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Abstract 

The continuity of the energy grid is the result of building a breed of ever-increasing demand for innovative electrocatalysis 

and the most effective solutions that qualifies the active sharing by end users in the balanced and trustworthy management 

of energy systems. One emerging prospect for such bidirectional exchange of electrical energy through the network and 

consumers is scope for the development of bidirectional energy trading among energy suppliers and owners of electric 

vehicle. It is proposed in this article to design a bidirectional, 3-phase, 2-stage off-board EV charger. The first step works 

as an AC/DC converter through the charging process, runs as 3-phase inverter and improves power factor while power is 

exchanged from the V2G. The next step is a DC/DC converter connected to first step via a DC-bus. A grid bypass filter 

is prepared to activate grid interconnection without noticeable problems in power quality. Suggested design and 

innovative infrastructure were examined during a simulation-based MATLAB software environment by connecting 

charger to a 3-phase micro-network and the results are consistent with the performance of suggested charging topology. 

Index Terms:  Electric Vehicle (EV), Bidirectional Charger, Power Quality, Micro-grid, Vehicle-to-Grid (V2G) 

1. Introduction

The increased international contact along with challenges 

such as depleting of traditional energy sources and 

environmental interests positively confirm researchers' 

insistence on innovating alternative energy economical and 

environmentally solutions. The emerging technological 

inventions in this regard, electric vehicle batteries are used 

as storage and support solution to improve the scenario of 

using different electrical energy by participating actively in 

responding to the demand either by reselling the stored 

energy or throttling the freight broker [1]. The idea of using 

high-density electric vehicle batteries as the source for 

injecting electrical energy into network has provided 

numerous advantages to electric vehicle owners, such as 

income generation and network congestion management 

through fill the valley and shave the peak, which means 

more renewable energy sources for energy production, and 

source of support in case of indigence or power outages, 

improving the reliability of microgrids while participating 

in virtual power plants. Nevertheless, regardless of these 

there are many advantages, the only obstacle is the resulting 

stresses in minimized lifespan of electric vehicle batteries 

because of overcharge and/or discharge cycles. Therefore, 

the application of V2G is still at the industrial level 

encounters lots of technology embarrassment which leaves 

room for new research and development. 

The nagging concern about global warming and green-

house gas emissions leads to many innovative & creative 

solutions in many parts of the life to embrace greener and 

more environmentally friendly lifestyle at the national and 

individual levels. It is mentioned that, there was a 

significant of 27% contribution to USA greenhouse gas 

emissions by transportation sector alone in 2020 [2] as 

shown in Fig. (1). Consequently, there is a clear global 

trend of shift towards more environmentally friendly 
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selections in all part, for example, in the transport sector, 

traditional fossil fuel-powered transport has been replaced, 

and the adaptation of electric vehicles can be a revolting 

step towards detergent ecology. The benefit is that the EV 

can be fueled from environmentally friendly renewable 

energy production sources, regardless of the traditional fuel 

sources. And then, energy storage infrastructure, for 

example: batteries and its charges, it is actively researched 

to enhance its efficiency. And there some still are critical 

issues with electric vehicles such as expensive batteries, life 

cycles restricted [3], additional cost, and PQ around electric 

vehicle chargers and inefficiency in electric vehicle 

charging circuits. Issues related to PQ active filters can be 

handled [4, 5]. 

Fig. 1. Sources of emissions by sector as in [6] 

The unidirectional on-board charger implemented at EVs is 

typically slightly of the vehicle itself and only allows EV 

battery to be charged through a unidirectional power flow 

from G2V. Despite a relatively new concept of the V2G 

process whereby a stored energy electric vehicle can export 

its energy to the grid, it guarantees many of the above 

benefits and is applicable where vehicle is parked 85% at 

that time. Depending on mounting site of an EV charger, 

two categories have been identified in literature: 
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(a) Chargers On-board are devices composite within EVs

that operate on either 1-phase or 3-phase power supplies.

Being portion of an EV increases its weight and size which

impedes mobility in some way, so its power & size

classification are restricted [7], [8].

