering signals.
SUMMARY
[0007A] In a broad aspect, the present invention pertains to a welding system comprising

a welding power supply configured to provide welding power for a welding application through a
weld cable. The welding power supply comprises a weld cable communications circuitry that
comprises a receiver configured to receive data from the weld cable, and to monitor the weld
cable for at least one of frequency spurs and other interfering signals. There is a transmitter
configured to transmit datA across the weld cable, and a filter function configured to determine
one or more filter coefficients. The WCC circuitry is configured to determine an adjustment to
characteristics of the transmitted data, based on the one or more filter coefficients, to compensate
for the at least one frequency spurs and other interfering signals. The transmitter is configured to
dynamically adjust the characteristics of the transmitted data in accordance with an indication of

the determined adjustment received, via a continuous feedback loop, of the WCC circuitry.

[0007B] In a further aspect, the present invention embodies a method comprising
transmitting data, via one or more signals, through a weld cable from a transmitter disposed along
the weld cable, via an initial signal assignment of a set of signal assignments, and providing
welding power and data communication, via the weld cable, with a welding system. The weld
cable is monitored with weld cable communications circuitry for interfering signals.
Transmission of the one or more signals is changed with the transmitter from the initial signal
assignment to a second signal assignment, based on the interfering signals. An adjustment to
characteristics of the transmitted data is determined, based on one or more fiiter coefficients
determined by a filter function of the WCC, to compensate for at least one of frequency spurs and
other interfering signals. The characteristics of the transmitted data is dynamically adjusted in
accordance with an indication of the determined adjustment received, via a continuous feedback
loop, of the WCC circuitry, the signal being a complex sinusoidal signal modulated to send data

across the weld cable.
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DRAWINGS

[0008]  These and other features, aspects, and advantages of the present disclosure
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:

[0009] FIG. 1 is a block diagram of an embodiment of a welding system with a
welding power supply having weld cable communications (WCC) circuitry, in

accordance with aspects of the present disclosure;

[0010] FIG. 2 is a flow diagram of an embodiment of a method for compensating
for frequency and time dependent amplitude and phase distortions utilizing channel

equalization filter coefficients, in accordance with aspects of the present disclosure;

[0011] FIG. 3 is a flow diagram of an embodiment of a method for calculating the
channel equalization filter coefficients of FIG. 2, in accordance with aspects of the

present disclosure;

{0012] FIG. 4 is a block diagram of an embodiment of the welding system of FIG.
1, illustrating the welding power supply having the WCC circuitry and a voltage sense

cable, in accordance with aspects of the present disclosure;

[0013]  FIG. 5 is a block diagram of an embodiment of the welding system of FIG.
1, illustrating switching regulator circuitry of the power conversion circuitry, in

accordance with aspects of the present disclosure;

[0014]  FIG. 6 is a flow diagram of a method for determining a tone range of data

transmission, in accordance with aspects of the present disclosure;

CA 2970072 2018-10-01
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[0015] FIG. 7 is a flow diagram of a method for adaptively changing tone
assignments for the data transmission, in accordance with aspects of the present

disclosure;

[0016] FIG. 8 is a block diagram of a physical layer communication system for the

data transmission, in accordance with aspects of the present disclosure;

[0017] FIG. 9 is a flow diagram of a method for adaptively selecting a physical
layer communication scheme for the data transmission, in accordance with aspects of

the present disclosure; and

[0018] FIG. 10 is a flow diagram of a selection flow for selecting the physical
layer communication scheme for the data transmission, in accordance with aspects of

the present disclosure.

DETAILED DESCRIPTION

[0019] One or more specific embodiments of the present disclosure will be
described below. In an effort to provide a concise description of these embodiments,
all featurcs of an actual implementation may not be described in the specification. It
should be appreciated that in the development of any such actual implementation, as
in any engineering or design project, numerous implementation-specific decisions
must be made to achieve the developers® specific goals, such as compliance with
system-related and business-related constraints, which may vary from one
implementation to another. Moreover, it should be appreciated that such a
development effort might be complex and time consuming, but would nevertheless be
a routine undertaking of design, fabrication, and manufacture for those of ordinary

skill having the benefit of this disclosure.

[0020] Turning now to the drawings, FIG. 1 is a block diagram of an embodiment
of a welding system 10 having a welding power supply 12, a wire feeder 14, and a
welding torch 16. The welding system 10 powers, controls, and supplies consumables
to a welding application. In certain embodiments, the welding power source 12

directly supplies input power to the welding torch 16. The welding torch 16 may be a
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torch configured for stick welding, tungsten inert gas (TIG) welding, or gas metal arc
welding (GMAW), based on the desired welding application. In the illustrated
embodiment, the welding power source 12 is configured to supply power to the wire
feeder 14, and the wire feeder 14 may be configured to route the input power to the
welding torch 16. In addition to supplying an input power, the wire feeder 14 may
supply a filler metal to a welding torch 14 for various welding applications (e.g.,

GMAW welding, flux core arc welding (FCAW)).

[0021]  The welding power supply 12 receives primary power 18 (e.g., from the
AC power grid, an engine/generator set, a battery, or other energy generating or
storage devices, or a combination thereof), conditions the primary power, and
provides an output power to one or more welding devices in accordance with
demands of the system 10. The primary power 18 may be supplied from an offsite
location (e.g., the primary power may originate from the power grid). Accordingly,
the welding power supply 12 includes power conversion circuitry 20 that may include
circuit elements such as transformers, rectifiers, switches, and so forth, capable of
converting the AC input power to AC or DC output power as dictated by the demands

of the system 10 (e.g., particular welding processes and regimes).

[0022] In some embodiments, the power conversion circuitry 20 may be
configured to convert the primary power 18 to both weld and auxiliary power outputs.
However, in other embodiments, the power conversion circuitry 20 may be adapted to
convert primary power only to a weld power output, and a separate auxiliary
converter may be provided to convert primary power to auxiliary power. Still further,
in some embodiments, the welding power supply 12 may be adapted to receive a
converted auxiliary power output directly from a wall outlet. Indeed, any suitable
power conversion system or mechanism may be employed by the welding power

supply 12 to generate and supply both weld and auxiliary power.

[0023] The welding power supply 12 includes control circuitry 22 to control the
operation of the welding power supply 12. The welding power supply 12 also
includes a user interface 24. The control circuitry 22 may receive input from the user

interface 24 through which a user may choose a process and input desired parameters
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(e.g., voltages, currents, particular pulsed or non-pulsed welding regimes, and so
forth). The user interface 24 may receive inputs using any input device, such as via a
keypad, keyboard, buttons, touch screen, voice activation system, wireless device, etc.
Furthermore, the control circuitry 22 may control operating parameters based on input
by the user as well as based on other current operating parameters. Specifically, the
user interface 24 may include a display 26 for presenting, showing, or indicating,
information to an operator. The control circuitry 22 may also include interface
circuitry for communicating data to other devices in the system 10, such as the wire
feeder 14. For example, in some situations, the welding power supply 12 may
wirelessly communicate with other welding devices within the welding system 10.
Further, in some situations, the welding power supply 12 may communicate with
other welding devices using a wired connection, such as by using a network interface
controller (NIC) to communicate data via a network (e.g., ETHERNET, 10baseT,
10basel00, etc.). In particular, the control circuitry 22 may communicate and interact
with weld cable communications (WCC) circuitry 28, as further described in detail

below.

[0024]  The control circuitry 22 includes at least one controller or processor 30 that
controls the operations of the welding power supply 12, and may be configured to
receive and process multiple inputs regarding the performance and demands of the
system 10. Furthermore, the processor 30 may include one or more microprocessors,
such as one or more “general-purpose” microprocessors, one or more special-purpose
microprocessors and/or Application Specific Integrated Circuits (ASICS), or some
combination thereof. For example, in certain embodiments, the processor 30 may

include one or more digital signal processors (DSPs).

[0025] The control circuitry 22 may include a storage device 32 and a memory
device 34. The storage device 32 (e.g., nonvolatile storage) may include ROM, flash
memory, a hard drive, or any other suitable optical, magnetic, or solid-state storage
medium, or a combination thereof. The storage device 32 may store data (c.g., data
corresponding to a welding application), instructions (e.g., software or firmware to
perform welding processes), and any other suitable data. As may be appreciated, data

that corresponds to a welding application may include an attitude (e.g., orientation) of
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a welding torch, a distance between the contact tip and a workpiece, a voltage, a

current, welding device settings, and so forth.

