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The proposed single-phase flexible AC/AC converter in an AC microgrid
controlled by the PWM method is presented and tested with a small capacity.
This converter uses a simple and small number of semiconductor switches and
passive elements to limit power loss and increase efficiency. It has higher
reliability, safety, and continuity of power supply in operation than traditional
AC/AC converters due to the power circuit structure of the converter. It has
the function of increasing or decreasing voltage when connecting to two
microgrids and can be directly connected to distributed energy sources in
microgrid systems with distributed power sources and loads. Besides, the
AC/AC converter can be connected to the storage system to improve
continuity and voltage stability for the grid. The performance of the proposed
converter is compared with existing similar converters. The paper presents the
analysis of simulation results by OrCAD with power values from 0.1-5 kW

Micro-grid operating procedures and experimental power with typical values in the range of 0.5-3.5 kW at

different scenarios of the converter.
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1. INTRODUCTION

A microgrid (MG) is a relatively small power grid system, a controllable grid consisting of one or
more generating units connected to nearby users that can be operated together with or independently of the
local (i.e. high voltage) transmission system, sometimes referred to as a “grid” [1]-[3]. Because energy is
generated near where it is used, microgrids are a form of distributed generation [4]. When the microgrid
operates in standalone mode, there are problems with nonlinear loads and power electronic converters that
change the parameters in the microgrid [5]. Microgrids also have the characteristics of fast and uneven load
distribution [6]. Reasons causing system instability include renewable energy sources (location, source
characteristics); reactive power demand; and nonlinear electrical equipment. These types lead to voltage
fluctuations, harmonics, and voltage dips/swells respectively. Several standards have been developed to
address and handle these problems [7], [8]. The root mean square (RMS) voltage drop of the distribution line
ranges from 90% to 10%, and the RMS voltage increases from 110% to 180% [9]. These problems can be
solved by proper monitoring and suitable compensation techniques [10].

AC-to-AC converters are more complex than AC-to-DC converters because AC conversion requires
changes in voltage, frequency, and bipolar voltage blocking capabilities, which often require complex device
topologies [11], [12]. The pulse width for the switch limits the input power value (200 W) resulting in low
experimental average efficiency [11], [12]. Another way to achieve AC/AC conversion is to use AC/DC and
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DC/AC through an intermediate DC link and improve renewable energy sources' energy efficiency [8], [13].
While operating at unity power factor, the bidirectional AC-DC/DC-AC converter will rectify the active power
transferred from the DC grid to the AC grid [14]. Converters in general and AC/AC converters in particular
play an important role in modern power electronics systems. These converters are highly efficient in controlling
AC RMS voltage and frequency in various applications [15], [16]. Power factor correction (PFC) is another
common use of AC/AC converters in power distribution systems, especially large industrial and commercial
applications [17], [18], where poor power factor leads to increased energy costs and possible penalties from
loads (businesses or factories). By regulating the reactive power delivered to the load, these converters can
reduce energy loss, maintain a power factor close to 1, and improve overall power quality [19], [20].
Uninterruptible power supply (UPS) converters ensure the efficient operation of sensitive electronic devices,
such as computers, servers, and medical equipment, in the event of power quality problems, by regulating the
RMS output voltage and frequency [21].

Block diagram of the system connecting AC microgrids using DC/DC, DC/AC, and AC/AC
converters to flexibly distribute the grid and optimize the efficiency of distributed energy sources as shown in
Figure 1. This paper proposes a flexible AC/AC converter with a simple structure and direct power transfer
connecting two AC microgrids. This converter performs energy transmission processes between two grids to
ensure voltage quality on the two grids, optimize operation, and improve the input efficiency of the converter
and the efficiency of energy use from distributed sources through priority loads according to the conditions
and regulations of Vietnam and the world [22]. The paper is structured as follows: i) Section 2 describes in
detail the working principle of the proposed structure; ii) Section 3 presents the simulation results with theory
to evaluate the converter performance; iii) Section 4 presents the experimental results to evaluate the converter
performance and the theoretical aspects, simulation, and typical references; and iv) Section 5 concludes and
summarizes the important achievements of the work in the paper.
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Figure 1. Block diagram of the AC microgrid connection system