(b) Chargers Off-board is devices mounted and combined

into designated stations where the electric vehicle can

connect battery extremes for charging. Since it does not

affect the design of the electric vehicle, these kinds of

chargers are commonly larger in size and high rated of

power [9], [10].

The V2G process enables the bi-directional flow of energy

and it allows energy exchange through the vehicle and the

grid in any direction. V2G specifically refers to the real

power flow from vehicle to grid, nevertheless, it can also

provide reactive power reparations, and reactive energy

flow is freelance for state of charge (SOC) of the battery.

The main use for reactive energy support is, it can perform

such as VAR reparations and minimize long-distance

reactive energy transmission losses in the network by

balancing the VAR load demand locally. Moreover,

charging from renewables during activity hours, then

feeding that energy through idle hours could be an effective

solution to the interrupted problems of renewables. There

are inherent limitations in the capacity of on-board chargers

and an EV is effectively navigated via off-vehicle chargers

because they have such high and stable strength rates that

they can operate under an additional services agreement

etc. [33]. A pivotal aspect of V2G application is to activate

the communication among the network and the vehicle in

order to interchange data, for example, operating mode,

battery SOC etc. The communication standard IEC 61850

[11] specifies standards to be followed for the interchange

of information among smart electronic devices within the

substation whereas IEC 61850-7-420 [12] pilot schemes in

the area of communication related infrastructure for

renewable energy generation and IEC 61850-7-420 [13]

has been extended to consider components that do not fall

under the above criteria. Nevertheless, EVs operations and

V2G remained uninte-grated till 61850-90-8 [14] was

suggested to fit perfectly electric vehicles into smart grids.

Desirable properties of an EV charger are high energy

density and efficiency, bidirectional energy flow and low

current ripple, etc [15, 16].

In [17] it was proposed that the problem of electricity

shortage could be solved by establishing electric charging

stations based on PV generators. Also San Diego elaborated

this modification and designed first self-contained electric

charging station based on solar energy. Nevertheless, the

drawback of these strategies that’s solar energy can be

mainly obtainable from 8am to 5pm through the day which

is the efficient timing to most jobs. To address it's a

problem, [18] was suggested to design charging stations in

the workplace where most people can charge their electric

vehicles through working time. In [19] some techniques

have been suggested to design a minor electric vehicle

chassis to reduce electricity consumption. In [20] the

subject of the electric vehicle charging has been countered

by proposing some smart charging techniques.

Intelligent charging can work in unidirectional & bi-

directional modes. For unidirectional mode, electric

vehicles can be charged only as in G2V mode. For bi-

directional mode, energy can flow in V2G and G2V mode 

directions. The bi-directional type has more features 

because it's able to return energy to grid through peak 

hours. Electric vehicle charging can be assorted in two 

groups: centralization technique [21, 22] and 

decentralization technique [23-25]. In the centralization 

approach, charging of EV is determined by a collector and 

in the decentralization technique; the EV owner determines 

V2G or G2V mode. 

In [26] various architecture of bidirectional with DC-DC 

Converter is illustrated. This configuration has the same 

function with the included DC-DC converter & bi-

directional AC-DC converter. Control architecture applied 

in this model is accountable for maintaining the power 

factor one and ameliorates the energy quality. Nevertheless, 

problem with this architecture is that it can perform only a 

THD of 8%. More switches are included in this structure 

and that is the reason for the more loss of conductivity 

which is the main defect of this structure. In [27] it is 

recommended to reduce the THD of the 3-phase input, 

which is converted from the AC mains at a higher 

frequency and at the battery voltage level during the step-

down converter. Then, this voltage is converted into direct 

current during the rectifier. As there are more switches, this 

structure fails to emerge again owing to increased 

conduction loss. This structure has lowered THD but the 

lower-order harmonics persisted. 

In [28] another architecture was entered in which the AC-

AC is converted during dual active bridge transformer [29] 

followed by a sequential buzz tank, step-down transformer 

and then through a 1-phase converter, this AC voltage is 

inverted or reversed depending on operation mode or 

current direction. The feature of this structure is to achieve 

more efficiency and soft transition phenomenon. 

