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Abstract: This article presents the research content of a solution for DC/AC, DC/DC, and isolated
AC/DC converters using three-winding pulse transformers to work flexibly with coils that can be
primary and secondary. The ratio between the pairs of coils is calculated differently to suit the output
voltage requirements for battery charging for EVs and AC microgrid loads with different voltage
levels and frequencies. The number of turns of the coil connected to the EV charging station will be
10 times larger than the coils at other outlets, and the coil operates in either primary or secondary
mode in the transformer. In this pulse transformer, components such as renewable energy sources of
solar panels (PV) DC voltage output, distributed sources, loads, and storage systems in the AC
microgrid capable of bidirectional conversion and connecting to the main grid are connected. The
main load is the batteries of electric vehicles (EV) supplied with energy in DC from PV sources and
from the AC microgrid at the same time or in each case from different energy sources. The converter
performs stable and flexible scenario operation to help the EV charging system use renewable energy
efficiently, increase the continuous supply of electricity to the AC microgrid load, help save
electricity, and stabilize the power system. Simulation results using Orcad software describe the
values of current, voltage can reach 1000 VDC for the EV charging station, average conversion power
of nearly 10 kW, and the average efficiency achieved by the converter of nearly 96% compared with
reference documents and experiments to draw initial conclusions for the research project.
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1. Imtroduction

In fact, the growth and development of the electric vehicle market worldwide (Busch et al., 2024;
Jones et al., 2023; Bukhariv et al., 2015; Young et al., 2013), as well as in Vietnam, is increasingly
strong, becoming an inevitable trend for green life and green transportation (Ajiwiguna and Kirom,
2024; Balagopal et al., 2017; Fontaras et al., 2017). However, using electricity from traditional power
plants, such as coal and gas thermal power plants, to supply EV charging stations is essentially still
using fossil fuels, which cannot fully meet the goals of the Action Program on green energy
transition, reducing carbon and methane emissions in the transportation sector (Decision No. 876)
(Government of Vietnam, 2022).

Although there are many renewable energy sources in Vietnam, the main source of electricity
for production and daily life is still lacking locally (Linh et al., 2024). With the rapid growth in the
number of EVs today, the amount of new electricity consumed each year will increase significantly.
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It is necessary to have a solution to maximize the use of renewable energy resources to serve the
charging of EVs to contribute to solving the abovementioned problem.

The converter for the charging system is developed with solutions suitable for the number and
features of EVs (Islam et al., 2022; Khan et al., 2020; Chakraborty et al., 2019; Jayakumar et al., 2017;
Hadley and Tsvetkova., 2009; Thomas et al., 2009; Bradley et al., 2009). Normally, on highways,
roads far from residential areas have limited grid power. Al Sakka et al. (2011) reported that the IBC
has an efficiency of 92% at a load of 30 kW. The efficiency drops by approximately 8% due to the
conversion from discontinuous current mode (DCM) to continuous current mode (CCM). This
converter is sensitive to changes in the duty cycle ratio. Furthermore, the influence of the magnetic
core due to load changes is noticeable, and the number of components is high (Narasipuram and
Mopidevi, 2023; Huangfu et al., 2021; Musavi et al., 2014; Hegazy et al., 2013).

In Vietnam, the development of electric vehicle charging station infrastructure is a decisive factor
in the popularization and development of electric vehicles with the goal of making EVs the main
means of transport in the future. The development of charging stations with superior features,
integrating artificial intelligence (AI) with renewable energy, suitable for EVs using both alternating
current (AC) and direct current (DC) power sources, compatible with both IOS and Android
operating systems with remote control, fast and convenient payment has been and is actively
contributing to this process, not only promoting the EV industry but also improving charging
station infrastructure and using green energy, contributing to the construction of smart grids and
sustainable urban areas in Vietnam (Government of Vietnam, 2018).

