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CHAPTER -1 

INTRODUCTION 

1.1 Growth of Electric Vehicles 

The fast-paced development of electric vehicles has brought about a need for an effective 

charging system that is lightweight and compact. The need to protect our environment, 

exhaustion of natural fuels, and the necessity for sustainable means of transport have resulted 

in the extensive use of electric mobility systems. Batteries are one of the most crucial 

components of an electric vehicle; thus, an effective charging system is essential to the 

performance of such vehicles. 

DC-DC converters play a significant role in controlling power conversion in EV charging 

systems. Among the different converter types, the non-isolated half-bridge DC-DC converter 

is considered to be one of the most favourable choices due to its simplicity, few components, 

low cost, high efficiency, and bi-directional operation. 

The isolated half bridge DC-DC converter works without the use of a transformer to achieve 

galvanic isolation, thus leading to smaller size and light weight. The above features make 

this type of converter ideal for electric vehicle charging, where smaller and lighter devices 

are required. The converter allows for bi-directional flow of power between the source and 

the battery. In charge mode, electrical energy is transferred from the DC source to the battery. 

In discharge mode, power will flow from the battery to the DC load point.  

The half-bridge converter normally works in two states: 

1. Buck state, which is employed if the converter decreases the input voltage to charge the 

battery.  

2. Boost state, which is used if the converter increases the battery voltage to supply energy 

to the system. 

For a proper battery charging process, the proper battery charging algorithm needs to be 

developed. For this research, the CC-CV charging algorithm is developed. 

For Constant Current mode (CC), the battery is charged at a constant charging current level. 

In this process, the battery voltage increases gradually to reach a pre-defined value. 
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Constant Voltage charging mode (CV) involves maintaining the battery voltage constant 

while reducing the charging current gradually to reach a minimal value. The charging 

technique prevents the battery from overcharging, increasing its lifespan and charging 

efficiency. 

The proposed CC-CV control approach is employed with the non-isolated half-bridge DC-

DC converter in order to ensure effective charging capability of lightweight EVs. Modelling 

and control analysis of the converter are carried out to investigate the behavior of the 

converter at various working modes. The performance of the system is analyzed using 

simulations to validate voltage regulation, current control, and charging operations. 

 

1.2 Constant Current–Constant Voltage (CC–CV) Charging Algorithm 

The Constant Current Constant Voltage (CC-CV) charging algorithm is one of the most 

frequently used techniques for the charging of batteries in electric vehicles due to its high 

level of effectiveness in providing the proper charging process. In particular, the suggested 

non-isolated half-bridge DC-DC converter uses the CC-CV technique for the regulation of 

the charging process of the battery. 

Firstly, the battery is charged through the Constant Current (CC) stage when the charger 

provides the reference current to the battery. In this case, while the reference current is 

maintained, the battery voltage grows as the SOC increases. This stage is usually used when 

the battery charge is rather low or medium. With such an approach, it is possible to achieve 

higher efficiency in energy charging. 

Secondly, as soon as the maximum battery voltage is reached, the charging process switches 

to CV mode. During this stage, the battery voltage regulator maintains the battery voltage at 

a constant level, whereas the charging current progressively decreases. As a result, there is 

no overheating of the battery and no risk of overcharge. The CC-CV charging increases 

efficiency and increases battery life through precise charging current and voltage control. 

The proposed bidirectional converter system uses a controller that monitors battery 

conditions and changes modes based on the requirements. The use of CC-CV method results 

in increased system stability, increased charging precision, and overall system performance. 

Sequence of Events During CC-CV Charging 

1.The battery is charged using the CC mode initially. 

19
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2.The controller provides a set current throughout the charging process.   

3.The output voltage is constant in CV mode.  

4.The battery charging current gradually lowers as charging continues. 

5.The entire charging process ends once the battery achieves the required state-of-charge. 

1.2.1   Literature Summary of CC-CV Charging Algorithm 

The CC-CV charging algorithm is one of the most popular charging algorithms for secondary 

batteries, especially in electric vehicles (EVs), owing to its easy applicability, high efficiency, 

and capacity to ensure safety of the batteries. Various researchers have explored the 

application of CC-CV charging methods in battery charger systems and power electronic 

converters. 

The early literature on battery charging methods noted that the CC-CV method is a successful 

charging method for lithium-ion batteries that are mostly used in EVs due to their high energy 

density and durability. The method begins by using a constant current to charge the battery 

quickly, but its voltage increases gradually at this point. Once the voltage attains a particular 

value, then the system changes to CV mode, where the current drops gradually until the 

battery is charged fully. 

Various studies have used the CC-CV charging algorithm in DC-DC converters-based 

charging systems, where the main aim is the attainment of precise charging parameters of the 

batteries. The integration of closed loop controllers within CC-CV systems has shown that 

the algorithm has resulted in better voltage regulation and effective current control. 

Bidirectional converters are those in which the algorithm plays a key role in transferring 

energy efficiently from the source to battery storage systems. 

Several studies have emphasized on the implementation of the CC-CV charging algorithm 

along with bidirectional DC-DC converters. They revealed that the CC–CV approach ensures 

stable charging operations, prevents battery overcharging and decreases stress on battery 

cells. In addition, when CC–CV charging and PID controller control algorithms are 

combined, there is better dynamic performance and minimized steady-state error. 

Several researchers have evaluated the performance of the CC–CV charging algorithm 

compared to more sophisticated methods like pulse charging, fuzzy logic-based charging 

algorithms and model predictive control algorithms. Although advanced approaches might 
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offer higher charging speed or adaptive control features, the CC–CV algorithm is still highly 

popular because of its lower computational requirements and simplicity of implementation. 

CC–CV charging algorithm also plays a key role in non-isolated DC–DC converters. Since 

the algorithm regulates currents and voltages as per battery charge states, it enhances 

converter performance and increases battery lifespan. Therefore, the CC–CV algorithm still 

is a proper option for lightweight EV charger applications. 

 

1.3 Role of DC-DC converter 

 
DC-DC converters are important in power electronic circuits since they regulate and convert 

DC voltage levels based on the needs of a particular application. This is critical in enhancing 

the efficiency, performance, and stability of power electronic circuits in applications such as 

renewable energy sources (such as solar panels and fuel cells), electric vehicles, mobile 

electronics, and industrial automation. The main purpose of DC-DC converters is to boost or 

buck input voltage or isolate output voltage. They ensure that components with different 

voltage specifications can be effectively incorporated into one circuit. 

 

1.3.1 Literature Summary of DC–DC Converter 

There has been considerable focus on electric vehicles (EVs) owing to the growing need for 

sustainable modes of transport along with lessening the amount of carbon emission. DC to 

DC converters find extensive use in battery charging applications, voltage regulation, and 

power management systems. Hence, there has been considerable research done on the 

designs of converters, modelling techniques, and control strategies for EV charging 

applications. 

Traditional DC to DC converters such as buck, boost, and buck boost converters are generally 

used for converting the input DC to an output DC of lower or higher value based on their 

operating characteristics. The buck converter acts as a step-down converter while providing 

a regulated output voltage using a simple circuit design approach. On the other hand, the 

boost converter is used in applications where there are a step-up requirement of voltage and 

the output voltage needed is higher than the input voltage. 
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DC–DC converters can be divided into two main categories, including isolated and non-

isolated converters. Transformer usage is typical of isolated converters, which helps to 

achieve electrical isolation between the input and the output sides of the converter. The most 

used isolated converter topologies are flyback, forward, push-pull, half-bridge, and full-

bridge converters. These converters are mainly employed in cases where galvanic isolation 

and voltage gain are important. 

Recently, non-isolated converters have been gaining popularity for the purpose of EV 

charging because of their simple structure, low cost, lightweight, and high-power density. 

Lightweightness is an important characteristic of electric vehicles; hence, the adoption of 

non-isolated converters would be a feasible approach rather than using the common isolated 

converters. In addition, the simple topology of non-isolated converters reduces conduction 

losses. 

In cases involving battery charging and energy storage, the use of bidirectional DC–DC 

converters is common due to their ability to transfer electrical energy in both the forward and 

reverse directions. For example, in the charging system of electric vehicles, battery charging 

takes place in case of forward power transmission while energy regeneration occurs in case 

of reverse power transmission. Bidirectional DC-DC converters can be used in regenerative 

braking systems, energy storage, and vehicle-to-grid applications. 

There are various Regarding bidirectional converter topologies, the half-bridge DC-DC 

converter with no isolation is considered one of the best topologies for lightweight EV 

charging due to features such as low number of semiconductor components, low switching 

stresses, small size, and bidirectional energy transmission capabilities. Based on these 

features, there has been significant research done on using this topology for charging EV 

batteries. 

Converter modelling for DC-DC converters is critical to analyse the dynamic behaviours of 

the converter and provide proper controllers. Modelling helps predict system performance 

and obtain the necessary transfer functions for the controllers. Many approaches have been 

suggested for controlling bidirectional converters including proportional integral derivative 

(PID) control, voltage mode control, current mode control, and digital control approaches. 

PID control approaches are among those control strategies which are often used because of 

their simplicity, good transient response, and regulation abilities. 

24
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The commonly used algorithm for charging Li-ion batteries used in electric vehicles is that 

of Constant Current-Constant Voltage (CC-CV) charging. Under the constant current step, 

the battery is charged using a specified charging current until the preset voltage level of the 

battery is achieved. After that, the system goes into the constant voltage state where the 

voltage remains constant, but the current reduces. Using CC-CV algorithm and bidirectional 

DC-DC converters will result in better efficiency, better safety measures and efficient 

charging process. 

Despite many technological advances, there are still many technical difficulties in terms of 

efficiency, small size converter structure, efficient control and battery charging process in 

the light-weight EV systems. For this reason, modelling and controlling a half-bridge 

bidirectional DC-DC converter with CC-CV charging algorithm can be considered as an 

important option. 

 

Objective. 

1.The main objective of this research is to model and control the non-isolated half-bridge 

DC-DC converter for lightweight EV charging. 

2.The analysis of the converter, modelling, control of the converter, and implementation of 

a CC-CV algorithm are the key aspects of the system design. 

3.The proposed converter system seeks to regulate the current and voltage accurately, transfer 

power bidirectionally, ensure stability in the operation of the converter, and charge/discharge 

batteries reliably. 

