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SYSTEMS AND METHODS FOR DETERMINING WELD
CABLE INDUCTANCE

BACKGROUND

[0001] The invention relates generally to welding power supplies, and, more

particularly, to a digital controller for a switched mode welding power supply.

[0002] Many types of welding power supplies capable of providing a welding
power output from an alternating current (AC) or a direct current (DC) source of
power have been developed. One such type of welding power supply 1s a switched-
mode power supply, which utilizes power semiconductor switches to chop a DC
source of power and convert the chopped power to a voltage and/or current suitable
for welding. Switched-mode power supplies such as inverter type power supplies and
chopper type power supplies have been developed to meet the needs of various

welding processes and applications.

[0003] The chopper and inverter type power welding power supplies are typically
controlled by similar control methods and/or circuits. One method of controlling such
power supplies 1s with a pulse width modulation (PWM) control. A PWM control
provides for regulation and control of the output current and/or voltage of the welding
power supply by varying the duty cycle (1.e., the ON/OFF ratio) of power
semiconductor switches located in the power supply circuitry. Traditional inverter or
chopper welding power supplies include a closed loop current control loop, such that
the power supply may be operated as a controlled current source for certain arc
welding load conditions. As such, traditional inverter or chopper welding power
supplies include an analog controller, which controls the minimum and maximum
current levels output from the power source, the rates of change of current between
various levels, the generation of desired current waveforms, and so forth.
Unfortunately, analog controllers are often associated with drawbacks, such as the
inability to adequately handle the dynamic requirements of a switched-mode welding
power supply. For example, analog controllers often fall short of responding quickly

enough to quickly occurring events in a welding arc, may happen with time intervals
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of less than 1 mSec. Accordingly, there exists a need for improved control systems

and methods for switched-mode welding power supplies.

BRIEF DESCRIPTION

[0004] In an embodiment, a welding power supply includes power conversion
circuitry including one or more power semiconductor switches adapted to receive
power from a primary source and to switch the one or more power semiconductor
switches between an ON configuration and an OFF configuration to convert the
received power to a welding output. The welding power supply also includes a
controller adapted to determine a weld cable inductance during a welding operation
by measuring a peak to peak switching ripple generated by the switching of the power

semiconductor switches in a voltage present on welding output terminals.

[0005] In another embodiment, a controller for a switched mode welding power
supply 1s adapted to measure a peak to peak switching ripple in a voltage present on
welding output terminals and determine a weld cable inductance during a welding

operation based on the measured peak to peak voltage ripple.

[0006] In another embodiment, a welding power supply includes power conversion
circuitry including one or more power semiconductor switches adapted to receive
power from a primary source and to switch the one or more power semiconductor
switches between an ON configuration and an OFF configuration to convert the
received power to a welding output. The welding power supply also includes a pulse
width modulated (PWM) digital controller adapted to generate a voltage feedback
signal corrected for an induced voltage and to utilize the corrected voltage feedback

signal to set a duty cycle of the one or more power semiconductor switches.

[0007] In another embodiment, a method includes measuring a peak to peak
switching ripple 1n a voltage present on welding output terminals and determining,
during a welding operation, a weld cable inductance based on the measured peak to

peak voltage ripple.
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DRAWINGS

[0008] These and other features, aspects, and advantages of the present invention
will become better understood when the following detailed description i1s read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

[0009] FIG. 1 is a diagram of an exemplary chopper circuit configured to function
as a switched-mode welding power supply 1in accordance with aspects of the present

Invention;

[0010] FIG. 2 is a diagram of an exemplary digital controller for a welding power
supply that includes gate drive circuitry configured to drive switching one or more

power semiconductor switches 1in accordance with aspects of the present invention;

[0011] FIG. 3 1s a flow chart illustrating an exemplary method that may be
employed by a digital controller to calculate and set an appropriate duty cycle for a

welding operation 1in accordance with aspects of the present invention;

[0012] FIG. 4 is a graph illustrating an exemplary actual current output waveform
and an exemplary average current waveform that may be generated at a first output

voltage and a first load condition 1n accordance with aspects of the present invention;

[0013] FIG. 5 is a graph illustrating an exemplary actual current output waveform
and an exemplary average current waveform that may be generated at a second output
voltage and a second load condition 1n accordance with aspects of the present

Invention;

[0014] FIG. 6 is an exemplary timing diagram including an exemplary pulse width
modulated waveform that may be generated by a digital controller in accordance with

aspects of the present invention;

[0015] FIG. 7 1s a schematic diagram of an exemplary chopper or inverter type
welding power supply system including electrical components of a power supply and

one or more external components in accordance with aspects of the present invention;
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[0016] FIG. 8 illustrates an exemplary unclamped voltage plot and an exemplary

unclamped current plot over time 1n accordance with aspects of the present invention;

[0017]  FIG. 9 illustrates an exemplary clamped voltage plot and an exemplary

clamped current plot over time 1n accordance with aspects of the present invention;

[0018] FIG. 10 illustrates voltage plots including an exemplary filtered voltage
feedback wavetorm, an exemplary scaled voltage wavetorm, and an unfiltered fast

voltage wavetorm in accordance with aspects of the present invention;

[0019] FIG. 11 illustrates a selected region of the unfiltered fast voltage waveform

of FIG. 10 1n more detail in accordance with aspects of the present invention; and

[0020]  FIG. 12 illustrates a selected region of the unfiltered fast voltage waveform

of FIG. 10 1n more detail in accordance with aspects of the present invention.

DETAILED DESCRIPTION

[0021]  FIG. 1 illustrates an exemplary chopper circuit 10 configured to function as
a switched-mode welding power supply 10. The chopper circuit 10 includes an AC
line voltage mnput 12, a transtormer 14, a set of diodes 16, a capacitor 18, a power
semiconductor switch 20, a diode 22, an inductor 24, a current sensor 26, an output
voltage 28, and a welding arc 30. The chopper circuit 10 1s controlled by a digital
pulse width modulated (PWM) chopper controller 32 coupled to a weld controller 34.
The digital controller 32 includes gate drive circuitry 36 configured to switch the
power semiconductor switch 20 ON and OFF and interface circuitry 38, 40
configured to receive current and voltage feedback from feedback connections 42, 44,
and 46. The weld controller 34 and/or the digital controller 32 may be coupled to a
variety of inputs and outputs, such as the illustrated user interface 48, fan control 50,

and thermal sensor 52.