Nevertheless, the drawback of this architecture is again 

more switches being shared and more delivery loss. 

In [30] a 2-stage, 3-phase bi-directional charger for electric 

vehicles was proposed. First step is depending on AC-DC 

and next step is DC-DC converting. Moreover, charger is 

designed with not isolated transformer depend on half-

bridge rectifier and an isolated transformer is depend on an 

active double-bridge rectifier. The drawback of the charger 

is only exchanges real energy, thus the electric vehicle can’t 

be applied as fixed VAR compensator which is one of 

interests of the EVs.  

There are two categories of electric vehicle chargers 

depending on where internal battery and external chargers 

are installed [31], [32]. On-board types are composite 

within EVs that operate on single or 3-phase power 

supplies. Off-board types are docked and combined at some 

stations where the electric vehicle can be connected battery 

extremes for charging. Since they do not influence the 

design of an electric vehicle, these kinds of chargers are 

commonly more powerful and larger in size. 

This paper aims to design a bi-directional, 3-phase, 2-stage, 

off-board EV charger adequate for two modes G2V & V2G 

by allowing bi-directional energy exchange among the 

vehicle and grid. The proposed design was tested by 

integrating it with a 3-phase AC micro-grid consisting of a 

diesel generators set with renewable resources. For 

example, photovoltaic and wind generation units. The 

implementation of suggested design as well as its control 
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structure was simulated using MATLAB program to 

accurately test the results in V2G & G2V modes. 

This research is structured as follows after introduction: 

firstly, in section (2) the methodology and modeling of the 

proposed work is described. Then, in Section (3), the 

system modeling and simulations with results of the 

proposed architecture is detailed and discussed. After that, 

Section (4) presents the results of simulations and 

comparison significantly. Finally, conclusions about the 

performance of the suggested structure are investigated in 

Section (5). 

 

2. Proposed work modeling and approach 

 

A 100KVA, 2-stage, 3-phase electric charger is designed 

for high-density electric vehicle batteries that support 

charging and dis-charging processes. The basic 

components of architecture design are: Micro-grid design, 

LCL filters, three-phase power factor improvement and 

bidirectional voltage converter as depicted in Fig. (2). 

Design and control formulation as well as parameter 

settings they are explained in the following branches. 

 

 
 

Fig. 2. A general bi-directional EV charger design block 

diagram 

 

In G2V mode, the vehicle draws power from micro-grid 

and the battery is charged where the electric vehicles 

behave as a micro-grid load conventional. In spite of, 

during V2G mode, electric vehicle can insert its stored 

energy to micro-grid while the battery is being discharged. 

Three-phase rectifier step by charging mode operates as 3-

phase stage controlled by inverter and a PFC-to-grid stage 

in V2G mode. Fig. (3) shows direction of current and 

energy flow for V2G & G2V operation modes. 

 
Fig. 3. Energy flow for V2G and G2V operation modes 

 

2.1 Micro-grid Design Methodology 

A micro-grid is an interconnected network of generating 

units and distributed loads which it can operate in two 

modes, For example, connected to grid and island. In 

networked mode, this grid is attached to the main network 

but operates separately in island mode. The main network 

usually composed of a central obstetrics unit, large 

transmission grid and can covering a wide area. Otherwise, 

micro-grid includes the distribution of energy sources 

consisting mainly of distributed wind generators, PV 

generators, and sometimes, electric vehicles. In this article, 

this bi-directional charger of electric vehicle is designed so 

that it can operate in both modes G2Vand V2G with 

charging and discharging modes respectively. The micro-

grid is designed to connect many loads and generators were 

distributed across several nodes. And therefore, in order to 

characterize behaviors in real-time, loads and generators 

are randomly selected. 

2.2 LCL filter-Grid side Mathematical Model 

An LCL filter is applied on grid side to connect an EV 

charger to 3-phase network which has key interests for 

LCL  such as, reducing harmonics of the switching 

frequency created in the next step of the circuit, fewer 

disturbances in sensitive loads, less loss and lower THD. 

