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METHODS AND APPARATUS FOR SERVICING WELDING EQUIPMENT

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of U.S. Provisional Patent Application Serial
No. 62/725,699 filed August 31, 2018, entitled “METHODS AND APPARATUS FOR
SERVICING WELDING EQUIPMENT, and U.S. Patent Application No. 16/555,636, filed on
August 29, 2019.” The entire contents of U.S. Provisional Patent Application Serial No.
62/725,699 and U.S. Patent Application No. 16/555,636 are expressly incorporated herein by

reference.

BACKGROUND

[0002] The present disclosure relates to welding systems and, more particularly, to methods
and apparatus for servicing welding equipment.

[0003] Welding is a process that has become increasingly ubiquitous in various industries and
applications. Many welding power sources and systems can be difficult to service and troubleshoot
because of the increased complexity in power conversion circuits, as well as the complexity and
sophistication of the control circuits, interfaces, and other features. In addition, the normal
operation of a welding power source or system may involve various high voltages that can interfere
with the ability of service personnel to adequately troubleshoot or test the system. The condition
of a welding power source or other equipment that may be brought in for service or repair is often
unknown. It can be difficult and/or undesirable to power up the equipment in the conventional
manner when servicing or troubleshooting a welding power source or system. Therefore, an
improved method and apparatus for servicing and troubleshooting a welding power source or

system is desirable.

SUMMARY
[0004] Methods and apparatus for servicing and troubleshooting welding equipment are
disclosed, substantially as illustrated by and described in connection with at least one of the figures,

as set forth more completely in the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0005] FIG. 1 is an illustration of an example welding-type system in accordance with aspects
of this disclosure.
[0006] FIG. 2 is a block diagram of the example welding-type system of FIG. 1.
[0007] FIG. 3 is a block diagram of an example of control circuitry of the welding-type system
of FIGS. 1 and 2.

[0008] FIG. 4 is an illustration of an example low voltage system for servicing a welding power
source.
[0009] FIG. 5 is an illustration of an example connection between a low voltage service tool

and control circuitry of a welding power source.

[0010] FIG. 6 is an illustration of an example low voltage system for servicing a welding power
source.
[0011] FIG. 7 is an illustration of another example low voltage system for servicing a welding

pOwer source.

[0012] FIG. 8 is an illustration of another example low voltage system for servicing a welding

pOwer source.

[0013] FIG. 9 is a block diagram of an example of a low voltage service tool for servicing a

welding power source in accordance with aspects of this disclosure.

[0014] FIG. 10 is a flow chart of an example method of using a service tool to run a test

sequence on a welding power source in accordance with aspects of this disclosure.

[0015] FIG. 11 is a flow chart of an example method of entering a welding power source into

a low voltage mode of operation.

[0016] FIG. 12 is a flow chart of an example method of using a service tool to test a boost pre-

regulator circuit of a welding power source.

[0017] FIG. 13 is a flow chart of an example method of using a service tool to test an auxiliary

power supply of a welding power source.

[0018] FIG. 14 is a flow chart of an example method of using a service tool to test a switched

mode power supply of a welding power source.
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[0019] FIG. 15 is a flow chart of an example method of using a service tool to test a switched
mode power supply of a welding power source.
[0020] The figures are not necessarily to scale. Where appropriate, similar or identical

reference numbers are used to refer to similar or identical components.

DETAILED DESCRIPTION
[0021] As described above, when servicing or troubleshooting welding-type power supplies,
welding power sources, and/or welding power systems (“welding power source”), it can be
difficult or undesirable to power up the welding power source in the conventional manner. To
avoid these undesirable conditions, a service technician may perform certain pre-power
inspections or checks, for example by using a volt-meter to look for short-circuited and/or open-
circuited components of the welding power source. However, with the increased level of
complexity in the power conversion and control circuits of the welding power source, it can be
difficult or challenging for even experienced service technicians to adequately assure all
components of the welding power source are functioning properly. This challenge has become
even more pertinent as more of the control and features of the welding power source are performed
or implemented in firmware and/or software, such as by using microprocessors, FPGAs, systems-
on-a-chip (SoCs), and/or other software-based solutions. In many cases, the welding power source
control is expected to confirm certain voltage or current levels on various signals throughout the
welding power source while the welding power source control executes a power up sequence. If
certain components have failed or otherwise do not provide the expected signal levels, then
execution of the power up sequence may be halted with little or no indication of the underlying
cause.
[0022] The present disclosure provides improved methods and apparatus for servicing and
troubleshooting a welding power source. For example, disclosed example servicing tools provide
sets of necessary signals to test a welding power source, and coordinate test steps and/or
procedures with features and/or procedures built into welding power sources.
[0023] Disclosed exampled service tools for servicing a welding-type power supply include:
test leads configured to connect to one or more circuits in a welding-type power supply; a power
supply circuit configured to supply a low voltage power to the welding-type power supply

operating in a low voltage mode of operation via two or more power leads; and a control circuit
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configured to measure one or more aspects of the one or more circuits in the welding-type power
supply via the test leads while the welding-type power supply is in a low voltage mode of operation
[0024] In some example service tools, the control circuit is configured to: provide a test
sequence to a first one of the one or more circuits in the welding-type power supply via the test
leads; monitor a response of the welding-type power supply to the test sequence via the test leads;
and compare the monitored response to a reference response to determine whether the one or more
circuits are operating properly.

[0025] In some example service tools, the control circuit is configured to identify components
of the welding-type power supply that are not operating properly based on the compared monitored
response and reference response.

[0026] In some example service tools, the control circuit is configured to output, to an operator
via at least one of a user interface or communications circuitry, user-readable service instructions
based on identification of one or more components of the power supply that are not operating
properly. In some example service tools, the control circuit is configured to output, to an operator
via at least one of a user interface or communications circuitry, user-readable instructions for
connecting the service tool to the welding-type power supply based on identification of one or
more components of the power supply that are not operating properly. In some example service
tools, the control circuit is configured to output, to an operator via at least one of a user interface
or communications circuitry, the results of the test sequence. In some example service tools, the
control circuit is configured to output, to an operator via at least one of a user interface or
communications circuitry, a signal of the reference response and a signal of the monitored
response.

[0027] In some example service tools, the test sequence comprises providing a preset input
voltage to a switched mode power supply of the welding-type power supply, and wherein the
monitored response comprises the output voltage of the switched mode power supply. In some
example service tools, the test sequence comprises inputting waveforms into one or more circuits
of the welding-type power supply, and wherein the monitored response comprises waveforms
detected with the test leads at the outputs of the one or more circuits of the welding-type power
supply.

[0028] Some example service tools further include a battery configured to supply power to the

power supply circuit.
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[0029] In some example service tools, the control circuitry is configured to receive, from at
least one of a user interface or communications circuitry, a selection of a test sequence to provide
to the welding-type power supply.

[0030] In some example service tools, the power supply circuit is configured to provide low
voltage operational power to at least one of a boost pre-regulator power circuit of the welding-type
power supply, a switched mode power supply of the welding-type power supply, or a commutator
of the welding-type power supply.

[0031] In some example service tools, the service tool is configured to provide a predetermined
load across output connections of the welding-type power supply, and wherein the test sequence
comprises operating the welding-type power supply with the known load.

[0032] Some example service tools further include communications circuitry configured to
connect with one of a smartphone, tablet, or personal computer, the control circuit configured to
receive an input via the communications circuitry.

[0033] In some example service tools, the control circuit is configured to cause the welding-
type power supply to enter into the low voltage mode of operation by overriding a lower limit of
a controller of the welding-type power supply.

[0034] In some example service tools, the control circuit is further configured to identify the
welding-type power supply, and wherein the test sequence and the reference response are selected
based on the identified welding-type power supply.