[0022]  During operation, the AC line voltage 12 is received by the chopper circuit
10 and 1s transformed by the transtormer 14 to a voltage level suitable for a welding

output. In the illustrated embodiment, the transtormer 14 1s a single phase
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transformer configured to operate at line frequency. In other embodiments, however,
the transformer 14 may be a three phase transtformer connected to an input source of
three phase line voltage. Indeed, the chopper circuit 10 may be configured to receive
a single nominal input AC line voltage or multiple nominal AC line voltages. As
such, 1n certain embodiments, multiple AC line voltages may be accommodated by
providing taps on the transtormer 14, which may be manually or automatically linked

for a particular nominal AC line voltage.

[0023]  An output of a secondary coil of the transformer 14 1s rectified by diodes
16, thus producing a DC bus voltage 54. The capacitor 18 1s configured to smooth
and filter the DC bus voltage 54. As such, in some embodiments, the capacitor 18
may be an electrolytic capacitor, a film capacitor, or any other suitable capacitor. The
power semiconductor switch 20 and the diode 22 are configured to function as a
power semiconductor chopper circuit, chopping the DC bus voltage 54. For example,
the power semiconductor switch 20 1s switched ON and OFF by the gate drive circuit
36 located in the digital controller 32 in the illustrated embodiment. As such, the
switching frequency and duty cycle (i.e., the ON/OFF ratio) of the power
semiconductor switch 20 are controlled by the digital controller 32 to provide a
regulated output voltage and/or current of the welding power supply as dictated by a
desired welding process and/or condition. In some embodiments, the switching
frequency may be between approximately 10 KHz and approximately 100 KHz. For

example, in some embodiments, the switching frequency may be approximately 20

KHz.

[0024] The processed DC bus voltage chopped by the power semiconductor
chopper circuit 1s applied to the inductor 24, which smoothes and outputs the output
voltage 28. That 1s, an output current 56 and the output voltage 28 are generated and
supplied to the welding arc, welding leads, work clamps, and so forth for use in the
welding operation. The current sensor 26 may be utilized to measure the output
current 56 and to communicate the acquired measurements to the digital controller 32
via the connection 42. Similarly, the output voltage may be measured and

communicated to the interface circuitry 40 located 1n the digital controller 32.
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[0025] During operation, the digital controller 32 may be configured to control
other functions, such as monitoring thermal sensors 52, controlling cooling fans 50,
and bidirectionally communicating various status and control signals to other circuits
and controls, such as the weld controller 34. For example, the weld controller 34 1s
configured to output a command signal 58 to the digital controller 32. The command
signal 58 may be an output current level for the welding power supply, a complex
waveform, or a signal dependant on various inputs, such as the welding process being
pertormed, user inputs received, voltage and current feedback signals, and so forth.
As such, the weld controller 34 illustrated in the embodiment of FIG. 1 may allow the
user to select and control a welding process via the user interface 48. Through the
user interface 48, the weld controller 34 may provide various signals, indicators,
controls, meters, computer interfaces, and so forth, which allow the user to set up and

configure the welding power supply as required for a given welding process.

[0026]  The digital controller 32 may be configured to receive one or more inputs
from the weld controller 34 and to utilize such inputs to guide the functioning of the
chopper circuit 10. For example, in one embodiment, the digital controller 32 may
implement a PWM control scheme. Through a PWM control scheme, the digital
controller 32 may regulate and control the output current and/or voltage of the
welding power supply by varying the duty cycle of the power semiconductor switch
20. In such systems, the welding power supply may include a closed current control
loop, such that the power supply may be operated as a controlled current source for
the desired arc welding load conditions. As such, the digital controller 32 may control
the minimum and maximum current levels output from the power source, control the
rates of change of current between various levels, and generate the desired

wavetorms.

[0027] Embodiments of the present invention are illustrated herein in the context
of chopper circuits. However, it should be noted that any of a variety of types of
switched-mode power supplies that utilize semiconductor switches to chop a DC
source of power and to convert the chopped power to a voltage and/or current suitable
for welding may be utilized with the digital control methods and systems described

herein. For example, embodiments of the present invention may utilize any of a
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variety of suitable inverter type power supplies, such as forward circuit, full-bridge,
half-bridge, flyback, and so forth. Such power supplies may also include pre-
regulator circuits configured to provide a regulated DC bus voltage to the inverter
circuit. Indeed, any of a variety of suitable types or configurations of power supply

circuits may be utilized in conjunction with the digital controller disclosed herein.

[0028] FIG. 2 illustrates an exemplary digital PWM controller 32 for a welding
power supply. The illustrated digital controller 32 includes gate drive circuitry 36
configured to drive the switching of the power semiconductor switch 20 of FIG. 1 via
a PWM output signal 60. The digital controller 32 may also include a variety of
circuitry not 1llustrated in FIG. 2. For example, the controller 32 may include circuit
elements such as analog to digital converters, digital to analog converters, timers,
microprocessors, signal conditioning and filtration circuitry, and so forth, which may

be used to implement a control scheme for a switched mode welding power supply.

[0029] In the illustrated embodiment, the digital controller 32 1s configured to
receive a variety of analog inputs 62 including the reference current command 38, a
current feedback signal 64, a voltage feedback signal 66, thermal sensor feedback 52,
a bus voltage feedback signal 68, and any other suitable signals 70 that may be
utilized by the controller 32 to implement the digital PWM control or to provide
additional functions within the welding power supply. That 1s, the digital controller
32 may be utilized to perform many of the functions associated with a welding power
supply that are not directly related to PWM control. Such functions may include
thermal monitoring, controlling a cooling fan, controlling status indicators and relays,
and so forth. In other embodiments, however, such peripheral functions may not be
pertormed by the digital PWM controller 32 and may instead be performed by another
microprocessor or control circuit. Nevertheless, in certain embodiments, it may be
advantageous to utilize the digital PWM controller 32 to perform such functions in
addition to pertorming the PWM control function. Additionally, the digital PWM
controller 32 may interface with various other circuits or system components
including the fan control 50, the weld controller 34, and any other suitable intertace

devices 72.
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[0030] In some embodiments, it may be desirable to operate the switched mode
welding power supply as a controlled current source, such that the current wavetorm
may be controlled by the welding controller. That 1s, the welding controller may
control parameters such as current level, rate of change of current, lower limit and
upper limit current levels, current waveform shape, and other characteristics of the
current to control arc characteristics. It should be noted that traditional control
circuits may implement a high gain or integrating error amplifier with inputs such as a
current command or reference wavetorm and current feedback. In such traditional
circuits, the error amplifier may generate an error signal, which 1s traditionally
compared to a ramp type signal by a comparator circuit. The output of the comparator
circuit 1s a PWM signal, which 1s used to control the power semiconductor switches,

thereby controlling the output of the welding power supply.