Also, ensures energy quality injected to the network in V2G 

operating modes. The LCL filter capacitor exceeds high 

shunt harmonics and hence the inductor size required is 

reduced as well as better separation among the filter and 

network resistance since the LCL filter provides less 

current ripples through the existing grid [34, 35]. 

 
Fig. 4.  Simple equivalent circuits for each stage with an 

LCL filter 

 

Figure (4) shows the simple representation of the 

equivalent circuit for each stage using an n-harmonic LCL 

filter. Where, L1 is the inductor of the convertor side, L2 is 

the inductor of the grid side; 𝑖𝑔𝑜𝑟 𝑖2𝑛 it is a pre-phase grid 

current and 𝑉𝑠 𝑜𝑟 𝑉𝑖𝑛 it is a convertor side voltage. For 

simplicity neglect the effect of the resistor [36]. The 

transfer function among grid current (ig) and converter 

voltage (Vs) for the given circuit is expressed in Eq.  (1). 
𝑖𝑔

𝑉𝑠
=  

1

𝑗𝜔𝐿2+𝑗𝜔𝐿1−𝑗𝜔3𝐿1𝐿2𝐶
                                   (1) 

2.2.1 The selected parameter for the inductors 

Addressing the transfer function in equation (1) gives us 

the determination of the values of the filter inductances. 

|𝐿| =  |
1

𝜔𝑠𝑤{
𝑖𝑔(𝑠𝑤)

𝑉𝑖(𝑠𝑤)
}{1−

𝜔𝑠𝑤
2

𝜔𝑟𝑒𝑠
2 }

|                                        (2) 

Where,𝐿 =  𝐿1 + 𝐿2, 𝑖𝑔(𝑠𝑤) is the current in frequency 

switching, 𝑉𝑖(𝑠𝑤) is the input voltage when frequency 

switching, 𝜔𝑠𝑤 is switching frequency and 𝜔𝑟𝑒𝑠 is 

resonance frequency 
1

√𝐶𝐿𝑓
, and 

 𝐿𝑓 =  
𝐿1𝐿2

𝐿1+𝐿2
                                                            (3) 

Where, 𝐿1 is the inductor of the convertor side and 𝐿2 is the 

inductor of the inverter side [37]. As per IEEE standard.  

𝑖𝑔(𝑠𝑤)= 0.3% of 𝑖𝑔, 𝑉𝑖(𝑠𝑤)= 0.9% of 𝑉𝑖, 𝑉𝐿 is the voltage 

across the inductor, for example: 𝑉𝐿=0.2*𝑉𝑔 for 𝐿𝑚𝑎𝑥, 

where 𝐿𝑚𝑎𝑥 2⁄ =𝐿1=𝐿2. Therefore, two inductors of equal 

value are used in the LCL filter [38]. 
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2.2.2 The capacitor selected parameter   

The capacitor value is determined depend on the famous 

consideration which the reactive power requirement of the 

capacitor should be restricted to 5% of rated power [39]. 

𝑄𝑐 = 5% 𝑜𝑓 𝑆𝑟𝑎𝑡𝑒𝑑                                      (4) 

𝑄𝑐 =  
𝑉2

0.5 𝜋 𝑓𝑐
 = 5 % 𝑜𝑓 𝑆𝑟𝑎𝑡𝑒𝑑                     (5) 

𝐶 =  
(0.05)𝑆𝑟𝑎𝑡𝑒𝑑

2 𝜋 𝑓 𝑉𝑔
2                                             (6) 

Where, 𝑆𝑟𝑎𝑡𝑒𝑑  is the rating of apparent power, 𝑄𝑐 is the 

capacitor reactive power, C is capacitor value, 𝑉 is voltage 

and VG is pre-phase grid voltage. As obvious, capacitor 

value depends on the frequency i.e.,𝑓𝑟𝑒𝑠, 𝑓𝑠𝑤 This finally 

depends on device limitations, size, cost, heat capacities, 

etc. 

2.3 Three stages to enhance power factor  

The PFC stage composed of a 3-phase rectifier/inverter 

which is a two-way bridge it consists of six electronic 

power switches it is controlled by voltage and current 

control devices which are depend on a Park-Clark shunt 

combined with a phase-closed loop at feedback in order to 

guarantee operation at unit power factor. Fig. (5) shows the 

schematic circuit for a 3-phase PFC. 

