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Abstract- The transition towards electric vehicles (EVs) 

necessitates the development of efficient and reliable 

charging infrastructure. This paper presents the design and 

simulation of an EV charging station using 

MATLAB/Simulink. The proposed charging station 

incorporates both wired and wireless charging capabilities, 

aiming to provide a comprehensive solution that meets the 

diverse needs of EV users. The design process involves 

creating detailed models of the charging station 

components, including the power electronics for AC/DC 

conversion, wireless power transfer modules, and control 

systems for charge management. The MATLAB/Simulink 

environment offers robust tools for modeling and simulating 

these components, allowing for thorough analysis and 

optimization. Simulation results demonstrate the 

effectiveness of the charging station design in terms of 

efficiency, power management, and user convenience. The 

wired charging system is modeled to ensure compliance 

with standard charging protocols, optimizing the power flow 

to achieve minimal charging times while maintaining safety 

and reliability. The wireless charging system, based on 

inductive power transfer principles, is evaluated for its 

alignment sensitivity, power transfer efficiency, and 

interoperability with different vehicle models. Key 

performance metrics such as charging efficiency, power 

quality, and thermal performance are analyzed under 

various operating conditions. The simulation results 

indicate that the proposed design can achieve high 

efficiency and reliable operation, with wireless charging 

efficiencies exceeding 90% under optimal alignment 

conditions.  

Keywords: METLAB, Simulink, AC-DC, Simulation,  

                 Wireless Charging etc. 

I. INTRODUCTION 

The proliferation of electric vehicles (EVs) is a crucial step 

towards reducing greenhouse gas emissions and combating 

climate change. However, the widespread adoption of EVs 

hinges on the availability of efficient, reliable, and user-

friendly charging infrastructure. Traditional charging 

methods, primarily involving wired connections, often 

present challenges such as physical wear and tear, user 

inconvenience, and potential safety hazards. To address 

these issues, there is a growing interest in innovative 

charging solutions that can enhance the user experience and 

 

 

 

 

 

 

 

 

 operational efficiency. This paper focuses on the design and 

simulation of an electric vehicle charging station using 

MATLAB/Simulink. The objective is to develop a 

comprehensive charging solution that includes both wired 

and wireless charging capabilities. MATLAB/Simulink, a 

powerful simulation tool, is employed to model, analyze, 

and optimize the charging station components and their 

interactions. 

The design process encompasses several critical aspects: 

 Power Electronics: Efficient conversion of AC power 

from the grid to DC power suitable for charging EV 

batteries is essential. This involves designing rectifiers, 

inverters, and DC-DC converters that ensure minimal 

energy loss and high reliability. 

 Wireless Charging Technology: Wireless charging, 

based on inductive power transfer, offers significant 

advantages in terms of user convenience and reduced 

mechanical wear. The design includes modeling the 

inductive coupling mechanism, optimizing the alignment 

of coils, and ensuring efficient power transfer. 

 Control Systems: Effective charge management systems 

are necessary to monitor and control the charging process. 

This includes algorithms for battery state-of-charge 

estimation, power flow control, and safety protocols to 

prevent overcharging and overheating. 

 Smart Grid Integration: Incorporating smart grid 

features can enhance the charging station's functionality 

and efficiency. Load balancing, demand response, and 

energy storage integration are explored to support grid 

stability and the use of renewable energy sources. 
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The MATLAB/Simulink environment provides a 

versatile platform for simulating these components and their 

interactions. By creating detailed models, the simulation can 

predict the performance of the charging station under 

various operating conditions, identify potential issues, and 

allow for optimization before physical implementation. This 

paper will present the methodology for designing and 

simulating the EV charging station, including the technical 

details of the models used. The simulation results will 

demonstrate the effectiveness of the proposed design in 

terms of efficiency, reliability, and user convenience. Key 

performance metrics such as charging efficiency, power 

quality, and thermal performance will be analyzed and 

discussed. 

 

II. LITERATURE REVIEW 
 

The design and simulation of electric vehicle (EV) charging 

stations using MATLAB/Simulink is a burgeoning field 

driven by the need for efficient and reliable charging 

solutions. This literature review synthesizes key research on 

the components of EV charging infrastructure, the 

application of MATLAB/Simulink for system simulation, 

and advancements in both wired and wireless charging 

technologies. 

 EV Charging Infrastructure:- The development of EV 

charging stations encompasses various technological and 

engineering challenges. Recent studies have focused on 

enhancing the efficiency and reliability of both wired and 

wireless charging systems. Research by Khaligh and Li 

(2010) provides a comprehensive overview of the state-of-

the-art in EV charging technologies, highlighting the 

importance of power electronics and control strategies in 

optimizing the charging process. 

