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ABSTRACT 

 This thesis focuses on the evolution, analysis, and design of improved single-stage based 

integrated converters aimed at on-board applications of plug-in electric vehicles (achieving 

complete types of vehicle operation, i.e., plug-in charging, propulsion, and regenerative braking 

using a single-converter) (PEVs). For better gasoline compromising with health is a big concern 

to deal with these issues of health due to environmental impacts gasoline may be replaced with EV 

Collectively known as plug-in electric vehicles (PEVs). In the vehicle's engine has an additional 

battery charging system, usually between the battery and the traction motor inverter. A 

bidirectional DC-DC converter is used. This converter is charged with increasing battery voltage 

and efficiently controlling power during cruising, acceleration, and regenerative braking. The 

bidirectional DC-DC converter is only employed in propulsion or regenerative modes in such 

classic designs, and the battery is charged by yet another AC/DC converter. This includes different 

converters for two independent operating modes, regardless of the converter configurations. 

Merging the additional mount entity with the bidirectional DC-DC converter, which is used during 

touring and stepping up modes, would be a competent alternative for providing a highly compact, 

lightweight, and affordable charging scheme. Both AC-DC and bidirectional converters are used 

in this notion. 

This study proposes a novel integrated converter-based charging system for EVs. To function 

efficiently and achieve all of its operating modes, the created system only requires a limited 

number of power electronics components. In the typical system, the bidirectional DC-DC 

converter is integrated into the on-board resulting in a single converter for the whole operation of 

PEVs. When compared to an existing integrated converter, the major improvement of this 

integrated converter is an completely effective progress in propulsion as boost mode and 

regenerative as buck mode technique.
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CHAPTER 1 

INTRODUCTION 

1.1 Background and Motivation 

   Land transport sector mainly depends on oil products. Quite a few actions have been reserved in 

directives to mitigate this craving. On a single indicator, public transport has been developed as 

rechargeable trains (trams, subway, and high-speed trains). On other indicators, the productivity 

of private transport has been improved via plummeting the heft of vehicles by using more efficient 

internal combustion engines (ICEs). However, the enlargements in the ICEs technology are not an 

adequate amount to significantly shrink lubricant feasting. In this bearing, researchers and 

carmakers have been working on several options including automobiles that run on biodiesel, 

ethanol, compressed air, liquefied natural gas (LNG), hydrogen, flattened natural gas (CNG), and 

electric vehicles (EVs), among other fuels. 

     Recent developments have led to the penetration of EVs into market as an alternative to 

conventional vehicles employing ICEs. Enabling policy of developed as well as developing 

countries and the ever-growing need to curb air pollution in cities has the created most suitable 

environment for these developments. A number of nations have established emanation ethics that 

are premeditated to frontier the noxious waste emanations of upcoming vehicles sold in the 

countries. Furthermore, growing research in battery technology provides improved and more 

affordable batteries for upcoming EVs; hence, the inclusive charge of EVs is sinking fast. It is 

expected that sales of EVs will grow continuously for two main reasons: economy of scale and 

new developments in battery technology. As for the economy of scale, some companies have 

established battery manufacturing facilities on their own to amend their expenses. Moreover, it 

must be noted that batteries are being widely used in distributed generation, unmanned vehicle 

aviation applications, etc., and their cost is bound to fall rapidly. 

   Supreme EVs are thrilling over and done with a direct connection flanked by vehicle and low 

voltage distribution network These EVs are plug-in electric cars since they are linked to the grid 

(PEVs). PEVs may be broken down into three different categories: fuel cell plug-in hybrid electric 

cars, battery electric vehicles, and plug-in hybrid electric vehicles (PHEV). On the other hand, 
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hybrid electric cars (HEVs) are not regarded as plug-in electric vehicles (PEVs). Since these cars 

have ICEs that produce their own power, they do not require a grid to charge their batteries. 

 The PEVs are nowadays a hopeful clarification to curtail the air fumes that generates clean energy 

for the car using pollution-free battery power. PEVs combine a battery, an add-on charger, and an 

inverter-drive system. Battery acting a grave role in the fruition of PEVs. The battery's age and 

charging cycle have a strong bearing on the traits of battery-powered stallions. The battery chargers 

for on-board applications have to be small and light since it is placed into vehicles. Therefore, in 

this direction researchers across the world are working to develop and design of compact charging 

system for PEVs. 

1.2 Objectives of the Thesis 

   Based on above-mentioned research gaps, the principle objective of this thesis is to develop 

improved integrated converter for on-board applications of PEVs with focus on one or more of the 

following points: reduction of active and passive components, improvement of operational 

efficiency, reduction of feedback element and buck/boost operations in each mode. 

 

To accomplish this, the following research objectives have been formulated: 

 The development topology has been analysed for detailed operation, loss analysis, stress 

(voltage/current) analysis of switching devices and passive components design. 

 Creation of computer simulation for proposed topology using MATLAB/Simulink software. 

Detailed simulation results are presented to verify the suitability of the converter for charging, 

propulsion and regenerative braking modes. 

 Comparative analysis of the proposed integrated converters is carried out with existing 

integrated converters in terms of efficiency, number of components and buck/boost 

capabilities for each mode. 

1.3 Organization of the Thesis 

The content of this thesis is presented in the following chapters 

Chapter-I: This chapter introduces a generalized view of electric vehicle and power electronic 

interferences for charging system. A generalized and detailed state of art highlights the 

shortcomings in the existing technologies and thereby discloses the scope of the work. Various 
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technological solutions are introduced, which are identified as the objectives of the work. Finally, 

an outline of the chapters describes the contents of various chapters of the thesis. 

Chapter-II: This chapter deals with a literature survey in the concerned research area. A hierarchy 

of the development of EV single-stage chargers is discussed. A detailed review and comparative 

analysis of the various existing EV single-stage is also done. In addition, the stepwise advancement 

of solar photovoltaic technology and various MPPT techniques are carried out in this chapter.  

Chapter-III: This chapter deals with a comparison to current integrated converters, the new 

integrated converter described in this chapter has improved efficiency in the propulsion boost and 

regenerative braking modes. The increased efficiency in these two modes allows the car to go 

farther between charges. Moreover, this converter has low stresses in each mode. 

Chapter-IV: In this chapter, the main conclusions and the key achievements of this research work 

are presented in brief. It also enlists the scope of further work in an EV single stage charging 

system using multi-objective integrated converters. 
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CHAPTER 2 

LITERATURE REVIEW 

This Section focuses on the classification of battery chargers, and literature review of single-stage 

based chargers for on-board applications. The single-stage chargers are classified into 

conventional and integrated chargers. These chargers generally employ non-isolated converters 

which are suitable for compact charging system for on-board charger (OBC). 

