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Bidirectional Electrical Signal Converter
CLAIM OF PRIORITY

[0001] This application claims priority to U.S. Provisional Application No. 61/880,649,
which is entitled “Bidirectional Electrical Signal Converter,” and was filed on September 20,

2013, the entire contents of which are hereby incorporated by reference herein.

TECHNICAL FIELD

[0002] The present description generally relates to electrical power conversion systems
including systems that convert direct current (DC) signals to alternating current (AC) signals

and convert AC signals to a DC signal in different operating modes.

BACKGROUND

[0003] Many devices that are operated with electrical power receive the power as either
alternating current (AC) or direct current (DC) electrical signals. As is known in the art,
electrical power is often delivered through a power grid as an AC signal using one or more
AC phases. Electrical rectifier circuits and other devices including switched-mode power
supplies are known to the art for the conversion of AC electrical signals to DC signals.
Additionally, inverter circuits are known to the art for the conversion of a DC signal to an

output AC signal.

[0004] Some clectrical power systems include multiple modes of operation that use both AC
and DC power signals. One example of such a system includes a battery in an energy
generation system. For example, wind turbines generate electrical power as an AC waveform.
The wind turbines supply some of the electrical power to an electrical utility grid in the form
of AC electrical signals, but some of the electrical power is stored in batteries for later use.
The electrical generation system includes rectifiers or other known systems to convert the AC
signals received from the wind turbines to DC signals in order to charge the batteries. At
another time, the batteries generate DC power that is converted back to AC through an
inverter. The prior art system requires separate circuits control systems to regulate both the
charging and discharging of the battery using both AC and DC power signals. While a battery
energy storage system is one example of an electrical system that utilizes both AC and DC

signals, many other electrical systems use AC and DC electrical signals in different operating
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modes. The complexity of separate electrical circuits that perform AC-to-DC and DC-to-AC
conversion increases the costs and decreases the reliability of electrical systems that utilize
both AC and DC electrical signals. Consequently, improvements to electrical circuits and
systems for the conversion from AC-to-DC and from DC-to-AC electrical signals would be

beneficial.

SUMMARY

[0005] In one embodiment, a bidirectional power converter has been developed. The power
converter includes a circuit with a first inductor-capacitor circuit, a second inductor-
capacitor circuit configured to be electrically connected to an alternating current (AC)
element and the first inductor-capacitor circuit, an electrical switching device electrically
connected to the first inductor-capacitor circuit and the second inductor-capacitor circuit, the
electrical switching device being configured to switch at a first predetermined frequency
corresponding to a frequency of an AC signal from the AC power source, a first switching
transistor electrically connected to the first inductor-capacitor circuit and configured to be
electrically connected to a direct current (DC) element, and a controller operatively
connected to the first switching transistor to operate the power converter in an AC-to-DC
mode. The controller is configured to identify a first error between a measured DC output
signal from the circuit that is applied to the DC element and a predetermined DC output
signal and adjust a first duty cycle of a first pulse width modulation (PWM) switching signal
to switch the first switching transistor at a second predetermined frequency with the first

adjusted duty cycle to reduce the identified error.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a circuit diagram of a bidirectional power converter that generates an AC
output signal from a DC input signal in one operating mode and generates a DC output signal

from an AC input signal in another operating mode.

[0007] FIG. 2 is a circuit diagram of the bidirectional power converter of FIG. 1 depicting a

controller for the bidirectional power converter in more detail.
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[0008] FIG. 3 is a circuit diagram of the bidirectional power converter of FIG. 2 that includes
an additional transformer and capacitor to isolate the DC load or source from the AC load or

source during operation of the power converter.

[0009] FIG. 4 is a schematic diagram of a control process for the circuits of FIG. 1 and FIG.
2 that limits a flow of electrical current to increase the efficiency of AC-to-DC or DC-to-AC

electrical conversion.

[0010] FIG. 5A is a diagram of a pulse width modulated (PWM) control signal that is
generated to control the operation of the circuits of FIG. 1 — FIG. 3.

[0011] FIG. 5B is a diagram of another PWM control signal that is generated to control the
operation of the circuits of FIG. 1 — FIG. 3.