In Figure 1, the flexible converter is connected to three isolated ports by a transformer with three
directly connected windings, namely, the renewable energy source (solar battery), the distributed
AC grid, and the EV charging port. In this system, there is an independent renewable energy source
that can be connected to supply electric energy to the EV charging station or to the AC microgrid.
The distributed energy source from the AC microgrid is allowed to supply to the EV charging
station. Thus, the EV charging station can receive electric energy from many supply ports with
different power sources, such as AC or DC. The converter is derived from the basic converter such
as fly-back DC/DC, the operating needs of the AC microgrid integrated with the renewable energy
source (distributed energy source) flexibly and continuously supply energy. The advantage of
isolated power transmission between ports ensures safety for independent ports. The flexible
converters are derived from solutions from the documents presented by the author (Vinh and Dung,
2025; Vinh, 2023; Vinh et al., 2022; Thang et al., 2020). Centralized converters implement flexible
energy conversion combining direct and isolated energy transfer by bidirectional converters
connected to DC and AC microgrid systems integrated with renewable energy sources.

The charging speed depends on the AC, DC charger, and EV. Since not all AC and DC chargers
and the converter on-board chargers have the same capacity, the AC and DC chargers must
communicate with the EV to determine the required power and input current and establish a control
connection to monitor the current during charging from the start to the end of charging (Jamahori,
2024; Onibonoje et al., 2023; Aravindan et al., 2023; Nurulin et al., 2023). This type of communication
is called pilot wire communication. The pilot wire determines the type of charger attached to the EV
so that the control can set the current to match the capacity of the charging AC or DC charger.

AC microgrid

M AC load

Renewable
Energy AC-DC Battery

EV Battery V-

Figure 1 System structure diagram connecting the DC and AC microgrids
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These types of batteries are the most dependable and prevailing innovation in the field of
batteries for BEVs. The development of LIBs has been expanding in the last few years. Maximum
BEVs in the future will be outfitted with LIBs. Examples of vehicles that use such types of batteries
are the Tesla Roadster and the Mitsubishi i-Miev. These batteries are really reasonable for superior
EV batteries because of the principle characteristics of this metal which is highly expected potential.
This means that they have high potential energy (in Wh/kg). Among all the accessible metallic
materials, lithium is additionally lighting weight. The lithium-ion battery’s energy ranges from 60
to 250 Wh/kg, and its force capacity can be as high as 2000 W/kg (Rangarajan et al., 2022; Spingler
et al., 2018; Wood et al., 2018; Yamamoto et al., 2014).

The nickel metal hydride (NiMH) battery is considered an advanced version of the nickel-
cadmium battery due to the use of hydrogen inserted in metallic alloys instead of cadmium at the
negative electrode. The NiMH battery is constantly sealed to prevent hydrogen leakage. It replaces
nickel cadmium in the application of EVs due to the significant improvement in energy density of
the nickel metal hydride battery. The utilization of nickel metal hydride batteries did not get
commercialized in the 1990s because newer battery technologies were introduced very soon after
the nickel metal hydride was developed (Liu et al., 2019; Ikeya et al., 2002).

The charging level of EVs is divided into 3 levels (Kopacz et al., 2024, Ahmad and Bilal, 2023;
Dutta et al., 2022; Al-Ogaili et al., 2017) based on speed and capacity. Levels 1, 2, and 3 are three
general terms that refer to the charging speed of EVs. Think of charging an EV as filling a swimming
pool. Recharging an EV is similar to filling in a swimming pool, which can take minutes, hours, or
days. It depends on the battery capacity of the car, the EVSE or charging station, and the on-board
charger (OBC). In other words, charging an EV is similar to understanding the size of a swimming
pool and the hose used to fill it. This paper proposes a flexible system solution using a three-port
converter that optimizes the use of renewable energy and uses the AC power grid (including loads,
generators, and renewable energy sources such as wind or PV) to power level 2 EVs corresponding
to the charging capacity of the EV and the appropriate voltage level presented in section 2.

