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ABSTRACT 

The power system is a very complex and sensitive to sudden change in load, line tripping, 

generator problem and islanding of grid. These conditions create voltage, current and frequency 

transients on the utility grid. The second issue is the overloading of the distribution system in 

which the distribution system is overstressed and increase the losses of the distribution lines and 

distribution transformer. In these situations, the protection system will operate and the continuity 

of the service will disturb the distribution system due to load shedding. According to these 

difficulties, the stability and service continuity of the distribution system is a challenging task. 

In this research, Electric Vehicles Batteries are used for overcoming the discontinuity of service, 

overloading and transient conditions of the distribution system due to their rapid response, 

efficient control and minimum cost. In this research, introduce a two-way power delivery in 

which the regulation of charging and discharging of Electric Vehicle Batteries has been 

introduced to overcome the overloading, line tripping and transient conditions of the distribution 

system. When power will deliver from utility grid to Electric Vehicles Batteries then the 

charging current of Electric Vehicles Batteries will be controlled according to the distribution 

load and protect the distribution transformer and distribution lines to overloading. When the 

secondary load of the distribution transformer will increase the charging current of the Electric 

Vehicles Batteries will be decreased by using the charging station controller and protect the 

distribution transformer to overloading. When the load connected to the secondary side of the 

distribution transformer will increase again then the charging current of the Electric Vehicles 

Batteries will be zero and the battery charging will be stopped. When the load connected to the 

secondary side of the distribution transformer will increase to a specific limit then Electric 

Vehicles Batteries will start to discharging and provide the power to distribution loads and 

protect the distribution transformer and distribution lines to overloading without load shedding. 

When the secondary load of the distribution transformer will decrease, then batteries charging 

current will increase again and Electric Vehicles Batteries charge to its full rating capacity.    
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When the abnormal condition occurs in the utility grid, in this condition utility grid switch to 

islanding mode then Electric Vehicles Batteries behave as a distributed energy source and deliver 

power to the grid thus increasing the stability of the utility grid in islanding condition. In both 

overloading and islanding conditions, the charging and discharging of Electric Vehicles Batteries 

will be controlled and protect the distribution system to overloading and transients without any 

extra expense.  

For this purpose, PI controllers, Fuzzy Logic controllers, and Fuzzy Logic-based PI controllers 

are used to improve the stability of the grid network during overloading and transient response 

using Grid to Vehicle (G2V) and Vehicle to Grid (V2G) technologies. This proposed controllers 

have been simulated in MATLAB/SIMULINK and tested on reference distribution systems. 

Experimental outcomes illustrate that the proposed controllers successfully stabilize the grid 

during overloading and transients. Experimental outcomes also illustrate that the Fuzzy Logic 

controllers provide the better response as compare to PI controllers for stabilizing the grid during 

overloading and transient conditions.          
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1. INTRODUCTION 
 

 Electric Vehicle Batteries (EVs) are cheaper and best response in power systems and used for 

distributed energy resources in distribution systems. Batteries of electric vehicle are used for 

providing power to grid for management of load, regulation of frequency, compensation of 

voltages and resolution of stability. In a power system, stability of the system is a challenging 

task, in which the small-signal stability, voltage stability, and transient-stability. The most 

challenging task in all of the above is Transient-stability.  

1.1 Thesis Background 
 

In this research, a two -way delivery of power from the grid to electric vehicles (G2V) and 

vehicle to grid (V2G) is presented.  When utility grid is working in normal condition then power 

will deliver from the grid to electric vehicles(G2V), and when irregular condition appear on 

utility grid then electric power will deliver from electric vehicles battery (EVs) to grid (G2V).  

In this research, voltage source converters (VSC) are introduced for controlling two-way power 

deliver for load management, voltage sag reduction, frequency regulation and resolving stability 

issues in the microgrid.  

A utility grid of 30MVA, 600 voltages connected to the 420 Volt electric vehicles by using 

voltages source bi-directional converters. In normal operation bi-directional converter behave as 

a rectifier and converts the AC power to DC and maintains 500 voltages at the DC load line by 

using the reference parameters from the slack bus B1 of the system. The battery will be charged 

with its normal ratings by using the charging station controller which will be based on buck 

converter and PI controller and fuzzy logic controllers. This charging controller converts 500V 

DC into 450V DC by using the PI controller and Fuzzy Logic controller and charge the battery at 

its full rating capacity.  

In this case of G2V when the load of the system increases then the charging of the battery of the 

electric vehicle will be controlled by the charging station controller and battery charging will be 

reduced.     
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In case of islanding of utility grid, electric vehicles (EVs) batteries work as a source and 

maintain the 500 DC voltage at DC load line by using discharging station controller which will 

be based on boost converter and PI controller and Fuzzy Logic controller. During this period bi-

directional converter works as an inverter and invert 500V DC into 240V AC with the help of 

voltage source converter. Voltage source converter used the reference point from the slack bus 

B1 and provides the power to the grid and takes up the load of the system. In this case, power 

will deliver from electric vehicles battery to grid and battery will be discharged.  

A second important part of this research is compression between PI and Fuzzy Logic controllers. 

In the first case, Six PI controllers are used for ensuring the transient stability of the grid, by 

utilizing G2V and V2G technology. The First PI controller is used for DC voltage regulation, the 

second PI controller is used for Iq regulation, the third PI controller is used for Id regulation, the 

fourth PI controller is used for charging control of electric vehicles battery, Fifth and Sixth PI 

controllers are used for electric vehicle battery discharging.      

In the second case, the first PI controller is tuned by Fuzzy Logic controller which will regulate 

500 DC voltages at the DC load line, second and third controllers are PI controllers which are 

used for regulating the Iq and Id, fourth PI controller is swapped by Fuzzy Logic controller 

which will be used to control the charging of electric vehicles batteries. The fifth and sixth PI 

controllers are replaced by Fuzzy Logic controllers which are used for controlling the 

discharging of electric vehicles batteries.         

1.2 Problem Description 
 

In this research, two-way power deliver is introduced for improving transient stability, load 

management, and voltage regulation during V2G and G2V. For the first case, in normal 

condition when grid working in its normal condition, small load is connected to grid then 

voltages source converter working as a rectifier and electric vehicle battery is charged at its full 

rating capacity. When the load is increased at a specific level then state of charge (SOC) of 

electric vehicle batteries will be reduced. When the load is increased again then state of charge 

(SOC) of electric vehicles batteries will reduce again. For the 2
nd

 case when an abnormal 

condition occurs on the utility power grid and grid come to islanded condition then electric 
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vehicles batteries discharge to the grid through bi-directional power converter and power 

delivered from the electric vehicles batteries to the grid for providing active power to grid. 

The distribution transformer is used for step down the voltage from 600 AC voltages to 240 AC 

voltages in case of G2V. Four loads (Two loads Load 1 and load 2 are connected before the 

Transformer and two Loads Load 3 and load 4 are connected after the transformer), the bi-

directional converter is connected at the secondary side of the transformer. Bi-directional 

converter is a universal bridge which will be based on IGBT/Diodes and received the gate signal 

from the voltages source converter and converts 240 AC voltages into 500 DC voltages and 

charge the batteries by using charging station controller which will based on buck converter and 

control the charging current of electric vehicles batteries by using PI and Fuzzy Logic controller. 

In case of islanding of utility grid, the bi-directional converter converts 500V DC into 240V AC 

in this case distribution transformer step up 240 AC voltage into 600 AC voltages. Load 1 and 

load 2 are connected at the 600 AC voltages side and load-3 is connected at 240 AC voltages 

side of the transformer. In this case, power will deliver from the battery to grid and discharging 

controller maintains 500 DC voltages at the DC load line by using a boost converter by using a 

PI controller and Fuzzy Logic controller.                   
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2 LITERATURE REVIEW 
 

In this chapter, the study of various research papers is presented. Many researchers discussed the 

problem of load sharing procedures for distributed generation units coupled with a Micro-grid 

[1]. In this research, a load sharing methodology is introduced for non-conventional power 

resources for voltages and frequency regulation to maintaining the power at the grid for grid-

connected and autonomous modes. For this purpose, power electronics converters are introduced 

for interfacing the combination of the renewable energy resources and storage systems for 

improving the reliability and flexibility of the utility grid. This is done by sharing the active and 

reactive power in a grid which is operated in islanding modes. Feeder power losses and line 

impedance voltages drops are minimized by the power at the point of common coupling by 

sharing active and reactive power. For this purpose, droop control is utilized for sharing the 

active and reactive power to the grid.     

In modeling of battery energy storage systems (BESS) projects [2] is required for designing and 

implementation of power conversation systems for automatic power conversion and fast 

controlling response for a generation, transmission and distribution of electric energy. This paper 

also concerns about the peak load demand reduction, grid frequency regulation, leveling and 

smoothing of renewable energy, power quality and reliability for the end user in case of grid-

connected and islanding modes. On the base of grid code requirement battery energy storage 

system send a request to the grid for power delivery and stability.  

 

From the literature review for distribution systems, an AC Microgrid allows to deliver AC power 

to the grid for grid supporting during normal and abnormal conditions in case of islanding or 

faulty conditions for increasing the reliability and performance of the utility grid is discussed [3]. 

By increasing the penetration of the integration of the distributed energy resources generators to 

utility grids with high controlling power processors based on power electronics converters for 

communication and controlling purpose. In paper [3] carries out the overview of the microgrid 

structures and controlling methods for different hierarchical controlling levels. In paper [3] a 

detailed study of the operation process and controlling methods of different power converters 

belonging to microgrids has been done. The study is mainly based on the grid forming, grid 
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feeding, and grid supporting power converters. This paper also analyzes the hierarchical control 

schemes of the microgrids based on primary and secondary controls for minimizing operation 

cost and controllability of the microgrids.  