[0012] FIG. 6 is a schematic diagram of the bidirectional power converter of FIG. 2 when

operating in a DC-to-AC inverter mode.

DETAILED DESCRIPTION

[0013] For a general understanding of the environment for the system and method disclosed
herein as well as the details for the system and method, reference is made to the drawings. In

the drawings, like reference numerals have been used throughout to designate like elements.

[0014] As used herein, the term “DC element” refers to a component that is electrically
connected to a power converter to either supply direct current (DC) electrical power to the
power converter or receive DC electrical power from the power converter. A DC element can
operate as either a source that supplies power to the power converter, a load that receives
power from the power converter, or as both a source and a load in different operating modes.
For example, a battery is a DC element that is a DC source when discharging to supply power
to a power converter and a DC load when recharging and receiving power from the power
converter. As used herein, the term “AC element” refers to a component that is electrically
connected to a power converter to either supply alternating current (AC) electrical power to
the power converter or receive AC electrical power from the power converter. An AC
element can operate as either a source that supplies power to the power converter, a load that

receives power from the power converter, or as both a source and a load in different operating
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modes. An example of an AC electrical element is a connection to a power grid that supplies
AC power to the power converter in one operating mode and receives AC power from the

power converter in another operating mode.

[0015] FIG. 1 depicts a bidirectional power converter 5. The power converter 5 includes a
high-frequency switching transistor 108, an inductor 112 and a capacitor 116, all of which
form a first inductor-capacitor (LC) circuit. The converter 5 also includes an electrical
switching device 130 that includes synchronous switching transistors 132 and 136, an
inductor 120 and a capacitor 124, all of which form a second LC circuit. In FIG. 1, an internal
resistance in the second LC circuit is modeled with the resistor 127. The power converter 5
further includes a second high-frequency switching transistor 164 and a controller 250 that is
configured to enable generation of a DC output signal from an AC input signal. In the
inverter operating mode, a DC element acts as a DC source for the power converter 5. In FIG.
1, the DC element is embodied as a battery 172 or other DC power source generates a DC

input signal, and power converter 5 generates an AC output signal.

[0016] In FIG. 1, the power converter 5 is electrically connected to an AC element 168 and
the battery 172. In the configuration of FIG. 1, the battery 172 acts as a DC load that receives
a DC electrical signal from the power converter 5. The AC element 168 acts as an AC source
to supply AC power to the power converter 5. The battery 172 is an illustrative example of a
DC load, and the power converter 5 is also suited to generate a DC output at a selected
voltage level to drive different DC loads using the AC input source 168. In the configuration
of FIG. 5, the high-frequency switching transistor 108 and the synchronized transistor 136 are
switched to an “off” state to effectively stop the flow of electricity through these transistors
as the power converter 5 operates in an AC-to-DC conversion mode. The synchronized
transistor 132 in the electrical switching device 130 switches on and off at the predetermined
frequency of the input frequency of the AC voltage source 168 (e.g. 50Hz or 60Hz) in phase
with the AC signal to enable the positive-voltage portions of the AC voltage waveform 168 to
be captured by the converter circuit 5 for use in generating a DC output signal while rejecting
the negative portions of the AC voltage signal. The high-frequency switching transistor 164
switches on and off at a predetermined frequency in a range of, for example, 2 KHz to 20
KHz. The controller 250 monitors a DC output signal from the power converter 5 that is
applied to the battery 172 and applies a pulse-width modulation (PWM) signal to adjust a
duty cycle of the high-frequency switching transistor 164 to maintain a predetermined voltage

or current level of the output DC signal.
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[0017] FIG. 2 depicts the power converter 5 of FIG. 1 and the controller 250 in more detail.
The controller 250 is implemented using at least one digital microprocessor, microcontroller,
application specific integrated circuit (ASIC), field programmable gate array (FPGA), digital
signal processor (DSP) or other suitable digital logic devices. The functional elements of the
controller 250 that are depicted in FIG. 2 can be implemented using a combination of
hardware and software components. During operation, the controller 250 receives signals
from one or more sensors including a voltage measurement sensor 278 that measures the
time-varying voltage level of the AC voltage source 168, a voltage measurement sensor 280
that measures a voltage differential between an output of the high-frequency switching
transistor 164 and the inductor 112, and a current measurement sensor 284 that measures a

level of DC current that flows into the battery 172.

