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Abstract—A more stable grid is achieved by storage systems,
with Alternating Current (AC) microgrids providing more
continuous grid operation by supplying energy to electrical
loads from distributed energy sources and energy sources
from the old distribution grid. The article provides specific
content of a three-port converter that connects distributed
energy sources (renewable energy sources), storage systems
to the AC microgrid. The converter uses Direct Current (DC)
Sinusoidal Pulse-Width Modulation (SPWM) with the design
foundation of Direct Current/Direct Current (DC/DC)
energy converters such as H-bridge and Buck-Boost. It aims
to realize the operation of a microgrid system that provides
more continuous and stable power to the system when
operating independently and connected to the main grid. The
results of the whole project are verified by simulation and
experiment with the power value of 2-5.5kW achieving an
average efficiency of each case together close to 97% and are
compared with some reference documents.

Index Terms—Alternating Current/Alternating Current
(AC/AC) converter, Alternating Current (AC)/ Direct
Current (DC) converter, energy storage, bi-directional
converter, microgrid

I. INTRODUCTION

In the process of developing distributed energy sources,
as well as the load stability in microgrids and integration
into the main power grid [1, 2], the use of power electronic
converters has many advantages, such as increasing the
continuity of power supply of power to the distribution
grid, the ability to improve efficiency in the conversion
process, and combining components in the system with the
ability to intelligently integrate with the modern power
grid [3, 4]. Reducing emissions to the environment, saving
fossil energy by using electric vehicles [5], proposals to
increase the stability of the power system, and improving
the quality of power from self-generated microgrids
through power electronic converters connecting multiple
inputs and outputs such as [6-9]. Moreover, the
contributions of power electronic conversion technologies
for wireless power transmission have been continuously
improved for mobile loads such as electric vehicles and
mobile phones [10, 11] to save transmission lines and
make the connection of the power system safer and more
convenient.

The principle of Alternating Current/Alternating
Current (AC/AC) converters is implemented using
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electronic switching components that perform basic
control according to the sinusoidal pattern of the AC
source parameters [12], without the ability to increase the
voltage, and the output frequency is not flexibly adjusted.
The proposed studies on AC/AC converters, which apply
the principles of basic Direct Current/Direct Current
(DC/DC) converters [13, 14] wusing Pulse Width
Modulation (PWM) control method to increase and
decrease the output voltage, however, the energy
conversion is unidirectional, the conversion capacity is
limited, the basic components used are basic DC/DC
converter circuits, bidirectional converters are isolated as
electronic transformers [15] cannot be connected to the
storage system. Several studies on direct AC/AC
converters employing principles such as Boost and Buck
have achieved quite high efficiency with a negligible
reduction in the number of switching components;
however, these studies were only performed at low
power [16-20]. The AC/AC converter has two power
conversion structures, one straight conversion in one stage
AC/AC and two-stage AC/DC/AC conversion through an
intermediate stage generating DC energy, performing two
forms of rectification and inversion conversion, resulting
in the control being performed in two different processes,
without connecting the storage system for flexible
operation and optimal performance of the
converter [21, 22]. The DC intermediate stage uses a
stabilized capacitor bank, which is a problem that increases
the size and number of components for the converter [23].
The connection to a storage system to increase system
stability and shorten the conversion time, and the
continuity of power supply to the load by supercapacitors
and batteries in distributed power systems but using
multiple independent converters to perform operation [24].
Some applications use AC/AC power transmission
technology without a DC intermediate stage by power
electronics such as electronic transformers for
transmission for microgrids and main grid connection [25,
26], which limits operational flexibility and uninterrupted
power supply and inefficient use of distributed energy
resources.

This research introduces a single-stage AC/AC
converter designed for flexible bidirectional operation and
compact single-phase implementation with integrated
energy storage. A key objective is to minimize leakage
energy during the main switching process, thereby
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reducing switching losses, as illustrated in Fig. 1. The
converter utilizes two single AC switches and one switch
for the energy storage system, as shown in Fig. 2, which
simplifies both construction and control. An oscillator-
based control technique eliminates switching current and
precisely regulates resonant current. Additionally, this
work provides a comprehensive review of AC/AC
converter topologies, including AC choppers and systems
with or without integrated storage.
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Fig. 1. Block diagram of AC microgrid connection with renewable
energy source integrated with storage system.
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Fig. 2. Proposed AC/AC converter circuit with storage.

