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Abstract

This project proposes a novel solution for energy management in electric vehicles (EVs) using an on-
board converter that integrates solar photovoltaic (PV) and grid power with a neural network (NN)
controller. The proposed system optimizes the utilization of available energy sources while ensuring
the vehicle's energy demands are met.The developed configuration accomplished all modes of
vehicles (charging, propulsion (PP) and regenerative braking (RB)). The proposed power electronic
converter works simultaneously using both grid and solar pvi.e it can charge the battery by both grid
and solar pv system simultaneously. Battery can also be charged through regenerative braking (RB)
operation. The proposed converter operates as an isolated SEPIC in plug-in charging (PIC) mode and
as a non-isolated SEPIC in solar PV charging mode. Further, in PP and RB modes, operation of the
proposed PEC as a conventional boost converter and conventional buck converter, respectively.The
performance of the proposed method evaluated results using MATLAB/Simulink software.
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I Introduction

The non-stop depletion of fossil fuels and growing environmental issues led to analyse in pollutants-
free electric powered vehicles (EVs) or plug-in EVs (PEVs) the world over. The primary additives of
an EV are charging device, battery management gadget (BMS) and inverter force gadget. For
complete commercialisation of EVs in market, the battery charging mechanism and development of
battery era are nonetheless challenges for vehicle producers. As we realize that electric automobiles
are increasing day by day and charging the battery is an important factor in electric motors. So
electric powered car charging creates an impact on voltage unbalance in a city disbursed community
and additionally generation of energy is particularly dominated by using fossil fuels. So, to make
electric vehicles sustainable we should use renewable energy sources like solar, wind etc. The use of
solar for charging the battery isn't always dependable as solar energy varies consistent with climatic
situations. So, to conquer these problems proposed device integrates both solar pv and grid for
charging the battery. so integration of both solar pv and grid reduces dependency on fossil fuels as
well as reduces impact on voltage unbalance in distribution network.

The battery chargers for electric vehicles (EVs) are commonly referred to as off-board chargers and
on-board chargers [1]. In an off-board charging device, the charger is located at a charging station
outside the car's premises and offers a dc output that is connected directly to the battery. Because this
type of charger isn't always responsible for the weight of the car, its weight is extremely excessive. It
may thus be rated for excessive power, which allows the EV battery to be charged in a matter of
minutes. But the cost is a barrier to the advancement of these chargers. As a result, there is a limited
selection of these chargers, and they might not be widely available. The battery in on-board chargers
may receive direct ac power charging which could be easily found anywhere. This type of charger
may be used everywhere and does not require expensive infrastructure, which is a clear advantage.
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Due to the fact that EVs and PEVs may be charged anywhere, on-board chargers are more common
in these vehicles. The on-board charger, however, is confined in terms of size and space because it is
housed inside the vehicle.

1. Literature

Single-stage chargers and two-stage chargers are additional categories for on-board chargers.
Additionally, multiple components are used in two-stage chargers [3]-[5], making them unattractive
for on-board charging system implementation. A single-stage charging system is more appealing for
EV on-board applications since it uses fewer components than a two-stage charging system. For
power flow during the PP and RB modes, a bidirectional DC-DC converter is connected between the
DC-link of the inverter and the battery in a traditional single-stage charging system [6]. Researchers
in power electronics have suggested integrated chargers as a way to do away with the bidirectional
DC-DC converter used in single-stage charging systems [6] through [10]. The traditional single-stage
bidirectional DC-DC converter of the integrated charger is linked to the battery and the DC-link at
the expense of few more switches, is combined with front-end converter. Comparing the whole
integrated system to a single-stage charging method, fewer components make up the overall system.

O. C. Onar, J. Kobayashi, D. C. Erb, and A. Khalighv This paper primarily focuses on two major
thrust areas of PHEVSs. First, it introduces a grid-friendly bidirectional alternating current/direct
current ac/dc—dc/ac rectifier/inverter for facilitating vehicle-to-grid (V2G) integration of PHEVS.
Second, it presents an integrated bidirectional non inverted buck—boost converter that interfaces the
energy storage device of the PHEV to the and driving modes. The proposed bidirectional converter
has minimal grid-level disruptions in terms of power factor and total harmonic distortion, with less
switching noise. The integrated bidirectional dc/dc converter assists the grid interface converter to
track the charge/discharge power of the PHEV battery. And in this only grid power is used for
charging the battery.

Jos Schijffelen2, Mike van den HeuveThis paper presents the development of a 10kW EV charger
that can be powered from both a PV array and the three-phase AC grid. The goal is to realize a high-
power density and high-efficiency three-port power converter that integrates the EV, PV, grid and
meets the Chademo and CCS/Combo EV charging standards. The EV port is designed to be isolated
and bidirectional, so that both charging and vehicle-to-Grid (V2G) can be implemented. As PV and
EV are both DC by nature, the converter uses a central DC-link to exchange power between the EV
and PV, thereby increasing efficiency. Hence the converter operates as a PV inverter, a bidirectional
EV charger and a combination of both. But the problem in this method is that design of converter is
very complex and they used more components.

Ankit Kumar Singh ,Yogesh N. TatteThis paper proposed a multifunctional on board converter for
electric vehicles by using solar pv and gridand here they used pi controller which is not effective and
have high total harmonic distortion in the output.
I11.  Proposed Methodology
The proposed methodology is development of multifunctional power electronic converter (PEC)

utilizing dual power sources(solar pv and grid) for charging phenomenon of plug-in electric
vehicles(PEVS) by using Neural Network Controller(ANN).
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Fig 1. configuration of proposed pec
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Fig 2. Operation of the proposed PEC during PIC mode

When solar power is not available, the battery is charged through grid power. When switchSal turns
ON, the rectified grid voltage is applied to inductor L1 and current through it builds up and L1 stores
magnetic energy. The path of current through inductor L1 is shown by solid lines in Fig. 2.
Moreover, the capacitor Cs transfers its stored energy to magnetizing inductor Lm of high frequency
transformer (HFT). In this duration, the battery is disconnected from the grid hence, capacitor Cb
supplies power to the battery. When Sal turns OFF stored energy of Lm is transferred to the battery
through diode D6 as shown by green dashed line and shown in Fig. 2.

