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Abstract: 

 

The availability fossil fuel resources are very low, high demand for green transportation are 

gradually increasing, thus there is high demand for the use of Electric Vehicles in the world. 

Electric Vehicles are playing an important role in greenhouse emission. This paper focuses on 

different topologies for an Electric vehicle. The topologies and charging structure which 

comprises AC-DC converter, buck converter, and high frequency transformer are discussed. In 

addition, this paper summarizes charging   systems of EV and comparison of   charging levels 

for electric vehicle and trend for the future development of electric vehicles. 
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1. Introduction 

In early years dc to dc converters are used to change one voltage level to another voltage 

level. Different types of DC-DC converters are available to step up or step down the voltage 

level. Basically buck, boost, buck-boost and cuk and full bridge converters are used to charge 

the batteries of electric vehicle [1]. The converters are non-isolated and isolated type. Non-

isolated DC-DC converters are simple in construction with no isolation between input and 

output. In isolated DC-DC converters isolation is provided by transformer. The buck converter 

is used to step down the voltage. Buck converter converts output voltage lower than the input 

voltage by using (SMPS) circuits. The input given to buck converter rectified to DC by 

rectifier [2]. Electric vehicles have less fuel cost, better fuel economy as compared to 
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conventional vehicles. Infrastructure with fast charging is necessary for public [3]. In public 

area level 2 or 3 charger are installed in parking lots, shopping centers, hotels, restaurants, etc. 

Battery charger must be efficient and reliable with high power density, low cost and low 

volume. Its operation depends on components, control and switching strategies. Battery 

chargers plays important role in the performance of Electric vehicle [4]. Charging time and 

battery life affects the characteristics of the battery charger. In public area level 2 or 3 charger 

are installed in parking lots, shopping centers, hotels, restaurants, etc.  

Charging of electric vehicle can be done in off- board and on- board mode [5].The on 

board chargers are mounted on the electric vehicle Fig.1 a and off-board chargers are outside 

the electric vehicle Fig.1 b. The power flow in this mode is unidirectional or bidirectional .In 

unidirectional mode power flows only in one direction in a circuit .in bidirectional mode power 

given to grid in feedback to the circuit. 

 

                                     Fig. 1 a) On board charger b) Off-board charger 

On board chargers, cost, volume and weight are high as they are mounted on the Electric vehicle 

[6], [7]. The power flow in on-board charger is unidirectional power flow. They are usually 

used with level 1 and level 2 as off-board charger is outside the Electric vehicle. The power 

flow in off-board charger is unidirectional or bidirectional power flow [8], [9], and [10]. 
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2   Literature Survey  

There are different topologies are available for charging the electric vehicle. Few of them 

described below 

2.1 Converter topologies 

Nor Hanisah Baharudin et al. 2017 discussed the various topologies in solar PV 

applications [11]. The buck, boost and buck-boost converter integrated with solar PV systems.  

The MPPT   algorithms were developed to obtain maximum output power from the PV arrays. 

They concluded the advantages and disadvantages of DC-DC converter in terms of cost, 

components   , efficiency and limitations.  Sajib Chakraborty et al. 2019 reported on Non-

isolated and isolated converter. DC-DC converters are used as electronic device with high 

frequency switching frequency for charging the battery of electric vehicle. The design of such 

converters gives higher efficiencies [12]. Use of High frequency switching circuit increases cost 

of passive components. 

   Shafinaz A. Lopa et al. 2016 presents design of DC-DC converter. Here for the buck, 

boost and buck boost converter output voltage is varied by values of inductor, capacitor, 

switching frequency [13]. These systems gives study of new skills and increase the 

knowledge in circuit design. Hua Bai proposed plug-in hybrid Electric vehicle topologies [14]. 

Forward converter, fly back converter, half bridge and full bridge converter is studied. For high 

voltage applications full bridge converter is most suitable as compared to fly back and forward 

converter. Full bridge converter gives small current stress, least voltage stress and highest 

efficiency. 

2.2 Existing Charging systems 

   Murat  Yilmaz et.al 2012 search over the current status and implementation of battery, 

charging power levels and infrastructure for plug-in electric vehicles and hybrids [15]. 

