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Abstract. As electric vehicles (EVs) become increasingly prevalent, the
demand for efficient and high-performance DC-DC converters in the
charging infrastructure is paramount. Electric vehicles, powered by
rechargeable batteries or fuel cells, hence is necessary to have a cost-
effective and efficient battery charger to deliver the consistent output current
needed for the designated EV's battery. This paper adds a new and more
effective approach of design and control of a DC-DC converter with
bidirectional capability appropriate for incorporation in EV charging
systems aimed at enhancing the current density and control issues inherent
in the charging /discharging process. It appears to provide the necessary high
current density besides battery out as soon as possible and also to impose an
unimportant overshooting of the charging time for demanded lithium-ion
battery system while charging it. The converter circuit contains the
following equipment in its construction include single phase AC voltage
source, linear transformer, passive component that includes the inductor and
capacitor and bridge rectifier. Usually, Simulink/MATLAB is used for the
purpose of various simulations. Using the MATLAB simulation the design
of the concept system offered in this proposal has been proved. Monitored
the current in amperes that the battery charger is supplying to the battery,
closely observed the condition and voltage of the battery.

1 Introduction

ELECTRICS charging systems are core components of electrification in electric vehicles (
EVs ), thus charging systems with lower costs and minimum efficiency are prerequisite to
any discussion of EVs. This can is well addressed by using Ac-dc converters to charges the
set up to the level required in the most efficient way. But between AC-DC converters there
is still difference in terms of stress, loss power and safety even between the isolated and non-
isolated type of converter as shown in the diagram. The non-isolated systems make even
greater demands on the diodes and active switches and therefore, are more power hungry and
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heat prone making them more dangerous. However, isolated systems are beneficial because
voltage can be lowered, power losses are reduced, temperature of devices diminishing, and
safety enhanced all of which culminates in providing greater reliability to multiple systems.
This system employs the usage of bridge rectifier in converting AC to DC whereas correcting
for issues normally rectified through conventional rectifier such as high degree of power loss,
low power factor (PF), and high overall total harmonic distortion (THD). They are eliminated
by putting a LIVE to LIN COMMON gate or LCL filter next to the bridge rectifier. Following
this due to the lithium-ion battery’s state alterations, voltage adjustments are implemented
utilizing a closed-looph DC- DC converter. But the conventional closed loop converters are
often had a large value of power loss with the active switches and so changes deleterious
impacts on system lifetime due to switching, leakage and conduction power loss. There are
also other potential issues that could arise to lithium ion battery more particularly with
voltage overshoot at the battery voltage and the output current. To overcome these
challenges, this paper is presenting an application of proportional integral (PI) controller,
though some alteration made in to this controller. Consequently, the achievement is the
maximum efficiency and perform the AC-DC conversion with a voltage as close to the
lithium-ion battery charging voltage in EV’s as possible, without the voltage overshoot and
the power losses in the LV and HV systems.2 PROPOSED DC-DC CONVERTER

The designed converter is shown in Fig.1. It consists of single-phase input voltage source,
LCL filter, bridge rectifier, RC filter, DC-DC converter, PI controller, MOSFETS. Here
single-phase AC source is used to deliver power to battery. LCL filter is connected to the AC
source for filtering purposes. A Bridge-Rectifier is used to obtain DC flow. To control the
MOSFETS logic a PI controller (which is modified) is used.
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Fig. 1. Block diagram of the proposed system

2 Analysis of The Proposed Converter in Steady State

In the proposed converter the power will be deliver to the load by single phase AC voltage
source. The LCL filter is connected next to the input source to reduce total harmonic
distortion and maintain power factor. The power flow in the AC-DC system will be assisted
by the diodes five and six. The rippled DC has been obtained as the output from the linear
transformer. Therefore RC3, RC4 are used to mitigate these ripples (DC). According to the
load requirement the battery output voltage has been assisted by the MOSFETS (M1, M2,
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M3, M4). The dc flow is maintained in part by the additional diodes (D1, D2, D3, D4).
Passive elements like inductor one and two, capacitor (C1) are helpful for filtering and storing
purpose. The Lithium-ion battery eventually used as a load.
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Fig. 2. Circuit Diagram of the converter

3 AC-DC System

There are two different modes of operations in single phase AC voltage source as it changes
the phase of the system.

Mode 1:

This mode would occur at 0°-180° supply voltage, with inductors (L3, L4, L5) and Diode D5
are in operating mode and Diode D6 in non-conduction mode producing voltage at inductor
7 which is positive.