[0018] The controller 250 includes a memory that stores a predetermined DC voltage signal
reference 264, such as a predetermined voltage level for the DC signal that charges the
battery 172 in FIG. 2. In one embodiment, the DC voltage signal reference module 264 is a
digital signal generator 264 that is configured to generate a digital representation of a selected
output signal. In other configurations, the digital signal generator 264 generates a time-
varying AC reference signal when the power converter 5 operates in a DC-to-AC inverter
mode. A signal generator module 260 generates a sawtooth signal at the predetermined
switching frequency of the high-frequency switching transistor 164, such as the 2 KHz to 20
KHz frequency range described above. A multiplication module 262 generates a scaled
output of the present time output of the sawtooth signal multiplied by the reference voltage
264. The reference voltage 264 is added to a time-delayed measured voltage level from a time
delay module 276 that receives the measured voltage level from the voltage sensor 280. A
difference module 266 subtracts the measured voltage level to the reference voltage level as
input to a proportional, integral, differential (PID) control module 258. The difference
module 266 generates a feedback error signal for the PID control module 258 corresponding

to the measured signal subtracted from the reference signal.

[0019] The PID control module 258 sets a control point threshold to adjust the duty cycle of
the high-frequency switching transistor 164 based on the measured voltage level of the DC
circuit and the predetermined set level. For example, in one configuration the PID control
module 258 raises the control point if the measured voltage drops below the predetermined
reference voltage level and lowers the control point if the measured voltage rises above the

predetermined reference voltage level. While FIG. 2 depicts a PID control module 258,
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alternative embodiments include different control logic including, but not limited to, PI,
adaptive, self-tuning, variable structure, sliding mode, optimal, robust, model predictive, and

any other suitable control logic.

[0020] In the controller 250, a relative comparator 256 generates a logical “1” when the
output of the multiplier 262 corresponding to the present-time value of the sawtooth signal
generator 260 is less than the control point from the PID control module 258. The output of
the relative comparator 256 and an output of another comparator 252 form inputs to a logical
NAND module that comprises the AND module 254 and NOT module 273 in the
embodiment of FIG. 2. The comparator 252 asserts a logical “1” when the output signal from
the AC voltage source 168 is a positive voltage. The logical NAND module asserts “1” only
when the respective outputs of the relative comparator 256 and the comparator 252 are
logical “1” and “0”, “0” and “1”, or “0” and “0”. Thus, the NAND module asserts “0” when
both the relative comparator 256 and comparator 252 assert a logical “1”. The AND module
272 generates a logical “1” to activate the high-frequency switching transistor 164 or a
logical “0” to deactivate the high-frequency switching transistor when the NAND module
asserts “1”” and when the measured current level to the battery 172 is below a predetermined

maximum reference current level, as described in more detail below.

[0021] The controller 250 also stores a predetermined maximum DC-load current 268 in the
memory. In FIG. 2 the battery charging reference voltage is 200V and the battery charging
current level reference is 10A. The controller 250 adjusts the duty cycle of the high-
frequency switching transistor 164 to maintain a DC charging signal at the reference voltage
level. If the current applied to the battery 172 exceeds the predetermined current level, then
the controller 250 switches off the high-frequency switching transistor 164 without regard to
the output of the PID control module 258 and the NAND module described above. In FIG. 2,
a time delay module 274 provides a time-delayed digital measurement from the current
measurement sensor 284, the relational operator module 270 generates a logical “1” when the
measured current is below the maximum current reference 268. The AND module 272
generates a “0” to switch off the transistor 164 whenever the measured current exceeds the
maximum current reference 268, and generates a “0” or a “1” based on the input from the
NAND module when the measured current level is below the maximum current reference

268.
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[0022] The controller 250 generates a signal to switch the synchronous transistor 132 using
an input from a voltage sensor 278 and the comparator 252 that generates a logical “1” when
the AC output voltage is positive. Additionally, an output of the relative comparator 256 and
the comparator 252 are inputs to an AND module 254 that asserts a high signal to activate the
synchronous transistor 132 only when the output of the AC signal generator 168 is positive
and when the present value of the sawtooth signal is below the control threshold that is set by
the PID control module 258.