B. Solar mode
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Fig.3.OperationoftheproposedPEC duringsolarPVmode

If grid power is not available, the battery is charged through only solar PV system and it is
connected to the battery through SEPIC converter. The perturbed and observed based maximum
power point Tacking (MPPT) controller is implemented through this SEPIC converter to
optimize the performance of PV array. The equivalent circuit representation of this mode is
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shown in Fig. 3. When switch Sa3 is turned-on, current through inductors L2and L3 flow as path
indicated by pink and blue solid lines. When Sa3 is turned-OFF, inductor L3 imparts its stored
energy to the battery through the diode D8. While inductor L3 charges the capacitor Cp

C. Solar PV and grid mode
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Fig.4 Operation of the proposed PEC during PIC and solar PV modes (simultaneously)

This mode occurs when solar PV system is not able to generate required power (reference charging
power) to charge the battery. In such condition, grid is supplying remaining power (reference power
— solar PV power). The grid and solar PV system both simultaneously charge the battery. If reference
charging power is not met by solar PV system the rest of the power is supplied by the grid. The
switch Sa3 is operated through PWM to achieve MPPT operation and supplying power to the battery.
The switch Sal is operated for supplying power from grid to the battery. The equivalent circuit of
this mode is shown in Fig. 4

D. PP mode

Fig. 5(a). Operation of the proposed PEC during in PP mode

The proposed system in this mode is operated as a conventional boost converter. The switch Sal is
operated through PWM signal, and mechanical switches P2 and P3 ON permanently ON. When Sal
is turned-on voltage Vb is applied to inductor L1 and it stores magnetic energy and current flows
through the path indicated in Fig. 5by solid pink line. When Sal is turned- OFF, inductor L1 is
supplied its stored energy to the DC- link capacitor Chv. The current path through various circuit
elements has been shown with dotted lines in Fig.5 The DC-link capacitor transfers its stored
electrostatic energy to the load (motor drive system though an inverter). The vehicle will be in
running mode as along as the battery is supplying energy to the DC-link
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E. RB MODE
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Fig.5(b) Operation of the proposed PEC during in RB mode

The proposed system in this mode is operated as a conventional buck converter. The switch Sa2 is
operated through PWM signal, and mechanical switches P2 and P3 is permanently ON similar to the
PP mode. When switch Sa2 is turned ON inductor L1stores energy through the path indicated by
pink solid line in Fig.5. When Sa2 is turned OFF, stored energy of L1 is supplied to the load through

the path indicated by green dotted lines, which is shown in Fig.5

Operation mode Figure S, Saa S P, P P, D, D D- D. D,
PIC mode Fiz 2 PWM OFF OFF ON OFF OFF OFF ON OFF OFF OFF
Solr PV mode  Fig 3 OFF OFF PWM_ON OFF OFF OFF OFF OFF ON OFF
o '::d’:" @ Ea4 PWM OFF PWM ON OFF ON OFF ON OFF ON OFF
X
PP mode Fiz 5a) OFF PWM OFF OFF ON ON OFF OFF ON OFF OFF
RB mude Fiz 5b) OFF OFF PWM OFF ON ON ON OFF OFF OFF OFF

states of switches during charging

ANNCONTROLLER

An Atrtificial Neural Network (ANN) controller is a type of control system that uses an ANN to
control a process or system. The ANN controller is a computational model that is designed to
simulate the behavior of the human brain and consists of interconnected artificial neurons that can

learn and adapt to changing conditions

Irradiance

Temperature

Input layer Hidden layer

Fig 7 structure of ANN controller
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V. Simulation Results

(@) (b)

.........................

(b) (d)

Fig. 8. Simulation waveforms of PIC mode (alone)(a) grid voltage and grid current (b) battery
current (c) battery voltage (d) voltage across capacitor Cs
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Fig.9.simulation waveforms of PIC and solar PV modes (simultaneously) (a) grid voltage and grid
current (b)solar PV voltage (c) solar PV current(d) solar PV power(e) battery voltage (f)battery
current
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Fig. 8. Simulated waveforms of PP mode (a) DC-link voltage, (b) DC-link current, (c) battery

voltage, (d) battery current
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Fig.10. Simulated waveforms of RB mode (a)battery current, (b)DC link voltage, (c) battery voltage

TotalHarmonicDistortionComparisonTable:

Parameter THDs usingPI THDsusingNeural
Controller NetworkController
Grid Voltage during 2.54 0.78
PIC mode
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Grid Voltage during 1.59
PlCandsolarPVmodes

Grid Current  during 2.54 0.78
PIC mode

Grid Current  during 1.59
PlCandsolarPVmodes

V. Conclusion

In conclusion, the integration of solar PV and grid power with a neural network controller for on-
board converter integration in electric vehicles can lead to more efficient and intelligent energy
management. This approach allows for the optimization of energy usage by switching between the
solar PV and grid power sources depending on their availability and the demand for energy. The
neural network controller can learn from past usage patterns and adjust the switching algorithm
accordingly, making the system more adaptive and responsive to changes in driving conditions and
energy availability. Overall, this technology has the potential to significantly reduce the
environmental impact of electric vehicles and increase their efficiency and range, making them a
more viable and sustainable mode of transportation.
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