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Bidirectional DC/AC converter for flexible distributed energy integration into AC microgrids

Introduction. This work focuses on the development of microgrids in remote areas, islands and regions frequently affected by natural
disasters, particularly in Vietnam and other island countries in Asia. Problem. The converters perform direct and isolated energy
conversion to AC or DC microgrids, which are distributed grids that integrate various distributed energy sources, including renewable
energy such as wind power, solar power and others. To enable the system to operate continuously providing stable power, improving the
efficiency and effectiveness of distributed power sources by providing a suitable circuit design to limit losses on the main switches and
the number of switches and passive components in the converter is minimal. The goal is to develop the internal structure of a boost DC
converter into a multi-port converter connected to the storage system and the AC microgrid under the condition of reducing the main
switching losses with the condition of intermittent charging of the storage system during the operating period of the solar power source.
Methodology. The study uses the switching adjustment method and modeling simulated to analyze the operating conditions adapted to
the application system. Results. Analytical expressions were derived for calculating currents, voltages, losses on components, main
switches, and conventional switches. The influence of storage circuit switching on reducing losses in the main switch is shown for the
operating cases. Scientific novelty. Using the developed simulation model, new expressions were derived that allow us to establish
operational dependencies that reveal the relationships between the parameters of the storage device’s switching components. These
dependencies determine the efficiency and performance of the operational function, meeting the requirements of the microgrid system.
Practical value. Enhance the efficiency of utilizing distributed energy sources and improve the conversion efficiency of flexible operation
converters for AC or DC microgrids in the power system. References 30, tables 2, figures 22.
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Bcmyn. Poboma npucesuena pospooyi Mikpomepexc y 6i00a1eHUX palloHax, Ha OCMpPOB8ax i 8 Pe2ioHax, 4acmo CXUTbHUX 00 CIMUXTIHUX X,
30Kkpema y B’emnami ma inwux ocmpienux kpainax Aszii. Ilpoonema. Ilepemeoprosaui 30iicHI0OmMb npsiMe ma i307b08aHe NepemeopeHHs
enepeii 6 AC abo DC mikpomepedici, SKi € po3nooineHUMU Mepexcami, wo inmezpyioms pisHi po3noodineni dxcepena enepeii, eKmouaroyu
8IOHOBIOBAHI Odicepena, Maki sAK Gimposa, coHAuHa enepeis mowo. [ia 3abe3neuenns 6e3nepepsnoi pobomu cucmemu ma cmabiibHO20
eNIeKMPONOCMAYAHHS HeOOXIOHO NIOSUUMU eeKMUBHICb PO3NOOLIEHUX 0JCepell eHepeii 3a PAXYHOK GIONOBIOHOT CXeMOMEXHIKU, o
obMmedxncye empamu Ha 20N06HUX NEPEMUKAYAX, A MAKOXMC MIHIMIZyeamu KilbKiCmb NepeMuxadie ma NACUSHUX KOMNOHEHMI8 Y
nepemsopiosaui. Mema nonszac 6 pospobyi enympiwneoi cmpykmypu nioguwyeansnoco DC nepemeopiosaua 6 Oacamonopmoguii
nepemsopiosay, niokmoueHuti 0o cucmemu Hakonuuenns enepeii i AC mikpomepenici, 3a yMo8U 3HUIICEHHS 6MPam HA 20T06HUX NEPeMUKAYAX |
nepiooudHol 3apaAOKU cucmemu HAKONUYEHHs eHepeii npomazoM nepiody pobomu CoHAYHO20 Odcepena eHepeli. Memooduka. Y pobomi
BUKOPUCTNOBYEMbCS. MEMOO Peyio8anis NePeMUKAHHA Ma MOOemo8ants Ol aHaai3y YMOG eKCHiyamayii, aoanmosanux 00 cucmemu
sacmocyeanns. Pezynemamu. Ompumani ananimuyni eupasu O PO3PAXYHKY CHIPYMIS, HANpYe, 6Mpam Hd KOMNOHEHMAx, 20106HUX md
36uNaliHUX nepemuKkayax. [Jis pisHux pedicumie pobomu NOKA3aHO GNIUE NEPeMUKAHHA Kl HAKONUYYBAYA HA 3HUJICEHHS 6MPAm )y 20106HOMY
sumukaui. Haykoea nosusna. 3a 0onomoeoio pospobnenoi imimayitinoi Mooeni ompumaHo HO8i eupasu, wjo O00360AI0Mb GCIMAHOSUMU
onepayiliii 3a1e2CHOCMI, SKI POIKPUSAIOMb 83AEMO38 A3KU MIJIC NAPAMEMPAMU KOMymayitiHux KOMNOHeHmie Hakonudysaya. Lli sanescnocmi
BUHAUAIOMb  eEKMUBHICIb MA  NPOOYKMUGHICIb  ONEPAYIIHO20  PEeNCUMY, W0 GIONOGIOAE BUMO2AM MIKPOMEPEICeE0l CUCMEMU.
Ilpakmuuna 3nauumicms. Iliosuwennsa eghpekmugHocmi GUKOPUCIAHHS PO3NOOINEHUX Odicepen eHepeii ma NoKpaweHHs Koegiyicnma
nepemsopenns eHyukux nepemsopiogayis onsi AC abo DC mixpomepedic 6 enepeocucmenmi. bion. 30, Tab. 2, puc. 22.