[0031] In some embodiments of switched mode type welding power supplies, the
PWM duty cycle (D) may not directly control the output current, but 1s instead guided
by the following relationship:

(1) V_OUT=D*V_BUS, (0<D<1),

in which V_OUT is the output voltage, D 1s the duty cycle, and V_BUS 1s the DC bus
voltage. As such, equation (1) 1s a typical first order relationship for duty cycle,
output voltage and bus voltage for a chopper circuit. It should be noted that a similar
relationship may be employed for an inverter type welding power supply, but may

include a term accounting for the transformer turns ratio, among other factors.

[0032] It should be noted that an output current term is not in equation (1), but
may be indirectly controlled by the relationship between arc voltage and current or the
impedance at the arc in some embodiments. In some embodiments, the arc
impedance may vary from a short circuit with low impedance to an open circuit with
high impedance. Additionally, during a welding operation, the arc impedance may
rapidly change (e.g., on the order of less than 1mSec). As such, embodiments of the
digital controller may vary the duty cycle term 1n equation (1) depending on the arc

impedance. Traditional welding systems including a current error amplifier may
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require the control system to detect an error or difference between the commanded
current and actual current before a change in PWM occurs. Embodiments of the
presently disclosed digital PWM controller, however, may provide an improved PWM
control by calculating and utilizing a variety of suitable terms to generate the

necessary PWM duty cycle.

[0033] FIG. 3 is a flow chart 74 illustrating an exemplary method that may be
employed by the digital controller 32 of FIGS. 1 and 2 to calculate and set an
appropriate duty cycle for a given welding operation. First, the controller may
calculate the duty cycle (block 76) by employing a first order approximation of the
relationship between output voltage and duty cycle as defined above in equation (1).
However, 1n further steps of the method 74, the digital controller 32 may account for a
variety of factors present in the welding environment that the first order
approximation presented in (1) does not incorporate. For example, since V_BUS may
vary with variations 1in the AC line voltage supplying the welding power supply as
well as the output power of the welding power supply, the digital controller may
utilize bus voltage teedback to measure and account for changes in the bus voltage.
In some embodiments, the digital controller may employ a mathematical model for
the bus voltage to account for changes in the bus voltage due to line voltage

variations, output voltage, current or power, temperature, or other factors.

[0034] Furthermore, the digital controller 32 may employ the method 74 to
account for losses or natural droop 1n an output volt-amp load line characteristic of the
welding power supply. Additionally, by employing the digital controller 32, delays
that occur 1n the power semiconductor switching circuit, such as gate drive turn ON or
turn OFF delays, may be taken into account and utilized to 1mprove system
performance as compared to systems controlled by an analog controller. Specifically,
the method 74 includes a step 1in which the calculated duty cycle may be corrected for
the gate drive delay by adding or subtracting a fixed or variable delay term (block 78).
As such, a more accurate model can be derived for the relationship between V_OUT

and the duty cycle:

(2) V_OUT(t) = (D —-D_delay) * V_BUS(t) — (I_out(t) * R_droop),
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in which D_delay 1s the gate drive delay, I_out 1s the output current, and R_droop
represents the losses or natural droop in the output volt-amp load line characteristic of
the welding power supply. Equation (2) may be rearranged to give an expression for

duty cycle:

(3) D ={V_OUT(t) + (I_out(t) * Rdroop) }/V_BUS(t) + D_delay, (0 <D <
1),

[0035] The controller may then incorporate feedback signals into the duty cycle
equation (3) and rescale accordingly (block 80). Similarly, the controller may
substitute a commanded output current level for I_OUT(t) in equation (3) because the

commanded current level 1s the target current level (block 82). As such, a decoupling

term (D_dc) may be derived:
(4) D_dc={V_itb*KI + I_ref * K2}/{Vbus_tb * K3} + D_delay,

in which V_1b 1s the feedback voltage, K1 1s an appropriate constant, I_ref 1s the
commanded output current level, K2 1s an appropriate constant, Vbus_tb 1s the
voltage bus feedback level, and K3 1s an appropriate constant. It should be noted that
Vbus_fb may be measured directly with a feedback circuit or may be estimated or
calculated from another signal, such as from an auxiliary power supply winding and
circuit connected to the transtormer 14 in FIG. 1 (block 84). As such, equation (4)
may by utilized by the controller to set the duty cycle according to a current operating

condition for output voltage and bus voltage.

[0036] Still further, additional corrections may be further made to the duty cycle term
to allow for dynamic changes in the duty cycle during operation to achieve a desired
operating current level or load condition. Specifically, an additional term may be
incorporated into the duty cycle calculation, which 1s proportional to the difference

between the commanded current level and the actual output current level (block 86):
(5) D_error = (I_ref —I_tb) * K4,

in which D_error represents the duty cycle correction based on the current error, I_fb

represents the feedback current level, and K4 1s an appropriate constant. D_error may

10
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be positive or negative, and when added to the de-coupling term (D_dc) may provide
a dynamic way for the digital controller to adjust the power supply duty cycle to

provide a controlled and regulated current output.

[0037] Still further, an integral term (D_integral) may be included to further reduce or
eliminate steady state error between the actual output current level and the

commanded current level (block 88):
(6) D_integral = D_integral_previous + K35 * D_error,

in which D_integral_previous represents a previous integral term and K5 1s an
appropriate constant. It should be noted that the digital PWM controller 32 may be
configured to selectively implement the integral term. That 1s, the controller 32 may
only implement D_integral under certain conditions, such as when certain welding
processes (e.g., GTAW) in which it 1s desirable to have zero steady state current error
are selected by a user. For further example, the controller 32 may implement
D_integral term when D_error (the proportional error term) 1s within a bounded range
or when the current or voltage output 1s within a bounded range. Still further, in some
embodiments, the controller may be configured to reset D_integral during certain
conditions, such as when a welding operation has terminated, when the proportional
error term 1s outside of a bounded range, or any other preset condition desired by an
operator. Finally, in some embodiments, the integral term may not be implemented

by the controller 32 at all.

[0038] The method 74 also includes addition of the calculated duty cycle
correction terms together to calculate a required duty cycle (D_total) for any given

output operating current and load condition (block 90):
(7)  D_total = D_dc + D_error + D_integral.

In some embodiments, the digital controller 32 may impose further updates on the
calculated D_total or its associated terms as desired (block 92). For example, the
controller 32 may limit the minimum or maximum value of D_total. For further

example, the controller may further modify the duty cycle terms. In one embodiment

11
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utilizing an inverter type power supply, the effect of leakage inductance in the high
frequency transformer may cause an effective delay dependant on the reflected output
current. Such a delay may be incorporated into D_total by providing a variable
D_delay term that 1s dependent on output current, commanded current, primary
transformer current or any other suitable input capable of accounting for the variable

effect of leakage inductance.