[0035] In some example service tools the control circuit is configured to control the power
supply circuit to output power via the power leads to supply low voltage power to the welding-
type power supply operating in a low voltage mode of operation.

[0036] Disclosed methods include: connecting test leads to one or more circuits in a welding-
type power supply; supplying a low voltage power to the welding-type power supply operating in
a low voltage mode of operation, via two or more power leads; and measuring one or more aspects
of the one or more circuits in the welding-type power supply, via control circuitry connected to
the test leads, while the welding-type power supply is in a low voltage mode of operation.

[0037] Some disclosed methods further include: providing a test sequence to a first one of the
one or more circuits in the welding-type power supply via the test leads; monitoring a response of

the welding-type power supply to the test sequence via the control circuitry; and comparing, via
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the control circuitry, the monitored response to a reference response to determine whether the one
or more circuits are operating properly.

[0038] In some disclosed methods, providing a test sequence includes inputting waveforms
into selected circuits of the welding-type power supply, and the monitoring the response includes
measuring waveforms at the outputs of the selected circuits of the welding-type power supply.
[0039] Some disclosed methods further include identifying the welding-type power supply via
the control circuitry, and wherein the test sequence and the reference response are selected based
on the identified welding-type power supply.

[0040] FIG. 1 illustrates an exemplary welding type system 10 including a welding power
source 100. A source of power is provided to the welding power source 100 via an AC power cord
102. Typical ranges of AC power may be 115/230VAC or 208-575VAC, and may include single-
phase or three-phase power. The welding power source 100 generally supplies power for the
welding-type system 10. Weld output 104 provides welding output power via one or more weld
cables 106 coupled to a welding torch 116 and a workpiece 118 using a clamp 120. Welding output
power may be in the range of 10 Amps to 600 amps or more, and range from O volts at short circuit
to 44 volts or more into an open welding arc. Modern welding power sources and systems can
provide welding type power for various weld processes which may include advanced waveform
generation and control that is responsive to dynamic or static conditions at the welding arc.
[0041] The illustrated welding type system includes a wire feeder 108 and a gas supply 110.
The welding power source 100 may provide power and control to other equipment such as a wire
feeder 108. In the illustrated example, the welding torch 116 is coupled to the wire feeder 108 via
coupler 122 in order to supply welding wire, shielding gas from the gas supply 110, and/or
welding-type power to the welding torch 116 during operation of the welding-type system 10. In
some examples, the welding power source 100 may couple and/or directly supply welding-type
power to the welding torch 116. The wire feeder 108 may require a certain type of power, for
example, 24V or 50V for proper operation of the wire feeder 108 control circuits. The power for
the wire feeder 108 may be provided by the welding power source 100 by a wire feeder 108 power
supply circuit, or another type power circuit. In addition to power for the wire feeder 108, one or
more control signals may also be provided to allow proper operation of the wire feeder 108 and

welding power source 100. These control signals may be analog or digital and may provide control
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and communication in a bi-directional manner. The power and control signals may be provided to
the wire feeder 108 from the welding power source via cable(s) 106.

[0042] The illustrated welding power source 100 has a control panel 112 with various types of
control features 112, such as digital displays, control dials or potentiometers, control switches,
LED indicators, etc. These control features 112 provide for normal operation and control of the
welding system. In addition, these control features are used to signal or indicate an internal fault
or abnormal condition that has been detected with the welding power source 100. For example, an
LED indicator may be lit for a thermal overload condition, if the output capability or rating of the
power source has been exceeded.

[0043] FIG. 2 is a block diagram of an example implementation of the welding power source
100 of FIG. 1. AC power input is provided to an input circuit 202. In the illustrated example, the
input power is three-phase power having a voltage in the range of 230-575VAC. However, other
examples may have different input voltages and/or single phase power (e.g., 120VAC single
phase).

[0044] An input circuit 202 receives the input power, and may include a switch or other
circuitry to disconnect the AC power from the welding power source 100. The input circuit 202
may include pre-charge circuitry (e.g., to pre-charge or soft charge a DC bus 204), filter chokes
and/or capacitors, ground fault circuit interruption circuitry, surge protection, power factor
correction, and/or any other power conditioning circuitry for receiving the input power.

[0045] The input circuit 202 provides the input power (e.g., conditioned input power) to an
input rectifier 206 of various configurations such as a full bridge rectifier. The example welding
power source 100 includes a boost or pre-regulator circuit 208 that takes the output voltage signal
from the input rectifier 206 and boosts and/or regulates the output voltage signal from the input
rectifier 206 to provide a consistent voltage on the DC bus 204. The DC bus voltage (Vbus) may
be supplied to one or more series capacitors 210, such that each capacitor 210 supports a
percentage of the total DC bus voltage. For example, two capacitors 210 in series may be expected
to each support nominally one-half of the total bus voltage (e.g., top and bottom bus voltage).
Example boost or other pre-regulator circuits include a single boost, an interleaved boost, or a
stacked boost circuit, though other boost topologies may be used. The boost circuit 208 may
include power transistors (e.g., integrated gate bipolar transistors (IGBTs), metal-oxide-

semiconductor field effect transistors (MOSFETS), etc.), silicon controlled rectifiers (SCRs),
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and/or other power semiconductors that can be switched (e.g., by control signals from control
circuitry 212) to control operation of the boost circuit 208 and provide the regulated DC bus
voltage. Typical DC bus voltages may be 400-440VDC for systems utilizing 115/230VAC power,
or 800-940VDC for welding power supplies provided with 208-575VAC power. However, other
bus voltages may be used depending on the application. The normal operating voltage of the DC
bus 204 may be considered a high voltage, which can complicate the servicing and/or
troubleshooting of the welding power source 100.

[0046] Operation of the boost circuit 208 may involve feedback signals, such as boost current
feedback, DC bus voltage measurements, top and/or bottom bus voltage measurements for a series
capacitor arrangement, measurements of the rectified voltage supplied by the input rectifier, and/or
other feedback signals. The normal operation of a boost circuit 208 may also require certain
interfaces and power supply signals. These may include positive and/or negative control power
supplies (e.g., +/-15V), gate drive interlock signals to assure the gate drive signal is supplied to the
power semiconductor, temperature sensor signals, and/or other signals. If one or more necessary
signals are not present, or do not present acceptable values, the boost circuit 208 may not operate
properly. For example, the boost circuit 208 may be prohibited from operating if the voltage output
from the input rectifier 206 is not of sufficient magnitude, or if the top and bottom bus voltages
for a series arrangement of DC bus capacitors 210 differ by more than a threshold amount.
Supplying the welding power source 100 with the full AC power input, as required for normal
operation of the welding power source 100, may result in additional failed components and/or
hamper troubleshooting if necessary signals are not present are not at correct levels.

[0047] A switched-mode power supply circuit 214 converts the bus voltage to welding type
power. Welding power sources including switched-mode power supply circuits are also referred
to as inverter-type welding power sources. Example switched-mode power supplies may include
half-bridge topologies, full-bridge topologies, forward converter topologies, and are controlled to
convert the DC bus voltage to welding-type power, which involves reducing the voltage and
increasing the current. The switched-mode power supply circuit 214 may employ gate drive
circuits, and may be controlled via PWM control signals to drive power semiconductors. The
switched-mode power supply circuit 214 may utilize other signals for operation in a manner similar
to the boost circuit 208. These may include +- control power supplies (e.g., +-15V), gate drive

interlock signals to assure the gate drive signal is supplied to the power semiconductor, thermal
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sensors, weld output signals such as current or voltage feedback signals, etc. These signals may
also be required for proper welding operation and generation of the waveform control signals. In
many cases these signals and waveform generation are processed and generated in software using
microprocessors or other circuits, which can make it difficult to troubleshoot and service the
welding power source 100 to assure proper operation of these various circuits and signals. The
switched-mode power supply circuit 214 may be prohibited from operating by the control circuitry
212 if one or more of the signals required for proper operation is not present or not of the correct
magnitude. This may include for example the DC bus voltage.