  

Different methods have been used for transient stability by different authors. There are various 

applications of the microgrid. The system design and the control methods based on the 

application and the characteristic of stability in a microgrid. In [4] explain the types of transient 

stability in microgrids. It is known from the literature review, the stability of the system 

investigated by many authors in recent past time, and they focus on a particular aspect of the 

stability of the systems. By depending on the controlling parameters, network parameters and 

types of the microgrids stability aspect discussed in [4] by using voltage source converters 

interfacing with source integration. The stability of microgrids mainly depends on the controlling 

topology of the voltage source converters. Others parameters, micro-sources, storages systems, 

protection schemes, and compensation can play a vital part in the stability of the system. Small 

signal stability, Dynamic stability with the power electronics distributed generators (DGs) with 

double-fed induction motors and general stability issues with voltage source converters by using 

supplementary control are proposed in previous papers to improve previous work. The stability 

of microgrids in islanding and transient stability after large disturbances analysis with possible 

contingencies, micro-sources, current limiting and spinning reserve for reactive supports are 

discussed in recent papers. In research paper [5] discuss various reasons of stability issues in 

various categories of microgrids to improve system stability, by using different control loops. 

In past research papers, many authors discussed the issue of the V2G microgrid for transient 

stability improvement [5]. In the current situation of the world stability of the grid is a 

challenging task with high integration of renewable energy resources and electric vehicles 

battery. This integration would require proper coordination between various electric vehicle 

battery charging and discharging to the utility grid. Coordination between electric vehicles 

battery and grid is a relay on the individual state of charge of battery and present grid condition 

according to load demand. On the base of the state of charge of the electric vehicle battery and 

grid condition required for grid stability. In the high penetration of electric vehicles, batteries to 

grid (V2G) technology explore where a large amount of energy of electric vehicles battery can 

be supplied back to the grid for many purposes with highly controlled fashion. In V2G 
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technology electric vehicles battery used as a distributed energy source. In this past research 

paper [5] distribution system of a town is used for meeting peak load demand and voltage 

regulation by using electric vehicles EVs batteries. 

Vehicles to the grid (V2G) is a scheme in which electric vehicle battery communicates to the 

utility grid to provide power to the grid for compensating voltage regulation, frequency 

regulation and smoothing and leveling of renewable energy resources. A grid operator is used for 

coordinating between battery and grid for utilizing the stored energy of electric vehicles battery 

to the grid. For this purpose, fleet electric vehicles batteries are used for providing considerable 

stored energy. V2G technology is used for reducing the stress of electric grid on overloading 

especially during peak hours. 

In recent past years, many researchers discussed the advance controlling techniques for examples 

droop control, Fuzzy control, Fuzzy Inference systems and adaptive Neuro-Fuzzy control for 

integration of renewable resources, storage systems and distributed devices for improving the 

stability of the systems.      
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3 METHODOLOGY 
3.1 Overview of Microgrid Organization 
 

The overview of the system is shown in Figure 1. In which a utility microgrid is connected to 

distribution transformers with a slack bus B1. Load 1 and load 2 are linked between the 

transformer and the utility grid. The transformer is connected with bi-directional converters at a 

point of common coupling with the help of the LC filter. At the point of common coupling, load 

3 and load 4 are connected with AC-load line after the transformer. 

The bi-directional converter is connected with 420 DC battery use as electric vehicle battery 

(EV) with the help of charging and discharging station controllers. Charging and discharging 

controller based on buck and boost converters with the help of PI controller and a Fuzzy Logic 

controller for charging and discharging of EV battery. 

Voltage source converter (VSC) is used for controlling bi-directional two-way power flow from 

the G2V in normal condition and in abnormal condition power will transfer from V2G in case of 

islanding of grid.  

A current control closed loop is introduced for controlling the charging of electric vehicle 

battery, which will be based on the secondary current of the distribution transformer. The 

secondary current of the transformer is fixed at 2000 amperes when the load-3 is connected with 

the system than charging of electric vehicles battery will be reduced at a specific level by using 

current control closed loop.  

When load 3 and load 4 both are connected with the system then again, the secondary current of 

the transformer is fixed at 2000 amperes but charging of electric vehicles battery again will be 

reduced at a specific level by using current control closed loop. In this case with both load 3 and 

load 4 are connected with the grid then the battery will be discharge instead of charging.             
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Fig .1 Overview of the Microgrid Organization 
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3.1.1 Description Of Diagram 
 

A utility grid of 30MVA, 600 voltages connected with a distribution transformer which will step 

down the voltage at 240 voltages and provide active power to 420volt electric vehicle (EV) 

battery by using voltages source converter. The converter will provide signal pulses to a 

universal bridge. In normal operation, this bridge works as a rectifier and changes the AC power 

to DC power. The voltage source converter maintains 500 voltages at the DC load line from the 

simulation period 0sec to 0.8sec by using the reference parameters from the slack bus B1 of the 

system. The battery will be charged until its normal full ratings by using the charging station 

controller. Charging station controller controls the state of charge of battery by using the 

Proportional Integral (PI) and Fuzzy Logic controllers(FLC) and charge the battery at its full 

current rating and electric vehicle battery work as a load.  

In this case of the grid to vehicle (G2V) utility grid provides power to Load-1, Load-2, charge 

the battery at its full rating from 0 sec to 0.2 sec.  

From 0.2 sec to 0.4 sec Load 3 (200kw resistive, 200kvar inductive and 300kvar capacitive) will 

be inter in the system so load increase, then charging station controller bring down the state of 

charge of the battery will be reduced according to load by using current control loop. The 

charging station controller controls the state of charge of battery by using a buck converter with 

the help of a PI and Fuzzy Logic controllers. 

 From 0.4 sec to 0.6 sec load 3 and load 4 both are connected with the system. In this situation, 

the battery charging station controller will stop the charging of the battery. In this case, by using 

current control closed loop with the help of PI and Fuzzy Logic controller battery will be 

discharged.  

 From 0.6 sec to 0.8 sec load-4 will disconnect from the system and battery will charge again at 

its full amperes by using the charging station controller with the help of PI and Fuzzy Logic 

controller by using a current control closed loop.    

In the second case from 0.8 sec to 1.2 sec, the utility grid will switch to islanding mode then 

electric vehicle (EVs) battery work as a source and discharging station maintain the 500 DC 

voltage at DC load line by using boost converter with help of PI and Fuzzy Logic controllers. 
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Discharging station controller has two loops. The outer loop is a voltage control loop and the 

inner loop is the current control loop.   

In this case universal bridge works as an inverter which converts 500V DC into 240V AC by 

using the voltage source converter(VSC). VSC pick the reference point from slack bus B1 by 

using PLL Loop and Id ref will be inverted and power will be delivered from EV to the grid. In 

this case, EV battery will be discharged according to load demand by using the discharging 

station controller. In this case, bidirectional converter works as inverter and transformer work as 

a step-up transformer and convert the three-phase 240 AC voltages to 600 AC voltages and 

provide power to load-1, Load-2, and load-3. 

From 0sec to 0.8sec power will transfer from grid to EV battery by using the bi-directional 

converter as rectifier and VSC maintain the 500 DC voltage at the DC load line and charge the 

battery. Load-1 and load-2 continuously connected to the system in all simulation time. 

From 0.2 sec to 0.4 sec load increase due to load-3, in this situation battery charging will reduced 

from its full rating to desired load demand and limit the active power of the system and 

transformer will be protected from overloading by controlling the charging of electric vehicle 

battery by using current control closed loop and buck converter with the help of PI and Fuzzy 

Logic Controllers. 

From 0.4 sec to 0.6 sec load increase due to load 3 and load 4, in this situation battery charging 

will reduced, and battery will be start discharging and provide the active power to the system and 

transformer will be protected from overloading by controlling the discharging of electric vehicle 

battery by using current control closed loop and buck converter with the help of PI and Fuzzy 

Logic Controllers.  

From 0.6 sec to 0.8 sec load-4 will shed off and charging station will charge the battery to its 

normal rating by using a current control closed loop and buck converter with the help of PI and 

Fuzzy Logic Controllers.  

From 0.8 sec to 1.2 sec utility grid switch to islanding mode and battery will begin to discharge 

and provide the power to load-1, load-2 and load-3. In this case, the discharging station 

controller controls the discharging of electric vehicle EV battery with the help of PI and Fuzzy 
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Logic controllers, with the help of current and voltage loops. At this stage, power will deliver 

from battery to grid.  

 

3.2 Major components  
 

Following are the main components: 

a) Utility grid 

b) Transformer 

c) LC Filter 

d) Bidirectional converter 

e) Voltage source converter 

f) Charging station controller 

g) Discharging station controller 

h) Electric vehicle battery 

i) Fuzzy Logic Controller 

j) Current Control Loop 

k) Loads 

 

3.2.1 Utility Grid 
A radial distribution system is shown in the figure below in which Si is total appearance power 

of the nodes and SLi is the overall power of loads [5].   

 

Fig.2. Distribution side of the Grid 
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The i+1 node voltage shown in Equation-1. Losses of ith nodes are shown in Equation- 2. 

Similarly ith lines losses are shown in Equation-3 and 4 and Equation-5 shown the voltages 

delivered by the battery [5]. 

 
𝑉2𝑖+1 = 𝑉

2
𝑖 − 2(𝑃𝑖𝑟𝑖 + 𝑄𝑖𝑥𝑖) + (

𝑃𝑖
2 + 𝑄𝑖

2

𝑉𝑖
2 ) 𝑟2𝑖 

(3.1) 

 𝑃𝑖+1 = 𝑃𝑖 − 𝑃𝐿𝑖+1 − 𝑃𝑙𝑜𝑠𝑠 𝑖 (3.2a) 

 𝑄𝑖+1 = 𝑄𝑖 − 𝑄𝐿𝑖+1 − 𝑄𝑙𝑜𝑠𝑠 𝑖 (3.2b) 

 
𝑃𝐿𝑜𝑠𝑠 = (

𝑃𝑖
2 + 𝑄𝑖

2

𝑉𝑖
2 ) 𝑟𝑖 

(3.3) 

 
𝑄𝐿𝑜𝑠𝑠 = (

𝑃𝑖
2 + 𝑄𝑖

2

𝑉𝑖
2 ) 𝑥𝑖 

(3.4) 

 
     ∆𝑉𝐸𝑉 =

𝑃𝐸𝑉𝑟𝑖 + 𝑄𝐸𝑉𝑥𝑖
𝑉𝑖

 
(3.5) 

 

Equations 3.2, 3.3, 3.4, and 3.5 shows that power delivered of the battery reduce and provide 

the active power of the system. Electric vehicle battery reduces and provides the active 

power of the utility grid in islanding condition and transient condition. When high current 

will flow then battery charging will reduce and protect the transformer to overloading. 

