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Abstract: Climate change and the greenhouse effect 

are the major motivational factors for the 

development of electric transportation systems word 

wide. The major components in electric vehicles are 

the motor, energy storage system, and control 

circuits. Out of all the major research areas in 

current trend are the charging technologies. Various 

charging techniques available are static charging, 

dynamic charging, etc. 

Using the charging circuits of an electric vehicle, the 

power can be transferred from grid to vehicle and 

also from vehicle to grid. The power flow will be from 

the grid to the vehicle if the battery storage is less. 

But, it is possible to send back the power from vehicle 

to grid if the bidirectional charging circuit is 

employed in the vehicle. This requirement can be 

utilized during the lack of power produced by 

renewable energy sources. 

In this paper, a bi-directional charging circuit for 

electric vehicles is designed and simulated. The 

charging circuit can send and receive the power in 

both directions. The simulation results of the 

charging circuit are shown and the waveforms related 

to the charging and discharging are also shown. 

Entire simulations are performed in SIMULINK. 

Keywords: Bi-Directional, Charging,  Grid, Battery, 

Electric Vehicle. 

1. INTRODUCTION 

The following survey reflects the importance of 

charging technologies in the operation of electrical 

vehicles. It shows the major customer interest 

during the purchase of any electric vehicle. 

 

Fig.1. Influence of charging option. 

Most of the people who buy an electric vehicle, the 

major limitation is the charging circuit, because 

everyone requires a fast charging mechanism. 

Following are the various charging mechanisms 

available for electric vehicles. They are  

1. Static charging 

2. Dynamic charging 

3. Fast charging 

The static charging technology is to charge the 

vehicle at rest position, whereas using dynamic 

charging, the vehicle is charged under running 

conditions also. But there are a lot of constraints to 

implement dynamic charging techniques. 

Following are the vehicle charging circuits 

available for the electrical vehicle. 

1.1 Grid to vehicle/ Vehicle to grid Charger: 

This type of charging circuit is becoming very 

popular due to the bidirectional transfer of power. 

The power can be transferred from vehicle to grid 

and also from the grid to vehicle. The vehicle to 

grid mode is utilized if the renewable energy 

availability is reduced. 
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Fig.2. Vehicle to grid and grid to vehicle 

 

1.2 On-Board bidirectional charger: 

This type of charging technique is also becoming 

very popular, as the power flow is bidirectional. 

 

Fig.3. Typical Bidirectional charger. 

1.3 Grid Synchronization: 

This is the instantaneous solution to charge the 

electric vehicle; The method used to charge utilized 

the phase-locked loop using this technology. 

 

Fig.4. Grid Synchronization. 

2. LITERATURE REVIEW 

In this section, the related work that is presented in 

the open literature is shown. Some of the good 

aspects related to the onboard DC-DC converters 

are highlighted. The structure, topologies, and the 

control issue of various available converters are 

included here in this chapter. 

 

Fig.5. Bidirectional converter topology for charging circuits. 

Following are the major areas that are carried out 

research related to the onboard charging circuit. 

 Active power decoupling technique. 

 Advanced control methods of converters. 

 The advanced topologies of converter 

circuits. 

 Multi-functional onboard dc-dc charging 

circuits. 
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Simple bi-directional AC to DC converter: 

It consists of two modules, which are shown below 

figure.

 

Fig.6. Simple AC to DC converter. 

 

3.CONVERTERS FOR CHARGING CIRCUITS 

The dc-dc converter plays a vital role in the 

charging process of electric vehicles. It provides a 

good interface for the vehicle and the power 

source. In this chapter, various dc-dc converters 

that are used in the design of the charging circuit 

are presented. The topology and the design of 

various converters are also included. 

3.1 Types of DC-DC converters: 

Following are the various types of DC-DC 

converters that are used for electric vehicle 

charging applications. 

 Buck converter 

 Boost converter 

 Buck/Boost converter 

 Cuk converter 

 SEPIC converter 

 Resonant converter. 

Out of all, In the present discussion, the converters 

used for charging applications are considered. 

3.2 Buck, Boost, Buck/Boost converter: 

To increase or to decrease the voltage these types 

of converters are used. These converters are more 

popular due to their simplicity. 

 

Fig.7. Buck, Boost converters. 