2.  FLEXIBLE AC/AC CONVERTER

Figure 2 shows the principle of a proposed bidirectional AC/AC converter circuit based on Boost and
Buck. It consists of three power switches connected to a diode bridge to reduce voltage stress, two coils L1 and
L2, and two LC filters on both sides connected to two grids AC1 and AC2. The power circuit of the converter
represents the main switches in the circuit that perform the power conversion, the recovery circuit components
and the connection to the storage system are analyzed in more detail in section 2.2 of this section. Figure 3
shows the main waveforms of the AC/AC converter operation. A power switch is activated by a high-frequency
sinusoidal pulse width modulation (SPWM) during each half cycle of the input voltage. Each switching cycle
has two states, as shown in Figure 3. In the main waveform graph shows the full cycle of the alternating current
(2pi cycle). Control frequency for the electronic switches M1-Ma3.

2.1. Operating principle of the converter
In this proposed converter two bidirectional switches are used which are connected in Boost and Buck
form. Through the filter circuits, harmonic filtering of orders 3, 5, and 7 is performed. This converter converts
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energy directly from two AC power grids, so the geographical conditions of the two grids must also be close
to each other (distance 10-1000 m) [23], [24]. The switches are selected to suit the power range in the converter.
The conditions during the energy transfer between two microgrid ACs are as follows:

— Load conditions are preferential for customers from type 1 to type 3 according to Vietnam's regulations
[25]. In the AC microgrid, there are practical civil and domestic loads.

— The optimal grid-independent operating conditions using renewable energy sources: in two AC grids there
is a combination of renewable energy sources and storage systems.

— Level 1 priority is the loads in the 2 microgrids when the AC/AC unit proposes to connect.

— Grid-connected condition, using both load priority and AC microgrid renewable energy source working
independently. For example, if transmitted from AC1 to AC2 grid.

PloadACZ > PPV2 + Pwin2 + Psource—ACZ (1)

Where Ppy, is PV power capacity in the AC2 grid; P,,;,» is Win power capacity in AC2 grid; Psyyrce—aca
is a power source in the AC2 grid.
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Figure 2. Circuit diagram of the proposed converter principle
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Figure 3. Basic operating diagram of the proposed AC/AC converter
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In practice the Ppv and Pwin sources fluctuate instantaneously in a value that requires compensation
and energy consumption.

PloadACZ > PWL'nZ + Psource—ACZ (2)

Ppv stops generating electricity during off-peak hours, or when the bamboo is obscured by clouds.

PloadACZ > Psource—ACZ (3)

Ppv and Pwin sources do not generate energy.

2.1.1. Scenario one

The power transmitted from grid AC1 to AC2 in this scenario has the following modes:
a) Mode 1

Positive half cycle (0-pi), switches M1-M3 are controlled sequentially as cases: i) Switches M1 and
M2 are controlled together in a certain period of time according to the switching cycle as shown in Figure 4;
ii) In the time period t1-t2 in the switching cycle M1 is turned on, M2 and M3 are turned off as shown in
Figure 5; and iv) In the time period t2-t3 in the switching cycle M2 is turned on M1 and M3 are turned off as
shown in Figure 6.

In Figure 4, in this half cycle, the converter power circuit performs the energy transfer process with
the basic Boost circuit working principle. The power switches M1 and M2 are controlled at the same time.
The energy is mainly transmitted to the AC2 grid side, and a part is dispersed to some components in the power
circuit such as the coil side L1 and for Cac2. The lost energy is divided among the switching molecules M1,
M2, D2, D4, D5, and D7.

The output voltage expression at grid AC2 is: Based on Kirchhoff's voltage and current laws (KVL
and KCL), the instantaneous voltage and current of the inductor and capacitor are determined by (4) for the on
state of M1 and M2.

1 .
uMGZ = m\/ﬁ. VMGlslTla)t (V) (4)
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Figure 4. Status diagram of the converter operation when switches M1 and M2 are on at the same time
Figure 5 shows the operation of the converter circuit when only M1 is on. M1 has a control pulse to
open. The output voltage AC2 is equal to the voltage on capacitor Cac2 and is supplied with energy from Cca2.
Expression for the state: uyco = Ucqcz

Figure 6 describes the operation of the AC/AC power circuit when M2 is on, the energy of the AC2 grid is
supplied from the AC1 grid through molecules D5, M2, and D7 the voltage expression of the AC2 grid.

uMGZ = dZ\/E VMGlsinwt (V) (5)
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Figure 5. State diagram of converter operation when M1 is on
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Figure 6. State diagram of converter operation when M2 is on
b) Mode 2

Negative half cycle (n-2r), the switches M1-M3 are controlled sequentially as in the cases: i) M2 and
M3 are both controlled for a certain period of time according to the switching cycle as shown in Figure 7;
ii) during the time period t1-t2 in the switching cycle M3 is turned on in Figure 8, M1 and M2 are off; and
iii) during the time period t2-t3 in the switching cycle M2 is turned on M1 and M3 are off as shown in Figure 9.

