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Abstract: Solar based electric vehicle (EV) charging station was proposed in this paper. The maximum power of a PV module
varies due to changing temperature, solar radiation, and load. In order to extract the Maximum power point in this work, an
MPPT system consisting of a PV module, a DC-DC converter, and a fuzzy logic controller is designed and simulated in
Simulink. The EV battery SOC characteristic is observed to be fully charged within short period. In this paper single Phase grid
and the PV system with the Fuzzy controller MPPT is connected to the DC link, which is connected to the EV. Also in the
absence of solar PV energy, electric vehicle is charged from the grid. A battery of rating 100AH is charged with the solar PV
panel using a boost converter which generates output voltage of 400V. Then the voltage is stepped down for buck operation
according to 220 V battery requirement. A Bidirectional AC-DC rectifier is connected to the Grid, and the DC-DC boost
converter for the MPPT and the DC-DC bidirectional Converter is connected to the EV for the Charging and Discharging of the
EV. During charging and discharging modes the battery voltage and current is presented. It is clear that the grid voltage and
current are in phase during charging. During discharging they are said to be out of phase indicating the reverse power flow.
Keywords: Single Phase, DC-DC Boost Converter, MPPT, Solar PV, Electric Vehicle (EV).

L. INTRODUCTION

In day to day life increasing of the fuel expenses and emission standards require new technologies that are developed to achieve
these needs. In the automotive industry always needs to satisfy its customers by keeping up a high performance standard. For that,
engineers are trying to find away to accomplish it, having the hope that the electric vehicle can conquest the future. Solar Energy
can be utilized for electric vehicle (EV) battery charging applications. Hence the burden and the complexity of on the grid gets
reduced when EV’s are assimilated to the solar charging stations [1]. Therefore, in this paper, a solar power based EV charging is
proposed. Figure. 1 shows the EV charging with solar PV, the EV is charging with both the grid as well as with the solar PV. In the
presence of the Sunlight EV is charged by the electric power which is generated by the solar PV, when the sunlight is absence the
EV charges by the grid power.

Moreover, when it was partially shading conditions to extract the maximum power from the solar panel MPPT methods are used to
vary the duty ratios of the Boost converter which is connected to the PV array. The PV power generation changes with respect to
sunlight irradiance and temperature [1]. In this paper, the MPPT method has been developed by using a fuzzy logic controller to
track the MPPT of PV system [3]. The system battery of rating 100AH is charged with the solar PV panel using a boost converter
which generates output voltage of 400V by the Fuzzy controller. Then the voltage is stepped down for buck operation according to
220 V battery requirement. The SOC characteristic is observed to be fully charged within short period under various environmental
conditions by Matlab/Simulink. In this plant model there are two stages to charge the EV, one is through the Solar PV with the DC-
DC boost converter, another is the AC-DC converter which is connected to the grid and these are connected to the DC-DC
bidirectional converter of the EV to charge and discharge the EV.
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Figure 1. Electric Vehicle with Solar Charging Configuration

1. PV SYSTEM MATHEMATICAL MODELLING
1) Open-Circuit Voltage
The PV array open-circuit voltage, Voc, is the maximum voltage extracted from the PV array, when the current is zero. The open-
circuit voltage is proportional to the amount of forward bias on the PV cell caused by the PV cell junction's bias with the light-
generated current:
V= ”:T in ™7 | 1volt
whereas open-circuit voltage V, diode ideality constant N, Boltzmann constant (1.381*10"-23 J/K) K, temperature in Kelvin T,

electron charge (1.602*10"-19 c) Q, light-generated current Iph(A), and saturation diode current 1o(A).

2) Light-Generated Current (radiation)
G - -
I, = C_,.—* [ [peptox o Te — Tcrefj,l

whereas radiation (W/m2) G, radiation 1000 W/m2 Gref, photoelectric current 0.15 A ILref, module temperature 298 K TCref,
temperature coefficient of the short-circuit current (A/K) = 0.0065/K aISC, and light-generated current (radiation) IL.

3) Reverse Saturation Current
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Whereas reverse saturated current lo, saturation current 1., ideality factor 1.5 N, and band gap for silicon 1.10 eV E,,.

4) Short-Circuit Current
When the [, = IL. Then it is the maximum current produced by the PV cell. Due to the short circuit-operation: V = 0.