[0026] The memory device 34 may include a volatile memory, such as random
access memory (RAM), and/or a nonvolatile memory, such as read-only memory
(ROM). The memory device 34 may storc a varicty of information and may be uscd
for various purposes. For example, the memory device 34 may store processor-
executable instructions (e.g., firmware or software) for the processor 30 to execute.
In addition, a variety of control regimes for various welding processes, along with
associated settings and parameters, may be stored in the storage device 32 and/or
memory device 34, along with code configured to provide a specific output (e.g.,
initiate wire feed, enable gas flow, capture welding current data, detect short circuit

parameters, determine amount of spatter) during operation.

[0027] In certain embodiments, the welding power flows from the power
conversion circuitry 20 through a weld cable 36 to the wire feeder 14 and the welding
torch 16. Furthermore, in certain embodiments, welding data may be provided with
the weld cable 36 such that welding power and weld data are provided and transmitted
together over the weld cable system. In particular, the WCC circuitry 28 may be
communicatively coupled to the weld cable 36 to communicate (e.g., send/receive)
data over the weld cable 36. The WCC circuitry 28 may be implemented based on
various types of power line communications methods and techniques. For example,
the WCC circuitry 28 may utilize IEEE standard P1901.2 to provide data
communications over the weld cable 36. In this manner, the weld cable 36 may be
utilized to provide welding power from the welding power supply 12 to the wire
feeder 14 and the welding torch 16. Furthermore, the weld cable 36 may also be
utilized to transmit (and/or receive) data communications to the wire feeder 14 and

the welding torch 16.

[0028] In certain embodiments, the WCC circuitry 28 includes one or more
processors 30, a digital to analog convertor 38 (e.g. DAC 38, which may function as a
transmitter), an analog to digital converter 40 (e.g., ADC 40, which may function as a

receiver), and a filter function 42 (e.g., filter circuitry, digital filter function circuitry,
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filter function software executable by the one or more processors 30, or any
combination thereof). In particular, the WCC circuitry 28 may be utilized to
determine channel equalization filter coefficients representative of a distortive
characteristic and/or a distortion related to a weld cable. Specifically, the distortive
characteristic may be a frequency and time dependent amplitude and phase distortion
(e.g., amplitude and/or phase distortion that is both frequency dependent and time
dependent), as further described with respect to FIGS. 2-3. Further, the WCC
circuitry 28 may be configured to utilize the channel equalization filter coefficients to
compensate for the distortive characteristic of the weld cable. In certain
embodiments, the WCC circuitry 28 may include one or more processors 30 separate
from the processors 30 of the control circuitry 22. In certain embodiments, the WCC
circuitry 28 may utilize the processors 30 of the control circuitry 22. In certain
embodiments, the WCC circuitry 28 may be incorporated within, or may be coupled

to, the control circuitry 22.

[0029] The DAC 38 may be coupled to the processor 30, and is configured to
transmit data communications utilizing one or more carrier channels or “tones.”
Specifically, the one or more tones may be described as complex sinusoidal signals
that are transmitted by the DAC 38&. In certain embodiments, the DAC 38 may be
disposed within the welding power supply 12, and the tones may be transmitted to one
or more components of the welding system 10, such as to the welding torch 16 and/or
the wire feeder 14. In other embodiments, the DAC 38 may be disposed within the
welding torch 16, and the tones may be transmitted to the welding power supply 12
and/or the wire feeder 14. Likewise, in other embodiments, one or more components
of the WCC circuitry 28 (e.g., the DAC 38, the ADC 40, or the filter function 42) may
be disposed anywhere within the welding system 10, such as within the wire feeder 14

and/or the welding torch 16.

[0030] In certain embodiments, the DAC 38 may transmit modulated tones and/or
unmodulated tones. Modulated tones may be utilized to communicate (e.g.,
send/receive) data using one or more known techniques for modulating a signal for
data transmission. For example, the DAC 38 may utilize a hybrid amplitude and

phase modulation scheme, such as Bi-Phase Shift Keying (BPSK), Quadrature Phase
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Shift Keying (QPSK), 16-ary Quadrature Amplitude Shift Keying (16-QAM) or
similar variations. The modulated tones transmitted may include any type of
information useful for the welding process or operation. For example, in some
situations, the data transmitted by the WCC circuitry 28 may include information
related to any welding parameter (e.g., weld voltage, wire speed) that is transmitted to

the wire feeder 14 and/or the welding torch 16 for welding applications.

[0031] In some embodiments, the DAC 38 may also transmit unmodulated tones
(also known as “pilot tones”) that do not carry data. Specifically, unmodulated tones
may be sinusoidal signals that have predefined or known characteristics, such as a
predefined amplitude, frequency and phase. For example, for a given process, the
DAC 38 may transmit unmodulated tones having the same amplitude but a different
frequency, which may be an integral multiple of a lower reference frequency and a
phase offset value. In particular, in certain embodiments, modulated tones may be
distinguishable from unmodulated tones based on their assigned frequency, or their
position within an OFDM frame. For example, the positional assignment of
modulated versus unmodulated tones may be pre-assigned and this position may be
known at the receiver (e.g., the ADC 40). Since the characteristics of the
unmodulated tones are also known, unmodulated tones may be utilized as reference
tones. In certain embodiments, a set of modulated tones with known characteristics
may also be transmitted. For example, modulated tones with a known data
modulation scheme, and a known (or pre-defined) data sequence may be transmitted

in lieu of and/or along with the known unmodulated tones.

[0032] Accordingly, the data sequence may be of the form of cyclic prefix within
the OFDM frame, for example, such that the last N symbols of an OFDM frame are
appended to the beginning of the frame. At the receiver (e.g., the ADC 40), a circular
convolution of the received frame may be performed and the results of that
convolution may be used to compute the equivalent frequency and time dependent
amplitude and phase distortion in the weld cable 36, and from that information a set of
coefficients for a correcting channel equalization filter (e.g., an inverse function of the
measured distortion) may be determined. Accordingly, in certain embodiments, either

a known modulated or a known unmodulated tone may be utilized as a reference. In
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certain embodiments, the DAC 38 may transmit a plurality of tones, any number of
which may be modulated or unmodulated. For example, out of 64 tones transmitted
by the DAC 38, 48 of the tones may be modulated tones utilized for data transmission
and 16 tones may be unmodulated tones utilized as reference tones (without any data
modulation). It should be noted that the DAC 38 may be configured to transmit any

number of modulated tones and unmodulated tones.

[0033] In certain embodiments, an Orthogonal Frequency Division Multiplexing
(OFDM) scheme may be utilized by the DAC 38 to transmit the modulated and
unmodulated tones on multiple carrier frequencies (e.g., frequency-division
multiplexing). For example, within the OFDM scheme, the DAC 38 may be
configured to transmit the one or more tones over several parallel data stream or
channels at a low modulation rate, thereby maintaining transmission characteristics
that are similar to a single-carrier modulation scheme. In particular, the frequency-
division multiplexing scheme may divide a single transmission medium having a
particular total bandwidth into a series of non-overlapping frequency sub-bands that
are cach configured to carry a particular signal. In this manner, the single
transmission medium (e.g., the weld cable 36) may be shared by multiple separate

unmodulated or modulated tones.