Kniouosi cnosa: ninsumysaabunii DC/DC neperBopioBay, 6aTapesi akymyJstopiB, noauii DC/DC mict, aBonanpaseni DC/DC i
DC/AC neperBoproBaui.

Introduction. A comprehensive overview of the
micro-AC grid multi-port converter topology has been
presented in [1-5]. In recent years, our society has caused
numerous negative environmental impacts through the
intensive use of traditional energy sources. In addition,
the deterioration of the distribution system and the
increasing demand for electrical energy has made this
concern evident. Although there have been many
promising developments in energy decentralization using
renewable energy sources in recent years [6]. The
increasing penetration of renewable energy sources into
the conventional AC grid may cause other problems such
as voltage and frequency instability [7].

To address these issues, concepts such as microgrids,
minigrids and smart grids for future distribution systems
have been researched and put into practice. The microgrid
concept was initially proposed in [8]. Its operating principle
involves aggregating multiple micropower sources and
loads into a system-like model that includes these
components and enables either stand-alone or grid-
connected operation [9]. Therefore, to optimize the grid
appropriately using both AC and DC hybrid systems in the
ongoing and future smart grid, typical hybrid microgrid
architecture is proposed to reduce the number of power
converters in standalone AC or DC systems and to promote
the interconnection of different AC and DC sources and

loads as a multi-energy system. In this architecture, power
routers aim to minimize losses in power distribution [10],
energy management for hybrid microgrids using
conventional transformers is an inflexible constraint for
operations [11-13]. In contrast to AC or DC power grids,
the control, system management and operation of hybrid
microgrids are more complex. This structure can provide
the following contents:

1) Hybrid microgrids can flexibly supply power loads
from both DC and AC subgrids, thus system reliability can
be improved by feasible alternative power sources [14].

2)Each DC source can be easily connected to the DC
line by simply adjusting the DC voltage to limit the
starting current.

3) System costs and losses are reduced because some
power conversion stages are eliminated for both DC
source and load components.

4) The system can be expanded more easily because
DC converters can be installed in parallel.

In hybrid renewable energy systems, components
such as unidirectional AC/DC converters are used to
connect sources to the grid, sources to stored energy, or to
perform a single operating function in one direction only.
Bidirectional converters handle one load and are capable
of connecting two AC and DC grids. DC/DC converters
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are employed for DC grids, and multi-output DC/DC
converters serve different loads [15—18], the literature has
some limitations in the existing multi-port converter
topologies, and further research is needed in this area.
Renewable energy-based power systems may use dual-
input single-output converters [19]. The solar power
system, which includes a DC/AC converter, has many
components that limit the conversion efficiency [20].
Similarly, portable devices also utilize dual-input single-
output converters [21]. For low input voltages
corresponding to renewable energy sources there is a
family of three-switched multi-input DC/DC converters
[22]. The DC/DC converter can work with low voltage
sources [23]. Dual-port, multi-output DC/DC converter
converts energy in one direction [24, 25]. Later, many
other topologies were derived from this basic series of
converters [26, 27]. Multi-input and multi-output
converters [28] are often used for hybridization between
renewable energy sources and electric vehicles for higher
efficiency, lower cost and higher reliability. With
different current, voltage characteristics are proposed in
the DC/DC converter [29] has many components that
destabilize the energy conversion. In this topology, the
voltage stress on the switch is reduced by increasing the
output voltage level.