[0039] FIG. 4 is a graph 94 illustrating an exemplary actual current output
waveform 96 and an exemplary average current waveform 98 that may be generated
at a first output voltage and a first load condition. The actual current waveform 96
includes an active “ON” portion 100 and an inactive “OFF’ portion 102. The active
“ON” portion 100 represents the time during which power semiconductor 20 1s ON,
and the 1nactive “OFF"” portion 102 represents the time when power semiconductor 20
1s OFF and diode 22 1s conducting. As illustrated, at a point 104 equal to one half the
“OFF”’ portion 102, the value of the actual current output waveform 96 is
approximately equal to the value of the average current wavetorm 98. Furthermore,
although the average current waveform 98 represents the desired current output, the
actual output current waveform 96 has a peak to peak ripple 106. An amplitude of the
peak to peak ripple 106 may be a function of a variety of factors, such as features of
the power supply smoothing inductor, the inductance of the welding leads, the output

voltage, the switching frequency, and so forth.

[0040] FIG. 5 1s a graph 108 illustrating an exemplary actual current output
waveform 110 and an exemplary average current wavetorm 112 that may be
generated at a second output voltage and a second load condition. As before, the
actual current output waveform includes an “ON” portion 114, an “OFF” portion 116,
a point equal to one half the “OFF” portion 118, and a peak to peak ripple 120.
However, at the second output condition, the “ON" portion 114 1s shorter than the
“ON” portion 100 at the first output condition in FIG. 4. Nevertheless, at the
midpoint 118 of the “OFF” portion, the actual current waveform 100 1s approximately
equal to the value of the average current waveform 112. Figures 4 and 5 further
illustrate that at approximately the mid point of the “ON" portion of the actual current

waveforms, 96 and 110, the actual current 1s approximately equal to the value of the
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average current waveform. It 1s now realized that such a feature may allow
embodiments of the presently disclosed digital controller to obtain a single current
feedback sample value that 1s synchronized to occur at the midpoint of the “OFF”
portion of every switching cycle. It should be noted, however, that in additional
embodiments, a single current feedback sample may be obtained that 1s synchronized

to occur at the midpoint of the “ON” portion.

[0041] The foregoing feature of the presently disclosed digital controller may offer
distinct advantages over traditional power supply controllers. For example, analog
control systems traditionally operate by filtering the current feedback signal to reduce
the amplitude of the peak to peak value at the expense of phase shifting or adding
time lag to the signal. Similarly, digital control theory, which typically guides
operation of digital controllers, leads to oversampling of the current waveform. For
example, such a theory may dictate the acquisition of ten or more samples per period
of the waveform and the subsequent calculation of an average value based on the ten
or more samples. However, with a 20 KHz switching frequency for the welding
power supply, for example, such a theory dictates acquisition of 200,000 or more
samples per second, which would have to be digitized and averaged to arrive at an
accurate average value. Embodiments of the presently disclosed digital controller,
however, may acquire a single sample for current feedback that 1s synchronized to
occur every switching cycle at the midpoint of the “OFF"’ portion of the actual current
waveform. As shown in FIGS. 4 and 35, this 1s possible because the output current
value at the midpoint of the “OFF” portion 1s approximately equal to the average

value of the current wavetform.

[0042]  Still further, in additional embodiments, a single sample for current
feedback may be synchronized to occur every switching cycle at the midpoint of the
“ON” portion of the actual current wavetform. In other embodiments, two samples
may be obtained, with the first sample synchronized to the approximate midpoint of
the “ON" portion and the second synchronized to the approximate midpoint of the
“OFF” portion. Further embodiments may average the two samples or selectively
obtain and/or use either of the two samples dependant on various operating conditions

such as duty cycle, output current or voltage, or other conditions.
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[0043] FIG. 6 1s an exemplary timing diagram 122 including an exemplary pulse
width modulated waveform 124. Such a diagram illustrates how embodiments of the
digital PWM controller disclosed herein may synchronize digital sampling and
conversion to occur at the midpoint of the “OFF’ portion by recalculating a trigger
location for an analog to digital conversion based on the calculated duty cycle value.
The value for the trigger location for the analog to digital conversion may be further
corrected 1f desired to account for any small phase shift or delay in the current
feedback signal representing output current or for any time lag that the conversion
itself necessitates. That 1s, the location of the conversion may be adjusted such that
the digitized value will be approximately equal to the average value of the wavetorm.
As such, the trigger location for the analog to digital conversion (ATD_TRIGGER)
may be given by:

(8) ATD_TRIGGER = (1 - D) /2 + Correction_factor,

in which D 1s the calculated duty cycle and Correction_factor 1s the adjustment factor.

[0044] For example, in the embodiment illustrated in FIG. 6, the waveform 124
includes a first duty cycle 126 and a second duty cycle 128. The ATD trigger location
1s updated during the active duty cycle 126 (e.g., the “ON” portion) by the digital
controller (block 130). The digital controller is configured to perform the ATD
conversion (block 132) at approximately one half the “OFF” portion (block 134).
After performing the ATD conversion (block 132) the digital controller 1s further
configured to calculate a new duty cycle and a new trigger location for the next period
(e.g., duty cycle 128). As such, by sampling and converting the feedback signals at
approximately the midpoint of the “OFF’ portion, the duty cycle may be calculated
using digitized values that represent the average value of the waveform. Such a
method employed by the digital controller also facilitates calculation of the next duty
cycle 128 with feedback values that represent a state of the welding power supply as
well as the desired reference current command, which may be determined by the weld
controller, prior to the onset of the next duty cycle “ON” portion 128. Such a feature

may allow the welding power supply to be responsive to changes or desired changes
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during the welding operation while reducing or eliminating the time delay as

compared to traditional systems.

[0045] It should be noted that in some embodiments, it may be desirable to update
the ATD trigger (sampling) location only once per cycle so that consistent inputs are
generated and used to calculate the operating duty cycle. Further, it may be
advantageous to update the ATD trigger location during the “ON” portion as
described 1n detail above such that the new trigger location may be implemented by
the digital controller prior to the start of the subsequent “OFF” portion. It should also
be noted that in some embodiments, the digital controller may be further configured to
read and convert additional analog signals in a synchronized manner to the PWM
waveform. Such additional signals may include voltage feedback, bus voltage
feedback, reterence current commanded by the weld controller, and so forth. The
additional signals may be used by the digital controller along with current feedback to

calculate the operating duty cycle.

