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SYSTEMS AND METHODS TO MITIGATE
AUDIBLE NOISE IN WELDING-TYPE
POWER SUPPLIES

TECHNICAL FIELD

[0001] The present disclosure generally relates to weld-
ing-type power supplies and, more particularly, to systems
and methods to mitigate audible noise 1 welding-type
power supplies.

BACKGROUND

[0002] Welding-type components (e.g., welding torches)
are sometimes powered by welding-type power supplies.
Conventional power supplies use a range of electrical com-
ponents and/or electrical circuitry to produce approprate
welding-type power for various welding-type operations
and/or welding-type components. Some conventional weld-
ing-type power supplies have been observed to generate
audible noise. The audible noise was of suflicient intensity
and pitch can be inconvenient and/or distracting to users of
the equipment.

[0003] Limitations and disadvantages of conventional and
traditional approaches will become apparent to one of skill
in the art, through comparison of such systems with the
present disclosure as set forth in the remainder of the present
application with reference to the drawings.

SUMMARY

[0004] The present disclosure 1s directed to systems and
methods to mitigate audible noise 1 welding-type power
supplies, for example, substantially as illustrated by and/or
described 1n connection with at least one of the figures, and
as set forth more completely 1n the claims.

[0005] These and other advantages, aspects and novel
teatures of the present disclosure, as well as details of an
illustrated example thereof, will be more fully understood
from the following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 illustrates an example of a welding-type
system, 1n accordance with aspects of this disclosure.
[0007] FIG. 2 1s a block diagram of the example welding-
type system of FIG. 1, 1in accordance with aspects of this
disclosure.

[0008] FIG. 3 1s a block diagram of an example welding-
type power supply, in accordance with aspects of this
disclosure.

[0009] FIG. 4 1s a flow chart illustrating an example
method of operation of a boost controller of the example
welding-type power supply of FIG. 3, 1n accordance with
aspects of this disclosure.

[0010] FIG. S 1s a flow chart illustrating an example
method of operation of control circuitry of the example
welding-type power supply of FIG. 3, 1n accordance with
aspects of this disclosure.

[0011] The figures are not necessarily to scale. Where
appropriate, the same or similar reference numerals are used
in the figures to refer to similar or 1dentical elements. For
example, reference numerals utilizing lettering (e.g., con-
trollable circuit element 308a, controllable circuit element
308b) refer to 1nstances of the same reference numeral that
does not have the lettering (e.g., controllable circuit ele-

ments 308).
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DETAILED DESCRIPTION

[0012] Preferred examples of the present disclosure may
be described hereinbelow with reference to the accompany-
ing drawings. In the following description, well-known
functions or constructions are not described 1n detail because
they may obscure the disclosure 1n unnecessary detail. For
this disclosure, the following terms and definitions shall
apply.

[0013] As used herein, the terms “about” and/or “approxi-
mately,” when used to modily or describe a value (or range
of values), position, orientation, and/or action, mean rea-
sonably close to that value, range of values, position, ori-
entation, and/or action. Thus, the examples described herein
are not limited to only the recited values, ranges of values,
positions, orientations, and/or actions but rather should
include reasonably workable deviations.

[0014] As used herein, “and/or” means any one or more of
the 1tems 1n the list joined by “and/or”. As an example, “x
and/or y” means any element of the three-element set {(x),
(y), (X, ¥)}. In other words, “x and/or y”” means “one or both
of X and y”. As another example, “X, y, and/or z” means any
element of the seven-element set {(x), (v), (2), (X, y), (X, z),
(v, z), (X, v, z)}. In other words, “x, y and/or z” means “one
or more of X, y and z”.

[0015] As utilized herein, the terms “e.g.,” and “for
example” set off lists of one or more non-limiting examples,
instances, or illustrations.

[0016] As used herein the terms “circuits™ and ““circuitry”™
refer to physical electronic components (1.e., hardware) and
any software and/or firmware (“‘code”) which may configure
the hardware, be executed by the hardware, and or otherwise
be associated with the hardware. As used herein, for
example, a particular processor and memory may comprise
a first “circuit” when executing a first one or more lines of
code and may comprise a second “circuit” when executing
a second one or more lines of code. As utilized herein,
circuitry 1s “operable” and/or “configured” to perform a
function whenever the circuitry comprises the necessary
hardware and/or code (if any 1s necessary) to perform the
function, regardless of whether performance of the function
1s disabled or enabled (e.g., by a user-configurable setting,
factory trim, etc.).

[0017] As used herein, a control circuit may include
digital and/or analog circuitry, discrete and/or integrated
circuitry, microprocessors, DSPs, etc., software, hardware
and/or firmware, located on one or more boards, that form
part or all of a controller, and/or are used to control a
welding process, and/or a device such as a power source or
wire feeder.

[0018] As used herein, the term “processor” means pro-
cessing devices, apparatus, programs, circuits, components,
systems, and subsystems, whether implemented 1n hard-
ware, tangibly embodied software, or both, and whether or
not 1t 1s programmable. The term “processor’” as used herein
includes, but 1s not limited to, one or more computing
devices, hardwired circuits, signal-modilying devices and
systems, devices and machines for controlling systems,
central processing units, programmable devices and sys-
tems, field-programmable gate arrays, application-specific
integrated circuits, systems on a chip, systems comprising
discrete elements and/or circuits, state machines, virtual
machines, data processors, processing facilities, and com-
binations of any of the foregoing. The processor may be, for
example, any type ol general purpose microprocessor or

"
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microcontroller, a digital signal processing (DSP) processor,
an application-specific integrated circuit (ASIC). The pro-
cessor may be coupled to, and/or integrated with a memory
device.