The converter structure proposed in this work is
implemented in a system with a block diagram (Fig. 1).
This system can operate to meet different voltage
parameter requirements and integrate several distributed
power sources to handle changing loads. Sources can be
used independently or simultaneously with this structure
if connected in parallel with the DC line connected right
inside the DC/DC phase conversion converter with
simple, low-volume switching components.

AC grid Fig. 1. Schematic
diagram of a
microgrid system
using a DC/DC/AC

converter

DC/AC

The advantages of the proposed topology over the
topologies in the cited papers are:
e it can connect multiple input sources or a single
input source at the same time;
e it can power multiple loads with different voltage
levels;
¢ in addition to providing regulated output power to
the load, this converter can harvest maximum power from
input sources.
The goal is to develop the internal structure of a boost
DC converter into a multi-port converter connected to the
storage system and the AC microgrid under the condition of
reducing the main switching losses with the condition of
intermittent charging of the storage system during the
operating period of the solar power source. The new
topology assimilates multiple renewable energy sources and
powers multiple loads with different output levels. Energy is
converted in two directions for each stage and case,
according to the requirements of the source and load.
Proposed converter operating case. The proposed
converter is designed to provide an AC load output and to
receive input from the AC grid and a renewable energy
source, such as distributed energy, in each operating case.
This converter is developed by integrating boost converters,

buck-boost bidirectional converters, and H-bridges. Figure 2
shows the circuit diagram of this combination.
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Fig. 2. Proposed DC/DC/AC converter combining power source,
DC load, AC load, storage system and AC microgrid

The converter is linked by wind power or solar battery
in this paper using solar power, a storage system port
denoted by Bat (could be an electric vehicle-EV) and an
output load port is AC grid. Two independent inductors
with inductances L1 and L2 facilitate energy exchange in 2
basic boost converters, which include an electronic switch
M1 connected to a PV source. In this structure, it is possible
to add more energy sources to the circuit by connecting
additional boost circuits in parallel to the input point of the
energy storage circuit. Furthermore, L2 is connected to an
H-bridge circuit to enable bidirectional operation. The
converter is equipped with 6 power electronic switches: M1
and M2, as well as the switch group M3-M6. These
switches can be controlled independently, and each power
switch group can be adjusted based on the converter’s
operating conditions. The switches are the main elements
that convert energy from the inverter ports: PV sources,
storage systems, AC, DC loads and microgrids. M1 is
responsible for efficient energy conversion from a PV
power source. Diode D2 is responsible for maximum energy
transfer to AC and DC loads, M2 converts energy taken
from PV power source and AC grid.

To analyze the proposed
assumptions are made, as follows:

o all switches ideally conduct reverse blocking;
e all connected renewable energy sources are assumed
to supply DC voltages at their maximum power points.

The following are the possible cases that can be
described according to the different input and output
operations of this new converter. Each case of this
converter operating in a steady state will be analyzed
independently in the following sections.

*Case 1. In the first case of the converter shown in
Fig. 3, energy from solar renewable sources supplies power
to the storage system. Additionally, it can feed the DC load,
which is sourced from VCI1, as well as the loads at the AC
supply grid, including the AC source and other loads. The
accumulator system is charged during the conversion. The
converter is implemented based on the DC/DC circuit
principles of boost, buck, and H-bridge. A single-phase
H-bridge is connected to the AC supply grid. The H-bridge
circuit is connected to the AC grid via transformer T1, as
shown in Fig. 3. The circuit connected to the storage
system acts as a buffer circuit for the DC/DC converter at
the key switch M1, helping to consume the leakage energy
of the coil L1. The voltage to the DC/AC converter is
limited by the voltage on the Bat storage system:

U =U

converter, certain

— (M
P-4,

Upar =Uc1d> 2
where d,, d, are the duty cycle of M1 and M2 respectively;
Uq, is the output voltage of DC/DC converter stage.
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Fig. 3. Schematic diagram in case 1

This mode of operation can be applied when
multiple distributed energy sources are available, and
maximum power can be obtained with the addition of
Boost converters. In addition to boosting the power to the
load, the excess energy can be stored for later use. When
the Bat is charging in this mode and M2 will control the
Bat charging voltage and will close when the Bat is fully
charged, or the input voltage increases to a certain value.
The transfer of energy from the source to the load
depends on the control strategy used to generate gate
signals that control the input and output switches. This
strategy is based on the availability of the input source,
the load conditions, and the status of storage devices.