2. The proposed converter circuit principle

As with most power sources, determining the system’s output load power requirements is a key
consideration when selecting a DC/DC converter. With the electric vehicle load having power
demand from 2-35 kW with different electric vehicle charging levels (Dutta et al., 2022). Therefore,
the proposed converter uses level 2 charging. The DC/DC converter’s output requirements include
the output voltage and current supplied by the converter to the electric vehicle. The output voltage
may have tolerance specifications depending on environmental conditions, such as the input
voltage being a renewable energy source or/and from an AC microgrid and the output load current
being specifically the EV battery. The load current requirement specifications should include the
minimum, maximum, and typical values.

With the above requirements, it is proposed to design an isolated converter that is built with
electrically isolated input and output circuits, with no DC path between the input and output. These
converters are often used to separate the input and output circuits to avoid electrical noise or
dangerous voltage isolation. The circuit diagram has a simple internal structure and is derived from
a basic fly-back DC/DC converter and an H-bridge DC/AC converter. The transformer used in the
converter works at a high voltage and frequency with a value of 400-1000V/20kHz. The coil
connected to the AC microgrid can transfer bidirectional energy. Figure 2 shows the schematic of
the converter power circuit, which uses 8 main switches and 3 main switching diodes. In the power
converter circuit used when converting energy from PV power source to AC microgrid and battery
of electric vehicle by synthesizing Fly-back converter circuit principle, H-bridge, single-phase semi-
controlled rectifier bridge. Corresponding to the energy converted from the AC microgrid source to
the EV by synthesizing the AC/DC/DC boosting conversion process, this represents a flexible
boosting process suitable for the EV charging source.
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The working principle of the converter is as follows according to the priority scenarios in order
of the scenarios that can operate for the components in the power grid, loads, and distributed energy

sources.

Scenario 1 (SC1) is shown in Figure 3 (a): The energy source from the solar battery charges the
battery in the electric vehicle with the requirement of fast charging or slow charging as requested
by the vehicle owner. The converter functions as a fly-back DC/DC booster. The voltage is increased
depending on the transformer ratio between the L1 and L2 coils (transformation ratio m1), the pulse
width, and the switching frequency of the switch S1. Described and calculated as expression (1), (2),

3).
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Figure 2 Schematic diagram of the proposed converter
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While the valve is closed, the voltage across the semiconductor valve is zero (ideal). However,
when the valve is open, the output voltage is fed back to the primary side of the transformer, and
the voltage across the semiconductor switch is increased according to expression (1).
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T: switching cycle;
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t; opening time of the SW1 switch is the time interval equal to the SW1 time leads current

Corresponding to duty cycle d1

d1: SWA-duty cycle of SW1, d1=t, /T;

N1: number of inductor turns L1;
N2: number of inductor turns L2;

ny: transformer ratio N1/N2 between the PV source and the electric vehicle;
Vp: Total voltage of switches D1, D2, SW2, and SW3 when conducting current according to
two half-cycles of the opening and closing time of switch SW1, as shown in expressions (4) and (5).

Vp = d1 (Vs + Vsws) [V]
Vp = (1 —d1)(Vpy + Vo) [V]

(4)
(5)
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Figure 3 (a) shows the operating principle of SC1. In this scenario, switches SW1, SW2, and SW3
are active, that is, an incoming control pulse is present. Diodes D1 and D2 are active. The frequency
and pulse width are selected as expressions (1), (2), (3).
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Figure 3 Converter operation: (a) SC1, grld-mdependent working mode; (b) SC2, grid-connected
working mode; (c) SC3, grid-connected working mode; (d) SC4, grid-connected working mode; (e)
SC5, grid-connected working mode
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Scenario 2 (SC2): The solar energy source charges the battery in the electric vehicle with the
requirement of fast or slow charging as requested by the vehicle owner. The converter functions as
a fly-back DC/DC booster. The energy is transferred to the grid when the charging energy for the
EV decreases. The input voltage for the grid-connected H-bridge circuit is 220 V, which works as a
DC/AC unit. The voltage is increased depending on the transformer ratio between coils L1 and L2
(transformer ratio n;), L1 and L3 (transformer ratio n,) and the pulse width, and the switching
frequency of the switch SW1. Calculated as expression (6), (8), and (9).