[0048] The welding power source 100 may include an additional control power supply 216 or
auxiliary power supply(s) 218 to provide the necessary control power signals to a control circuitry
212, wire feeder 108, or other circuits. Control power supply 216 and auxiliary power supply 218
may be supplied with the DC bus voltage, the input AC power, or rectified AC voltage. Control
power supply 216 and auxiliary power supply 218 may utilize one or more switched mode power
supplies to convert the DC bus or other source of power to the required control or auxiliary voltage
and current levels required. Control power supply 216 and auxiliary power supply 218 may include
fly-back, forward converter, full or half-bridge, buck or boost regulators, etc. As such these power
supplies require DC bus voltage or AC power to be supplied and of a certain magnitude for their
proper operation.

[0049] The welding power source includes control circuitry 212 including one or more circuit
boards (PCB), as well as microprocessors and software. The control circuitry 212 may require one
or more voltage signals to be supplied from a control power supply 216 for operation (e.g., +5V,
+3.3V, +-15V, +-24V, etc.) The control power supply 216 and control circuitry 212 may operate
on different circuit commons and require reinforced insulation for proper operation under normal
conditions (i.e., welding power source 100 functioning normally and supplied with a source of AC
power). For example, a boost pre-regulator control circuit 220 may be reference directly to the DC
bus and as such the DC bus is the circuit common. A switched mode power supply control circuit
222 may be referenced to the welding circuit or to a protective circuit such as the frame or chassis
of the welding power source 100. These control circuits (i.e. boost pre-regulator control circuit
220 and inverter control circuit 222) are generally separated and electrically insulated from each

other.
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[0050] The control circuitry 212 monitors and processes the various signals mentioned above
as well as other signals. The control circuitry 212 also generates PWM or other control signals that
provide the gate signals to the power semiconductors for the pre-regulator circuit 208 and
switched-mode power supply circuit 214. The control circuitry 212 also provides for a power up
sequence where various conditions must be met, or signals at the correct level must be received,
before proceeding to a next step in the sequence. For example, the switched-mode power supply
circuit 214 that provides the welding power output may be disabled until the boost circuit 208 is
operating and the DC bus has reached full voltage (e.g., 940VDC). Control power supply 216 and
auxiliary power supply 218 may also be sequenced and only enabled once a certain step has been
reached in the sequence and/or certain voltage levels or other signals indicate normal operation.
The control circuitry 212 provides enable signals or other signals to control power supply 216 and
auxiliary power supply 218 that enable or disable their operation. The control circuitry 212 may
include other features of the welding power source 100 or system such as cooling fan control, user
interfaces, LED indicators, weld process control and waveform generation.

[0051] The control circuitry 212 may also include communications circuitry 224 which
enables communication with external devices, for example a smartphone, a laptop computer, a
desktop computer, a tablet PC, etc. Communications circuitry 224 may communicate with an
external device via wired or wireless communications networks, such as Wi-Fi, Bluetooth, LAN
or other mediums, etc.

[0052] FIG. 3 shows a block diagram of control circuitry 212. The control circuit may be
comprised of one of more PCBs. A boost control circuit 220 provides the necessary signals and
generates the PWM gate drive signals as described above. A switched mode power supply control
circuit 222 generates PWM gate drive signal and the necessary signals as described above. Signals
or information may be exchanged between the boost control circuit 220 and switched mode power
supply control circuit 222, for example via a bi-directional serial communication channel.

[0053] An arc control circuit 302 generates the necessary control signals to control operation
of the switched mode power supply control circuit 222 and switched mode power supply 214, as
required to provide a welding type output. The arc control circuit 302 may provide various analog,
digital or serial communication signals to the switched mode power supply control circuit 222.
The arc control circuit 302 and switched mode power supply control circuit 222 may reside within

a common microprocessor in which case these signals may be represented via software.
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[0054] Control circuitry 212 may also have several other features such as data storage 304,
weld sequence operation, automation interface 306, communication network interfaces such as
Wi-Fi__ 33, LAN or other mediums, web pages, interface to other components within the welding
system such as wire feeders, user interfaces, etc.

[0055] FIG. 4 illustrates an example system including a service tool 400 that may be used to
assist in troubleshooting, service, and/or repair of a welding power source 100. As shown the
service tool 400 has various features that allow the service tool 400 to interface to the welding
power source 100. The service tool 400 can provide signals and control power supply voltages,
that can operate in conjunction with features built into the welding power source 100. The service
tool 400 may connect to a readily available source of power such as 115VAC via a power cord
408, or may be battery powered. In some examples, the service tool 400 provides various control
power voltages to control circuitry 212 within the welding power source 100 (e.g., +5V, +-15V,
etc.) via cable(s) 410, which may include power leads. In some examples, the service tool 400
provides a set of control voltages via cable(s) 410 sufficient to power up the control circuitry 212.
In some examples, as will be described below the service tool 400 provides a more complete set
of control voltages to the control circuitry to provide more thorough troubleshooting.

[0056] The service tool 400 may provide two or more sets of control voltages to provide power
to portions of the welding power source 100 control circuitry 212 that may be insulated or isolated
from each other, (e.g., boost control circuit 220 and switched mode power supply control circuit
222 as described above and referenced to different circuit ground or common nodes). In some
examples, the service tool 400 provides only one set of control voltages referenced to a single
common, even though normal operation of the welding power source requires two sets of isolated
control power. Because of the nature of the low power and low voltage supplied by the service
tool 400, two control circuits (e.g., boost control circuit 220 and switched mode power supply
control circuit 222) may be connected together and operated from a single circuit common.
Connecting two control circuits (i.e. boost control circuit 220 and switched mode power supply
control circuit 222) simplifies and facilitates measurement of various signals and waveforms.
[0057] In the illustrated example of FIG. 4, the service tool 400 interfaces with the welding
power source 100 via a control cable 402. Under normal operating circumstances, the control cable
402 connects the welding power source 100 to a wire feeder 108 or a user interface. As such, the

service tool 400 provides the necessary signals via the control cable 402 to emulate the functioning
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of a wire feeder or user interface via the control cable. The control cable 402 also communicates
certain commands or a sequence of steps to the control circuitry 212 within the welding power
source to facilitate testing or troubleshooting.

[0058] The service tool 400 may interface directly to one or more connection points on the
control circuitry 400 via a test leads 404. In some examples, the service tool 400 interfaces with
the control circuitry 212 via a dedicated connector or connectors on the control circuitry 212
intended for interfacing to a service tool. In some examples, the service tool 400 interfaces with
the control circuitry 212 by intercepting or replacing one or more of the connectors within the
normal wiring harness of the welding power source 100. It may be necessary to remove one or
more panels from the welding power source 100 to gain access to these connection points. FIG. 5
illustrates a connection of a service tool 400 to control circuitry 212 (for example a control PCB)
via a control PCB Harness 502. As shown in FIG. 5, the service tool 400 can provide signals to
several harness connection points 504.

[0059] Returning to FIG. 4, the service tool 400 may have a number of other features, such as
one or more sets of test leads 404 that can be connected to various elements of the welding power
source 100. LED indicators 412 and digital displays 414 on the control panel 112 of the welding
power source 100 may also provide feedback about the status of the welding power source. A
trained service technician may also use a separate digital VOM 406 to make measurements with
the welding power source 100.