 

3.2.2  Transformer 

The transformer is a static device that is used for transmission of electrical energy from source to 

load and step-up or step-down the voltages at constant power and frequency. Transformer 

working on Faraday's law of electromagnetic induction and provides electrical energy from one 

coil to another coil on the base of statically induced E.M.F. Transformer provides electrical 

energy from one coil to another without an electrical connection but these coils are connected 

magnetically with each other’s. Power transformers are used to step up or step down AC voltages 

of the power systems on the base of their turns ratio [6]. Turns ratio formula given below. 

 𝑬𝟐

𝑬𝟏
=
𝑵𝟐

𝑵𝟏
   

(3.6) 
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There are two major types of transformers.  

 

3.2.2.1 Ideal Transformer  

Ideal transformers are lossless transformers perfectly couples with high magnetically permeable 

core and winding with zero Electro Magnetive force. It is only theory based not practically 

possible.  

3.2.2.2 Real Transformer 

The real transformer is not a loss-free transformer. Core losses and winding losses are considered 

in these transformers. 

The following losses are considered in a real transformer [6]: 

(a) Core Losses 

These losses are magnetizing current losses and will consist of 

 Hysteresis losses – these losses produced by the nonlinear application of voltages in the core 

of the transformer. 

 
𝑃ℎ = 𝐾ℎ𝑓𝐵

1.6
𝑚   
𝑊𝑎𝑡𝑡𝑠

𝑚3
 

(3.7) 

 Eddy current losses_ these losses produce by the Joule heat in core and proportional to the 

square of the transformer frequency 

 
𝑃𝑒 = 𝐾ℎ𝑓

2𝑡2𝐵2𝑚   
𝑊𝑎𝑡𝑡𝑠

𝑚3
 

(3.8) 

(b) Due to the resistance and leakages reactance of the primary and secondary side of the 

transformer. Following are losses that occur during this process.  

 Joule losses for the resistance of the primary and secondary windings of the transformer. 

 𝑃𝑐 = 𝐼
2
1R1  +  𝐼

2
2R2   𝑊𝑎𝑡𝑡𝑠 (3.9) 

https://en.wikipedia.org/wiki/Magnetic_core#Core_loss
https://en.wikipedia.org/wiki/Magnetic_core#Core_loss
https://en.wikipedia.org/wiki/Joule_heating
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 Leakage flux due to the core which will pass only in one winding of the transformer and 

produces reactive impedance in the primary and secondary winding. 

 𝑃𝑐 = 𝐼21X1  +   𝐼
2
2X2   𝑊𝑎𝑡𝑡𝑠 (3.10) 

   

3.2.3 The equivalent circuit of Ideal Transformer 
 

In the diagram given below show the practical transformer physical behavior by representing an 

equivalent circuit diagram. Primary and secondary winging joule losses and leakage reactance 

are shown by the series loop impedance of the circuit [6]. 

Primary side resistance and reactance are: RP, XP 

Secondary side resistance and reactance are RS, XS. 

Fig 3 Real Transformer Equivalent Circuit 

 

3.2.4 Transformer EMF Equation 
 

Universal EMF equation of the transformer is given in below Eq where the flux of the core is 

purely sinusoidal for both sides windings of the transformer, and E are the voltages of the two 

winding, f is frequency, N number of turns, a is the area of the core in m
2, 

and øm is maximum 

flux in Web[6].  
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 𝐸2 = 4.44 ∗ f ∗ øm ∗ N2 (3.11) 

 

 

3.3 LC-Filter 
 

3.3.1  Single-Phase Inverter Design 
 

An LC filter circuit based on the inductor and capacitor which will be represented by the capital 

letters L and C this circuit work as resonance electrical circuit in tuning circuits and storing 

energy oscillating at the circuit resonance frequency. 

An LC circuit accepts that there is no energy loss due to the resistance of the circuit. In a 

practical implementation of the LC filter circuit always include losses due to resistance but in 

very small. LC filter circuits are used for oscillating with minimum damping, therefore, the 

resistance of the circuits as low as possible.  

In power systems, LC filters are used for smoothening the current and voltages of the system. 

Inductor does not allow the abrupt change of current and capacitor does not allow the abrupt 

change of the voltages so LC filter circuits are used for smoothing the voltages and current of the 

system. 

Due to the uses of the power electronics devices harmonics are produces in the systems so an LC 

circuit is used for minimizing the harmonics, especially odd harmonics. 

Before designing the 3-phase filter first calculated the parameters of single-phase Inverter using 

PWM technique.  For the unique value of the parameters of the LC filter cannot be evaluated 

based on the output voltage harmonics specification and an additional criterion based on the 

minimum reactive power of the LC filter is used to specifiy these parameters [7]. 
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Fig 4  Single Phase PWM Inverter 

 

 

 Fig 5. PWM Technique for The Single-Phase Inverter 

 

3.3.2 Inductor Current Harmonic: 

From Figure-4 the output voltage equation of the inverter is written as [7]. 

 
𝑣𝑠   =  𝑣𝑜 + 𝑅𝑓𝑖𝑠 +  𝐿𝑓

ⅆ𝑖𝑠
ⅆ𝑡

 
(3.12) 

The capacitor voltage 𝑣𝑜 and inductor current 𝑖𝑠 separated into the average (average over one 

switching cycle) and harmonic (ripple) components, 

 𝑣𝑜   =  𝑣𝑜−𝑎𝑣𝑔  + 𝑣𝑜−𝑟𝑖𝑝𝑝    (3.13) 

 𝑖𝑠   =  𝑖𝑠−𝑎𝑣𝑔  + 𝑖𝑠−𝑟𝑖𝑝𝑝   (3.14) 
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Substituting eq-3.13 and 3.14 in equation 3.12 

 
𝑣𝑠   = ( 𝑣𝑜−𝑎𝑣𝑔  + 𝑣𝑜−𝑟𝑖𝑝𝑝   )  + 𝑅𝑓(𝑖𝑠−𝑎𝑣𝑔  + 𝑖𝑠−𝑟𝑖𝑝𝑝  ) +  𝐿𝑓

ⅆ(𝑖𝑠−𝑎𝑣𝑔  + 𝑖𝑠−𝑟𝑖𝑝𝑝  )

ⅆ𝑡
 

(3.15) 

 

In a good design filter the value of  𝑣𝑜−𝑟𝑖𝑝𝑝    and  𝐿𝑓
 𝑖𝑠−𝑟𝑖𝑝𝑝  

𝑑𝑡
  are very small as compared to 𝐿𝑓

𝑑𝑖𝑠−𝑎𝑣𝑔  

𝑑𝑡
   

So, the ripple component of the filter inductor current is equal to: 

 
𝑖𝑠−𝑎𝑣𝑔  = 

1

𝐿𝑓
⎰ (𝑣𝑠 − 𝑣𝑠−𝑎𝑣𝑔)ⅆ𝑡 

(3.16) 

 

Where` 

 
𝑣𝑠−𝑎𝑣𝑔   =  𝑣𝑜−𝑎𝑣𝑔   + 𝑅𝑓𝑖𝑠−𝑎𝑣𝑔  +  𝐿𝑓

ⅆ 𝑖𝑠−𝑎𝑣𝑔  

ⅆ𝑡
 

(3.17) 

                  

 

Fig 6. Detailed Output Waveform Over One Switching Period. (a) Inverter Output Voltages  

(b) Inductor Current Harmonics (c) Capacitor Output Voltage Harmonics 

From Figure-6  

 𝑇𝑂𝐹𝐹
𝑇𝑆

= 1 − 𝛼   
(3.18) 

 𝑇𝑂𝑁
𝑇𝑆

= 𝛼   
(3.19) 
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 𝛼 =  
𝑣𝑠−𝑎𝑣𝑔

𝐸𝑑
= 𝐾sin𝜔𝑟𝑡      

(3.20) 

Where 𝜔𝑟 = 2𝜋𝑓𝑟  here 𝑓𝑟 is the fundamental frequency of the output and K is the modulation 

index. On the base of figure 6a and equation 3.16 the harmonics current deliver in the inductor 

is: 

 

𝑖𝑠−𝑟𝑖𝑝𝑝  = 
𝐸𝑑
𝐿𝑓
 {

𝛼 
𝑇𝑂𝐹𝐹
2
 − 𝛼(𝑡 − 𝑡𝑜),      𝑓𝑜𝑟  𝑡𝑜 ‹ 𝑡‹𝑡1

−𝛼 
𝑇𝑂𝐹𝐹
2

+ (1 − 𝛼)(𝑡 − 𝑡1),      𝑓𝑜𝑟  𝑡1 ‹ 𝑡‹𝑡2

 (3.21) 

               

The mean square value of this current harmonic over one switching period 

 (𝑖𝑠−𝑟𝑖𝑝𝑝  )
2  =   

1

𝑇𝑆
 ∫ (𝑖𝑠−𝑟𝑖𝑝𝑝  )

2ⅆ𝑡
𝑡𝑜∓𝑇𝑠

𝑡𝑜
 =   (

𝐸𝑑

𝐿𝑓∗ 𝑓𝑠
)2 [ 

𝛼2−2𝛼3+𝛼4

12
] (3.22) 

               

Where 𝑓𝑠 is switching frequency, so the RMS value of the harmonics over a period of the 

fundamental output voltages  

 

𝑖𝑠−𝑟𝑖𝑝𝑝−𝑎𝑣𝑔  = √[
1

2𝜋
 ∫ (𝑖𝑠−𝑟𝑖𝑝𝑝  )2(2𝜋 ∗  𝑓𝑟𝑡)
2𝜋

0
] =   

𝐸𝑑

𝐿𝑓∗ 𝑓𝑠
√[

𝐾2−
16

3𝜋
𝐾3+

3

4
𝐾4

12
] 

(3.23) 

 

3.3.3 Capacitor Voltage Harmonic: 

From figure-4, a filter capacitor current can be determined as [7]: 

 𝑖𝑐  = 𝑖𝑠   − 𝑖𝑜   (3.24) 

 𝑖𝑠   =  𝑖𝑠−𝑎𝑣𝑔  + 𝑖𝑠−𝑟𝑖𝑝𝑝  (3.25) 

 𝑖𝑐   =  𝑖𝑐−𝑎𝑣𝑔  + 𝑖𝑐−𝑟𝑖𝑝𝑝   (3.26) 

Substitute equation.3.24 and equations 3.25 & 3.26 into equation 3.24   

 𝑖𝑐−𝑎𝑣𝑔  + 𝑖𝑐−𝑟𝑖𝑝𝑝  = 𝑖𝑠−𝑎𝑣𝑔  + 𝑖𝑠−𝑟𝑖𝑝𝑝  −  𝑖𝑜−𝑎𝑣𝑔  − 𝑖𝑜−𝑟𝑖𝑝𝑝  (3.27) 
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Because harmonics of both sides of the equation are the same so  

 𝑖𝑐−𝑎𝑣𝑔  = 𝑖𝑠−𝑎𝑣𝑔  − 𝑖𝑜−𝑎𝑣𝑔   (3.28) 

 𝑖𝑐−𝑟𝑖𝑝𝑝  = 𝑖𝑠−𝑟𝑖𝑝𝑝 − 𝑖𝑜−𝑟𝑖𝑝𝑝  (3.29) 

 

Because filter capacitance is very large so total harmonics current delivered from the Capacitor. 