A

P
Ig =1 - lu( IHrc':Q Fer) — 1] )

1. MPPT CONTROLLER USING FUZZY

The maximum power point extraction devices are used by DC/DC converters to compensate the output voltage of the PV array in
order to keep the voltage at the maximum value that optimizes output power. After extracting the output voltage and current at the
PV array, the fuzzy MPPT controller is used to extract the maximum power point. The output of the fuzzy controller varies the
waveform of the PWM duty cycle used to trigger the DC/DC converter.

. B{k-Bk-1
E(kl = w_izc“{__l
AE(k)=E(k) —E(k—1}
where P(k) and V(k) are the instant power and voltage respectively of the PV generator.
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Figure 2. The concept principal of MPPT fuzzy logic controller

Mamdani process of FLC is used for the MPPT. There are three methods in the FLC, those are Fuzzification, inference engine, and
defuzzification.

DESIGN AND CONFIGURATION OF THE EV CIRCUIT
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Figure 3. The PV array connected DC-DC converter with fuzzy controller.
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The system comprises of PV panel which is connected to the boost converter to boost and regulate the output voltage of the PV
array. The MPPT FLC controller is used to track the maximum power from PV array. The proposed block diagram of system is
given away in Fig.1.

The main purpose of the DC-DC boost converter is to steps up the input voltage to required output voltage, the components of a
boost converter are diode for the freewheeling, high frequency switch (MOSFET), and an inductor. Magnitude of the output side
voltage greater than the input voltage. The control stratagem is used to operate the duty cycle of MOSFET which regulates the
output voltage. When MOSFET is closed, then the inductor goes to charge by the PV array source by the MOSFET. The
freewheeling diode restricts the stream of current from source to the DC link capacitor. When the MOSFET is operated, then the
diode is conducted in forward biased. And inductor goes to the discharges and composed with the PV array charges the capacitor.

V. BI-DIRECTIONAL CONTROLLER CONCEPT
An integrated controller is proposed to simplify the controller while stabilizing the system during the mode change of the
Bidirectional converter. As an example, a current mode controller is used, Figure 3 (a) depicts the typical method of using two
distinct controllers, like buck and boost controllers. A power management command controls the switching between the two modes.
Distinct current flow directions represent distinct modes; for example, buck mode charging current is positive, whereas boost mode
discharging current is negative. In this manner, charging and discharging are only controlled by changing the reference current iL0*
to positive and negative values, respectively.
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Figured. Power management controller controlled power stage of the Bidirectional converter

Using Fuzzy logic controllers can provide a resilient response for complex in the non-linear systems with load disturbance, and
uncertainty. These controllers employ a highly adaptable set of if-then logic. Because of their adaptability, these controllers are
becoming increasingly popular for regulating bidirectional DC-DC converters. The main advantage of utilizing this methodology is
that no prior knowledge of the system's parameters is required, and, in comparison to the sliding control method, less measurements
are required to construct the controller. In MATLAB Simulink, the model for both controllers with voltage control mode is
evaluated, as well as the system's steady-state and transient response. Simulations revealed that the fuzzy logic control system had a
steadier and dynamic response and required less settling time than the Pl and PR controllers. The correlations between Dc link bus
voltage Vdc and EV side battery voltage Vb, inductor current iLO, and duty cycle d are derived using this DC model. Because buck
charging and boost discharging current modes use the same power plant transfer function, they can be controlled by the same
unified controller.
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The flow direction of the defined inductor averaged current iLO reference is the same as the flow direction of the battery charging
power. The operation between control duty cycle D and zero current duty cycles S5 and S6 determines the direction of ILO's current
flow. In order to charge the battery, the inductor averaged current ILO must be greater than zero. Similarly, duty cycle D should be
increased to be greater than Do.

V. RESULTS AND DISCUSSION
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Figureb. Simulation Diagram of the Electric Vehicle with Solar Charging System

During the day time, the solar PV energy charges the electric vehicle battery. A boost converter raises the voltage of the PV panel to
200v to 400v. In this paper, a 100AH, 230 V (20 kWH) battery is used. An on-board charging circuit can be implemented at home
or in parking lots.