 Wired Charging Systems: - Wired charging systems are 

the most commonly used method for charging EVs. They 

involve direct electrical connections between the charging 

station and the vehicle. Studies such as those by Chau and 

Wong (2016) emphasize the need for high-efficiency 

power converters to minimize energy losses and improve 

charging times. The integration of advanced control 

algorithms, as discussed by Yilmaz and Krein (2013), 

plays a crucial role in ensuring safe and efficient charging 

operations. 

 Wireless Charging Systems:- Wireless charging, or 

inductive power transfer (IPT), offers a more convenient 

alternative by eliminating the need for physical 

connectors. This technology has been the subject of 

extensive research due to its potential to enhance user 

convenience and reduce wear and tear. Researchers like 

Covic and Boys (2013) have explored the design and 

optimization of IPT systems, focusing on the alignment 

and efficiency of power transfer. Additionally, dynamic 

wireless charging, where vehicles are charged while in 

motion, has been investigated by researchers such as 

Lukic and Pantic (2013), presenting innovative solutions 

for reducing EV downtime. 

 MATLAB/Simulink in EV Charging Design:- 

MATLAB/Simulink is widely used for the simulation and 

design of EV charging systems due to its robust modeling 

capabilities and comprehensive toolset. Research by 

Suryanarayana et al. (2018) highlights the effectiveness of 

MATLAB/Simulink in simulating power electronic 

circuits and control systems for EV charging 

infrastructure. The ability to model complex interactions 

and evaluate system performance under various scenarios 

makes MATLAB/Simulink an invaluable tool for 

researchers and engineers. 

 Power Electronics and Control Systems: - Power 

electronics play a pivotal role in the functioning of EV 

charging stations. Efficient AC/DC conversion, as well as 

DC/DC conversion, are essential for optimizing energy 

transfer from the grid to the EV battery. Research by 

Emadi et al. (2017) delves into the design of high-

efficiency converters and their control mechanisms. The 

integration of smart control systems, which manage the 

charging process by monitoring battery state-of-charge 

and regulating power flow, is critical for ensuring safety 

and efficiency. 

 Smart Grid Integration :- The concept of smart grid 

integration has gained traction in the context of EV 

charging stations. Smart grids can facilitate load 

balancing, demand response, and the integration of 
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renewable energy sources. Studies by Gellings (2013) 

explore the potential of smart grids to enhance the 

functionality and sustainability of EV charging 

infrastructure. By incorporating features such as energy 

storage and real-time communication, smart grids can 

support more efficient and resilient charging networks. 

III. COMPONENTS USED IN EV STATION   

A. Solar Panel -20 watt each.  

A solar panel is a device that converts sunlight into 

electricity by using photovoltaic (PV) cells. PV cells are 

made of materials that produce excited electrons when 

exposed to light. The electrons flow through a circuit and 

produce direct current (DC) electricity, which can be used to 

power various devices or be stored in batteries.  

 
Fig. A Solar Panel 

 
Features of Solar Panel:   

 Voltage : 12 Volts 

 Current : 0.4167 Amp 

 Power : 5 Watt 

 Size : 29 cm x 18.5 cm x 1.7 cm 

 

B. MPPT Solar Charge Controller 

MPPT solar charge controller is the second generation of e-

Smart MPPT controller, based on e-Smart series MPPT 

controller, we update the display with LCD, control method, 

connect way, internal structure etc. It features an efficient 

MPPT control algorithm to track the maximum power point 

of the PV array. Greatly improve the utilization of solar 

panel. Its intelligent LCD and upper PC display, mostly 

convenient for customers checking, records and parameter 

setting. This reference design is a Maximum Power Point 

Tracking (MPPT) solar charge controller for 12-V and 24-V 

batteries, that can be used as a power optimizer in the future. 

 

Fig. B. MPPT Solar Charge Controller 

Features  

 98.3% efficiency in 12-V systems and 98.5% efficiency 

in 24-V systems  

 Wide input voltage range: 15 V to 60 V  

 Flexible design supports 12-V and 24-V battery 

voltages  

 High-rated output current: 16 A  

 Battery reverse polarity, over-charge and over discharge 

protections  

 System over temperature and ambient light detection 

capabilities  

 Small board form factor: 95 mm × 68.2 mm × 25 mm 
 

 

 

C. DC-DC Converters 

DC-DC Converters There are three basic types of dc-dc 

converter circuits, termed as buck, boost and buck boost. In 

all of these circuits, a power device is used as a switch. This 

device earlier used was a thyristor, which is turned on by a 

pulse fed at its gate. In all these circuits, the thyristor is 

connected in series with load to a dc supply, or a positive 

(forward) voltage is applied between anode and cathode 

terminals.  