 

 
Fig. 5. Schematic Diagram of a 3-phase PFC stage 

 

The PWM control mechanism applied to control the PFC 

phase switching is illustrated below that maintains a 

constant 800V DC in the DC-bus of PFC. Let a 3-phase 

measured voltage on grid side be: 

𝑉𝑔 = [ 𝑉𝑅      𝑉𝑌       𝑉𝐵]                                   (7) 

These voltages are converted to the field of 𝛼𝛽𝑜 and 𝑑𝑞𝑜 

respectively through a coordinate transformation. After 

applying it, the 𝛼𝛽𝑜 transformation obtains two-

dimensional parameters whereas zero in the third 

dimension. 

𝑉𝑎 = [ 𝑉𝛼           𝑉𝛽]                                 (8) 

These parameters are fed to closed-loop controller as an 

input. The controller creates phase-angle (𝜔𝑡) and also 

feedbacks it. The work of a conventional PLL is depicted 

in Fig. (6). 

 

 
 

Fig.6. Schematic diagram for initial working of PLL  

 

Likewise, the unfiltered 3-phase current LCL filter 

output 𝐼𝑎𝑏𝑐  is converted to field 𝛼𝛽 and then 𝑑𝑞𝑜 using the 

PLL (𝜔𝑡) output. The currents generated by 𝐼𝑑 and 𝐼𝑞  are 

applied to calculate the error regarding 𝐼𝑑𝑟𝑒𝑓  and 𝐼𝑞𝑟𝑒𝑓  

which in part is fed to the PI controllers. The output voltage 

after adding appropriate duty gain is comparable to the 

carrier amplitude which is converted back to the 3-phase 

parameters of the reference voltage during reverse 

coordinate conversion. A reference voltage standard is 

applied as inputs to produce a PWM that finally controls 

the DC/AC conversion through the mode of V2G mode and 

conversely [40]. 

2.4 Bi-directional stage voltage level converter  

This part composed of bi-directional a buck or boost 

converter and operates as a buck converter while in G2V 

mode, the charger is applied as boost converter. Polarity of 

the current signal determines charge and discharge process 

as it converts direction of the energy flows. PWM1 

dominates top switch that performs buck operation whereas 

PWM2 dominates bottom switch corresponding to the 

boost operation. 

 

 
Fig.7. Diagram representation of the internal PI function 

 

From Fig. (7), the transfer function of the PI controller 

includes proportional and integral coefficients 𝐾𝑃 and 𝐾𝑖 

which leads to the output relationship given in equation 

(9): 

𝑌(𝑠) = 𝐸(𝑠) ∗  (𝐾𝑃 + 
𝐾𝑖

𝑆
)                        (9) 

The basic layout of 3-phase inverters connected to grid is 

depicted in Fig. (8). Constant battery voltage is taken as 

input as the inverter is designed with BJTs and MOSFETS. 

The AC output is associated of this inverter to already 

introduced LCL filter, and then the 3-phase LCL filter 

output is associated to the network. For controller design, 

the 3-phase voltage is converted to 2-phases 𝑉𝛼  and 𝑉𝛽 by 

shifting parks. Then the PLL is implemented by these two 

voltages. Then 𝑉𝛼  and 𝑉𝛽 are converted into 𝐸𝑑 and 𝐸𝑞  via 

Clark’s shift. Otherwise, all the 3-phase currents are 

transformed into 𝐼𝛼 , 𝐼𝛽 and then convert it as well to 𝐼𝑑 and 

𝐼𝑞  with parks and Clark's shifts. And then, they are 

converted 𝐸𝑑, 𝐸𝑞 , 𝐼𝑑 and 𝐼𝑞  are applied to generate six 

PWMs of inverter BJTs/MOSFETs in order to synchronize 

frequency, voltage, and sine waveform with a micr-ogrid. 