Figure 7 describes in this half cycle; the converter power circuit performs the energy transfer process
with the basic Boost circuit working principle. The power switches M2 and M3 are controlled at the same time.
The energy is mainly transmitted to the AC2 grid side, and a part is dispersed to some components in the power
circuit such as the coil side L2. The lost energy is divided among the switching molecules M2, M3, D6, D8,
D9, and D11.

The output voltage expression at grid AC2 is: Based on Kirchhoff's voltage and current laws (KVL
and KCL), the instantaneous voltage and current of the inductor and capacitor are determined by (6) for the on
state of M1 and M2.

1 .
Upgz = 1_—(11\/5. VyeiSinwt (V) (6)

Figure 8 describes the operation of the AC/AC power circuit when M2 is on, the energy of the AC2 grid is
supplied from the AC1 grid through molecules D6, M2, and D8 the voltage expression of the AC2 grid.

uMGZ = dZ\/E VMGlsinwt (V) (7)

Figure 9 shows the operation of the converter circuit when only M3 is on, M3 has a control pulse to
open. The output voltage AC2 is equal to the voltage on L2 and on the M3. Energy is also charged to capacitor
Cac2. In this scenario of transmitting energy from grid AC1 to grid AC2, the converter can adjust the voltage
up or down to ensure that the output of the grid receives energy.
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Figure 7. Status diagram of the converter operation when switches M2 and M3 are on at the same time
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Figure 8. State diagram of converter operation when M2 switches are on (n-2m)
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Figure 9. State diagram of converter operation when M3 are on

2.1.2. Scenario two

Like scenario 1 AC2-AC1 grid energy, in this scenario, there are similar modes and converter
operations as AC1 to AC2 grid energy scenario with basic conditions. Grid-connected condition, using both
load priority and AC microgrid renewable energy source working independently.
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PloadACl > PPVl + Pwinl + Psource—ACl (8)

In practice, the Ppv and Pwin sources fluctuate instantaneously in a value that requires compensation
and energy consumption.

PloadACl > Pwinl + Psource—ACl (9)

Ppv stops generating electricity during off-peak hours, or when the bamboo is obscured by clouds.

PloadACl > Psource—ACl (10)

Ppv and Pwin sources do not generate energy.

2.2. Cases where integration into the proposed AC/AC converter is possible
2.2.1. Scenario three

Scenario 3 is two grids supply energy to the storage system when the load of grid AC1 and grid AC2
decreases or the power source of the two grids increases, leading to excess energy from the two grids. At this
time, the storage system is supplied (charged) with energy through AC/DC or AC/AC to AC/DC converters
connected at the node of pins D of switches M1 and M3 in the power circuit converter as shown in Figure 2.

2.2.2. Scenario four

Scenario 4 is two microgrids AC1 and AC2 provide enough power for the load, the AC/AC converter
does not operate, and the two grids work independently. In the power circuit, there must be two energy recovery
circuits Dphl and Cphl to limit the voltage stress on M1 and M3. This circuit is connected to the D pole of
M1 and M3 as shown in Figure 10. When the energy accumulated from the coils L1 and Cphl during the period
t1-t2 operates in the positive half cycle, the opening time of M1 ends at t2, the energy is transferred along the
path L1-D3-Dph1-AC2 grid and Cph1-AC2 grid. Like recovery circuit 2 (Dph2 and Cph2) when operating in
the negative half cycle. Figure 11 shows a recovery circuit solution to reduce the voltage stress on switches
M1 and M3 in the converter. This is a suitable solution for the power circuit when the voltage stress signal on
M1 is absent and there is a recovery circuit solution.

