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ABSTRACT

The modelling, design consideration, and control studies of the bidirectional DC/DC buck-boost converter for
usage in hybrid and electric vehicles are presented in the current work. The recommended concept includes the
electric motor, the vehicle's dynamics, and their controllers. This study examines the viability of grid-connected
constant current EV charging utilising a DC-DC converter with fuzzy logic control (FLC). FLC does not require
intricate mathematical modelling and is simple to apply. In MATLAB/Simulink, the whole model of the system
under examination was built. The resulting simulation results show the suggested architecture's strength and
capacity. The results collected demonstrate that the suggested technique is suitable for a range of electric
vehicle-related applications.

Keywords— Modeling, Control, Electric and hybrid vehicles, Bidirectional DC/DC converters
. INTRODUCTION

Recently in contemporary society, electric cars (EVs) are being used more frequently. Because it can function as both
a motor and a generator when the car is accelerating and braking, the electric motor enables an improved control over
the vehicle's energy conversion. To realise the possibility of total control over the energy in both directions, the
onboard DC/DC converter must be able to accept both of its ports as potential energy sources. These converters are
known as bi-directional DC/DC converters, and it is essential to maintain and research them in order to get the most
out of full electric propulsion. These converters may work in a variety of operational modes, including step-down
function (buck), step-both, and boost function thanks to their fixed switching frequencies and variable duty cycles
(buck-boost). These characteristics enable the development of an energy storage technology. Almost 64% of the oil
consumed globally, according to the International Energy Agency, is used in the transportation sector. Due to the
increased demand for non-renewable energy sources and the speeding up of environmental change, restrictions on
CO2 and NOx emissions have been put in place [1].

Eventually, there will be a greater need for renewable energy sources. The adoption of electric vehicles (EV) can
lessen the risk posed by climate change [2]. There will be a lot of study done in the future on electric vehicles (EV)
[3] as well as the feasibility of building the charging interface using power matrix association [4]. In any event, EV
charging configurations need to be greatly improved. The reduction of charging time is a crucial factor in the
development of Using EV is Simple [5]. Thus it makes sense to use fast DC and constant current (CC) charging
methods. [6]. The author of [7] discusses the two levels of DC quick charging in accordance with international
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standard IEC 61851-1. The DC-DC bus connection is preferred because it necessitates less switching and allows for
greater efficiency [8]. Moreover, using the method described in [9], the charging power requirement can also be
determined using the battery capacity, departure and arrival times, and battery charge level. [10] examines the speedy
charging process in great detail, along with the necessary charging voltage and current. Despite this, [9] has created
the specialised architecture for EV charging that is connected to the photovoltaic grid. Not even a bare minimum of
the EV charging procedure is shown. A proportional integral (PI) controller is used in [11] to enable fast DC charging
for electric vehicles, while PI controllers are frequently modified in general. In [2], an energy management system
that combines a PI controller with voltage sensing smart charging takes care of the buck converter charging for the
EV. The battery is shown in [12] as a basic resistor with an eye-catching fuzzy logic regulator for EV charging. The
PV board is made using a DC voltage supply. These studies, in contrast to previous efforts, focuses on buck DC-DC
converter charging of electric vehicles connected to lattices using a constant flow fluffy rationale regulator (FLC).

This study examined the entire EV charging system using MATLAB/Simulink and real models of the lattice
association and battery. Many domestic and mechanical applications are possible with FLC [13]. In comparison to the
outdated relative required (PI) regulator, FLC is easier to implement and better equipped to respond to changes in
working conditions [14]. It is typically registered using etymological criteria rather than numerical ones. Membership
functions are used to describe fuzzy sets (MF). In fuzzy logic, MF, which stands for degree of accuracy, is mapped
from O to 1. In fuzzy logic, an MF value of 0.2 represents an accuracy level of 20%. Without the requirement for
substantial numerical modelling, operators for difficult and non-linear systems can use the fuzzy set control technique
using fuzzy rules. Moreover, it has a high degree of dependability and resistance to transient events and changes in
circuit parameters [15]. This essay is organised as follows: In Section 2 of this paper, the buck converter's design and
the grid connection are covered. Part 3 goes into great detail regarding the constant current fuzzy logic controller for
EV charging. Section 4 presents the simulation findings. Section 4 is the fifth and last part of this essay.