 

2.1 Classification of Chargers 

 PEVs typically have There are two different kinds of battery chargers used: standalone (off-plank) 

and OBC. The off-batten charging mechanism is employed when a lot of electricity has to be 

charged. With an off-batten charger, the charger's size and weight are easier to manoeuvre. The 

OBC is more prevalent because it is placed inside the vehicle; car can thus be recharged 

everywhere [1 2]. The desired features of OBC are bright heaviness, maximum power density and 

maximum efficiency [3-7]. The OBC may have two-stage converter (Fig. 2.1) or single-stage 

converter (Fig. 2.2), at two-stage chargers have large number of components [3, 8-12], the single-

stage chargers [13–17] are added striking for on-board bids, even though it suffers from low 

frequency battery current ripple.  

 
Figure.2.1. Block diagram of the conventional two-stage EV battery charger. 

 

Figure 2.2. Block diagram of single-stage EV battery charger 

 The vehicle adds in on board charger due to heaviness, capacity, and price tag; therefore, usually, 

it is designed for power levels (1-2.5 kW) [18, 19]. However, a two-stage converter using 
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transformer as an isolation is a common rule in OBC design. Galvanic isolation has a negative 

impact on efficiency and power density due to varied range of output voltage and higher frequency 

of transformer are there [20–22]. As such, there is no necessity of seclusion for the well-being of 

EVs as per SAE (Society of Automotive Engineers) J1772 [18]. There is no electrical restraint, or 

isolation required between battery packs and ac inputs because it the vehicle’s ground is floating 

with the body [18]. Nonetheless, at the output side, battery is added a relay protective circuit due 

to some safety issues. 

2.2 Integrated Chargers with Bidirectional Capability 
 

   A traditional single-stage charger is formed from a systematic block diagram of this sort of 

integrated charger, which is depicted in Fig. 2.3. A bidirectional dc/ac converter connects the 

battery with dc/dc converter [18] is combined with PFC stage [4, 23] only one converter is required 

for complete operational modes.  

 
Figure 2.3. Block diagram of an integrated charger utilizing dc/dc converter into the charging circuit. 

 

 Because so many components, including diodes, switches, and certain passive parts, are shared 

throughout the modes, the overall number of machinery is lower than with typical single-stage 

chargers. Various kinds of these chargers are documented in [17], and all are examined. It is 

expected that the car is not driven throughout the charging process and that, other than during 

regeneration braking, the battery pack cannot be charged while the vehicle is being driven. 
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An integrated charger was proposed in [24], as shown in Fig. 2.4, for all modes of a vehicle with 

buck/boost operation in each mode. The regenerative braking energy of the buck/boost operations 

of the converter permitted springy control and proficiency of efficiency are taking.  

 

Figure 2.4. Integrated charger [24] 

In that type of converter are two to four semiconductor devices are global grid voltage may be 

used to charge batteries with voltages ranging from 200 to 450 V. in the current track which 

intensifications conduction losses and shrinks efficacy. 

 
Figure 2.5. Integrated charger [25] 

Novelists in [25] have shown a nine-switch integrated charger (Fig. 2.5) that is compatible with 

any battery voltage altitude. Due to its bridgeless nature in plug-in charging mode, the converter 

avoids the heat management issues associated with bridge rectifiers and the resulting losses. 

However, the excessive amount of switches makes OBC applications less desirable. Additionally, 

a variety of control strategies in this converter call for the activation of co-packed IGBT switches.      
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An integrated charger technique has been presented in this study [26], as shown in Fig. 2.6 one 

power drive switch and an inductor is common for all operation, and buck-boost converter play  a 

role of charging/discharging as well as recharging. 

The inverting buck/boost and buck and boost operating converter are in charging, recharging, 

and discharging, following modes are their plug-in, regenerative, propulsion modes respectively. 

 

                                               Figure 2.6. Integrated charger [26] 

    In addition, this converter appearances enhancement above converter [24] based on the quantity 

of components and effectiveness in each mode. As a result, it provides creators with a cheap 

elucidation. Nevertheless, the foremost drawbacks of this converter are increased voltage and 

current stresses in semiconductors and increased current stress in magnetic components. Moreover, 

Associated with a mechanical switch, the two-switch buck/boost converter in propulsion and 

regenerative braking modes has more conduction loss than its conventional version.  

 [27] have proposed an integrated charger, as shown in Fig. 2.7 using four switches and one 

inductor with sundry semiconductor devices depending on model) in the foremost current lane. 

Likewise, the per capita technique has comparable switching and conduction losses to its 

traditional equivalents (buck/boost converters with a single switch or two switches).  
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Figure 2.7. Integrated charger [27] 

 

 
                                                                    Figure 2.8. Integrated charger [28] 

  Moreover, Due to the sheer low voltage/current tensions in this converter, there are fewer losses 

and a slighter rise in temperature, which ultimately slims down the charger. Additionally, by 

assessing the inductor current, only one current transducer is required for each mode, resulting in 

a reduced overall design and minimal feedback circuitry. In arrears to boost operation during 

charging; it is not possible to custody the battery-operated when peak grid voltage becomes o'er 

battery voltage. 

Novelists have proposed a charge non-linear carrier control based bridgeless integrated charger in 

[28], as shown in Fig. 2.8. The plug-in charging technique has been used with the charge non-

linear control based controller (CCM) and is compatible to PFC in continuous conduction mode. 
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As a result, the charger becomes more compact as the feedback circuity is reduced. The converter's 

bridgeless design tends to increase converter efficiency in plug-in charging mode by lowering the 

number of devices in the current route. The converter, however, serves as a typical inverting 

buck/boost. in a grid's negative half cycle, placing significant pressures rising loses and the 

ingredients (conduction and switching losses).As a result, during the grid's negative half cycle, the 

benefit of bridgeless nature is somewhat sacrificed. Moreover the battery's voltage range is 

constrained since none of the operational modes has both buck and boost abilities [29]. The 

battery's voltage range is constrained since none of the operational modes has both buck and boost 

capabilities. For a wide range of battery voltages, as illustrated in Fig.2.9, a quasi two-stage charger 

has been developed. The proposed converter acts as a typical boost converter (single-stage 

operation) when the battery voltage Vb > the peak grid voltage Vg;max, and as a quasi two stage 

converter (two-stage mode) when Vb ,Vg; max. Additionally, two-stage operation is less efficient.. 

Due to the conduction of an extra switch, this converter has somewhat larger conduction losses in 

plug-in charging mode than a standard boost PFC converter. Nevertheless, due to the peculiarities 

of its three-level output voltage, this converter has fewer switching losses. Additionally, the 

suggested converter functions in boost and buck modes in propulsion and regenerative braking 

modes, respectively. 

 

                                                       Figure 2.9. Integrated charger [29] 

2.3 Comparison of Integrated Chargers 

    In this Portion,a comparative of integrated chargers have been made based on the 

voltage/current pressures on semiconductor devices, the buck/boost working of the converter in 
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each mode, and the total component count. The pressures on semiconductor devices are listed for 

each mode in Table 2.1., with "High" standing for the total of input and output quantities (Vout + 

Vin and Iout + Iin) and "Low" standing for either the input or output quantities (Vout Vin )and (Iout or 

Iin). The integrated charger [95] has both buck/boost operation as indicated in Tables 2.1 and 2.2, 

and low stresses in each mode, albeit at the consequence of a large number of semiconductor 

devices. 

Table 2.1. 