[0019] As used, herein, the term “memory” and/or
“memory device” means computer hardware or circuitry to
store information for use by a processor and/or other digital
device. The memory and/or memory device can be any
suitable type of computer memory or any other type of
clectronic storage medium, such as, for example, read-only
memory (ROM), random access memory (RAM), cache
memory, compact disc read-only memory (CDROM), elec-
tro-optical memory, magneto-optical memory, program-
mable read-only memory (PROM), erasable programmable
read-only memory (EPROM), electrically-erasable pro-
grammable read-only memory (EEPROM), a computer-
readable medium, or the like.

[0020] The term “power” 1s used throughout this specifi-
cation for convenience, but also includes related measures
such as energy, current, voltage, and enthalpy. For example,
controlling “power” may involve controlling voltage, cur-
rent, energy, and/or enthalpy, and/or controlling based on
“power” may mvolve controlling based on voltage, current,
energy, and/or enthalpy.

[0021] As used herein, welding-type power refers to
power suitable for welding, cladding, brazing, plasma cut-
ting, imduction heating, CAC-A and/or hot wire welding/
preheating (including laser welding and laser cladding),
carbon arc cutting or gouging, and/or resistive preheating.

[0022] As used herein, a welding-type power supply and/
or power source refers to any device capable of, when power
1s applied thereto, supplying welding, cladding, brazing,
plasma cutting, induction heating, laser (including laser
welding, laser hybrid, and laser cladding), carbon arc cutting
or gouging and/or resistive preheating, including but not
limited to transformer-rectifiers, inverters, converters, reso-
nant power supplies, quasi-resonant power supplies, switch-
mode power supplies, etc., as well as control circuitry and
other ancillary circuitry associated therewaith.

[0023] Some examples of the present disclosure relate to
a welding-type power supply, comprising power conversion
circuitry configured to convert input power to welding-type
output power, and control circuitry configured to control the
power conversion circuitry using a control signal, the con-
trol signal having a signal frequency, and the control cir-
cuitry configured to set the signal frequency based on a load
state, wherein the control circuitry 1s configured to set the
signal frequency to a second frequency outside of an audible
frequency range in response to the load state comprising a
low load.

[0024] In some examples, the load state comprises a high
load or a low load. In some examples, the load state
comprises a high load when the welding-type output power
1s used during a welding-type operation and the low load
when the welding-type output power 1s not used during a
welding-type operation. In some examples, the control cir-
cuitry 1s configured to set the signal frequency to a first
frequency 1n response to the load state comprising the high
load, and to the second frequency in response to the load
state comprising the low load. In some examples, the first
frequency 1s within the audible frequency range. In some
examples, the second frequency 1s higher than the first
frequency. In some examples, the first frequency 1s between
approximately 7 kHz and 15 kHz, and the second frequency
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1s not between approximately 7 kHz and 15 kHz. In some
examples, the power conversion circuitry comprises a
stacked boost converter having a controllable circuit ele-
ment, the controllable circuit element configured to switch
between a first state and a second state based on the control
signal.

[0025] Some examples of the present disclosure relate to
a welding-type system, comprising a welding-type 1nstru-
ment configured to use welding-type output power during a
welding-type operation, and a welding-type power supply,
comprising power conversion circuitry configured to con-
vert mput power to the welding-type output power, and
control circuitry configured to control the power conversion
circuitry using a control signal, the control signal having a
signal frequency, and the control circuitry configured to set
the signal frequency based on a load state, wherein the
control circuitry 1s configured to set the signal frequency to
a second Irequency outside of an audible frequency range 1n
response to the load state comprising a low load.

[0026] In some examples, the load state comprises a high
load when the welding-type instrument 1s conducting the
welding-type operation and the low load when the welding-
type mstrument 1s not conducting the welding-type opera-
tion. In some examples, the control circuitry 1s configured to
set the signal frequency to a first frequency 1n response to the
load state comprising the high load, and to the second
frequency 1n response to the load state comprising the low
load. In some examples, the second Ifrequency 1s zero. In
some examples, the control circuitry 1s further configured to
set the signal frequency to a third frequency in response to
the load state comprising the low load. In some examples,
the first frequency 1s within the audible frequency range. In
some examples, the first frequency 1s between approxi-
mately 7 kHz and 15 kHz, and the second frequency 1s not
between approximately 7 kHz and 15 kHz.

[0027] Some examples of the present disclosure relate to
a method for controlling a welding-type power supply,
comprising determining a load state of a welding-type power
supply, setting a non-zero signal frequency of a control
signal based on the load state, wherein the signal frequency
1s set to a second frequency outside of an audible frequency
range 1n response to the load state comprising a low load,
and controlling power conversion circuitry of the welding-
type power supply using the control signal.

[0028] Insome examples, determining the load state com-
prises determiming whether an 1nverter of the power con-
version circultry 1s active. In some examples, determining
whether the i1nverter 1s active comprises determining
whether a welding-type operation 1s active. In some
examples, the load state comprises a high load when the
welding-type operation or the inverter 1s active and the low
load when the welding-type operation or the inverter is
mactive. In some examples, determiming the load state
comprises predicting a future load state based on sensor
input. In some examples, setting the signal frequency com-
prises setting the signal frequency to a first frequency when
the load state 1s a high load and setting the signal frequency
to the second frequency when the load state 1s the low load,
the second frequency being higher than the first frequency.

[0029] Some examples of the present disclosure relate to
welding-type power supplies with audible noise mitigation.
In some circumstances, audible noise (e.g., a beeping and/or
tone) 1s generated by some welding-type power supplies.
Sources of noise may include combination(s) of vibrating
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components 1 power conversion circuitry of the welding-
type power supplies. For example, a combination of vibrat-
ing components of a boost converter 1n the power conver-
sion circultry, such as the mput inductor, precharge relays,
and boost capacitor, may cause audible noise. The vibration
has been observed to occur at frequencies related to a
switching frequency of the boost converter (i.e., the fre-
quency at which certain controllable circuit elements used 1n
the boost converter are “switched” from one state to
another).