 

 
Fig.8. Schematic diagram for controlling a 3-phase PWM 

inverter  
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𝐼𝑟𝑒𝑓  it is the current that shows converter behavior. Positive 

𝐼𝑟𝑒𝑓  switches converter behavior to charging /G2V mode 

while negative 𝐼𝑟𝑒𝑓  indicates that, the converter operates in 

discharging & V2G mode as shown in Fig. (9). 

 
Fig.9. Battery charging and discharging diagram 

 

2.5 Electric Vehicle Battery Specifications 

Table (I) below shows the battery specifications selected 

for system modeling. 

Table 1: System battery characteristics 

Parameters Values 

Battery voltage nominal   350 V 

Rated capacity of the battery  300 Ah 

Initial charge State (%) 50 % 

Response time of the battery   1s 

Kind of battery  Sodium-ion  

Cut-off voltage  260 V 

Charged voltage completely   420 V 

Nominal voltage capacity 270 V 

Discharge current 130 A 

Interior Resistance (Ω) 0.015Ω 

 

3. System Modeling and Simulations with Results 

This section illustrates simulations and results for the 

suggested bidirectional charger EV and its impacts on the 

micro-grid where simulations were well-done on 

MATLAB R2020a software. So, for this purpose, a micro-

grid has been designed that encompass some island-mode 

distributed generators such as: Photovoltaic generator, 

wind generator, diesel generator and the main utility 

network for grid-connected mode as depicts in Fig. (10). 

the major grid is applied 2500MVA/132KV. 

 

 
Fig.10. Complete studied system with Simulation 

 

3.1 Main Utility Grid 

A 2500MVA/120KV 3-phase voltage supply with 

frequency of 50Hz is modeled and designed to work as 

mains. Then with Star/Delta conversion, an 11KV/132KV 

step-up transformer is applied before transmission to 

decrease 𝐼2𝑅 losses. Earthing transformer is utilized to 

preserve power grid from fault. Then, a 14-km long 

transmission line will be applied to transport electricity 

from main network to the distribution grid. 

3.2 Photovoltaic Generator 

The 12kW PV generator was designed in MATLAB 

software and 66 PV solar panel arrays that take radiation 

and temperature as inputs and output to which DC power 

are applied. All PV modeling parameters are depicting in 

Table (II). Moreover, a boost converter is applied to 

increase the voltage into 500 VDC. This DC voltage is then 

transformed to 3-phase AC voltage with a three-level 

bridge inverter and further steps up to 25 kV with 3-phase 

delta/star transformers. 

MPPT system for PV generator is applied with incremental 

conductance technique for maximum power. MPP is 

acquired when 
𝑑𝐼

𝑑𝑉
= 0 where𝑃 = 𝑉 ∗ 𝐼. 

𝑑(𝑉𝐼)

𝑑𝑉
= 𝐼 + 𝑉

𝑑𝐼

𝑑𝑉
= 0 ,       

𝑑𝐼

𝑑𝑉
= −

𝐼

𝑉
                     (10) 

Where 𝑑𝐼 & 𝑑𝑉 are the principal components of the 

measured voltage and current ripples by the sliding time 

window T_MPPT.  

Table II: PV modeling parameters  

Parameters Values 

Parallel Strings of PV modules 66 

Series connected unit 5 

Cells/unit  96 

Power (max) /unit 305W 

Open-circuit voltage  64.5V 

Voltage at Pmax 53.8V 

Voc Temperature Coefficient  -0.28% 

Short circuit current  6 A 

Current at Pmax 5.4 A 

ISc Temperature Coefficient  0.06 % 

Cell Temperature [0 25 50]  

Series and Shunt resistances of 

the cell 

RS=0.4 Ω, RSh 

269.5 Ω   

Diode ideality factor  0.93 

3.3 Wind Generator 

The 50KVA/400V MATLAB Simulink wind generator is 

designed to maintain wind behavior. The wind induction 

block takes two inputs of wind, trip and providing 3-phase 

AC at the applied output. The trip is a binary entry that uses 

one to turn-off and zero is applied to turn-on the wind 

generator. The next entry called wind is applied to supply 

the transfer curve for the wind generator. This three-phase 

AC is boosted up to 25KV with delta/star conversion. All 

parameter values applied in modeling wind generators are 

shown in Table (III). 