2.3. Proposed control mechanism for AC/AC converter

The control method in this converter is as follows: Adjust the voltage parameters. By adjusting the
pulse width according to the PWM [26] modulation method as shown in Figure 12. The measured feedback
signal is the voltage, frequency and phase angle parameters at the AC2 microgrid compared to the input signal
from the AC1 grid, thereby providing control signals for the switches M1, M2, and M3 with the DC switching
technology in the power circuit in Figure 2. Adjust the operating mode according to the power circuit design
of the AC/AC unit as shown in Figure 12. According to the four main operating scenarios of the converter,
there are six specific modes as analyzed above for scenario 1.
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Figure 10. Voltage stress reduces the recovery circuit on M1
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Figure 11. Circuit diagram comparing voltage values on M1 and M3 when there is a recovery circuit:
(a) voltage on M1 without recovery circuit Dphl & Cphl and (b) voltage on M1 when there is recovery
circuit Dphl & Cphl
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Figure 12. Block diagram of the overall control section of the AC/AC converter operation
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3. SIMULATION RESULTS

The waveform conversion will be affected by parameters such as parasitic components in electronic
elements; pulse width; values of passive elements in the power circuit; switching key, and switching frequency.
The simulation part with different parameters: control frequency; pulse width M1, M3, M2; and load power value.
Figures 13 and 14 show the input current and voltage signals (AC1 grid - corresponding to the I(ACmg1) and
V(Acmgl) probes) and the output (AC2 grid - corresponding to the I(Rload) and V(Rload) probes). The
average power measured at the input and output of the AC/AC converter is close to the value of 3-3.5 kW.

The output voltage amplitude value decreases by £8.7 V (THD = 3.9), when increasing the duty value
of M1 and M2 to 75%, the output voltage amplitude decreases within the value of +2.5 V (THD) as shown in
Figure 13. Thus, the THD parameter is within the allowable range and the pulse width can be adjusted
accordingly because if the pulse width of M1 or M2 or both M1 and M2 is increased, it will affect the efficiency
of the converter (it will reduce the efficiency) and the life of the switch. The current IEC standard is issued by
the International Technical Committee International Electrotechnical Commission published.
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Figure 13. The 3.5 kW, duty M1 and M3 = 10%, duty M2 = 60%, frequency for switch = 30 kHz
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Figure 14. The 3 kW, duty M1 and M3 = 10%, duty M2 = 60%, frequency for switch = 30 kHz
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Figure 15 shows the input and output voltage current signals of the converter, the average power value
with the input parameters of the AC/AC converter with a capacity of 2.5 kW. With this input parameter, the
converter operates well with a switching control frequency of 60 kHz. The output voltage amplitude value of
AC grid 2 is reduced compared to AC grid 1 by +6 V. From here, we can adjust the frequency value, and the
pulse width of the M1 and M2 switches to ensure that the voltage amplitude reaches the same value as the
single-phase AC grid.

Figure 16 shows the input and output voltage current signals of the converter, the average power value
with the input parameters of the AC/AC converter with a capacity of 2 kW. With this input parameter, the
converter operates well with a switching control frequency of 30 kHz, the pulse width of the switches varies
with the values M1 and M3 = 10%, M2 = 40%. The output voltage amplitude value of AC grid 2 is reduced
compared to AC grid 1 by +4 V. From here, we can adjust the frequency value, and the pulse width of the M1
and M2 switches to ensure that the voltage amplitude reaches the same value as the single-phase AC grid.
Figure 17 is like the case of the converter described in Figure 16. The input parameter adjusts the power with
a value of 1.5 kW. The basic output voltage and current form do not change in total harmonic distortion when
switching frequency and control pulse width M1 and M2 as shown in Figure 16.

200

-200

400

-400
3kW

1.5kW

SEL>>

40. 00ms 50. 00ms 60. 00ms 70. 00ms 80. 00ms 90. 00ms 99. 96ms
» AVG | (ACTg1)*V(ACmg1: +)) o AVQE | (R oad)* V(R oad: 2))

Ti me

Figure 15. Circuit power 2.5 kW, duty M1 and M3 = 10%, duty M2 = 60%, frequency for switch = 30 kHz
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Figure 16. Power 2 kW, duty M1 and M3 = 10%, duty M2 = 40%, frequency for switch = 30 kHz
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Figure 17. The 1.5 kW, duty M1 = 10%, duty M2 = 40%, frequency for switch = 30 kHz