1.4 Summary 

This chapter introduced the growing importance of electric vehicles (EVs) and the need for 

efficient, lightweight, and compact charging systems. It explained the role of the non-isolated 

half-bridge DC-DC converter in EV charging applications due to its simple structure, low 

cost, high efficiency, and power flow capability. The chapter also discussed the operation of 

the converter in buck and boost modes and emphasized the significance of the Constant 

Current–Constant Voltage (CC–CV) charging algorithm for safe and efficient battery 

charging. In addition, a literature review on CC–CV charging techniques and DC-DC 

converters was presented, highlighting their importance in improving battery life, charging 

stability, and converter performance in lightweight EV systems. 

22
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CHAPTER 2 

BIDIRECTIONAL CONVERTER 

2.1 Bidirectional DC–DC Converter 

A bidirectional DC–DC converter is a power electronic converter that can move electrical 

energy between two DC sources and DC buses running at different voltage levels in both 

directions. Bidirectional converters enable both charging and discharging operations, in 

contrast to traditional unidirectional converters that only permit power transmission from 

source to load.  

Bidirectional DC–DC converters are essential for controlling energy exchange between the 

battery pack and the DC bus in electric vehicle applications. When the battery is in charging 

mode, electrical energy is sent to it from an external power source or charging station. During 

discharging mode, the stored battery energy is supplied back to the vehicle motor drive, 

auxiliary systems, or DC link according to operational requirements. Controlling 

bidirectional power flow enhances overall efficiency, energy use, and system adaptability. 

The operation of a bidirectional converter generally involves two working modes known as 

buck mode and boost mode. The converter lowers the input voltage to a level appropriate for 

battery charging when it is operating in buck mode. In boost operation, the converter 

increases the battery voltage to a higher voltage level to meet the requirements of the load or 

DC bus. Bidirectional converters are ideal for EV charging systems and battery management 

applications due to their dual operating properties. 

Isolated and non-isolated topologies are the two main categories of bidirectional DC-DC 

converters. Transformers are used in isolated converters to create galvanic isolation between 

the input and output sides. This configuration increases system size, cost, circuit complexity, 

and total weight even while it enhances electrical safety and voltage matching capacity. On 

the other hand,  

non-isolated converters eliminate the transformer requirement, resulting in a simpler design, 

reduced component count, improved efficiency, and higher power density. As a result, non-

11
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isolated topologies are frequently chosen for applications involving lightweight electric 

vehicles. 

Buck-boost, Cuk, SEPIC, half-bridge, and full-bridge configurations are among the non-

isolated bidirectional converter topologies that have been created. Among them, the non-

isolated half-bridge bidirectional DC–DC converter has drawn a lot of interest due to its small 

size, excellent efficiency, ease of control implementation, and suitability for bidirectional 

energy transmission. The converter typically uses semiconductor switches, inductors, and 

capacitors to achieve controlled power conversion between low-voltage and high-voltage DC 

buses. 

A bidirectional converter's control method has a significant impact on its performance. An 

efficient controller is necessary to maintain stable operation and precise power regulation 

since converter operation involves switching actions, nonlinear behaviour, and fluctuating 

load circumstances. Control techniques such as PID, PI, fuzzy logic, and model predictive 

control are commonly used to regulate output voltage, charging current, and power flow 

direction. In EV charging applications, effective battery charging, accurate current 

management, and enhanced battery protection are made possible by coupling an appropriate 

controller with a Constant Current–Constant Voltage (CC–CV) charging algorithm. 

In modern electric vehicle systems, bidirectional converters also support advanced 

functionalities such as regenerative braking and battery energy storage integration. These 

applications allow energy recovery and intelligent power exchange between the vehicle and 

external electrical systems. Consequently, bidirectional DC–DC converters have become an 

essential component in developing efficient, reliable, and lightweight EV charging and 

energy management systems. 

These BDCs are categorized into Non-Isolated Bidirectional DC-DC Converters (NBDCs) 

and Isolated Bidirectional DC-DC Converters (IBDCs) and further these are grouped 

according to their configurations and voltage-boosting methods. Buck-boost, Cuk, SEPIC, 

and ZETA converters are basic NBDC configurations that provide straightforward and 

affordable solutions for low-power applications. Additionally, high-power applications can 

benefit from sophisticated designs including switched capacitor, cascaded, interleaved, and 

multilevel bridges, which provide improved efficiency, reduced switching losses, and simple 

4
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control techniques. Flyback, Cuk, Push-pull, and Forward converter are the fundamental 

IBDC setups. It offers affordable, user-friendly solutions for applications using moderate 

voltage. 

2.1.1 Bidirectional Converter Classification 

 

                                Fig.2.1 Classification of Non-Isolated Bidirectional topologies 

Bidirectional DC-DC converters (BDC) come in two main varieties: isolated and non-

isolated. NBDCs transmit power in the lack of magnetic isolation, meaning they do not utilize 

a transformer for the power exchange, whereas isolated bidirectional converters are used in 

a number of power applications due to their efficiency, dependability, low weight, and 

compactness. This has the disadvantage of low voltage gain and simpler construction, but it 

is superior to IBDCs in many situations where weight and compactness are important 

considerations. Leakage inductance and magnetic interference occur when DC is transformed 

to AC and then rectified back into DC after passing through a high-frequency transformer. 

Non-isolated bidirectional converters without magnetic coupling, which only include 

switching devices and passive components, may be advantageous in applications where 

efficiency and high voltage gain are not critical criteria. However, magnetic coupling is used 

to obtain high voltage gain, which improves efficiency and dependability. NBDCs are 

categorized using voltage boosting and basic configuration methods. The bidirectional 

4
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converter's simpler structure yields basic configurations, while rearranging this simpler 

structure yields voltage boosting strategies. 

Table 2.1 Advantage and Disadvantages of NBDC. 

                 Advantages                                Disadvantages 

    1.A construction that is balanced  1. only functions in either boost or buck mode. 

    2. Minimal ripple current on both sides  2. Its design (structure) is unworkable for 

larger voltage ratios. 

     3. broad voltage working range  3.Reduced galvanic isolation between the two 

sides 

     4. Basic circuitry for drivers  4. An increased duty cycle ratio is necessary 

for higher voltage gain. 

 

2.2 Non-Isolated Bidirectional Converter  

2.2.1 Buck & Boost Converter 

In order to lower and raise voltage, respectively, a step-down converter is arranged in anti-

parallel with a step-up converter. In the past, the activities were carried out using 

unidirectional switches such MOSFETs and diodes. Due to its unidirectional power flow and 

lack of a current conduction route for the diode in reverse direction, these unidirectional 

switches were eventually replaced with bidirectional switches. But for NBDCs, this is 

accomplished by swapping out unidirectional switches, as Fig.2.1.  illustrates. When the 

output voltage (V) exceeds the input voltage (V L H), boost mode takes place; when the 

opposite is true, buck mode 
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                             Fig.2.1. Circuit diagram of buck boost converter 

Although a diode can be used in a variety of applications, its high-power application effect 

during step down reduces the circuit's efficiency. In boost mode, the output voltage (𝑉𝐻) is 

greater than the input voltage (𝑉𝐿), while in buck mode, the opposite is true, but the output 

voltage's polarity is changed, resulting in ripple. More switches are added to the circuit to 

ignore these problems. 

2.2.2 Cuk Converter.  

A MOSFET is used in place of the primary diode to create a Cuk converter. Cuk converters 

provide constant input and output current. By using a coupled inductor, current ripples in the 

converter's input and output are eliminated. To enable both greater and lower output voltages, 

Cuk converters are interfaced with energy storage systems in Fig.2.2. boost and buck 

configurations that are connected in series with energy storage capacitors. 

 

                                                            Fig.2.2. Circuit diagram of cuk converter 

4
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by reorganizing the Cuk converter as shown in Fig.2.2. These converters have comparable 

DC bus polarity and both higher (𝑉𝐻) and lower (𝑉𝐿) voltages. Converters function as SEPIC 

and ZETA when electricity flows from lower voltage (𝑉𝐿) to higher voltage (𝑉𝐻). 

2.3 Summary 

The chapter provided an understanding of the working principle and use of the bidirectional 

DC-DC converters that are involved in the charging and energy storage process. It further 

highlighted the uses of these converters in situations where power is transferred both during 

the charging and discharging process. This included regenerative braking and V2G energy 

systems. The isolation or non-isolation characteristics of converters have been classified in 

terms of their pros and cons. Various non-isolated converters have also been mentioned, 

including buck boost, Cuk, SEPIC, and half bridge converters. Of these non-isolated types 

of converters, the non-isolated half-bridge bidirectional converter appears to be the best for 

light-weight EV applications. 
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CHAPTER 3 

CONTROL METHODOLOGIES 

3.1 Control Method 

Control methodologies are the techniques used to regulate and control the operation of a DC–

DC converter to achieve stable output voltage, current regulation, and efficient power 

transfer. In power electronic systems, an effective control methodology ensures proper 

converter performance under varying load and operating conditions. 

3.1.1 Types of Controllers 

The four types of controllers that comprise the PID controller family are proportional (P), 

proportional plus integral (PI), proportional plus derivative (PD), and proportional plus 

integral plus derivative (PID). 

3.1.2 P — Proportional Controller 

A proportional controller (P-controller) refers to the kind of feedback controller where the 

control input u(t) of the controlled system is altered based on the error e(t) obtained between 

the setpoint and the actual value of output y(t). This kind of controller is widely used in 

closed-loop control systems to make sure that the output of the system closely matches the 

setpoint. 

The plant is the name given to the controlled system and it may be any kind of system 

(mechanical, electrical, hydraulic, etc.). During simulation, it can be modelled using a system 

of differential equations or state-space representation or as a transfer function.  

7

15

Page 18 of 68 - Integrity Submission Submission ID trn:oid:::3117:598734200

Page 18 of 68 - Integrity Submission Submission ID trn:oid:::3117:598734200



                                                               
           

14 
 

 

                                                                 Fig 3.3 Block diagram of P controller 

Formula: u(t) = Kp × e(t)                                                                                           (3.1) 

where: 

u(t) – control signal (output of the controller) 

e(t) – error signal (input to the controller) 

Kp – proportional gain 

The output is directly proportional to the current error. If the error is large, the correction is 

large; if small, correction is small. 

Characteristics: 

1)   Quick response time 

2)    Ever produces a steady state error (can never get rid of this) 

Higher Kp leads to faster response and higher overshoot 

Applications include: 

Controlling speed, regulation that permits some error. 

3.1.3 PI — Proportional + Integral Controller 

The other name for the proportional integral controller is Proportional Plus Integral or simply 

called the PI Controller. The reason why it was called a PI controller is because it is the result 

of combining two controllers, namely the proportional and the integral controller. The use of 

proportional and integral in the controller gives rise to its efficiency due to the elimination of 

its shortcomings. 