Mode 2:

This mode would occur at 180°—360° supply voltage, with inductors L6, L3, L4, and Diode
D6 are in operating mode and Diode D5 in non-conduction mode, which again produces a
voltage at inductor 7 which is positive.
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Fig. 3. a&b. Operation modes of AC-DC system
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4 Implementation of LCL filter

Resonant frequency of the LCL filter
1

F_(Z XTTXVL3XL4AXC2+(L3+L4))

Damping resistance of the filter
1

:6><71:><F Xc2
The frequency response of the LCL filter based on transfer function.
1

Y(s)= 2 >
(L3XLAXC253 +(L3+L4)XC252+(L3+L4)S
Following the aforementioned equations manipulation, the bode plot of LCL filter has been

calculated
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Fig. 4. a&b. Bode plot for LCL filter

a) with damping resistor

b) without damping resistor

The stability and the intended filter frequency response are implicated in the figure. As a
result, the integrated damping resistor shows greater stability in the designed filter.

5 DC-DC Converter

For this analysis, it is assumed that every component is ideal. In addition, the duty cycle and
switching frequency have been thought to be fixed. We are doing an open-loop continuous
conduction mode analysis of the system. Four modes of the proposed DC-DC converter have
been discussed here.

Mode 1: In mode 1 ,0 <t < DTs is the analysis period for the converter. MOSFETSs 1 and 2
are currently operating in the conduction mode, while MOSFETs 3 and 4 as well as diodes 1
and 2 are operating in the non-conduction mode. As seen in Figure 4(a), The input source on
the left side of the figure is now connected to inductors 1 and 2.



E3S Web of Conferences 552, 01150 (2024) https://doi.org/10.1051/e3sconf/202455201150
ICMPC 2024

Mode 2: In mode 2, DTs <t < Ts is the analysis period of the converter. Four MOSFETs
(M1, M2, M3, M4) are not conducting this time. The conduction mode is now active on
diodes 1 and 2. As seen in Figure 4b, inductors L1 and L2 left sides are attached to the ground.
Mode 3: In mode 3, Ts <t <2DTs is the analysis period for the converter. MOSFETs M3
and M4 are currently operating in the conduction mode, while MOSFETs 3 and 4 as well as
diodes 1 and 2 are operating in the non-conduction mode. As seen in Figure 4(c), The input
source on the left side of the figure is now connected to inductors L1 and L2.

Mode 4: In mode 4, 2DTs < t < 2Ts is the analysis period of the converter. Four MOSFETs
are not conducting this time. The conduction mode is now active on diodes 1 and 2. As seen
in Figure 4d, inductors 1 and 2 left sides are attached to the ground.

Fig. 5. a, b, ¢, d. Operation modes of DC-DC converter

Table 1. Parameters of the proposed converter

Components | Specifications
Input voltage source AC Voltage source
Battery Output voltage | 56 Volts
Battery Output current | 153.2 Amps

Output Capacitor 300uF
Inductors (11, 12) 0.2mH
Inductors (13, 14) 2.47mH

Switching Capacitor 32kHz
LCL filter capacitor 14.7uF
RC filter capacitor 100uF
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6 Simulation Analysis

From the above simulated wave forms we can observe that in less than a second, the average
charging current was reached up to about 154A, the SOC went from 60% to 60.04%,
conveying to 100% charge. About 17 minutes would be needed to charge the device; that is,
0.04 in one second, 0.08 in two seconds, and so forth. The lithium-ion battery voltage is
maintained at approximately 56 volts while it is being charged. Figure 4.2.4 shows the results
of a comparison between the suggested control system and the traditional PI. According to
the graph, the suggested control system computes faster than the conventional PI because the
steady state will be reached in 95.68% less time.
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Fig. 7. Output current of the battery
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Fig. 8. Output voltage of the battery

Fig. 9. SOC of the battery

7 Conclusion

The system can maintain negligible overshoot and other factors while charging the lithium-
ion battery at 154 Amperes with this type of closed loop high current density converter. Up
to approximately 152.1A of charging current was obtained, and the current takes 0.25 seconds
to get into steady state. The voltage of the lithium-ion battery was kept at roughly 56V, along
with in about a second, the SOC went from 60% to 60.04%, indicating that the battery would
take about 17 minutes for 100% charging, meeting the requirements for the two-level fast
charging feature. By the end First, a deeper comprehension of converters and their analysis
was attained. Second, gained hands-on experience with MATLAB simulation. We were able
to analyse the performance of the proposed converter, simulate its behaviour, and see how
various parts and parameters responded. We became adept at using MATLAB for circuit
simulation through this practical approach.
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