[0034] In certain embodiments, the ADC 40 of the WCC circuitry 28 may be
configured to receive the several transmitted modulated and unmodulated tones, as
described with respect to FIGS. 2-3. Further, the filter function 42 may be configured
to process and analyze the received modulated and unmodulated tones to characterize
the weld cable 36. More specifically, the filter function 42 of the WCC circuitry 28
may be configured to apply a digital filter function that is configured to compare the
unmodulated tones transmitted by the DAC 38 with the unmodulated tones received
by the ADC 40. In particular, based on the differences (if any) between the
transmitted unmodulated signals and received unmodulated signals, the filter function
42 may be configured to determine one or more cocfficients (e.g., values,
polynomials, etc.). In certain embodiments, the one or more cocfficients may
correspond to distortion characteristics of the weld cable 36. Furthermore, the filter

function 42 may be configured to utilize the determined coefficients to compensate

10
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for possible frequency and time dependent amplitude and phase distortion in the weld
cable 36, as further described with respect to FIGS. 2-3. In certain embodiments, the
WCC circuitry 28 is configured to communicate with the control circuitry 22, which
may be configured to adjust a welding voltage provided to the welding torch 16
(and/or to the wire feeder 14) based on information received from the filter function
42,

[0035]  Further, in certain embodiments, the storage device 32 or the memory
device 34 may be configured to store data related to the WCC circuitry 28, such as
characteristics (e.g., a phase, an amplitude, a frequency) of each unmodulated tone
transmitted or received by the WCC circuitry 28, information related to the frequency
of each tone transmitted or received by the WCC circuitry 28, the number and/or
grouping of the unmodulated or modulated tones, the one or more determined
frequency and time dependent amplitude and phase distortions in the weld cable 36,
the location of the DAC 38 and/or the ADC 40, the channel equalization filter
coefficients calculated or determined by the WCC circuitry 28, a current, previous,
actual, or corrected welding operating parameter (e.g., welding voltage, wire speed),
and any other information related to the WCC circuitry 28. In addition, in certain
embodiments, the storage device 32 or the memory device 34 may be configured to
store one or more templates of unmodulated (e.g.. reference) or modulated tones that
have known characteristics. For example, the one or more templates may include 16
unmodulated tones each having a known amplitude, a known frequency, and a known
phase shift. When one or more unmodulated tones are received by the WCC circuitry
28, the WCC circuitry 28 may be configured to compare the received modulated or

unmodulated tones with a corresponding template.

[0036] A gas supply 44 provides shielding gases, such as argon, helium, carbon
dioxide, and so forth, depending upon the welding application. The shielding gas
flows to a valve 46, which controls the flow of gas, and if desired, may be selected to
allow for modulating or regulating the amount of gas supplied to a welding
application. The valve 46 may be opened, closed, or otherwise operated by the
control circuitry 22 to enable, inhibit, or control gas flow (e.g., shielding gas) through

the valve 46. Shielding gas exits the valve 46 and flows through a cable 48 (which in
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some implementations may be packaged with the welding power output) to the wire
feeder 14 which provides the shielding gas to the welding application. As may be
appreciated, certain embodiments of the welding system 10 may not include the gas

supply 44, the valve 46, and/or the cable 48.

[0037] In certain cmbodiments, the wire feeder 14 may usc the welding power to
power the various components in the wire feeder 14, such as to power control
circuitry 50. As noted above, the weld cable 36 may be configured to provide or
supply the welding power. The welding power supply 12 may also communicate with
the wire feeder 14 using the cable 36 and the WCC circuitry 28 disposed within the
welding power supply 12. In certain embodiments, the wire feeder 14 may include
the WCC circuitry 28, which is substantially similar to the WCC circuitry 28 of the
welding power supply 12. Indeed, the WCC circuitry 28 of the wire feeder 14 may
cooperate with the control circuitry 50 of the wire feeder 14 in similar ways as the
welding power supply 12 cooperates with the control circuitry 22. The control
circuitry 50 controls the operations of the wire feeder 14. In certain embodiments, the
wire feeder 14 may use the control circuitry 50 to detect whether the wire feeder 14 is
in communication with the welding power supply 12 and to detect a current welding
process of the welding power supply 12 if the wire feeder 14 is in communication
with the welding power supply 12. Additionally, the control circuitry 50 may also
detect communication data originating from the welding power supply. For example,
the weld cable 36 may provide a communication medium for the communication data
to reach the wire feeder 14, and the control circuitry 50 may receive and convert the
communication data into a useable form at the wire feeder 14 (e.g., audio and/or

visual communication).

[0038]  Further, while the DAC 38 is illustrated within both the welding power
supply 12 and the torch 16, it may be appreciated that the transmitters 38 may be
located anywhere along the weld cable 36. Furthermore, the receivers 40 may
similarly be located anywhere along the weld cable 36. For example, the receivers 40
may be located within the welding power supply 12, the wire feeder 14, and/or the
torch 16 to receive data from the transmitters located in other areas of the weld cable

36. In this embodiment, the transmitters 38 and the receivers 40 enable two-way

12



communication. That is, the transmitters 38 are capable of transmitting data at
multiple locations along the weld cable 36, and the receivers 40 are also capable of

receiving the data at multiple locations along the weld cable 36.

[0039] A contactor 52 (e.g., high amperage relay) is controlled by the control
circuitry 50 and configured to enable or inhibit welding power to continue to flow to
the weld cable 36 for the welding application. In certain embodiments, the contactor
52 may be an electromechanical device, while in other embodiments the contactor 52
may be any other suitable device, such as a solid state device. The wire feeder 14
includes a wire drive 54 that receives control signals from the control circuit 50 to
drive rollers 56 that rotate to pull wire off a spool 58 of wire. The wire is provided to
the welding application through a wire cable 60. Likewise, the wire feeder 14 may
provide the shielding gas through the cable 48. As may be appreciated, in certain
embodiments, the cables 36, 48, and 60 may be bundled together or individually
provided to the welding torch 16.

[0040] The welding torch 16 delivers the wire, welding power, and shielding gas
for a welding application. The welding torch 16 is used to establish a welding arc
between the welding torch 16 and a workpiece 62. In certain embodiments, the weld
torch 16 may include the WCC circuitry 28, which is substantially similar to the WCC
circuitry 28 of the welding power supply 12. Indeed, the WCC circuitry 28 of the
weld torch 16 may interact in similar ways as the welding power supply 12 cooperates
with the control circuitry 22. A work cable 64, which may be terminated with a
clamp 66 (or another power connecting device), couples the welding power supply 12

to the workpiece 62 to complete a welding power circuit.

[0041] FIG. 2 is a flow diagram of an embodiment of a method 66 for correcting a
distortive characteristic of the weld cable 36 in the weld system 10, in accordance
with aspects of the present disclosure. Specifically, the distortive characteristic may
be a frequency and time dependent amplitude and phase distortion of the weld cable
36. The distortive characteristic may be determined by determining one or more

channel equalization filter coefficients. Further, the WCC circuitry 28 may
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compensate for the distortive characteristic by utilizing the determined channel

equalization filter coefficients.

[0042] As noted above with respect to FIG. 1, the WCC circuitry 28 of the
welding power supply 12 may be configured to characterize the parameters or
propertics of the weld cable 36 with onc or morc channcl cqualization filter
coefficients. Specifically, the one or more channel equalization filter coefficients may
be values that are representative of various characteristics of the weld cable 36. For
example, the channel equalization filter coefficients may be representative of a
distortive characteristic of the weld cable 36. In other words, the channel equalization
filter coefficients may be representative of frequency and time dependent amplitude
and phase distortions of the weld cable 36. In this manner, the systems and methods
described herein allow for the characterization of the weld cable 36, and obviate the
need for taking actual measurements to characterize the weld cable 36, as further
described in detail below. Further, the one or more channel equalization filter
coefficients may be utilized to compensate for frequency and time dependent
amplitude and phase distortion within the weld cable 36 that may influence the power
or data being transmitted. For example, certain embodiments address situations in
which the welding voltage provided by the welding power supply 12 would be
substantially different than the welding voltage received by the welding torch 16 due
to frequency and time dependent amplitude and phase distortion in the weld cable 36
if not mitigated. Accordingly, the WCC circuitry 28 may be configured to determine
one or more channel equalization filter coefficients that may be representative of
distortion characteristics of the weld cable 36. Further, the WCC circuitry 28 may be
configured to utilize the one or more channel equalization filter coefficients that are
determined to compensate for any frequency and time dependent amplitude and phase

distortion within the weld cable 36, as further described below.