The voltage across the main switches M1 and M2 is:

U
Up =Upp +—2—; 3
=Yy €)
Upp=—L—Ugpy - 4
M2 =97~ Vba 4)

Current M1 is expressed as:
(u,, —uy)d
pv M1)41 + io ) (5)
L1
where i is the initial operating current of the converter.
When M2 has d, operating to conduct current, the
current through switch M2 is:
i =ip1—icy- (6)
Conduction loss power is:

M1 =

2
Peonamosrer =Ups _m1-Ipsmi +rm1 - Ips i+

. 2 )
~+Ups m6ips m6+"m1 IDs me>
where Upy is the junction voltage when the MOSFET
switch is turn-on; Ipg is the drain-to-source current of the
MOSFET.
Power loss during switching is:

Plossisw = fow Wop + Woﬁ’) > (®)
where W,,, W, are the energy dissipation during turn-on
and turn-off times, respectively [30]; f;, is the switching
frequency of switches M1 and M2.

Conduction loss power of diode D1 is:

Boss p1="Ssw VD1 Ip1> €))
where Vp,, Ip; are the voltage, current of D1 during the

time for current to pass.
Power losses of LC component in the converter are:

2

Pri=Rpy 1 1ms s (10)
2

Pro=Rpo - I1opmss (11)
2

PCI :RCI 'ICIVms > (12)

where R, R;», Ry are the internal resistances of coils L1,
L2, C1; 1}y, s 132ms» 121,msare the effective currents
through coils L1, L2, C1.

Total power loss in the converter in case 1 is:
Ploss _casel = F condMOSFET + Ploss _sw +

13)
+Poss p1+PL1 +Pro + Py

In which d; and d, are the opening times of M1 and
M2, respectively, and they have different values to ensure
that the output voltage of bridge H is stable. As a result,
the opening time of M2 (d,) is delayed compared to that
of M1 (d)). As expression (1) we see an advantage of this
circuit is that the opening time of the locks is always less
than 1/2 of the working cycle of the converter.

Bat is charged with current when the switch M2 is
active and if the PV source voltage is less than Bat
voltage then the PV supply diagram is considered to be
inactive. This is also a value to set the working threshold
for the PV source to supply to the load.

*Case 2. Figure 4 shows the schematic diagram for
case 2. The required AC and DC load power is supplied
so that the storage system will temporarily suspend the
charging state. The charging circuit of lock M2 does not
operate. Due to many reasons such as the energy from the
PV source not being enough to meet the load (cloudy
weather), the AC and DC load increasing, or the storage
system is fully charged. The converter operates according
to the DC/DC boost circuit principle combined with the
H-bridge. The switches M1 and M3-M6 work on the
DC/DC boost converter and the DC/AC H-bridge circuit
(converting energy to the AC grid).

L1 D1

| MJ d
-1 PV solar _4 H Cr

=0
Fig. 4. Schematic diagram in case 2

*Case 3. In case 3 (Fig. 5) AC and DC loads are
supplied from PV power source and storage system. In
this case, PV power source reduces capacity, the load
increases, and the AC grid is at a high load time, so the
storage system generates additional energy to supply the
load. At this time, the circuit has M1 active, D2 active,
and M3-M6 active.

L1 D
~n Dt
C

]
.| PV solar [
H

*Case 4. Case 4 operations (Fig. 6) the Bat storage
source energy supplies the load and the AC grid, the
switch M1 is not working, the PV energy source is not
working because of the weather at night. M2 is not
working, and the energy is transmitted through D2 and L2
to the H-bridge circuit. In this case, the microgrid load is
used under priority conditions because of the limited
energy source from the storage system.