II. AC/AC-STORAGE CONVERTER

The proposed converter circuit is shown in Fig. 2. In this
converter, two main switches (S1 and S2) are used to
convert energy from wind power to the AC microgrid,
while eight auxiliary switches are implemented as diodes
D1-D8. Four additional switches (S3—S6) form an H-
bridge converter for the energy storage system. The soft-
switching components that perform energy recovery are
Sph and Dph, which are connected to the drain terminals
of the two main switches, as illustrated in Fig. 2. (The
figure shows a recovery circuit connected to switch S1; a
similar soft-recovery circuit is connected to switch S2.). In
this converter, the Dph and Cph energy recovery circuits
are used to connect the recovery energy to the energy
storage system during the energy conversion process. In
the simple connection circuit and multi-case operation to
create a continuous power supply for the AC microgrid
load, using the optimal energy for renewable energy
sources. Integrated converter for another AC microgrid.

The AC microgrid connected to the direct-conversion
power converter with an integrated storage system
operates under the following cases.
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Operating Mode 1 and Mode 2 of Case 1 are shown in
Fig. 3. In this case, energy is supplied only from the wind
power source to the AC grid when the energy storage
system is fully charged and the AC microgrid load
increases, requiring additional energy. The converter
works as a buck-boost DC converter. In Mode 1 of
operating Case 1, energy is transmitted directly from the
wind power source to the AC grid through the switch S1
and the diodes D1 and D4, the current through the coils L,
and L, in the time period equal to the opening time of S1
in the control cycle for S1 is d1 (duty cycle), in the power
circuit there is an integrated energy recovery circuit at the
drain pole of S1, S2. This circuit aims to reduce voltage
and current spikes across S1 and S2, thereby limiting
switching losses during the energy conversion process.
This mode converter is not linked to the storage system,
and the storage is not active. During the interval d; €
(0,m), corresponding to Mode 1, the main switch S1 is
turned on. The current flowing through switch S1 and
inductor L, is equal to the current in inductor L;.
Meanwhile, the main switch S2 is turned off, and the AC
microgrid is supplied by energy stored in capacitor Cgrid.
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Fig. 3. Operation modes of the proposed converter in Case 1:
1 and (b) Mode 2.

(a) Mode

During the time d> (duty cycle) of S2 is in (0-7) is Mode
2, d> is the delay time to turn on S2 after S1. In Mode 2
switches S1 and S2 turn on, diodes D1, D4, D5, and D8



International Journal of Electrical and Electronic Engineering and Telecommunications Vol. 15, No. 1, 2026

turn off, grid-connected capacitor Cgrid is charged, and
grid energy received from the wind power source. Mode 2
belongs to time period (0-7). Energy is transferred from
the wind power source to the AC microgrid load through
the switching process of the main switches and diodes. In
this converter, the control principle is used as a DC/DC
converter. During Mode 2, inductor L, continues to store
energy via switch S1 and diodes D1 and D4, transferring it
back to the wind power source as in Mode 1. Capacitor
Cgrid remains charged.

2| AC grid

control

The expression will determine less than or equal to the
time when there is no pulse of S1.

Mode 4: When S1 is locked, S2 is open, AC grid energy
is still supplied by Cgrid as shown in Fig. 4 (b), recovery
energy still charges Cph through D1 and Dph. Recovery
energy will charge the storage in a shorter time than the
time S1 is open in this mode. The converter operation
returns to Mode 2. The energy stored in inductor L is
supplied to the microgrid load through the main switch S2
and diodes D6 and D7.
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Fig. 4. Operation modes of the proposed converter in Case 1: (a) Mode
3, (b) Mode 4.

Mode 3: When S1 is turned off, S2 is turned off, energy
is supplied to capacitor Cph through D1 and Dph because
the voltage at cathode Dph is more positive than anode as
shown in Fig. 4 (a), the Sph switch does not operate in this
mode of Case 1. Grid energy is supplied by Cgrid.