The minimum number of primary turns of a pulse transformer that can create the maximum
magnetic flux oscillation is determined as expression (6).

N1 = Smaxll 16-2 [ 6)

ABmax e

A,: is the cross-section of the ferrite core, and
Al qx: Maximum current ripple occurs at the maximum input voltage and minimum duty cycle;
ABjax: is the maximum allowable magnetic flux depending on the magnetic core type with
characteristics according to PO-type ferrite core, calculated according to expression (7):
AL
ABax = B PP [Tesla] 7)

max
1-1*1peak

Bpnax: is the maximum allowable magnetic flux density in the magnetic core’s operating region;

AlL,,: Maximum ripple current, Ipeqx — Imin;

Ipeqr: Maximum ripple current through coil N7;

Imin: Ripple current minimum through the coil V1.
i:E:VL3+VD3 (8)
n, N1 Vi1

n, transformer ratio between the PV source and the AC microgrid

Vi2+Vpa

From expressions (6), (8), and (9), the coil values of N2, N3 of the transformer corresponding to
the EV charging input voltage requirement from 400-1000 VDC can be calculated.

Figure 3 (b) shows the specific operation of each switch. In this scenario, the SW8 switch is
inactive, SW1-SW7 switches are active, and the diodes D1, D2, and D3 are active. This scenario
wastes power on the keys with almost the largest number, so this scenario will be limited in the
operating time of this converter. In practice, scenario 2 is operated during the daytime when PV
energy is produced from the energy for charging the EV battery. In this scenario, the energy is
divided into variable values according to the AC load and EV load requirements. The output voltage
for the EV charging station ports and the AC microgrid is determined as expressions (10) and (11).

d1
VN2 = 711VPV-1__011 [V] (10)

In which: Vy, is the voltage on coil N2 when energy is supplied from the PV source to the EV

charging station.

d1
Vnz = n,Vpy —d1 [V] (11)

In which: Vy3 is the voltage on coil N3 when energy is supplied from the PV source to the AC
microgrid, and the transformer turns ratio for the two PV power source ports and the AC microgrid
port.

The output voltage of the two ports in scenario 2 has different values because the value of n; and
n, is different according to the input set and required output of each port. As the EV charging station
port is large with an output of up to 1000 VDC, the value of n; must be required to be larger than
n, because the required voltage at the AC microgrid input is in the range of 220-300VDC.

Figure 3(c) shows the PV energy scenario for the AC microgrid load. In scenario 3 (SC3), switches
SW1, SW4-SW7 are active and D3 is conducting. The transformer operates at the L3/L1 ratio.
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Switches SW2 and SW3 are inactive, and the current through coil L2 is zero. The input voltage value
of the H-bridge converter is as shown in Eq. (11).

The energy scenario 4 (SC4) of the battery is charged by two energy sources: PV and AC grid.
The converter basically functions as two fly-back units, and the transformer functions as two
primary coils L1 and L3. Figure 3 (d) illustrates the operation of the elements in the converter circuit
with the SW1-SW8 switches operating, with D3 reverse biased. The conversion process of this
scenario converter is performed according to the phase shift time from the L1 and L3 coils to ensure
the highest efficiency. By controlling the intermediate circuit between two switches SW1 and SW8,
and how to calculate the turns ratio according to the fixed transformer coefficient n; and n; =
N 2/ N3 the number of turns of the L1 and L3 coils as calculated according to the voltage output for
the car load, and the voltage range from 400V-1000V, the PV input voltage from 75V-150V has a
voltage gain Gv1, and the voltage from the AC microgrid is 200V-210V has a voltage gain Gv2.
Therefore, the voltage gain Gv1 will be from 3.3t08.3; Gv2 will be adjusted from 2 to 5. This issue is
proposed by the converter to design so that the control of this scenario is not complicated, and the
switches are controlled independently with different parameters.