Thus, the harmonic components of the current are: 

 𝑖𝑐−𝑟𝑖𝑝𝑝  = 𝑖𝑠−𝑟𝑖𝑝𝑝    (approximately) (3.30) 

  

Because ripple current delivers from filter capacitor so, the voltage across capacitor fluctuate 

around the average, so ripple component of filter capacitor voltages is: 

 
𝑉0−𝑟𝑖𝑝𝑝  = 

1

𝐶𝑓
⎰ (𝑖𝑐−𝑟𝑖𝑝𝑝  )ⅆ𝑡 =  

1

𝐶𝑓
⎰ (𝑖𝑐𝑆−𝑟𝑖𝑝𝑝  )ⅆ𝑡 

(3.31) 

Substitute 12.10 into 12.20 then  

 

𝑣0−𝑟𝑖𝑝𝑝  = 
𝐸𝑑
𝐿𝑓𝐶𝑓

 

{
 

 𝐴 + 𝛼𝑇𝑂𝐹𝐹  
(𝑡 − 𝑡𝑜)

2
 −
𝛼

2
(𝑡 − 𝑡𝑜)

2,      𝑓𝑜𝑟  𝑡𝑜 ‹ 𝑡‹𝑡1

𝐴 − 𝛼𝑇𝑂𝐹𝐹  
(𝑡 − 𝑡2)

2
+ (1 − 𝛼)

(𝑡 − 𝑡1)
2

2
,      𝑓𝑜𝑟  𝑡1 ‹ 𝑡‹𝑡2

 

(3.32) 

  Where A is the average of equation 12.21 over one switching period and A is found by: 

 
𝐴 =  

𝛼3(1 − 𝛼) − (1 − 𝛼)3

12 𝑓
𝑠
2  

(3.33) 

Figure-6(c) displays the waveform of the filter capacitor harmonics voltages. The mean square 

value of the filter capacitor harmonics voltages over a complete switching period: 

 (𝑣𝑜−𝑟𝑖𝑝𝑝  )
2  =   

1

𝑇𝑆
 ∫ (𝑣𝑜−𝑟𝑖𝑝𝑝  )

2ⅆ𝑡
𝑡𝑜+𝑇𝑠

𝑡𝑜
 (3.34) 

           

Substituting equation 3.32 in equation 3.34, after performing integration  

 
(𝑣𝑜−𝑟𝑖𝑝𝑝  )

2  =    (
𝐸𝑑

𝐿𝑓 𝐶𝑓  𝑓𝑠 
2)

2

[
𝛼2 − 5𝛼4 + 6𝛼5 − 2𝛼6

720
] 

(3.35) 
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The RMS value of the o/p voltage harmonics over a period of the fundamental output voltages 

can be found by the below-given equation: 

 

𝑣𝑜−𝑟𝑖𝑝𝑝−𝑎𝑣𝑔  = √[
1

2𝜋
 ∫ (𝑣𝑜−𝑟𝑖𝑝𝑝  )

2(2𝜋 ∗ 𝑓𝑟𝑡)
2𝜋

0
] =  

𝐸𝑑

𝐿𝑓 𝐶𝑓  𝑓𝑠 
2√[

𝐾2−
15

4
𝐾4+

64

5𝜋
𝐾5+

5

4
𝐾6

1440
] 

(3.36) 

 

3.3.4 Design of the output LC Filter  
 

In the designing procedure of the LC filter for fewer losses, size and cost are based on the 

reactive power. On the base of the minimum reactive power, these parameters are very low and 

the optimum value of the L and C are achieved [7]. 

Reactive power can be calculated as: 

 𝑃𝑟 = 𝜔𝑟𝐿𝑓(𝑖𝑠−𝑎𝑣𝑔  
2   + 𝑖𝑠−𝑟𝑖𝑝𝑝−𝑎𝑣𝑔  

2)+ 𝜔𝑟𝐶𝑓( 𝑣𝑜−𝑎𝑣𝑔  
2 + 𝑣𝑜−𝑟𝑖𝑝𝑝−𝑎𝑣𝑔  

2) (3.37) 

 

Where 𝑖𝑠−𝑎𝑣𝑔 𝑎𝑛𝑑 𝑣𝑜−𝑎𝑣𝑔  is the RMS value of the inductor current and load voltages. Because 

harmonics components are very small so reactive power approximately equal to the average 

components.    

 𝑃𝑟 = 𝜔𝑟𝐿𝑓 𝑖𝑠−𝑎𝑣𝑔  
2 +  𝜔𝑟𝐶𝑓𝑣𝑜−𝑎𝑣𝑔  

2 (3.38) 

               

The RMS value of the inductor current is calculated as:  

 
𝑖𝑠−𝑎𝑣𝑔  

2= [𝑖𝑙𝑟−𝑎𝑣𝑔  
2 + (𝑖𝑙𝑖−𝑎𝑣𝑔  

2 − 𝜔𝑟𝑐𝑓𝑣𝑜−𝑎𝑣𝑔  )
2
]
1/2

 
(3.39) 

   

Where 𝑖𝑙𝑟−𝑎𝑣𝑔    𝑎𝑛ⅆ 𝑖𝑙𝑖−𝑎𝑣𝑔   are the real and imaginary components of load Current. Substitute 

equation 3.39 into 3.38.  

 𝑃𝑟 = 𝜔𝑟𝐿𝑓 [𝑖𝑜𝑟−𝑎𝑣𝑔  
2 + (𝑖𝑜𝑖−𝑎𝑣𝑔  

2 − 𝜔𝑟𝐶𝑓𝑣𝑜−𝑎𝑣𝑔  )
2
] + +  𝜔𝑟𝐶𝑓𝑣𝑜−𝑎𝑣𝑔  

2 (3.40) 

 

From equation 3.36 

 𝐶𝑓 = 𝐾
𝐸𝑑

𝐿𝑓𝑓
2
𝑠𝑣𝑜−𝑟𝑖𝑝𝑝−𝑎𝑣𝑔  

   (3.41) 

Where K is: 
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K= [
𝑘2−

15

4
𝑘
4+

64
5𝜋𝑘5−

5

4
𝑘6

1440
]

1/2

 

(3.42) 

               

Substitute the equation 3.41 into 3.40 the reactive power is calculated by:  

 
𝑃𝑟 = 𝜔𝑟𝐿𝑓 (𝑖𝑜−𝑎𝑣𝑔  

2  +
𝜔𝑟

2𝐸𝑑
2𝐾2𝑣𝑜−𝑎𝑣𝑔  

𝐿𝑓𝑓4𝑠𝑣𝑜−𝑎𝑣𝑔  
2
 −
2𝜔𝑟𝐸𝑑𝐾(𝑖𝑜𝑖𝑛−𝑎𝑣𝑔 ∗𝑣𝑜−𝑎𝑣𝑔  )

𝐿𝑓𝑓2𝑠𝑣𝑜−𝑟𝑖𝑝𝑝−𝑎𝑣𝑔  
 )

+
𝜔𝑟𝐸𝑑𝐾 𝑣𝑜−𝑎𝑣𝑔  

2

𝐿𝑓𝑓2𝑠𝑣𝑜−𝑟𝑖𝑝𝑝−𝑎𝑣𝑔  
 

(3.43) 

 

 

Where 𝑖𝑜−𝑎𝑣𝑔   is the RMS value of the load current. Minimum reactive power is given by:  

 ð𝑃𝑟

ð𝐿𝑓
  = 0                   (3.44) 

 

so, the value of the inductor is calculated by the equation given below: 

 
𝐿𝑓=

𝑉𝑜−𝑎𝑣𝑔

𝐼𝑜−𝑎𝑣𝑔𝑓𝑠
 {𝐾

𝐸𝑑

𝑉𝑜,𝑎𝑣
[1 + 4𝜋2 (

𝑓𝑟

𝑓𝑠
)
2

𝐾
𝐸𝑑

𝑉𝑜−𝑎𝑣𝑔
]}
1/2

 
(3.45) 

 

After the calculation of inductor value, the capacitor value would be calculated by the equation 

3.46 

 𝐶𝑓 = 𝐾
𝐸𝑑

𝐿𝑓𝑓
2
𝑠𝑣𝑜−𝑟𝑖𝑝𝑝−𝑎𝑣𝑔  

               (3.46) 

   

3.3.5 The design procedure of the LC filter: 
 

On behalf of the above analysis design would be divided into these steps: 

(a) For the calculation of the modulation index, the output RMS voltages of the inverter are 

equal to the output RMS voltages of the load. so, the modulation index is [7]:    
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 K=√2
𝑉𝑜−𝑎𝑣𝑔

𝐸𝑑
 (3.47) 

 

The result from equation 3.42 is then used to calculate the K. 

(b) Then on the base of the 𝐼𝑜 − 𝑎𝑣𝑔, 𝑉𝑜 − 𝑎𝑣𝑔, 𝑓𝑟  and  𝑓𝑠 calculate Inductor value from 

equation 3.45 

(c) Then calculate the Capacitor value from equation 3.47 

 

 

 

3.4 Second Method For Design Procedure Of The Single-Phase 

Inverter: 
 

Below Fig 7 &8 shows the single-phase inverter. It is controlled by pulse width modulator [8]. 