[0060] The service tool 400 also provides a separate low voltage power signal to the welding
power source, for example via the cable(s) 410, that can be connected to the AC power input
connection point 202 (see FIG. 2) of the welding power source 100. This low voltage power signal
allows for operation of the various power circuits within the welding power source 100 at reduced
voltage and power, when used in conjunction with certain built in features of the welding power
source 100. Operation of the welding power source 100 at reduced voltage and power allows for
verification of the functionality or investigation of failed components of the welding power source
100 at a low voltage condition and limited power condition. Operation of the welding power source
100 at reduced voltage and power therefore eliminates the need for troubleshooting with high
voltages present in the welding power source 100.

[0061] FIG. 6 shows a service tool 600 that provides a number of control voltages and signals

to power up the control circuitry 212 within the welding power source 100. The service tool 600
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provides the necessary signals to interface with certain built in features of the welding power
source 100. These features may be programed into control circuitry 212 of the welding power
source 100. For example, as explained in more detail below, the welding power source has a built
in “soft-start” feature that allows the welding power source 100 to operate in a low voltage mode
of operation. The service tool 600 supplies a low voltage power signal to the welding power source
100, to allow the welding power source 100 to operate in a low voltage mode of operation. The
service tool 600 may also send control signals to the control circuitry 212 which enter the welding
power source 100 into a low voltage mode of operation. The service tool 600 may connect to the
control circuitry 212 via a control PCB harness 502. Any voltage or other measurements are
performed using a separate digital VOM 406 and rely on the expertise of the service technician to
troubleshoot the machine.

[0062] FIG. 7 illustrates another example service tool 700. The service tool 700 has test leads
404 and interfaces to the welding power source 100, via the control cable 704. The illustrated
service tool 700 has built in digital displays 706 that display measurements in place of a separate
digital VOM 706. The service tool 700 may provide a sequencing or logical flow of
troubleshooting test steps in conjunction or cooperation with features built into the welding power
source 100. In some examples, the features are programed into control circuitry 212 of the welding
power source 100. The service tool 700 also has controls 708, for example, switches or control
potentiometers, which a service technician may use to control the service tool 700.

[0063] FIG. 8 illustrates another example service tool 800 with additional features. These
features include data acquisition and memory 802 storage features. These features allow the
service tool 800 to capture, store and display various voltage or current waveforms or signal levels.
The illustrated service tool 800 includes an LCD 804, or other display 804, to display captured
and/or measured waveforms. The LCD 804 may be used to display a reference waveform to
compare the measured waveform against. The service tool 800 may provide pass/fail criteria by
numerically comparing a measurement or captured waveform to a reference signal or waveform.
The service tool 800 also includes power leads 810 to supply a low voltage power to the welding
power source 100.

[0064] The service tool 800 has an interface 808 to communicate with a smartphone 806 or
other remote computing device 806. The interface 808 may use a wired connection, Wi-Fi__ 33,

Bluetooth or other communication technology to communicate with the smartphone 806. The
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smartphone 806 may be used to receive and store measurements that can be saved as a reference
or used for calibration of the welding power source 100. The interface 808 allows for connection
and communication to a remote location for collaborative troubleshooting, for example with the
manufacturer or service center. Waveforms and measurements may be captured by the service tool
800 and communicated to a smartphone 806 via the interface 808 in approximately real time. The
waveforms and measurements may then be displayed on the smartphone 806 in approximately real
time to assist in servicing and troubleshooting the welding power source 100. Additionally, the
service tool 800 may receive a selection of a test or test sequence to run on the welding power
source 100 from a service technician. For example, a service technician selects a test sequence to
test the boost circuit 208 or the switched-mode power supply 214. The service technician may
select the test sequence to run based on selections displayed on the display 804. In some examples,
the service technician selects the test sequence to run on a smart phone, laptop, or other portable
computing device 806.

[0065] FIG. 9 shows an example of a block diagram of a service tool 900. A source of power
is provided via a power cord 408 to 115VAC. In some examples, the service tool 900 is powered
by a battery, which provides a cordless service tool 900. The source of power is converted by a
power supply circuit 902 to the necessary control voltages required to power the control circuitry
212 of a particular welding power source 100. The power supply circuit 902 may provide multiple
sets of control voltages 912 that can be referenced to different circuit common points within the
welding power source 100. Control voltages 912 may be for example +5V, +-15V, etc. An
additional low voltage power source is supplied by the power supply circuit 902 that can be
connected to the AC power input connection 202 of the welding power source 100 via power lead
810. This source of low voltage power may be used to energize certain power circuits within the
welding power source 100 at a low voltage, in place of the AC power that is required for normal
operation of the welding power source 100.

[0066] A logic or control circuit 906 provides the necessary signals to facilitate testing and
troubleshooting of the welding power source 100. The necessary signals include one or more
signals to activate a “soft-start” feature of the welding power source 100. Other necessary signals
may include analog, digital or serial communication signals to activate various circuits within the
welding power source 100 and then sequence through various test steps. In the illustrated example,

the necessary signals are sent using a control cable 704. In some examples, the necessary signals
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may be sent using a PCB harness 502, as described above. A user interface on the service tool may
be a part of the control circuit 906. A data acquisition circuit 908 combined with data storage or
memory, and logic or algorithms can facilitate troubleshooting and service by capturing various
waveforms or voltage signals. The control circuit 906 can then compare captured signals or
waveforms to reference waveforms or expected values stored in memory 908. An interface 910
allows for communication with external devices such as smart phones, desktop computers, the
internet, etc. The external devices can be used to collaborate or assist with the troubleshooting or
service operation. The data acquisition circuit 908 also receives data from test leads 404 connected
to components of the welding power source 100.

[0067] Returning to FIGS. 4-9, the service tool 400 assists in troubleshooting and service of a
welding power source 100 by providing signals and controls, and working in conjunction with
certain features built into the welding power source. While the operation will be described with
reference to the service tool 800 of FIG. 8 and the service tool 900 of FIG. 9, the service tool 400
of FIG. 4, the service tool 600 of FIG. 6, or the service tool 700 of FIG. 7 may also be used to
troubleshoot and service a welding power source 100. One feature provided by the service tool
(800 of FIG. 8 or 900 of FIG. 9) is a “soft-start” or “slow-start” feature. The “soft-start” or “slow-
start” feature allows the welding power source 100 to operate in a low voltage mode of operation
where the various power circuits of the welding power source 100 can be operated with a low
voltage source of power replacing the AC power normally supplied to the welding power supply
100. Low voltage mode of operation, as used herein, refers to voltages less than the nominal rated
operating supply voltage of the welding-type power supply. For example, the absolute value of the
supplied voltage may be under +/-100 V, less than +/- 48 V, under +/- 24 V, +/-15 V, +/-5 V, etc.
Multiple supply voltages may be provided to various components of the welding power source
100. While the supply voltage to the welding power source 100 may be less than the nominal
voltage in the low voltage mode, nominal supply voltages (e.g., 1.8V, 3.3V, 5V, etc.) may be
provided to control circuitry and/or other logic circuitry to provide proper operating voltages for
low-voltage circuitry. The service tool (800 of FIG. 8 or 900 of FIG. 9) provides one or more
signals to the welding power source 100 to activate the soft-start feature. These signals may include
an analog, digital or serial communication signals. A soft-start mode bypasses certain circuits of
the welding power source 100, such as an arc control circuit 302, to allow operation of a subset of

the circuits within the welding power source 100. Bypassing certain circuits of the welding power
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source 100 may be desirable to simplify the initial troubleshooting of the welding power source
100.