  Voltage and Current Stresses in Semiconductors in Each Mode.  

 

                                                                                                                                        Table 2.2. 

Comparative Study of the Integrated Chargers in Terms of Buck/Boost Capabilities of Each Mode and 

Number of Components. 

 

    The converter [96] has an efficiency improvement over converter [95] by cutting devices in the 

current route, but the price of the charger rises since there are more switches. In terms of 

component count, the charger [97] outperforms the chargers [95,96]. With just boost charging 

capabilities, the charger [98] has fewer components than any other converter now in use and 

experiences lower pressures in each mode That charger is[100] operates in buck/boost mode while 
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being in plug-in charging mode, although this mode necessitates a sophisticated control technique. 

Moreover, the two-stage operation of the converter during buck mode sacrifices its advantages. 

    From the above literature review, it is evident that there is a scope of further improvement in 

integrated converters by developing converters with feature buck/boost capabilities in each mode, 

minimise the amount of components, and enhance propulsion and regenerative braking efficiency 

to enable longer running times. In addition to this, reduction of complexity of feedback circuit will 

reduce size of the converter and improves reliability of the converter. 

 

2.4 History And Development of Solar PV Array Technology 

The history of solar technology from the 7th century B.C. until the present. It has started using 

mirrors and glass to focus the sun's heat in order to spark fires. These days, this technique is used 

in both solar-powered cars and structures. The turning points in the history of solar technology, 

year by year and from the 7th century B.C. to the present.  Photovoltaic technology actually dates 

back over 177 years Alexandre Edmond Becquerel, a 19-year-old French scientist, discovered a 

physical phenomena that allowed light to be converted into electricity in 1839 while experimenting 

with metal electrodes and electrolyte. Although the fundamentals of science were originally 

discovered in 1839, development truly took off in the 20th century [30–36]. A substantial 

advancement in solar PV technology has led to a rapid increase in PV installation around the globe. 

At least 227.1 GW of installed capacity was available globally as of the end of 2015 [37]. With 

43.5 GW, China now has the highest cumulative capacity, followed by Germany with 39.7 GW, 

Japan with 34.4 GW, the USA with 25.6 GW, and Italy with 18.9 GW [38-39].. As of the end of 

August 2016, the Indian government's Ministry of New & Renewable Energy (MNRE) has 

installed a total of 8.4 GW of PV arrays. [40]. 

A high diminishing rate of the cost of PV array generation further attracts an electricity consumer 

for such diverse applications as residential, agriculture, health, industry, telecommunication, 

transportations, and public services. The PV technology possesses a delightful economic 

development history. A viable photovoltaic maneuver with a 2 percent efficiency costing $25 per 

cell and a 14 MW peak output was first offered by Hoffman Electronics-Semiconductor Division 

in 1955. The energy cost has been US$ 1,785 per watt [41]. A successive development has led to 

a drastic reduction in the cost as low as US$ 30 per watt, 18 years later, in 1973. Today, the 

technology has reached a milestone as the price of a high-efficiency Multi-Si Cell and Mono-Si 
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cell has dropped to US$ 0.18 per watt [42]. In addition, there has been a tremendous improvement 

in the efficiency of a solar cell since 1941. The first silicon monocrystalline solar cell has been 

constructed in 1941 and has less than 1% conversion efficiency [42]. Within a time, span of 75 

years, today the global market is full of 44.7% efficiency solar cells. These have been possible due 

to the advancement in material science, enriching the PV technology in terms of economy, 

efficiency, performance, and durability. 

2.5 Standards, Testing And Quality Certification  For Solar PVArray Systems 

For this technology to be successfully implemented on a large scale, quality certification and 

pertinent standards for solar PV system design and installation are crucial. Additionally, it is 

crucial to establish a strict and effective monitoring system to ensure compliance with these criteria 

[43] For the benefit of solar panel producers, exporters, installers, and suppliers, this section offers 

details on standards, certification programmers, and other industry-specific information. On the 

proposal of the Solar Photovoltaic Energy Systems Sectional Committee and with the consent of 

the Electro technical Division Council, the Bureau of Indian Standards (BIS) has approved a 

number of IEC standards (IEC) [44-47], e.g. IEC/TS 62548: 2013 for PV array design requirements 

and IEC 62109 - 1, 2 for the safety of power converters. References to several international 

standards for which Indian standards also exist can be found in these accepted standards. For PV 

modules and converters, the applicable Indian standards, which are to be substituted in their places, 

along with the other adopted standards, are listed in Table 2.1. The current compliance regime 

applying to solar PV generation is overseen by a number of regulatory bodies including Clean 

Energy Council (CEC) [48], Clean Energy Regulator (CER) [76], Standards Australia [48], 

European Standard [49-52], and Californian standard [52], etc 

2.6 Review of MPPT Techniques for Solar PV Array Generation 

  The PV array offers a nonlinear V-I characteristic across its terminals. The same PV array delivers 

different power outputs at different operating points. Therefore, in order to utilize the PV array to 

its full capacity, the PV arrays are operated near to MPP point. Since the MPP point changes with 

change in ambiance conditions (temperature and insolation), various MPPT algorithms are 

proposed by several researchers. These MPPT algorithms provide reference signals to control the 

associated power converter, such that the impedance across PV array terminals is so 
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Table 2.3 

Standards, Testing and Quality Requirements for Solar PV Systems 

International 

Standard 

Corresponding 

Indian 

Standard 

Description 

IEC 61215 IS 14286 
Intention condition and type consent for crystalline 

silicon terrestrial PV modules 

IEC 61646 IS 16077 
Enterprise requirement and type consent for thin-

film telluric PV modules 

IEC 61853-Part 

1 

IS 16170: Part 1 
PV building block concert trying and energy sailor: 

Irradiance and temperature recital extents, and 

power rating 

IEC 60904-1 IS 12762: Part 1 
PV systems: Assessment of PV current and voltage 

manifestations, Part 1 

IEC 61730-1, 2 IS 61730-1, 2 
PV building block well-being condition – Part 1: 

Necessities for construction, Part 2: Desires for 

testing 

ISO/IEC 17025 IS 17025 
Broad standards for the competency of testing and 

tuning laboratories 

IEC 60364-7-

712 

SP 30 
Necessities for distinct fixings or scenes – Solar PV 

array power supply coordination 

IEC 61701 - 
Briny haze rust taxing of PV building block 

IEC 62716 - 
PV building block – Ammonia (NH3) corrosion 

taxing 

IEC 62804 - 
PV building block - Test ways and means for the 

detection of potential-induced degradation (PID). 

IEC TS 62804- 1: Part 1: Crystalline silicon 

IEC 62759-1 - 
PV building block – Transportation testing, Part 1: 

Transportation and shipping of section package units 

 

adjusted that it operates near to MPP. A review and comparison of various MPPT algorithms are 

reported in [49]-[61]. 

The MPPT techniques can be broadly divided into two groups: conventional techniques like 

perturbation and observation (P&O) [62–66] and incremental conductance (InC) [63–64] and 

intelligent techniques like fuzzy logic (FL) [67–71] and MPPT techniques based on artificial neural 

networks (ANN) [72–73]. Although intelligent approaches are quicker and more effective than 

traditional ones, which are often easy, inexpensive, and less effective, they are more sophisticated. 