This mode is performed during the time when there is
no pulse to S1 and is determined from a constant
depending on the value of capacitor Cph and the
parameters of diodes Dph and D1 as in the expression (1):
1
2nfsw 0

7 = (Rp1 + Rppn)Cph =

where 7 is the time constant for charging of capacitor Cph;
fsw 1s switching frequency of S1; Rp, is the internal
resistor when diode D1 conducts; and Rp,, is the internal
resistance of diode Dph when conducting current.
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Fig. 5. Operation modes of the proposed converter in Case 1: (a) Mode
5, (b) Mode 6.

Case 1 of the converter has the operating modes in the 0
to z period described in detail in Mode 1 to 4, the
operations have additional modes of the energy recovery
circuit Mode 3 and Mode 4. In addition, the converter has
modes similar to the 0 to 7 half-cycle operation, then the 7
to 27 half-cycle as described in Fig. 5 shows when the
main switches S1 and S2 change state and the switch S2
operates mainly with the recovery circuit connected to the
drain pole as the recovery circuit at switch S1 to voltage
stress limitation on switch S2. The leakage energy is also
performed as Modes 5 and Mode 6 as shown in Fig. 5 (a)
and Fig. 5 (b) by controlling the switch Sph. Besides,
together with the energy from the wind power source to the
load. The leakage energy of the coils L, and L, is calculated
as expressions (2), (3) and (4) suitable for selecting the
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parameters of Dph and Cph to ensure effective recovery
properties for the storage system and limit the loss on the
main switch S1 and S2.

NZTZ

Li= poptr —— )

where p, is the permeability of vacuum; p, is the relative
permeability of core material; N is the number of turns of
the inductor Li; r is the winding radius (m) of the inductor
Ly; and D is the ring diameter (m) of the inductor L.

1 .
VVleakage = 5L1><12(t) 3

where i is the current flowing through coil L; and switch
S1.
The leakage energy of coil L; depends on the switching
frequency variation current of switch S1.
di
VLl =-I i 4
The voltage on the storage system is selected to
calculate so that the value will be less than the impulse
voltage value when the switch S1 or S2 operates to change
the state from open to locked, which is 235VDC. This
reason is to give the condition to choose the storage system
and manage the connection to match the voltage and
current values of Bat to accumulate energy effectively
from distributed energy sources and recovery energy.
Input parameters in the simulation process by Orcad

software for the converter are shown as wind power source:

stable output voltage 220V, 50Hz; maximum output power
10kW; stable ideal wind speed. AC microgrid: Effective
voltage 220V, fluctuation +5V; load fluctuation in the
range of 2-6kW; power generated from the grid 2-5kW.
Storage system: charging and discharging fluctuation
power 2-5kW. The simulation graph of Mode 1 to Mode 4
in Case 1 is shown in Fig. 6. The current through S1
changes a lot during the positive half-cycle amplitude
period, and the change increases with the opening and
closing time value of the switch S1. It shows the transient
process in the energy conversion process that affects the
selection of the switch corresponding to the current. The
control switching frequency corresponds to 20kHz. The
current and voltage graphs from the wind power source
and the AC microgrid are basically stable and similar to a
sinusoid with a frequency of 50Hz. The transmitted energy
from the wind source has a value of more than 6kW. This
case can be performed in the opposite direction of
transmitting energy from the AC microgrid to the source
side if we replace the wind power source with an AC
microgrid. This converter can perform bidirectional
operation with the same principle.