[0023] As depicted in FIG. 5A and FIG. 5B, the sawtooth generator 328 generates a sawtooth
signal 502 at a predetermined frequency, such as a frequency in a range of 2 KHz to 20 KHz,
which switches the high-frequency switching transistor 108 on and off at the sawtooth
frequency. The frequency from the sawtooth generator 260 is substantially higher than the
frequency of the AC source 168 in the AC-to-DC mode or the output AC frequency in the
DC-to-AC mode operating mode. For example, in many embodiments the AC source 168
generates an AC power signal at a frequency of 50 Hz or 60 Hz corresponding to the AC
waveforms that are commonly used in many electric grids, or at a frequency of several
hundred Hz (e.g. 400 Hz) as is used in some electric generators and motors. The sawtooth
signal generator 328 generates the output signal for the high-frequency switching transistors
at substantially higher frequencies (e.g. 2 KHz to 20 KHz) to enable the controller 250 to
adjust the delivery of electrical power from the DC source 104 to the circuit 10 to track the
DC output from the reference signal generator 102 accurately. Thus, the transistors 108 and
164 are also referred to as a “high-frequency” switching transistors. The duty cycle refers to a
proportion of each cycle of the sawtooth signal for which the high-frequency switching
transistor 108 is activated or deactivated during operation of the power converter.

[0024] In FIG. 5A and FIG. 5B, the high-frequency switching transistor 108 or 164 is
switched on whenever the output level of the sawtooth waveform is less than a threshold of
the control signal level, and deactivated whenever the output level of the sawtooth waveform
exceeds the threshold of the control signal level. In FIG. 5A, the controller 250 sets a lower
control signal level threshold 506, and the comparator 256 switches the transistor 108 or 164
on during the periods 504, while the transistor 108 or 164 is switched off during the
remaining portions of each cycle of the sawtooth signal 502. In FIG. 5B, the controller 250
generates a higher control signal level threshold 510 for a higher corresponding duty cycle.
The comparator 224 switches on the transistor 108 for longer periods 508 during each cycle

of the sawtooth signal 502. As described in more detail below, the controller 250 increases
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and decreases the output threshold to adjust the duty cycle of the high-frequency switching
transistor 108 to maintain an output signal from the circuit 10 that corresponds to the
reference signal and adjusts for variations in the output of the DC source 104 and
characteristics of the load 127. In some embodiments, the controller 250 limits the maximum
threshold level for the control signal to a level that is lower than a 100% duty cycle where the
high-frequency transistor 108 or 164 remains in the switched-on state for the entire cycle of

the sawtooth signal generator 260.

[0025] Referring again to FIG. 1 and FIG. 2, the power converter circuit generates a DC
output signal from the positive portions of an AC input signal waveform. In another
configuration, the high-frequency switching transistor is electrically connected to a negative
terminal of the DC load 172 and the logic of the comparator 252 is reversed to enable the
generation of the DC signal from the negative portion of the AC input signal.

[0026] FIG. 3 depicts another embodiment of a power converter circuit 15. The power
converter circuit 15 is similar to the configuration of FIG. 1 and FIG. 2, but the circuit 15
includes a transformer 304 and capacitor 308. One side of the transformer 304 is electrically
connected to the LC circuit with the capacitor 116 and inductor 112, while the other side of
the transformer 304 is connected to the capacitor 308, the electrical switching device 130, and
the LC circuit with the capacitor 124 and inductor 120. The capacitor 308 is also electrically
connected to the inductor 120, high-frequency switching transistor 164, and the electrical
switching device 130. The transformer 304 provides isolation between the DC and AC sides
of the power converter circuit 15, which protects a DC load from power fluctuations or
electrical noise in an AC source, and protects an AC load from similar power fluctuations or
noise in a DC source. The bidirectional power converter circuit 15 operates in a DC-to-AC or

AC-to-DC mode in a similar manner to the embodiments of FIG. 1 and FIG. 2.