The MPPT techniques can also be divided into direct and indirect techniques. The indirect 

approaches, including open-circuit and short-circuit methods [74], depend on mathematical 
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relationships that may not account for all climatic situations or call for previous knowledge of the 

PV array's properties. As a result, They are still unable to accurately track the MPP of the PV array 

at any irradiance and cell temperature. Additionally, it is not advisable to use temperature and 

irradiance as sensed parameters because doing so would necessitate installing expensive Its 

measurement seems to be quite expensive, especially for big PV array plants, because equipment 

is required across the PV array to collect the values of those variables for each panel. [75]. 

Under every weather circumstance, the direct approaches are effective. The most popular direct 

MPPT techniques are P&O, InC, and FL-based. Commercially available devices frequently 

employ perturbative MPPT techniques like P&O and InC to determine, instant by instant, the 

voltage and current value at which the PV array module produces its maximum power [49–61]. 

These two techniques have the following key benefits: they can be used with any PV array 

generator, they don't require knowledge of the PV array generator, and they are easy to implement 

on a digital controller. These techniques can also be used into industrial inverters. Under static and 

dynamic situations, P&O and InC both exhibit almost equal tracking capabilities. Both of them are 

based on the same mathematical relationship between the power derivative and voltage. As a result, 

InC is viewed as a particular implementation of the P&O algorithm rather than as a distinct MPPT. 

[76]. Many MPPT algorithms are developed to track the global MPP instead of the local MPP, in 

the case of partial shading and degradation phenomena of a PV array module [68, 77-84]. Various 

standards are followed to meet the MPPT efficiency requirements of the converters; e.g. IEC/IS 

61683 for standalone PV array systems, and EN 50530/IEC 62891 for grid-interactive PV array 

systems [85-89], as indicated in Table 2.3. 

2.7 Conclusion 

This chapter has presented the history and development of EV single stage charging system. An 

extensive literature review has revealed the shortcomings of existing technologies in terms of 

complexity, expensiveness, unreliable and inefficiency. Many research areas have been identified 

to overcome this drawback of currently deployed technologies. Furthermore, the standards and 

quality certifications (international and Indian) required for the solar PV array have been depicted 

in detail. 
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CHAPTER 3 

          MODIFIED ZETA BASED ISOLATED INTEGRATED CONVERTER 

3.1 Introduction 

    This chapter focuses on a new power electronic converter for PEVs that is capable of operation 

for all three modes. schematic of the developed isolated integrated converter is shown in Fig.3.1. 

The suggested arrangement is taken from a conventional Zeta converter, which acts as a 

conventional boost and buck converter in propulsion and regenerative braking modes, respectively, 

and as a conventional Zeta PFC during plug-in charging mode. The battery may be charged from 

any input voltage because Zeta operates in plug-in charging mode. Additionally, due to the ability 

to buck/boost in this mode as well, the energy stored in the spinning components may be fully 

collected during regenerative braking. Additionally, this converter has fewer parts than other 

converters now on the market that can buck and boost in all modes. The controller implementation 

in this converter is made easier by the fact that just one switch is active throughout each model. A 

thorough stress and loss study of the converter has also been looked into, for choosing 

semiconductor components and demonstrating the viability of the suggested converter.
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                                              Figure 3.1.  Integrated converter for PEV battery charger developed. 
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3.2 Conventional ZETA Converter 

Fig. 3.2 demonstrations circuit arrangement of conventional ZETA converter for PFC operation. 

The converter can operate in either Current conduction mode (CCM) or discontinuous conduction 

mode (DCM). But for high power applications, e.g., PEVs, the DCM operation is not preferred 

because of high current stress produced in semiconductor devices which in-turn will necessitate 

use of high current rating devices. In addition, when converter operates in DCM, the 

electromagnetic interference (EMI) problem increases which may cause malfunctioning of other 

systems too. Therefore, the CCM operation of the converter is more prevalent for high power 

applications. Only was plug-in charging mode is feasible with a typical ZETA converter's single 

switch; the other modes (propulsion and regenerative braking) need the use of one or more extra 

components. 

 

Figure 3.2. Conventional ZETA converter for power factor correction 

 

3.2.1 Characteristics of Proposed Integrated Converter  

    A novel grid- and solar-based single-stage isolated integrated converter is presented in this study 

for on-board applications based on the literature research, as illustrated in Fig. 3.1. The main 

characteristics of the suggested charging system are as follows: (a) the ability to operate the charger 

with two different power sources (grid and solar PV), which increases charger reliability; (b) the 

ability to operate all PEV operational modes with a single converter; (c) galvanic isolation between 

the battery and the power sources for improved user safety and charging, circuit protection (d) 

lower electricity costs for per-unit charging. The suggested remedy was created using a standard 

zeta converter, which functions as an isolated zeta for solar PV charging and plug-in charging 

modes, respectively. Additionally, the suggested integrated converter functions as a boost 

converter and a buck converter, respectively, in propulsion and regenerative braking modes. The 

next Section gives an explanation of how the suggested integrated converter works. 
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3.3 Principle of the Proposed Integrated Converter 

Three switches, four diodes, three capacitors (excluding the filter capacitor), two inductors 

(excluding the filter inductor), and one high-frequency transformer make up the proposed 

integrated converter in Fig. 3.1. Table 3.1 lists the states of semiconductor devices in each mode. 

The converter's functioning is covered using operational waveforms in the following sections. 

3.3.1 Plug-in Charging Mode 

Only when the solar panel's output falls below a certain threshold does this mode activate. The 

suggested integrated converter is operating as an isolated zeta converter in this scenario since the 

switch "SPV" is deactivated and only the grid supply is used to charge the batteries. When the 

manual switch "P" is closed, the pulse width modulation (PWM) signal is applied to the 

semiconductor switch "Sa" making it active. Following the path given by the dotted lines in Fig. 

3.3, the magnetizing inductor "𝐿𝑚" stores and releases energy to charge the battery through a 

capacitor "𝐶𝑚" and an inductor "L" Additionally, just diode "Db" is used in this mode, and switches 

"𝑆𝑏" and "𝑆𝐶" are open-circuited. 

Chv
L

ig
Ls

Lf

Cf _

+

gv
_

+

ibvc

Da

Sa Sb

Db

Sc

Dc

vg

Dpv

Spv

Dd

Cb

Grid 
Supply

ipv

iL

P

Lm

CmSolar  Panel

Solar 

Panel

vb_

+

 

Figure 3.3. utilising a plug-in grid source to charge the battery. 