[0068] During the soft-start mode, certain checks, steps or features of a normal power up
sequence of the welding power source 100 may be disabled, and certain other features may be
enabled. For example, during the “soft-start” or “slow-start” mode of operation, the power up
sequence may ignore a test of the magnitude of the DC bus voltage. Ignoring a test of the
magnitude of the DC bus voltage allows a low voltage to be supplied to the AC power connection
202 (e.g., +5V, +15V, 424V, etc.) via a power lead 810. The operation of the boost circuit 208 and
switched mode power supply 214 as well as one or more of the control power supply 216 or
auxiliary power supply 218 may then be controlled manually via switches or controls (602 of FIG.
6, 708 of FIG. 7; 808 of FIG. 8) on the service tool 400. In some examples, multiple supply
voltages may be provided to various components of the welding power source 100 via the power
lead(s) 810. For example, various supply voltages may be provided to the boost circuit 208, the
switched mode power supply 214, the control power supply 216, or the auxiliary power supply
218.

[0069] In some examples, manual control may not be required, but rather a built in algorithm
steps through a sequence of test steps. The service tool (800 of FIG. 8 or 900 of FIG. 9) may
provide guidance to a service technician via a LCD display 804. Guidance may include user
readable instructions regarding indicators to look for, where to connect test leads 404, and
instructions for repair or further troubleshooting if measured signals do not correlate with an
expected or reference signal or waveform. In some examples, the service tool (800 of FIG. 8 or
900 of FIG. 9) communicates with a smartphone, laptop, or other external computing device 806,
and provides guidance to a service technician via the smartphone, laptop, or other external
computing device 806.

[0070] In some welding power sources, the soft-start mode is entered via operating a user
interface of the welding power source 100. In some examples, the soft-start mode is entered by
flipping a switch or manipulating another control on the welding power source 100. In such
examples, the service tool (800 of FIG. 8 or 900 of FIG. 9) is then used to service or troubleshoot
the welding power source 100 while the welding power source 100 is in the soft-start mode. The
service tool (800 of FIG. 8 or 900 of FIG. 9) also provides the necessary low voltage power to

operate the welding power source 100 in the soft-start mode.
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[0071] The soft-start mode allows operation of the welding power source 100 under low power
and low voltage conditions. Therefore, operation in the soft-start mode allows a service technician
to verify an operational status of the various circuits of the welding power source 100 at a reduced
voltage and power level. A test sequence may be followed such as first verifying operation of the
switched-mode power supply circuit 214 at one input voltage level and comparing a welding
output voltage to a predicted level based on the test voltage supplied. In addition, certain
waveforms may be captured and compared as described above to a reference waveform. These
waveforms may include power semiconductor waveforms such as IGBTs or other switches, power
diodes such as the output diodes, etc. These waveforms are captured by the service tool 800 via
test leads 404. These waveforms may also be communicated to a remote device for assistance in
troubleshooting, for example to a smartphone, laptop, or other external computing device 806.
[0072] With reference to FIGS. 2 and 8, a further soft-start test step includes activating a boost
circuit 208. The boost circuit 208 may be activated with the same voltage supplied to the AC power
input 202, or with another voltage level. In some examples, a control 808 on the service tool 800
is manipulated to communicate to the boost control circuit 220 that the boost circuit should be
activated. In some examples, the activation signal is supplied to the switched mode power supply
control circuit 222 and further communicated to the boost control circuit 220 via a serial
communication channel between the switched mode power supply control circuit 222 and boost
control circuit 220.

[0073] The soft-start mode alters or skips certain steps in a power up sequence of the welding
power source 100. In normal operation, these start-up steps generate a fault or halt the power up
sequence when limited voltage is supplied to the power input 202. For example, a minimum
expected boost current threshold may be modified to allow the boost circuit 208 to operate at the
reduced input voltage level. The soft-start mode allows operation of the boost circuit 208 at
reduced power and voltage levels. Operation at reduced power and voltage levels prevents failure
of additional components if the boost circuit 208 has failed. Certain tests can be run in with the
boost circuit 208 operating at reduced power and voltage levels, such as DC bus voltage
measurements, waveform capture of the boost power semiconductors, etc.

[0074] In the soft-start mode, control power supply 216 or auxiliary power supply 218 may be
enabled or activated and tested for proper operation at a reduce power and voltage level. For

example, auxiliary power supply 218 (which may be for example, a wire feeder power supply)
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may be designed to provide +50VDC when supplied with a normal full operating DC bus voltage.
During the soft-start test mode, the auxiliary power supply 218 may be manually enabled via a
control 808 on the service tool. Operation of the auxiliary power supply 218 under low voltage
and low power conditions can then be verified. For example, rather than +50VDC as an output
voltage under normal conditions, a correctly functioning auxiliary power supply 218 may only
provide +5 to +10VDC at the reduced input voltage level supplied during the soft-start mode. The
output of the auxiliary power supply 218 can be compared to a known expectation of output voltage
as a determination of proper operation of the auxiliary power supply. Additional voltages and
waveforms may be captured and compared to known reference waveforms to further verify proper
operation.

[0075] Additional features and functions may be verified by interaction of the service tool 800
with built in features of the welding power source 100 while operating in a soft-start mode,
including proper weld feedback signals and waveform generation. One test includes operating the
welding power source with a known load resistance or short circuit across the output weld
connections 106. In some examples, this known load or short circuit across the weld output 104 is
provided by the service tool as part of a test sequence. In some examples, a technician may connect
the known load or short circuit across the weld output 104.

[0076] An example test sequence to verify proper weld current generation and feedback of a
welding power source 100 proceeds as follows. A source of low voltage input power supplied by
the service tool 800 is supplied to the AC power input 202. The switched mode power supply
control circuit 222 is activated while in a test mode that commands the switched-mode power
supply circuit 214 to output a low current (e.g. 10-50Amps) into a short circuit or other load. The
feedback current is then measured by the switched mode power supply control circuit 222, the arc
control 302, or both and compared to the expected value. The feedback current is communicated
via a serial communication channel to the service tool 800 to display a test result. The service tool
800 displays instructions for fixing or troubleshooting the welding power source 100 if test criteria
are not met, via the LCD 804.

[0077] Another test sequence that the service tool 800 may run on the welding power source
100 activates a mode where the switched-mode power supply circuit 214 generates a waveform
pattern, rather than a fixed current level. This waveform is captured by test leads 404 of the service

tool 800 and compared to an expected waveform. The expected waveform may be stored either
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within the control circuitry 212 of the welding power source 100 or within memory of the service
tool 800. Generating waveform patterns and comparing the response of the welding power source
100 allows testing of additional components or features within the welding power source 100 such
as dynamic output, inductance, etc.

[0078] A user interface built into the welding power source 100 may be used to provide results
and feedback relative to various tests that may be conducted by the service tool 800. In some
examples, indicators on the welding power source 100 itself provide visual feedback to a service
technician. The control panel 112 may have LEDs 412 or digital displays 414 that respond to
various tests provided by the service tool 800. The display 804 of the service tool 800 guides the
service technician as to the meaning of the indicators (LEDs 412 or digital displays 414) for the
given welding power source 100. For example, one or more LEDs 412 may flash or blink with a
known pattern to provide feedback for troubleshooting.

[0079] In some examples, the service tool 800 determines a status or revision of the firmware
embedded within the welding power source 100 by establishing a communication link via a control
cable 704 or PCB harness 502. The firmware information may be used to correlate reference
waveforms and signal levels to a particular firmware revision. The service tool 800 may also
provide firmware upgrades by powering up the necessary control circuits of the control circuitry
212 of welding power source 100 and downloading new firmware to the control circuitry 212.
[0080] The service tool 800 may also communicate with the welding power source 100 and
retrieve various system logs, status bits or values and other information that is routinely detected,
measured and logged within the welding power source 100. This information may be used or
displayed to provide further assistance in troubleshooting or servicing the welding power source
100. This information may also be communicated to a remote device 806, for example a
smartphone or desktop computer, which then uses the information to troubleshoot the welding
power source.