7
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Formula: m(t) = Kp·e(t) + Ki·∫e(t)dt                                                                                          (3.2) 

 

                                                 Fig.3.4. Block diagram of PI controller 

Combines the fast response of P with the error-eliminating power of I. 

Characteristics: 

1) Eliminates steady-state error 

2) Good speed of response 

3) Slightly more overshoot than P alone 

4) No derivative action, so doesn't dampen oscillations as well 

Transfer function: C(s) = Kp+ Ki/s = (Kp·s + Ki)/s                                                   (3.3) 

Application:  

Most common in industry — motor drives, power converters, temperature control. Used in 

bidirectional DC-DC converter current/voltage loops 

3.1.4 PD — Proportional + Derivative Controller 

A controller that uses both the error and derivative terms of the error as the input to produce 

an output is called the proportional derivative controller.  

The proportional derivative controller combines both actions of a proportional and a 

derivative controller. 
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From experience, it is known that using controllers in any control system helps improve the 

performance of the overall system. Using two controllers, therefore, makes the system more 

precise. 

Formula: u(t) = Kp·e(t) + Kd·de(t)/dt                                                                        (3.4) 

Combination of proportional control and derivative control for better transient performance. 

Features: 

1)    Quicker response and reduced overshoot compared to proportional control only 

2)    Good damping for oscillatory responses 

3)     But still has steady-state error as no integrator control 

4)     More sensitive to measurement noise because of the derivative controller 

Transfer function: 

C(s) = Kp + Kd.s                                                                                                              (3.5) 

Application: 

Used in position control systems, mechanical servo systems where noise levels are minimal. 

 

                             Fig.3.5. Block diagram of PD controller 
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3.1.5 Classical PID Controller  

PID controllers are the most frequently applied control system type in industrial processes 

and include proportional, integral, and derivative action terms. PID control has developed 

since Minorsky’s work on stabilizing automatic steering in 1922 and has been utilized for 

almost a hundred years for both linear and nonlinear systems. These controllers can be used 

either separately (proportional, integral, or differential action) or in combinations such as 

proportional-integral, proportional-differential, and proportional-integral-differential control 

to create the appropriate control signal to stabilize the process by reducing the error. Even 

with advancements in intelligent control techniques, PIDs are still vital components of 

around 95% of all current closed-loop industrial processes due to their simplicity and 

efficiency. 

Applications: 

 To control process variables like temperature, velocity, pressure, position, or flow. 

PID stands for: 

 P → Proportional 

 I → Integral 

 D → Derivative 

The controller constantly computes an error: 

"Error" = "Set Point" – "Measured Value" 

and applies a corrective control signal based on three terms. 

The standard PID equation is: 

𝑢(𝑡) = 𝐾𝑝𝑒(𝑡) + 𝐾𝑖∫ 𝑒(𝑡)𝑑𝑡 + 𝐾𝑑
𝑑𝑒(𝑡)

𝑑𝑡
                                                                              (3.6) 

Where: 

• 𝑢(𝑡)= controller output  

• 𝑒(𝑡)= error  

• 𝐾𝑝= proportional gain  
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• 𝐾𝑖= integral gain  

• 𝐾𝑑= derivative gain 

 

 

Fig.3.6. Block diagram of PID controller 

 

Advantages of PID Controller 

PID controllers are simple and efficient, offering fast response, stability, and adaptability. 

Disadvantages 

1) The controller might have a difficult time in a complex linear system. 

2) Tuning could be hard to achieve, given that PID consists of three parameters. 
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   3.1.5 Comparative Table: 

   Table 3.1 of P,PI,Classical PID and PD Controller 

Feature P Controller PI Controller Classical PID 

Controller 

PD Controller 

Control Law u(t)=Kp e(t) u(t)=Kp e(t)+Ki 

∫e(τ)dτ 

u(t)=Kp e(t)+Ki 

∫e(τ)dτ+Kd de(t)/dt 

u(t)=Kp e(t)+Kd 

de(t)/dt 

Transfer 

Function 

Gc(s)=Kp Gc(s)=Kp+Ki/s Gc(s)=Kp+Ki/s+Kd 

s 

Gc(s)=Kp+Kd s 

Parameters Kp Kp, Ki Kp, Ki, Kd Kp, Kd 

Steady-State 

Error 

Reduces but 

does not 

eliminate 

Eliminates for 

step input 

Eliminates for step 

input 

Same as P 

controller 

Rise Time Decreases with 

increase in Kp 

Decreases Faster than P and 

PI 

Decreases 

Overshoot Increases with 

Kp 

Increases Reduced by Kd Decreases 

Settling Time Small change Increases Decreases with 

proper tuning 

Decreases 

Stability Stable for 

proper Kp 

May become 

oscillatory 

Stable with proper 

tuning 

Stable for proper 

tuning 

Advantages Simple and easy 

to implement 

Eliminates 

steady-state 

error 

Best overall 

performance 

Improves 

transient 

response 

Disadvantages Steady-state 

error remains 

Slower response 

and more 

overshoot 

Complex and 

requires tuning 

Noise sensitive 

Applications Simple systems Zero steady-

state error 

systems 

Industrial control 

systems 

Improved 

transient 

response 

systems 

 

3.2 Summary   

In this chapter, different approaches that are employed for control of voltages, currents, and 

operation of DC-DC converters have been described. Proportional (P), proportional-integral 

(PI), proportional-derivative (PD), and classical PID controllers and their features including 

equations, transfer functions, benefits, drawbacks, and use cases have been highlighted. A 

comparative study revealed that PID controllers offer the most advantageous features because 

they have the fastest response time, lowest steady state error, and higher stability as compared 

to other controllers. It can be concluded that the selection of an appropriate controller is very 

important for successful DC-DC converter operation 

10

Page 24 of 68 - Integrity Submission Submission ID trn:oid:::3117:598734200

Page 24 of 68 - Integrity Submission Submission ID trn:oid:::3117:598734200



                                                               
           

20 
 

                                                 CHAPTER 4 

DC-DC CONVERTER-TYPES OF DC-DC CONVERTER AND 

MODELLING OF THE CONVERETR CIRCUIT 

4.1 DC- DC CONVERTERS 

A converter is an electrical circuit that takes DC input voltage and generates a different level 

of DC voltage, usually employing high-frequency switching and inductive-capacitive filters. 

It alters electrical energy for particular applications— increasing voltage, changing polarity, 

or generating multiple outputs with changing signs. There are six primary classes of 

converters: AC to DC, DC to DC, AC to AC, DC to AC, and Static Switches. Converters 

include two major parts: controllers and filters. Filters drive the electrical signals, and their 

construction in many cases is based on the Maximum Power Transfer Theorem. Controllers 

play the role of the system's mind, deciding how the converter (the heart of the system) works. 

Together, they control power flow and guarantee energy conversion efficiency. Converter 

design includes both power and control circuitry. They are crucial in systems that need stable 

and precise power, such as renewable energy configurations, electric vehicles, portable 

devices, and industrial automation. Converter circuits convert direct current from a power 

source to a desired voltage level, making energy use reliable and flexible in most modern 

applications. 

4.1.1 TYPES OF DC-DC CONVERTERS 

1. Buck Converter (Step Down) 

lowers the output voltage by lowering the input voltage. used when a voltage lower than 

the source is needed. Vout=D⋅Vin,                                                                                      (4.1) 

where D is the duty cycle. 

 

2. Boost Converter (StepUp)  

raises the output voltage by increasing the input voltage. frequently found in battery-

operated systems that require higher voltage. 

Vout =
𝑉𝑖𝑛

1−𝐷
                                                                                                                      (4.2) 

Where: 

• 𝑉𝑖𝑛= Input voltage  

• 𝑉𝑜𝑢𝑡= Output voltage  

• 𝐷= Duty cycle 

 

 

18
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3.  Buck boost converter (step up-step down) 

Power electronic converter that may either raise (boost) or lower (buck) the input voltage 

based on operational needs is called a Buck–Boost Converter. 

𝑉𝑜𝑢𝑡 = 𝐷 𝑉𝑖𝑛  (𝐵𝑢𝑐𝑘), 𝑉𝑜𝑢𝑡 =
𝑉𝑖𝑛

1−𝐷
  (𝐵𝑜𝑜𝑠𝑡)                                                                (4.3) 

 

Where: 

• 𝑉𝑖𝑛= Input voltage  

• 𝑉𝑜𝑢𝑡= Output voltage  

• 𝐷= Duty cycle 

 

4.2.  Modelling of the converter circuit 

Objective. 

The development of an equation to model the dynamical behavior of the current flowing 

through the inductor and DC link/output capacitors voltage during the boost (step up) and 

buck (step down) conversion process is the aim of the modeling process. The circuit will 

behave as a boost converter when operating in step up mode and as a buck converter in step 

down mode. 

 

Fig.4.1.Bidirectional DC-DC converter circuit 

Circuit description & notation.  

• 𝑉𝐷𝐵: is the battery voltage at high voltage side, 

• 𝑉𝐵𝑇: is the battery voltage at low voltage side, 

• 𝑅𝐷𝐵 and 𝑅𝐵𝑇 are the internal resistance of 𝑉𝐷𝐵 and 𝑉𝐵𝑇, respectively. 

• The circuit consists of energy storage components such as inductor L, input capacitor 

𝐶𝐻, and output capacitor 𝐶𝐿. 

2

2
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• There are two switches (using MOSFET) 𝑄1and 𝑄2 with their internal resistance   

Rdson. 

• These switches also connect with anti-parallel diodes 𝐷1 or 𝐷2, acting as a free-

wheeling diode during operations mode. Inductor parasitic resistance RLP is included 

in the mode 

4.2.1 Design specification of L, C 

Inductor Ripple Current 

∆𝐼𝐿 =
𝑉𝑖𝑛𝐷

𝐿𝑓
 

∆𝐼𝐿=

200 × 0.193

290 × 10−6 × 20000 
 

∆𝐼𝐿=6.65A                                                                                                                           (4.4) 

Inductor Calculation 

L=
𝑉𝑖𝑛𝐷

∆𝐼𝐿𝑓
 

L= 
200×0.193

6.65×20000
 

L= 290× 10−6 H 

L=290µ𝐻                                                                                                                            (4.5) 

Output Voltage Ripple 

∆𝑉0=

𝐼0𝐷

𝑓𝐶
 

∆𝑉0= 
21×0.193

20000×525×10−6 

∆𝑉0=0.386V                                                                                                                       (4.6) 

Capacitor Calculation 

C = 
𝐼𝑜𝐷

𝑓∆𝑉0
 

C = 
21×0.193

20000×0.386
 

C = 525× 10−6F 

C= 525µ𝐹                                                                                                                          (4.7) 

 

2
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Fig.4.2. Battery voltage response during discharge 

4.2.2 State-Space equations Formulation 

With continuous current conduction, the bidirectional DC-DC converter operates in   two 

modes: step-down and step-up. For both modalities, mathematical models have been created. 