[0030] The present disclosure contemplates certain sys-
tems, methods, operations, and/or strategies that may muti-
gate the occurrence and/or unpleasantness of the audible
noise. For example, the present disclosure contemplates
dynamically changing the switching frequency to combat
the noise. In some examples, control circuitry that controls
the boost converter controls the switching frequency to be
outside the typical audible range for humans. This strategy
takes advantage of the fact that the vibrating components
that generate the audible noise were observed to vibrate at a
frequency related to the switching frequency (which was 1n
the audible range for humans when the audible noise was
observed). By dynamically changing the switching fre-
quency to a frequency outside the audible range, the control
circuitry controls the noise to be 1naudible to human ears.

[0031] Operating at a substantially different frequency
while under a heavy load may result 1n undesirable thermal
loading of the power supply. However, the thermal impli-
cations of the maudible switching frequency may be sig-
nificantly less under a low load (e.g., when no welding-type
operation 1s taking place) than under a heavy load. At least
in systems 1n which audible noise 1s limited to periods of
relatively low load (and/or power consumption), some of the
disclosed systems and methods imnvolve dynamically switch-
ing to an maudible switching frequency (and/or to more than
one 1maudible switching frequencies) during periods of low

load.

[0032] Other disclosed systems and methods provide miti-
gation of audible noise by dithering (and/or randomizing),
the switching frequency to spread out the magnitude of the
observed frequency over a wider range of frequencies with
smaller magnitude.

[0033] Still other disclosed systems and methods mvolve
deactivating the boost converter completely during low
loads to mitigate the audible noise. Disclosed example
systems and methods reactivate the boost converter after
deactivation while avoiding potential system stability chal-
lenges (e.g., transformer saturation) which can occur during
periods of higher loads.

[0034] Thus, the present disclosure contemplates welding-
type power supplies that undertake certain noise mitigation
strategies when under a low load (and/or low power con-
sumption, burst/idle mode, etc.), so as to reduce and/or
prevent the power supply from producing unwanted audible
noise.

[0035] FIGS. 1 and 2 show a perspective view and block
diagram view, respectively, of an example of a welding-type
system 10. It should be appreciated that, while the example
welding-type system 10 shown in FIGS. 1 and 2 may be
described as a gas metal arc welding (GMAW) system, the
presently disclosed system may also be used with other arc
welding processes (e.g., flux-cored arc welding (FCAW),
gas shielded flux-cored arc welding (FCAW-G), gas tung-
sten arc welding (GTAW), submerged arc welding (SAW),
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shielded metal arc welding (SMAW), or similar arc welding
processes) or other metal fabrication systems, such as
plasma cutting systems, imnduction heating systems, and so

forth.

[0036] In the example of FIG. 1, the welding-type system
10 includes a welding-type power supply 12 (1.¢., a welding-
type power source), a welding wire feeder 14, a gas supply
20, and a welding torch 16. The welding-type power supply
12 generally supplies power for the welding-type system 10
and/or other various accessories, and may be coupled to the
welding wire feeder 14 via one or more weld cables 38, as
well as coupled to a work piece 26 using a lead cable 40
having a clamp 22. In the 1illustrated example, the welding
wire feeder 14 1s coupled to the welding torch 16 via coupler
46 1n order to supply welding wire and/or welding-type
power to the welding torch 16 during operation of the
welding-type system 10. In some examples, the welding-
type power supply 12 may couple and/or directly supply
welding-type power to the welding torch 16. In the illus-
trated example, the power supply 12 1s separate from the
wire feeder 14, such that the wire feeder 14 may be
positioned at some distance from the power supply 12 near
a welding location. However, 1t should be understood that
the wire feeder 14, 1n some examples, may be integral with
the power supply 12. In some examples, the wire feeder 14
may be omitted from the system 10 entirely.

[0037] Inthe examples of FIGS. 1 and 2, the welding-type
system 10 includes a gas supply 20 that may supply a
shielding gas and/or shielding gas mixtures to the welding
torch 16. 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 1 order to provide a particular local
atmosphere (e.g., shield the arc, improve arc stability, limait
the formation of metal oxides, improve wetting of the metal
surfaces, alter the chemistry of the weld deposit, and so
forth). In the example of FIG. 1, the gas supply 20 1s coupled
to the welding torch 16 through the wire feeder 14 via a gas
conduit 42 that 1s part of the weld cables 38 from the
welding-type power supply 12. In such an example, the
welding wire feeder 14 may regulate the flow of gas from the
gas supply 20 to the welding torch 16. In the example of
FIG. 2, the gas supply 20 1s depicted as coupled directly to
the welding torch 16 rather than being coupled to the
welding torch 16 through the wire feeder 14.

[0038] In the example of FIG. 2, the wire feeder 14
supplies a wire electrode 18 (e.g., solid wire, cored wire,
coated wire) to the torch 16. The gas supply 20, which may
be integral with or separate from the power supply 12,
supplies a gas (e.g., CO2, argon) to the torch 16. In some
examples, no gas supply 20 may be used. The welding-type
power supply 12 may power the welding wire feeder 14 that,
in turn, powers the welding torch 16, 1n accordance with
demands of the welding-type system 10. The lead cable 40
terminating in the clamp 22 couples the welding-type power
supply 12 to the work piece 26 to close the circuit between
the welding-type power supply 12, the work piece 26, and
the welding torch 16. An operator may engage a trigger 22
of the torch 16 to imitiate an arc 24 between the electrode 18
and a work piece 26. In some examples, engaging the trigger
22 of the torch 16 may imitiate a different welding-type
function, instead of an arc 24.

[0039] In the example of FIG. 2, the welding-type power
supply 12 includes an operator interface 28, control circuitry
30, and power conversion circuitry 32. In some examples,
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the welding-type system 10 may receive weld settings from
the operator via the operator interface 28 provided on the
power supply 12 (and/or power source housing, such as on
a front panel of the power source housing, for example). The
weld settings may relate to the type of welding-type power
desired. In the example of FIG. 2, the operator interface 28
1s coupled to the control circuitry 30, and may communicate
the weld settings to the control circuitry 30 via this coupling.