Theyworked on Inductive and conductive charging. They recently uses integrated charger. They 

reported on board and Off Board charger. Nopparat Moungkhum et al. 2013 reported on pulse 

width modulation rectifier using mat lab/simulink. They present result of pwm AC-DC converter 

circuits to control output voltage [16]. They convert input voltage from three phase AC system to 

stabilized DC output voltage. Yu Zhang et al.2017 presents electric vehicle fast charging stations 

in public area [17]. In order to meet rapid charging during journey they establish fast charging 

stations. They reported about fast charging utilization at the service station.  Del Puerto-Flores 
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et.al.2011 introduced power based controller for full bridge converter [18].The beneficial of full 

bridge converter gives frame work for the average constant output voltage.  Muhammad Aziz et 

al. 2016 have presented an alternating current-to-direct current inverter, a direct current to direct 

current voltage converter, a stationary battery, and an electric vehicle charger of possible 

resonance phenomenon in electrical networks which concentrated on DP inverters [19]. For the 

home connection, there is difference in charging rates for different seasons. For different seasons 

charging   rate   determined initially to measure the effect of electric vehicle battery temperature.  

The developed system can improve the charging performance of electric vehicle chargers in 

terms of the charging rate, while maintaining the contracted power capacity.  

Luis De Sousa et.al 2011 has explained the battery charger without additional power     

components. They combined rotor and stator of the electric drive [20]. The traction system 

solution is presented, the feasibility of this combination topology is studied and the effect of the 

electrical machine’s windings configuration is analyzed. Chang-Yeol Oh et.al 2013 developed 

non-isolated on board charger with minimum size and improved efficiency [21].They 

overviewed conventional topologies for application to the OBC. Nonisolated cascade buck-boost 

converter has been selected for high- power density and high efficiency. The theoretical 

operation of the proposed OBC has been analyzed in detail. The proposed system was verified 

through experiment with the implemented hardware of 3.7 kW achieving 97.6% efficiency and 

PF of 0.99. 

   Morsy Nour et al. 2020 has presented review of potential negative impacts of EVs 

charging on electric power systems mainly due to uncontrolled charging result presented 

uncontrolled EVs charging such as peak demand, voltage deviation from the acceptable limits, 

phase unbalance due to the single-phase chargers, harmonics distortion, overloading of the 

power system equipment, and increase of power losses on the system [22]. Also they reviewed 

positive impacts of controlled EVs charging and discharging. Ali T. Al-Awami et al. 2015 has   

proposed an adaptive voltage feedback controller for an onboard EV charger that does not 

require any real-time communication between the EV and the utility [23].This controller 

compares the system voltage at the point of charging with a preset reference voltage therefore 

EV charging is reduced as the system voltage approaches this reference. The simulation results 

show system voltage violations with a good performance in the presence of other voltage control 

devices and distributed generation units. 
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3. Analysis and discussion 

     Charging of EV can be done in three levels such as level 1, level 2, and level 3 are used for 

charging of battery electric vehicle. For example Uwakwe C. Chukwu et al.2014 [24] proposed 

V2G parking lot system which supports PV systems and initially formulas were developed for 

battery efficiency. This paper describes the mathematical models for grid gain factor. They 

compared three levels of charging of batteries Level 1 required more time to charge the battery 

as compared to the level 2, level 3, respectively.  

    In this paper L. Tan, B. Wu et al.2016 implements [25] high power three level DC-DC 

converter useful as bipolar-dc-bus fed EV charging station infrastructure. The benefits of this 

level are voltage balance control, neutral-point-clamped. These low-frequency voltage 

fluctuations are removed from the charging stations. S. Rivera and B. Wu et al. 2022 [26] 

proposed Non-isolated three level bidirectional DC-DC converter .The proposed converter 

which supports closed control strategy. In this paper, converter shows superior performance, 

large conversion ratio. 

   The following Table. 1 shows comparison between levels based on properties like 

charging voltage, charging rating, charging time. In the paper authors compare power levels and 

infra structure              and in [13] paper author developed fast charging level at service stations. 