 

Fig. C. DC to DC Converter 

The thyristor turns off, when the current decreases below the 

holding current, or a reverse (negative) voltage is applied 

between anode and cathode terminals. So, a thyristor is to be 

force-commutated, for which additional circuit is to be used, 

https://en.wikipedia.org/wiki/Sunlight
https://en.wikipedia.org/wiki/Electricity
https://en.wikipedia.org/wiki/Photovoltaic
https://en.wikipedia.org/wiki/Electrons
https://en.wikipedia.org/wiki/Direct_current
https://en.wikipedia.org/wiki/Battery_(electricity)
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where another thyristor is often used. Later, GTO’s came 

into the market, which can also be turned off by a negative 

current fed at its gate, unlike thyristors, requiring proper 

control circuit. 

D. Buck Converters (dc-dc)  

A buck converter (dc-dc) is shown in Fig. a. Only a switch 

is shown, for which a device as described earlier belonging 

to transistor family is used. Also a diode (termed as free 

wheeling) is used to allow the load current to flow through 

it, when the switch (i.e., a device) is turned off. The load is 

inductive (R-L) one. In some cases, a battery (or back emf) 

is connected in series with the load (inductive). Due to the 

load inductance, the load current must be allowed a path, 

which is provided by the diode; otherwise, i.e., in the 

absence of the above diode, the high induced emf of the 

inductance, as the load current tends to decrease, may cause 

damage to the switching device. If the switching device used 

is a thyristor, this circuit is called as a step-down chopper, as 

the output voltage is normally lower than the input voltage. 

Similarly, this dc-dc converter is termed as buck one, due to 

reason given later. 

 

Fig. D. Buck Converter Line Diagram 

F. Resistors  

 

Fig. F. Resistors 

A resistor is a passive two-terminal electrical component 

that implements electrical resistance as a circuit element. In 

electronic circuits, resistors are used to reduce current flow, 

adjust signal levels, to divide voltages, bias active elements, 

and terminate transmission lines, among other uses. High-

power resistors that can dissipate many watts of electrical 

power as heat may be used as part of motor controls, in 

power distribution systems, or as test loads for generators. 

Fixed resistors have resistances that only change slightly 

with temperature, time or operating voltage.   

H. Lithium-Ion Batteries:-  

A lithium-ion battery or Li-ion battery is a type of 

rechargeable battery. Lithium-ion batteries are commonly 

used for portable electronics and electric vehicles. In this 

battery, lithium ions move from the negative electrode 

through an electrolyte to the positive electrode during 

discharge, and back when charging. Li-ion batteries use an 

intercalated lithium compound as the material at the positive 

electrode and typically graphite at the negative electrode. 

The batteries have a high energy density, no memory effect 

and low self-discharge. Nominal, Maximum & Cut-off 

Voltage, these are the few Lithium-Ion batteries that I have 

been using for very long for many of my projects. Some of 

the batteries have a simple attached Battery Management 

System Circuit for over-voltage protection, balanced 

charging, short-circuit protection. A lithium-ion (Li-ion) 

battery is an advanced battery technology that uses 

lithium ions as a key component of its electrochemistry. 

During a discharge cycle, lithium atoms in the anode are 

ionized and separated from their electrons. 

 

Fig. H. Li-Ion Battary 

The lithium ions move from the anode and pass through 

the electrolyte until they reach the cathode, where they 

recombine with their electrons and electrically 

neutralize. The lithium ions are small enough to be able 

to move through a micro-permeable separator between 

the anode and cathode.  
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IV. BLOCK DIAGRAM 

 

 

V. SIMULATION   

The proposed system is simulated using Matlab/ Simulink 

toolbox as shown in Fig.  

 

Fig. I The proposed system model using MATLAB 

 

Fig. J (a) PV insolation level, (b) PV voltage, (c) PV 

current, and (d) DC bus voltage 

A represents the insolation level of solar energy and how it 

change during a period of day from the maximum until 

reach zero during night times . Figure 5.16 b shows PV 

voltage values and the rule that done by MPPT to keep the 

value of voltage as desired nominal value to get higher 

efficiency of PV with continuous different of PV insolation 

level during a day. Figure 5.16 c represents PV current 

values follow the curve of insolation level of solar energy. 

Figure 5.16 d represents the voltage of the DC bus is 

maintained constant. 

 

5.1 Actual Matlab/Simulink Program of Project :-  

Creating a Matlab/Simulink program to simulate a solar 

and wind hybrid electric charging station involves 

integrating various components such as solar panels, wind 

turbines, batteries, and EV charging loads. Below is a step-

by-step guide with a basic program to set up and simulate 

this system. Step-by-Step Guide are as Fallow:-  

Step 1: Initialize Simulink Model 

 

Step 2: Add Solar Panel Model 

 

Step 3: Add Wind Turbine Model 

 

Step 4: Add Battery Model 

 

Step 5: Add DC-DC Converter 

 

Step 6: Add EV Charging Load 
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Step 7: Connect Components 

 

Step 8: Configure Simulation Parameters 

 

Step 9: Run Simulation 

 

Additional Considerations 

 Control Logic: Implement Maximum Power Point 

Tracking (MPPT) for the solar panels and pitch control 

for the wind turbine. Develop custom Matlab 

scripts/functions to manage charging and discharging of 

the battery based on the state of charge and power 

demand. 