[0040] In the example of FIG. 2, the welding-type power
supply 12 includes power conversion circuitry 32 that
receives mput power from a power source (e.g., the AC
power grid, an engine/generator set, or a combination
thereol), conditions the input power, and provides DC and/or
AC welding-type output power via the weld cable(s) 38
and/or lead cable 40. In the example of FIG. 2, the source of
clectrical power 1s indicated by arrow 34. The source may be
a power grid, an engine-driven generator, batteries, fuel cells
or other alternative sources. In the example of FIG. 1, the
source 1s an electrical outlet 44. The power conversion
circuitry 32 may include circuit elements (e.g., transformers,
rectifiers, capacitors, inductors, diodes, transistors, switches,
and so forth) capable of converting the AC mput power to a
direct current electrode positive (DCEP) output, direct cur-
rent electrode negative (DCEN) output, DC variable polar-
ity, and/or a variable balance (e.g., balanced or unbalanced)
AC output, as dictated by the demands of the welding-type
system 10 (e.g., based on the type of welding process
performed by the welding-type system 10, and so forth).

[0041] Inthe example of FI1G. 2, the control circuitry 30 1s
coupled to the power conversion circuitry 32. In some
examples, the control circuitry 30 operates to control the
conversion circuitry 32, so as to ensure the conversion
circuitry 32 generates the appropriate welding-type power
for carrying out the desired welding-type operation. In some
examples, the control circuitry 30 may control the power
conversion circuitry 32 to produce an appropriate and/or
desired current and/or voltage of the welding-type power
supplied to the torch 16, as selected, for example, by an
operator through the operator interface 28.

[0042] In the example of FIG. 2, the control circuitry
comprises one or more processors 35 and/or memory 37.
The processor(s) 35 may include one or more microproces-
sors, such as one or more “general-purpose” microproces-
sors, one or more special-purpose microprocessors and/or
application specific integrated circuits (ASICS), or some
combination thereof. For example, the processor(s) may
include one or more reduced 1nstruction set (RISC) proces-
sors (e.g., Advanced RISC Machine (ARM) processors), one
or more digital signal processors (DSPs), and/or other
appropriate processors. The one or more processors 35 may
use data stored in the memory 37 to execute control algo-
rithms. The data stored in the memory 37 may be received
via the operator interface 28, one or more 1mnput/output ports,
a network connection, and/or be preloaded prior to assembly
of the control circuitry 30.

[0043] The control circuitry 30 may monitor the current
and/or voltage of the arc 24 using on one or more sensors 36
positioned on, within, along, and/or proximate to the wire
feeder 14, weld cable 38, and/or torch 16. The one or more
sensors 36 may comprise, for example, current sensors,
voltage sensors, impedance sensors, temperature sensors,
acoustic sensors, and/or other appropriate sensors. In some
examples, the control circuitry 30 may determine and/or
control the power conversion circuitry 32 to produce an
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appropriate power output, arc length, and/or electrode exten-
sion based at least 1n part on feedback from the sensors 36.

[0044] FIG. 3 shows a more detailed view of the control
circuitry 30 and power conversion circuitry 32 of the weld-
ing-type power supply 12. In some examples, the power
supply 12 may comprise a switched mode power supply. As
shown, the power conversion circuitry 32 includes an input
rectifier 322, a stacked boost converter 324, an inverter 326,
and an output rectifier 328, connected along a common bus
301. In some examples, the mput rectifier 322 and/or output
rectifier 328 may be hall wave rectifiers or full wave
rectifiers. In some examples, the mverter 326 has a half
bridge topology or a full bridge topology, though other
topologies may be used. In some examples, the stacked
boost converter 324 may be a more traditional boost con-
verter. In some examples, the stacked boost converter 324
may be a more general pre-regulator, such as, for example,
a boost converter, a buck converter, and/or be a boost/buck
converter.

[0045] In operation, the mput rectifier 322 rectifies the AC
input power 34 to DC power. The stacked boost converter
324 may then step up (and/or “boost”) the DC power as
desired. In examples where the stacked boost converter 324
includes a buck converter, the DC power may also be
stepped down (or “bucked”). The mverter 326 may then
ivert the DC power to AC power to achieve additional
power performance. Finally, the output rectifier 328 converts
the AC power back to DC power for output (as shown, via
arrow 303) to the previously discussed welding components
(e.g., wire feeder 14 and/or welding torch 16). In some
examples, welding components may use AC rather than DC
power, and the output rectifier 328 may be omitted or
bypassed.

[0046] In the example of FIG. 3, the control circuitry 30
includes a weld controller 302, a boost controller 304, and
an 1inverter controller 306. As shown, the boost controller
304 controls the stacked boost converter 324, and the
inverter controller 306 controls the inverter 326. More
particularly, the boost controller 304 outputs one or more
boost control signals to the stacked boost converter 324 via
line 312, and the imnverter controller 306 outputs one or more
inverter control signals to the mverter 326 via line 314. In
some examples, the weld controller 302, boost controller
304, and/or inverter controller 306 may be implemented
through one or more single integrated circuit package and/or
through one or more discrete circuits. In some examples, the
weld controller 302, boost controller 304, and/or inverter
controller 306 may be implemented through one or more
processors 35 executing machine readable instructions
stored 1n one or more memories 37.

[0047] In the example of FIG. 3, the stacked boost con-
verter 324 includes controllable circuit elements 308¢, and
the mverter 326 includes one or more controllable circuit
clements 3085. The controllable circuit elements 308 (e.g.,
transistors, switches, relays etc.) are configured to change
states (e.g., open/close, turn ofl/on, etc.) 1 response to
(and/or according to) the boost control signal(s) and/or
iverter control signal(s), respectively. In examples where
the controllable circuit elements comprise transistors, the
transistors may comprise any suitable transistors, such as,

for example MOSFETs, JFETs, IGBTs, BITs, etc.