3.3 DC-DC Full bridge converters: 

These converters can be derived from buck 

converters, the voltage source is required for this 

type of converters. These are also called voltage 

source converters. The below figure shows the 

topology of this converter. 

 

Fig.8. DC-DC full-bridge converter. 

The operating equations of this converter are 

shown below. 
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Fig.9. Waveforms of Full bridge converter. 

3.4 Full bridge current source converters (FBCSC): 

An inductor is added at the input to operate this 

converter for the entire range of the duty cycle. The 

topology of the circuit is shown below. 

 

 

 

Fig.10. Topology of FBCSC. 

 

Fig.11.Waveforms of FBCSC. 

3.5 Bi-Directional Double leg Full-Bridge 

Converter: 

The combination of a full-bridge voltage source 

converter and the full-bridge current source 

converter will give this topology. The circuit 

diagram and the operating equations are shown 

below. 

 

Fig.12. Topology of double leg full-bridge converter. 
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4. SIMULATION MODEL AND RESULTS 

In this section, the simulation results that are 

obtained for the proposed bidirectional dc-dc 

converter are presented. All the simulations are 

carried out in MATLAB/SIMULINK. All the 

output waveforms are shown for both directions of 

the power flow.  

4.1 Specifications: 

Battery Specifications: 

 

Following are the Battery Discharge parameters: 

 

4.2 Simulation Model: 

 

Fig.13. Simulation circuit of Bi-directional Converter. 

 

 

Fig.14.Ripple Calculation circuit. 
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Fig.15.PI controller for the dc-dc converter. 

 DC bus voltage = 300 V 

 Battery Voltage = 120 V 

 Battery Rating = 800 Ah 

 Maximum value of ripple is 0.623. 

4.2 Circuit Operation: 

The load is shared between the battery (through the 

DC/DC bidirectional converter) and the DC bus. 

 

The measurement is compared with the reference, 

then we get the error from the PI then translate the 

error to a duty cycle. For example, the measured 

current is 1A and the desired/ reference is 5A then 

the error is 4, however, the duty cycle only varies 

between 0 to 1, therefore, we need a translator or 

converter to convert this error to something 

between 0 and 1, which is the PI. Since we know 

the range of the values of the input to the PI (i.e. 

error) and its output (i.e. duty cycle), this might be 

helpful also in tuning, to figure out Kp and Ki. 

Once we get the duty cycle, it is just a number and 

the IGBT switch only understand 1 or 0, then we 

compare the duty cycle number with a sawtooth 

signal (sawtooth vary from 0 to 1) to get pulses (i.e. 

zeros and ones) that go to the IGBT. 

 

The circuit is operated in two cases. 

Case – 1: Power is supplied to the battery (battery 

is charging and it will take the current, so current is 

positive). 

 

Case – 2: Power is supplied from the battery 

(battery is supplying the power, current, in this 

case, is negative). 

4.4.1 Waveforms for Case 1 

    

Fig.16.Current flowing into the battery (Battery is charging) 

 

 

Fig.17. DC bus voltage waveform 
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4.4.2 Waveforms for Case 2:  

 

Fig.18. Current flowing out from the battery (Battery is 

supplying power in the reverse direction) 

 

Fig.19.DC bus voltage during the case 2 

From the output waveforms, it is clear that the 

converter designed for the power transfer is 

operating in bi-direction mode. The DC bus voltage 

is almost constant. The current is reversed by 

changing the reference value. 

 

CONCLUSION 

Various DC /DC converters are analyzed, which 

are suitable for the charging circuits of electric 

vehicles. The following conclusions are made from 

the work carried out in this thesis.  

The simulation results proved that the designed bi-

directional circuit can work in both directions. 

The simulation results proved the back-to-back 

operation of the DC-DC converter (Power flow 

from grid to vehicle and vehicle to grid).  

The provision for calculation of ripple content is 

given in the simulations with a maximum allowable 

ripple value of 0.623 %. 

FUTURE SCOPE 

The following aspects are left as the future scope of 

this work. 

1. The tool used in the present work is the 

SIMULINK, which is having a lot of 

limitations. Hence, similar work can be 

verified using the other tools/software. 

2. The core loss models presented are not 

very accurate due to the lack of 

mathematical models. Hence, these 

models can be found from field based 

studies.  

 

References 

1. Pang, C.; Dutta, P.; Kezunovic, M. 

BEVs/PHEVs as Dispersed Energy Storage for 

V2B Uses in the Smart Grid. IEEE Trans. 