[0043] The method 66 begins with the WCC circuitry 28 transmitting modulated
tones and unmodulated tones (block 68) from the welding power supply 12 and/or the
wire feeder 14. Specifically, the DAC 38 of the WCC circuitry 28 (of either the
welding power supply 12 or the wire feeder 14) may be configured to transmit the

modulated and unmodulated tones. As noted above, modulated tones may include
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information related to the welding process or operation, such as information related to
an operating parameter (e.g., weld voltage, wire speed, etc.) of the welding system 10
or related to an adjusted operating parameter of the welding system 10. In particular,
unmodulated tones (e.g., pilot tones) transmitted by the DAC 38 may not carry any
information related to the welding process or operation. Instead, unmodulated tones
may be sinusoidal reference signals that have predefined or known characteristics,
such as a predefined amplitude, frequency, and/or phase. For example, in certain
embodiments, all of the unmodulated tones transmitted may have the same frequency
and amplitude. In certain embodiments, the modulated tones transmitted may also
have known characteristics that allow the modulated tones to be utilized as the
reference tones. Furthermore, in certain embodiments, the unmodulated tones may
each be transmitted at a known phase. For example, each of the unmodulated tones
transmitted may be equally spaced in tone frequency, such that each succeeding tone
increments its phase reference to the first tone by 90 degrees. For example, if a first
unmodulated tone is at a reference of 0 degrees of phase, a second unmodulated tone
may be at 90 degrees phase, a third unmodulated tone may be at 180 degrees phase,
and so forth. It should be noted that the unmodulated tones may be configured at any
alternate unmodulated tone configuration, so long as the frequency, amplitude and
phase configurations are known and substantially constant. For example, in certain
embodiments, the phase of each unmodulated tone need not be equally spaced, so

long as the phase is known.

[0044] The method 66 further includes the WCC circuitry 28 receiving the
transmitted modulated and unmodulated tones at the ADC 40 (block 70). In certain
embodiments, the WCC circuitry 28 may transmit the modulated tones and
unmodulated tones to the welding torch 16 and may receive the transmitted tones
from the welding torch 16. In such situations, the WCC circuitry 28 may be
configured to account or compensate for the distortion of the weld cable 36 twice
and/or in two directions (e.g., a first distortion from the WCC circuitry 28 to the
welding torch 16 and a second distortion from the welding torch 16 to the WCC
circuitry 28). In other embodiments, the welding torch 16 may include a DAC 38 that

is configured to transmit the modulated and unmodulated tones. In such situations,
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the WCC circuitry 28 may be configured to account or compensate or the distortion of
the weld cable 36 once and/or in one direction. In either situation, the ADC 40 may be
configured to receive the modulated and unmodulated tones, and may also be

configured to receive the original location from which the tones were transmitted.

[0045] Thce ADC 40 may provide the rcceived tones (c.g., modulated and
unmodulated) to the filter function 42 for further processing. Further, in certain
embodiments, the method 66 includes applying a digital filter function to the received
modulated and unmodulated tones with the filter function 42 (block 72). As noted
above, the digital filter function may be utilized to compare the transmitted
unmodulated tones with the received unmodulated tones. As noted above, the
transmitted unmodulated tones are transmitted with a known amplitude, frequency,
and phase. Accordingly, in certain embodiments, the transmitted unmodulated tones
may be utilized as reference tones and compared with the received unmodulated tones
within the filter function 42 to determine one or more differences, such as differences
in phase, amplitude, or frequency. Based on the differences between the transmitted
and received unmodulated tones, the filter function 42 may be configured to
determine one or more channel equalization filter coefficients. Specifically, the
channel equalization filter coefficients may be representative of the distortive

characteristics of the weld cable 36, as further described with respect to FIG. 3.

[0046]  Further, the method 66 includes compensating for the frequency and time
dependent amplitude and phase distortion (e.g., distortive characteristic of the weld
cable 36) utilizing the channel equalization filter coefficients (block 74). In certain
embodiments, the WCC circuitry 28 may be configured to adjust one or more welding
parameters based on the one or more determined coefficients and based on the
characteristics of the weld cable 36. For example, in certain situations, the WCC
circuitry 28 may increase or decrease a welding voltage provided by the welding
power supply 12 to the wire feeder 14 and/or the welding torch 16 based on the
calculated channel equalization filter coefficients. As a further example, the WCC
circuitry 28 may be configured to increase or decrease a wire speed provided by the
wire feeder 14 based on the calculated channel equalization filter coefficients. In

some embodiments, the WCC circuitry 28 provides this information to the control
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circuitry 22, so that the control circuitry 22 may make the proper adjustments to the
welding parameters and/or provide the information to other components of the
welding system 10. In short, the WCC circuitry 28 may be configured to provide to
the welding system 10 the determined and/or calculated distortive characteristics
and/or coefficients of the weld cable 36. Accordingly, the calculated or determined
distortive characteristics and/or coefficients may be provided by the control circuitry

22 as actual feedback to other components of the welding system 10.

[0047]  In particular, the method 66 may be utilized as a continuous feedback loop
75 that allows for the correction of power and data transmitted via the weld cable 36
in subsequent times based on the information calculated and determined. In this
manner, the WCC circuitry 28 may be configured to regulate and correct for any
frequency and time dependent amplitude and phase distortion in the weld cable 36 in
a dynamic process during the operation of the welding torch 16. Accordingly, more
accurate welding operating parameters may be utilized during the welding process.
For example, with the continuous feedback loop 75, the WCC circuitry 28 may
dynamically adjust the welding voltage provided to the welding torch 16 and

workpiece 62 during the welding process.

[0048] FIG. 3 is a flow diagram of an embodiment of a method 76 for calculating
the one or more channel equalization filter coefficients of FIG. 2, in accordance with
aspects of the present disclosure. As noted above, the filter function 42 of the WCC
circuitry 28 may be configured to apply a digital filter function to the modulated and
unmodulated tones received by the ADC 40 and transmitted by the DAC 38. In
particular, the filter function 42 may be configured to calculate or determine one or
more channel equalization filter coefficients based on the modulated and unmodulated

tones received by the ADC 40, as further described below.

[0049] In certain embodiments, the method 76 begins with separating the
unmodulated tones from the modulated tones received by the ADC 40 (block 78). For
example, in certain embodiments, the ADC 40 may receive 64 tones, of which 48
tones are modulated tones utilized for data transmission and 16 tones are unmodulated

tones. Accordingly, the unmodulated tones may be separated from the modulated
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tones by the filter function 42 for further processing to determine the one or more

coefficients.

[0050] In certain embodiments, the method further includes compensating for
timing and phasing of the unmodulated tones (block 80). For example, in some
situations, there may be onc or morce clocking variations between the DAC 38 and the
ADC 40. Accordingly, the filter function 42 may be configured to compensate for the
frequency error between the DAC 38 and the ADC 40 with one or more frequency
and/or phase control loops. In particular, the ADC 40 may be configured to associate
each transmitted tone with a corresponding received tone. For example, 16
unmodulated tones may be transmitted by the DAC 38 with a known amplitude, a
known frequency, and at a known phase shift. Accordingly, each of the 16
transmitted unmodulated tones may correspond to each of the 16 received
unmodulated tones. In certain embodiments, compensating for frequency and phase
may include associating the transmitted tone with its corresponding received tone. In
certain embodiments, the method 76 may be configured to compensate and correct for
the frequency variations between the DAC 38 and the ADC 40 before separating the

modulated tones from the unmodulated tones.