Scenario 5 (SC5): The charging system for EVs functions as an AC/DC converter with a
transformer ratio of m3 (L3 and L2). Solar energy does not work because the weather does not
provide favorable operating conditions to produce electricity, affecting the life of the PV system.
Figure 3 (e) describes the operation of the elements in the working circuit, such as switches SW2-
SWS, Diode D1, D2. The working principle of the converter is performed in 3 specific stages: (1)
converting energy from AC/DC through the H-bridge, energy from distributed sources of the AC
microgrid, and (2) performing energy conversion to increase voltage by the fly-back principle
through the transformer L3 (primary winding) L1 (secondary winding). In this scenario, the voltage
gain is Gv2, as in scenario 3 in the operation of the converter. The voltage value is calculated
according to the expression (12).

d
Vnz = n3(Vnz = Vsws) 1_—(212 [V] (12)
Vns = =Vpear [V] (13)
Vpeak =2. Vims [V] (14)

In which: v is the peak value of the phase input voltages v, is the single-phase AC source

voltage (v = V2.220.sinwt (V))

Vims is microgrid AC voltage rms value

d2is the duty cycle of SW8

n3 the turns ratio between the two AC microgrid ports and the EV charging station.

In the case of fast charging, the energy source will focus its capacity on charging loads from

renewable energy sources to ensure capacity, current, and charging voltage. In the case of EV
charging in the medium level 2 mode, the charging time is from 3-8 hours, the renewable energy
source distributes additional energy to the grid and other loads in the charging station system, such
as lighting and cooling. The proposed converter analyzed the above scenarios to demonstrate a
flexible operation when the charging station uses multiple energy sources at the same time with
voltage levels to the charging station varying from 400-1000VDC or uses either energy from the AC
microgrid or renewable energy PV. In addition, the renewable PV energy can supply the AC
microgrid loads when the charging station has no charging demand.

3. Results of the proposed converter

3.1. Simulation results
The multi-inverter is presented with the working principle in the above section, specifically with
4 scenarios, the simulated input parameters for the converter: Inductance L1=1mH; L2=10mH;
L3=1mH; Vpy,=(75-150)VDC; V,=220V; Vg4t py=400-1000VDC. The simulation shows that the value
with the specified load value voltage of the EV is 1000 VDC. The implementation process and
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simulation results were performed on the principal circuit using Capture AD, and the circuit
parameters were measured using PSpice in Orcad software.

SCI1: In this scenario, the converter has two energy exchange ports in the direction of the
renewable energy source (PV) to the EV charging station. The output voltage at the battery EV has
a maximum value of 1000 VDC, the maximum charging capacity is 10 kW, the charging mode is at
an average level, and the voltage on SW1 is nearly 610 V. This parameter is used to select the main
switches SW1 and SW8. The current through the L1 coil (green line) and the current through SW1
(this main switch is closed) when a control pulse is present. During a pulse, the voltage on SW1
decreases to zero, as shown in the green graph at the measuring point V (SW1: d). The simulation
results show that the time when the current appears through SW1 and the voltage on it decreases
to zero is a very short time, leading to the damage on this switch being limited to the basic power
circuit such as the fly-back set. Power is determined by measuring the PV source and the charging
load of the electric vehicle, as shown in Figure 4 (a).

Figure 4(b) shows that the SC2 converters perform energy transfer with three different ports. The
energy from the PV source is divided into two parts for the EV charging load and the AC grid load.
Power is still prioritized for the EV load with a guaranteed capacity value sufficient for level 2
charging in the range of 2-10kW. The circuit parameters on L2 have been changed to reduce the
current value because the capacity at EV is nearly 7.5 kW smaller than that in scenario 1, and the
power is partially supplied to the load at the AC grid. The transformer in the converter circuit
operates with one primary coil (L1) and two secondary coils (L2 and L3). Similarly, the power is
determined by the AVG(-W(Vpv)), AVG(W(Bat)), and AVG(W(AC load)) probes for the DC and
AC loads in the system. Figure 4 (b) shows the current voltage on the AC grid load in the form of a
signal responding to the AC supply grid.
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Figure 4 Current, voltage, and power graphs (a) SC1, duty cycle 50%, fsw = 20 kHz; (b) SC2 graph, current,
voltage, power, AC load current, and voltage; (c) SC3 graph, current, voltage, power, AC load current, and
voltage; (d) SC4 and SC5 graphs, current, voltage, power graph, AC grid current, and voltage
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Figure 4 Current, voltage, and power graphs (a) SC1, duty cycle 50%, fsw = 20 kHz; (b) SC2 graph,
current, voltage, power, AC load current, and voltage; (c) SC3 graph, current, voltage, power, AC
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The SC3 simulation is shown in Figure 4(c). The voltage on switch SW1 and the DC/AC
converter input voltage are close to 400 VDC. The conversion power is 5 kW. When the EV load is
not consumed, the PV energy is fully supplied to the AC microgrid load. The sensors still show the
values of the SW1 element, the PV input power, and the AC load output power.