 

Authors and Years 
 

Charger 
Type 

Charging 
voltage 

Charging 
Rating 

Levels Charging Time 

Uwakwe C. Chukwu 
et.al.2014 

On-board 120V 1.44-1.92 kW Level 1 5.8 miles for 
each hour 

L. Tan et.al.2016 On-board 240V 20 kW Level 2 60 miles for each hour 

S. Rivera et.al.2022 Off-board 480V 100 kW Level 3 300 miles for 
each hour 

                                   

                                        Table.1 Comparisons between charging levels 

 

4. Conclusion: 

  The batteries of electric vehicles are charged using a DC-DC converter. Infrastructure and 

electricity levels affect current charging systems. On board charger depends on standard ratings 

and limited voltage range. Off board chargers could charge the batteries of electric vehicle with 
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desired rating and power levels. This paper discussed different topologies and charging systems 

and compared three levels of charging the batteries for electric vehicle. Level 1 and 2 will be 

used for fast charging of the electric vehicle. 

 

References:- 

[1] Manisha Gaikwad, “Comparison of DC-DC converter topologies for electric vehicular 

application’’, helix,The scientific explorer, 9(2019),5879-5883. 

[2] B. Venkatesh reddy,.Ch. Chengaiah, “A review of efficient power converters in electric 

vehicle charging”, International journal of mechanical Engineering,.7(2022). 

[3] T. Gnann, S. Funke, “Fast charging infrastructure for electric vehicles: Today’s situation 

and future needs’’, Transportation Research part D 62(2018), 314-329. 

[4] Nor Hanisah Baharudin, Tunku Muhammad, Nizar Tunku Mansur, Fairuz Abdul Hamid, 

Rosnazri Ali, Muhammad Irwanto Misrun, “Topologies of DC-DC Converter in Solar PV 

Applications” ,Indonesian Journal of Electrical Engineering and Computer Science 

8(2017), 368- 374. 

[5] Sunil Kumar A V, Anusha S M, Charan Kumar B, Lokesh Singh M, Manjunath B Kanavalli, 

Shwetha G “ On Board and off-Board Electric vehicle charging Station’’, JETIR 7(2020). 

[6] S. Haghbin, "Integrated chargers for EV's and PHEV's: exam-ples and new solutions", The 

XIX International Conference on Elec-trical Machines - ICEM 2010, 1-6.  

[7] M. Grenier, M. G. Hosseini Aghdam and T. Thiringer, “Design of on-board charger for 

plug- in hybrid electric vehicle,’’ 5th IET Inter-national Conference on Power Electronics, 

Machines and Drives (PEMD 2010), 2010, 1-6. 

[8] Aggeler D, Canales F, Zelaya-De La Parra H, Coccia A, Butcher N, Apeldoorn O ,“ Ultra- 

fast DC-charge infrastructures for EV-mobility and future smart grids,’’ IEEE PES 

Innovative Smart Grid Technologies Conference Europe (ISGT Europe), Gothenberg, 2010, 

1-8. 

[9] Tu H, Feng H, Srdic S, Lukic S “Extreme fast charging of electric vehicles: a technology 

overview,’’ IEEE Trans Transport Electrific 5(4):861-878. 

[10] Kim J, Lee J, Eom T, Bae K, Shin M, Won C (2018), “Design and control method of 25 

kW high efficient EV fast charger ’’, 21st International Conference on Electrical Machines 

and Systems (ICEMS), Jeju, 2018, 2603-2607. 

ISSN NO : 1869-9391

PAGE NO: 212

GIS SCIENCE JOURNAL

VOLUME 10, ISSUE 12, 2023

International Journal of Pure Science ISSN NO: 1169-9398ISSN NO : 1844-8135International Journal of Pure Science Research



[11] Nor Hanisah Baharudin, Tunku Muhammad Nizar Tunku Mansur, Fairuz Abdul Hamid, 

Rosnazri Ali, Muhammad Irwanto Misrun , “Topologies of DC-DC Converter in Solar 

PVApplications ’’,Indonesian Journal of Electrical Engineering and Computer Science. 8 

(2017), 368-374. 