T

< .
Fig. 5. Schematic diagram in case 3
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Fig. 6. Schematic diagram in case 4

*Case 5. Case 5 operations (Fig. 7) excess solar
energy is supplied to the DC load. Meanwhile, the AC
load receives sufficient and surplus energy from the AC
grid. As a result, the energy from PV sources and the AC
grid becomes redundant, leading to the accumulation
system being charged from both sources. This case arises
when distributed energy sources are built locally close to
each other in an area. The circuit operates in this case as
follows: M1, M2 and M3-M6 operate according to the
Boost principle and H-bridge circuit.

AC grid

L1 D1
AN ™)

o N
T e
ijv solar T.iq aT — P2

Fig. 7. Schematic diagram in case 5

*Case 6. This case of the converter system assumes
that the AC grid power source is sufficient and has
surplus power to supply the AC load, leading to the
converter operating independently of the AC grid. The PV
power source supplies Bat storage and the DC load if any.
The converter operates as a DC/DC boost in which M1
and M2 are active, and the H-bridge circuit is inactive.
The PV power is always used thoroughly and efficiently.
The operation of case 6 is depicted in Fig. 8.

“
MIJ M2
— D2
dpvsor  fiy CF —

Fig. 8. Schematic diagram in case 6

*Case 7. Figure 9 describes this case of the converter
assuming that renewable energy sources stop producing
energy (wind sources need to stop operating or maintenance
due to natural disasters or weather, solar energy sources at
night). In addition, the load-side energy source connected to
the AC grid system is connected to another source of energy
with excess energy; then the energy is converted from the
AC grid to the DC load and the Bat storage system through
M3-M6 and M2 locks in operation.
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Fig. 9. Schematic diagram in case 7

In the seven working cases, case 1, case 3 and case 5,
the main switches M1, M2, and the common switch
H-bridge in the proposed converter perform full operation.
These cases all demonstrate the loss limitation process for
the main switch M1 when there is a storage connection
circuit. The stress voltage on switch M1 is limited to a
maximum of the rated voltage on the battery. The regulating
switches in the converter play a crucial role in managing
operations for real-world scenarios. They account for the
requirements of each load and the capacity of the regulating
sources, ensuring the optimal use of renewable energy from
the AC microgrid and PV distributed sources connected to
the storage system. The flexible DC/DC/AC converter
proposed has the following highlights:

1. There are 7 cases to convert energy to optimize electric
energy from renewable energy sources, storage systems, and
energy sources from the grid. Flexibly adjust sources and
loads according to the priority conditions of the load
(electricity customers). Increase the stability of the
continuous power supply for the load (when there is a power
outage due to incidents or natural disasters). For converters
[1-5], which only perform certain functions for identifying
the maximum point of the distributed energy source supplied
to the load, the load depends on the capacity of the source or
storage system. Additionally, the system does not utilize
coordination from energy sources in the AC microgrid.

2.In the principal circuit, multiple sources can be
connected by placing the connection structures in parallel
with the connection point of capacitor C1 (Fig. 2). This
method allows for many distributed input sources to pass
through the proposed converter without altering its internal
structure. However, this approach may complicate the
control system. In contrast, converters described in [26, 27]
are limited to only one or two input sources.

3. The converter limits the stress voltage on the switch
M1 when adjusting the charging mode for the appropriate
storage system when the right time the switch Ml
changes state from open to closed, the switch M2 opens
for a period of time shorter than the closing time of the
switch M1 to dissipate the leakage energy of the coil L1.

Control engineering. In this converter, there are
6 electronic switches to control with the cases analyzed in
the above section described as Fig. 10 using the PWM
technique for main switches M1, M2 and SPWM for the

H-bridge.
o
Fig. 10. Control
FB1 block diagram for
FB2 Control mixed-source
FB3 DC/DC/AC
FB4 converter

M4,
M5

Each case of control mode will be implemented
differently with the goal that the output voltage connected
to the H-bridge circuit of the converter is almost stable and
finds the largest power points from renewable energy
sources and storage systems. Therefore, the control circuit
has current and voltage feedback loops and uses the
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maximum power point finding method for the converter.
From specific terminals such as current and voltage on Bat;
current and voltage on AC and DC loads; current and
voltage on PV source and AC grid to determine the energy
status of the terminals connected to the converter. From
those parameters to give control commands according to
the operating cases of the converter in accordance with the
goal of optimal use of energy from the PV source.