Table III: Wind generator modeling Parameters 

Parameters Values 

Active power  50*103W 

Line voltage  400V 

Stator & Rotor resistances  Rs=0.0045, Rr=0.0044 pu  

Stator & Rotor inductances   Ls=0.125, Lr=0.18 pu 

Magnetizing inductance  Lm=6.8 pu 

Inertia constant 5.1s 

Coefficient of friction  0.01 pu 

Nominal mechanical output 

capacity WT 

12*103W 

Base wind speed 12 m/s 

Pmax at base wind speed 1 pu 

Proportional and Integral 

gains 

Kp=2, Ki=25 

Pitch angle in deg. (max) 45  

Change maximum rate of 

pitch angle   

2 deg./s 
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3.4 Diesel Generators 

 

Simulink 15MVA/ 25KV model diesel generator also is 

applied as DG and synchronous devices block that takes 

two inputs, one to connect main actuator to excitation and 

the other to mechanical input. The Diesel generator 

generates 3-phase AC output which passes during a ratio of 

1:1 isolation transformer and it is applied for safety 

purposes. 3-phase AC outlets are connected to the mains on 

the main model. The main drive/actuator system is carried 

out with control scheme by considering the mechanical 

energy.  

 

3.5 Bi-directional Charger 

 

The aim from this research is to design a 3-phase bi-

directional EV charger, where the 3- phases input line from 

the main line is linked to an LCL filter. The inductor and 

capacitor values are computed using (2) and (4). After that, 

the LCL filter output is passed via 3-phase controllers that 

implement inverter or rectification operations as per 

requirement. Six PWMs are designed in order to control 

IGBT switching of a 3-phase controller. Then, a buck or 

boost process is accomplished on the DC voltage depend 

on charge or discharge operations. The 3-phase AC voltage 

is transformed to the DC via 3-phase rectifier and to charge 

the battery, DC voltage is reduced with buck converter in 

battery voltage levels. Whereas in V2G mode when vehicle 

energy is transported to the main grid, the battery DC 

voltage is augmented via the boost converter after that 

converted into a 3-phase AC with a 3-phase inverter. 

Moreover, the 3-phase voltage is override via the LCL filter 

and afterwards attached to network. The current and 

voltage are converted with a Clarks & Parks transform and 

a PLL is applied to secure it to the network.  

Figure (11) shows the 3-phase voltages from the main 

carrier of all synchronous generating units, for example: 

utility grid, diesel, wind and photovoltaic generators in 

G2V mode. The results indicate that, all phase voltages are 

identical and exactly by 120 degrees. 

 
Fig.11. Three-phase voltages during G2V mode 

 

Figure (12) shows the 3-phase current from main carrier of 

all synchronous generating units, for example: utility 

network, diesel, photovoltaic and wind generators in the 

G2V mode. The results indicate that, all phase currents are 

balanced by 120 degrees. 

 
Fig.12. Three phase currents during G2V mode 

Figure (13), shows the DC voltage in G2V mode before 

the converter and after rectification. 

 

 
Fig.13. DC voltage in the G2V mode 

 

Figure (14) shows the actual power consumed by a bi-

directional charger while in G2V mode. 

 

 
Fig.14. Active power consumption by bi-directional 

charger while in G2V mode 

 

Figure (15) shows the consumed of reactive power by a 

bi-directional charger while in G2V mode. 

 

 
Fig.15. Reactive power consumption by bi-directional 

charger while in G2V mode 

 

Figure (16) shows the 3-phase voltages from the main 

carrier of all synchronous generating units, for example: 

utility network, diesel, photovoltaic and wind generators in 

the V2G mode. The results indicate that, all phase voltages 

are identical and exactly by 120 degrees. 

 

 
Fig.16. Three-phase voltages during V2G mode 

 

Figure (17) shows the 3-phase current from main carrier of 

all synchronous generating units, for example: utility 

network, diesel, photovoltaic and wind generators in the 

V2G mode. The results show that, all phase currents are 

identical and completely balanced by 120 degrees. 
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Fig.17. Three-phase Currents during V2G mode 

 

Figure (18), shows the DC voltage of EV batteries in V2G 

mode after the converter and before 3-phase inverter. 