1) Case 1: Grid to Vehicle.
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Figure6. Solar PV Array and MPPT Voltage and Current Tracking.
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Solar PV array output voltage is 200V. The solar PV voltage and MPPT voltage tracking, the PV array takes 0.122s time to track
the MPPT reference voltage (Vmppt) and 0.5 % steady state error.5%. Fig. 9 shows the boost converter output voltage 400V.
Battery Fig. 10 shows the battery voltage and the current. Fig. 11 shows the battery state of charge during the EV charging

The PV array takes 0.022s to track the solar PV MPPT voltage. The boost converter output voltage 400V is shown in Fig. 6. Battery
Figure 9. Depicts the battery voltage and current. Figure 8. Depicts the battery status of charge during EV charging.
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Figure7. Boost Converter Output DC Voltage

DC link Voltage of the boost converter is 400V.
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Figure8. Battery State of Charge during charging

State of Charge during charging of the EV from the minimum value.
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Figure9. Battery charging VVoltage and Current

2) Case 2: Vehicle to grid

In this case, the bidirectional AC-DC converter serves as an inverter, controlling the output grid current. The battery provides power
to the grid dependent on the needs of the grid and the convenience of the EV owner. During the charging of an electric car,
switching pulses are given to a bidirectional AC-DC converter. The input voltage and current are synchronized. During charging,
the battery current and voltage waveforms show a minor increase in voltage while the current waveform remains constant. During
battery charging, the SOC waveform is displayed. During charging, the odd order harmonic component exists in grid voltage and

current.
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Figurel0. Battery discharging Voltage and Current

During discharging, the grid voltage and current waveforms are out of phase with the grid voltage are shown in the figl2. It
demonstrates how power travels from the EV battery to the power grid. During battery draining, the voltage and current waveforms
decrease while the voltage wave remains constant. The battery's state of charge (SOC) when discharging is shown in the fig11.
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Figurel2. Grid Current and Voltage Current waveforms

VI. CONCLUSION

The solar PV system is designed to create an output voltage of 200 volts, which is then stepped up to 400 volts using a boost
converter. The output voltage is filtered, and the filtered voltage is step-down to meet the charging requirements of an EV battery
using a buck converter. The foregoing goals are met by modeling the mathematical architecture of the PV system and simulating the
PV system under various weather situations using a fuzzy-based MPPT system. The fuzzy-based energy management system is
designed and tested under a variety of power demands, and the functioning of battery charging and discharging is then examined.
SOC has been found to be efficient in both charging and discharging modes. Based on the frequency response characteristic, a
corner frequency of 10 rad/s was suitably chosen. Voltage and current in-phase and out-of-phase are used to depict EV charging
from the grid and battery energy given back to the grid. In a high power bidirectional dc-dc converter, the proposed unified
controller performs well. Load step up and down tests under both buck charging and boost draining modes confirm stable operation.
The results show that the derived model is correct and can be used in the construction of a unified controller to ensure constant
current charging and discharging. Solar charging solves voltage issues and overloading in the distributed network caused by
additional producing units and increased power demand caused by a greater number of EVs charging from the grid.

VIL. APPENDIX
Table 1 CIRCUIT CONFIGURATION PARAMETERS

Circuit Variables Ratings
Grid voltage Vg 120 V rms
Power frequency fs 60 Hz

AC Filter inductor Ls 0.75mH
AC Filter capacitor Cs 20 pF
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DC Capacitor Cdc 2 mF
Inductor Lo 41pH
Capacitor Co 600 uF
Battery capacity 100AH
Hysteresis band h 0.5V

PR Controller | 100, 0.1ms

parameters Kp, I'i

Table 2. PARAMETERS OF PV BOOST CONVERTER

Parameters Value
Boost converter input | 200 V
Voltage

Output Voltage 400V
Input inductor, LIN 1.3mH
Output capacitor, Cout 2500 pF
Duty ratio 0.5
Switching frequency 10kHz

Table3. PARAMETERS OF PV ARRAY

PV Array Value
Parallel strings 50
Series connected | 6
modules per string

Cells per module 60

Open circuit voltage (V) | 36.3
Short circuit current ISC | 7.84

(A)
Voltage at maximum | 29
power Vmp (V)

Current at maximum | 7.35
power point Imp(A)
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