[0046] FIG. 7 1s a schematic diagram 138 of an exemplary chopper or inverter type
welding power supply system. The diagram 138 includes a power source 140
including an output voltage source 142 controlled by a duty cycle, which 1s
determined by the digital controller, and an inductor 144. The inductor 144 1s the
internal power supply smoothing inductor, which 1s configured to smooth the output
current. An inductor 146 and a resistor 148 represent the equivalent electrical
characteristics of the external welding leads, which may include the work lead (e.g.,
the ground lead) as well as leads to a wire feeder or other components. The diagram
138 also includes an arc voltage 150 present between a work piece and a welding
torch or electrode. The diagram 138 also includes an output current 152 from the

welding power source, which 1s the current flowing in the welding arc.

[0047]  The diagram 138 further includes an arc impedance 1354 that represents the
arc impedance at a particular arc condition according to the arc voltage and output
current. It should be noted that the range of the arc impedance 154 may vary during
operation and 1s dependent on the particular arc conditions present in the welding

operation. For example, prior to arc initiation when current 1s not yet flowing, the arc
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impedance 154 may be large because the output of the power supply 1s at an open
circuit condition. However, during arc initiation, when the electrode 1s contacting the
work piece, the arc impedance 154 may be low or even approximately zero. Further,
during a welding condition, the arc impedance 154 may vary due to factors such as
the type of weld process, the welding current, operator technique, shielding gas, and
so forth. As such, the welding arc 1s dynamic and may vary between a short circuit

condition and an open circuit condition.

[0048] It should be noted that the voltage drop across the equivalent inductance
and resistance of the weld cable will add to or subtract from the arc voltage 150 as
observed at the output terminals of the power source. Such a feature may typically
interfere with the ability of the weld controller to control the output voltage 150
and/or the output current 152. Such interference may also inhibit the ability of the
weld controller to properly detect the arc voltage, as necessary for certain welding
processes, such as detecting the onset or clearing of a short circuit. Such interference
may also impact the ability of the digital PWM controller to accurately calculate a
duty cycle term dependant on output voltage because the voltage represented in the
voltage feedback signal, which 1s derived from the output terminals, may not
represent the true arc voltage. However, 1t 1s now recognized that a voltage drop
across the equivalent cable resistance 156 1s an offset proportional to output current
152 and does not change as the configuration of the weld cables changes. The voltage
drop across the equivalent cable resistance 156 1s a function of the cable length, the

cross sectional area of the cable, and so forth.

[0049] It should be noted that an illustrated voltage drop across the equivalent
cable inductance 158 1s a function of the time rate of change of the output current

(e.g., first derivative of current):
(9) V_L_cable = L_cable * Al _out / At,

in which V_L_cable 1s the voltage drop across the equivalent cable inductance,
L_cable 1s the inductance of the cable, and Al_out / At is the rate of change of the

output current. The effects of the voltage drop across the inductance of the weld cable
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may vary with the cable arrangement and value of inductance. High levels of induced
voltage on the weld cables may cause ringing (1.e., instability) in the output current of
the welding power supply. As such, embodiments of the presently disclosed digital
controller may be configured to dampen such ringing by clamping the maximum
value of the voltage feedback received and used for calculating the duty cycle, thereby
limiting the effect of the induced voltage. That 1s, embodiments of the present
invention may clamp the value of the feedback voltage used for calculating duty cycle
to a suitable value. For example, certain embodiments, the feedback voltage value
may be clamped to a value that 1s a preset percentage above the target voltage or to a
preset level that 1s greater than a typical arc voltage level that may be reached during

the given welding process.

[0050] FIG. 8 includes an exemplary unclamped voltage plot 160 and an
exemplary unclamped current plot 162. As shown, the unclamped voltage plot 160
includes a voltage feedback signal waveform 164 representative of the output terminal
voltage and an actual arc voltage waveform 166 representative of an exemplary scaled
true arc voltage. As illustrated, the current plot 162 includes a current wavetform 168
that includes ringing or oscillation 170 on the peak value. It should be noted that the
induced voltage across the cable inductance due to the rising edge of output current
may cause the voltage feedback waveform 164 to be substantially greater than the
actual voltage waveform 166 at the arc. In some embodiments, such an effect may

cause the ringing 170 evidenced 1n the output current wavetform 168.

[0051] FIG. 9 includes an exemplary clamped voltage plot 172 and an exemplary
clamped current plot 174. As shown, the clamped voltage plot 172 includes a voltage
feedback signal waveform 176 representative of the output terminal voltage and an
actual arc voltage waveform 178 representative of an exemplary scaled true arc
voltage. As 1llustrated, the current plot 174 includes a current wavetform 180, which
illustrates the effect of the digital controller directing the clamping of an upper limit
value of the feedback voltage that 1s used by the digital controller to calculate the
operating duty cycle as in equation (4). It should be noted that while the actual value
of the feedback voltage 1s approximately equal in FIGS. 8 and 9, the digital controller

1s configured to clamp the value used 1n equation (4). As such, the current waveform
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180 1n FIG. 9 does not exhibit the ringing or oscillation 170 that i1s exhibited on the
peak of the current waveform 168 in FIG. 8. Accordingly, embodiments of the

presently disclosed digital controller provide for clamping of the feedback voltage.

[0052] Embodiments of the presently disclosed digital controller may be further
configured to reduce or eliminate the effects of the induced voltage in the voltage
feedback signal due to weld cable inductance. As such, further improvements to the
digital PWM control and/or the voltage feedback signal may be obtained with
embodiments of the digital controller. Specifically, embodiments of the present
invention include a method that may be employed by the digital controller for
measuring or estimating the weld cable inductance during a welding operation and

using this value of inductance to compensate or correct the voltage feedback signal.

[0053] Referring again to the equivalent circuit 138 of FIG. 7, 1t can be seen that
there are two inductors 144 and 146 connected in series. The input waveform to
inductor 144 from voltage source 142 is the chopped bus voltage 54 with a duty cycle
that 1s set by the digital PWM controller 32. As such, the inductors 144 and 146 form
an AC voltage divider circuit, which splits the high frequency AC component of the
chopped DC bus voltage 54 according to their relative inductance values, yielding the

following equation:
(10) Inductance_144 / Inductance_146 = V_144/ V_146,

in which Inductance 144 1s the inductance of inductor 144, Inductance 146 1s the
inductance of inductor 146, V_144 1s the voltage of inductor 144, and V_146 1s the

voltage of inductor 146.

