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ABSTRACT

Isolated DC-DC converters are crucial components in EV charging systems, primarily responsible for
converting the high-voltage DC input from the grid or energy storage system into a suitable voltage
level for the EV battery. A new configuration of converter that can be used for EV charging is Isolated
Zeta-Luo converter. Isolated Zeta-Luo is a combination of Zeta and Luo converters. A uniform
charging current is obtained for the battery due to the presence of output inductance in both converters.
An ANN-based controller is employed to optimize switching patterns and further enhance
performance. A comparative analysis of both the ANN based and PI based converters is performed.
The simulations of both the converters are performed in MATLAB Simulink. ANN based converter
achieve an input power factor of 0.991 while the output voltage gives a minimum settling time of 0.2
sec.
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L. INTRODUCTION

The rapid adoption of Plug-in Electric Vehicles (PEVs) has led to an increasing demand for efficient,
reliable, and flexible charging solutions. As PEVs become more commonplace, the role of power
converters in EV chargers has gained significant importance. These converters are crucial for
transforming the alternating current (AC) supplied by the grid into the direct current (DC) required by
the vehicle's battery. The performance of these converters directly impacts the overall efficiency,
charging speed, and power quality of the EV charging system.

A conventional converter with a power factor corrector uses bulky DC capacitor affects charger
efficiency and heating effect [7]. By interleaving two phases, the circuit inductance size i1s minimized.
This, in turn, allows for a reduction in the size of input EMI filters though it leads to poor current ripple
characteristics [4].

Among the various converter topologies available, the Isolated Zeta-Luo converters have emerged as
promising candidates for EV charging applications. These converters not only offer high efficiency
and reliability but also contribute to the improvement of input power factor, which is essential for
reducing energy losses and ensuring stable grid operation [1][2]. The Isolated Zeta-Luo converter
combines the strengths of Zeta and Luo converters, optimizing performance by operating during
individual halves of the supply voltage, which enhances efficiency and provides a uniform charging
current [2].

In addition to the inherent advantages of this converter topology, the use of Artificial Neural Network
(ANN)-based controllers further improved the converter performance. ANN controllers, with their
ability to learn and adapt to varying conditions, optimize the switching pulses of the converter, leading
to better efficiency, lower Total Harmonic Distortion (THD) in the input current, and improved input
power factor.

The performance of ANN based Isolated Zeta-Luo converter in the context of EV charging applications
can be compared with PI based converter to decide a best suitable converter. By evaluating these

UGC CARE Group-1 31



S, Industrial Engineering Journal
ISSN: 0970-2555

Volume : 53, Issue 11, No.1, November : 2024

converters based on their efficiency, component count, THD, and input power factor, this research
seeks to identify the most suitable converter topology for enhancing the efficiency and reliability of
EV chargers.
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1I. METHODOLOGY

Isolated DC-DC converters are crucial components in EV charging systems, primarily responsible for
converting the high-voltage DC input from the grid or energy storage system into a suitable voltage
level for the EV battery. These converters provide essential galvanic isolation, preventing electrical
faults from propagating to the battery and ensuring the safety of both the vehicle and the user.
Additionally, they enable efficient power transfer, minimizing energy losses during the charging
process.

A. ISOLATED ZETA-LUO CONVERTER

This Zeta-Luo converter is an integration of both Zeta and Luo converter, shown in fig.1, which are
made to operate in two individual half cycles. The isolation is provided using a high frequency
transformer. The converter operates in six distinct modes, with three modes occurring during the
positive half cycle of the supply and three during the negative half cycle.

During the positive half-cycle of the supply voltage, the Zeta converter operates as a buck-boost
converter, with switch S1 being activated. In this phase, the magnetizing inductance Lm1 charges the
intermediate capacitor C1, while the output diode Dol conducts, directing current to the battery.
Meanwhile, the Luo converter remains inactive, with switch S2 in the open position [2].

In the negative half-cycle, the Luo converter takes over, functioning as a buck-boost converter with
switch S2 being activated. Here, the magnetizing inductance Lm2 charges the intermediate capacitor
C2, and the output diode Do2 conducts, allowing current to flow to the battery. During this phase, the
Zeta converter is deactivated, and switch S1 remains open [2].
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Fig.1 Isolated Zeta-Luo converter

III.  CONTROL OF CONVERTERS

Proportional-Integral (PI) controller is commonly used in DC-DC converters to regulate output voltage
or current. It adjusts the converter's switching pulses by calculating the error between the desired
setpoint (reference) and the actual output. The proportional term responds to the present error by
adjusting the duty cycle, while the integral term corrects accumulated errors over time. Together, they
ensure stable and precise control of the converter, minimizing output fluctuations caused by changes
in input voltage or load conditions. PI controllers are preferred for their simplicity and effective steady-
state performance.

PI controllers can be improved by using Artificial Neural Network (ANN) controllers. ANN controllers
offer several advantages over traditional PI controllers, especially for complex or nonlinear systems
like DC-DC converters used in EV chargers, like adaptive learning, nonlinear control, improved
performance, robustness etc.
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Fig.2 Block diagram of implemented model

A. ANN BASED ISOLATED ZETA-LUO CONVERTER

Artificial neural networks, modelled after the human brain, consist of interconnected nodes that mimic
biological neurons. These networks are defined by three key elements: node properties, network
architecture, and learning rules.