[0081] In some examples, the service tool 800 identifies the welding power source 100.
Various methods may be used to identify the welding power source 100. For example, the service
technician may input the specific welding power source 100 into the service tool 800 via an
interface of the service tool 800. In some examples, the service tool 800 establishes a
communication link with the control circuitry 212 of the welding power source 100, as explained

above, and identifies the welding power source 100 via the communication link. Any other
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identification method may be used to identify the welding power source, including video
recognition. In some examples, after identifying the welding power source, the test sequences run
by the service tool 800 on the welding power source 100 is selected based on the identified welding
power source. The reference responses are also selected based on the identified welding power
source 100. In examples where a service technician may select the test sequences to run on the
welding power source, the test sequences presented to the service technician on the display 804,
the smartphone, or other portable computing device 806, may be selected based on the identified
welding power source 100.

[0082] While example service tools are described above, any of the features, functions,
structures, and/or other aspects of the individual examples may be combined into a service tool in
accordance with aspects of this disclosure. Accordingly, the disclosure is not limited to the
example service tools described above or methods described below, but instead encompass all
service tools, systems, and/or methods falling within the scope of the claims.

[0083] FIG. 10 is a flow chart of an exemplary method 1000 of testing one or more circuits of
a welding power source 100, for example the boost circuit 208 and/or the switched-mode power
supply circuit 214, using the service tool (e.g., 800 of FIG. 8 or 900 of FIG. 9). The example
method 1100 may be partially or completely implemented by executing machine readable
instructions using the control circuit 906 and memory 908 of FIG. 9 and/or the control circuitry
212 of FIG. 2.

[0084] At block 1002, the service technician connects test leads 404 to the one or more circuits
of the welding power source, for example the boost circuit 208, or the switched-mode power
supply circuit 214. In some examples, the technician may connect a PCB harness to the control
circuitry 212 of the welding power source, as shown in FIG. 5.

[0085] At block 1004, the service tool (800 of FIG. 8, or 900 of FIG. 9) supplies a low voltage
power to the welding power source 100. At block 1006, the welding power source enters into a
low voltage mode of operation. A control signal sent from the control circuit 906 of the service
tool (800 of FIG. 8, or 900 of FIG. 9) to the control circuitry 212 may enter the welding power
source 100 into the low voltage mode of operation. For example, the control signal may cause the
control power supply 216 to override a lower voltage limit required for normal operation of the
welding power source 100. In some examples, the welding power source 100 is programed such

that receiving a low voltage at the input circuit 202, rather than the usual AC input, enters the
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welding power source into a low voltage mode of operation. In some examples, a technician enters
the welding power source into a low voltage mode of operation using an interface on the welding
power source 100, for example via manipulating a control on the welding power source 100.
[0086] Atblock 1008, the test sequence to run on the one or more circuits of the welding power
source 100 is determined. In some examples, the service tool (800 of FIG. 8 or 900 of FIG. 9) has
an interface which displays tests that the service tool (800 of FIG. 8 or 900 of FIG. 9) is capable
of running on the welding power source 100. In some examples, the service tool is connected to a
remote device 806, for example a smartphone. The technician selects a test sequence to run on the
welding power source 100 from a selection of displayed test sequences on the remote device 806.
Such a remote device 806 may also present instructions for the technician to connect the service
tool (800 of FIG. 8 or 900 of FIG. 9) to the welding power source 100 for any particular test
sequence. For example, the remote device may present user readable instructions for connecting
the test leads 404 to the switched-mode power supply circuit 214. In some examples, the test
sequence to run is selected based on the identified welding power source 100. As explained above,
a welding power source may be identified, and in response to the identification of the welding
power source, the service tool (800 of FIG. 8 or 900 of FIG. 9) selects a particular test sequence
to run.

[0087] At block 1010, the service tool (e.g., 800 of FIG. 8 or 900 of FIG. 9) provides a test
sequence to the circuit of the welding power source. For example, the service tool (e.g., 800 of
FIG. 8 or 900 of FIG. 9) may activate a mode where the switched-mode power supply circuit 214
generates a waveform pattern. In some examples, the service tool (e.g., 800 of FIG. 8 or 900 of
FIG. 9) commands the switched-mode power supply circuit 214 to output a low current into a short
circuit or other known load. In some examples, the service tool (800 of FIG. 8 or 900 of FIG. 9)
supplies a voltage signal to the boost pre-regulator circuit 208.

[0088] At block 1012, the service tool (800 of FIG. 8 or 900 of FIG. 9) monitors the response
of the circuit to the test sequence. For example, the service tool (800 of FIG. 8 or 900 of FIG. 9)
may monitor the response of the switched-mode power supply circuit 214 or of the boost circuit
208 to a test sequence provided in block 1010. At block 1014, the service tool 800 may display the
response of the circuit on a display 804 of the service tool 800. In some examples, the response is
communicated to a remote device 806 and displayed on the remote device 806. At block 1016 the

monitored response of the circuit is compared to a reference response for the provided test
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sequence. The reference response may be stored in memory (802 of FIG. 8§ or 908 of FIG. 9). In
some examples, the reference response is also displayed on the display 804 of the service tool 800,
or via the remote device 806, so that a technician can visually compare the reference response with
the actual response.

[0089] At block 1018, the control circuitry of the service tool (800 of FIG. 8 or 900 of FIG.
9), for example the control circuit 906 of the service tool 900, determines whether the monitored
response is normal or indicates an error. A normal response indicates that the tested circuit is
operational for the tested circuit’s intended purpose. For example, the control circuit 906 compares
the monitored response of the switched mode power supply 214 or boost circuit 208 to the
reference response stored in memory 908, and if the monitored response varies beyond an
acceptable threshold, the control circuit 906 determines that the circuit is in error. An error may
indicate that the circuit is defective or has faulted. If the control circuit 906 determines that the
tested circuit is operating normally, then at block 1020, the service tool (800 of FIG. 8 or 900 of
FIG. 9) displays to the technician via display 804 that the tested circuit passed the selected test
sequence.

[0090] If the control circuit 906 determines that the tested circuit is in error, then at block
1022, the service tool (800 of FIG. 8 or 900 of FIG. 9) displays to the technician via display 804
that the tested circuit failed the selected test sequence. If the tested circuit failed the selected test
sequence, then at block 1024, the service tool (800 of FIG. 8 or 900 of FIG. 9) displays via the
display 804 user readable service instructions to guide the technician to either further test the failed
circuit, or to fix the failed circuit. In some examples, the user readable instructions may be provided
via the remote device 806.

[0091] FIG. 11 is a flow chart of an exemplary method 1100 of entering a welding power
source 100 into a soft-start or low voltage mode. The example method 1100 may be used to
implement block 1006 of FIG. 10 and/or the control circuit 906 and memory 908 of FIG. 9 and/or
the control circuitry 212 of FIG. 2. The example method 1100 may be partially or completely
implemented by executing machine readable instructions using the control circuit 906 and memory
908 of FIG. 9 and/or the control circuitry 212 of FIG. 2.

[0092] At block 1102, a technician connects power leads 810 to the AC input 202 of the
welding power source 100. In some examples, the technician connects the power leads 810 directly

to the control circuitry 212 of the welding power source. At block 1104, the technician connects
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the control cable 704 to the welding power source 100. In some examples, at block 1104, the
technician connects a PCB harness 502 to the control circuitry of the welding power source. At
block 1106, then service tool provides a low voltage power to the welding power source 100 via
power leads 810. At block 1108, the control circuit 906 sends a signal to the control circuitry 212
commanding the welding power source to enter the soft-start mode. At block 1110, the control
circuitry 212 commands the control power supply 216 to override the lower voltage limit required
for normal operation under AC power conditions. The control power supply 216 then overrides
the lower voltage limit. At block 1112, the welding power source 100 enters the soft-start low
voltage mode.