*Case 1 — PV supplies energy to Bat, AC, DC loads,
and AC grid. The control mode for this case has the
following basic components and requirements for the
control circuit:

I)Implement the algorithm to find the maximum
power point for the 2 mixed energy sources;

2) Adjust the output voltage to stabilize the load or
connect to the AC grid and DC grid;

3)Implement the charging mode control for Bat.
Switches M1 and M2 perform control using a PWM
control technique along with controlling switches M3-M6
according to the feedback signal from the storage system
and the AC microgrid output current and voltage to
perform appropriate control.

*Case 2 — PV supplies energy to AC grid, DC and
AC loads. In the converter, the energy feedback signal on
the Bat is full or needs to supply power to the AC or DC
load, leading to the control circuit for the charging circuit
for the Bat not working and stopping charging from the
renewable energy source and only supplying power to the
AC grid through the H-bridge DC/AC converter. Pulse
width modulation for the switch M1 is calculated as the
formula in the basic boost converter so that the voltage to
the H-circuit is stable.

*Case 3 — PV and Bat supply power to AC, DC
loads, and AC grid. This mode is intended for the power
source to the AC grid and DC load to be supplied from
PV and Bat solar power. The feedback signal from the
feedback loops confirms to modulate the pulse width for
the electronic switch M1, M3-M6 is calculated as the
formula in the basic boost converter and H-bridge.

*Case 4 — Bat supplies power to AC grid. This mode
is intended for the power source to the AC grid to be
supported from the Bat source when it is dark, and the PV
renewable source is no longer generating electricity.
There is essentially an independent DC/AC conversion
circuit from Bat to the AC load. The feedback signal is
confirmed to be sent back to control the M3—M6 switches
to operate as a DC/AC circuit.

*Case 5 — PV energy and AC grid supply the AC and
DC storage and load systems together. At this time, PV
energy generates well (DC load decreases), AC grid has
excess energy (AC load decreases). There are essentially
2 DC/DC and AC/DC conversion circuits. Feedback
signals from the feedback loops make control decisions
for the M1, M2, and M3-M6 switches according to the
corresponding principle as the circuit above.

*Case 6 — PV source supplies energy to Bat.
Converter works independently of the AC grid, the AC
load demand is fully supplied from the AC grid. Besides,
the PV source is still generating electricity, the Bat is not
fully charged yet. The control signal will command M1
and M2 to operate.

*Case 7 — AC grid supplies power to Bat. This mode
is intended to supply power to Bat from the AC grid when
there are no renewable energy sources. This situation will
arise when Bat is fully discharged or under-powered.
Control signal for switches M2 and M3-M6 AC/DC
H-bridge circuit.

Simulation results. The proposed converter model
discussed above is simulated using Orcad software
corresponding to the operating cases. The simulation model
is based on the actual operating situation of the system
when the converter is connected and to verify the analytical
results obtained in this section. The parameters used for
simulation study are predetermined and are presented in
Table 1. The input voltage corresponds to the voltage level
of small renewable energy sources such as solar panels,
fuel cells and small wind turbines. The output voltage is
designed to power low power electronic devices, and the
output voltage is designed to charge a 200 V Bat storage
battery. The performance of the converter under different
operating conditions in open-loop and closed-loop systems
is evaluated and discussed in this section.

Table 1
System parameters for simulation studies
Parameter Value

PV source voltage, V 75-180
Battery voltage, VDC 200
AC grid, AC load 220V, 50 Hz
DC load, V 250
Inductance L1, L2, uH 10
Load capacitance, puF 10
Electronic switch MOSFET
DC/DC switching frequency, kHz 50
DC/AC switching frequency, kHz 30

Simulation for case 1. The simulation model for the
converter is shown in Fig. 2. In this model, the input source
varies with the environmental changes, so in addition to
supplying power to the load, additional power is stored.