Similar to the switching frequency control circuit as in
Mode 1 to Mode 4. The graph in Fig. 7 shows the current
and voltage values represented on switch S1 and
additionally shows the recovered energy value supplied to
the storage system. Mode 5 and Mode 6 of Case 1
represent the energy value recovered by the recovery
circuit Cph, Sph, which charges the storage system when
the main switch S1 switches from turned on to turned off.
The voltage on switch S1 is limited to a maximum
compared to the basic voltage fluctuations of the input
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source as shown in Fig. 7. In the converter when the energy
direction is transferred from the AC microgrid to the wind
power source when replaced by an AC microgrid, the
charge recovery circuit on the main switch S2 works as the
analysis modes on the recovery circuit connected to the
switch S1.
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Fig. 7. Simulation results of the proposed converter in Case 1 operated
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Case 2 describes the operation as shown in Fig. 8 (a),
the energy storage system receives energy from the
renewable energy source (wind) and the energy from
recovery circuit energy Dph, Cph during switching of key
S1. This energy is collected during energy conversion
operations. This recovery energy has a small value to
accumulate excess energy from the opening and closing
process with the energy of the inductor L;. The voltage
when the capacitor Cph is fully charged will be greater
than the voltage on the drain pole of S1, at this time the
energy is discharged to the storage system. The AC grid
energy is still supplied from the wind power source by the
same operation as Case 1.

The simulation results of Case 2 are shown in Fig. 8 (b)
with the current and voltage waveforms of the wind power
source and the AC grid. The input voltage signal of the
storage system with a simulated value of nearly 225VDC,
at this time the leakage energy accumulated in the Cph
capacitor is discharged to the storage system. And the
power values at the wind power sources, the AC microgrid
loads and the Bat storage system. When the storage system
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. 7.5KW

reaches the standard voltage and is fully stored, the Sph
recovery switch does not work, the S3-S6 switches do not
work. Energy is only supplied to the AC microgrid loads.
This is an undesirable operating mode because the energy s . NS REE
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source is stopped, and excess energy is available from the
distributed power sources in the microgrid. In this case, the
converter functions as a single-phase bridge rectifier. The
recovery circuit connected to the main switch S2 operates
during the switching interval, recovering the leakage
energy stored in inductor L, and reducing the voltage stress
across S2.

The energy is supplied by the main switch S2 and the
switches S3-S6 in the H-bridge. The converter is capable
of increasing the voltage value to 230VDC to meet the
ability to receive energy from the single-phase AC
microgrid. The charging process determines the power
value depending on the load power value, the power source,
and the storage system in the AC microgrid, as shown in
expression (5). Besides, the recovery circuit works and still
provides some power to the storage system as in case 4.

)

Fig. 10 (b) shows the operation graph of Case 4 with the
current and voltage values of the AC grid and the storage
system. The average voltage on the storage system is
225VDC, the voltage from the AC microgrid is 220VDC.
The transmission power has a simulated value of more than
4kW. In this simulation result, the current and voltage
quality between the input and output of the converter are
guaranteed with a control switching frequency of 20kHz.

As shown in Fig. 11, Case 5 represents the condition in
which energy from the wind source is used to charge the
storage system. This occurs when the AC grid load is fully
supported by internal distributed sources. In this
configuration, switch S1 and switches S3-S6 form a
rectifier, and the recovery circuit operates in the same
manner as in Case 1 (Mode 3 and Mode 4). The control
strategy includes a power point tracking algorithm for the
wind source, while the recovery circuit mitigates voltage
stress on switch S1.

The transmitted energy has a value of more than 8kW.
The current and voltage forms from the wind power source
and the storage system are shown in Fig. 11 (b). The
average voltage on the storage system is 225VDC, the
voltage and current are sinusoidal with a frequency of
50Hz, the effective value is 220V, and the energy
conversion quality is stable. The recovered energy also
partially recharges the storage system in this case.

The control technique proposed in the paper is the
sinusoidal PWM (SPWM) control. Fig. 12 shows the
control diagram implemented with 4 main cases in the
operation of the proposed converter. Case 1 and Case 2 are
controlled by the same control method. The remaining
Case 3 to Case 5 are different. Each control method is
shown in the block diagram by the PWM control method
for AC/AC bidirectional power conversion and SPWM for
DC/AC and AC/DC conversion, respectively, according to
the operating principle of the converter. In Case 1 and Case
2 the converter operates on the buck-boost converter
principle implemented with SPWM DC modulation, with
an integrated energy recovery circuit. During one cycle of
the alternating current. Voltage and power -current
feedback signals are taken from the AC microgrid inputs
and the DC storage system.