II. BUCK CONVERTER AND GRID CONNECTION DESIGN

MATLAB/Simulink is used to produce the overall reproduction graph of the EV charging framework, as
depicted in Fig. 1. The voltage source in this concept is a single-stage source made of super capacitors, DC/DC
converters, and Li-ion battery DC/DC converters. To convert AC to DC, a two-level extension inverter is employed.
Fig. 1 illustrates how the control system, DC controller, and integrated ac/dc converter alter the structure's DC
transport voltage and receptive current. This involves both a current control and a DC voltage control. The DC
voltage controller's yield is represented by the current reference, or Idref. [16] claims that the current controller
regulates the converter using the voltage and strength it produces. DC-DC buck converter framework with yield Vo.
The converter allows for a desired reduction in the voltage magnitude for charging the EV.

D=3 (1)

Where

D stands for duty cycle,

Vs for source voltage,

Vo for output voltage.

The on/off stages of the converter are determined by the duty cycle. The buck converter must be configured with the
appropriate switching frequency and inductor size in order to run continuously. The smallest permissible inductor
size, Lmin, can be calculated by:
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Fig. 1 a hybrid energy storage system's topology

Super capacitors, a DC/DC converter, and a lithium-ion battery make up this device. A DC/DC converter is
composed of four IGBT switches (T1-T4) and four diode tubes (adding battery) (D1-D4). Moreover, self- and
mutual-inductors share a core with an integrated magnetic structure. The powerful DC motor is powered by the
battery pack. The current peak power supply issue is handled by the super capacitor. Electric vehicle power
management systems regulate the flow of electrical energy based on the requirements of the load. The converter
functions generally in five different modes (mode due to the additional battery pack modification) (mode due to the
additional battery pack change). Table 1 reveals the particulars. DC-DC converter operating mode as well as the
energy flows that go along with it for the hybrid energy storage system.

IIT. DESIGN OF THE DC/DC CONVERTER WITH INTEGRATED MAGNETIC STRUCTURE

The essential building blocks of energy transformation, sifting, electrical disengagement, and energy stockpiling are
attractive components like inductors. The size of the attractive component is a significant factor in deciding the size
and weight of the converter. In this study, an E-type attractive centre is used to combine the appealing aspects. L1 and
L2 are the coupling inductances employed here. According to Fig. 2, Ca is an extra capacitance, L1 is the external
inductance, and L2 is the output filter inductor. Table 1 shows how the hybrid energy storage system functions.
Without taking into consideration the voltage of Ca is steady state and identical to the output voltages of L2 and L1,
eliminating the capacitor's voltage ripple.

Table 1

The way a hybrid energy storage system operates

Working mode Power source Power flow Operation mode
Parking charging ) Battery and super
SEEETS AC power Ty . P Buck
mode capacitor
Constant speed ,
* Pe Battery 1 Boost
mode
Acceleration Super )
‘ p. D motor Boost
mode capacitor

Braking Battery and super

Braking mode . Buck
energy capacitor
Super-capacitor Super capacitors
per-capac Battery P _p Boost or buck
charging mode and DC motors