The proposed inverter operating mode involves
3 components, i.e., PV source, Bat and AC, DC load. This
mode will operate during the day when PV source is
good. The aim of this mode is to utilize maximum power
from PV and can connect a wind source to supply power
to AC load and storage. This objective needs to be
achieved while ensuring maximum power point tracking
of PV source.

Figure 11,a shows the reverse breakdown voltage
value of 240 V for the M1 and M2 switches at the
V(M1:2) probe, from which we can get the parameter
value to select the appropriate electronic switch for the
circuit. In the M1 voltage graph, an image of the parasitic
parameter of the MOSFET is seen during the off period,
this effect increases the actual loss of the MOSFET. The
output voltage of the load is close to 250-400 VDC at the
V(L2) probe. Current through the components L1, M1,
M2 in Fig. 11,a, the current values through the inductance
components L1 at the PV power source.

Figure 11,b shows the total power values at the
sources and the loads in the whole system. We can see the
sources at the loads, including the 2™ and 3™ measuring
terminals. From the values, we can simply calculate the
efficiency of the conversion system in this case when
changing the input power value.
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Fig. 11. Graph during case 1 operation:
a — current and voltage diagrams of the elements in the circuit;

b — active power of PV input and AC load

Simulation for case 2. This case involves
2 components — PV source and AC load. From Fig. 12,a
it is observed that the reverse voltage on M1 is the same
as in case 1, but the load decreases due to no power
supply to Bat, so it is necessary to adjust the control pulse
width for M1 to decrease. Figure 12,a results of
measuring the current value through the load and through
the M1, L1 switches compared to scenario 1. Figure 12,h
shows the power value of two PV source components and
AC load. The energy part at the load value is determined by
the PV input voltage parameter of 75 V.
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Fig. 12. a — current and voltage diagrams of the elements in the
circuit; b — active power of PV input and AC load in case 2

Simulation for case 3. This mode is active when the
battery is fully charged as well as when the PV still gets
enough light to produce electricity. The purpose is to
supplement the energy from storage to the load at AC and
DC. From Fig. 13,a we have the simulation diagram of
the conversion system in this case, this implies that the
control for this mode is active, and it is verified.

Figure 13,b shows the power measurement results of
3 components in the power supply circuit of the Bat
power supply.
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Fig. 13. a — simulation diagram of case 3; b — power on 3 ports

Simulation for case 4. Similarly, in this case, Fig. 14
illustrates the measurement results of the battery storage
power supplied to the AC load, as well as the current and
voltage patterns of the circuit elements during the energy
conversion process. With this energy source, it is possible
to provide partial stabilization for the entire system when
there is a shortage of energy in the AC microgrid.

Simulation for case 5. The power measurement
results of the storage and AC load supplied by PV energy
source and AC grid are shown in Fig. 15. With this
energy source it can provide partial stabilization for the
storage system as well as the load side that is reducing the
power flow.
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Simulation for case 6. Figure 16,a shows the voltage
and current values on the elements M1, M2, and L1, the
input voltage for the storage system. Figure 16,b shows
the input and output power values to determine the
efficiency of this conversion process.

Simulation for case 7. In 7 case H-bridge circuits are
working, the current and voltage signals on elements M2
and L2 are shown in Fig. 17,a. Figure 17,b shows the
power values of the AC load, AC grid and Bat.

Figure 18 shows the simulation results of the
performance of the DC/DC/AC converter with different
power values for each specific case, the maximum
working power is 2500 W, PV voltage is 75 V. The
voltage change of the power supply input is shown in
some cases with PV power supply.

When the load demand energy changes at the AC
microgrid, it affects the energy conversion process from
the energy source supplied from PV with each mode of

increasing or decreasing the energy consumption, the
change time is 5-10 ms to reach the change value when
decreasing as shown in Fig. 18. The fluctuation amplitude
is about 10 % compared to the new change value.
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Figure 19,a cases 1, 2, 3, 5, 6 show the power
efficiency for the specific cases, where the higher
efficiency value is in cases 2 and 3 near 96.9 % at 500 W
operating power. The low efficiency value is near 94.2 %
at 2500 W operating power in case 6 in the converter.
Figure 19,b depicts the overall efficiency of the converter
for the 7 cases.
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Experimental results. Figure 20 shows the
experimental DC/DC/AC converter at the following
parameters: input voltage value 75-180 VDC; AC load
capacity 500-2500 W.