Considering that d1 is the duty cycle in this charging mode, the voltage-sec. equalizing concept 

for inductors Lm /L over one switching duration Ts can be written as, 

                           max 1 1| sin( ) |  ( ) 1 ( )g b sV t d t V d t T                                                    (3.1) 
 

    Using eq. (3.1), the voltage transfer function M1 can be expressed as, 

1
1

max 1

( )

sin 1 ( )

b

g

V d t
M

V t d t
 

                                                                                                  (3.2) 
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3.3.2 Solar PV Charging Mode 

When a solar panel's output power exceeds a certain threshold, this mode becomes active. Switch 

"P" and the semiconductor switch "𝑆𝑎" are both closed in this instance, but switches "𝑆𝑏" and "𝑆𝐶" 

are not in use. In this mode, the converter improves the performance of the PV panel in all weather 

circumstances by generating the switching signal for the switch "𝑆𝑎" using MPPT management. 

Fig. 3.4 shows the analogous circuit for this operating mode. The voltage conversion ratio is the 

same as the previous one since the same converter setup is employed in this mode as well.

Chv
L

ig
Ls

Lf

Cf

P

_

+

gv
_

+

ibvc

Da

Sa Sb

Db

Sc

Dc

vg

Dpv

Spv

Dd

Cb

Grid 
Supply

ipv

iL

Lm

CmSolar  Panel

Solar 

Panel

vb_

+

 

Figure 3.4. Charging of the battery using solar power. 

3.3.3 Propulsion Mode 

    When this mode begins, the battery activates a voltage source converter to deliver power to the 

propulsion engine. In this mode, the SPST switch "P" is open-circuited, and while switch "Sb" is 

operating through a PWM signal, semiconductor switches "Sa" and "Sc" remain permanently in the 

open position. As shown in Fig.3.5, while the switch "Sb" is closed, the inductor "L" charges 

through the path "Vb-L1-Sb-Vb" (red dotted line), and when "Sb" is inactive, the inductor "L" 

transfers its energy to the propulsion motor via the diode "Dc" (blue dotted line). 

All the elements taking part in this mode make the boost structure. Considering that d2 is the 

duty cycle in this mode, the average inductor voltage over one switching duration, Ts, is zero and 

hence, 

  2 2- 1    b hv s b sV V d T V d T                                              (3.3) 

Using eq. (3.3), the voltage transfer function M2 can be expressed as, 
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2

2

1

1 ( )

hv

b

V
M

V d t
 


                                                                   (3.4) 
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Figure 3.5. Operation in the propulsion mode. 

3.3.4 Regenerative Braking Mode 

In this mode, the propulsion motor drive's regenerative recovery power is used to charge the 

battery. The PEV's driving range is ultimately increased by this phenomenon The switch "P" 

remains open while in this mode, the switch "𝑆𝐶" is turned on. The "𝑆𝑎" and "𝑆𝐶" switches, both 

are inactive in this mode. Fig. 3.6 depicts the proposed converter's operation in this mode. 
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Figure 3.6. Operation in the regenerative recovery mode. 
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Based on the average inductor voltage during one switching duration, eq. (3.5) is derived, and   

the voltage transfer function M3 can be expressed as (3.6). 

    3 3-   1hv b s b sV V d T V d T                                                                   (3.5) 

3 3( )b

hv

V
M d t

V
                                                                                       (3.6) 

Table 3.1 

States Of Semiconductor Devices in Various Modes. 

Operating Mode Sa Sb Sc Spv Da Db Dc Dpv 

PGC 1 0 0 0 0 1 0 0 

PV 1 0 0 1 0 1 0 0 

PR 0 1 0 0 0 0 1 0 

RB 0 0 1 0 0 1 0 0 

                                  *1: Closed and 0: Open. 

3.4 Voltage/Current Estimation for Component Selection 

The proposed integrated converter operates in bidirectional mode, and hence few of the power 

devices are common in AC-to-DC or DC-to-DC conversions. Therefore, the stresses on the 

semiconductor components in terms of voltage and current can be diverse in different working 

modes due to dissimilar ratings. The particular semiconductor switch/diode is chosen by maximum 

voltage/current magnitudes appearing during various operations. Table II indicates the maximum 

voltage/current stresses onto the switches/diodes in each working mode. Using this table, the 

ratings of switches are chosen as follows: 

The maximum voltage rating of the switch is 

𝑆𝑎= [vg(ωt)ωt=π/2 + Vb]                                                        (3.7) 

and the maximum rating in terms of current for the 𝑆𝑎 switch is, 

𝑆𝑎= ig(ωt)ωt=π/2 + Ib                                                             (3.8) 

whereas the maximum voltage ratings of switches 𝑆𝑏and 𝑆𝑐 are 𝑆𝑏  & 𝑆𝑐 = max (𝑉ℎ𝑣 𝑉𝑏). On the 

other hand, the current magnitudes of 𝑆𝑏 and 𝑆𝑐 are selected by the propulsion mode power 

requirement, since this working mode requires the maximum power compared with the rest of the 

modes. 
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Table 3.2 

                                                   Maximum Voltage/Current Ratings Of Switches And Diodes 

 

Additionally, to examine the losses in different modes, the current stress model is required. Thus, 

the stress in terms of current through the semiconductor devices is established in charging methods, 

and equivalent examination can be anticipated for the rest of the working modes: 

 

3.4.1 Switch “Sa” Current And Its Rms Value:  
 

𝑖𝑠𝑎
,𝑅𝑀𝑆 = √

1

𝑇𝐿
∫ ⟨𝑖2

𝑠𝑎
⟩

𝑇𝐿

0 𝑇𝑠

𝑑𝑡                                                          (3.9) 

⟨𝑖2
𝑠𝑎

⟩ =
1

𝑇𝑠
∫ 𝑖2

𝑠𝑎
(𝑡)

𝑡+𝑇𝑠

0
𝑑𝑡 = 𝑑1(𝑡)[𝑖𝐿𝑚(𝑡) + 𝑖𝐿(𝑡)]2                                 (3.10) 

where d1(t) = 1/ 1+α sin(ωt), using (2) and α =Vgmax /Vb. The currents flowing through the 

inductors (Lm and L) can be expressed as: iLm(t) =Ig,max·sin(ωt) and iL(t) = αIg,max·sin2(ωt). Based 

on the d1(t), iLm(t) and iL(t), eq. (9), can be reformulated as, 

   𝑖𝑠𝑎
,𝑅𝑀𝑆 = 𝐼 √

1

𝜋
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𝜋

0
 𝑑(𝜔𝑡)  

           = 𝐼√1 + 𝛼
8

3𝜋
                                                                                                                (3.11) 

 An analogous investigation for an RMS current of the diode 𝐷𝑎 produces the following equation: 

 

𝑖𝐷𝑎
,𝑅𝑀𝑆 = 𝐼𝑏√

3

2
+ 𝛼

16

3𝜋
                                                                (3.12) 
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3.4.2 Manual Switch “P” Current And Its Rms Value: The magnitude of current flowing 

through the manual switch “P” is similar to that of the current-carrying by the middle capacitor 

𝐶𝑚. Therefore, the RMS current through P is exactly the same as the current through the switch 

𝑆𝑎 and can be expressed as, 

𝑖𝑝,𝑅𝑀𝑆 = √
1

𝜋
∫ [𝑑1(𝑡){𝑖2

𝐿} + (1 − 𝑑1(𝑡)){𝑖2
𝐿𝑚}]

