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ABSTRACT 

 

The voltage at halfway should be equal for optimum voltage gain and energy transfer in order to 

achieve gentle switching in the bidirectional converter. Both from the side of high voltage to the 

side of low voltage. But,It is challenging to charge the battery during soft switching. Due to the 

same voltage level but a larger charging current in the middle. The battery split that is feasible for 

grid-to-vehicle (G2V) mode of operation when a vehicle's battery splits in two equal voltage part 

by using relay or breaker circuit configuration. [The forward converter is based on buck topology, 

the flyback converter is based on buck-boost topology, and both full-bridge and half-bridge 

converters can be formed from buck and boost topologies. In addition, converter types can be 

divided into using transformer cores . A net DC current flows in the forward and flyback 

topologies. 
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1.0 Introduction 

 

The power electronic circuits, which in an electric vehicle comprise DC-AC inverters and 

DC-DC converters, are crucial. DCDC converters are utilised to supply low power, low voltage 

loads, while DC-AC inverters are used to supply high power electric motors. Bidirectional high-

power DC-DC converters have been designed using cutting-edge topologies specifically for use in 

hybrid automobiles.[1] The non-isolated bidirectional dc-dc converter model in this paper has a 

half-bridge topology.  

Electric vehicles (EVs) engage in continuous charge-discharge cycles when they connect to 

the grid to carry out various V2G services. The expense related to the EV batteries' deterioration 

needs to be examined and assessed, therefore these cycles may be of major concern to the owners of 

the vehicles[2]. In light of this, the battery cycle life (CL) must be taken into account while talking 

about the battery's deterioration. The non-isolated bidirectional dc-dc converters that are used to 

charge and discharge the batteries have a straightforward structural design that is highly efficient, 

affordable, and dependable. 

Voltage is changed by adjusting the converter output, which operates in buck and boost 

mode [9], to improve the effectiveness of battery charging and discharging.The battery is charged by 

the bidirectional converter, which also transfers energy to the battery as needed and recovers energy 
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during regenerative braking[3]] To control the charging and draining of the battery as well as the flow 

of power, a bidirectional power converter is required[4]. 

 

2.0 Converter Design 
 

In order to control the charging and discharging modes, a battery is employed in this research 

as energy storage with a bidirectional dc-dc converter. Using a PID controller, the converter is 

controlled. When more power is needed, the energy storage will take over, and during regenerative 

braking, the generated energy is returned to the battery. Buck and boost are two of the converter's two 

operating modes[5-6]. 

 

 
 

3.0 Vehicle Modeling 

 

Parallel HEV is used for the study. The electric motor and the engine is coupled with the 

transmission[7].The wheel torque requirement is calculated by the equation[8]- 
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Figure 2: Schematic of Parallel HEV 

 

ICE

Electric 

Motor

Battery

Wheel
T/M

 
 

It suggests that a parallel HEV system's performance is significantly influenced by how this 

power split is managed. Simple rule-based or map-based heuristic control strategies seem to be falling 

behind controllers that are oriented on minimising fuel consumption[9]. The latter, commonly known 

as optimal controllers, actually provides more generality and reduces the need for significant 

adjustment of the control parameters[10]. 

 

4.0 Simulation Results 

 

Internal resistance falls off as a result of discharge and reaches its minimum level at half 

charge. The resistance reading is higher after a full charge and discharge. A Li-ion battery's internal 
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resistance value is basically flat while it is charged from empty to full. The battery power decreases 

when SOC is between 0 and 70%, with the biggest loss occurring between 0 and 30% of SOC. 

 

 
 

Figure 4: Charge /Discharge Condition Variation with SOC 

 
 

EVs, HEVs, FCHVs, and PHEVs have successfully handled current energy and 

environmental challenges. Thanks to ground-breaking power electronics and ESSs, electric drive 

trains totally or largely replace ICEs in these cars. In order to supply hybrid power trains with the 

energy they require, sophisticated ESSs are used. Currently, hybrid ESSs are absent from the bulk of 

commercially available EVs and hybrid vehicles. 

 

5.0 Conclusion 

 

Electric vehicles (EVs) engage in continuous charge-discharge cycles when they connect to 

the grid to carry out various V2G services. The expense related to the EV batteries' deterioration 

needs to be examined and assessed, therefore these cycles may be of major concern to the owners of 

the vehicles. In light of this, the battery cycle life (CL) must be taken into account while talking about 
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the battery's deterioration. The state of charge parameter is used in this study to test the sequential 

simulation findings for the different drive cycles. When there is a low demand for electricity, energy 

storage devices are charged, and when there is a large demand, they are discharged. The ESS is the 

element that regulates the electric range and fuel economy. The two ESSs for automobiles that are 

currently most in demand are batteries and ultra-capacitors. Batteries, which have high energy 

densities, are where the majority of onboard electric energy is kept in reserve. 

 

References 

 

[1] Hill, “Electric car sales predictions are all over the map.” [Online]. Available: 

http://thehill.com/blogs/pundits-blog/transportation/315958-forecasts-for-electric-car-sales-

are-all-over-map 

 

[2] Ethan, “Home.” [Online]. Available: http://www.electricalindustry.ca/latest-news/1340-light-

duty-electric-vehicle-forecast-74-000-by-2024 

 

[3] R. Wang, Y. Li, P. Wang, and D. Niyato, “Design of a v2g aggregator to optimize phev 

charging and frequency regulation control,” in Smart Grid Communications 

(SmartGridComm), 2013 IEEE International Conference on. IEEE, 2013, pp. 127–132. 

 

[4] S. Han, S. Han, and K. Sezaki, “Development of an optimal vehicle-to- grid aggregator for 

frequency regulation,” IEEE Transactions on smart grid, vol. 1, no. 1, pp. 65–72, 2010. 

 

[5] Ruan, Jiageng, Paul David Walker, Nong Zhang, and Jinglai Wu. "An investigation of hybrid 

energy storage system in multi-speed electric vehicle." Energy 140 (2017): 291-306. 

 

[6] Cikanek, Susan Rebecca, and Kathleen Ellen Bailey. "Regenerative braking system for a 

hybrid electric vehicle." In Proceedings of the 2002 American Control Conference (IEEE Cat. 

No. CH37301), vol. 4, pp. 3129-3134. IEEE, 2002. 

 

[7] Jeon, Soon-il, Sung-tae Jo, Yeong-il Park, and Jang-moo Lee. "Multi-mode driving control of 

a parallel hybrid electric vehicle using driving pattern recognition." J. Dyn. Sys., Meas., 

Control 124, no. 1 (2002): 141-149. 

 

[8] Pisu, Pierluigi, and Giorgio Rizzoni. "A supervisory control strategy for series hybrid electric 

vehicles with two energy storage systems." In 2005 IEEE Vehicle Power and Propulsion 

Conference, pp. 8-pp. IEEE, 2005. 

 

[9] Piller, Sabine, Marion Perrin, and Andreas Jossen. "Methods for state-of-charge 

determination and their applications." Journal of power sources 96, no. 1 (2001): 113-120. 

 

[10] Gao, J. P., GM G. Zhu, Elias G. Strangas, and F. C. Sun. "Equivalent fuel consumption 

optimal control of a series hybrid electric vehicle." Proceedings of the Institution of 

Mechanical Engineers, Part D: Journal of Automobile Engineering 223, no. 8 (2009): 1003-

1018. 