[0051] Furthermore, the method 76 may include measuring the characteristics
(e.g., phase, amplitude and/or frequency) of the received unmodulated tones.
Accordingly, in certain embodiments, the filter function 42 may be configured to
measure the actual amplitude, and the actual phase of the received unmodulated tones
(block 82). As noted above, the transmitted unmodulated tones may be transmitted
with a known frequency, a known amplitude, and a known phase and may thus be
utilized as a reference tone. Accordingly, once the actual characteristics of the
received unmodulated tones are determined, the method 76 may include comparing
the characteristics of the received unmodulated tones with the characteristics of the
transmitted (reference) unmodulated tones (block 84). Comparing the received
unmodulated tones and the transmitted (reference) unmodulated tones may be done in

any suitable manner.
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[0052] For example, in certain embodiments, the received unmodulated tones are
multiplied by the complex conjugate of the original transmitted (reference)
unmodulated tones. The expected result of a vector multiplied by its complex
conjugate is a vector with an amplitude and no imaginary part. In this case, the
expected answer would be “1 +j0.” The error vector resulting from the multiplication
of the complex conjugate of the received unmodulated tones and the original
transmitted (reference) tones is utilized to perform an interpolation. The interpolation
populates missing members of the set of tones, at each indexed frequency, with a
phasor with an interpolated amplitude and an interpolated phase. In certain
embodiments, however, the actual result of a vector multiplied by its complex
conjugate indicates an amplitude and phase distortion for each tone. For example, the
actual answer is a series of vectors, each with amplitude and phase, for each pilot tone
frequency. Accordingly, if 16 unmodulated tones are received for an OFDM Symbol
Length of 64, the actual result of the digital filter function process may be a 3 x 64
matrix with frequency, amplitude, and phase as column vectors and ecach of the 64
values assuming a row position. The 16 measured error vectors populate the positions
in the 3 x 64 matrix assigned to the reference tones and the 48 ‘missing’ tones,
assigned to the data tones, are populated with interpolated values. The resulting 3 x 64
matrix is then used as the data to calculate the channel equalization filter and also the
inverse of the channel equalization filter. Other reference tone versus data tone

cofigurations, FFT lengths, and OFDM symbol configurations are possible.

[0053] The filter function 42 may be configured to utilize the differences
determined between the received unmodulated tones and the transmitted (reference)
unmodulated tones to determine the channel equalization filter coefficients (block 806).
As noted above, the channel equalization filter coefficients define a Finite Impulse
Response (FIR) or Infinite Impulse Response (IIR) filter with a length that is
determined by the number of tones used in the OFDM system, otherwise specified as
the symbols in an OFDM frame, excluding any cyclic prefix, and which filter
provides an inverse function to the frequency dependent amplitude and phase
distortion of the weld cable 36. As further information, the inverse of the channel

equalization filter is the analytic description of the two port transfer function of the
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weld cable as a transmission line. For example, the inverse of the channel
equalization filter coefficients may be transformed, using a mathematical algorithm,
to describe any characteristic or physical property of the weld cable 36 that may have
an effect on the power or data transmitted by the weld cable 36.  The transfer
function (inverse channel equalization filter) may be representative of a length of the
weld cable 36, a resistance, an inductance, and so forth. However, it should be noted
that the inverse channel equalization filter (transfer function) is not the characteristic
itself, but are merely an abstract representation of the characteristics as defined in a

sampled time reference system.

[0054] In certain embodiments, the method 76 further includes utilizing the
channel equalization filter coefficients determined from the unmodulated tones pre-
distort each of the modulated and unmodulated tones that will be transmitted by the
DAC 38 in the next iteration of the function (block 88). For example, the
unmodulated tones may be multiplied with the modulated tones by the channel
equalization (FIR) filter to correct for the frequency and time dependent amplitude
and phase distortion of the weld cable 36 (e.g., distortive characteristic of the weld
cable 36). Accordingly, in this manner, it may be beneficial to utilize the channel
equalization filter coefficients to compensate for frequency and time dependent

amplitude and phase distortion in the weld cable system (block 90).

[0055] In certain embodiments, the method 76 calculates the channel equalization
filter and its inverse function. The inverse function of the channel equalization filter
provides the equivalent two port transfer function of the weld cable and can be used
as an clement in the feedback loop within the welding power supply 12 control

system, effectively replacing the voltage sense cable 92.

[0056] FIG. 4 is a block diagram of an embodiment of the welding system 10 of
FIG. 1, illustrating the welding power supply 12 having the WCC circuitry 28 and a
voltage sense cable 92, in accordance with aspects of the present disclosure. In
certain embodiments, a voltage sense cable 92 is coupled from the control circuitry 22

of the welding power supply 12 to the workpiece 62 using a sense clamp 94 (or
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another power connecting mechanism). In other embodiments, the voltage sense

cable 92 may also be coupled to the wire feeder 14.

[0057] In certain embodiments, the voltage sense cable 92 may be configured to
determine the actual welding voltage between the welding torch 16 and the workpiece
62. Spccifically, the voltage sensc cable 92 may be configured to provide the actual
welding voltage to the control circuitry 22 of the welding power supply 12 during
operation of the welding system 10. In certain embodiments, the information received
from the WCC circuitry 28 regarding compensating and/or correcting for the
frequency and time dependent amplitude and phase distortion in the weld cable 36
may be compared to the actual weld voltage measurements provided by the voltage
sense cable 92. Accordingly, the control circuitry 22 may monitor the accuracy of the
digital filter function and the accuracy of the frequency and time dependent amplitude
and phase distortion in the weld cable 36 based on the comparison of the actual
welding voltage with the estimated and compensated frequency and time dependent

amplitude and phase distortion in the weld cable 36.

[0058] FIG. 5 is a block diagram of an embodiment of the welding system 10 of
FIG. 1, illustrating switching regulator circuitry 93 of the power conversion circuitry
20, in accordance with aspects of the present disclosure. In the welding power supply
12, the switching regulator circuitry 93 provides automated control of voltage and
current used during the welding application. For example, during the welding
application, the voltage and the current may change several times based on welding
time, temperature, and production lot. The switching regulator circuitry 93 may
induce frequency spurs within the welding power supply 12 that are transmitted
across the weld cable 36 during the welding applications. The frequency spurs or
other interfering signals, as discussed in more detail below, may provide interference
with data transmission across the weld cable 36. Accordingly, the DAC 38 is
instructed by the processor 30 to transmit data at frequency ranges that limit
interference by the frequency spurs or the other interfering signals not otherwise

related to the welding power supply 12.

21



CA 02970072 2017-06-07

WO 2016/099641 PCT/US2015/056126

[0059] To track the frequency spurs on the weld cable, the WCC circuitry 28
includes the ADC 40 coupled to the weld cable 36. The ADC 40 may monitor power
and data characteristics along the weld cable 36 and provide information received
while monitoring the weld cable 36 to the processor 30. For example, the ADC 40
may measure voltage across the weld cable 36, current flowing through the weld cable
36, and/or a frequency along the weld cable 36. The processor 30 processes the
information from the ADC 40 and determines presence and magnitude of the
frequency spurs within the weld cable 36. Additionally, the control circuitry 22 of the
welding power supply 12 may also monitor the switching regulator circuitry 93
directly. For example, the processor 30 provides instructions to the switching
regulator circuitry 93 to switch the voltage or current of the welding power supply 12
increasing a potential for the presence of the frequency spurs. Accordingly, the
processor may control the frequency range of the data transmitted by the DAC 38 in
such a manner to avoid the frequency spurs when the processor 30 determines that
there is a likelihood of the frequency spurs occurring based on the instructions

provided to the switching regulator circuitry 93.

[0060] Additionally, the WCC circuitry 28 of the wire feeder 14 may include
similar components as the WCC circuitry 28 of the welding power supply 12. For
example, when a communication device (e.g., a microphone in a welding helmet or
the torch 16) is coupled to the wire feeder 14, the ADC 40 within the WCC circuitry
28 monitors the weld cable 36, and the processor 30 within the control circuitry 50
determines what frequency the DAC 38 within the WCC circuitry 28 transmits the
data from the communication device. In this manner, two-way communication
between the welding power supply 12 and the wire feeder 14 is available to limit

interference from the frequency spurs or other interfering signals.

[0061] FIG. 6 is a flow diagram of an embodiment of a method 96 for determining
a frequency range for the data transmission across the weld cable 36, in accordance
with aspects of the present disclosure. Once data transmission is accomplished via the
DAC 38 of the WCC circuitry 28, it may become desirable to transmit the data at
different frequencies based on changing operational parameters of the welding system

10. For example, as welding voltage or current levels provided by the welding power
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supply 12 switch under control of switching regulator circuitry 93, the frequency
spurs may develop in the weld cable 36 harmonically related to a switching frequency
of the power supply 12. The frequency spurs may be a narrow band interferer of the
data transmitted across the weld cable 36 when employing a frequency domain
transmission scheme. Accordingly, it may be advantageous to dynamically alter data
transmission frequency within the frequency range established by the method 96 to
limit interference by the frequency spurs resulting from power supply switching,

which regulates the weld voltage and current for the welding system 10.