𝜋

0
𝑑(𝜔𝑡)                     (3.13) 

 

𝑖𝑝,𝑅𝑀𝑆 = 𝐼 √
1

𝜋
∫ [𝛼 𝑠𝑖𝑛3( 𝜔𝑡)]

𝜋

0
 𝑑(𝜔𝑡) = 𝐼𝑔,𝑅𝑀𝑆√𝛼

8

3𝜋
                           (3.14) 

3.4.3 Average Currents of the Diode Db and Switch Sa:  

The average diode current flowing through diode 𝐷𝑏  is expressed as, 

𝑖𝐷𝑏
,𝑎𝑣𝑔 =

1

𝜋
∫ (1 − 𝑑1(𝑡))[𝑖𝐿𝑚(𝑡) + 𝑖𝐿(𝑡)]𝑑(𝜔𝑡)

𝜋

0
                                        (3.15) 

𝑖𝐷𝑏
,𝑎𝑣𝑔 =  

𝐼𝑔,𝑚𝑎𝑥

𝜋 ∫ [𝛼 𝑠𝑖𝑛(𝜔𝑡)]𝑑(𝜔𝑡)
𝜋

0

                                                                      (3.16) 

𝑖𝐷𝑏
,𝑎𝑣𝑔 =  

𝐼𝑔,𝑅𝑀𝑆2√2

𝜋
  𝛼                                                                            (3.17) 

In addition, the average currents flowing through the switch Sa can be obtained as: 

𝑖𝑠𝑎
,𝑎𝑣𝑔 = 𝐼𝑔,𝑅𝑀𝑆

2√2

𝜋
                                                                                 (3.18) 

 

 

3.5 Design of the Proposed Converter 
 

  Generally, the power ratings of converter devices in each operating mode of the vehicle vary and 

cannot be the same. So, the choice of switch ratings for the converter entirely depends upon the 

specific operating mode. The rating (voltage and current) of these devices is determined based on 

stresses in the switching devices. 

3.5.1 Selection of Switching Devices 

Due to bidirectional operation in the dc/dc stages some of the diodes and switches are pooled 

between the ac/dc and dc/dc stages. In arrears to the varied power and voltage capabilities of 

various modes, the voltage and current rinsing on switches and diodes may vary depending on the 

mode.Therefore, the peak voltage/current option for a certain switch determines the 

voltage/current rating option. generated in the switch or its body diode during any mode. Table 3.2 
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shows the peak voltage and current strains on switches in each mode. These choices are made for 

switch rating from this Table3.2: 

   The peak voltage rating of Sa is given as: Sa = [vg(ωt)ωt=π/2 + Vb], and Sa has a maximum current 

rating of ig(t)t=/2 + Ib. while switches 𝑆𝑏and 𝑆𝑐 have maximum voltage ratings of 𝑆𝑏& 𝑆𝑐 = max 

(𝑉ℎ𝑣, 𝑉𝑏). While the propulsion mode power rating determines the current 𝑆𝑎 and 𝑆𝑏 ratings. 

3.5.2 Selection of Passive Components 

  Inductor 𝐿2 participates in all mode of converter operation. Therefore, the CCM condition of the 

converter for each mode can be ensured by selecting the inductor value for each of these modes 

with allowable current ripple. The maximum of these computed values is picked up as the value 

of inductor𝐿2. 

    The value of 𝐿2 for CCM operation in plug-in charging mode is given as [91], 

'
,max,max1

2

,max

( ) 1

2 2

gLL s

sg b

VRR d t T
L

fV V

 
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 
                                          (3.19) 

Using parameters given in Table 3.3 value of ‘L2’ in plug-in charging mode is calculated as,  

                                                2

90 311 1
1.14

2 311 300 20000
plug inL mH  


                                    (3.20)                                 

 

The values of 𝐿2 for CCM The following equation describes functioning in propulsion and 

regenerative braking modes: [3.18 3.19], 
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                                                                              (3.21)                                                                 
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b s

V d
L

i f





                                                                              (3.22) 

where ∆ib is the battery ripple current. Using parameters given in Table 3.3 and choosing battery 

ripple current ∆ib = 20 % of Ib, value of L2prop and L2reg is calculated as 

2 2

300 0.25
2.83

1.33 20000
reg regL L mH


  


 

 

The final value of L2 is selected as, 

                                                    2 2 2 2max , ,plug in pop regL L L L                                                      (3.23)                                                                       
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3.5.3 Selection of Capacitor Cm 

The coupling capacitor "C1" is an essential part of the recommended converter since its value has 

a considerable impact on the quality of the input current. As a result, the following limitations will 

be applied to the design of this capacitor in order to prevent input applications as diverse at each 

half-line cycle and to maintain constant voltage during such a switching period, the resonance 

frequencies of "𝐿2" and "𝐶𝑚" during CCM operation must be larger than "𝑓𝑙" the line frequency. 

and less than the switching frequency, "𝐹𝑠". 

                                        L r sf f f                                                                                      (3.24) 

Where, 

                                    
 1 2

1

2
rf

L L C



                                                                            (3.25) 

    The switching frequency in this work is set at 20 kHz for "𝐹𝑠" and 1 kHz for "𝐹𝑟." Both in 

simulation and in hardware, the capacitor "C1" is set to 10 F. Because the voltage specification of 

such a capacitor was chosen on the basis on the battery voltage range, and in all operations the 

voltage across the coupling capacitor follows the battery voltage. 

3.5.4 Selection of Capacitor, Cb 

As a capacitor, 𝐶𝑏 is connected directly across the battery pack; the higher order of switching 

harmonics are considered to be negligible. However, the voltage ripple of frequency double to the 

line frequency is appeared and significantly affects the life of the battery pack. The lower order 

frequency voltage ripple on 𝑉𝑏 is expressed as, 

                                     
,min4

b

b

g b b

P
v

f C V
                                                                            (3.26)                                                   

where, ‘𝐹𝑔’ is the grid supply frequency, and Δvb is the amount of ripple in the capacitor, ‘𝐶𝑏’. 

The designed values of the proposed integrated converter utilized in the present system are given 

in Table 3.3. 

Table 3.3 

Simulation parameters 
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Parameters Values 

DC link voltage (Vhv) 400/60 V 

Grid voltage (Vg,min-Vg,max) 70.7-220V 

Grid Frequency (fg) 50 Hz 

L2 3 mH 

Cb /C1/ Chv 1500/10/550µF 

Switching frequency, (fsw) 20kHz 

Nominal charging power, 

(Pb) 

1kW/300W 

Nominal battery voltage, 

(Vb) 

 

320/36V 

Switches N-Channel Power 

MOSFET, IRFP-460 

         

3.6  Control Strategy 

    Fig. 4.7 exhibits a generalised block diagram of the controller employed by the proposed 

converter. The integrated converter has three modes of operation, and various control techniques 

are used in each mode. The mode picker logic first chooses the mode of operation, and then it 

establishes the baseline quantity for that mode. 