[0093] FIG. 12 is a flow chart of an exemplary method 1200 of testing a boost circuit 208
while operating the welding power source 100 in a low voltage mode. The example method 1200
may be used to implement block 1010 of FIG. 10 and/or the control circuit 906 and memory 908
of FIG. 9 and/or the control circuitry 212 of FIG. 2. The example method 1200 may be partially
or completely implemented by executing machine readable instructions using the control circuit
906 and memory 908 of FIG. 9 and/or the control circuitry 212 of FIG. 2.

[0094] At block 1202, the control circuitry 212 commands the boost control 220 to override
normal boost fault conditions that would generate a fault when the welding power source 100 is
operating under normal conditions. For example, a minimum expected boost current threshold may
be modified to allow the boost circuit 208 to operate at the reduced voltage level. At block 1204,
a low voltage is applied to the input of the boost circuit 208. The low voltage is supplied by the
service tool 900 via the power lead 810 to the AC input 202 of the welding power source. The
boost circuit 208 then receives the low voltage from the AC input 202.

[0095] At block 1206, the service tool 900 measures the output of the boost circuit. For
example, a technician may connect test leads 404 to the DC bus 204 to measure the output of the
boost circuit 208. In some examples, the test leads captures waveforms of the boost power
semiconductors of the boost circuit 208. At block 1208, the control circuit 906 compares the
measured output of the boost circuit 208 to a reference response. For example, the control circuit
906 may compare the voltage measured at the DC bus 204 to a reference voltage stored in memory
908. In some examples, the control circuit 906 compares a measured waveform of the boost

semiconductors to reference waveforms stored in memory 908.

23



WO 2020/047433 PCT/US2019/049098

[0096] At block 1210, the control circuit 906 determines whether the deviation between the
measured output and the reference response stored in memory 908 is greater than an acceptable
threshold. If the deviation is not greater than an acceptable threshold, the control circuit 906
determines that the boost circuit 208 is operating normally. Then at block 1212, the service tool
800 of FIG. 8 indicates via the LCD 804 that the boost circuit is operating normally. At block
1210, if the deviation is greater than an acceptable threshold, the control circuit determines that
the boost circuit 208 is not operating normally. Then at block 1214, the service tool 800 of FIG. 8
indicates via the LCD 804 that there is an error with the boost circuit 208.

[0097] FIG. 13 is a flow chart of an exemplary method 1300 of testing an auxiliary power
supply 218 while operating the welding power source 100 in a low voltage mode. The example
method 1300 may be used to implement block 1010 of FIG. 10 and/or the control circuit 906 and
memory 908 of FIG. 9 and/or the control circuitry 212 of FIG. 2. The example method 1300 may
be partially or completely implemented by executing machine readable instructions using the
control circuit 906 and memory 908 of FIG. 9 and/or the control circuitry 212 of FIG. 2.

[0098] The auxiliary power supply may be used to provide power to a wire feeder 108 of the
welding system 10. At block 1302, the control circuitry 212 commands the auxiliary power supply
218 to override normal fault conditions that would generate a fault when the welding power source
100 is operating under normal conditions. For example, a minimum expected auxiliary power
supply current threshold may be modified to allow auxiliary power supply 218 to operate at the
reduced voltage level. At block 1304, a low voltage is applied to the auxiliary power supply 218.
[0099] At block 1306, the service tool 900 measures the output of the auxiliary power supply
via test leads 404. At block 1308, the control circuit 906 compares the measured output of the
auxiliary power supply 218 to a reference response. For example, under normal conditions, the
auxiliary power supply may be designed to provide +50VDC when supplied with normal operating
DC bus voltage. When supplied with low voltage during the soft-start mode, the output of the
auxiliary power supply 218 may be +5 to +10 VDC. The control circuit 906 compares the voltage
supplied by the auxiliary power source 218 to a reference voltage stored in memory 908.

[00100] At block 1310, the control circuit 906 determines whether the deviation between the
measured voltage and the reference voltage stored in memory 908 is greater than an acceptable
threshold. If the deviation is not greater than an acceptable threshold, the control circuit 906

determines that the auxiliary power supply 218 is operating normally. Then at block 1312, the

24



WO 2020/047433 PCT/US2019/049098

service tool 800 of FIG. 8 indicates via the LCD 804 that the auxiliary power supply 218 is
operating normally. At block 1310, if the deviation is greater than an acceptable threshold, the
control circuit determines that the auxiliary power supply 218 is not operating normally. Then at
block 1314, the service tool 800 of FIG. 8 indicates via the LCD 804 that there is an error with the
auxiliary power supply 218.

[00101] FIG. 14 is a flow chart of an exemplary method 1400 of testing a switched mode power
supply circuit 214 while operating the welding power source 100 in a low voltage mode. The
example method 1400 may be used to implement block 1010 of FIG. 10 and/or the control circuit
906 and memory 908 of FIG. 9 and/or the control circuitry 212 of FIG. 2. The example method
1400 may be partially or completely implemented by executing machine readable instructions
using the control circuit 906 and memory 908 of FIG. 9 and/or the control circuitry 212 of FIG. 2.
[00102] At block 1402, the technician applies a known load across the weld output 106. The
service tool 800 may provide instructions to the technician to apply the known load to the weld
output 106. In some examples, the known load is a short circuit. At block 1404, the switched mode
power supply 214 is activated. The control circuit 906 sends a signal to the switched mode power
supply control 222 to activate the switched mode power supply 214. At block 1406, the switched
mode power supply 214 outputs a low current (e.g., 10-50 mAmps) into the known load.

[00103] At block 1408, the service tool (800 of FIG. 8 or 900 of FIG. 9) measures the output
(i.e. the voltage or current) across the known load via the test leads 404. At block 1410, the control
circuit 906 compares the measured output across the known load to a reference response stored in
memory 908. At block 1412, the control circuit 906 determines whether the deviation between the
measured output across the known load and the reference response stored in memory 908 is greater
than an acceptable threshold. If the deviation is not greater than an acceptable threshold, the control
circuit 906 determines that the switched mode power supply 214 is operating normally. Then at
block 1414, the service tool 800 of FIG. 8 indicates via the LCD 804 that the switched mode power
supply 214 is operating normally. At block 1412, if the deviation is greater than an acceptable
threshold, the control circuit determines that the switched mode power supply 214 is not operating
normally. Then at block 1416, the service tool 800 of FIG. 8§ indicates via the LCD 804 that there
is an error with the switched mode power supply 214.

[00104] FIG. 151s a flow chart of an exemplary method 1500 of testing a switched mode power

supply circuit 214 while operating the welding power source 100 in a low voltage mode. The
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example method 1500 may be used to implement block 1010 of FIG. 10 and/or the control circuit
906 and memory 908 of FIG. 9 and/or the control circuitry 212 of FIG. 2. The example method
1500 may be partially or completely implemented by executing machine readable instructions
using the control circuit 906 and memory 908 of FIG. 9 and/or the control circuitry 212 of FIG. 2.
[00105] At block 1502, the technician applies a known load across the weld output 106. The
service tool 800 may provide instructions to the technician to apply the known load to the weld
output 106. In some examples, the known load is a short circuit. At block 1504, the switched mode
power supply 214 is activated. The control circuit 906 sends a signal to the switched mode power
supply control 222 to activate the switched mode power supply 214. The control circuit also
commands the switched mode power supply control 222 to control the switched mode power
supply 214 to generate a known waveform. At block 1506, the switched mode power supply 214
outputs a waveform pattern into the known load. At block 1508, the service tool (800 of FIG. 8 or
900 of FIG. 9) measures the response to the known waveform across the known load via the test
leads 404. At block 1510, the control circuit 906 compares the measured response across the
known load to a reference response stored in memory 908. At block 1512, the control circuit 906
determines whether the deviation between the measured response across the known load and the
reference response stored in memory 908 is greater than an acceptable threshold. If the deviation
is not greater than an acceptable threshold, the control circuit 906 determines that the switched
mode power supply 214 is operating normally. Then at block 1514, the service tool 800 of FIG. 8
indicates via the LCD 804 that the switched mode power supply 214 is operating normally. At
block 1512, if the deviation is greater than an acceptable threshold, the control circuit determines
that the switched mode power supply 214 is not operating normally. Then at block 1516, the
service tool 800 of FIG. 8 indicates via the LCD 804 that there is an error with the switched mode
power supply 214.