[0027] The configurations of the power converters in FIG. 1 — FIG. 3 can be used in
operating environments where the electrical voltage level of an AC source is less than the
drive voltage of a DC load. For example, in an automobile with regenerative braking, the
output of an AC generator in the brakes may be less than the DC voltage level that is used to
charge a battery in the vehicle. The bidirectional converter operates in a “boost” mode to
generate a higher DC voltage output than the voltage amplitude of an AC source. In another
“buck” configuration, the bidirectional converter generates an output that is less than the

voltage level of a DC or AC source.
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[0028] FIG. 4 depicts a schematic diagram 400 of an optional control strategy that is
incorporated with the circuits of FIG. 2 and FIG. 3 to limit the duty cycle of the first high-
frequency switching transistor 108 and the second high-frequency switching transistor 164 in
DC-to-AC or AC-to-DC operating modes, respectively. The control strategy depicted in FIG.
4 includes a binary input 404, conversion 408, pulse-wave generator 412 with a
predetermined duty cycle, minimum comparator 416, and an output 420. In the diagram 400,
a binary input 404 represents the on/off duty cycle output from the controller 250 that
switches the high-frequency transistors 108 or 164 on and off during operation. In the
embodiment of FIG. 4, a conversion block 408 converts the binary value (e.g. 0 or 1) into an
integer number, floating-point number, or other numeric format that is suitable for
comparison to an output of the pulse generator 412. The pulse generator 412 generates a time
varying output “pulse” or square-wave signal that has the same frequency as the control
signal input 404 and has a predetermined duty cycle where the square wave is in the “high”
state. For example, in one embodiment the pulse generator 412 generates numeric values
corresponding to an output signal with a 75% duty cycle. The minimum comparator 416
receives the inputs from the conversion unit 408 and the pulse generator 412. The minimum
comparator generates an output signal 420 with a duty cycle that corresponds to a minimum
of cither the original binary input 404 or the output of the pulse generator 412. Thus, when
the duty cycle of the binary input 404 is less than the predetermined duty cycle of the pulse
generator 412, the output signal 420 has the same duty cycle as the input 404. When the duty
cycle of the input 404 exceeds the duty cycle of the signal from the pulse generator 412, the

output signal 420 has the predetermined maximum duty cycle from the pulse generator 412.

[0029] The control strategy in the diagram 400 limits the level of current that is supplied to
the inductor 112, which improves the efficiency of conversion during periods when the high-
frequency switching transistor 164 operates with high duty-cycles. The controller 250 adjusts
the level of stored energy in the inductor based on the requirements of the load to improve the
efficiency of operation for the power converter. The inductor current is therefore decreased
which increases the power conversion efficiency. In a DC-to-AC inversion mode, the
discharge circuit operates the high-frequency switching transistor 108 at the required
(limited) duty cycle at rate of carrier frequency, and the transistors 132 and 136 in the
electrical switching device 130 at rate 60 Hz, or another output frequency of the AC signal, to
generate an output signal with the predetermined reference waveform. In an AC-to-DC

chopper mode, the control circuit enables the synchronization of the bidirectional AC-to-DC
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transistor 164 and the electrical switching device 130 with the carrier frequency of the AC
source 168 to build up the voltage level required for the DC load 172 to accept the DC
current. In the embodiments of FIG. 1 — FIG. 2, the DC charge has a voltage level that is
sufficient to charge the battery 172. The level is also controlled by the amount of current

being injected to the battery 172.

[0030] In the configurations of FIG. 1 — FIG. 3, the power converter 5 operates in an AC-to-
DC conversion mode where the DC element 172 is a DC power source and the AC element
168 is an AC load that receives an AC output power signal from the power converter 15. FIG.
6 depicts the power converter embodiments of FIG. 1 and FIG. 2 in a DC-to-AC inversion
operating mode. In the configuration of FIG. 6, the circuit also includes an AC clock signal
generator 604 and a signal inverter (NOT-gate) 608. The controller 250 is reconfigured with
the reference signal generator 264, another feedback unit delay circuit 275 that provides
feedback from the AC voltage sensor 278, the difference module 266, a hybrid
adaptive/proportional integral (PI) controller 259, and a comparator 256. During operation in
the DC-to-AC mode, the controller 250 generates a PWM control signal to switch the high-
frequency switching transistor 108 on and off with varying duty cycles while the high-
frequency switching transistor 164 remains switched off. Those of skill in the art will
recognize that the circuit of FIG. 6 can also be modified to incorporate the transformer 304
and capacitor 308 in the embodiment of FIG. 3 for operation in the DC-to-AC mode.