4.2.3 Buck mode (Step-Down Operation) 

Power flows from the higher voltage side to the lower voltage side (source to load) during 

buck mode operation. The switching sequence allows the inductor to transfer energy to the 

load while smoothing the current. 

Mathematical Modelling  

20
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Let’s Define state variables:  

𝐼𝐿(t): Inductor current  

𝑉𝐻(t): Voltage at high side  

𝑉𝐿(t): Voltage at low side 

 

                                        Fig.4.3.Buck mode circuit topology 

Step-down operational mode consists of 𝑄1 and 𝐷2 conduction while 𝑄2 and 𝐷1 remain off. 

When switch 𝐷2 is ON and all others remain OFF, the inductor L and output capacitor 𝐶𝐿 are 

charged from the bus voltage. When 𝑄1 and 𝑄2 are both OFF, diode 𝐷2 acts as a freewheeling 

diode. Since the inductor current 𝐼𝐿 cannot change instantaneously, it is discharged through 

𝐷2, so the output voltage across load 𝑅𝐵𝑇 decreases compared to the input supply voltage. 

Using KVL and KCL: 

Inductor current 𝑖𝐿: 

Apply KVL on inductor loop 

                                              𝐿
𝑑𝑖𝑙

𝑑𝑡
= 𝑉𝐻 − 𝑉𝐿 − 𝑅𝐵𝑇𝑖𝐿                                                                  (4.8)    

 

So, 

                                         
𝑑𝑖𝐿

𝑑𝑡
=

1

𝐿
(𝑉𝐻−𝑉𝐻

) −
𝑅𝐵𝑇

𝐿
𝑖𝐿                                                          (4.9) 

High side capacitor voltage 𝑉𝐻 : 

2

2
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Apply KCL at Capacitor 𝐶𝐻 

                                                𝐶𝐻
𝑑𝑉𝐻

𝑑𝑡
=

𝑉𝐷𝐵−𝑉𝐻

𝑅𝐷𝐵
− 𝑖𝐿                                                            (4.10) 

                                                
𝑑𝑉𝐻

𝑑𝑡
=

1

𝑅𝐷𝐵𝐶𝐻

(𝑉𝐷𝐵 − 𝑉𝐻) −
1

𝐶𝐻
𝑖𝐿                                           (4.11) 

 

Low side Capacitor Voltage 𝑉𝐿: 

Apply KCL at Capacitor 𝐶𝐿: 

                                            𝐶𝐿
𝑑𝑉𝐿

𝑑𝑡
= 𝑖𝐿 +

𝑉𝐵𝑇−𝑉𝐿

𝑅𝐵𝑇
                                                            (4.12) 

                                        
𝑑𝑉𝐿

𝑑𝑡
=

1

𝐶𝐿
𝑖𝐿 +

1

𝑅𝐵𝑇𝐶𝐿
(𝑉𝐵𝑇 − 𝑉𝐿)                                                (4.13) 

                        [

𝐼𝐿̇
𝑉𝐻̇

𝑉𝐿̇

] =

[
 
 
 
 −

𝑅𝐵𝑇

𝐿

1

𝐿
−

1

𝐿

−
1

𝐶𝐻
−

1

𝑅𝐷𝐵𝐶𝐺
0

1

𝐶𝐿
0 −

1

𝑅𝐵𝑇𝐶𝐿]
 
 
 
 

[

𝐼𝐿
𝑉𝐻

𝑉𝐿

] + [

0 0

0
1

𝑅𝐷𝐵𝐶𝐻

1

𝑅𝐵𝑇𝐶𝐿
0

] [
𝑉𝐵𝑇

𝑉𝐷𝐵
]                               (4.14)                                      

 

4.2.4 Boost mode (step up operational) 

Switches 𝑄2 and 𝑄1 stay off in this state, but switch 𝑄2 stays on. Thus, power moves from 

the battery to the side of the load. As a result, the battery discharges and provides high-voltage 

electricity to the load end. 

 

                                     Fig.4.4.Boost mode circuit topology 

In this mode, electricity is transferred from the battery to the load side by keeping switch 𝑄2 

ON and switch 𝑄1 OFF. In order to provide high-voltage electricity to the load, the battery 

drains. 𝑄2 and 𝐷1 conduct while 𝑄1 and 𝐷2 stay off in step-up operating mode. When 𝑄2 is 
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first turned on and the battery source charges the inductor, IL rises linearly. The circuit is 

deemed open in the second step since both 𝑄2 and 𝑄1are turned off. Diode 𝐷1 becomes 

forward biased because the voltage across the inductor current reverses since the polarity of 

the current cannot change instantly. When compared to the input supply voltage, the output 

capacitor 𝐶𝐿 is charged to a higher voltage by the inductor current. 

According to the circuit topology, boost mode mathematical expression 

Using KVL and KCL 

By KVL on inductor 

                                                       𝐿
𝑑𝑖𝐿

𝑑𝑡
= −𝑅𝐵𝑇𝑖𝐿 − 𝑉𝐿                                                         (4.15) 

So,                                               

                                                                
𝑑𝑖𝐿

𝑑𝑡
=

−𝑅𝐵𝑇𝑖𝐿

𝐿
−

1

𝐿
𝑉𝐿                                                           (4.16) 

High Voltage capacitor 𝑉𝐻: 

By KCL at capacitor 𝐶𝐻, 

                                            𝐶𝐻
𝑑𝑉𝐻

𝑑𝑡
=

𝑉𝐻−𝑉𝐷𝐵

𝑅𝐷𝐵
                                                                          (4.17) 

                                                
𝑑𝑉𝐻

𝑑𝑡
=

1

𝑅𝐷𝐵𝐶𝐻
𝑉𝐻 +

1

𝑅𝐷𝐵𝐶𝐻
𝑉𝐷𝐵                                                (4.18) 

Low voltage capacitor 𝑉𝐿: 

By KCL at capacitor 𝐶𝐿, 

                                          𝐶𝐿
𝑑𝑉𝐿

𝑑𝑡
=𝑖𝐿 +

𝑉𝐵𝑇−𝑉𝐿

𝑅𝐵𝑇
                                                                (4.19) 

                                            
𝑑𝑉𝐿

𝑑𝑡
=

1

𝐶𝐿
𝑖𝐿 −

1

𝑅𝐵𝑇𝐶𝐿
𝑉𝐿 +

1

𝑅𝐵𝑇𝐶𝐿
𝑉𝐵𝑇                                                 (4.20) 

                         [

𝐼𝐿̇
𝑉𝐻̇

𝑉𝐿̇

] =

[
 
 
 
 
𝑅𝐵𝑇

𝐿
0

1

𝐿

0 −
1

𝑅𝐷𝐵𝐶𝐺
0

1

𝐶𝐿
0 −

1

𝑅𝐵𝑇𝐶𝐿]
 
 
 
 

[

𝐼𝐿
𝑉𝐻

𝑉𝐿

] + [

0 0

0
1

𝑅𝐷𝐵𝐶𝐻

1

𝑅𝐵𝑇𝐶𝐿
0

] [
𝑉𝐵𝑇

𝑉𝐷𝐵
]                                       (4.21) 
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4.3 Summary   

The study of this chapter involved an investigation of the basic concepts and modeling of the 

DC-DC converters that are employed in EV charging systems. Different kinds of converters 

including buck, boost, and buck-boost converters were discussed with their working 

principles and the equation for voltage transformation. Next, mathematical modeling of the 

non-isolated half-bridge bidirectional DC-DC converter was done using state-space 

representation.  
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CHAPTER 5 

BATTERY TYPES 

5.1 Battery Types in EVs 

Based on their capacity to be recharged, batteries are frequently divided into two groups: 

primary and secondary batteries. The secondary battery can be recharged once completely 

depleted, while the primary battery can only be used once. A secondary battery with a long 

cycle life, low energy loss, high power density, and sufficient safety level is essential for EV 

and HEV applications. Lead acid, nickel-cadmium (NiCd), nickel metal hydride (NiMH), 

and lithium-ion (Li-ion) batteries are among the common battery types used in EVs. Some 

important features of these common battery types are shown in Table.5.1. Li-ion batteries are 

clearly superior to other popular battery types in EVs (Table.5.1). battery types, especially 

with regard to large cycle life, which is necessary for EVs to have a long service life (e.g., 6–

10 years). Li-ion batteries also have a high level of safety and are composed of components 

that are safe for the environment and do not produce hazardous gases. Li-ion batteries are 

currently the most popular EV power source as a result. 

5.2 Key Technologies for BMS 

However, in EV applications, batteries require special attention. Battery deterioration will be 

significantly increased by improper operations, such as overcharging, discharging, or 

extremely high or low temperatures. A suitable BMS must be appropriately constructed to 

avoid batteries from being damaged because operating such a complicated battery pack 

necessitates extra vigilance. Fig.5.1 shows how these important technologies are related. On-

board current and voltage sensors may immediately detect battery current and voltage in EV 

applications, while thermocouples or temperature sensors can simply measure the battery 

pack's surface temperature. Finally, using well-trained battery models along with suitable 

estimation algorithms, independent or combined state estimations of battery state-of-charge 

or internal temperature can be achieved. After collecting information regarding electrical and 

thermal behaviour of the battery, suitable battery charging methods can be developed through 

applying proper optimization algorithms. 