 

Figure 3.7. General control diagram of the proposed integrated converter 

   Because depending on the mode of operation, the input reference might be dc bus voltage, 

charging power, or torque, previous knowledge of the reference amount is required. The concerned 

controller becomes active and guarantees that the controlled variable follows the reference value 

after the operating mode and reference amount have been specified. The suggested system's overall 

control strategy may be divided into two main categories. The PGC and solar PV modes are 

controlled for charging in the first section, while the second part is to control the PR and RB modes.  
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3.6.1 Control of Charging Modes (PGC and Solar PV Modes) 

This sub-control system includes the PGC and solar PV modes realized by a source selector 

logic. In the PGC mode, a 2-loop controller is utilized to charge the LPEV and to achieve the 

power factor correction at the grid side at the same time. The desired battery current is compared 

with its actual value, and the difference is passed through a controller ‘Gib(z)’ as, 

 
( )

1

i s
ib p

K T
G Z K

z
 

                                                                                                                                 (3.27) 

The current reference for GiL is created by multiplying the output of  the Gib(z) by a unit template 

of the sinusoidal signal. The current reference for the GiL controller is built by multiplying the 

output of the Gib(z) by a unit template of the sinusoidal signal. At the utility grid, it creates the 

gating signal for "Sa" after power factor compensation. GiL(z) can be written as the expression,

 
( )

1

ic s
iL pc

K T
G Z K

z
 

                                                                                                                               (3.28) 

The gains (Kpc and Kic) should be adjusted ensuring that among 1/6th and 1/10th of the operating 

switching frequency is kept for the controller's bandwidth. Likewise, the Gib(z) controller's 

bandwidth is configured to less than 120 Hz to limit the disruption in the reference signal for the 

inner current loop attributable to second harmonic components, i.e., the 120 Hz signal present in 

battery current. In the solar PV charging mode, the MPPT drift-free P&O (perturb and observe) 

control approach [11] is utilized to generate the switching pulses for the switch Sa, whereas the 

switch Spv is turned on/off by simple 0 and 1 logic through a switch selector. Therefore, the losses 

associated with Spv are minimal.  
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Figure 3.8. Charging of the battery using solar power. 

 

3.6.2 MPPT Control of Solar PV Array With Proposed Integrated Converter 
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An efficient and commonly used method to perturb and observe MPPT technique consequently, a 

variety of PV array-dependent applications are used to maximize PV array power under all 

operational circumstances. An PV array voltage or duty cycle may both be perturbed using this 

method. The step size and perturbation frequency of the P&O MPPT approach have an impact on 

its performance.. As follows is the definition of duty cycle perturbation: [62-68], 

   1  

,   0 &  0   

,  0 & 0

pv pv

pv pv

D k D k D

if dp dv

or dp dv

   


  


  

                                                                                                                     (3.29) 

And, 
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  
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  

                                                                                                                        (3.30) 

someplace, Δvpv is the size of perturbation, and ΔD represents the perturbation size of the duty 

cycle. Thus, based on the relationship between change in PV array voltage and power, this same 

controller chooses the perturbation's direction, as seen in Fig. 3.8, and adjusts the duty cycle in 

accordance. 
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Figure 3.9.  PV array characteristics and an example of P&O MPPT. 
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ppv(k)-ppv(k-1)>0

vpv(k)- vpv(k-1)<0 vpv(k)- v pv(k-1)>0

Start P&O 
Algorithm

Track ppv(k ) and 

vpv(k)

ppv(k)-ppv(k-1)=0Yes

No Yes

Yes NoYesNo

Update values

D(k)=D(k-1)+∆D D(k)=D(k-1)-∆D D(k)=D(k-1)-∆D D(k)=D(k-1)+∆D

 
Figure 3.10.  Flow-chart diagram of P&O MPPT algorithm.  

A controller needs more time to track the MPP of the PV array as the perturbation size decreases. 

The flow-chart diagram of implemented P&O MPPT algorithm is presented in Fig. 3.10 A high 

perturbation size results in a faster tracking but at the cost of increased oscillations around the 

MPP. To achieve the goals of MPPT, an intelligent settlement between the tracking time and the 

perturbation size is maintained. In order to ease gentle charging of the battery and reduce 

oscillations around the MPP, the beginning duty cycle is taken as 0.05 and MPPT step size is set 

at 0.0015. 

3.6.3 Control Strategy For Propulsion And Regenerative Braking Modes 

For both PR and RB modes, an average current mode control logic is implemented. Based on the 

working mode, suitable switches are activated using a mode selector. The mode selector logic is a 

combination of logic gates and identities such as a braking command and the converter input 

voltage. In the case of propulsion (PR), the input of VSC voltage is regulated utilizing a controller 

Ghv(z) with an inner loop controller Gibc(z).  

In the RB mode, apart from the motor inverter switches, the switch 𝑆𝑐plays an active role in 

recovering the energy from the motor. The switch 𝑆𝑐has PWM pulses generated by the logic shown 

in Fig. 3.11. The reference input in this mode is the brake torque command. This command then 
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acts as a reference for the power level of the battery using a PI controller Gt(z) that generates a 

current reference for the battery pack, as illustrated in Fig. 2.7 
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Figure 3.11. Control block diagram of the converter in propulsion and regenerative braking modes. 

 

3.7  Results and Discussion 

The proposed converter is simulated in a MATLAB/Simulink scenario using the converter's 

parameters, which are listed in Table 3.1. The simulation research for plug-in charging is 

conducted separately for propulsion and regenerative braking modes. When the battery is charging, 

The baseline battery voltage is 300 V with 20% SOC, the grid voltage is set to 220 V, and the 

charging power is 1 kW. Fig. 2.7 displays simulated waveforms for the grid voltage (𝑉𝑔), grid 

current (𝐼𝑔), battery voltage (𝑉𝑏), battery current (𝐼𝑏), and grid side filter voltage and current (𝑉𝑐𝑓 

and 𝐼𝑐𝑓 ). Grid current and voltage are in phase. They can be shown in Fig. 3.12. Fast Fourier 

analysis was used to calculate the grid current's total harmonic distortion (THD) and power factor 

(PF) is 3.78% and 0.99. 
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Figure 3.12. Simulation waveforms during plug-in charging mode with 220 VRMS of grid voltage. 
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In Fig. 3.13, the battery voltage and current are also depicted. As can be observed from Fig. 3.13, 

a single-stage (single-phase) system's intrinsic low frequency (100 Hz) oscillation of the battery 

current is present. The filter inductor linked in series with the battery is what causes the battery 

current to oscillate. A compromise between the allowed the determination of the 1inductance 

filter's value was based on low frequency battery ripple current and the compactness of the charger. 
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Figure 3.13. Waveforms of battery voltage (Vb) and battery current (ib) during plug-in charging mode through grid. 

 

The grid side filter capacitor voltage and filter inductor current also showed up here. Fig. 3.14 The 

voltage across the filter capacitor is seen to be consistent and pulsing.. The filter current is also 

having same nature with different magnitude. Peak current through 𝐿𝑓 is 6.7 A, while the highest 

voltage across 𝐶𝑓is 311 V, complementing the peak grid voltage. 
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Figure 3.14. Waveforms grid side filter capacitor voltage and filter inductor current during plug-in charging mode 

through grid. 