[0054] A measurement of the peak-to-peak high frequency (e.g., the switching
frequency) AC voltage present on the output terminals may be used by embodiments
of the digital controller to calculate or estimate the equivalent cable inductance,
Inductance 146, if the value of the inductor 144 1s known and 1f the value of the bus
voltage 54 1s also known or estimated. It 1s now recognized that the equivalent
impedance of the inductors 144 and 146 at the switching frequency may be greater

than the impedance of the cable resistance 148 and the arc impedance 154 during
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some or all of a welding operation. As such, embodiments of the present invention
may provide for the cable impedance or inductance to be measured or calculated by
comparing the relative peak to peak AC voltage present across each inductor
according to equation (9). That 1s, the input to the inductor 144 i1s approximately
equal to the chopped DC bus voltage. The peak to peak voltage may be measured
directly or estimated based on the measured, calculated or estimated DC bus voltage.
A measurement of the peak to peak AC voltage signal at the output terminals of the
welding power source may be acquired. Such a measurement may be utilized by the
digital controller to calculate which portion of the chopped DC bus voltage 1s dropped
across the internal inductor 144 and how much peak to peak AC voltage 1s dropped
across the equivalent weld lead inductance 146. Such a peak to peak AC voltage
relationship may be utilized by the controller along with a known value of the
inductance of inductor 144 to calculate the inductance of inductor 146. As such,
embodiments of the presently disclosed digital PWM controller may enable the high
frequency AC component (1.e., the peak to peak value) of the output voltage to be
measured during the welding operation and may further enable the measured value to

be utilized to determine the equivalent cable inductance.

[0055] FIG. 10 illustrates voltage plots that may be generated during a pulse of
current, such as the pulse of current shown in FIG. 9. The voltage plots include an
exemplary filtered voltage tfeedback wavetorm 182, an exemplary scaled voltage
waveform 184 representative of the actual arc voltage, and a relatively unfiltered fast
voltage feedback waveform 186. That is, the filtered voltage feedback waveform 182
1s representative of an exemplary signal with an overshoot and an undershoot caused
by the induced voltage of the weld cable inductance. The relatively unfiltered fast
voltage waveform 186 represents an unfiltered signal that may be generated during a
first amplifier stage of a circuit that may be utilized to measure the output terminal

voltage and provide a scaled teedback signal for use by the PWM digital controller.

[0056]  As illustrated in FIG. 10, the unfiltered voltage waveform 186 includes a
first region 188, a second region 190, a third region 192, and a fourth region 194. The
second region 190 and the fourth region 194 represent time intervals where there 1s an

approximately stable peak to peak high frequency AC component that may be read by
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the configured digital PWM controller and used to calculate or estimate cable
inductance. It should be noted that such regions 190 and 194 may also be
representative of regions where the average voltage and current are approximately
constant, such that the effect of induced voltage due to changing current may be at a
lower limit. It should also be noted that such regions 190 and 194 may also be where
the PWM duty cycle 1s at an approximate midrange value, which 1s not near an upper
limit value or a lower limit value. As such, the second region 190 1s shown in more
detail in FIG. 11, and the fourth region is shown in more detail in FIG. 12. As
illustrated, a peak to peak voltage value 196 of the second region 190 and a peak to
peak voltage value 198 of the fourth region 194 are approximately equal even though
the high and low voltage values are different. That 1s, the second region 190 1s offset
to a higher overall level because 1t 1s a region of higher output current and therefore
higher average arc voltage. However, the peak to peak voltages values 196 and 198

are still approximately equal.

[0057]  The first region 188 and the third region 192, on the other hand, represent
regions where there 1s not a valid peak to peak high frequency AC component that
may be utilized by the digital PWM controller. That 1s, the first region 188 and the
third region 192 may occur during dynamic changes in the output operating point of
the system, such as when the PWM duty cycle 1s operating near upper limit or lower
limit values or when the duty cycle has gone to zero and switching of the power

semiconductor 1n the chopper circuit 1s not occurring.

[0058] Embodiments of the presently disclosed digital controller may be
configured to measure the peak to peak high frequency AC component shown in the
second region 190 and the fourth region 194 to calculate an inductance value for the
output weld cable circuit based on the measured peak to peak component. As
described 1n detail above with respect to FIG. 6, the digital controller 1s configured to
sample and perform a digital conversion at the midpoint of the “OFF" portion for the
current feedback signal and the voltage feedback signal, among other signals.
Embodiments of the digital PWM controller may be further configured to perform an

additional sample and conversion of the unfiltered voltage waveform 186 at
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approximately the midpoint of the “OFF’ portion and an additional sample of the

waveform 186 at approximately the midpoint of the “ON’ portion of the waveform.

[0059]  Such samples of the unfiltered voltage waveform 186 may be acquired and
utilized by the digital controller for calculating cable inductance when the duty cycle
falls within a preset range and/or when the output current or voltage falls within a
preset range. In some embodiments, the digital controller may restrict sampling of the
unfiltered voltage waveform to regions of approximately constant average current or
voltage. As such, the digital controller may be configured to sample and calculate
cable inductance only during the second region 190 and the fourth region 194 and not
during the first region 188 and the third region 192 as shown in FIG. 10.
Furthermore, the digital controller may be configured to acquire such measurements
in appropriate pairs. That 1s, 1f the digital PWM controller detects that the duty cycle
falls within the preset range to measure the peak value of the AC component during
the “ON” portion, then a corresponding value will be acquired during the subsequent
“OFF” portion (e.g., at approximately the midpoint of the “OFF” portion). Such
acquired values may then be used by the digital controller to calculate a difference or

peak to peak value according to the equation:

(11) V_pk-pk = {Unfiltered_V(samplel:Peak value) — Unfiltered_V (sample2:

valley or minimum value) },

in which V_pk-pk 1s the calculated peak to peak value, which 1s equal to the first

sampled value minus the second sampled value.

[0060] The digital controller may be further configured to obtain additional
samples and calculations for the peak to peak value to obtain a running average or
smoothed value over a suitable period of time to reduce or eliminate the potential
effects of noise, erroneous samples, and so forth. Subsequently, the digital controller
may calculate or approximate the equivalent cable inductance (i.e., inductance of
inductor 146, L_cable) by utilizing the measured value for the voltage bus feedback or

any other suitable equivalent signal capable of providing information as to the

21



CA 02764355 2011-12-01
WO 2010/141435 PCT/US2010/036855

magnitude of the chopped DC voltage at the input to the inductor and the known

value of inductance for the internal power supply smoothing inductor 144:
(12) L_cable=L_144 * { (V_pk-pk) /(Vbus_teedback — V_pk-pk) }.