SC4 and SC5 simulations are shown in Figure 4 (d). Scenario 4: PV energy and AC microgrid
power are supplied to the EV, which performs the same operating principle as scenario 1. Therefore,
the simulation will perform different values from case 1 with some probes as in SW8. The voltage
on SW8 is nearly 365 V at probe V(SW8:d) smaller than the voltage on SW1 in Scenarios 1, 2, and 3.
Therefore, selecting the switch SW8 using scenario 1 is possible. The current and voltage at the SW8
are almost zero, leading to a small loss in the SW8 operation at probes V(SW8:d) and I(SW8:d). The
output voltage for charging the electric car is 1000 VDC at the V(bat) measuring pin. Figure 4 (d)
shows the current and voltage on the AC supply grid. The measured power in Scenarios 4 and 5 is
shown by the AVG(-W(AC grid)) and AVG(W(Bat) measuring heads). The voltage required for the
charging load is 1000 VDC, ensuring the required value.
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When performing simulations in the scenarios, the input values are adjusted to fluctuate within
the maximum power range of 10 kW. The simulation results corresponding to the scenarios
describing the current, voltage, and power values on the elements in the converter circuit are given
to perform parameter selection for the components for safe and optimal experimentation.

Figure 5 (a) shows the calculated simulation results corresponding to the efficiency of the power
exchange between the three ports: (1) PV energy source, (2) AC grid supply, and (3) electric carload
with charging voltage of 400 VDC and output power. Figure 5 (a) shows the efficiency of the
scenarios with higher efficiency than the values of the converter (Al Sakka et al., 2011). The average
value of the converter efficiency is 95.4%. SC1 has an average efficiency of 95.7%, scenarios 3, 4, and

5 have an average efficiency of more than 95.0%, and scenario 2 has the highest average efficiency
of 96.0%.
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Figure 5 Computed performance for the scenarios in the proposed converter: (a) 400 VDC voltage
and (b) 1000 VDC output voltage

Figure 5 (b) shows specific scenarios corresponding to the input voltage of charging the electric
vehicle at 1000 VDC and output power, at which the parameters, such as voltage gain and pulse
width of the SW1 and SW8 switches, are changed. The switching frequency is 20 kHz. Figure 5 (b)
shows that the efficiency of the scenarios is higher than the values of the converter (Al Sakka et al.,
2011). The highest efficiency in scenario 2 at 2 kW capacity is 96.0%, and the lowest efficiency of the
converter is SC3 corresponding to 10 kW capacity with 93.0%. In this case, the charging voltage of
1000 VDC leads to a decrease in the converter’s efficiency because the duty cycle of the main
switches SW1 and SW8 needs to be increased.
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Figure 6 TDH case of AC/DC conversion, switching frequency from 10 to 50 kHz
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Figure 6 illustrates the influence of the switching frequency for switches SW1 and SW8 on the
harmonic distortion of the output voltage of the converter corresponding to SC4 and SC5. The
simulated power ranges from 2-10kW. The simulation results show that with a high-power value of
10 kW, the total harmonic value is large, and with a large switching frequency, the total harmonic
TDH (%) decreases from 7.2% to 4.7%, corresponding to a frequency increase of 10kHz-50kHz. The
smallest total harmonic value corresponding to a 2 kW switching power from the grid to the EV

charging station is less than 3%. With 5 kW power, the total harmonic TDH (%) of the converter is
below 4.5%.