Psource AC grid > PAC_load + PAC_bat
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diagram and (b) simulation results.
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III. EXPERIMENTAL DISCUSSION

Fig. 13 illustrates the experimental prototype of the
AC/AC converter, showing the actual components used in
the AC microgrid and renewable energy systems.
Laboratory experiments were performed at power levels
ranging from 2.5 to 5.5 kW. The detailed input parameters
for the prototype are provided in Table I. These
experimental values were selected based on the theoretical
analysis and simulation results, ensuring consistency with
the simulated operating range.

The experimental values of voltage, current, and power
of the wind power source in the laboratory supply to the
AC microgrid load and the storage system with different
actual values from 1.2-5.4kW. The experimental system
in the process of adjusting the actual power value with the
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input parameters from Table I shows that the power only
reaches nearly 5.5kW during the energy conversion
process in each case as shown in Fig. 14 (a). The reason is
that the power of the switch does not meet the simulated
conversion capacity. As Fig. 14 (b) shows, the power of
the storage system is transmitted to the AC microgrid load.

TABLE I: EXPERIMENTAL PARAMETERS OF THE PROPOSED CONVERTER

Input parameters, equipment Value/code
Output voltage of wind power source 220VAC
Wind power source frequency 50Hz
Wind power source capacity 1-5,5kW
AC microgrid load 2-5kW
AC microgrid parameters 220VAC, 50Hz
Voltage on storage system 225VDC, 12Ah
Diodes SBR40U300CTB-13
Diode Dph SBR20A300CT
Switchs S1-S6 150EBU04
Coils L1, Lo 10pH, 10mH
Capacitor Cgrid 100uF

Fig. 13. Proposed AC/AC converter image, black frame shows AC grid,
purple frame shows wind power, red frame shows storage system, orange
frame shows converter, green frame shows controller, blue frame shows
AC grid load.
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Fig. 14. Experimental image of the converter in the laboratory: (a)
Measure the current, voltage and power parameters of the wind power
source and (b) measure the current, voltage and power of the storage
system.

50

Fig. 15 (a) shows the wind power source voltage
(yellow) with a sinusoidal shape with parameters meeting
the input parameters given in Table I and the AC microgrid
voltage (blue), as shown by the experimental signal having
some non-standard waveform segments corresponding to
the simulation results when the recovery circuit is not
working effectively leading to high oscillation of the
switching voltage on the switch affecting the quality of the
AC microgrid output voltage. Fig. 15 (b) the voltage on
switch S1 during SPWM modulation in Case 1 operation
of the proposed converter.
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Fig. 15. Actual signal shape at SkW load power, switching frequency for
20kHz switches in the Case 1: (a) voltage on the grid (blue) and wind
power source (yellow) and (b) voltage on switch S1.
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Fig. 16. Proposed converter performance comparison.

The calculated simulation results give the average
efficiency of each case in the converter, Case 1 to Case 5
is depicted in Fig. 16. The efficiency value in the power
range less than 2kW, the efficiency of the proposed
converter is larger than the efficiency of the converter
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in [17, 18] by more than 6%. For the value greater than
2kW, the efficiency value of the proposed converter
decreases gradually with each power value until 5kW, the
experimental efficiency is nearly 92%. This value
compared to the converter efficiency [19] is almost equal
to 92.3% with 1kW corresponding to the output power
value of the load at the AC microgrid and the storage
system.

IV. CONCLUSION

The experimental results of the proposed converter
demonstrate that it satisfies key practical requirements for
energy conversion in AC microgrids. It enables efficient
power transfer from distributed renewable energy sources
and storage systems, thereby reducing dependence on
fossil-fuel-based power generation. The converter ensures
high-quality power conversion for both storage systems
and microgrid loads at a capacity of 5.5 kW. Its structure
is simple, with a reduced number of components in the
power circuit, resulting in high efficiency, ease of control,
and improved system stability. Moreover, the converter’s
capacity can be expanded by parallel connection within the
microgrid when multiple distributed energy sources are
available. It can also interconnect two or more grids if
additional conversion ports, similar to those used for wind
power connections, are integrated into the circuit. Overall,
the proposed converter can be readily incorporated into
smart grid systems at regional or national scales.
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