[0048] In some examples, the operation of the stacked
boost converter 324 and/or imnverter 326 may be dependent
upon the boost control signal(s) and inverter control signal
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(s), respectively, and/or the controllable circuit elements 308
they control. For example, the power output of the stacked
boost converter 324 may be dependent on (amongst other
things) a duty cycle of the boost control signal(s). Likewise,
the power output of the mverter 326 may be dependent on
(amongst other things) a duty cycle of the mverter control
signal(s).

[0049] In the example of FIG. 3, the weld controller 302
outputs one or more weld control signals to the boost
controller 304 and inverter controller 306 via line 310. In
some examples, the boost controller 304 and inverter con-
troller 306 are configured to control the stacked boost
converter 324 and inverter 326 using, at least in part, the
weld control signal(s) (and/or data and/or information
encoded 1n and/or represented by the weld control signal(s)).
For example, the weld controller 302 may determine that
more or less power (and/or voltage/current) needs to be
output by the power conversion circuitry 32, and output
weld control signals to the boost controller 304 and/or
iverter 326 representative of this determination. The boost
controller 304 and/or inverter controller 306 may adjust the
boost and/or inverter control signals accordingly, such as by
increasing or decreasing the duty cycle of their respective
control signals, for example. Though not shown, 1n some
examples the weld control signal(s) may be processed
through a filter (such as, for example, a Proportional-
Integral-Dernivative (PID) controller and/or an Infinite
Impulse Response (I1IR) filter) before being received by the
boost controller 304 and/or inverter controller 306.

[0050] In the example of FIG. 3, the weld controller 302
receives operator input from the operator mtertace 28 and
teedback input from the various sensors 36 of the welding-
type system 10. While not shown, in some examples the
boost controller 304 and/or inverter controller 306 may also
receive feedback mput from the sensors 36 and use this input
when outputting the boost control signal(s) and/or inverter
control signal(s) to control the stacked boost converter 324
and/or 1inverter 326, respectively. In some examples, some or
all of the feedback 1input from the various sensors 36 may be
processed through a filter (such as, for example, a Propor-
tional-Integral-Derivative (PID) controller and/or an Infinite
Impulse Response (1IR) filter), before being received and/or
used by the weld controller 302, boost controller 304, and/or
inverter controller 306. In some examples, some or all of the
teedback mput from the various sensors 36 may be pro-
cessed through a filter (such as, for example, a Proportional-
Integral-Dernivative (PID) controller and/or an Infinite
Impulse Response (I1IR) filter) with the weld control signal
(s).

[0051] In some examples, the weld controller 302 may use
the operator input and/or feedback mput when generating,
the weld control signal(s) sent to the boost controller 304
and/or mverter 326. For example, the operator may input
weld settings through the operator interface 28, which are
then communicated to the weld controller 302. The weld
settings may indicate a particular type of target welding
operation and/or welding-type power. The feedback nput
may indicate the type (and/or characteristics, parameters,
properties, etc.) of welding-type power being presently
output by the welding-type power supply 12, via the power
conversion circuitry 32. The weld controller 302 may thus
determine what, if any, adjustments need to be made to
welding-type power output to achieve the target welding-
type power and/or operation, and output 1its weld control

Jan. 30, 2020

signal(s) to the boost controller 304 and/or 1nverter control-
ler 306 to eflect these adjustments.

[0052] In some examples, the weld controller 302 may
determine, predict, and/or derive a load (and/or draw) on the
welding-type power supply 12 based on operator input via
the operator interface 28 and/or feedback from the feedback
sensors 22, 36. For example, the weld controller 302 may
receive operator mput relating to the load on the welding-
type power supply 12, and/or the welding-type power being
used (and/or consumed, conducted, drawn, etc.), such as an
indication that a certain welding-type operation 1s about to
occur and/or command to produce a welding-type output for
a certain welding-type operation. As another example, one
of the sensors 22, 36 may be a torch sensor that sends one
or more signals to the weld controller 302 representative of
a torch activation and/or deactivation (e.g., via trigger pull/
release). In such an example, the weld controller 302 may
determine, derive, and/or predict there 1s (or soon will be) a
significant load (e.g., a load greater than a threshold load,
and/or above a target power and/or current output) on the
welding-type power supply 12 while the torch 1s activated,
and/or a low load (e.g., a load less than a threshold load,
and/or below a target power and/or current output) when the
torch 1s deactivated (and/or following a timeout period after
deactivation).

[0053] As yet another example, one of the sensors 36 may
be a foot switch sensor that sends one or more signals to the
weld controller 302 representative of a foot switch activation
and/or deactivation. In such an example, the weld controller
302 may determine, derive, and/or predict there 1s (or soon
will be) a significant load on the welding-type power supply
12 while the foot switch 1s activated, and/or a low load when
the foot switch 1s deactivated (and/or following a timeout
period after deactivation). As an additional example, one of
the feedback sensors 22, 36 may be a current sensor, and the
weld controller 302 may use the current through the system
to determine a load on the system (e.g., no or low current=no
or low load). In some examples, one or more of the sensors
36 may be a motion sensor (e.g., an accelerometer, light
sensor, video sensor, ultrasonic sensor, microwave Sensotr,
etc.), and the weld controller 302 may determine, derive,
and/or predict a significant load when the motion sensor
detects motion of an associated welding component (e.g.,
the welding torch 16 and/or workpiece 26). In some
examples, the weld controller 302 may receive one or more
signals from one or more sensors 36 that indicate an 1imme-
diate and/or impending short circuit and/or a break 1n the arc
24, and the weld controller 302 may determine, derive,
and/or predict the load on the system from this information.
In some examples, the weld controller 302 may determine,
derive, and/or predict that a short circuit and/or break in the
arc 24 has occurred (or will occur) based on one or more
signals from the one or more sensors 36, and determine,
derive, and/or predict the load on the system from this
information.