The THD bar chart of input current is shown in Fig.3.15, where the THD is 3.6%. The UPF 

operation of the converter lowers the price of energy consumption and also lessens the loss of 

reactive power in the grid system. 
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Figure 3.15. THD of grid current 

   The voltage waveform across capacitor Cm is shown in Fig. 3.16(a). The peak voltage across this 

capacitor is same as the peak grid voltage (212 V). The voltage across switch 𝑆𝑎 is the sum of grid 

voltage and the battery voltage (𝑣𝑔 + 𝑣𝑏) which is shown in Fig. 3.16(b). 
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Figure 3.16. Simulation results of the plug-in charging mode (a) voltage waveform across capacitor Cm, (b) voltage 

waveform across switch Sa. 

Since, the proposed system has dual charging mode characteristics. Therefore, the observation 

of the performance of the solar PV array parameters during the solar charging mode has also been 

studied and analyzed. The behaviour of  solar PV voltage, current and battery terminal voltage 

under these conditions are displayed in Fig.3.17. The ripple in MPPT voltage is also minimal 

which helps to optimize the performance of the solar PV panel. Similarly, the solar PV cuurent has 

also very small ripple and track it sdesired magnitude at this insolation. On the other side, the rated 

value of battery terminal volatage demostarte the smooth charging of of battery. 
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Figure 3.17. Waveforms of PV and battery parameters in solar PV plug-in charging mode. 

With a 400 V dc-link and 1 kW of output load power, the proper waveforms of the proposed system 

in propulsion mode are shown in Figs.3.18 This section's step load adjustments demonstrate the 

dynamic behaviour of this mode. At t = 1.2 s, At t = 1.8 s, the load power falls to 1 kW from a 

peak of 2 kW. The dc-link voltage must be kept consistent, which is the control objective of this 

mode, for the inverter-drive system to operate well. Figure 3.18, which illustrates the efficacy of 

the controller performance, indicates that the dc-link voltage is well regulated at 400 V after the 

load changes. 
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Figure 3.18. Behaviour of DC link voltage in propulsion mode under load change. 
 

    The battery voltage and current are shown in Fig. 3.19 The battery current is seen to be 

increasing from 3.45 A to 6.9 A at t = 1.2 s. Similarly, when load is reduced from 2 to 1 kW at t = 

1.8 s, the battery current comes down to 3.45 A from 6.9 A. As seen in Fig. 3.19.the battery voltage 

is nearly constant during this interval.  
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Figure 3.19. Behaviour of battery voltage and current in propulsion mode under load change. 

Figs. 3.20 and 3.21 depict the waveforms of the regenerative mode. The battery is charged using 

just a constant current while the dc-link voltage is changed to confirm this mode. Thus according 

Fig. 3.21, the dc-link voltage fluctuations range from 290 V to 350 V. 
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Figure.3.20 . Nature of DC link voltage in regenerative braking mode. 

Importantly, Fig. 3.21 displays the battery voltage and current. Regardless of changes in the dc-

link voltage, the controller maintains the battery current at 3.5 A.. 
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Figure 3.21. Nature of battery voltage and current variation in regenerative braking mode. 

3.8 Conclusion 

The integrated converter indicated in this article functions as a ZETA converter for plug-in 

charging and regenerative braking modes, although as a buck mode converter for propulsion mode. 

As a result, it demonstrates buck/boost capabilities for each of these modes of operation without 

voltage inversion, allowing for a diverse variety of battery voltage selection, efficient a broad range 

of motor speeds, dc-link voltage stabilization, and the collection of regenerative braking energy. 

The suggested converter has fewer components as compared to the single-stage converters that are 
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already available and have comparable buck/boost capabilities in each mode. Numerous 

simulation results have been used to confirm the suggested integrated converter's operation and 

performance. The efficacy of the control method is evaluated using propulsion mode step load 

swings and regenerative braking mode dc-link voltage variations. 
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CHAPTER 4 

CONCLUSION AND FUTURE SCOPE 

   4.1 Conclusion 

  The traditional single-stage chargers only function in charging mode; as a result, additional 

converters must be used to accomplish other modes, increasing system weight and expense. As a 

result, OBC applicants do not find these fees appealing. An effective EV charging system with a 

multi-functional isolated DC-DC converter has been designed for onboard applications in 

recognition of the shortcomings of traditional chargers. The created technology charges the battery 

when the vehicle is stationary by using grid and solar electricity in a complimentary manner. Under 

all operational conditions, the converter's performance is effective. The proposed converter's 

regenerative brake control method has been explored, and simulation results have confirmed the 

idea. The integrated converter's planned layout does away with the need for additional switches 

and inductors for electric powertrain. Relevance analysis and simulation results using MATLAB 

under various operating situations are used to justify the suggested topology. 

 

4.2 Future Scope 

The proposed work presented in this report focuses on converter part of PEVs. Future expansion 

of presented work in this thesis will include: 

 The drive system of the vehicle can be included to interface various types of motors such as 

induction, BLDC and SRM with the integrated converters. 

 Validate the developed charging system in real time environment through experimental set-

up. 

 Another potential future use of this work is the use of super capacitors with integrated 

converters that are PV interfaced. The high power density super capacitor may be employed 

in automobiles in one of two ways: either in conjunction with a battery or alone. Depending 

on the application, a super capacitor can either be connected directly to the dc-link or through 

a dc/dc converter when used with a battery. 
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APPENDIX-A 

SIMULATION SETUP 

 

  This appendix explains about more detail of simulation setup that have been conducted in order 

to investigate the performance of the proposed converters in each mode of vehicle operation. 

    The simulations were conducted in MATLAB/Simulink environment. MATLAB is widely used 

as an interactive tool for modelling, analysis and visualization of systems, which itself contains 

more than 600 mathematical functions and supports additional toolboxes to make it more 

comprehensive. Simulink is a MATLAB add-on software that enables block diagram-based 

modelling and analysis of linear, nonlinear, discrete, and continuous and hybrid systems. The 

power circuit of the proposed topologies has been modelled using Sim Power- Systems toolbox of 

2013a MATLAB version. The control circuit has been developed using ’Math Operations’, ’Signal 

Routing, ’Discrete’, ’Sink’ and ’Source’ blocks of Simulink. The simulation sample time has been 

kept 1e-6 s for the execution of power circuit. 
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APPENDIX-B 

SPECIFICATIONS OF PV MODULE HB-40 

 

The complete specifications of an HBL Power systems Ltd. make PV module HB-40 are given 

below. All electrical parameters are measured at STC (25°C, 1000 W/m2, 1.5 AM). This module 

is used to design a PV array in Chapter 3. 

Electrical Specifications: 

Numbers of cells in a module               36 

Maximum Power                                  40 W 

Open circuit voltage                             21 V 

Short circuit current                             2.27 A 

Voltage at MPP                                   18.86 V 

Current at MPP                                    2.12 A 

 

Mechanical Specifications: 

Size - L×W×T                              655×480×34                                     

Weight                                           4.15 kg 
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