Based upon data, ANN goes into the training process for its learning and understanding the relationship
between the input and output data. Once, the training is successfully completed, the ANN can provide
the accurate output for any input variable without knowing the mathematical equation.

Training algorithms for ANNs play a crucial role in optimizing the network's weights and biases to
make accurate predictions or classifications. Levenberg-Marquardt algorithm is used for training of
ANN.

An ANN-based isolated Zeta-Luo converter integrates the isolated converter topologies with an
Artificial Neural Network (ANN) controller to enhance performance. By using an ANN controller, the
converter's switching pulses are optimized in real-time, allowing the system to adapt to varying
conditions such as input voltage fluctuations or load changes. This leads to improved efficiency,
reduced output voltage ripple, faster transient response, and better overall system stability, making it
ideal for applications like electric vehicle (EV) chargers where performance and reliability are key.
The implemented model of ANN based converter is shown in fig.2. The ANN-based controller
employed, optimizes the performance of the converters. This controller utilizes feedback signals from
the battery, such as voltage and current, and a reference signal representing the desired output. By
processing the error between the actual and desired output, the ANN generates precise control signals
for the pulse generator. This approach offers several benefits, including enhanced dynamic response,
adaptability to varying load and input conditions, and improved overall efficiency.

IV.  MATHEMATICAL MODELLING

ANN based Isolated Zeta-Luo converter has been modelled using the following equations:

The converter uses magnetizing Inductances for charging and discharging of supply and provide
isolation to the output from supply. Mathematically these can be determined using

Lmni2 = (V#/P)(Ts/2)(Vac/(nVintVdc) vvvvneinnnnnn (1)

Where V; is the rms value of peak magnitude of supply voltage, Ts is the switching time period, V¢ is
the output dc voltage and P is rated power. The value of intermediate capacitances are determined
using

Cia=nP/(y V2Vsfs (01V2Vs+ Vo)) wevneernnnn... )

where vy is the max voltage ripple across the capacitor.

To obtain a continuous output current filter inductor is used. By continuous charging and discharging
the inductor helps in obtaining continuous output current. It can be obtained using

Lo = (V&&/P)(Vad/(k N2V ND(Va/(VintVae)) ......... 3)

where k is max allowable current ripple in inductor current.
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To mitigate the ripple in output current and voltage the Dc capacitor used which ensures a continuous
supply to the battery, can be calculated using

Cdc = P/QWAV4?) oo (4)

where w is supply frequency in radians/sec and AV ripple in the dc voltage.

Filter capacitor and inductor are

Cr=(PN2/V/(WN2 Vi), L= /(A2 Cy). ... (5)

respectively.
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V. RESULTS OF SIMULATION

This work analyses the performance of isolated Zeta-Luo converter operated using an ANN controller.
The converters with PI and ANN have been simulated individually with the same battery load of 10
Ah from an input source of 220volts and 50Hz AC supply with a switching frequency of 25kHz. The
outputs have been observed using MATLAB.

The converter when operated using ANN based controller exhibit lesser voltage transients and settling
time of peak overshoots as compared to PI controllers.

OLTAGE USING ANN

VOLTAGE {v)

Time

Fig.3 Comparison of output voltages using ANN and PI controllers for Zeta-Luo converter

From the fig.3 it can be seen that the output voltage settling time is around 0.4 for ZETA-LUO
converter when operated with a PI controller.

The control of the converter is updated to ANN controllers. A change in the reference voltage is
induced at 5 seconds. Both the converters give a settling time around 0.2 seconds which is shown in
fig.7, fig.8. The voltage transients of the converter have been reduced with the use of ANN controller
compared to PI controller.
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Fig.7 Outputs of ANN based Zeta Luo converter
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Fig.8 Outputs of PI based Zeta Luo converter

It can be seen that using a PI controller the converter requires almost more than 0.5 sec to reach a
steady state also produces more transients in voltage and current.

An improved power factor of the input supply while using an ANN based Zeta -Luo converter can be
seen from fig.9 which is almost 0.991.
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Fig.9 Input voltage and current of ANN based Zeta-Luo converter
The THD value of the input supply current is as low as 4.6% during constant current operation, and as
low 9.25% during constant voltage mode shown in fig10.
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Fig.10 THD for Zeta-Luo converter with ANN controller
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Fig.10 THD for Zeta-Luo converter with PI controller

VI.  CONCLUSION

An improved ANN based isolated Zeta-Luo converter has been simulated and the performance of the
converter has been analysed. This topology provides the advantage of a reduced component count and
enhanced efficiency by integrating different converters within a single-stage converter, each operating
during alternate half cycles. Moreover, the integration of ANN control has improved the performance
by reducing the output voltage transients and also maintaining a low input power factor. The distortions
in grid side current are also reduced.

The ANN-based pulse generation significantly improved the input power factor, achieving values of
0.991 for the Zeta-Luo converter.

ANN based Zeta-Luo converter operates with lower voltage transients as compared to PI based Zeta-
Luo converter. The THD of grid current of Zeta-Luo converter is as low as 4.68% during CC.

The grid current distortion during CV is obtained 9.25% with ANN controller for Zeta-Luo converter.
In terms of settling time using ANN controller gives better performance than PI controller. But ANN
based Zeta-Luo converter gives better performance in terms of THD of input current and PF, than PI
based converter. Zeta-Luo converter provides lesser voltage transients, hence can cause lesser heating
issues in the components. The Zeta-Luo converter has smaller component sizes resulting in greater
efficiency and cost-effectiveness.
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