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Abstract: Now a days, Electric Vehicle (EV) integration to the distribution grid is gradually increasing and is hitting
with much power quality issues. This paper presents a smart compactible integration of EV with the distribution grid
assuring a quality power. Charging station is the place where an EV integrates with the grid. In this paper, works have
been done for a level 3 off-board EV charging infrastructure that can employ multiple EVs which will alleviate the
down-time required for vehicle charging. There is a master control to deal with the power exchange between the AC
and DC bus (AC-DC Converter Control).The control of individual EV is de-centralized (DC-DC Converter Control).
The proposed work looks into two different aspects of EV integration to grid a) Grid to Vehicle mode-G2V (EV
charging), b) Vehicle to Grid Mode-V2G (EV discharging Mode) ie, proposing EV as a grid connected distributed
generation, ¢) Simultaneous EV charging and discharging mode ie, G2V & V2G operations. Simulation platform is
Matlab. Results show the feasibility of the proposed model during grid integration.
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1. INTRODUCTION

The history of electric vehicle starts in 1868. Since then, studies were going on in utilizing EV as future Vehicle. EV
charging station is the place where an EV integrates with the distribution grid. So, expert care has to be given in
designing the components in the charging station to ensure a quality grid integration. Also, since the EV has to be user
friendly, we have to reduce the charging time. Therefore, the work has been done for a Level 3(200/600V DC, up to
240kW, 400A) [1] EV charging station which ensures fast DC charging.

The integration of EV the grid offers a lot of challenges in power quality. The design of different elements in the
proposed model is precisely done to aid quality power exchange. The AC-DC converter employs a control in dq
reference frame. The DC-DC converter which aids the EV battery charging/discharging employs constant voltage/
constant current strategy. The control strategies tries to fulfill recent IEEE standards 1459-2010 with the objective of
maximizing the use/injection of AC power from/into the grid reducing the lower order harmonic factor. In the proposed
paper, different aspects of EV integration to grid are analyzed and the results are shown.

II. EV CHARGING STATION DESIGN

The configuration of proposed DC charging station is shown below in Fig 1. The converter is connected to the grid
through a LCL filter and transformer. EVs are connected to the slots provided in the DC bus.
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Fig 1: Block schematic of EV charging station.

The charging station rated capacity can be calculated from the below equation.
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S peg = —— kVA
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The charging station rated capacity depends upon the overload factor (Ky,,q), number of slots provided (Ny),
maximum power of individual EV (Pgy), and the power factor (cos®).

The upper limit of DC bus nominal voltage is calculated by considering the minimum battery voltage Vi, " and the
battery charger minimum modulation index m,,.

v
Vde = —22F poies

Mlmin (2)

A. DC Bus Capacior

The size of the DC capacitor determines the stability of the DC bus. Since many EVs are connected to the DC bus in
the same time, the ripple currents will be very high; thus need a DC bus capacitor. The value can be calculated from the
following equation [2].

Siaregd 2n T Ar cos@
Cae = rared Farad

Va4l Ax 3)

The value of the DC bus capacitor depends upon the time period (T) of the AC voltage waveform and allowable DC
power (Ar) & bus voltage (Ax) expressed in percentage.
B. Electric Vehicle Battery Selection

The most commonly used EV battery is Li-ion battery. However Nickel Cadmium batteries are also in use. There are
some specifications to be considered while selecting the EV battery. They are nominal voltage, cut-off voltage, energy or
nominal energy, ampere hour capacity, life of battery, specific energy, specific power, energy density, charge/discharge
cycles of battery, internal resistance, environmental factors etc.

C. Electric Vehicle Battery Charger Unit
Below Fig 2 shows the battery charger unit. A buck-boost battery charger [3] unit is considered.

Fig 2: Battery charger unit.

The unit consists of two IGBT switches which performs buck and boost mode of operation under the required control
strategy. This unit serves as a DC-DC converter. While boost mode (charging) of operation is executing, the
corresponding thyristor switch will be active and the other remains idle and vice versa.

D. Three Phase Converter

The power exchange between AC grid and the DC converter is controlled by the AC-DC converter. It is a bi-
directional converter. The switches are IGBTs with gate pulses fed to them to control its operation. Fig 3 shows such an
arrangement. The converter is connected to a filter unit.
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Fig 3: Three-phase converter unit.

Vae

E. LCL Filter

Filters are essential to cut out the harmonics in the system. The Fig 4 shows the filter configurations [4] which consist
of converter side inductor (L.o,), filter capacitor (Cy) and grid side inductor (Lgq).
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Fig 4: LCL filter configuration.

The design equations [2] for obtaining the values are as follows.