3.2. Experimental description of the converter

Figure 7 shows the experimental image of the proposed system and converter with the input
parameters listed in Table 1. The PV energy source is represented by a DC source with a variable
power input from 2-10 kW with the corresponding current and voltage of the source. In this study,
the power of the PV source is the maximum power point. The AC microgrid has loads and sources
from the distribution grid.

Table 1 shows the experimental input parameters for the multi-port converter to efficiently
perform flexible operation functions using energy from PV sources. In which the parameters are
implemented with actual power used to charge EVs and supply loads in the AC microgrid.

g!!
22|
g 21

-
=
=
=
=
=
=
=
=
=
=
=
=

o A . 2 AT
Figure 7 Experimental image of the converter. The yellow frame represents the PV energy source,

the orange frame represents the converter, the green frame represents the EV battery, the red frame
represents the AC microgrid, and the purple frame represents the controller

Table 1 Experimental parameters of the converter

Experimental Equipment

Parameters
PV output voltage 75-150VDC
PV power 7kW
EV charging voltage 400-1000VDC
EV charging power 2-10kW
AC microgrid

Pulse transformer T1
Transformer T2

220V, 50Hz, 2-10kW
L1, L3:1mH; L2: 10mH

220V, 50Hz, 6kW
SW1 switch GWB80H65DFB
SW2-SW8 switchs GT30J127
Diodes D1-D3 MURP20040CT
AC microgrid load 2-6kW
PV output filter capacitor, EV charging input, H-bridge input 10uF, 47pF

Electric vehicle battery

Lithium, 3kW
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The experimental implementation results of the converter for each specific case with current,
voltage, and power corresponding to different actual values of ports such as EV, AC microgrid load,
and PV source fluctuations, are given in the Supplementary Materials.

Figure 8 (a) compares the experimental and simulation results for each operating case of the
converter in the system. SC1 voltage value of 400 VDC at EV load, the actual energy loss on the
larger power switches leads to a smaller actual efficiency with an average value of nearly 1% in
scenario 1. With the corresponding EV input voltage of 1000 VDC, the actual efficiency is nearly
1.2% smaller, as shown in Figure 8 (b). Thus, the energy conversion process depends on the input
and output voltage parameters, the main switch control process of the converter. Figures 8 (a) and
(b) are similar to SC2, SC3, SC4, and SC5, corresponding to the largest experimental circuit error
value of 1.3%. The SC1 and SC5 converters have higher efficiency than SC2, SC3, and SC4 because
the number of working switches is less. At 1000VDC EV input voltage of 1000 VDC, the
experimental average efficiency is less than the EV input voltage value of 400 VDC. The energy is
controlled to implement scenarios of efficient use and optimal requirements for renewable energy
sources, as in SC1, SC2, SC3, and SC4. In the case of SC5, the EV charging station energy will use
energy from the AC microgrid. The system will control the use of energy from renewable energy
sources when there is surplus according to the load path of the AC microgrid. In this case, when the
PV energy source is not active in the evening, EV owners are also encouraged to limit charging at
peak times and do it after the peak load time around 9 PM.
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Figure 8 Experimental performance comparison: (a) experimental performance comparison with
simulation in case of EV charging voltage of 400 VDC; (b) experimental performance comparison
with simulation in case of EV charging voltage of 1000 VDC; (c) average experimental performance

comparison with simulation of the proposed converter; (d) comparison of the proposed converter
with the reference
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In this study, the operational response for the EV charging station load and the load from the
actual AC microgrid are presented. SC1, SC2, and SC3 show full use of separate independent
renewable energy sources connected to the proposed converter. Scenario 4 shows that renewable
energy tends to decrease in capacity, leading to the need to use other renewable energy sources from
the AC microgrid to supply the EV charging station.