[0062] Initially, a sampling rate of the weld cable 36 by the WCC circuitry 28 is
selected by the processor 30 of the control circuitry 22 based on instructions received
from the memory 34 (block 97). The weld cable 36 may be sampled at a sampling
rate which is nominally above a Nyquist rate for a highest frequency tone of interest.
For example, if the upper frequency of a data transmission scheme is 500 kHz, then

the Nyquist rate is 1000 kHz, and a 1200 kHz sampling rate may be selected.

[0063] In one embodiment, an Orthogonal Frequency Division Multiplex (OFDM)
scheme is used by the DAC 38 for the data transmission across the weld cable 36. In
this embodiment, data transmission tones are generated by the DAC 38 using an
Inverse Fast Fourier Transform (IFFT) of a given length that is an integer power of 2.
Once the sampling rate is seclected, a length of the IFFT may also be selected by the
processor 30 (block 98). The length of the IFFT may determine the data rate. For
example, the length is a number of data points used in the IFFT calculation.
Accordingly, the greater the length of the IFFT, the greater a frequency resolution of
the data transmission becomes. However, the greater frequency resolution may come
at the cost of increased operations to achieve the frequency resolution, resulting in a
decrease in a data transmission rate via the DAC 38. On the other hand, a decrease in
the length of the IFFT may increase the data transmission rate, but the result is a loss

in clarity of the data transmission.

[0064]  After sclecting the length of the IFFT, the processor 30 determines a tone
range (block 100). For example, if an IFFT length of 256 is selected, the length and
sampling rate provide a 0™ tone carrier at 1200 kHz/256, or 4.6875 kHz. Therefore,
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the OFDM tones may be selected between 4.6875 kHz and 500 kHz (i.e., a highest
used data signaling frequency). However, the OFDM tones close to 4.6875 kHz may
be within low frequency noise of the welding system 10. Accordingly, a 31* tone
carrier of 145.3125 kHz (i.e., 4.6875 kHz x 31) may be selected by the processor 30
as a lower range of the frequency spectrum (i.e., a lowest used data signaling
frequency) for the data transmission to occur above the low frequency noise of the

welding system 10.

[0065] While the description above related to FIG. 5 discusses determining the
frequency range for an OFDM scheme using the processor 30. It may be appreciated
that similar methods may be used for other data transmission schemes. For example,
it is contemplated that a similar method may be used for a direct-sequence spread
spectrum (DSSS) scheme, a frequency-hopping spread spectrum (FHSS) scheme, a
custom scheme, or any other data transmission scheme available for communication

across the weld cable 36. Further, such schemes may be implemented via the DAC
38.

[0066]  Further, because the spacing of the carrier tones (i.c., the length of the
IFFT) affects the data rate, different signaling may be used by the DAC 38 to
influence the data rate. For example, with quadrature phase-shifting key (QPSK)
signaling, 4 different states are used by the DAC 38 to indicate an individual state
when transmitting the data across the weld cable 36. Accordingly, the number of bits
per state is log,4 = 2 bits per state. Therefore, 2 bits of data are assigned in an
individual signal that is transmitted across the weld cable 36, as described above.
Alternatively, using quadrature amplitude modulation (QAM) 64 signaling, 64
different states are used to indicate an individual state. Accordingly, the number of
bits per state is log,64 = 6 bits per state. Therefore, 6 bits of data are assigned to an
individual signal that is transmitted across the weld cable 36. Therefore, utilizing the
QAM 64 signaling in place of the QPSK signaling, the DAC 38 transmits data via the
weld cable 36 3-times faster for the same channel bandwidth. Thus, selecting

different signal modulation techniques may also influence the data transmission rate.
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[0067] FIG. 7 is a flow diagram of an embodiment of a method 102 for adaptively
changing tone assignments for the data transmission, in accordance with aspects of
the present disclosure. The welding power supply 12 may operate with the switching
regulator circuitry 93 to control voltage and currents used in the welding system 10.
The switching regulator circuitry 93 may exhibit frequency spurs, which are
harmonically related to a switching frequency of the welding power supply 12. The
frequency spurs may provide a narrow band interferer for digital data communications
using a frequency domain method (e.g., OFDM, DSSS, and FHSSS). Because of the
interference, the method 102 may provide a method for the data transmission to avoid

interference from the frequency spurs or other interfering signals.

[0068] Initially, the ADC 40 of the WCC circuitry 28 constantly monitors the weld
cable 36 for voltage and current switching at the power supply 12 and/or other noise
within a frequency band that may interfere with the data transmission across the weld
cable 36 (block 104). As mentioned above, the frequency spurs resulting from the
switching circuitry of the power supply 12 may interfere with some frequency ranges
of the data transmission across the weld cable 36. Therefore, the ADC 40 monitors
the weld cable 36 for the frequency spurs or other forms of interference.
Additionally, in some embodiments, the processor 30 of the control circuitry 22 may
monitor the switching regulator circuitry 93. When the processor 30 provides
instructions for the switching regulator circuitry 93 to switch the voltage or current
supply across the weld cable 36, the processor 30 may determine a likelihood of

potential frequency spurs as a result of switching the voltage or current supply.

[0069]  Upon detecting the frequency spurs, the processor 30 may instruct the DAC
38 to adaptively change tone assignments to limit interference from the frequency
spurs with the data transmission across the weld cable 36 (block 106). As the ADC
40 monitors the weld cable 36, any frequency spurs, or events that may result in
frequency spurs, are observed (e.g., voltage or current switching at the power supply
12). Once the ADC 40 makes such an observation, the DAC 38 may be instructed by
the processor 30 to adjust the tone assignments for the data transmission. For
example, when a frequency spur is observed by the ADC 40, the DAC 38 may change

the tone assignments to a higher frequency, which is out of a range of the frequency
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spur. Similarly, when the processor 30 observes an event in the switching regulator
circuitry 93 that may result in a frequency spur, the DAC 38 may also change the tone
assignments to a higher frequency, which is out of a predicted range of the potential

frequency spur.

[0070] In addition to adaptivcly changing the tonc assignments, the processor 30
instructs the DAC 38 to block and/or add frequency channels based on monitoring
data from the ADC 40 and the processor 30 (block 108). For example, if an
abundance of frequency spurs are observed or predicted in a certain frequency range,
the processor 30 may block the DAC 38 from assigning tones in the certain frequency
range for future data transmissions. Additionally, after the ADC 40 observes minimal
frequency spurs in a range that was previously blocked, the processor 30 may open
the previously blocked range for future tone assignments by the DAC 38 based on a
reduced likelihood of frequency spurs interfering with the data transmission across the
weld cable 36. Further, in another embodiment, the processor 30, upon the ADC 40
observing interference from frequency spurs, may alter the data transmission scheme
of the DAC 38 to increase the upper frequency range. In this manner, the DAC 38
may add additional bandwidth to the data transmission scheme in an event where a

lower range of the frequency is blocked at block 108.

[0071]  While the processor 30 and DAC 38 adaptively change tone assignments
(block 106) and block and/or add channels (block 108), the sensor 93 may continue to
monitor the weld cable 36 (block 104). By continuously monitoring the weld cable
36, the processor 30 is capable of dynamically instructing the DAC 38 to alter tone
assignments and block and/or add frequency ranges based on realized or potential
interference of the data transmission. Therefore, the DAC 38 may enhance reliability
of the data transmission by avoiding dropped or altered data transmissions resulting

from frequency spur interference.

[0072]  Additionally, the WCC circuitry 28 may utilize different forward error
correction (FEC) schemes and settings, in a similar manner to changing the tone
assignments, to minimize dropped or altered data transmissions. The FEC schemes

enable the ADC 40 of the WCC circuitry 28 to detect whether data transmitted from
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the torch 16, for example, contains any errors, and also provides a mechanism to
correct the errors in the data. The FEC scheme may be implemented as a streaming
data approach (i.e., detecting errors as the data streams into the ADC 40) in place of
the DAC 40 sending known unmodulated tones, as described above relating to FIGS.
2 and 3. Additionally, implementing other error mitigation schemes, such as
interleaving schemes, may also be adaptively applied based on an environment of the

welding system 10.