[00106] Feedback, as used herein, includes a signal indicative of or responsive to an output or
intermediate signal, which is provided to the controller and control decisions are made in response
thereto. Feedback circuit, as used herein, includes a circuit that provides a signal indicative of or
responsive to an output or intermediate signal. Feedback signal, as used herein, includes one or
more signals that provide information about one or more parameters being monitored, such as

output current and output voltage.
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[00107]  As used herein, a welding power source refers to any device capable of, when power is
applied thereto, supplying welding, cladding, 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, resonant
power supplies, quasi-resonant power supplies, switch-mode power supplies, etc., as well as
control circuitry and other ancillary circuitry associated therewith.

[00108] Control circuitry, as used herein, includes digital and analog circuitry, discrete or
integrated circuitry, microprocessors, DSPs, etc., software, hardware and firmware, located on one
or more boards, that form part or all of a controller, and are used to control a welding process, or
a device such as a power source or wire feeder.

[00109] As utilized herein the terms “circuits” and “circuitry” refer to physical electronic
components, any analog and/or digital components, power and/or control elements, such as a
microprocessor or digital signal processor (DSP), or the like, including discrete and/or integrated
components, or portions and/or combination thereof (i.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.

[00110]  As utilized herein, circuitry is “operable” to perform a function whenever the circuitry
comprises the necessary hardware and code (if any is necessary) to perform the function, regardless
of whether performance of the function is disabled or not enabled (e.g., by a user-configurable
setting, factory trim, etc.).

[00111] As utilized herein, a PCB harness includes a wiring harness that is able to be easily
connected, disconnected, and reconnected without damaging the connections of the printed circuit

board.

[00112] Welding-type power supply and welding power source, as used herein, refers to a
power supply that can provide welding-type power.

[00113]  As utilized herein, “and/or” means any one or more of the items in the list joined by
“and/or”. As an example, “x and/or y” means any element of the three-element set {(x), (y), (X,
y)}. 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), (y), (2), (X, y), (X, z), (Y, z), (X, y, z) }. In other
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words, “x, y and/or z” means “one or more of x, y and z”. As utilized herein, the term “exemplary”
means serving as a non-limiting example, instance, or illustration. As utilized herein, the terms

’

“e.g.,” and “for example” set off lists of one or more non-limiting examples, instances, or
illustrations.

[00114] While the present method and/or system has been described with reference to certain
implementations, 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 method and/or
system. For example, block and/or components of disclosed examples may be combined, divided,
re-arranged, and/or otherwise modified. In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the present disclosure without departing from its
scope. Therefore, the present method and/or system are not limited to the particular
implementations disclosed. Instead, the present method and/or system will include all

implementations falling within the scope of the appended claims, both literally and under the

doctrine of equivalents.
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CLAIMS
What is claimed is:

1. A service tool for servicing a welding-type power supply, the service tool comprising:

test leads configured to connect to one or more circuits in a welding-type power supply;

a power supply circuit configured to supply a low voltage power to the welding-type
power supply operating in a low voltage mode of operation via two or more power leads; and

a control circuit configured to measure one or more aspects of the one or more circuits in
the welding-type power supply via the test leads while the welding-type power supply is in a low

voltage mode of operation.

2. The service tool of claim 1, wherein the control circuit is configured to:

provide a test sequence to a first one of the one or more circuits in the welding-type
power supply via the test leads;

monitor a response of the welding-type power supply to the test sequence via the test
leads; and

compare the monitored response to a reference response to determine whether the one or

more circuits are operating properly.

3. The service tool of claim 2, wherein the control circuit is configured to identify
components of the welding-type power supply that are not operating properly based on the

compared monitored response and reference response.

4. The service tool of claim 2, wherein the control circuit is configured to output, to an
operator via at least one of a user interface or communications circuitry, user-readable service
instructions based on identification of one or more components of the power supply that are not

operating properly.

5. The service tool of claim 2, wherein the control circuit is configured to output, to an

operator via at least one of a user interface or communications circuitry, user-readable
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instructions for connecting the service tool to the welding-type power supply based on

identification of one or more components of the power supply that are not operating properly.

6. The service tool of claim 2, wherein the control circuit is configured to output, to an
operator via at least one of a user interface or communications circuitry, the results of the test

sequence.

7. The service tool of claim 2, wherein the control circuit is configured to output, to an
operator via at least one of a user interface or communications circuitry, a signal of the reference

response and a signal of the monitored response.

8. The service tool of claim 2, wherein the test sequence comprises providing a preset
input voltage to a switched mode power supply of the welding-type power supply, and wherein

the monitored response comprises the output voltage of the switched mode power supply.

9. The service tool of claim 2, wherein the test sequence comprises inputting waveforms
into one or more circuits of the welding-type power supply, and wherein the monitored response
comprises waveforms detected with the test leads at the outputs of the one or more circuits of the

welding-type power supply.

10. The service tool of claim 2, wherein the control circuit is further configured to
identify the welding-type power supply, and wherein the test sequence and the reference

response are selected based on the identified welding-type power supply.

11. The service tool of claim 1 further comprising a battery configured to supply power to

the power supply circuit.
12. The service tool of claim 1, wherein the control circuit is configured to receive, from

at least one of a user interface or communications circuitry, a selection of a test sequence to

provide to the welding-type power supply.
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13. The service tool of claim 1, wherein the power supply circuit is configured to provide
low voltage operational power to at least one of a boost pre-regulator power circuit of the
welding-type power supply, a switched mode power supply of the welding-type power supply, or

a commutator of the welding-type power supply.

14. The service tool of claim 1, wherein the service tool is configured to provide a
predetermined load across output connections of the welding-type power supply, and wherein the

test sequence comprises operating the welding-type power supply with the known load.

15. The service tool of claim 1 further comprising communications circuitry configured
to connect with one of a smartphone, tablet, or personal computer, the control circuit configured

to receive an input via the communications circuitry.

16. The service tool of claim 1, wherein the control circuit is configured to cause the
welding-type power supply to enter into the low voltage mode of operation by overriding a lower

limit of a controller of the welding-type power supply.

17 The service tool of claim 1, wherein the control circuit is configured to control the
power supply circuit to output power via the power leads to supply low voltage power to the

welding-type power supply operating in a low voltage mode of operation.

18. A method comprising:

connecting test leads to one or more circuits in a welding-type power supply;

supplying a low voltage power to the welding-type power supply operating in a low
voltage mode of operation, via two or more power leads; and

measuring one or more aspects of the one or more circuits in the welding-type power
supply, via control circuitry connected to the test leads, while the welding-type power supply is

in a low voltage mode of operation.

19. The method of claim 18, further comprising:
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providing a test sequence to a first one of the one or more circuits in the welding-type
power supply via the test leads;

monitoring a response of the welding-type power supply to the test sequence via the
control circuitry; and

comparing, via the control circuitry, the monitored response to a reference response to

determine whether the one or more circuits are operating properly.

20. The method of claim 19, wherein providing a test sequence comprises inputting
waveforms into selected circuits of the welding-type power supply, and wherein the monitoring
the response comprises measuring waveforms at the outputs of the selected circuits of the

welding-type power supply.
21. The method of claim 19, further comprising identifying the welding-type power

supply via the control circuitry, and wherein the test sequence and the reference response are

selected based on the identified welding-type power supply.
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