 

 
Fig.18. The DC Voltage in V2G mode after converter and 

before 3- phase inverter  

 

Figure (19) shows the actual power provided by a bi-

directional charger while in V2G mode. 

 

 
Fig.19. Active power supplied by bi-directional charger 

while in the V2G mode  

Figure (20) shows reactive power provided by a bi-

directional charger while in V2G mode. 

 

 
Fig.20. Reactive power is provided by bi-directional 

charger while in V2G mode  

 

4. Compare and discuss results 

 

The micro-grid is devised so that several generators are 

designed such as: PV, wind and diesel generators. By 

maintaining the same sequence all three of frequency, 

voltage and phase are in synchronized for optimal load 

management. After that, during the step-down transformer, 

the voltage drops to the secondary distribution level. The 

waveforms of voltage and current are shown in the 

simulation results. EVs batteries are inserted at secondary 

distribution level in either mode G2V or V2G. DC voltage 

after a 3-phase converter in G2V mode is shown in the same 

drawing. In Fig. (14), positive active power indicates that, 

real current is in the forward direction and the electric 

vehicle is taking power from network. 

4.1 DC charging voltage comparison 

It can be seen that, from Fig. (21), owing to the switching 

and charging devices, it takes more than 1s to reach the 

steady state for DC charging voltage. Despite this, in 

suggested scheme of Fig. (22) we can see that, steady-state 

is carried out in less than 0.12s. 

 

 
Fig.21. DC-link charging voltage is in G2V mode  

 

 
Fig.22. Battery voltage during G2V mode 

 

4.2 Reactive Powers Comparison 

 

In Figure (23), the reactive power is zero at all time and 

cannot be utilized as fixed VAR unless the proposed bi-

directional EV charger can be applied as fixed VAR 

equivalent as shown in Figure (24). 

 
Fig.23. Active and reactive energy discharge in G2V 

mode 

 

 
Fig.24. Reactive power is provided via bi-directional 

charger in V2G mode 

 

4.3 Discharge voltages comparison 

 

It is clear that, from Fig. (25), because devices are switched 

and charged, it takes more than 1s to attain the steady state 

discharging voltage. Despite this, in the suggested scheme 

of Fig. (26), we can see that, steady-state is carried out in 

less than 0.12s. 
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Fig.25. DC-link voltage not charging in V2G mode  

 

 
Fig.26. Battery voltage in V2G dis-charging mode 

 

A graph with a negative value of true power denotes that, 

the current flows in opposite direction and the energy is the 

EV that supplies power to the network. All results are 

presented quantitatively; prove that bi-directional charger 

has capability to implement both V2G & G2V modes 

efficiently. So, the proposed system is much better than the 

latest systems regarding performance and concerns about 

power quality because the EVs batteries are among more 

expensive items and with ameliorative power quality the 

lifespan is increased. The following Table (IV) shows 

highlight comparison results: 

 

Table IV: Contributions and Comparison with latest 

technique 

Parameters Reference [30] Proposed 

System 

Real power flow 

in forward and 

reverse 

Yes Yes 

Reactive power 

flow in forward 

and reverse 

No Yes 

Time to get a 

steady state 

1.4s 0.04s 

The transients -2.6% - 1.2% -0.2% - 0.06% 

 

5. Conclusions 

 

A bi-directional off-board EV charger has been introduced 

in 3-phase, 2-stages. The first step corrects 3-phase grid 

voltage to charge the targets while the subsequent step 

reduces the DC bus voltage to an appropriate level value 

for charging the battery and conversely. Enhancement of 

power factor allows the true and reactive powers to be 

exchanged of among two entities. LCL filters operates 

completely on the grid side to remain THD of the grid 

current within enveloped range about 5%. DC-link voltage 

still stable for each operating scenarios and there is no 

surge/skip whereas switching among modes or until the 

mains side voltage is deranged in some way. Results of a 

detailed systematic evaluation of charging and discharging 

patterns to verify robustness, controlling the suggested 

design, and to prove feasibility of its practical application. 
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