Figure 18 shows the simulation results of the AC/AC converter with a load capacity on the AC2 grid
of 1 kW, the input parameters are unchanged compared to Figure 17 and Figure 16. The power value, current,
and voltage parameters are shown in Figure 18, Figure 19, and Figure 20 show different load cases on the AC2
grid from 100-500 W, the input and output parameters of the converter are described specifically in these
figures. The output voltage amplitude on the load is almost equal to the input voltage, and the total harmonics
of the output voltage signal are smaller than the cases working with higher power than the cases of 1.5-3 kW.
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Figure 18. The 1 kW, duty M1 = 10%, duty M2 = 40%, frequency for switch = 40 kHz
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Figure 19. The 0.5 kW, duty M1=10%, duty M2 = 40%, frequency for switch = 30 kHz
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Figure 20. The 0.1 kW, duty M1 = 10%, duty M2 = 40%, frequency for switch = 30 kHz

The simulation performance is shown in the graph of Figure 21(a). The implementation method is the
same as the case with different control frequencies of 5-100 kHz for electronic locks in the AC/AC converter.
In the case of the switching frequency for the M1-M3 switch being 5 kHz, the AC/AC converter has the highest
efficiency of 92.8% corresponding to the load capacity working at the AC2 grid of 100 W, the lowest efficiency
of 89.2% corresponding to the load capacity of 3 kW. Similarly, with different switching frequency values in
the increasing direction, the converter efficiency will increase gradually with the frequency value and the load
capacity decreases. The highest frequency of 100 kHz with a load of 100 W has the maximum efficiency during
the simulation of more than 96%. The low-frequency value of 30 kHz corresponds to the load capacity of
3 kW is 90.5%.

Figure 21(b) illustrates the influence of the control frequency on the harmonic distortion of the output
voltage of the AC/AC converter corresponding to the switching frequency values of the power electronic
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switch. The simulated power for the corresponding load value is 0.5-5 kW. In the simulation results, we see
that with a large load power value of 5 kW, the total harmonic value is large and with a larger switching
frequency, the total harmonic TDH (%) decreases.

In the specific analysis work, the pulse width ratio of M1 and M2 (d2/d1) will affect the energy in the
specific analysis work, the pulse width ratio of M1 and M2 (d1/d2) will affect the energy conversion process,
the value of the perfect component of the electronic power switches M1 and M2 in the scenario 1 of the
converter. When adjusting the value of d2/d1, we see that the smaller this ratio is, the higher the efficiency of
the converter in the simulation results is, such as 96.5% corresponding to d1/d2 = 0.25. And vice versa, if this
ratio is larger, the efficiency will decrease by 90.5% with d1/d2 = 4, as shown in Figure 22.
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Figure 21. Simulation results of (a) performance with load power parameters and control frequency of AC/AC
unit and (b) graph of the influence of control frequency and load on harmonic distortion of voltage THD
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Figure 22. Pulse width parameter ratio for M1 and M2

4, EXPERIMENTAL RESULTS

Figure 23(a) shows the system between two microgrids AC1 and AC2 transmitting energy from grid
AC1 to grid AC2. The converter shows two basic components: the power circuit and the control circuit. The
input and output circuit parameters, and control signals, are measured by multimeters, power, and oscilloscopes
described in Figure 23(a). The model is implemented in the design laboratory. The load of grid AC1 is a hair
dryer and a light bulb with a capacity ranging from 0.5-3.5 kW. Figure 23(b) shows the meter parameters for
the AC/AC converter when transmitting power from the AC1 to the AC2 grid, the voltage measurement
parameters at the AC1 grid, AC2 grid, and the power. For example, the load power is more than 1 kW with the
load at the AC2 grid.
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Table 1 shows the parameters of the power circuit elements of the converter, the measuring equipment
needs to measure the experimental parameters for calculation and testing. Figure 24 shows the voltage curve
on the power switches M1 shown in Figure 24(a) and M2 in Figure 24(b) operating in the circuit at scenario 1
with the load power at the AC2 microgrid being 1 kW. The M1 pulse width is 10% and the M2 pulse width is
80%, the switching frequency is 30 kHz.