8

12

17

Page 33 of 68 - Integrity Submission Submission ID trn:oid:::3117:598734200

Page 33 of 68 - Integrity Submission Submission ID trn:oid:::3117:598734200



                                                               
           

29 
 

All the abnormal operating conditions of the battery will be recorded and handled by the 

alarm and safety control modules. Therefore, the modelling of batteries, state estimation, 

and control of batteries are some of the most important BMS technologies, and many 

researchers are focusing on their development. Table.5.1 Comparison of Different Battery 

Types for EV Applications 

5.2.1 Comparison of Different Battery Types 

Table 5.1 shows the comparison of batteries 

Batt

ery 

type 

Servic

e 

life/cy

cle 

Nomin

al 

voltag

e/V 

Energy 

densit

y 

(Wh·k

g⁻¹) 

Powe

r 

densit

y 

(W·k

g⁻¹) 

Chargin

g 

efficienc

y/% 

Self-

discharg

e rate 

(%·mon

th⁻¹) 

Charging 

temperatu

re/°C 

Dischargi

ng 

temperatu

re/°C 

Li-

ion 

batte

ry 

600–

3000 

3.2–

3.7 

100–

270 

250–

680 

80–90 3–10 0 to 45 −20 to 60 

Lead 

acid 

batte

ry 

200–

300 

2.0 30–50 180 50–95 5 −20 to 50 −20 to 50 

NiC

d 

batte

ry 

1000 1.2 50–80 150 70–90 20 0 to 45 −20 to 65 

NiM

H 

batte

ry 

300–

600 

1.2 60–

120 

250–

1000 

65 30 0 to 45 −20 to 65 

 

Comparison of various rechargeable batteries utilized in electric vehicle (EV) applications is 

given in Table 5.1. Important properties of the batteries that were considered  

1
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Li-ion batteries outperform all other battery technologies when all these properties are 

considered. High energy density in the range of 100-270 Wh/kg and high-power density in 

the range of 250-680 W/kg are exhibited by Li-ion batteries. Also, Li-ion batteries have good 

service life, high charging efficiency, and low self-discharge rate, thus making them 

extremely useful for EV charging applications. 

Lead acid batteries have low energy densities and short cycle life than new battery 

technologies. Even though they are cheap and have easy maintenance, they are too heavy and 

less efficient and therefore do not make suitable light-weight EV batteries. The Nickel-

Cadmium (NiCd) batteries have medium energy densities and medium cycle lives. 

Nonetheless, these batteries have relatively high self-discharge and are not environmentally 

friendly owing to their poisonous content of cadmium. The Nickel-Metal Hydride (NiMH) 

batteries have increased energy and high-power densities than the Nickel-Cadmium batteries. 

They are environmentally friendly but have high self-discharge and poor efficiencies 

compared to the lithium-ion batteries. 

From the above discussion, it can be noted that the Lithium-Ion Batteries perform better in 

terms of energy density, efficiency of charge, cycle life, and weight issues. This is the reason 

why they are preferred to other types of batteries. 
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Fig.5.1. The relationship between the BMS's major technologies [39] 

5.3 Battery Modelling        

The designing, controlling, and refining of the BMS begins with developing an appropriate 

model of the battery system. There are many such models with different accuracies and 

complexities available. These types of models can generally be classified into three main 

types – battery electrical models, battery thermal models, and battery link models. Fig. 5.2 

deals with these models.                                
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Fig.5.2 Three battery modeling classes [39] 

5.3.1 Battery Electric Model 

Data-driven model, equivalent circuit model, reduced order model, and electrochemical 

model are the four types of electric models used to describe batteries. An electrochemical 

approach for modeling the electrode potential of every phase is said to have been attained 

whereas Butlerville’s kinetics account for the intercalation process and the spatiotemporal 

distribution of battery concentration. Finally, an electrochemical model for the batteries is 

built on the basis of improved parameters of the model via the application of PSO method. 

Finally, a methodology was established to implement the electrochemical model into the 

BMS, which stated that the electrochemical model of a battery must include the electrode 

potential of every phase, spatio-temporal dynamics of battery concentration, and Butler-

Volmer kinetics to control the intercalation reaction. An electrochemical model is then 

created to explain the electrochemical behaviors of batteries by utilizing the particle swarm 

3
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optimization (PSO) technique to improve key model parameters. showed that, despite the 

electrochemical model's excellent prediction ability, model simulation needed a lot of 

processing power. 

 The possibility of giving a relatively accurate account of the electrochemical reactions in the 

battery is one of the main benefits of using an electrochemical model that was incorporated 

into the battery management system using the model implementation technique. However, 

certain parameters related to the electrochemistry of batteries cannot be measured at the same 

time while using a battery. Significant processing overheads result from the fact that these 

electrochemical models usually need the solution of many partial differential equations. With 

the right assumptions, reduced-order models can mimic full-order electrochemical models. 

For example, after developing a simplified approach for describing the solid phase diffusion 

and electrolyte concentration distributions within batteries, a fundamental physics-based 

electrochemical model for estimating the state of charge (SOC) of Li-ion batteries can be 

established. A Reduced order electrochemical battery model of the LiFePO4 battery system 

was proposed to calculate the discharge capacity in different scenarios. Accurate SOC 

estimation was achieved using the developed battery model. Measured voltage and current 

data can be utilized to calculate the related parameters and reduced-order models require 

significantly less computation cost. In case of equivalent circuit models, electric properties 

of batteries are obtained in terms of resistance, capacity, and other circuit elements. 

 

 

                                                Fig.5.3 Battery circuit diagram 

 5.3.2 Battery Thermal Model  

Due to the influence of temperature on the performance and life of batteries, temperature and 

thermal behavior play a crucial role in the BMS of electric vehicles. There are many types of 

21
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models employed to characterize the thermal behavior of batteries, such as data-driven 

model, reduced order thermal models, heat generation models, and heat transfer models. 

Several techniques such as activation, concentration, and ohmic losses which distribute 

unevenly in the battery are considered in the heat generation models. 

5.3.3 Battery Coupled Electro-Thermal Model.  

A strong relation can be seen between electric processes in the battery and its temperature. 

To measure simultaneously electric properties (like current, voltage, and state of charge) and 

thermal properties (including surface and internal temperature) of the battery, some kinds of 

electro-thermal models which include lump parameter models and distributed-parameter 

models have been proposed in the literature. Moreover, an electro-thermal 3D model was 

designed to predict SOC of battery and calculate heat production. This coupled model 

includes a 2D model for potential distribution and a 3D model for temperature distribution 

in the battery. Then, by using this combined model, it is possible to precisely estimate the 

battery SOC and temperature distributions under constant and variable current conditions. 

Another simplified model for low temperatures was verified on three types of batteries with 

different cathode materials. In cases where the temperature is lower, this simple model 

suffices in finding the correct charge process and quick heat up. an electro-thermal 3-D model 

to investigate the effects of various battery operations like coolant flow and discharge 

currents on its temperature. 

5.4 Summary 

The chapter focused on various types of battery technologies for electric cars. In particular, 

lead acid, nickel-cadmium (NiCd), nickel-metal hydride (NiMH), and lithium-ion (Li-ion) 

batteries were analyzed. A comparative analysis was conducted, indicating the advantages of 

Li-ion batteries due to their energy density, charge efficiency, longevity, and lightweight 

characteristics. The current chapter also considered the need for Battery Management System 

(BMS) in monitoring battery safety, state of charge (SOC), and thermal conditions. 

Moreover, various battery modeling approaches such as electric models, thermal models, and 

coupled electro-thermal models were outlined. 

 

1
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CHAPTER 6 

BATTERY CHARGING APPROACHES 

6.1 Charging Approaches 

The discharge needs to stop, and the battery must be charged after the source of energy runs 

out. Either its state of charge falls below 20% or its terminal voltage falls below the cut-off 

voltage. Table 6.1. displays the charging performance for different batteries. 

Overdischarging, overcharging, or inappropriate charging are examples of incorrect actions 

that will significantly accelerate the battery's deterioration process. The Li-ion battery 

performs very steadily when compared to other battery types, although it has a shorter cycle 

life at high temperatures and cannot be charged below freezing. Accurate battery SOC, SOH, 

and temperature estimates allow for the effective design of appropriate battery charging 

strategies, which in turn enable the battery to be charged from its starting state to its final 

SOC goal value. In meantime, charging techniques can increase capacity usage, extend 

battery life, and prevent overheating. 

6.1.1 Traditional Battery Charging Approach  

The four traditional charging approaches that have been traditionally applied for the purpose 

of charging EV batteries are given in Fig. 6.1. These four major categories include the multi-

stage constant current (MCC), constant voltage (CV), constant current-constant voltage (CC-

CV), and constant current (CC) charging processes. These two techniques, CCCV and MCC, 

have been highlighted here. However, the technique for CC charging, whereby batteries are 

charged using a small constant current rate, is very simple, but rough. Performance of 

different batteries while charging Li-ion batteries NiMH, NiCd, and lead acid CC charging 

CV charging Conventional methods for charging MCC and CC-CV charging. Conventional 

battery charging methods in EVS throughout the entire charging procedure. The CC charging 

is halted when the time-to-charge reaches a predefined threshold. Although it is also 

commonly used for Li-ion batteries, this charging technique was first created for NiCd or 

NiMH batteries. 

6

6
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Because batteries performance depends on how fast the current flows into the battery, it will 

be very difficult to use the constant current charging method because of the problem of 

choosing the right charging current. While high CC charging current rates increase charging 

speed, they also hasten the battery's aging process. A moderate current rate in CC charging 

allows for high-capacity utilization, while a very low current rate can slow down battery 

charging and further diminish the ease of using an EV. CV charging, which fully charges 

batteries with a fixed constant voltage is another straightforward conventional charging 

method. Avoiding overvoltage and irreversible side reactions during the charging process is 

the main benefit of employing CV charging to extend the battery's cycle life. The poor 

acceptance with CV charging will cause the charging current to steadily decrease.  

But this technique needs high charging current to ensure consistent terminal voltage at the 

beginning of charging and this can cause battery lattices to break down and battery pole to 

be fragmented. Selection of right constant voltage for a suitable compromise between 

charging rate, electrolysis, and effective utilization of the capacity is yet another problem 

associated with the CV charging approach. This is because CV charging has a disadvantage 

in that even though it greatly improves charging rate, it greatly decreases battery capacity. 

The cause of this is that as the battery capacity decreases, the charging current increases 

dramatically. This causes battery lattice framework to become collapsed and pulverization of 

active material of battery pole to become more pronounced. But with increased battery 

capacity, the charging current becomes substantially reduced. This technique of charging is 

considered relatively fast due to the high average value of current in batteries at SOC between 

0.15 and 0.8. There will be only a minor reduction in the charging current of the CV technique 

as SOC comes near 0.9. By combining CC and CV techniques of charging, another technique 

of hybrid nature has been proposed which is called CC-CV. Under this technique, first, a 

constant current charging of the battery takes place by keeping the current value fixed. Then 

there is an increase in the battery voltage to its maximum safety limit. 

8
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                           Fig.6.1. Traditional charging approaches for battery in EVs 

    

  Table.6.1. Battery type and its charging performance 

Battery type Charging performance 

Li-ion 1) While high temperatures can speed up 

charging, they shorten battery life. 