Fig. 20. Experimental image of flexible converter:
1 — converter; 2 — storage; 3 — single-phase AC grid;
4 — DC source; 5 — single-phase AC load

Table 2 shows the input and output parameters of the
converter at the ports.

Table 2
Experimental parameters

DC/DC boost input voltage, VDC 75-180
DC/DC boost output voltage, VDC 250
Inductances L1, L2, uH 10
Bat capacitor, pF 10
Boost circuit output capacitor, pF 10
Diodes D1, D2 Murl560
MOSFET switch M1 IRF740
MOSFET switch M2 IRFP640N
MOSFET switches M3-M6 IRF340
DC load, Q 500
AC output voltage, V 220£3 %
AC input voltage, VDC 200-350
AC load frequency, Hz 50£0.5 %

Figure 21 shows the experimental operation modes
with the largest power value change of 2500 W, the input
voltage from the PV source is 75-180 V, voltage on the
DC bus is 398-399 VDC can be connected to DC
microgrid, the values are displayed on the voltage and
power meters.

Figure 21 shows the output voltage waveform of the
load under varying load conditions. The actual output
voltage is a sinusoidal waveform with a frequency of 50
Hz, in harmony with the AC grid, as shown in Fig. 21,a.

Figure 21,b — the voltage from the PV source is 75 V
working with the AC load capacity of more than 1000 W
and the DC voltage at DC load 399 VDC.

Figure 21,c — the voltage from the PV source is more
than 110 V working with the AC load capacity of more
than 1500 W.

Figure 21,d — the voltage from the PV source is 75 V
working with the AC load capacity of more than 2000 W.

Figure 21,e — the voltage from the PV source is more
than 180 V working with the AC load capacity of more
than 2000 W.

Figure 21,/ — the voltage from the PV source is 110 V
working with the AC load capacity of more than 2500 W.

Experimental results are given for some typical cases
in the 7 operating cases of the converter. The simulated and
calculated efficiency is determined at different power
values with the maximum value of 2500 W (Fig. 19). It has
been studied in different load capacities and operating
modes with different functions of the proposed converter.
The average efficiency when powered by PV power source
is close to 96.2 % corresponding to power 500 W, the
efficiency at 2500 W power is close to 94.5 % (Fig. 22).
The average efficiency when powered from the system
storage (cases 2 and 4) is 96 %. For example, there is only
one mode, such as DC/DC (case 6 is 95.8 %) and DC/AC
(efficiency above 95 % [15, 16]). According to the
experimental results, the average efficiency of the designed
converter in working with different modes is close to 95.3
% with a maximum power of 2500 W.

Figure 22 shows the experimental and simulated
average performance of the converter with a difference of
almost 1 % in value. This difference is basically
consistent with the actual performance during the
experiment because the loss values of the components in
the device, the quality of the electronic components, and
the quality of the printed circuit board will be larger in the

Electrical Engineering & Electromechanics, 2026, no. 2

81



simulation. The experimental performance of the
proposed converter is larger than that of the references
[15, 16] with a load operating mode of less than 2500 W.
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Fig. 22. Converter performance compared with references

Conclusions. The article is devoted to a
multifunctional DC/AC bidirectional converter with three
different independent ports, flexible operation with 7 cases,
application for AC microgrids and distributed energy
sources. The operating case results demonstrate 94.5 %
efficiency of the converter when implemented in the system.
The power circuit design creates a snubber at the storage
system to limit the stress voltage on the main switch
connected to the renewable energy source.

This study shows that the snubber parameters used for
charging the energy storage system with recovery affect the
performance, cost and design of DC/DC/AC converters in
power generation and energy conversion systems.

The experimental converter basically corresponds to
the simulation design and is capable of operating flexibly
for systems with microgrids that can be connected to the
distribution grid or work independently.

The presented research has shown the possibility of
developing high-frequency non-isolated DC/DC/AC
converters with low-cost performance and shows a
feasible method to study new systems in the non-isolated
DC/DC/AC converter family.

This solution converter increases the stability of the
current grid in the Vietnamese power system. Improves the
efficiency of using renewable energy sources (or distributed
energy sources) contributes to national energy security.
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