The control signals for the switches M1 (yellow signal) and M2 (blue line signal) are shown in
Figure 25(a). Figure 25(b) shows the AC1 grid voltage (yellow) and the AC2 grid load voltage (blue). The
output voltage waveform has the amplitude of the single-phase AC grid voltage response. In Figure 26, the
input and output voltage signals of the AC/AC converter circuit with a power transmission capacity of 1 kW
as in Figure 26(a) and 1.5 W in Figure 26(b) are described. The yellow signal is the AC1 input voltage of the
converter, the blue signal is the output voltage of the converter and to the load and grid AC2.

g Vact Vac2
Oscilloscope Vin Vout Pin AC1  pout AC2

Control POWER LOAD

© SAd - (V=AY

Figure 23. Image depicting laboratory experiment (a) image of AC/AC converter in the laboratory and
(b) experimental measurement of the operating parameters of the proposed AC/AC converter

Table 1. Experimental parameters

Equipment Parameter Equipment Parameter
Oscilloscope 300 Mhz, 2 Channel Load3 Electric oven Comet CM6510, 1000 W
Voltage AC1 grid 220 VAC M1, M2, M3 IPW65R041CFD 650 V 68.5 A
Voltage AC2 grid 220 VAC D1- D12 IDW75E60, 75 A 600 V, fast switching diode
Power meter AV69Z  VAC =80-300 V, IF-ACmax =100 A Laci, Lac2 20 uH/50 A
Loadl Talon TH8623S — 2000 W Cact; Cacz 2.2 uF/1200 V (4xCB22 225 J 630 V)
Load2 Kettle — 1500 W L1, L2 50 mH/50 A
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Figure 24. Voltage graph on the switch: (a) switch M1 and (b) circuit switch M2
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Figure 25. Voltage graphs of (a) control pulse signals M1 and M2 in the AC/AC converter circuit and
(b) grid voltage form AC1 and AC2 with 0.5 kW transmission power
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Figure 26. AC1 and AC2 grid voltage graph with transmission power of (a) 1 kW and (b) 1.5 kW
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In Figures 27 and 28, the input and output voltage signals of the AC/AC converter circuit with a power
transmission capacity of 2 kW as shown in Figure 27(a), and 2.5 kW are shown in Figure 27(b). Figure 28(a) with
a power transmission capacity of 3 kW and Figure 28(b) is 3.5 kW. The yellow signal is the input voltage AC1
of the converter, the blue signal is the output voltage of the converter and to the load and grid AC2.
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Figure 28. Grid voltage graph AC1 and AC2 with transmission power (a) 3 kW and (b) 3.5 kW

The performance comparison of simulation, experimental, and reference results for the proposed
AC/AC converter is shown in Figure 29. The basic simulation values are shown by some ideal parameters such
as conductors, main switches (MOSFET) and auxiliary (diodes), and coils in the power circuit, while the
experimental part shows the actual values in the circuit with actual components and devices with some non-
ideal parameters, so there is an error between the two experimental and simulation parts, the average efficiency
of the converter is 0.5%. The experimental results of the proposed AC/AC converter show higher basic
efficiency than the literature [15] at power values from 0.5-3.5 kW. In the proposed converter, the basic solution
for the simple device power circuit has 3 main switches operating the conversion and transmitting energy in
two directions directly, leading to the control circuit will be simple for the management and operation of the
energy exchange process, the experimental conversion capacity is up to 3.5 kW [10], [11]. The voltage value
on the main switch is limited by the energy recovery circuit and current stabilization by two coils L1 and L2,
leading to reduced loss on the switch and increased efficiency in the converter.
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Figure 29. Comparison of converter performance with references

5. CONCLUSION

In this paper, an AC/AC converter that steps up or down the voltage to directly transfer energy
between two AC microgrids is proposed. The proposed converter uses a minimum number of main switches
and passive components to reduce the power loss of the converter and achieve high efficiency. It can be
operated by simple SPWM control and does not require soft-switching controls. It does not suffer from
switching and cross-over problems of the input source. Furthermore, it provides both constant input and output
current. A comparison of the performance of the proposed converter with existing similar converters is
presented. In addition, detailed circuit analysis, component design guidelines, and simulation results using the
OrCAD environment are also presented. A laboratory prototype was built and tested to validate the
performance of the converter and confirm the obtained results with measured and calculated values such as
96.3% efficiency at 0.5 kW and 90.8% efficiency at 3.5 kW. The system can connect to the storage system to
make the energy usage and energy storage between AC microgrids more flexible. Compared with the traditional
AC/AC converter, it has more reliability and flexibility in the operation of AC microgrids in the current power
system. Moreover, the pulse width value of the M1 and M3 switches works with a small value, so the efficiency
of the converter is improved.
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