[0031] During operation in the DC-to-AC mode, the AC clock generator signal generator
604 generates a switching clock signal at a selected output frequency of the AC output signal
that the power converter 15 generates to drive the AC load element 168. In many instances
the AC output clock 604 operates at 50 Hz or 60 Hz for many loads that operate on utility
grid power, although the output clock 604 can generate output signals over a wide frequency
range for different AC signals. In the configuration of FIG. 6, the electrical switching device
130 uses both the transistors 132 and 136 in an inverted configuration to generate both
positive and negative portions of the AC output power signal.

[0032] In the configuration of FIG. 6, the output of the AC clock generator 604 switches the
transistor 132, and the inverter 608 generates a complementary signal from the clock
generator 604 to switch the transistor 136. Thus, the transistor 132 is switched on whenever
the transistor 136 is switched off, and vice versa. In the controller 250, the reference signal
generator 264 generates a digital representation of an output reference AC waveform that

should be provided to the AC load 168. Common examples of output waveforms include
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sinusoidal waveforms, although the power converter 15 can be configured to generate other
waveforms including, but not limited to, triangular, staircase, square, hyperbolic, and non-
uniform output waveforms. In the controller 250, the unit delay module 275 receives output
voltage measurements from the voltage sensor 278, applies a unit delay for feedback, and
generates an output signal for the difference module 266.

[0033] In the embodiment of FIG. 6, the controller 250 or the sensor 278 implements an
analog to digital converter (ADC) to generate a digital representation of the measured voltage
signal that is scaled to the digital representation of the reference signal generator 264. The
difference module 266 is connected to the outputs of the reference signal generator 264 and
the unit delay module 275. The difference module 266 generates an output corresponding to
the error (difference) between the reference output signal level and the measured output
signal. In the configuration of FIG. 6, the controller 250 implements a hybrid adaptive and
proportional-integral (PI) control module 259 that receives the error signal from the
difference module 266 and generates the control signal output that adjusts the duty cycle of
the PWM signal for the high-frequency switching transistor 108. In alternative embodiments,
the controller 259 is implemented using a PID controller, a PI controller, or any other suitable
controller implementation. The controller 250 uses the same sawtooth waveform generator
260 and comparator module 256 that is used in the AC-to-DC operating mode to generate a
PWM output signal with varying duty cycle levels to operate the high-frequency switching
transistor 108. During operation, the controller 250 continues to adjust the duty cycle of the
PWM output signal to reduce or eliminate errors between the output AC signal that drives the
AC load 168 compared to the reference AC output signal waveform.

[0034] While the embodiments have been illustrated and described in detail in the drawings
and foregoing description, the same should be considered as illustrative and not restrictive in
character. The reader should understand that only the preferred embodiments have been
presented and that all changes, modifications and further applications that come within the

spirit of the invention are desired to be protected as set forth in the following claims.
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What is claimed is:

1. A power converter comprising:
a circuit comprising:

a first inductor-capacitor circuit;

a second inductor-capacitor circuit configured to be electrically
connected to an alternating current (AC) element and the first inductor-
capacitor circuit;

an electrical switching device electrically connected to the first inductor-
capacitor circuit and the second inductor-capacitor circuit, the electrical
switching device being configured to switch at a first predetermined frequency
corresponding to a frequency of the AC element;

a first switching transistor electrically connected to the first inductor-
capacitor circuit and configured to be electrically connected to a direct current
(DC) element; and

a controller operatively connected to the first switching transistor to
operate the power converter in an AC-to-DC mode, the controller being
configured to:

identify a first error between a measured DC output signal from
the circuit that is applied to the DC element and a predetermined DC
output signal; and

adjust a first duty cycle of a first pulse width modulation (PWM)
switching signal to switch the first switching transistor at a second
predetermined frequency with the first adjusted duty cycle to reduce

the identified error.
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2. The power converter of claim 1 further comprising:
a transformer electrically connected to the first inductor-capacitor circuit and
the second inductor-capacitor circuit to electrically isolate the first inductor-capacitor

circuit and the second inductor-capacitor circuit.