Smart Grid 2012, 3, 473–482. . 

2.  Al-Alawi, B.M.; Bradley, T.H. Total cost of 

ownership, payback, and consumer preference 

modeling of plug-in hybrid electric vehicles. 

Appl. Energy 2013, 103, 488–506. 

3.  Al-Alawi, B.M.; Bradley, T.H. Review of 

hybrid, plug-in hybrid, and electric vehicle 

market modeling Studies. Renew. Sustain. 

Energy Rev. 2013, 21, 190–203.  

4. Asazawa, K.; Yamada, K.; Tanaka, H.; Oka, 

A.; Taniguchi, M.; Kobayashi, T. A Platinum-

Free Zero-CarbonEmission Easy Fuelling 

Direct Hydrazine Fuel Cell for Vehicles. 

Angew. Chemie 2007, 119, 8170–8173.  

5.  Hadley, S.W.; Tsvetkova, A.A. Potential 

Impacts of Plug-in Hybrid Electric Vehicles on 

Regional Power Generation. Electr. J. 2009, 

22, 56–68.  

6.  Romm, J. The car and fuel of the future. 

Energy Policy 2006, 34, 2609–2614.  

7. Thomas, C.E. Fuel cell and battery electric 

vehicles compared. Int. J. Hydrogen Energy 

2009, 34, 6005–6020.  

8. Hawes, M. Emerging Solutions to Hybrid & 

Electric Vehicle DC:DC Converter Design and 



INTERNATIONAL JOURNAL OF ENGINEERING INNOVATIONS IN ADVANCED TECHNOLOGY 

ISSN [O]: 2582-1431      VOLUME-III ISSUE-III   JULY-SEPTEMBER-2021 

 

22 

  

Test; Keysight Technologies: Santa Rosa, CA, 

USA, 2017. 20. Bradley, T.H.; Frank, A.A. 

Design, demonstrations and sustainability 

impact assessments for plug-in hybrid electric 

vehicles. Renew. Sustain. Energy Rev. 2009, 

13, 115–128.  

9. Emadi, A.; Lee, Y.J.; Rajashekara, K.; Emadi, 

A.; Lee, Y.J.; Rajashekara, K. Power 

Electronics and Motor Drives in Electric, 

Hybrid Electric, and Plug-In Hybrid Electric 

Vehicles. IEEE Trans. Ind. Electron. 2008, 55, 

2237–2245.  

10. Ehsani, M.; Yimin, G.; Miller, J.M. Hybrid 

Electric Vehicles: Architecture and Motor 

Drives. Proc. IEEE 2007, 95, 719–728.  

11. Quinn, C.; Zimmerle, D.; Bradley, T.H. The 

effect of communication architecture on the 

availability, reliability, and economics of plug-

in hybrid electric vehicle-to-grid ancillary 

services. J. Power Sources 2010, 195, 1500–

1509.  

12. Ehsani, M.; Gao, Y.; Longo, S.; Ebrahimi, K. 

Modern Electric, Hybrid Electric, and Fuel Cell 

Vehicles, 3rd ed.; CRC Press: Boca Raton, FL, 

USA, 2004. 25. Sandy Thomas, C.E. 

Transportation options in a carbon-constrained 

world: Hybrids, plug-in hybrids, biofuels, fuel 

cell electric vehicles, and battery electric 

vehicles. Int. J. Hydrogen Energy 2009, 34, 

9279–9296.  

 

 

 


	1. INTRODUCTION
	1.1 Grid to vehicle/ Vehicle to grid Charger:
	1.3 Grid Synchronization:

	2. LITERATURE REVIEW
	Simple bi-directional AC to DC converter:

	3.CONVERTERS FOR CHARGING CIRCUITS
	3.1 Types of DC-DC converters:
	3.2 Buck, Boost, Buck/Boost converter:
	3.3 DC-DC Full bridge converters:
	3.4 Full bridge current source converters (FBCSC):
	3.5 Bi-Directional Double leg Full-Bridge Converter:

	4. SIMULATION MODEL AND RESULTS
	4.2 Simulation Model:
	4.2 Circuit Operation:
	4.4.1 Waveforms for Case 1
	4.4.2 Waveforms for Case 2:

	CONCLUSION
	FUTURE SCOPE
	References