 
Fig 7. The Typical Single-Phase Inverter 
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Fig 8. PWM Waveform Generation Using PWM Peripheral Onc2000 MCU 

 

Fig 9. Current Ripple Calculation  

 

In Figure-9 show the one switching cycle waveform of the inverter output voltage VL with 

regards to inductor current. The voltages across the inductor are given by [8]: 
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 V= Li di/dt (3.48) 

For the full-bridge inverter with an AC output 

 
𝑉𝐵𝑈𝑆 − 𝑉𝑂 = 𝐿𝑖  

△ 𝑖𝑝𝑝

𝐷 ⤬ 𝑇𝑆  
 

(3.49) 

Where   𝑇𝑆 = 
1

𝑓𝑆𝑤 
   is the switching period. For rearranging ripple current at any instant in AC 

waveform given by 

 
△ 𝑖𝑝𝑝 =

𝐷 ∗ 𝑇𝑆 ∗ (𝑉𝐵𝑈𝑆 − 𝑉𝑂 ) 

𝐿𝑖
 

(3.50) 

Assuming the modulation index is 𝑚𝑎 , then the duty cycle is: 

 𝐷(𝜔𝑡) = 𝑚𝑎 sin𝜔𝑡 (3.51) 

The output of the inverter must match the AC voltages so: 

 𝑉𝑂 = 𝑉𝐷𝐶 𝐷 (3.52) 

 

 
△ 𝑖𝑝𝑝 =

𝑉𝐵𝑈𝑆 ∗ 𝑇𝑆 ∗ 𝑚𝑎 ∗ sin (𝜔𝑡) (I − 𝑚𝑎 sin (𝜔𝑡)) 

𝐿𝑖
 

(3.53) 

The find out the modulation index where the maximum ripple is present differentiate the 

equation 3.53 with regard to time and put it equal to zero  

 𝑑△𝑖𝑝𝑝

𝑑𝑡
= K{cos(𝜔𝑡)(I − 𝑚𝑎 sin (𝜔𝑡)) −𝑚𝑎 sin (𝜔𝑡) ∗ cos(𝜔𝑡)} = 0 (3.54) 

 

 sin (𝜔𝑡) =  
1

2𝑚𝑎
   (3.55) 

        

When the modulation index for which the ripple is maximum, substitute back in equation 3.53. 

The inductance value required to tolerate the ripple is given below 

 △ 𝑖𝑝𝑝(𝑚𝑎𝑥) = 
𝑉𝐵𝑈𝑆 ∗𝑇𝑆  

4∗𝐿𝑖
                 (3.56) 
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𝐿𝑖 = 

𝑉𝐵𝑈𝑆  

4𝐹𝑆𝑊 ∗△ 𝑖𝑝𝑝(𝑚𝑎𝑥)
 

(3.57) 

 

 

3.5 Three Phase Inverter Design 
 

The designing of the output filter for three-phase inverters is based on single phase inverter filter 

design which will be explained in above and equation 3.12 show the value of the output filter 

design.  For three phase 3 leg bridge inverter with 2 level PWM for star and delta load shown in 

Figures 9 and 10 [9].  

 

Fig 10. Three phase inverters with delta load. 

 

Fig 11. Three Phase Inverters with Star Load 

The sequence of the PWM phase to phase changes in six-part( 𝜋/3) width of the fundamental 

period. For a balance, three-phase load analyze line to line voltages. The relation of the line to 

line voltages is given in equation 3.58 [9]. 
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 𝑉𝑜𝑢𝑡𝑟𝑘12𝑝𝑝(𝜔𝑚𝐾𝑇𝑆 , 𝑀 )/(√3 𝑀𝑉𝐷𝐶) (3.58) 

            

𝑉𝑜𝑢𝑡𝑟𝑘12𝑝𝑝 is maximum when M=1. 

 𝑉𝑜𝑢𝑡𝑟𝑘12𝑝𝑝(𝜔𝑚𝐾𝑇𝑆 , 𝑀 )/2

(√3 𝑀𝑉𝐷𝐶)/2
|

𝑀𝐴𝑋

≤ 3% 
(3.59) 

                   

The equivalent “e” value calculated for 𝑉𝑂𝑈𝑇𝑇𝑒ℎ12𝑅𝑀𝑆 ≈ 𝑉𝑂𝑈𝑇𝑒𝑅𝑀𝑆 

 𝜕𝑃𝑟𝑒

𝜕𝐿𝐹
 ≈  𝜔𝑚 (𝐼

2
𝑜𝑒 𝑅𝑀𝑆 − 𝐾𝐿𝐶𝑒

1

𝑓2𝑐
 
1

𝑓2𝐹𝑒
 𝑉2𝑂𝑈𝑇𝑒 𝑅𝑀𝑆)           

(3.60) 

 

The final equation of the L and C for the output filter is given in equation 3.61  

 

𝐿𝐹𝑒 ≈ √𝑘𝐿𝐶𝑒   
1

𝑓𝑐
  
𝑉𝑂𝑈𝑇𝑒𝑅𝑀𝑆
𝐼𝑂𝑒𝑅𝑀𝑆

       ,      𝐶𝐹𝑒 ≈  √𝑘𝐿𝐶𝑒   
1

𝑓𝑐
  

(

 
 1

𝑉𝑂𝑈𝑇𝑒𝑅𝑀𝑆
𝐼𝑂𝑒𝑅𝑀𝑆
⁄

)

 
 

 

(3.61) 

       

 

3.6 Bidirectional Converter as Voltage Source Converter (VSC): 
 

For the improvement of the transient stability of the utility grid which uses G2V and V2G 

technology, two-way transfer of the power is essential for this reason 3-level and 2-level 

(IGBT/DIODES) universal bridge is utilized for bi-directional converters. 

When the power is transfer from the grid to electric vehicles battery a 3-level universal bridge 

working as a rectifier and converts 3-phase 240V AC into a 500V DC. The electric vehicle 

battery is charged by using the charging station controller which will be based on buck converter 

using a PI and Fuzzy controllers. In this case, Universal Bridge receives a gate signal from a 

voltage source converter (VSC-1).  

In the abnormal condition when grid switching to islanding modes then three-level 

(IGBT/DIODES) universal bridge work as inverter and converters 500 DC voltages into 240 AC 
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voltages at this time three-level (IGBT/DIODES) universal bridge receive its gate signal from 

voltages source converter (VSC). In this case, VSC picks its reference signal from slack-bus 

(B1), but idref will be inverted. In this case, the battery will be discharged through the 

discharging controller and power will be transferred from the battery to the grid.     

Voltage Source Converter 

Power converters are divided into 3 major types Grid-forming, Grid-feeding, and grid-supporting 

VSC converters. Grid-forming power converters are characterized as an ideal ac voltage source 

and a very low-output impedance by using the voltage amplitude E∗ and frequency ω∗ of the 

utility grid with a proper control loop. Grid-feeding power converters made for delivering power 

to an energized utility grid and characterized as an ideal current source is linked in parallel to the 

grid with high impedance.   For this purpose, P∗ and Q∗ represent the active and the reactive 

powers which delivered to the utility grid. For accurately regulate the active and reactive power 

to the grid the current source should be perfectly synchronized with ac voltages at the point of 

connection. Grid-supporting power converters represented by either an ideal ac controlled 

current source with parallel shunt impedance, or an ideal voltage source in series with link 

impedance. These converters are used to control their current or voltage for keeping the 

frequency and voltages of the grid to its desired rating.  Grid-forming power converters are 

executed by using two side by side synchronous controllers working on the DQ reference frame. 

Where amplitude E∗ and the frequency ω∗ to be generated by the power converter at the point of 

common coupling (PCC). External loop is used for matching the voltages to its reference and 

internal current loop regulate the current supplied to converters.  
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Fig 12a. Voltage Source Converter 

Fig 12b. Control Design of A 3-Phase Grid-Forming Voltage Source Inverter 

 

Effect of Droop Control on grid impedance: Droop control loop considered as an ideal voltage 

control source is associated with line impedance is shown in Figure [14].  
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Fig 13. Grid Feeding Power Converter 

 

Fig 14. Control Design of 3-Phase Grid-Supporting Power Converters 

 

a) Inductive grid: In high voltage and low voltage network inductive component of line 

impedance is higher than resistance, therefore, resistance will be neglected without any error 

considered, and power angle δ is very small. 



43 
 

 

Fig 15. Modeling Of Power In The Distribution Network. (a) Equivalent Circuit. (b) Phasor 

Diagram. 

b) Resistive grid:  In case of HV and LV networks the grid impedance is mainly resistive and 

neglects the inductance of the grid so voltage amplitude is mainly depending on the active power 

of the grid and frequency is affected by the active power injunction. Droop control 

characteristics are represented in Figure -16. 

 

 

 

Fig 16. Frequency and voltages droop characteristics for resistive grids for the LV system. 

 

D. Virtual Impedance Control   

For the regulation of the voltages and frequency in the MV, the network is controlled by the p/f 

and q/v droop control using virtual impedance is used for the distribution system is given in the 

figure below. 
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Fig 17. Simulation Diagram the Virtual Output Impedance Loop With P And Q Droop in the 

Power. Grid Converter 

3.7  Charging Station Controller Using Buck Converter 
 

It is a PI and Fuzzy Logic controller based buck converter which will be utilized to regulating the 

charging of the electric vehicle’s battery. A buck converter is mostly utilized as stepping down 

the DC voltage at a specific level, by using i/p voltage source, controlled switch S, Diode D, 

filter inductor L, filter capacitor C, and a load resistor R by using close control loop of the 

current and PI controller and Fuzzy Logic controller [10].     

The converter state in which inductor current never becomes zero for the given time called 

continuous conduction mode. When the switch is closed the diode is in reverse biased and when 

the switch is in off condition then diode provides uninterrupted inductor current.    

The relation between the input and output voltages and the duty cycle of the switch is shown in 

Equation 3.62.   

                              

 (𝑉𝑆 − 𝑉𝑂) ∗ 𝐷𝑇 = −𝑉𝑂(1 − 𝐷)𝑇 (3.62) 

   

DC voltages transfer function, described by the output to input voltages is given in Equation-3.63  

                                               

 MV ≡ VO/VS= D (3.63) 
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Equation -3.63 shows that the output voltages is small than the input voltages. 

 

Fig 18. Buck Converter. 