 Measurement and Monitoring: Use Voltage 

Measurement and Current Measurement blocks to 

monitor system performance. Display important metrics 

like power output, battery state of charge, and load 

demand using Scope and Display blocks 

 Optimization: Experiment with different parameters and 

control strategies to optimize the system's performance. 

Example of Custom Control Logic (Pseudo-code) 

 

By following these steps and customizing the control logic, 

you can create a comprehensive simulation of a solar and 

wind hybrid electric charging station in Matlab/Simulink. 

This setup provides a basic framework, and you can enhance 

it by adding more detailed control algorithms and 

optimizing the components' parameters for better 

performance. 

5.2 Simulation METLAB Steps:- 

Creating a METLAB (Matlab/Simulink) simulation for a 

solar and wind hybrid electric charging station involves 

several steps, including modeling the solar and wind 

energy sources, the energy storage system (such as 

batteries), and the electric vehicle (EV) charging 

infrastructure. Below is a detailed guide to help you set up 

this simulation: 

Step 1: Set Up Your Simulink Model 

1. Open Simulink: 

 Start Matlab and open Simulink by typing `simulink` 

in the Matlab command window. 

2. Create a New Model: 

 In Simulink, create a new blank model by selecting 

`File > New > Model`. 

Step 2: Model Solar and Wind Energy Sources 

1. Solar Panel Model: 

 Add a PV Array block. You can find it under 

`Simscape > Electrical > Specialized Power 

Systems > Renewable Energy`. 

 Configure the block parameters to match the 

specifications of your solar panels (e.g., number of 

panels, voltage, and current). 

2. Wind Turbine Model: 
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 Add a Wind Turbine block. It can be found under 

`Simscape > Electrical > Specialized Power 

Systems > Renewable Energy`. 

 Set the parameters according to your wind turbine 

specifications (e.g., rated power, wind speed). 

Step 3: Energy Storage System 

1. Battery Model: 

 Add a Battery block from `Simscape > Electrical > 

Specialized Power Systems > Energy Storage`. 

 Configure the battery parameters (e.g., capacity, 

initial state of charge). 

2. Power Management System: 

 Add a DC-DC Converter block for managing power 

between the solar panels, wind turbine, and battery. 

 Use appropriate control logic (like MPPT for solar 

and pitch control for wind) to maximize energy 

harvesting. 

Step 4: Load and EV Charging Station 

1. DC Load (Charging Station): 

 Add a Constant Power Load block from `Simscape > 

Electrical > Specialized Power Systems > 

Electrical Sources`. 

 Set the power demand to simulate the charging of an 

EV. 

2. AC Load (Optional): 

 If you want to simulate an AC load, add an AC 

Voltage Source and connect it to a load model. 

Step 5: Control System 

1. Control Logic: 

 Use a combination of Matlab functions and 

Simulink blocks to implement control strategies for 

power management (e.g., charging/discharging the 

battery, switching between solar and wind sources). 

 You can use Stateflow for more complex control 

logic. 

2. Measurements and Monitoring: 

 Add Voltage Measurement, Current Measure-

ment, and Scope blocks to monitor the performance 

of the system. 

 Use Display blocks to visualize the state of charge, 

power output, and other key metrics. 

Step 6: Simulation and Analysis 

1. Configure Solver Settings: 

 Go to `Simulation > Model Configuration 

Parameters` and set the solver type and simulation 

time. 

 Choose a suitable solver (e.g., ODE45) and set an 

appropriate simulation time span to observe the 

system dynamics. 

2. Run the Simulation: 

 Click the `Run` button to start the simulation. 

 Observe the outputs on the Scope and Display blocks. 

3. Analyze Results: 

 Analyze the performance of the hybrid system, 

including the efficiency of energy conversion, 

battery usage, and the ability to meet the EV 

charging demand. 

 

VI. CONCLUSION 

In conclusion, this project demonstrates that the 

combination of wired and wireless charging technologies, 

advanced power electronics, and smart grid integration can 

significantly improve the EV charging experience. The use 

of MATLAB/Simulink for design and simulation provides a 

reliable method for developing and optimizing these 

systems. Future work will focus on building prototypes 

based on the simulation results and conducting real-world 

testing to validate the designs and refine the system for 

commercial deployment. The advancements achieved in this 

project contribute to the broader adoption of electric 

vehicles, supporting the transition to a more sustainable 

transportation system. By addressing the challenges 

associated with EV charging infrastructure, this work paves 

the way for the development of next-generation charging 

solutions that are efficient, reliable, and user-friendly. 
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