3. The power converter of claim 1, the controller being further configured to:

adjust the first duty cycle of the first PWM switching signal to a predetermined
maximum duty cycle level in response to the adjusted duty cycle exceeding the
predetermined maximum duty cycle level, the predetermined maximum duty cycle

level being less than a 100% duty cycle.

4. The power converter of claim 1, the controller further comprising:
a difference module configured to generate an error signal
corresponding to a difference between the measured DC output signal and

the predetermined DC output signal;

a signal generator configure to generate a periodic signal at the second

predetermined frequency;

a comparator configured to receive the periodic signal from the signal
generator and a control signal to generate the first PWM switching signal to
switch the single switching transistor at the predetermined frequency with the
first duty cycle of the first PWM switching signal corresponding to a proportion
of the periodic signal that is below a level of a control signal from the

controller; and
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the controller being further configured to:

generate the control signal at a level between a minimum level and a
maximum level of the periodic signal from the signal generator to adjust the
first duty cycle of the first PWM switching signal with reference to the error

signal from the difference module.

5. The power converter of claim 4, the controller further comprising:
a proportional integral differential (P1D) control module configured to receive
the error signal from the difference module and generate the control signal for the

comparator with reference to the error signal.

6. The power converter of claim 4 wherein the signal generator is configured to

generate a sawtooth periodic signal at the second predetermined frequency.

7. The power converter of claim 1 wherein the second predetermined frequency is

greater than the first predetermined frequency.

8. The power converter of claim 7 wherein the second predetermine frequency is in a
range of approximately 2 KHz to 20 KHz and the first predetermined frequency is

approximately 60 Hz.

9. The power converter of claim 7 wherein the second predetermine frequency is in a
range of approximately 2 KHz to 20 KHz and the first predetermined frequency is

approximately 50 Hz.
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10. The power converter of claim 1, the circuit further comprising:
a second switching transistor electrically connected to the DC element and
the first LC circuit; and
the controller being operatively connected to the second switching transistor
to operate the power converter in a DC-to-AC mode, the controller being further
configured to:
identify a second error between a measured AC output signal from the
circuit that is applied to the AC element and a predetermined AC output signal
for the AC element; and
adjust second duty cycle of a second PWM switching signal to switch
the second switching transistor at the second predetermined frequency with

the second adjusted duty cycle to reduce the second error.

11. The power converter of claim 10, the controller being further configured to:
switch the second switching transistor off during the AC-to-DC operating
mode; and

switch the first switching transistor off during the DC-to-AC operating mode.

12. The power converter of claim 10, the controller further comprising:
a difference module configured to generate an error signal
corresponding to a difference between the measured AC output signal and

the predetermined AC output signal;

a signal generator configure to generate a periodic signal at the

predetermined frequency;
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a comparator configured to receive the periodic signal from the signal
generator and a control signal from the controller to generate the pulse-width
modulated (PWM) signal to switch the single switching transistor at the
predetermined frequency with the duty cycle of the PWM signal corresponding
to a proportion of the periodic signal that is below a level of a control signal

from the controller; and

the controller being operatively connected to the difference circuit and

the comparator, the controller being further configured to:

generate the control signal at a level between a minimum level and a
maximum level of the periodic signal from the signal generator to adjust the
duty cycle of the PWM signal with reference to the error signal from the

difference circuit.

13. The power converter of claim 12, the controller further comprising:
a hybrid adaptive proportional integral (PI) control module configured to
receive the error signal from the difference module and generate the control signal

for the comparator with reference to the error signal.

14. The power converter of claim 12 wherein the signal generator is configured to

generate a sawtooth periodic signal at the second predetermined frequency.

15. The power converter of claim 10 wherein the electrical switching device

essentially comprises two transistors.
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