Figure 8 (c) shows the average conversion efficiency of the converter performing 5 experimental
scenarios corresponding to the EV charging voltage, compared with the simulation results of the
proposed converter. The converter efficiency with the highest average value of 96% corresponds to
the simulation results” 6kW, 400VDC capacity. The smallest efficiency of 92.7% corresponds to the
10 kW, 1000 VDC capacity of the experimental results. Thus, the experimental implementation has
an error of about 2% between the simulation and experimental results corresponding to the EV
charging voltage of 1000 VDC. The error with the EV charging voltage value of 400 VDC is
approximately 1%. From the experimental results of the converter, we can see that the efficiency
value of the converter is high compared to the reference results when this proposed converter has
to perform many different functions between the ports from the AC microgrid and the PV renewable
energy source with the goal of providing power to the flexible EV charging station with many
different scenarios of the system performing energy conversion with different types of DC/DC or
DC/AC or AC/DC or both DC/DC and DC/AC. The study with the charging voltage value for
EVs in this case demonstrates the feasibility of developing a power-boosting charging converter to
serve level 3 fast charging for EVs. With the charging input voltage for EVs adjustable from 400-
1000VDC, it is possible to apply to level 3 fast chargers, increasing the operating range by increasing
the higher voltage, EVs can achieve a larger operating range in a shorter charging time. Moreover,
with the voltage value of 1000 VDC, the efficiency of the proposed converter is quite high, and it is
possible to increase the charging capacity for EVs by connecting the proposed converters in parallel
with independent ports such as PV source, AC microgrid, and EV charging station.

Figure 8(d) compares the experimental results of the proposed flexible converter with those of
previous studies (Narasipuram and Mopidevi, 2023; Huangfu et al., 2021; Al Sakka et al., 2011). Al
Sakka et al. (2011) showed a simulated power value of up to 30 kW with a DC/DC converter with
an efficiency of up to 92% when boosting in the power range corresponding to the proposed 10kW
converter, (Al Sakka et al.,, 2011) achieved nearly 87%. Narasipuram and Mopidevi (2023) simulated
a small capacity DC/DC converter of 3.5 kW with an efficiency of over 98%. The paper (Huangfu et
al., 2021) performed with a small capacity of 200 W with an efficiency of 92.3%. The results show
that the experimental converter corresponding to the initial power output for level 2 EV charging
has an efficiency value in the range of about 2.5% higher than the converter and lower than the level
1 EV charging value.

4. Conclusions

This study provides research on flexible operations that can optimally use distributed energy in
an AC microgrid and distributed PV source connected directly to EV charging stations. The power
circuit is isolated from the gate section. Capable of providing multiple output voltages, all isolated
from the AC microgid and PV sources. Adjust multiple output voltages from 400-1000 VDC with a
single controller. It can operate on various input voltages according to the variation of renewable
energy sources 75-150 VDC and has a higher value at a voltage of 220 VDC from the AC microgrid.
The proposed converter uses a few components to simplify the control of the system and integrate
the distribution grid with the load at multiple ports. The average experimental efficiency of the
largest converter is more than 95%, which is a feasibility study result contributing to the energy
conversion process in renewable energy sources connected to the grid. In addition, the maximum
experimental power of 10 kW is capable of charging EVs to level 2, but with this converter, the
power can be increased to level 3 charging without changing the converter structure. The number
of converters in parallel with the charging port and AC microgrid is only needed. Total harmonics
below 7.2% of the converter are within the allowable power conversion range, ensuring power
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quality for the port load. Electric vehicle charging stations using solar energy have a positive impact
on both the electric vehicle and energy industries. The development of charging stations contributes
to promoting the demand for EVs. Both forms significantly contribute to environmental protection
and cost savings. Flexible charging station systems using PV rooftops located on AC microgrids and
at charging stations not only serve the purpose of charging vehicles but also provide utilities while
waiting for EVs to charge and the load on the supply grid. This converter contributes to the plan to
build a network of solar-powered electric vehicle charging station infrastructure in Vietnam with
the operation of different flexible scenarios.
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