[0054] The example weld controller 302 implements cer-
tain low load (and/or burst/idle mode) procedures when the
weld controller 302 detects and/or determines there i1s a
sufliciently low load. In some examples, the weld controller
302 may compare the load on the welding-type power
supply 12 to a threshold load level to determine whether
there 1s a sufliciently low load. In some examples, the
threshold load level may be programmatically determined
(e.g., based on sensor mput and/or operator 1input), stored 1n
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memory 37, entered by an operator through the operator
interface, or otherwise established. Once a low load 1s
determined, the weld controller 302 may take certain actions
to 1crease (e.g., maximize) efliciency.

[0055] In particular, the weld controller 302 may adjust
control of the boost controller 304 and/or inverter controller
306 during low loads. For example, the weld controller 302
may output one or more weld control signals to the inverter
controller 306 that are representative of a command to
deactivate and/or cease sending inverter control signals to
the mverter 326. In some examples, the mverter controller
306 may be implemented through one or more processors 35
and/or integrated circuit packages, which function only
when receiving an enable signal from the weld controller
302. In such an example, the weld controller 302 may
decline to provide an enable signal (e.g., as one or more of
the weld control signals sent to the inverter controller 306)
during periods of low load, such that the no inverter control
signals are sent to the inverter 326. Without the inverter
control signals, the controllable circuit elements 3085 of the
inverter 326 may remain in a single state (e.g., ofl, open,
deactivated, etc.) and the inverter 326 may eflectively stop
functioning and/or be turned off (and/or deactivated).

[0056] In some examples, the weld controller 302 may
instead, or additionally, output one or more weld control
signals to the inverter controller 306 representative of a
command to change the frequency and/or duty cycle of 1ts
inverter control signals, so as to more eflectively function 1n
a low load state where less output power 1s needed. In some
examples, the weld controller 302 may 1nstead, or addition-
ally, output one or more weld control signals to the boost
controller 304 that are representative of a command to cease
sending boost control signals, and/or change the frequency
and/or duty cycle of the boost control signals, so as to more
cllectively function in a low load state where less output
power 1s needed. In some examples, the boost controller 304
may be implemented through one or more processors 35
and/or integrated circuit packages, which function only
when receiving an enable signal from the weld controller
302. In such an example, the weld controller 302 may
decline to provide an enable signal (e.g., as one or more of
the weld control signals sent to the boost controller 304)
during periods of low load, such that the no boost control
signal(s) are sent to the stacked boost converter 324.

[0057] In the example of FIG. 3, the inverter controller
306 shares a connection 316 with the boost controller 304.
The mverter controller 306 and the boost controller 304 may
share information and/or data through this connection 316.
For example, the boost controller 304 may receive data from
the inverter controller 306 indicating whether the inverter
controller 306 (and/or inverter 326) 1s enabled or disabled
(and/or activated/deactivated). In some examples, the boost
controller 304 may receive data from the inverter controller
306 indicating a frequency and/or duty cycle of the inverter
control signals. The boost controller 304 may determine that
the power supply 12 1s operating in a low load (and/or 1dle,
burst, etc.) mode when the nverter controller 306 (and/or
iverter 326) 1s disabled/deactivated and/or operating at a
low duty cycle and/or low frequency (e.g., a frequency
and/or duty cycle below an mput, stored, and/or derived
threshold level). In some examples, the boost controller 304
may conclude that the power supply 12 is operating at a low
load based on weld control signals the boost controller 304
receives directly from the weld controller 302 (e.g., a
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command to reduce the duty cycle and/or frequency of the
boost control signals below an 1nput, stored, and/or derived

threshold level).

[0058] In the example of FIG. 3, the boost controller 304

implements a noise mitigation procedure 100. In some
examples, the noise mitigation procedure 100 may be imple-
mented through one or more analog and/or discrete circuits.
In some examples, the noise mitigation procedure 100 may
be implemented through programmatic instructions saved in
memory 37 and/or executed by one or more processors 35,
such as 1n examples where some or all of the functions of the
boost controller 304 are implemented by one or more
processors 35 executing programmatic instructions saved in
memory 37. The noise mitigation procedure 100 may be
executed when the power supply 12 1s under a low load (e.g.,
in response to a determination and/or signal indication of
low load) 1n order to ensure that audible noise 1s prevented,
suppressed, and/or minimized.

[0059] FIG. 4 shows a tlowchart 1llustrating a method 400
of operating the boost controller 304. Block 402 of the
method 400 1s representative of a recurring decision (and/or
loop) of the method 400, where the boost controller 304
determines whether the power supply 12 1s operating at a
low load (and/or 1n a burst/idle mode). If there 1s not a low
load (e.g., normal load, high load, etc.) then the method 400
proceeds to block 404, where normal operation of the boost
controller 304 1s executed. If there 1s a low load, then the
method 400 proceeds to block 406, where the noise mitiga-
tion procedure 100 1s executed.

[0060] As shown in the example of FIG. 4, the noise
mitigation procedure 100 may include any one or more of
several component procedures. As shown, the noise mitiga-
tion procedure 100 includes frequency based components
102, and a deactivation component 104. The frequency
based components 102 includes a frequency dithering com-
ponent 108 and an inaudible frequency component 106. In
some examples, only one of the component procedures may
actually be executed during low load. In some examples,
several or all of the component procedures may be executed
during low load. In some examples, the selection of com-
ponent procedures to be executed and/or order of execution
may be predetermined, determined via operator imnput, deter-
mined based on mput from the sensors 36, and/or otherwise
determined.