 

Fig 19.  Waveforms of the Buck Converter 

 

According to CCM and DCM, the value of the inductor is determined by Equation 3.64  

                                

 Lb = (1 − D)R/ 2f (3.64) 
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The value of the capacitor depends on the Ic, It causes small ripples across output voltages, for 

limiting the value of ripple voltages. These values are below a certain value of Vr so capacitor C 

is always larger than Cmin and determined by the Equation-3.65. 

                                           

 Cmin = (1 − D) VO/8Vr Lf 2 (3.65) 

     

 

3.7.1 Discharging Station Controller Using Boost Converter: 
 

Discharging station controller depends on a boost converter by using a PI controller and Fuzzy 

Logic controller with the voltage and current closed loop. A boost converter is a circuit which is 

used to stepping up the DC voltages at a specific level. Boost Converters compromised of the 

DC input voltage source Vs, increase inductor L, controlled switch S Diode D, Capacitor C, and 

load resistance R. For CCM is represented in Figure 20(a) and 20(b). 

Fig 20a.  Boost Converter. 
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Fig 20b. Waveforms of the Boost Converter 

When the switch has closed the current in the inductor current rises smoothly and the diode is in 

the off state. When the switch is open, boost inductor released to the load through diode and 

output voltages is greater than the input voltages 

Due to the Faraday’s law, boost inductor voltages determined by the Equation -3.66. 

                                           

 VSDT = (VO − VS)*(1 − D)T (3.66) 

The boost converters output voltage is larger than the input voltage and boost converter always 

operates in the CCM for L > Lb where Lb is given by the Equation-3.67. 

 Lb = (1 − D)2DR/2f (3.67) 

As shown in Figure.20a large capacitor is compulsory to limit the o/p voltage ripples. The 

capacitor value is determined by Equation -3.68 when ripple voltages Vris given.                

 Cmin = DVO/Vr Rf (3.68) 

      

 

3.8  Modeling Of Electric Vehicle Batteries 
 

In this research electric vehicles battery work as a sink in case of G2V and work as a source in 

case of V2G using a bi-directional converter for supporting the utility grid in case of the transient 

condition and deliver the active power to the grid for frequency variation, voltage sag reduction 

and smoothing the renewable energy resources. So bidirectional converter linked with battery at 

point b [5].    
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Fig 21. Evs Batteries Used as an Energy Source      

Electric vehicles battery consuming and delivering the power to the grid is determined by the 

Equation-3.69 and current of the battery is determined by the Equation-3.70.                                              

                                                 

 

 𝑆𝐸𝑉 = 𝑉𝐼 ⋆ (3.69) 

        

                                                  

 
𝐼 =

𝐸∠𝛿 − 𝑉∠0

𝑗𝑋
 

(3.70) 

        

In the above equations, E and V are sending end and receiving end voltages of the battery. 

Equation -3.71 is used to determining the total power of the battery; Equations 3.72 and 3.73 are 

used to determining the active and reactive power of the battery.   

 
  𝑆𝐸𝑉 =

𝐸𝑉𝑠𝑖𝑛(𝛿)

𝑋
+ 𝑗

𝐸{𝐸 − 𝑉𝑐𝑜𝑠(𝛿)}

𝑋
 

(3.71) 

 
   𝑃𝐸𝑉 =

𝐸𝑉𝑠𝑖𝑛(𝛿)

𝑋
 

(3.72) 

 
𝑄 =

𝐸{𝐸 − 𝑉𝑐𝑜𝑠(𝛿)}

𝑋
 

(3.73) 
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3.9  Current Control Closed Loop 
 

For modeling of the current control, a closed loop secondary current of the transformer is used as 

reference current which will be not exceeded to 2000 amperes. An error is generated for using 

the secondary using reference 2000 amperes. This error is again comparing with the battery 

charging current and control charging current of the battery by utilizing PI and Fuzzy Logic 

controllers at specific rating according to load demand when the load is increased then charging 

current will decrease using this current control closed loop. When the load is decreased then 

charging current of the battery will be increased using this current control closed loop using PI 

and Fuzzy Logic controllers. 

 

3.10  Loads 
 

In this thesis, four distributed loads are used for checking the fluctuations of current, voltages, 

power and frequency. Load 1 and load 2 are connected for the whole time, load-3 and load-4 

connected to check the fluctuation of frequency, current, voltages, and power during peak time.     

 LOAD-1: 50W Resistive and 500KVAR Capacitive Load 

 Load-2:  500KW Resistive Load      

 Load-3: Three phase RLC LOAD (1.50MW resistive, 1.50MVAR inductive and 

1.5MVAR Capacitive load)     

 Load-4: Three phase RLC LOAD (1.0MW resistive, 1.0MVAR inductive and 1.0MVAR 

Capacitive load)  

 Load-5: 1.25 Ohms 

 Load-6: 1.25 Ohms                                                          

 Battery:   battery is used for the following purposes  

 Work as a variable load in a normal condition in case of G2V.  

 Work as a source during grid islanding as a source in case of V2G. 

 Rating of battery: 10000AH, 420 voltages, the initial state of charge 80%, Battery 

response time 30 seconds.   
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4  SIMULATION AND RESULTS 
 

This model is divided into two simulation parts. 

4.1 Simulation Model Using PI controllers: 

  
1. The first controller is (PI controller) DC voltage regulating controller (Maintain 500 DC 

voltage at DC load line in case of G2V and invert 500 DC voltages into 240 AC voltages 

in case of V2G) 

2. The second controller is (PI controller) Id regulating controller (regulate Id in both G2V 

and V2G cases) 

3. The third controller is (PI controller) Iq regulating controller (regulate Iq in both G2V 

and V2G cases) 

4. The fourth controller is (PI controller) charging station controller (regulate the charging 

current of the battery according to load demand) 

5. The fifth controller is (PI controller) discharging station voltage regulating controller 

(regulate the voltage of outer loop of the discharging station) 

6. The sixth controller is (PI controller) discharging station current regulating controller 

(regulate the current of the inner loop of the discharging station) 

 

4.1.1 First Simulation Model 
 

In this portion of the research discussed the complete simulation model of the system using 

MATLAB (2017A) Simulink using Discrete Power GUI. A 30MVA, 600 voltages source work 

as a utility grid and providing the power of 4 ac loads, 2 DC loads and 1 Electric vehicle battery 

by using the universal bridge with the help of voltage source converter using different controlling 

techniques.   

In normal condition, power will be delivered from the grid to loads and electric vehicles battery 

for charging. In this case, load demand will be varied and battery charging will be controlled for 

protecting overloading of the transformer and managing the load demand. 
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In case of any abnormal event in utility grid, grid switch to islanding modes and power will 

transfer from electric vehicles battery to grid and battery work as a primary energy source.      

Overall Simulation of this project is subdivided into the following major parts: 

(1) Utility Grid  

(2) VSC 

(3) Bi-Directional Converter 

(4) Charging Station controller using Buck Converter 

(5) Discharging Station controller using Boost Converter 

(6) EV Battery 

(7) Current Control Closed loop 

(8) PI and Fuzzy Logic Controller 

 

4.1.2  Utility Grid 
 

Utility grid having a voltage rating of 600V AC, 60 Hz, 30MVA three phase AC voltage source 

have been simulated to provide power to four AC loads, two DC loads and one EV battery using 

voltage source converter, a bidirectional converter, and a 3-phase two winding transformer. 3-

phase transformer utilized to step-down 600V into 240V in case of G2V and bidirectional 

converter work as a rectifier and convert these 240V AC into 500V DC.  

 In case of V2G when irregular condition appears on utility grid then EV battery work as a 

source and bidirectional converter work as an inverter and invert 500 V DC into 240V AC and 

transformer work as a step-up transformer and convert 240 three phase ac voltages into three 

phases 600 ac voltages.   

The parameters of this three phase ac voltages source block are given below: 
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Fig 22a. Block Parameters of the Bridge 

4.1.3 Voltage Source Converter 
 

The Simulation figure of voltage source converter VSC is shown in Figure -22b. VSC pick 

reference parameters of three phase voltages and currents from slack bus-B1 and 500 DC 

voltages from the DC load line. 

 

Fig 22b. Block Diagram of VSC 
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Fig 22c. Block diagram of VSC. 

For better requirements 2
nd

 order filters are used for smoothing the system response. From slack 

bus B-1 Vabc and Iabc are receive and convert these into per unit system for computational time 

reduction. Phase lock loop is used for the providing Wt both inverting and converting cases. DQ 

frames are used for converting Vabc into vd and vq and Iabc to id and iq.  

DC regulation is used for the regulating 500 DC voltages using PI controllers for both converter 

and inverter cases, and provides reference point Idref to id which will be received from DQ 

frame. Providing Iqref =0 to iq which is received from the DQ frame.  For regulating the id and iq 

two PI controllers are used for regulating id and iq according to the Idref and Iqref. 

The current regulator provides Vd and Vq to cartesian by using Wt from PLL block. 

Now Cartesian form converted the input signal into three-phase Vabc in per unit. These three 

Vabc provide pulses to the bi-directional converter by using three-level (PWM).  In    Figure-22d 

show the controller diagram of VSC.  

 

Fig 22d. Block Diagram of the Controller of VSC 
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Normally when power transfer will occur from grid to loads and electric vehicle battery, VSC 

pick reference values from slack bus B-1 and gives Idref as positive and Id is negative then 

universal bridge work as a rectifier and transforms 240V AC into 500V DC. In this situation 

charging station controller charge the battery at 450 DC voltages.   

In the abnormal condition when power will deliver from EV battery to grid, VSC Pick reference 

parameters from slack bus B-1 but in this case Idref is negative and Id is positive and 

bidirectional converter work as an inverter and inverts 500V DC into 240V AC. In this situation 

discharging station controller discharge the battery at its full rating and power will deliver from 

EV battery to grid. In this case, the discharging controller maintains 500 DC voltages at the DC 

load line. 

In DC voltages regulator block PI controller is used for regulating the DC voltage and 

responsible for maintaining 500 DC voltages at the DC load line. Simulation diagram of this DC 

voltages regulator is given in Figure-23 (a) and Figure-23 (b) 

 

Fig 23a. Diagram of DC Voltages Regulator 

 

Fig 23b. Diagram of DC Voltages Regulator 

In Current Regulator block, two PI controllers are used for regulating the Id and Iq using Idref 

and Iqref. Idref is provided from DC voltage regulator block and Iq_ref=0. Current regulator 
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block is responsible for minimizing the error of Id and Iq and provide Vd and Vq to next block. 