=2 =2 (3 4+/3 2 .
Varia- |18 (2 e gl

1
Sytieer THD. 21 finar
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C))
0.055,area d
Cr = m Fara (5)
L _ RaF+1
9T T RAF.C;.27f2, 6)

The value of inductor and capacitor depends upon the switching frequency (fsw) of the converter, grid frequency

(fgria), modulation index (m,) of the converter, allowable THD range and ripple attenuation factor (RAF) for respective
design equations.

Since there are undamped power oscillations, a damping resistor [6] is included in the circuit to damp out the power
oscillations. It can be calculated by the following equation.

1

R; =—— ohm
3Crwres )
Where, o is given by,
Linw + Lgrs
Wrgs = Zinw T Zgrid rad/sec
LinyLgria Cr

®)
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Table 1
EV Station Parameters.
Parameters Values
Via 70kV ph-ph
[ S0Hz
Short circuit level 1200MVA
3R ratio 8
fow 5000H=z
T 1/50s
n 0.5
Kioad 1.1
Mpin 0.125
V™ 200
cos@ 0.95
Nator 10
Pev S0kW

III. CONTROLS USED

The control system deals with the control of AC-DC converter and the DC-DC converter. The control system
provides a smooth transition from the G2V mode to V2G mode, and simultaneous EV charging and discharging.
Converter control

Control in dq reference frame [5], [7] shown in Fig 5 is used to control the converter operation [10]. It consists of

voltage and current loops connected in cascade structure. The controller controls the DC bus voltage, alternating current,
and the real & reactive power.

RS

Fig 5: Simulink model of converter control in dq frame.

The terms oL, and feed forward voltage are given to handle well with transient conditions. Grid synchronization is

made possible [8], [9] using a PLL block shown in below Fig 6. Measured three-phase voltage is given as the input to
the PLL block.
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Fig 6: PLL block diagram.
A. EV Battery ChargerUnit

Separate control strategies are implemented to control the charging and discharging of the EV battery. The Simulink

model for the battery charger circuit is shown below. Since we are considering an off-board DC battery charger unit, the
EV battery is directly plugged to the charger circuit as shown in the fig 7.
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Voltage Measurement V' 4°

Fig 7: Simulink model of Ev battery charger unit.

1) Constant Current (CC) Strategy

In CC strategy, the battery operates as a constant current source. The converter will operate in boost mode
(discharging process).
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Fig 8: Constant current strategy

2) Constant Voltage (CV) Strategy
In CV strategy, the battery charges under a constant voltage source. The converter will operate in buck mode
(charging process).
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Fig 9: Constant voltage battery charger control

IV. SIMULATION RESULTS

As per the design procedure explained earlier, the Simulink model is implemented in Matlab. The various component
blocks used in Simulink modeling is obtained from the SimPower System Library.

A. EV Charging Mode (G2V operation)
Fig 10 shows the simulink model for the EV charging mode. The EV battery charging is controlled in constant

voltage strategy.
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Fig 10: Simulink model for EV charging.
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The results obtained after running the simulation are shown below.
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Fig 11: DC bus voltage.
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Fig 12: SOC of battery while charging.
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Fig 14: Converter side current waveform.
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Fig 15: FFT analysis for current waveform.
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Fig 16: Real and Reactive power.

B. EV Discharging Mode (V2G operation)

Fig 18 shows the Simulink model for the EV discharging mode. The EV battery discharging is controlled in constant
current strategy. Also, the feasibility of operating EV as a grid connected distributed generation is illustrated in the
results shown below. The EV battery discharging is controlled by constant current control strategy.
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Fig 17: Simulink model for EV discharging
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Fig 18: EV battery State Of Charge(SOC).
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Fig 19: EV battery discharging voltage.
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Fig 20: EV battery discharging current.
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Fig 21: Real and Réactive power.

C. Simultaneous EV Charging and Discharging Mode.

Below Fig 22 shows the simulink model for the grid connected EVs operating both in charging and discharging
mode. The EVs are plugged into the respective slots provided for charging/discharging. This scheme of operation
enables the V2G and G2V mode at the same time.
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Fig 22: Simulink model of simultaneous EV charging and discharging mode.

The results below show the balanced operation of the proposed scheme.
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Fig 23: DC bus voltage.
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Fig 24: SOC of EV battery 1(charging mode).
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Fig 26: Converter side current.
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Fig 26: DC bus voltage.
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Fig 27: Real and Reactive power.

V. CONCLUSION

A new model for integrating EV to the distribution grid assuring the quality power has been proposed. The modeling
equation of each element and the implementation in Matlab/Simulink model is also explained. The feasibility of EV
charging mode is illustrated with the help of simulation results. Investigation of using EV as a distributed generation is
also done and is shown in results. The results compromise with the IEEE standards 1459-2010 with the objective of
maximizing the use/injection of AC power from/into the grid reducing the lower order harmonic factor and load
unbalance.
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