[0061] The 1inaudible frequency component 106 of the
noise mitigation procedure 100 may change the switching
frequency of the boost controller 304 (and/or stacked boost
converter 324) when the power supply 12 1s operating under
a low load. During normal operation, the boost controller
304 (and/or stacked boost converter 324) may operate at a
switching frequency of approximately 10 kHz. In some
examples, the boost controller 304 (and/or stacked boost
converter 324) may operate at a switching frequency
between approximately 7 kHz and 15 kHz during normal
operation. The inaudible frequency component 106 of the
noise mitigation procedure 100 may change the switching
frequency to be outside of this normal operating range. More
particularly, the inaudible frequency component 106 of the
noise mitigation procedure 100 may change the switching
frequency to a frequency outside of the audible frequency
range for humans.

[0062] The audible frequency range for humans 1s gener-
ally between 15 Hertz (Hz) and 18,000 Hz (or 18 kiloHertz
(kHz)). Thus, 1n some examples, the 1naudible frequency
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component 106 of the noise mitigation procedure 100 may
change the switching frequency of the boost controller 304
(and/or stacked boost converter 324) to be approximately 19
kHz or 20 kHz. In some examples, inaudible frequency
component 106 of the noise mitigation procedure 100 may
change the switching frequency of the boost controller 304
(and/or stacked boost converter 324) to be above 20 kHz,
such as 20.5 kHz, 21 kHz, 21.5 kHz, or 22 kHz. In some
examples, the mmaudible frequency component 106 of the
noise mitigation procedure 100 may change the switching
frequency of the boost controller 304 (and/or stacked boost
converter 324) to be between approximately 18 kHz and 22
kHz. In some examples, the inaudible frequency component
106 of the noise mitigation procedure 100 may change the
switching frequency of the boost controller 304 (and/or
stacked boost converter 324) to be less than 18 kHz. For
example, the inaudible frequency component 106 of the
noise mitigation procedure 100 may change the switching
frequency to be just outside of, or on the edge of, the
approximately 7-15 kHz normal operating range (e.g., 14.8
kHz, 14.9 kHz, 15 kHz, 15.1 kHz, 15.2 kHz, etc.).

[0063] By changing the switching frequency to an inau-
dible frequency, the boost controller 304 controls the poten-
tially vibrating components in the stacked boost converter
324 to avoid audible frequencies. By dynamically changing
the switching frequency to a frequency outside the audible
range during periods of low load, the boost controller 304
controls the noise generated by the vibrating components to
be maudible to human ears.

[0064] The frequency dithering component 108 of the
noise mitigation procedure 100 may dither the switching
frequency of the boost controller 304 (and/or stacked boost
converter 324) to spread out the noise generated by the
vibrating components of the stacked boost converter 324
over a wider range of frequencies with smaller magnitude.
Dithering refers to an intentional application of noise to a
signal 1n order to randomize and/or de-correlate the resulting
signal. Thus, the frequency dithering component 108 may
change the switching frequency of the boost controller 304
(and/or stacked boost converter 324) according to some
dithering (and/or randomizing) algorithm.

[0065] In some examples, the dithering algorithm may
shift the switching frequency among and/or between ire-
quencies outside of the audible range. In some examples, the
dithering algorithm may shift the switching frequency
among and/or between frequencies within the audible range.
In some examples, the dithering algorithm may shift the
switching frequency among and/or between Irequencies
both within and outside of the audible range. When the
switching frequency changes, the frequency of the noise
produced by the vibrating components will change as well.
In some examples, the dithering may be conducted continu-
ally, without regard to (high or low) load. If the dithering 1s
done correctly, any noise generated by the vibrating com-
ponents of the stacked boost converter 324 will be less
audible and less distracting, and/or more subtle, subdued,
and/or muted.

[0066] The deactivation component 104 of the noise miti-
gation procedure 100 deactivates the boost controller 304
and/or the stacked boost converter 324. More particularly,
execution of the deactivation component 104 causes the
boost controller 304 to cease sending boost control signals
to the stacked boost converter. As the controllable circuit
clements 308a of the stacked boost converter 324 are

Jan. 30, 2020

dependent upon the boost control signals to change state,
and the stacked boost converter 324 dependent upon con-
trollable circuit elements 308 to operate, the cessation of
boost control signals may eflectively deactivate and/or dis-
able the stacked boost converter 324. Deactivated, the
vibrating components of the stacked boost converter 324
will produce no audible noise.

[0067] FIG. 5 shows method 500 of operating the control
circuitry 30 of the welding power supply 12. The method
500 may be mmplemented by, for example, executing
machine readable instructions (e.g., stored in memory 37)
using the control circuitry 30 (e.g., one or more processor
37). At block 502, the weld controller 302 receives operator
input via the operator interface 28. In some examples, the
block 502 may be skipped 11 there 1s no operator input and/or
if the operator mnput i1s not relevant. At block 504, the weld
controller 302 receives feedback from the various feedback
sensors 36 of the welding-type system 10. At block 506, the
weld controller 302 determines the load on the welding-type
power supply 12. In some examples, this determination may
be based, at least 1n part, on feedback input and/or operator
input, as outlined above. At block 508, the weld controller
302 compares the load with a threshold load level, to
determine whether the control circuitry 30 should perform a
low load operation 510 or a normal operation 512.

[0068] In normal operation 512, the boost controller 304
and/or inverter controller 306 operate at a normal (e.g.,
default) switching frequency. As discussed above, in some
examples, the normal switching frequency for the boost
controller 304 (and/or stacked boost converter 324) and/or
the inverter controller 306 (and/or inverter 326) may be
between 7 kHz and 15 kHz (e.g., 10 kHz). At block 514,
during normal operation 512, the weld controller 302 may
send one or more weld control signals to activate and/or
enable the boost controller 304 and/or stacked boost con-
verter 324 at normal switching frequency. At block 516,
during normal operation 512, the weld controller 302 may
send one or more weld control signals to activate and/or
enable the inverter controller 306 and/or inverter 326 to run
at a normal switching frequency.