 2) It is risky to charge at temperatures that 

are significantly below freezing. 

Lead acid 1) The V-threshold decreases by 3 mV/°C 

at higher temperatures. 

 2) charging below freezing by 0.3 C or less 

NiMH, NiCd 1) At 45 °C, charging acceptability is 70%; 

at 60 °C, it is 45%.  

 2) A charging rate of 0.1 C between -17 °C 

and 0 °C 

3) 0.3C charging between 0 and 6 degrees 

Celsius 

 

1
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By merging CC and CV charging, a hybrid charging approach known as CC-CV has been 

put forth. This technique uses a fixed constant current in the CC phase to first charge a battery. 

After that, the battery voltage increases to the maximum safe level. After then, the battery 

enters the CV phase, when the charging current is continuously stepped down at a fixed 

constant voltage. This CV phase will end when either a goal capacity or a terminal value of 

the falling current is reached. Lead acid batteries are initially charged using the battery 

manufacturer's recommended preset values of constant current and constant voltage in the 

traditional CC-CV Approach. It can also be used to charge Li-ion batteries with a few tweaks. 

Because Li-ion batteries have higher terminal voltage and charge acceptance than lead acid 

batteries, which are typically chosen between 0.5 and 3.0 C, the constant current in Li-ion 

battery CC-CV charging applications should be much larger. The CC-CV charging process's 

CC and CV phases can be complementary in some way; the CV stage will effectively 

counteract the capacity loss caused by the CC stage's high electrochemical polarization. 

Because it is better than both sole CC and sole CV charging in EV applications, the choice 

of the CC-CV charging technique has been made as a standard against which other new 

battery charging techniques will be evaluated. Even though the basic CC-CV charging 

technique is relatively simple to use, determining the proper current and voltage levels in the 

CC and CV processes, respectively, can be quite difficult. The constant current rate is the 

main factor influencing battery charging speed in the CC-CV approach, even if the constant 

voltage and termination values have a significant impact on battery charging capacity usage. 

On the one hand, a high current rate in CC-CV may result in lithium plating and low energy 

conversion efficiency. On the other hand, battery temperatures may rise over acceptable 

limits, particularly in high power applications. 

Conversely, low charging current can slow down battery charging and make using EVs less 

convenient. Therefore, to ensure battery operating safety and enhance overall charging 

performance, a good CC-CV strategy must be designed. MCC charging is another well-liked 

conventional charging method. This method has been effectively designed to charge several 

battery types, including Li-ion, NiMH, and lead acid batteries. The multi-stage series of 

monotonic charging currents that are injected into the battery during the whole charging 

process is the primary distinction between CC-CV and MCC charging. As several phases of 

constant currents (Icci Icc2...>ICCN), this sequence of charging currents should be 

1
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progressively decreased. The new charge level, which will not be completely constant, will 

be employed according to the new charge process when the terminal voltage reaches the 

default level due to the constant current charge. This lowers the charging current process, 

which will continue until the battery terminal voltage, under the minimum current situation, 

achieves the final default voltage threshold. With the same starting current, the regular MCC 

technique will often charge a little more slowly than the standard CC-CV approach.  

 

                              Fig.6.2. The CC-CV charging method's battery voltage and current 

 

                 Fig.6.3. The MCC charging method's battery voltage and current 
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Table.6.2. Comparing conventional methods for EV battery charging 

Approach Advantages Disadvantages Key elements 

CV 1) Simple to use. 

 2) steady voltage at the 

terminal 

Battery lattice 

collapse can easily 

cause. 

1) Consistent 

voltage charging.  

2) terminal state 

CC-CV 1) High usage of capacity.  

2) constant voltage at the 

terminal 

It can be difficult to 

balance objectives like 

temperature change, 

energy loss, and 

charging speed. 

1) The CC phase 

has a constant 

current rate. 

 2) steady voltage 

during the CV 

phase. 

 3) final state 

MCC 1) Simple to use.  

2) Quick charging is 

simple to do 

Balancing goals like 

battery lifetime, 

capacity use, and 

charging speed can be 

challenging. 

1) The quantity of 

CC phases. 

 2) consistent 

current rates for 

every phase 

 

A brief comparison between the conventional charging methods discussed above is presented 

in Table. 6.2, along with a brief discussion about their merits, demerits, and essential 

components. Simple methods like single CC charging method and CV charging cost less to 

implement and require few parameters. There are some combination techniques of charging 

that seek to improve performance such as rapid charging, minimizing overcharging, and 

efficient capacity utilization. The biggest challenge associated with hybrid charging 

technique is finding out the most suitable current and voltage levels for charging to strike a 

balance between conflicting interests like rapid charging, heat dissipation, etc. 

6.1.2 Battery State Estimation 

The battery states that are important include internal temperature, joint state of estimation, 

SOC, and SOH. The portion of the capacity that is still available in the battery under the same 

conditions is termed SOC estimation. If the battery is at 100%, then it indicates that it is fully 

charged to its maximum capacity, and when the battery is at 0%, then it indicates that the 

battery is completely discharged. For a safe and healthy operation of the battery, SOC 

estimation needs to be done accurately. There are two approaches that have been developed 

for SOC estimation; they include the model-based method and the direct estimation method. 
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The Ampere hour (Ah) method and the OCV-based method are the two techniques used for 

calculating SOC using the direct estimation method. 

Since the discharge/charge current could be easily measured, it would be convenient to use 

the Ah method for estimating SOC. Since the Ah algorithm relies heavily on current readings, 

the accumulated error could have a great effect on the result of estimation. Moreover, it is 

difficult to establish the initial SOC since the current value might not be constant during 

charging since the battery is charged to a certain level, like from 10% to 90%, for instance. 

Calibration of the initial SOC and current would be the difficulty of applying the Ah 

technique to SOC calculation. One-to-one non-linear relationship has been proposed to 

represent the correlation between SOC and OCV. As a result, OCV-based SOC estimation, 

which becomes possible after battery rest, is considered to be a popular technique used 

successfully in many real-world applications. The rest time has become the main obstacle in 

calculating battery SOC based on OCV. Although OCV could provide a high degree of SOC 

measurement precision, some drawbacks make its application difficult. It takes a certain 

amount of time for battery to achieve a steady state after loading was cut (at low temperatures, 

it took over two hours to recharge a LiFePO4 battery, for example). 

The OCV method's limitations prevent it from being widely used in EVs. If the OCV can be 

received in real-time to enable SOC estimation while driving, this issue can be resolved. In 

order to further accomplish online battery SOC estimation, a model-based method for 

calculating OCV has been created. A good battery model must be carefully created in model-

based approaches. Battery SOC is typically estimated using battery equivalent circuit models 

and electrochemical models in the forms of standard state space, where SOC is one of the 

state variables. 

 6.1.3 SOH Estimation 

SOH is another important indicator of battery performance that is visible at the cell or pack 

level. SOH predicts how many times the battery can be charged and depleted before its life 

is over. The EMS uses this information to make decisions on how to extend battery life while 

also making arrangements for battery replacement. Once more, it is not possible to measure 

SOH directly from the battery terminals. Additionally, a precise definition of SOH is required. 

3
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A lot of work is currently being done to investigate battery SOH, especially online SOH 

estimation for EVs and smart grid applications. 

6.1.4 SOC Estimation Algorithms 

To estimate the SOC from the battery's available readings, a number of methods and 

techniques have been put forth. One of the most popular techniques is Coulomb counting, 

also known as Ah counting, in which the amount of charge released from or held in the battery 

is calculated using a time integral of the terminal current and compared to the battery's full 

charging capability. Although this method is easy to design, it is constrained by the unknown 

starting value of the SOC and a current sensor error that accumulates over time as a result of 

the integration process. Another method for determining the SOC based on the static 

relationship between the OCV and the SOC is to measure the open circuit voltage. To 

improve the accuracy of the SOC estimation, this technique can be applied separately or in 

conjunction with Coulomb counting. However, in order to acquire the OCV, the battery must 

be at rest—that is, without charging or discharging—for an extended period of time, 

sometimes up to eight hours or longer—due to the long-term battery dynamics. 

For online applications, like EVs, this requirement circumvents this approach. In a similar 

vein, another method for estimating the SOC is electrochemical impedance spectroscopy 

(EIS). By delivering tiny current pulses at various frequencies to the battery and using 

specialized EIS analyzer equipment to measure the accompanying voltage, the internal 

impedance of the battery may be determined. However, this procedure is only appropriate for 

offline analysis because it takes a lengthy time. Online techniques have recently been created 

and gained popularity, such as model-based SOC estimate algorithms. The battery's dynamics 

are represented as a system that is inherently nonlinear. A variety of methods are used to 

create observers to track the system's state of control (SOC). These methods range from basic 

observers created by trial and error to sophisticated resilient, optimum, and recursive methods 

(such as sliding mode observers and Kalman filters). These approaches are all dependent on 

offline identification of the battery model parameters, even though the latter yields more 

reliable and precise results. The experimental and analytical findings of modeling numerous 

batteries at varying SOCs and environmental conditions are in conflict with the constant 

parameters for the battery model found offline. When the SOC shifts between 0 and 100%, 

5
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certain battery model parameters can change by up to 800% at the same temperature and 

discharging current rate. Battery Dynamometer Torque Speed PC LabVIEW GUI 

parameters/SOC co-estimation is one of the recently presented techniques by ADAC that 

uses an adaptive online parameter-identification algorithm to identify and update the model's 

parameters while estimating SOC based on a basic battery dynamics model. The parameters 

are then continuously updated to appropriately represent all of the battery's static and 

dynamic characteristics by using a piecewise linearized mapping of the OCV–SOC curve. 

An observer is created based on an updating model to estimate the battery's state of charge 

(SOC), since it is one of the battery model's states. The battery model's parameters must be 

updated during SOC calculation in order to improve estimation accuracy and prevent 

needless correction for uncertainties, according to both simulated and experimental data. 

6.1.5 SOH Estimation Algorithms 

The SOH estimation method is incorporated in the proposed light EV charging system with 

the help of the DC–DC converter. These important parameters of the battery, which include 

battery voltage, charging current, battery temperature, internal resistance, and capacity, 

continue to be monitored by the algorithm. The parameters are analyzed and used in 

determining the degradation state and useful life left of the battery. With age, the amount of 

charge that the battery can store diminishes while its internal resistance increases. 