[0061] It should be noted that alternative methods of measuring the peak to peak
AC voltage at the output terminals of the power supply and utilizing such a
measurement to calculate or estimate weld cable inductance may be employed. For
example, the peak to peak AC voltage may be combined with a measured or estimated
bus voltage or peak to peak AC voltage to the input of inductor 144 to calculate or
estimate weld cable inductance. In one embodiment, an analog envelope or peak to
peak detection circuit may be utilized to provide a direct analog value representative
of the peak to peak voltage. Such a value may be utilized by the digital PWM
controller or by the weld controller or other suitable circuitry to calculate or estimate
weld cable inductance 146. Such methods may include steps to selectively utilize the
analog peak to peak value during certain periods, such as when the average output

current or voltage falls within a range and/or 1s at an approximately fixed value.

[0062] It should be noted that in some embodiments, the peak to peak voltage as
well as the estimated or calculated weld cable inductance value may be utilized by the
weld controller exclusively, by the digital PWM controller exclusively, by both the
weld controller and the digital PWM controller, or by other suitable circuitry. That 1s,
in some embodiments, the PWM controller may provide sufficient duty cycle control
by clamping the voltage feedback signal. In other embodiments, however, it may be
desirable to correct the feedback voltage signal that may be utilized by the digital
PWM controller by utilizing the calculated inductance value. In further embodiments,
the estimated or calculated weld cable inductance may be further refined or adjusted
by taking into account the resistance of the weld cable circuit and/or the impedance of

the welding arc.

[0063] The digital controller may be configured to utilize the calculated equivalent
cable inductance (L_cable) to correct or compensate the feedback voltage during the

welding operation. That 1s, referring to equation (9), V_L_cable may then be
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calculated by the digital controller by multiplying L._cable by the time rate of change
of output current. For example, the digital controller may utilize discrete output
current values, as measured once per switching cycle, combined with the period of the

switching waveform to calculate V_L._cable.

[0064] In further embodiments, the digital controller may use any other suitable
method for calculating V_L _cable. For example, in another embodiment, the
controller may use a look-up table, which provides an estimation of cable inductance
based on the measured peak to peak voltage feedback value. Additionally, in some
embodiments, once a value for cable inductance has been calculated by the digital
controller, such a value may be retained after a particular weld sequence has ended
and the arc has been extinguished. The retained value may then be used as an initial
value for the next weld sequence, thereby providing an initial start value for cable
inductance. Subsequent values for cable inductance may then be recalculated by the

digital controller as new data becomes available during the welding process.

[0065] In further embodiments, a look-up table may be used to provide a
correction factor for the feedback voltage rather than providing an inductance value.
Still further, the feedback voltage value (Vib_corrected) may be calculated according

to the following equation:
(13) Vib_corrected = Vib + K*L_cable*(Ifb — Iftb_previous)/At.

[0066] As such, the correction to the feedback voltage may be obtained via
addition of the first derivative of the current feedback with an appropriate gain value
based on measured cable inductance. The inductance value or voltage feedback
correction value determined by any of the disclosed methods may be communicated
to other circuits and controls via an analog or digital signal representative of the value
or a range of values. In some embodiments, the weld controller may use the
measured or calculated value of inductance 1n various ways to improve the welding
process control, such as for improving the detection of a short circuit by using a
corrected voltage tfeedback signal, modification of various weld process control

parameters or waveforms to compensate or correct for the weld cable inductance,
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alerting an operator via a user interface of a condition when the inductance 1s outside
of an acceptable range, or any other suitable way. Still further, in other embodiments,
the digital controller may be further configured to correct or compensate for the weld
cable resistance. As previously described with respect to FIG. 7, the weld cable
resistance will be exhibited as a DC or offset voltage drop 156 proportional to output
current 152. It should be noted that since the resistance value remains relatively
constant with changes in orientation or coiling of the weld cable, a resistance value
may be measured, calculated, estimated or input to the weld system. The resistance
value may then be utilized by the digital controller with the value of the output current
at any given time to correct for cable resistance. For example, relevant data, such as
total weld cable loop length and cable size, may be entered by an operator via a user

interface and used to estimate or calculate the cable resistance.

[0067] It should be noted that the digital PWM controller may be further
configured to provide a variety of additional features and benefits over traditional
analog controllers. For example, some welding processes, such as GTAW, utilize low
output currents as compared to other welding processes. Traditionally, the output
current of the welding power supply includes an average value corresponding to a
target output current command level and a peak to peak ripple value depending on this
average value, as discussed in detail above. For certain processes in which the
average output current 1s low, there exists the possibility that a lower limit value of
the current ripple becomes zero, and the output current 1s discontinuous. When such a
possibility 1s realized in a welding operation, an arc outage may occur. The digital
PWM controller may reduce or eliminate this possibility by allowing the switching
frequency to be modified based on the selected welding process and/or output current
level. For example, in a low current GTAW process, the switching frequency may be
increased by a factor of two or three times that of a higher current process to reduce
the peak to peak ripple component, thereby allowing for lower average output current
without achieving a discontinuous output current condition. Furthermore, the digital
PWM controller may be configured to allow the switching frequency of the power
semiconductor switch to be selectively reduced for certain welding processes or when

operating at certain output current levels. For example, at high output current levels
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or in welding processes such as FCAW or CAC, it may be desirable for the digital
controller to reduce the switching frequency of the semiconductor switches in order to

reduce switching losses.

[0068]  Still further, the digital PWM controller may be configured to set lower
limit and/or upper limit duty cycle ranges, which may be dependent on an operating
condition, such as the weld process, the output current level, or the voltage level. For
example, during a dynamic weld condition, it may be desirable to control the duty
cycle to a preset upper limit value (e.g., D_max = 0.9) to provide for fast dynamic
response of an output current or voltage. However, it may be desirable to limit the
duty cycle to a lower value (e.g., D_max = 0.5) for steady state operation, such that
the maximum continuous output of the welding power supply 1s limited to reduce

thermal stress on the power components.

[0069] Additionally, the digital controller may be configured to selectively skip
switching cycles based on a predetermined output current, a predetermined voltage
condition, or a selected weld process. For example, the digital controller may skip
one or more switching cycles during low current and voltages when the duty cycle
may be low enough to approach the gate drive propagation delay times, thus rendering
it difficult to accurately control the output. Alternately, the digital controller may
implement a control method where the pulse width (e.g., the “ON” portion) varies
according to the demands of the control system until the pulse width reaches a lower
limit value. Beyond this lower limit value, the digital controller may implement

frequency modulation.

