© MAY 2022 | IRE Journals | Volume 5 Issue 11 | ISSN: 2456-8880

A Novel Integrated Converter for Electric Vehicles (EVs)

D. RAMESHRAJ, M R. SITHIGANESH?, R. SABARISH?, DR. S. BHUVANESWARI* DR. S.
KRISHNAVENI®, R. RAJA®
123 Dr, M.G.R. Educational and Research Institute deemed to be University, Chennai
* HOD, Dr. M.G.R. Educational and Research Institute deemed to be University Chennai
56 Assistant Professor, Dr. M.G.R. Educational and Research Institute deemed to be University, Chennai

Abstract- A novel integrated converter for electric
vehicles (EVs) is proposed in this work. For battery
charging operation, the proposed converter system
enables a complementary deployment of the utility
grid and a solar photovoltaic (PV) system. Since both
sources (acting one at a time) utilize the same
converter, the developed charging system therefore
has a smaller number of components. In addition, an
inductor voltage detection (1VVD) technique has been
incorporated to correct the power factor in
continuous conduction mode (CCM), which
eliminates the need for a current sensor for power
factor correction (PFC). The proposed system
operates for all the modes required for an EV e.g.,
charging, propulsion (PRN) and regenerative
braking (RBG). In charging mode (with either grid
or solar PV), the proposed system operates as an
isolated secondary ended primary inductance
converter (SEPIC) converter. In PRN and RBG
modes, it operates as a boost converter and a buck
converter, respectively. Details of all these modes are
described in the paper, along with the design of the
components.

Indexed Terms- Power factor correction, electric
vehicles, bi-directional DC-DC converter solar PV
system, inductor voltage detection.

l. INTRODUCTION

To combat the scarcity of fossil fuel and the
environmental issues due to carbon emissions from
transportation, research in electric vehicles (EVSs) is a
priority for researchers worldwide. The major
challenges for researchers in EVs are how to reduce
the cost, charger size and charging time. The main
reasons for the high cost of these vehicles are storage
system (battery technology) and the charging
infrastructure (charger for the battery). The charging
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system of EVs is made using power electronic
converters and sensing elements. The power electronic
converters are composed of semiconductor devices
and passive components, and sensing elements are
composed of voltage and current sensors. The cost of
these components is usually high. Furthermore,
researchers are also concern about making the EVs
sustainable; thus, it is desirable to charge the EVs from
sustainable power sources. Hence charging of EVs
from solar photovoltaic (PV) arrays is a viable option
for the future [1].

Solar PV generation is characterized by both diurnal
and seasonal variations. This requires grid connection
to ensure a reliable power supply for EV chargers.
Workplaces office buildings, industries, factories, etc.,
where solar panel can be installed on rooftops and car
parks area are ideal places for solar EV battery
charging. There are a few advantages to solar EV
charging: a) solar PV charging reduces power demand
on the grid because solar power generated locally, b)
The EV battery serves as energy storage for PV power
and mitigates the problem of large integration of PV
into a distribution grid system [2], [3]. A key
requirement of an EV battery charger is that all power
sources namely; solar PV and grid must be isolated
from the battery [4], [5]. To charge the EV from solar
PV and grid at least three converters are generally used
[6]. First, a DC-DC converter is utilized for maximum
power point tracking (MPPT) operation of the solar
PV. The output solar PV (after MPPT) is connected to
the output of grid interfaced converter (second
converter), which forms a DC-link, and then a
bidirectional DC-DC converter (third converter) is
connected between the DC-link and the battery [7],
[8]. The block diagram of such conventional system is
shown in Fig. 1.
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Fig. 1. Block diagram of the conventional solar PV
and grid-based battery charging

1. EXISTING SYSTEM

A novel battery charging system that integrates a non-
isolated on-board charger (OBC) and low-voltage dc—
dc converters (LDCs) by sharing the semiconductor
devices and mechanical elements. Thus, the volume of
LDCs is reduced radically compared with a
conventional non-integrated charging system. The
proposed integrated system is configured based on a
driving condition that is derived from the analysis of
vehicle operating modes. And order to improve system
performance, an asynchronous control algorithm is
applied to control the on-board charger optimally. In
the LDC system, dual LLC resonant converters are
composed by sharing a transformer and secondary side
components. To improve the efficiency of each LDC,
which are operated in the wide input and output
voltage range, a duty and frequency control algorithm
is proposed

e proposed power conversion system
a new solar powered and grid based single-stage

isolated  integrated converter for  on-board
applications, as shown in Fig. 2

Fig. 3. Configuration of the proposed power
conversion system.

IRE 1703428

Y " "V Syslem
K 17777
Y <7771 Istegrated Converter » BEAC
/7777 S e il | "
e Ll S age. Beh achard Converter
A DD Comvarior s DC B Commatnn > T
Grid ‘\‘) savn) DC-link -

e

Battery Bank

Fig. 4. Block diagram of the proposed system.
features of the proposed system

The important features of the proposed charging
system are described as:

(a) two sources (solar PV and grid) for charging
operation, which enhances the reliability of the
charger;

(b) achieves all operational modes of Evs with one
converter;

(c) galvanic isolation between the battery and the
power sources for personnel safety and protection of
components;

(d) reduced cost of electricity per unit of charging.

Moreover, the proposed charging system utilizes an
inductor voltage detection (IVD) based control
technique for PFC operation in the continuous
conduction mode (CCM), which eliminates a current
sensor requirement and further enhances the
compactness of the charging system to make the
system more attractive for on-board applications.

1. SIMULATION RESULTS
In this section, the findings of simulation results are

discussed. The simulation study was performed on the
Simulink platform of Matlab.
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Fig. 5. Simulated Pv and wind
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This simualtion shows the output a) pv and b) wind in
X axis time and y axis pv & wind voltage
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This simulation shows the output of Output voltage
and battery voltage in y axis with respect x axis time
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IV. ADVANTAGES

a) solar PV charging reduces power demand on the
grid because solar power generated locally,

b) The EV battery serves as energy storage for PV
power and mitigates the problem of large
integration of PV into a distribution grid system.
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CONCLUSION AND FUTURESCOPE

In this paper, a novel on-board power integrated
converter that reduces the component count for
electric vehicles has been proposed. The proposed
system can utilize solar PV and a grid source as an
input for battery charging (not simultaneously, but
complementary to each other). Both power sources
utilize the same part of the converter for charging
operation, which leads to the system having a smaller
number of components and making the converter more
desirable for on-board applications. During day time
the solar PV can be a main source for charging, and
during night-time the grid power can be utilized for
battery charging. Moreover, the proposed system
utilizes the inductor voltage detection (VD) technique
for power factor correction (PFC), which eliminates
one sensor requirement for PFC. The elimination of
the sensor requirement will make the converter more
compact. The proposed converter is validated in each
mode through computer simulations and the
experiments. The results obtained from both the
simulations and experiments are in close agreement
with each other, which further validates the effective
design of the hardware system and the control loop
parameters
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