[0073] FIG. 8 is a block diagram of a physical layer communication system 110
for the data transmission across the weld cable 36, in accordance with aspects of the
present disclosure. In addition to altering the tone assignment based on interferences
and distortion in the weld cable 36, a physical layer transmission scheme of the tone
may also be altered. As illustrated, the physical layer communication system 110
includes an adaptive media access controller (MAC) 112, a data multiplexer 114, and
several distinct physical layer (PHY) channels 116, 118, 120, and 122. For example,
the physical layer communication system 110 includes an Orthogonal Frequency
Division Multiplex (OFDM) PHY 116, a Direct Sequence Spread Spectrum (DSSS)
PHY 118, a Frequency Hopping Spread Spectrum (FHSS) PHY 120, and a custom
PHY 122. The PHY channels 116, 118, 120, and 122 represent various digital
communication transmission schemes for transmitting tones carrying the data, as
discussed above. For example, the OFDM PHY 116 may be the root for IEEE
802.11, 4G LTE, IEEE P1901.2 (G3 Power Line Communication), or a custom
OFDM. Likewise, the DSSS PHY 118 is a version of a digital communication
implementation resembling Code Division Multiple Access (CDMA) standards, such
as an IS-95 standard, and the FHSS PHY 120 is a version of a digital communication
implementation resembling an IEEE 802.11.15 standard or an IEEE 802.16 WiMAX
standard shifted down to a lower frequency range. Additionally the PHY channels
116, 118, 120, and 122 may be realized via digital signal processing (DSP) when the
welding system 10 utilizes the processor 30. Alternatively, the PHY channels 116,
118, 120, and 122 may be realized with hardware through field programmable gate
arrays (FPGAs) or through application-specific integrated circuits (ASICs). For
example, each of the PHY channels 116, 118, 120, and 122 may be built within the
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WCC circuitry 28 using one or more FPGAs or ASICs to accomplish a specific digital

communication transmission scheme.

[0074]  Additionally, the custom PHY 122 is customizable to incorporate any
digital communication method that may be customized for transmission of data via
the tonces across the weld cable 36. Customization of the custom PHY 122 may be
accomplished wirelessly, through removable storage media, or through a wired data
connection, for example. Further, it may be appreciated that while the OFDM PHY
116, the DSSS PHY 118, and the FHSS PHY 120 are similar PHYs used in wireless
communication, the PHY channels 116, 118, and 120 are also tailored specifically for
communication over the weld cable 36 and may lack features present in their wireless
communication counterparts. For example, the PHY channels 116, 118, 120, and 122
take data for transmission across the weld cable 36, encrypt the data to their own
digital communication scheme, and transmit and receive the encrypted data as the
tones provided across the weld cable 36 via the transmitters 38 and the receivers 40.
The digital communication methods stray from wireless transmission steps, as the
encrypted data is transmitted across the weld cable 36. Additionally, the PHY
channels 116, 118, 120, and 122 may also operate at frequencies below 30 MHz for
long distance communications rather than frequencies greater than 500 MHz for

cellular data communications.

[0075]  Further, the data multiplexer 114 supplies the data from a selected PHY
channel 116, 118, 120, or 122 to the DAC 38. In this manner, the selected PHY
channel 116, 118, 120, or 122 may transform data into an analog form suitable for
long range transmission. Once the selected PHY channel 116, 118, 120, or 122
transforms the data, the MAC 112 may receive the transformed data and operate as a
link between the transformed data and the DAC 38 for transmission across the weld
cable 36. Similarly, on a receiving end, the MAC 112 may reassemble the data from
the modulated or unmodulated tones received by the ADC 40 and determine the
appropriate PHY 116, 118, 120, or 122 for decoding. Further, the MAC 112 may also
contribute to selecting from the PHY channels 116, 118, 120, or 122 the transmission

scheme the system uses at any given time. For example, the MAC 112 may
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contribute to network capacity and latency analysis in determining an appropriate

PHY channel 116, 118, 120, or 122.

[0076] In another embodiment, more than one PHY channel 116, 118, 120, or 122
may operate concurrently. For example, the OFDM PHY 116, the DSSS PHY 118,
and thc FHSS PHY 120 arc configurable to be mutually orthogonal. That is, the PHY
channels 116, 118, and 120 are configurable to exist in the same time-frequency space
without interfering with one another. Accordingly, it may be beneficial for the
physical layer communication system 110 to operate more than one of the PHY
channels 116, 118, and 120 at the same time to offer levels of redundancy within the

physical layer communication system 110.

[0077] By way of example, the welding system 10 may include a newer version of
the welding power supply 12 communicating with an older version of the wire feeder
14 and a newer version of the torch 16. The newer version of the welding power
supply 12 may concurrently transmit the data across the weld cable 36 using both the
OFDM PHY 116 and the DSSS PHY 118 via the DAC 38 within the WCC circuitry
28. The older version of the wire feeder 14 may receive and process data transmitted
by the DAC 38 using the OFDM PHY 116, while the newer version of the torch 16
may receive and process data transmitted by the DAC 38 using the DSSS PHY 118.
Therefore, transmitting the data using two PHY channels 116 and 118 enables
backward compatibility with older equipment, and provides redundancy to the
physical layer communication system 110. Additionally, the ability to repurpose the

custom PHY 122 also enables forward growth into future signaling schemes.

[0078] FIG. 9 is a flow diagram of a method 124 for adaptively selecting a PHY
channel 116, 118, 120, or 122 for the data transmission across the weld cable 36, in
accordance with aspects of the present disclosure. Initially, the WCC circuitry 28
monitors the weld cable 36 (block 126). In monitoring the weld cable 36, the ADC 40
of the WCC circuitry 28 determines realized or predicted interference within the weld
cable 36, as discussed above relating to FIG. 7. Once the interference is determined,

the processor 30 may adjust, for example, frequency ranges of the data transmission
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by the DAC 38, or other data transmission characteristics, as discussed above relating

to the methods 96 and 102.

[0079]  While monitoring the weld cable 36, the ADC 40 may also monitor a weld
atmosphere of the welding system 10 (block 128). The weld atmosphere may include
a numbcr of welders on a common weld return circuit, data transmission demand from
the welders, latency costs associated with accessing a communications link, frequency
spurs, interfering signals, or any other factor that may influence selection of a
physical layer transmission scheme. For example, the ADC 40 may detect an
indication from the DAC 38 that the latency costs of the data being transmitted is
high, and a new PHY channel 116, 118, 120, or 122 may be selected by the welding
system 10 to meet a latency cost demand. Additionally, the WCC circuitry 28, using
the MAC 112, may compare the number of welders on the common weld return
circuit to a network capacity of a transmission scheme. Further, the monitored weld
atmosphere may constantly change. For example, a shipyard could have anywhere
from 1 welder to several hundred welders working at any given time. The number of
welders working will vary throughout a workday. Accordingly, the ADC 40 may
constantly receive information about the weld atmosphere, such as the current
network capacity, which affects the transmission scheme selection by the processor

30.

[0080] By monitoring the weld atmosphere, the processor 30 determines which of
the PHY channels 116, 118, 120, or 122 are suited for data transmission across the
weld cable 36 and selects the PHY channel 116, 118, 120, or 122 automatically (e.g.,
without human intervention) based on this determination (block 130). This selection
may be done in real time (e.g., a delay of less than approximately 0.05 seconds) and
during a welding operation by the welding system 10. For example, in a situation
where machine settings utilize low data transmission rates, the cost for latency to
access an open communications link is fairly low. In such a situation, the OFDM
PHY 116 may be selected. In general, the OFDM PHY 116 is a single user PHY.
Therefore, the OFDM PHY 116 is used, for example, in closed loop process control
and in situations where latency is not a concern. On the other hand, when the

machine settings utilize the open communications link in an on-demand basis, the
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DSSS PHY 118 may be selected, as the DSSS PHY 118 offers a solution enabling on-
demand access to the open communications link. In this manner, the processor 30
may select which of the PHY channels 116, 118, 120, or 122 are suited for specific
instances of data transmission. In another embodiment, a user manually determines
which of the PHY channels 116, 118, 120, or 122 is used as the physical layer
transmission scheme. For example, in a situation where the user recognizes that the
weld atmosphere is not conducive to the OFDM PHY 116 due to a large number of
welders on a common weld return circuit, the user may select the DSSS PHY 118 as a
default setting prior to the processor 30 conducting any analysis of the weld
atmosphere. In this instance, the user may be defined as an IT technician, and the IT
technician may set the default PHY setting through a control setting in the welding
power supply 12, through an Ethernet cable coupled to the welding power supply 12
and a separate computing device, or through a wireless connection with the welding

power supply 12 and a remote computing device.