Simulation diagram of this current regulator block is given in Figure-24. 

 

Fig 24. Diagram of Current Regulator Block  

In m_Phi->Vabc (t) block convert VdVq into Vabc per unit and provide the signal to three level 

PWM Generator. The simulation diagram of m_Phi->Vabc (t) block is given in Figure-25. 

 

Fig 25. Diagram M_Phi->Vabc (T) Block 
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4.1.4 Bi-Directional Converter 
 

For improving the transient response of the system G2V and V2G technology is being utilized 

and bidirectional transfer of the power is essential for this reason 3-level (IGBT/DIODES) 

universal bridge is utilized for bi-directional converters. 

When the power is transfer from the grid to loads and 3-level universal bridge act as a rectifier in 

electric vehicle and converts three phase 240V AC into a 500V DC and electric vehicle battery is 

charged by using charging station controller which will be based on buck converter using a PI 

controller. In this case, the universal bridge receives a gate signal from voltage source converter 

VSC. In the abnormal condition when grid switching into islanding modes then three-level 

(IGBT/DIODES) universal bridge work as an inverter and inverts 500V DC into 240V AC using 

gate signal from voltages source converter VSC. In this case, VSC picks its reference signal from 

slack-bus (B1), but Idref will be inverted. In this case, the battery will be discharged through the 

discharging controller and power will transfer from battery to grid.    

 

Fig 26. Block Parameters of Three Level Bridge 
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4.1.5  Charging Station Controller Using Buck Converter 
 

In case of power transfer from G2V, VSC gets reference values from slack bus B-1 and gives 

Idref as positive and Id is negative then bidirectional converter work as a rectifier and convert 

240V AC into 500V DC. In this situation charging station controller charge the battery at its 

desired value, by using a PI controller current control closed loop and provide the PWM to 

MOSFET and charge the battery according to the reference point of the charging station 

controller. Charging station controller uses a current control closed loop and minimizing the 

error of the current according to demand. Figure-27 shows simulation diagram of the universal 

bridge, DC load line, charging station controller, discharging station controller, Buck-Boost 

converter and battery.  

  

Fig 27. Simulation Diagram of the Charging and Discharging Station Controllers 

For modeling of the current control, closed loop secondary current of the transformer is used as 

reference current which will be not exceeded to 2000 amperes. An error is generated for using 

the secondary using reference 2000 amperes. This error is again comparing with the battery 

charging current and control the charging current of the battery using a PI controller at specific 

rating according to load demand when the load is increased then charging current will decrease 
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using this current control closed loop. When the load is decreased then charging current of the 

battery will be increased using this current control closed loop using PI Controller. Simulation 

diagram of the current control closed loop and the charging station controller are given in figure 

[28] and figure [29]. 

 

Fig 28. Simulation Diagram of the Current Control Closed Loop

    

Fig 29.  Simulation Diagram of the Charging Station Controller Using PI Controller 

 

 

 

4.1.6 Discharging Station controller using a boost converter 
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In the abnormal condition when power will transfer from the electric vehicle battery to grid, VSC 

pick reference parameters from slack bus B-1 but in this case, Idref is negative and bidirectional 

converter acts as inverter and inverts 500V DC into 240V AC. In this situation, dis-charging 

station controller discharges the battery according to load demand and power will deliver from 

V2G. In this case, discharging controller maintain 500 DC voltages at the DC load line by using 

two control loops, the external loop is for voltage control and the internal control loop is for 

current control and that is achieved using two PI controllers. Discharging station controller 

provides PWM signal to MOSFET, for maintaining 500 DC voltages at DC lad line.  Figure 30 

shows the discharging station controller.  

 

Fig 30.  Discharging Station Controller 

4.1.7 Eletric Vehicle Battery 
 

In this model Nickel Metal Hydride(NiMH), 420V, 80% SOC, 10000 amperes hours’ rated 

capacity battery is used for 30 seconds response time. In normal operation, the battery works as a 

load and charge at its desired rating by using charging station controller reference points. In 

abnormal operation in case of islanding, the battery will be discharged by using discharging 

controllers and work as a source and delivered power to the utility grid and state of charge of the 

battery will reduce. 
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Fig 31.  Electric Vehicle Battery Parameters 

 

4.2 Simulation Model Using Fuzzy Controllers:  
 

1. The first controller is (Fuzzy Logic based PI controller) DC voltage regulating controller 

(Maintain 500 DC voltage at DC load line in case of G2V and invert 500 DC voltages 

into 240 AC voltages in case of V2G) 

2. The second controller is (PI controller) Id regulating controller (regulate Id in both G2V 

and V2G cases) 

3. The third controller is (PI controller) Iq regulating controller (regulate Iq in both G2V 

and V2G cases) 

4. The fourth controller is (Fuzzy Logic controller) charging station controller (regulate the 

charging current of the battery according to load demand) 

5. The fifth controller is (Fuzzy Logic controller) discharging station voltage regulating 

controller (regulate the voltage of the outer loop of the discharging station) 

6. The sixth controller is (Fuzzy Logic controller) discharging station current regulating 

controller (regulate the current of the inner loop of the discharging station). 
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4.2.1 Second Simulation Model:  
 

In this model First controller which is a DC voltage regulating controller is tuned by the FLC  

using Fuzzy Logic rules and control Kp and Ki of the PI controller. Simulation diagram of this 

controller is shown in Figure-32 (a, b and c). 

Fig 32a. Diagram of PI-Based Fuzzy Logic DC Voltages Regulator 

In the above diagram, the Fuzzy controller has been used to minimize the error of the DC load 

line voltages. The input of this Fuzzy system is error and derivative of error of DC voltage. 

Proportional gain (Kp) and Integral gain (Ki) are the output of this PI controller. 

Membership functions for inputs and outputs are: 

Negative big (NB), Negative medium (NM), Negative small (NS), Zero (ZO), Positive small 

(PS), Positive medium (PM), Positive big (PB). 

 

Fig 32b. GUI for V_DC Regulator. 
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Fig 32c.  Rules for V_DC Regulator 

 

For modeling of current control circuitry, close loop secondary current of the transformer is used 

as reference current which will be not exceeded to 2000 amperes. An error is generated for using 

the secondary using reference 2000 amperes. This error is again comparing with the battery 

charging current and control the charging current of the battery using a Fuzzy Logic controller at 

a specific rating according to load demand. When the load is increased then charging current will 

decrease using this current control closed loop. When the load is decreased then charging current 

of the battery will be increased using this current control closed loop using Fuzzy Logic 

controller. Simulation diagram for current control loop (closed) and charging station controller 

are given in Figure-33(a, b and c). 
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Fig 33a. Simulation Diagram for Current Control Closed Loop 

 

 

Fig 33b. Simulation Diagram for Charging Station Controller using Fuzzy Logic controller 

 

Above diagram represents the fuzzy part of charging station control. To control the charging 

current of EV battery following membership functions is used for input and output: 

Negative big (NB), Negative medium (NM), Negative small (NS), Zero (ZO), Positive small 

(PS), Positive medium (PM), Positive big (PB). 

 

 

Following are the fuzzy rules for the charging station controller. 
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Fig 33c. Rules of Fuzzy Logic Charging Station Controller. 

In the abnormal condition when power will transfer from the electric vehicle battery to grid, VSC 

pick reference parameters from slack bus B-1 but in this case, Idref is negative and bi-directional 

converter work as an inverter and inverts 500V DC into 240V AC. In this situation, dis-charging 

station controller discharges the battery according to load demand and power will deliver from 

V2G. In this case, discharging controller maintain 500 DC voltages at the DC load line by using 

two control loops, the external loop is voltage control loop and the internal control loop is the 

current control loop by using two Fuzzy Logic Controllers. Discharging station controller 

provides control duty cycle signal to MOSFET, for maintaining 500 DC voltages at DC lad line.  

Figure-34 (a, b and c) shows the discharging station controller.  

 

Fig 34a. Discharging Station Controller 

The above diagram represents the Fuzzy part of the discharging station control. To control the 

discharging voltages and discharging current of the electric vehicle battery following 

membership functions are used for input and output: 

NB (negative big), NM (negative medium), NS (negative small), ZO (zero), PS (positive small), 

PM (positive medium), PB (positive big). 
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Following are the fuzzy rules for discharging station voltage controller. 

 

Fig 34b. Rules of Discharging Station Fuzzy Logic Voltages Controller 

Following are the fuzzy rules for discharging station current controller. 

 

Fig 34c. Rules of Discharging Station Fuzzy Logic Current Controller 

4.3 Complete Simulink Model Of Grid. 
In Figure 35 complete simulation model of the grid with VSC has been shown.  

 

Fig 35. Simulink model of the Grid 

4.4 Results & Discussion 
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Table.1 Parameters used in simulink model 

Sr. No. Component Parameter/Rating 

1 Transformer (11kV/400V) 104kVA 

2 AC bus Voltage (line-line) 400V 

3 VSC  100kVA 

4 dc/dc converter 100kW 

5 Dynamic load 36-126KW 

6 Line resistance 2mΩ 

7 Line reactance 2mH 

8 Line capacitance 102.3μF 

9 Battery storage at HV AC Bus 700V 

10 dc side filter (765V) 4400μF 

11 dc/dc converter inductance 6.2mH 

12 dc/dc converter capacitance 450μF 

13 VSC switching frequency 10kHz 

14 dc/dc converter switching frequency 5kHz 

 

A test case with simplified model of radial distributor is simulated. Total simulation time is set to 

be 0.3 sec. Figure 5 (a) and figure 5 (b) show load power with step changes and respective grid 

power fulfilling load demand, whereas Table 4 summarizes respective values. It can be seen that 

initial load is 36kW. 1
st
 step change of 72kW in load occurs at 0.07 seconds and 2

nd
 step change 

of 120kW in load occurs at 0.14 seconds. At 0.2 seconds islanding occurs and load is reduced to 

40kW, however it goes to zero. 

Figure 6 (a), (b) and (c) show load power, grid power and battery-storage power with 

overloading control. As evident in figure 6 (b) that during step changes and islanding mode, 

proposed overloading control with fuzzy control performs better than PI control in terms of 

overshoot, undershoot, rise time, settling time, steady state error and time to steady state. 