[0069] In some examples, where the boost controller 304
and/or stacked boost converter 324 were previously deacti-
vated, the weld controller 302 may delay activating the
inverter controller 306 and/or inverter 326 at block 516 for
some time after activating the boost controller 304 and/or
stacked boost converter 324 at block 514. This delay may
reduce some stability challenges (e.g., transformer satura-
tion) that may present themselves during reactivation in
periods of higher loads. For example, the weld controller
302 may delay for a period of time determined by the control
circuitry 30 based on operator input via the operator inter-
face 28, and/or sensor mput via the feedback sensors 36. In
some examples, the weld controller 302 may delay for
approximately 200 milliseconds (ms). In some examples, the
weld controller 302 may delay for a period of between 100
ms and 500 ms. Following this delay, the inverter controller
306 and/or inverter 326 may be reactivated at block 516, and
the method 500 may repeat beginning at block 502.

[0070] During low load operation 510, the weld controller
302 may deactivate the inverter 326 at block 511, as previ-
ously discussed. The boost controller 304 may then deter-
mine the power supply 12 1s operating at a low load, based
on the deactivation of the inverter controller 306, and/or on
some other data, as previously described. The boost con-
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troller 304 may then execute the noise mitigation procedure
100 1n response to a low load determination, as previously
described.

[0071] One advantage of the present disclosure 1s that it 1s
possible to implement the noise mitigation procedure 100
primarily (and/or entirely) as programmatic instructions
(e.g., software), without requiring additional hardware
changes and/or accommodations. This may allow the design
to perform more flexibly, without adding bill of material
cost. Another advantage relating to the software implemen-
tation 1s the design cycle time savings compared to changing,
hardware and repeating already completed testing.

[0072] While the present apparatus, systems, and/or meth-
ods have been described with reference to certain imple-
mentations, it will be understood by those skilled in the art
that various changes may be made and equivalents may be
substituted without departing from the scope of the present
apparatus, systems, and/or methods. In addition, many
modifications may be made to adapt a particular situation or
maternal to the teachings of the present disclosure without
departing from 1its scope. Therefore, 1t 1s mtended that the
present apparatus, systems, and/or methods not be limited to
the particular implementations disclosed, but that the present
apparatus, systems, and/or methods will include all imple-
mentations falling within the scope of the appended claims.

What 1s claimed 1s:

1. A welding-type power supply, comprising:

power conversion circuitry configured to convert input
power to welding-type output power; and

control circuitry configured to control the power conver-
s1on circuitry using a control signal, the control signal
having a signal frequency, and the control circuitry
configured to set the signal frequency based on a load
state, wherein the control circuitry 1s configured to set
the signal frequency to a second frequency outside of
an audible frequency range 1n response to the load state
comprising a low load.

2. The power supply of claim 1, wherein the load state
comprises a high load or a low load.

3. The power supply of claim 1, wherein the load state
comprises a high load when the welding-type output power
1s used during a welding-type operation and the low load
when the welding-type output power 1s not used during a
welding-type operation.

4. The power supply of claim 3, wherein the control
circuitry 1s configured to set the signal frequency to a first
frequency 1n response to the load state comprising the high
load, and to the second frequency in response to the load
state comprising the low load.

5. The power supply of claim 4, wherein the first fre-
quency 1s within the audible frequency range.

6. The power supply of claam 4, wherein the second
frequency 1s higher than the first frequency.

7. The power supply of claim 4, wherein the first fre-
quency 1s between approximately 7 kHz and 15 kHz, and the

second frequency 1s not between approximately 7 kHz and
15 kHz.

8. The power supply of claim 1, whereimn the power
conversion circuitry comprises a stacked boost converter
having a controllable circuit element, the controllable circuit
clement configured to switch between a first state and a
second state based on the control signal.
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9. A welding-type system, comprising:

a welding-type instrument configured to use welding-type

output power during a welding-type operation; and

a welding-type power supply, comprising:

power conversion circuitry configured to convert input
power to the welding-type output power; and

control circuitry configured to control the power con-
version circultry using a control signal, the control
signal having a signal frequency, and the control
circuitry configured to set the signal frequency based
on a load state, wherein the control circuitry 1s
configured to set the signal frequency to a second
frequency outside of an audible frequency range 1n
response to the load state comprising a low load.

10. The welding system of claim 9, wherein the load state
comprises a high load when the welding-type instrument 1s
conducting the welding-type operation and the low load
when the welding-type instrument 1s not conducting the
welding-type operation.

11. The welding system of claim 10, wherein the control
circuitry 1s configured to set the signal frequency to a first
frequency 1n response to the load state comprising the high
load, and to the second frequency in response to the load
state comprising the low load.

12. The welding system of claim 11, wherein the second
frequency 1s zero.

13. The welding system of claim 11, wherein the control
circuitry 1s further configured to set the signal frequency to
a third frequency in response to the load state comprising the
low load.

14. The welding system of claam 11, wherein the first
frequency 1s between approximately 7 kHz and 15 kHz, and
the second frequency 1s not between approximately 7 kHz
and 15 kHz.

15. A method for controlling a welding-type power sup-
ply, comprising:

determining a load state of a welding-type power supply;

setting a non-zero signal frequency of a control signal

based on the load state, wherein the signal frequency 1s
set to a second Irequency outside of an audible fre-
quency range 1n response to the load state comprising
a low load; and

controlling power conversion circuitry of the welding-

type power supply using the control signal.

16. The method of claim 15, wherein determining the load
state comprises determining whether an inverter of the
power conversion circuitry is active.

17. The method of claim 16, wherein determining whether
the nverter 1s active comprises determining whether a
welding-type operation 1s active.

18. The method of claim 17, wherein the load state
comprises a high load when the welding-type operation or
the inverter 1s active and the low load when the welding-type
operation or the mverter 1s 1nactive.

19. The method of claim 15, wherein determiming the load
state comprises predicting a future load state based on sensor
input.

20. The method of claim 15, wherein setting the signal
frequency comprises setting the signal frequency to a first
frequency when the load state 1s a high load and setting the
signal frequency to the second frequency when the load state
1s the low load, the second frequency being higher than the
first frequency.
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