[12] Sajib Chakraborty, Hai-Nam Vu, Mohammed Mahedi Hasan, Dai-Duong Tran, Mohamed 

El Baghdadi, Omar Hegazy, “DC-DC converter Topologies for Electric Vehicles. Plug -in 

Hybrid Electric Vehicles and Fast Charging stations: State of the Art and Future Trends”, 

Energies 2019.  

[13] Shafinaz A., Lopal, S. Hossan, M.K.hasan, “Design and Simulation of DC-DC 

converters,’’, International  Research Journal of Engineering and Technology 3(2016).  

[14] Hua Bai, “Comparison and evaluation of different DC/DC topologies for plug-in hybrid 

electric vehicle chargers,’’Int. J. Power Electronics, 4(2012). 

[15] Murat Yilmaz, T krein,, “Review of Battery Charger Topologies, Charging Power Levels, 

and Infrastructure for Plug-In Electric and Hybrid Vehicles. ’’IEEE Transaction on power 

electronics, 2012, 2151-2169. 

[16] Nopparat Moungkhum a, and Wanchai Subsingha A, “Voltage Control by DQ Frame 

Technique of SVPWM AC-DC Converter,’’ Energy Procedia, 34(2013), 341- 350. 

[17] Fang C, Zhang Y, Wang Y et al, “Optimized capacity allocation of fast charging station with 

energy storage based on queuing theory, ’’ Modern Electric Power”,34 (147) 2017. 

[18] D. Del Puerto-Flores, and J.M.A. Scherpen,,“ Power-Based controller for a Bidirectional 

ac-dc Power converter, ’’IFAC Proceedings,volume 44,Jan.2011, pages 9751- 9756. 

[19]Muhammad Aziz Takuya oda, Maskazu Ito “Battery-assisted charging system for 

simultaneous charging of electric vehicles Energy 100 (2016), 82-90 . 

[20]Luis Desouso ,Benediete Silvestre Boris Bouchez “ A Combined Multiphase Electric Drive 

and Fast Battery Charger for Electric Vehicles ”, IEEE Conference on Vehicle Power and 

Propulsion, 2011. 

[21]Chang-Yeol Oh, Dong-Hee Kim, Dong-Gyun Woo, Won-Yong Sung, Yun-Sung Kim “A 

High-Efficient Nonisolated Single-Stage On-BoardBattery Charger for Electric Vehicles”, 

IEEE Transactions on Power Electronics,28(2013). 

ISSN NO : 1869-9391

PAGE NO: 213

GIS SCIENCE JOURNAL

VOLUME 10, ISSUE 12, 2023

International Journal of Pure Science ISSN NO: 1169-9398ISSN NO : 1844-8135International Journal of Pure Science Research



[22]Morsy Nour, Jose Pablo Chaves-Avila, Gaber Magdy, Alvaro Sanchez,Miralles “ Review of 

Positive and Negative Impacts of Electric Vehicles Charging on Electric Power Systems”, 

Energies 13(2020), 4675. 

[23] Ali T. Al-Awami ,Ghous M. Asim Akhtar ,Samy Faddel “ A Voltage-Based Controller for an 

Electric-Vehicle Charger ” , IEEE Transactions on Vehicular Technology,2015 

 [24]U. C. Chukwu and S. M. Mahajan, “V2G Parking Lot With PV Rooftop for Capacity 

Enhancement of a    Distribution System ’’, EEE Transactions on Sustainable Energy, 

5(2014), 119-127. 

[25]L. Tan, B. Wu, V. Yaramasu, S. Rivera, and X. Guo, “EffectiveVoltage Balance Control for 

Bipolar-DC-Bus-Fed EV Charging Station With Three-Level DC-DCF ast Charger” ,IEEE 

Transactions on Industrial Electronics, 63 (2016) 4031-4041. 

[26] S. Rivera and B. Wu, “Electric Vehicle Charging Station With anEnergy Storage Stage for 

Split-DC Bus Voltage Balancing,’’,IEEE Transactions on Power Electronics, 32(2022).2376-

2386. 

 

ISSN NO : 1869-9391

PAGE NO: 214

GIS SCIENCE JOURNAL

VOLUME 10, ISSUE 12, 2023

International Journal of Pure Science ISSN NO: 1169-9398ISSN NO : 1844-8135International Journal of Pure Science Research