Similarly figure 6 (c) shows battery-storage’s power to control the overloading during step 

changes and islanding. It is obvious that in this case fuzzy-control outperforms PI-control as 
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well. Figure 7 shows dc voltage at HV dc bus and it is again clear that fuzzy-control gives a 

better and stiffer voltage than PI-control. Figure 8 shows phase A of AC voltage and Current at 

LV AC bus. Again fuzzy-control gives a less deviated and less overshot voltage than PI-control. 

Tables 5 to 10 show this comparison in numeric values. Table 11 shows total harmonic distortion 

(THD) of vabc at LV AC bus during both grid connected and islanded modes with both PI control 

and fuzzy control. As evident fuzzy-control has less THD as compared to PI-control. 

Table 2 

Power (kW) Constant load 

(kW) 

1
st
 step change 

in load (kW) 

2
nd

 step change 

in load (kW) 

Islanding (kW) 

Pload 36 72 120 40 

Pgrid 104 104 104 0 

Pbattery-storage 68 32 -16 -40 

 

             

Fig 35. The complete simulation model of the system 

 

 

Table 3 
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Indicator Constant load  

(sec) 

1
st
 step change in 

load (sec) 

2
nd

 step change 

in load (sec) 

Islanding (sec) 

Overshoot 0 0 0 0 

Undershoot 0 0.0715 0.15 0.206 

Rise time 0.006 0.071 0.147 0.202 

Settling time 0.0015 0.072 0.152 0.212 

Steady state 

error 

0 0.6% 3.3% 0 

Time to 

steady state 

0.0016 0.073 0.153 0.23 

Table 3 

Indicator Constant load  

(kW) 

1
st
 step change in 

load (kW) 

2
nd

 step change 

in load (kW) 

Islanding (kW) 

Overshoot 0 0 0 0.204 

Undershoot 0 0.0705 0.142 0 

Rise time 0.006 0.0702 0.141 0.201 

Settling time 0.0015 0.0715 0.145 0.21 

Steady state error 0 0.4% 1% 0 

Time to steady 

state 

0.0015 0.0715 0.145 0.22 

 

 

 

 

 

Table 4 
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Indicator Constant load  

(kW) 

1
st
 step change in 

load (kW) 

2
nd

 step change 

in load (kW) 

Islanding (kW) 

Overshoot 0.0045 0.0707 0.141 0.201 

Undershoot 0 0 0 0.202 

Rise time 0.004 0.0704 0.1405 0.2006 

Settling time 0.02 0.074 0.144 0.204 

Steady state error 0 0 0 0 

Time to steady 

state 

0.04 0.075 0.155 0.2045 

 

Table 5 

Indicator Constant load  

(kW) 

1
st
 step change in 

load (kW) 

2
nd

 step change in 

load  (kW) 

Islanding 

(kW) 

Overshoot 0.004 0.0704 0 0.2005 

Undershoot 0 0 0.1405 0 

Rise time 0.003 0.0702 0.1402 0.2002 

Settling time 0.01 0.0703 0.141 0.203 

Steady state error 0 0 0 0 

Time to steady 

state 

0.02 0.072 0.152 0.204 

 

 

 

 

Table 6 
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Indicator Constant load (kW) 1
st
 step 

change in 

load (kW) 

2
nd

 step 

change in 

load (kW) 

Islanding (kW) 

Overshoot 0.005 0 0 0.208 

Undershhot 0 0.0703 0.145 0.214 

Rise time 0.0045 0.0701 0.144 0.206 

Settling time 0.022 0.0735 0.151 0.218 

Steady state error 0 0 0 0 

Time to steady 

state 

0.03 0.076 0.153 0.224 

 

Table 7 

Indicator Constant load 

(kW) 

1
st
 step change in 

load  (kW) 

2
nd

 step change in 

load  (kW) 

Islanding 

(kW) 

Over-shoot 0.004 0 0 0 

Under-shoot 0 0.0701 0.143 0.21 

Rise time 0.004 0.07 0.141 0.208 

Settling time 0.01 0.0715 0.15 0.212 

Steady state error 0 0 0 0 

Time to steady 

state 

0.015 0.073 0.151 0.215 

 

 

Table 8 

vabc @ LV AC bus THD 

Grid-connected mode (fuzzy-control) 0.9% 
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Grid-connected mode (PI-control) 2.22% 

Islanding mode (fuzzy-control) 0.78% 

Islanding mode (PI-control) 1.24% 

 

4.4.1 Results of PI controller-based Model 
 

In this research use MATLAB 2017-A using discrete power GUI for simulation of the model. 

From 0 second to 0.8-second system is running in its normal mode and power will transfer from 

G2V and universal bridge work as a rectifier by using VSC, in this case, VSC pick reference 

point from slack bus B1 and Idref are positive and Id is negative then power will deliver from 

G2V. Two AC Loads, Load 1 and load 2 and two DC loads, Load-5 and Load-6 are connected 

continuously from 0sec to 1.2sec.   

At 0.8sec to 1.2sec the grid switch to islanding mode and power will deliver from V2G and 

bidirectional universal bridge work as an inverter and inverts 500V DC to 240V AC by using 

VSC. In this case, VSC gets its reference values from slack bus B-1 but Idref is negative then 

power will deliver from V2G.      

From Zero sec to 0.2sec only Electric vehicle battery will be connected to the grid through the 

charging station controller and charge at its full rating capacity. 

At 0.2sec to 0.4sec load-3 will connect to grid so charging station controller control the charging 

of the battery and reduce charging current and protect the transformer to overloading. 

From 0.4sec to 0.6sec Load 3 and load 4 both will be connected to grid so charging station 

controller control the charging of the battery to zero amperes and start discharging of the battery 

and provide active power to grid and protect the transformer to overloading. 

From 0.6sec to 0.8sec load 4 will disconnect from the grid so charging station controller again 

charge the battery to its desired rating. 

From 0.8sec to 1.2sec grid switch to islanding mode and power will deliver from the battery to 

the grid through discharging controller and state of charge of the battery will be reduced and 

provide the power to load 1, Load 2, and Load 3.   
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In Figure 36 Vabc B1, Iabc B1 and in Figure 37 VabcB2 and Iabc B2 are shown. 

 

Fig 36a.  Vabc-B1 

 

Fig 36b.  Iabc-B1 
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Fig 37a.  Vabc-B2 

 

 

Fig 37b.  Iabc-B2 

In Figure 38 DC load line 500 DC voltages are shown and in Figure 39 show the Vabc of the 

three-phase 240 AC voltages at the transformer secondary side.    
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Fig 38.  Vdc 

 

Fig 39.  Vab-Vsc 

Power will deliver from G2V during normal operation and as a result voltages and current are in 

phase to each other. 

In abnormal operation, when power will deliver from battery to grid then voltage and current are 

out of phase by 180 degrees to each other. Va and Ia are shown in Figure 40.    
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Fig 40. VaIa 

In Figure 41 battery, current is shown. From 0sec to 0.2sec battery charge at its full rating, 

from0.2 to 0.4sec battery current will reduce, from 0.4sec to 0.6sec battery will discharge, from 

0.6sec to 0.8-sec battery again charge at its normal rating. From 0.8 sec to 1.2-sec battery will be 

discharged according to load demand.    

  

Fig 41. Battery Current 

In Figure-42 show the (id and idref), (iq and iqref) and modulation index of the VSC. 
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Fig 42.  (I_D, I_Dref), (I_Q, I_Qref), and VSC Modulation Index 

Figure 43 and 44 shows the controlling pulses of charging station controller and discharging 

station controller. 

 

Fig 43.  Charging Station Controller Pulses 
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Fig 44.  Discharging Station Controller Pulses 

 

 

 

4.4.2 The result of a Fuzzy Controller based Model 
 

In Figure 45 Vabc B1and Iabc B1 are shown. In Figure 46 Vabc B2, Iabc B2 are shown. In 

Figure-47 VDC are shown. In Figure 48 Vab VSC is shown. In Figure 49 VaIa is shown. In 

Figure 50 Battery SOC, battery current and battery voltages are shown. In Figure 51 Id Idref, Iq 

Iqref and Modulation index of VSC are shown. In Figure 52 control pulses of the charging 

station controller are shown. In Figure 53 control pulses of discharging station controller are 

shown. 
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Fig 45a. Vabc B1 

 

Fig 45b. Iabc B1 
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Fig 46a. Vabc B2 

 

Fig 46b. Iabc B2 
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Fig 47. VDC 

 

 Fig 48.  Vab VSC 
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Fig 49.  Va_Ia  

 

Fig 50a. Battery current 
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Fig 50b. Battery voltages 

 

 

 Fig 51.  (I_d, I_dref), (Iq, Iq_ref) and Modulation index of VSC. 
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Fig 52.  Control pulses of charging station. 

 

Fig 53. Control pulses of discharging station. 
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Chapter 5 
 

 

 

 

 

 

Conclusion & Future 

work 
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CONCLUSION AND FUTURE WORK 
 

From the test results, it can be concluded that when the load is less at the secondary side of the 

distribution transformer then the battery will charge at full rating capacity. When the load is 

increased then the charging of the battery will be decreased. When the load is increased from a 

specified limit then the battery will be discharged. When the utility grid is a switch to islanding 

mode then battery work as a distributed energy source and provides power to load. In this case, 

power will deliver from vehicle to grid.        

By controlling the charging and discharging of the battery load side management will achieve 

without load shedding, in case of overloading of the distribution system. In case of islanding of 

the utility grid, battery provides power to the utility grid and enhances the transient stability of 

the grid in both load variation and islanding modes. 

In the future, battery and D-STATCOM co-ordination will be performed using the droop control. 

Active power will be provided from the battery and reactive power will be provided from the 

STATCOM. In normal case when the load will be small then battery consume active power and 

STATCOM consume reactive power as per their requirement. In overloading condition, battery 

charging will be controlled and battery consumes less active power and D-STATCOM will 

consume less reactive power. After a specific value of overloading battery will discharge to the 

grid and provide the active power to load and D-STATCOM provide the reactive power to load 

by using droop control. In the case of islanding, the battery provides active power to grid and D-

STATCOM provide reactive power to the grid by using droop control.  

With the help of battery and D-STATCOM coordination load side management and transient 

stability will be achieved without load shedding in both load variation and islanding modes.                 
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