Figure 1's DC/DC converter is made up of four diodes (D1-D4) and four IGBT switches (T1-T4). A buck converter
has three additional operating modes in addition to the two for a lift converter (L1, T4, D4 or L2, T2, D1) (comprising
of L1, T3, D4 or L2, T1, D2). Table 2's examination of two DC/DC converter designs illustrates that the DC/DC
converter with an integrated, visually beautiful architecture is typically lighter and smaller in size. Reduce system size
and weight in an electric car by using a DC/DC converter with an integrated magnetic structure. Moreover, a
magnetic component of the device aids in reducing output current ripple. The combined magnetic structure's viability
is demonstrated in Section 5 through modelling and testing.
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Fig. 2 DC/DC converter topology of the magnetic components

IV CONTROL STRATEGY OF HYBRID ENERGY STORAGE SYSTEM
A. Super Capacitor

To supply a steady load voltage, a straight-line voltage and current regulator is selected. Super-capacitors are
able to respond more quickly and recycle the energy when the DC side voltage considerably rises during slowing
down. The super capacitor regulators control In Fig. 3, a block diagram is displayed. Where Vdc and Vdc-sen
represent the actual and estimated voltages of the DC engine, the supercapacitor, and *UC I and *UC sen I,
respectively, and fs is the exchanging recurrence. G1 and G2 are the exchanging signs of T1 and T2, respectively.
The inductor current exchange capacity obligation pattern can be sent as follows in the help mode:

ey

VacRLoadCdcS+2Vac
RpoadLl2CacS?+LyS+Rppqq(1-D)?

112(s) —
D(s)

L2's reference current is IL2(s), the DC motor's voltage is Vdc, its capacitor is Cdc, and its duty cycle is D.
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Fig.3 A super-capacitor voltage and current controller's block diagram

The following equation illustrates the connection between the inductor current and the DC-side voltage;

Vac(s) _

—L35+Rjpaq (1-D)?

I2(s)

B. Fuzzy Logic Controller

R12(s)C4q.(1—D)s+2(1-D)

The primary objective of using controllers is to reduce the difference between the output parameter that is
being measured and the reference value. This work uses a fuzzy logic controller that basing its design on the bang-

bang control theory [15],[12]. The automatic on/off switching of the bang-bang control mechanism keeps
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measured output close to the reference value. The term "two-step controller" is used to describe it. The configuration
of the control system, which uses a fuzzy controller to regulate current, is shown in Figure 4. The difference between
the measurements of the reference voltage and the actual voltage serves as the input to the fuzzy controller.

Sagquencet

A

Fuzzy Loghs
Confroller

¥

Fig. 4 DC-DC converters using fuzzy logic controllers

By doing so, The defined reference current is used to charge the EV battery. The matching inductor, capacitor, and
resistor are denoted in Fig. 4 by the letters L,, and R, respectively. The starting point of Figure 4 represents the grid
link that was described earlier. The pulse width modulation (PWM) block in Fig. 4 produces the MOSFET's
switching frequency. The input, output membership functions as well as the crisp output function is shown in Figures
6 and 8, respectively HESS simulation for use with electric vehicles.

V. SIMULATION

In order to evaluate the system's dynamic performance, With Matlab/Simulink, a simulation model of the proposed
HESS is created and used to a typical car driving cycle. Table 5 lists the parameters of the simulation system. To
simulate how cars function in the acceleration, constant speed, braking, and parked charging modes, Matlab/Simulink
is employed. It's important to pay attention to the voltage stability of the load side and load side as well as the current
ripple that the battery and super capacitor cause.

[
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Fig. 5 In order to construct an EV charging system, MATLAB/Simulink was employed
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Fig.6 The EV with PI simulation's findings
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Fig. 7 MATLAB/Simulink-based EV charging system developed using FLC
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(b) Battery waveforms
Fig. 8 Results of the EV with FLC simulation
VI. CONCLUSION

This paper provides a comprehensive model of an EV charging station using a fuzzy logic controller. In
MATLAB/Simulink, the entire simulation model was created. The results of the simulation demonstrate how
straightforward it is to use FLC for EV charging without the need for further fine-tuning as with PI controller. In light
of this work, it is possible to carry out an experimental validation of the suggested system.
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