[0081]  Subsequently, the transmitters 38 transmit and the receivers 40 receive data
transmitted utilizing the selected PHY channel 116, 118, 120, or 122 (block 132). It
may also be appreciated, as discussed above, that the transmitters 38 may transmit the
data in a mutually orthogonal manner using multiple PHY channels 116, 118, 120, or
122. In this manner, the receivers 40 may receive the data transmitted using the PHY
channel 116, 118, 120, or 122 with which the individual receivers 40 are compatible.
Further, the data may be transmitted and received by the transmitters 38 and the

receivers 40, respectively, while a welding operation occurs.

[0082] FIG. 10 is a flow diagram of the block 130 of FIG. 9 for selecting the
physical layer transmission scheme for the transmission of the data. Initially, the
WCC circuitry 28 may perform a network load analysis and a latency analysis (block
134). During the network load analysis, the WCC circuitry 28 may regularly
determine, from the MAC 112 or another device providing an indication of network
load, a present demand on the network. Additionally, the WCC circuitry 28 may
perform a latency analysis on the network to determine a time for a user to access the
network during operation of the network. For example, the latency analysis may

indicate how much lag time there is between a welder making a request to access the
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network and when the welder is actually granted access to the network by the MAC
112. Using the network load and latency analyses, the WCC circuitry 28 may make a
determination of whether the performance of the MAC 112 is acceptable (block 136).
For example, the WCC circuitry 28 may make a determination as to whether there is
too much load demand on the network (e.g., too many welders using a common return

circuit), or if the time for accessing the network is too great.

[0083] Accordingly, if the WCC circuitry 28 determines that the performance of
the MAC 112 is acceptable in its current operation, another network load analysis and
latency analysis may be performed at block 134. Contrarily, if the WCC circuitry 28
determines that the performance of the MAC 112 is not acceptable for current
welding conditions, a new determination may be made by the WCC circuitry 28 as to
whether there is an additional PHY channel 116, 118, 120, or 122 available for the
MAC 112 to alter the current physical layer transmission scheme (block 138). For
example, the PHY channels 116, 118, 120, and 122 may be arranged in an order from
a first PHY channel 116 to a fourth PHY channel 122. Accordingly, if an additional
PHY channel is available, the MAC 112 may be instructed by the WCC circuitry 28
to automatically select the next PHY channel 116, 118, 120, or 122 of the order (block
140). Upon selecting the next PHY channel 116, 118, 120, or 122, the WCC circuitry

28 may again perform the network load analysis and the latency analysis at block 134.

[0084] In contrast, when the MAC 112 is already using the fourth PHY channel
122, there might not be additional PHY channels available. Accordingly, in this
situation, the WCC circuitry 28 may send an error message to a user (e.g., via the
display 26 of the welding power supply 12) indicating that none of the PHY channels
are providing the MAC 112 with acceptable performance parameters (block 142).
Additionally, the MAC 112 may return to a default PHY, in this instance the PHY
channel 116, where the network load analysis and the latency analysis may be
conducted again at block 134. The flow diagram of the block 130 may continue in
this manner until the welding system 10 is turned off, or until the welding system 10
receives an operation error indicating that the welding system 10 should cease

operations.
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[0085] While only certain features of the present embodiments 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 disclosure.
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WHAT IS CLAIMED IS:

1. A welding system (10), comprising:
a welding power supply (12) configured to provide welding power for a welding
application through a weld cable (36), wherein the welding power supply (12) comprises:
a weld cable communications (WCC) circuitry (28) comprising:

areceiver (40) configured to receive data from the weld cable (36) and

to monitor the weld cable (36) for at least one of frequency spurs and other interfering signals;

a transmitter (38) configured to transmit data across the weld cable
(36); and
a filter function (42) configured to determine one or more filter

coefficients;

wherein, the WCC circuitry (28) is configured to determine an adjustment to
characteristics of the transmitted data based on the one or more filter coefficients to

compensate for the at least one of frequency spurs and other interfering signals; and

wherein, the transmitter (38) is configured to dynamically adjust the characteristics
of the transmitted data in accordance with an indication of the determined adjustment

received via a continuous feedback loop (75) of the WCC circuitry (28).

2. The welding system (10) of claim 1,

wherein the transmitter (38) is configured to transmit one or more modulated and one
or more unmodulated signals,

wherein the transmitter (38) is configured to transmit a modulated signal, which is a
complex sinusoidal signal modulated to send the data across the weld cable (36), and

wherein the transmitter (38) is configured to transmit an unmodulated signal, which
is a sinusoidal signal comprising a reference amplitude, a reference phase, and a reference
frequency, and wherein the unmodulated signal is utilized as a reference signal to determine

compensation coefficients for a signal carrying the data.
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3. The welding system (10) of claim 1 or 2,

comprising at least two transmitters (38) and two receivers (40) coupled along the

weld cable (36) to provide two-way data transmission,

4, The welding system (10) of claim 1, 2 or 3,

wherein the frequency spurs are harmonically related to a switching frequency of the

power supply (12).

5. The welding system (10) of any one of claims 1 to 4,

wherein the weld cable communications circuitry (28) is configured to adjust the
characteristics of the transmitted data by blocking use of individual signals with assigned
frequencies that are similar to frequencies of the at least one of frequency spurs and other

interfering signals.

6. The welding system (10) of any one of claims 1 to 5,

wherein the welding system (10) is configured to provide the welding power and data
from the welding power supply (12) to a wire feeder (14) or a welding torch (16) via the weld
cable (36).

7. The welding system (10) of any one of claims 1 to 6,

wherein the transmitter (38) is configured to adjust the characteristics of the

transmitted data by changing a transmission frequency of the data.

8. The welding system (10) of any one of claims 1 to 7, further comprising a
wire feeder (14) configured to receive welding power for a welding application through a

weld cable (36), wherein the wire feeder (14) comprises the WCC circuitry (28).
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9. A method, comprising:

transmitting data via one or more signals through a weld cable (36) from a transmitter
(38) disposed along the weld cable (36) via an initial signal assignment of a set of signal
assignments;

providing welding power and data communication via the weld cable (36) with a
welding system (10);

monitoring the weld cable (36) with weld cable communications (WCC) circuity (28)
for interfering signals;

changing transmission of the one or more signals with the transmitter (38) from the
initial signal assignment to a second signal assignment based on the interfering signals;

determining an adjustment to characteristics of the transmitted data based on one or
more filter coefticients determined by a filter function of the WCC to compensate for at least
one of frequency spurs and other interfering signals; and

adjusting, dynamically, the characteristics of the transmitted data in accordance with
an indication of the determined adjustment received via a continuous feedback loop (75) of

the WCC circuitry (28),

wherein the signal is a complex sinusoidal signal modulated to send data across the
weld cable (36).

10. The method of claim 9,
wherein monitoring the weld cable (36) with the WCC circuitry (28) comprises:

performing a Fast Fourier Transform (FFT) of the one or more signals on the weld
cable (36) for a frequency span of a lowest used data signaling frequency to a highest used

data signaling frequency; and

using results of the FFT to determine amplitudes and frequencies of the interfering

signals.
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11.  The method of claim 9 or 10,
wherein changing transmission of the one or more signals from the initial signal
assignment to the second signal assignment comprises selecting an alternate signal

assignment from the set of signal assignments.

12.  The method of any one of claims 9 to 11,
wherein monitoring the weld cable (36) comprises monitoring the weld cable (36) for

frequency spurs.

13.  The method of any one of claims 9 to 12,
wherein monitoring the weld cable (36) for interfering signals comprises monitoring

the weld cable (36) for noise not otherwise related to a power supply (12).

14.  The method of claim 13,
comprising changing a transmission frequency of data during a welding application

to avoid the interfering signals or the noise not otherwise related to the power supply (12).
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