The SOH of the battery is calculated using the following expression: 

where: 

𝑄𝑝𝑟𝑒𝑠𝑒𝑛𝑡 is the present battery capacity 

𝑄𝑟𝑎𝑡𝑒𝑑 is the rated battery capacity 

First, the voltage and current sensors take measurements of the working conditions of the 

battery. These values are fed into the controller, where the estimation of the battery capacity 

and the charge status is done. Comparison of the values with the standard values allows 

detecting the degradation of the battery. In case of SOH value being lower than a certain 

limit, the system makes changes in the charging current and operation of the converter, thus 

providing protection of the battery from overloading and overcharge. The calculated value of 

5
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SOH is utilized for intelligent energy management and safe operation of the EV charging 

system. 

The suggested approach to SOH calculation offers an efficient way of battery status 

monitoring that increases the life span of the battery, ensures safe charging process, and 

contributes to improved performance of the light-weight EV charging. 

6.2 Summary 

The above chapter covered various types of battery charging technologies for use in electric 

vehicles. This included the significance of appropriate battery charging technology in 

enhancing battery durability and efficiency. The pros and cons of each technology were 

outlined, particularly in terms of efficiency of charge transfer, battery safety, heating, and 

battery capacity. The chapter concluded that CC-CV is the ideal form of battery charging 

technology because it offers the best balance in the above attributes. 
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CHAPTER 7 

OPTIMIZATION OF BATTERY CHARGING APPROACHES 

7.1 Charging Performance of Batteries  

To enhance the charging performance of batteries in EVs, numerous optimized charging 

techniques have recently been developed based on the conventional standard charging. These 

charging technique optimizations fall into four categories.  

7.1.1 CV Charging Optimization 

The first area is CV charging optimization. To improve the charging performance of 

conventional CV charging, a few strategies have been implemented. These methods consider 

objectives like temperature change and charging speed. To reduce battery temperature 

fluctuation, a constant voltage with different limiting current strategies is offered. Modulating 

the suggested approach's current rate results in a low battery temperature rise during the entire 

charging operation fast-charging control strategy for MCC and CV charging optimization. 

7.1.2 CC-CV Charging Optimization 

 Charging optimization through CC-CV method is one of the possible charging approaches 

used for electric vehicles. Based on the inner resistance of the batteries, the control system 

provides a higher charge rate of the battery in comparison to the standard charge rate of the 

CV approach. Many scientific articles have been written regarding improvements of charging 

behaviour of the batteries using CC-CV or MCC approaches because of their simplicity and 

efficiency. Thus, it is possible to state the feasibility of presenting a methodology of 

improving CC-CV/MCC charging. The most critical factors associated with ideal CC-CV 

charging are the CV value and the current rate in the CC stage. 

7.1.3 Improved CC- CV Charging Optimization 

 Recent years have witnessed much research works that improve the CC-CV charge 

technique. An improved battery charger model that includes the cycle control algorithm with 

zero computation is proposed to improve the CC-CV profile of Li-ion batteries. It has been 

1
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proven that this enhanced battery charger successfully operates the CC-CV charge scheme. 

To derive the optimal CC-CV charge scheme for a Li-ion battery, a closed-form algorithm is 

proposed. Based on the temperature increase, energy loss, and charging time, the cost 

function determines the optimized CC-CV charging profile. A controller is used to improve 

the performance of Li-ion batteries when using CC-CV charge schemes. Sense and charge 

modes are utilized instead of ordinary CV mode. 

The faster charging approach will be realized at this point. This is with respect to a model 

related to thermoelectricity and that is used to describe three objectives in a battery charging 

cost function which include: time taken to charge the battery, energy loss during charging 

process and rise in temperature. 

7.1.4 TLBO Based Charging Optimization 

Here, the optimal CC-CV approach in relation to Li-ion battery charging is determined 

through balancing of three conflicting objectives using the teaching learning-based 

optimization (TLBO) approach. With a view to optimizing the CC-CV approach to Li-ion 

battery charging, a model-based approach was adopted. 

Next, the present regions which can achieve such important goals are specified through 

maximizing the capacity of the Li-ion battery with cell-aware charging technique. It is an 

extended form of the typical CC-CV charge scheme, which starts with CC charge and 

continues until reaching a certain threshold voltage. Following that, the battery will be 

charged at another voltage level until the current reaches its cut-off value. In addition, the 

PLL control technique is applied for improving the CC-CV charging system performance. A 

current pumped battery charger (CPBC) with PLL-CC-CV technique is proposed for 

enhancing the charging efficiency of Li-ion batteries. 

7.1.5 MCC Charging Optimization 

The main task in MCC charge optimization, which is also the most difficult one, is 

determining the number of current stages in the MCC profile and current rates for each CC 

stage. One of the most widely used techniques in C2 charge optimization is fuzzy logic 

technology. Using fuzzy logic controller, two charge quality parameters (normalized 

discharge capacity and charge time) are represented by a single fuzzy dual-response 

1

9

Page 51 of 68 - Integrity Submission Submission ID trn:oid:::3117:598734200

Page 51 of 68 - Integrity Submission Submission ID trn:oid:::3117:598734200



                                                               
           

47 
 

performance index. To improve charging performance, a five-stage M²¹ charge algorithm is 

modified. The weights in the fitness function of lithium-ion charging are manipulated via 

fuzzy logic control. Then, using the suggested fitness function of fuzzy logic, the PSO 

algorithm may be applied to maximize the best MCC charging profiles. One more important 

technique is the identification of optimal MCC charging plan based on Taguchi method. This 

is the Taguchi method for extending cycle life and increasing the charge rate of a Li-ion 

battery. The sequential orthogonal array approach is employed to optimize a five-stage MCC 

charge algorithm. A four-step charge strategy for the MCC is proposed using the Taguchi 

method along with the SOC estimation in order to minimize the difference in the battery 

temperature, charge speed, and efficiency of energy conversion. Besides, other techniques 

are also available, such as function modeling approach or ant colony algorithm. 

 It is employed to improve the efficiency of the MCC charging method. a charging approach 

for the MCC, which attempts to solve the conflicts between the charging speed and energy 

dissipation in the process by applying various weighting methods depending on the internal 

DC resistance model. Proposes a new technique which employs the concept of an equivalent 

circuit in determining the optimum M²¹ charging procedure for Li-ion batteries. With respect 

to the best technique, three stages and five stages of constant currents are analyzed based on 

their contribution toward increasing charging efficiency and speed. A Taguchi approach to 

improve the cycle life and speed up the charging of a Li-ion battery. A four-stage MCC 

charging procedure is suggested using the Taguchi methodology in combination with the 

SOC estimation for addressing trade-offs between variations in battery temperature, charging 

time, and energy efficiency. The other methods are ant colony system, model, and function. 

It is applied for improving MCC charging. A MCC charging scheme that resolves 

contradictions between fast charging and power dissipation in the charging cycle through 

application of different weight factors during various stages in accordance with an internal 

DC resistance (DC: Direct Current) model. A novel approach for determining the optimal 

M²¹ charging scheme for Li-ion batteries using the equivalent circuit model. The analysis is 

conducted of the three and five CC stages based on the optimal pattern. Conclusively, the 

amount of CC stages involved, and the current at which these processes take place has a very 

significant effect on aspects like charging time, energy losses, and efficiency of the overall 

MCC charging process. 
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                                                       Fig.7.1 Optimized charging approaches 

As no voltage limit is required for the MCC charge, it becomes inexpensive to deploy. Apart 

from improving the traditional methods, certain new methods of charging also have been 

suggested. All these methods were developed using computational intelligent approaches like 

dynamic programming (DP), and pseudo spectral optimization.  

7.1.6 Dynamic Programming Techniques 

DP is commonly employed for finding the optimal battery charge algorithm for an applicable 

battery model. The most flexible way for identifying the battery charge is through the DP 

method, because it considers the nonlinearity and variability of battery models. It can be 

because the DP algorithm solves small problems and finds an optimal solution based on their 

combination. 

However, DP frequently requires the storage of a huge amount of data, which results in high 

computation costs, particularly in high dimension charging situations. A proper battery model 

must also be designed for the MPC-based charging methods.MPC can also effectively solve 

hard battery restrictions during the entire charging process. However, more research is 

required to increase forecast accuracy about the effects of battery temperature and age on 

battery model parameters. 
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However, evolutionary algorithms typically have excessively high processing costs. The 

parameters and appropriate evolutionary algorithm must be chosen empirically by 

researchers. In actual battery charging applications, pseudo-spectral optimization-based 

battery charging is another well-liked and efficient technique. Pseudo-spectral optimization 

can consider a wide range of complex charging conditions. 

7.1.7 Pseudo-Spectral Optimization 

Employing pseudo-spectral optimization requires solid theoretical underpinnings and a lot of 

battery data, which will present significant hurdles in real-world EV applications with 

expanding battery charging requirements. Various EV BMS technologies are discussed in the 

current paper, especially those related to battery modeling, state-of-the-battery (SOTB) 

estimation, and charging of batteries. Before being able to provide a hologram of the 

environment of the battery operation within EVs, battery modeling and state-of-the-battery 

estimation should be performed. An effective battery charging method can be developed to 

prevent battery damage, improve energy conversion efficiency, and prolong battery life after 

these crucial conditions have been identified. Ensuring modelling, estimating, and charging 

performance in real-world applications that deviate from test settings or in a worst-case 

scenario is difficult. Therefore, to solve this challenging problem, it is required to either build 

a confidence interval or look at the limitations of the given techniques and methodologies. 

3
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Figure.7.2 Overview of enhancements to the CC-CV/MCC charging strategy [39] 

7.2 Summary                                                     

This chapter addresses the traditional approaches to battery charging, such as constant current 

(CC), constant voltage (CV), multiple constant currents (MCC), and constant current-voltage 

charging techniques. In the CC charging technique, there is a steady current provided to 

charge the batteries. Nevertheless, in case of high charging current, the temperature of the 

battery will increase as well as its aging. On the other hand, in CV charging technique, there 

is a constant voltage applied to the battery, whereas charging current reduces gradually, 

preventing possible overvoltage of batteries.                                                  

25
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                                     CHAPTER 8 

SIMULATION RESULTS AND DISCUSSION 

8.1 MATLAB/SIMULINK Model Description 

The power stage, battery dynamics, and CC-CV control strategy of the non-isolated half-

bridge DC-DC converter are precisely modelled in MATLAB/Simulink using Simscape 

Electrical. Two actively switched MOSFETs organized in a half-bridge arrangement are used 

in the construction of the converter, together with a network of inductors and capacitors that 

smooth the voltage and shape the current at the battery side. The CC–CV control algorithm 

determines the duty cycle of a PWM generator that powers the switching circuitry. To capture 

nonlinear battery behaviour while charging, the battery is modelled using a comprehensive 

electrochemical block that offers real-time voltage, current, and State of Charge (SOC) 

values. To accomplish the dual charging technique, two PI controllers are used: a constant-

voltage loop keeps the battery terminal voltage stable as it gets close to its upper threshold, 

while a constant-current loop controls inductor current during the bulk charging stage. When 

the battery's state of charge (SOC) surpasses 85%, the SOC-based mode selection logic 

automatically switches the converter from CC mode to CV mode. The converter starts the 

simulation in current-regulation mode, providing a regulated charging current until the 

battery voltage increases enough, at which point the system seamlessly switches to voltage 

regulation mode. Key parameters such as battery voltage, charging current, inductor current, 

converter switching states, and SOC progression are monitored through dedicated 

measurement blocks and visualized on the scope, enabling observation of the converter’s 

dynamic response, stability, ripple characteristics, and charging profile. Overall, the 

simulation environment provides a complete platform to validate the behaviour of the 

proposed bidirectional converter, evaluate the performance of the CC–CV control algorithm, 

and study the interaction between converter dynamics and battery characteristics.  