[0070]  Furthermore, embodiments of the digital controller may be configured to
modify the duty cycle gain or coefficient terms (e.g., K1-K5) based on various
factors, such as weld cable inductance and/or resistance, arc impedance, the bus
voltage, and so forth, which may impact the overall control loop gain or response.
For example, the digital controller may modify the value of K4 or K5 based on the
calculated equivalent arc 1mpedance, a selected welding process, a target or

commanded output current level, and so forth. Indeed, the digital controller may
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modify various other factors or coefficients of a compensation function or control

loop system to improve the control loop for various operating conditions.

[0071] While only certain features of the invention have been illustrated and
described herein, many modifications and changes will occur to those skilled 1in the
art. It 1s, therefore, to be understood that the appended claims are intended to cover

all such modifications and changes as fall within the true spirit of the invention.
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CLAIMS:

1. A welding power supply, comprising:

power conversion circuitry comprising one or more power semiconductor
switches configured to receive power from a primary source and to switch the one or
more power semiconductor switches between an ON configuration and an OFF
configuration to convert the received power to a welding output; and

a controller configured to determine a weld cable inductance during a welding
operation by measuring a peak to peak switching ripple generated by the switching of

the power semiconductor switches in a voltage present on welding output terminals.

2. The welding power supply of claim 1, wherein the controller 1s further
configured to calculate a duty cycle term based on the measured peak to peak voltage

ripple to guide the switching of the one or more power semiconductor switches.

3. The welding power supply of claim 1, wherein the controller 1s further
configured to utilize the determined weld cable inductance to control one or more

parameters of the welding process.

4, The welding power supply of claim 1, wherein the controller 1s further
configured to communicate a parameter of the determined weld cable inductance to an

operator.

. The welding power supply of claim 1, wherein the controller is
configured to measure a voltage bus feedback level and to determine the weld cable
inductance based on the measured peak to peak voltage ripple and the measured

voltage bus feedback level.

0. The welding power supply of claim 1, wherein the controller 1s a pulse

width modulated (PW M) digital controller.
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7. The welding power supply of claim 1, wherein the controller 1s further
configured to determine the weld cable inductance based on a voltage bus feedback

value.

3. The welding power supply of claim 1, wherein the power conversion
circuiltry comprises a chopper circuit configured to utilize a line frequency
transformer to transtorm an AC line voltage to a welding voltage and a welding

current.

9. The welding power supply of claim 1, wherein the power conversion
circultry comprises an inverter type power supply that comprises at least one of a

forward circuit, a full bridge inverter, a half bridge inverter, and a flyback circuit.

10.  The welding power supply of claim 9, wherein the power conversion

circuitry further comprises a pre-regulator circuit.

11. The welding power supply of claim 1, wherein the controller is
configured to determine the weld cable inductance by comparing the measured peak

to peak voltage value to a lookup table.

12. A controller for a switched mode welding power supply contigured to:

measure a peak to peak switching ripple 1n a voltage present on welding
output terminals; and

determine a weld cable inductance during a welding operation based on the

measured peak to peak voltage ripple.

13. The controller of claim 12, configured to compute a duty cycle term
used to control switching of one or more power semiconductor switches based on at
least one of the measured peak to peak voltage ripple and the determined weld cable

inductance.
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14, The controller of claim 12, configured to utilize the determined weld

cable inductance to control one or more parameters of the welding process.

13. The controller of claim 12, further configured to communicate a

parameter of the determined weld cable inductance to an operator.

16. The controller of claim 12, further configured to correct a voltage
feedback signal for the effects of an induced voltage by utilizing the determined weld

cable inductance.

17. The controller of claim 12, wherein the switched mode welding power
supply comprises an inverter type power supply that comprises at least one of a

forward circuit, a full bridge inverter, a halt bridge inverter, and a tflyback circuit.

18. The controller of claim 17, wherein the inverter type power supply

further comprises a pre-regulator circuit.

19. The controller of claim 12, wherein the switched mode welding power
supply comprises a chopper circuit configured to utilize a line frequency transtormer

to transform an AC line voltage to a welding voltage and a welding current.

20. The controller of claim 12, wherein the controller 1s configured to
determine the weld cable inductance by comparing the measure peak to peak voltage

ripple to a lookup table.

21. A welding power supply, comprising:

power conversion circuitry comprising one or more power semiconductor
switches configured to receive power from a primary source and to switch the one or
more power semiconductor switches between an ON configuration and an OFF
configuration to convert the received power to a welding output; and

a pulse width modulated (PWM) digital controller configured to generate a

voltage feedback signal corrected for an induced voltage and to utilize the corrected

29



CA 02764355 2011-12-01
WO 2010/141435 PCT/US2010/036855

voltage feedback signal to set a duty cycle of the one or more power semiconductor

switches.

22. The welding power supply of claim 21, wherein the PWM digital
controller 1s configured to generate the corrected voltage teedback signal by

determining a weld cable inductance during a welding operation.

23. The welding power supply of claim 22, wherein the PWM digital
controller 1s configured to determine the weld cable inductance by measuring a peak
to peak switching ripple generated by the switching of the power semiconductor

switches 1n a voltage present on welding output terminals.

24. The welding power supply of claim 21, wherein the welding power
supply comprises an inverter type power supply that comprises at least one of a

forward circuit, a full bridge inverter, a half bridge inverter, and a flyback circuit.

23. The welding power supply of claim 24, wherein the power conversion

circuitry further comprises a pre-regulator circuit.

26. The welding power supply of claim 21, wherein the welding power
supply comprises a chopper circuit configured to utilize a line frequency transtormer
to transtorm an AC line voltage to a welding voltage and a welding current.

27. The welding power supply of claim 21, wherein the PWM digital
controller 1s configured to generate the corrected voltage feedback signal by adding a

voltage teedback signal to a first derivative of a current feedback signal.
28. The welding power supply of claim 21, wherein the PWM digital

controller 1s further configured to correct the duty cycle of the one or more power

semiconductor switches for a weld cable resistance.
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29. A method, comprising:

measuring a peak to peak switching ripple 1in a voltage present on welding
output terminals; and

determining, during a welding operation, a weld cable inductance based on the

measured peak to peak voltage ripple.

30.  The method of claim 29, further comprising utilizing the determined

weld cable inductance to control one or more parameters of the welding process.

31. The method of claim 29, further comprising communicating a

parameter of the determined weld cable inductance to an operator.

32. The method of claim 29, further comprising computing a duty cycle
term to control switching of one or more power semiconductor switches based on at
least one of the measured peak to peak voltage ripple and the determined weld cable

inductance.
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