The MATLAB/Simulink simulation of the non-isolated half-bridge DC–DC converter 

integrates the power electronic stage, battery model, and CC–CV control strategy into a 
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unified environment to accurately evaluate the converter’s dynamic behaviour during EV 

charging. The power stage is constructed using two complementary MOSFET switches 

configured in a half-bridge arrangement, which facilitates smooth bidirectional power 

transfer depending on the applied duty cycle. These switches are driven using a high-

frequency PWM signal generated based on the selected control loop, allowing the converter 

to operate in both buck mode for charging and boost mode for reverse power flow. An 

inductor positioned between the converter output and the battery acts as the primary energy 

transfer component, enabling current regulation and reducing peak current stresses. The 

capacitors on both sides of the converter stabilize the voltage profiles, mitigate high-

frequency ripple, and improve transient performance. The system is solved using a discrete 

powergui block with a time step of 1e-05 seconds, ensuring precise representation of the 

switching transitions and electrical waveforms. The battery subsystem employs a detailed 

nonlinear Simscape battery model that captures the effects of internal resistance, SOC-

dependent open-circuit voltage, and charge acceptance dynamics.  

These real-time outputs such as battery voltage, current, and state of charge (SOC) serve as 

input for the control system. The control logic of charging is achieved using different PI 

regulators to control both constant current (CC) and constant voltage (CV). During the 

constant current stage, the difference between battery current and its reference is monitored 

by the PI regulator. By varying the duty cycle, constant current can be achieved irrespective 

of changes in battery voltage or load. When SOC reaches 85% during the charging process, 

the control system automatically shifts control from CC mode to CV mode using a logic-

based controller which includes AND, OR, and other logical gates. Under the constant 

voltage regulation, battery voltage is constantly monitored and compared against its final set 

point. Duty cycle will be varied by the PI regulator until the voltage remains constant, and 

the current will gradually decrease depending on battery properties. The simulation 

continuously records essential signals such as inductor current, battery current, battery 

voltage, SOC progression, and converter switching states. These signals are visualized using 

a multi-trace scope to enable detailed observation of the system’s transient and steady-state 

performance. Throughout the simulated charging process, the model demonstrates proper 

regulation of current and voltage, stable mode transitions, controlled ripple behaviour, and 

realistic battery charging curves that reflect practical EV charging conditions. This detailed 
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simulation environment provides a robust platform for analysing converter efficiency, 

validating the CC–CV control strategy, and assessing the converter’s suitability for 

lightweight EV charging application 

8.2 Simulation  

 
Fig. 8.1 Simulation Schematic of the proposed control algorithm of Converter 

 

8.3 Circuit parameters 

Input voltage  𝑉𝐷𝐵 200V 

Output voltage 𝑉𝐵𝑇 48V 

Output Current 𝐼𝐿 21A 

Load Resistance 𝑅𝐵𝑇 2.29Ω 

Input current 𝐼𝐷𝐵 4.5A 

Source resistance 

 

𝑅𝐷𝐵 39.7Ω 

Inductor                        L 290µH 

Output Capacitor 𝐶𝐿 525µF 
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8.4 Proposed Control Schematic of the Converter 

Fig.8.2 Block diagram of the proposed Converter Control System 

Control scheme of the bidirectional DC–DC converter used for lightweight EV charging is 

presented in Figure 8.2. This control scheme aims to achieve proper regulation of the 

charging current as well as voltage of the battery. The main components of the control 

scheme include current and voltage sensors, current and voltage controller, pulse width 

modulator, mode selector, and the bidirectional DC–DC converter. 

The existing sensor senses the reference current and inductor current. These two signals are 

fed into the current controller wherein there will be a comparison of actual and reference 

current. The current controller will produce the control signal to compensate for the errors 

during the charging process. In addition, the voltage sensor continually senses the battery 

voltage. This sensed voltage is then input to the voltage controller to control the output 

voltage of the DC-DC converter. This ensures that battery charging takes place under safe 

conditions without overcharging. The voltage controller assumes dominance during the 

constant voltage charging stage. 

Both the current control output and voltage control output go to the PWM generator. 

Moreover, the reference voltage output and the mode selector are also connected to the PWM 
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generator. With these inputs, the PWM generator generates pulses for driving the switching 

action of the converter switches. The generated PWM pulses regulate the operation of the 

converter by controlling its duty cycle and thus regulating the energy transfer to the battery. 

Selection of mode is done by mode selection switch based on charging needs. The converter 

can be operated under various modes like constant current (CC), constant voltage (CV), and 

bidirectional power transfer modes.  

The two-way dc-dc converter functions as the primary stage for power conversion, and the 

power flow takes place in both directions. In charging mode, the power is sourced from the 

input source to the battery, but in discharging/regeneration mode, the power is sourced from 

the battery back to the input source. 

In general, the presented control scheme enhances the efficiency, regulation of voltage, 

stability of current flow, and dynamic response of the EV charging system. 

8.5 Comparative Analysis 

Table.8.1 shows the comparison buck, boost and buck boost converter 

Converte

r 

Vo 

(V) 

Io 

(A) 

ΔV 

(V) 

ΔI 

(A) 

f 

(kHz

) 

Po 

(W) 

Voltage 
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Current 
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5 
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9 
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4 
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9 
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8 

High High No 
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Boost 
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48 21 0.38

6 

6.6

5 

20 100
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Comparison between Buck, Boost, and Buck–Boost converters is made on the basis of output 

voltage, output current, ripple, switching frequency, output power, voltage stress, current 

stress, and bidirectionality in the context of charging electric vehicles (EVs) that require 

light-weight design. The Buck converter offers efficient voltage reduction along with low 

output voltage ripple and moderate current stress and is, thus, an ideal converter for battery 

charging applications as it can provide reduced voltage from the higher input voltage. It 

cannot do voltage boost operation, though. 

The Boost converter converts voltage from lower to higher value and hence is more ideal for 

cases where higher voltages are needed in comparison to the applied input voltage. Despite 

having high voltage gain, it suffers from high voltage and current stress owing to high duty 

cycle and switching nature.  

The Buck-Boost converter allows voltage conversion in both directions (step-up and step-

down), which increases the level of flexibility when compared to other topologies such as 

the Buck and Boost converters. Additionally, the Buck-Boost converter provides an option 

for bidirectional power flow, which is advantageous in applications related to lightweight 

electric vehicle charging and energy regeneration processes. Despite some disadvantages in 

the levels of ripple and stress, the flexibility and possibility of bidirectional operations make 

the Buck-Boost converter the best topology for the intended use. 

Hence, among the discussed converter topologies, the Buck-Boost converter is considered 

to be the best choice for lightweight electric vehicle charging applications. 

8.5.1 Reason for Simulating the Buck–Boost Converter 

The Buck-Boost Converter has been considered for simulation purposes in this project owing 

to its ability to function for both boosting and bucking, making it appropriate for EV charging 

operations where minimal weight is desired. For instance, during EV charging applications, 

the voltages from the battery continue changing based on factors such as the battery's state 

of charge and operation requirements. Whereas the Buck converter works solely on step 

down mode and the Boost converter works solely on step up mode, the Buck-Boost converter 
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provides a more flexible option regarding voltage regulation. Thus, it works more effectively 

when the supply voltage is either below or above the battery voltage. 

Another reason why the Buck–Boost converter has been chosen for use in this work is the 

fact that it is extendable for bi-directional power conversion, which is an essential feature in 

modern EVs when using applications like regenerative braking, battery energy recovery, and 

V2G systems. Also, the Buck–Boost converter is capable of providing enhanced flexibility 

under variable loads and batteries while offering good ripple performance and stability. 

 8.6 Results   

 

Fig.8.3. graph showing V Battery, I Battery and Soc (%) 
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CHAPTER 9 

CONCLUSION AND FUTURE SCOPE 

 

9.1   Conclusion 

The application of Constant Current Constant Voltage (CC-CV) charger to charge batteries 

using a non-isolated half-bridge DC-DC converter presents an efficient and dependable 

approach for lightweight Electric Vehicle (EV) charging applications. 

In the constant current phase, the designed control system provides a regulated charging 

current to the battery, minimizing cell stress, and providing optimal conditions during the 

charging process. While in the constant voltage phase, the voltage regulation is performed to 

prevent any overcharging of the battery, ensuring long-term operation and extending battery 

life. The use of the CC-CV controller in conjunction with a bidirectional converter offers 

several advantages in terms of performance improvements through improved current and 

voltage tracking, minimized ripple effects, and faster dynamic response. Moreover, the half-

bridge configuration offers some additional advantages in terms of component reduction, 

cost-effectiveness, and miniaturization. 

9.2 Limitation 

This current study deals with the modelling and control of a non-isolated half bridge DC-DC 

converter that finds application in light electric vehicle charging systems. Nevertheless, there 

are a few other avenues worth exploring through future studies. Some of the suggestions for 

future exploration include: 

1.Implementation of Advanced Control Techniques 

2.Hardware Prototype Development 

3.Incorporation into Renewable Energy Sources 

4.V2G Applications 

5.Battery Management System Integration 

6.Improvement in Efficiency and Reduction in Losses 

7.Applications Involving High Power and Fast Charging 
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9.3 Summary 

In this chapter, the discussion of the non-isolated half-bridge DC-DC converter for light-

weight EV charging applications is summarized. The newly designed converter utilizing the 

CC-CV charging algorithm has provided the expected voltage stabilization, high efficiency, 

and efficient battery charging. 

. 
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