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This paper presents the control and simulation of an electric vehicle (EV) charging station using a three-
level converter on the grid-side as well as on the EV-side. The charging station control schemes with 
three-level AC/DC power conversion and a bidirectional DC/DC charging regulator are described. The 
integration of EVs to the power grid provides an improvement of the grid reliability and stability. EVs 
are considered an asset to the smart grid to optimize effective performance economically and 
environmentally under various operation conditions, and more significantly to sustain the resiliency of 
the grid in the case of emergency conditions and disturbance events. The three-level grid side converter 
(GSC) can participate in the reactive power support or grid voltage control at the grid interfacing point 
or the common coupling point (PCC). A fuzzy logic proportional integral (FL-PI) controller is proposed 
to control the GSC converter. The controllers used are verified and tested by simulation to evaluate their 
performance using MATLAB/SIMULINK. The comparison of a PI-controller and a PI-Fuzzy controller 
for the EV charging station shows the effectiveness of the proposed FL-PI controller over conventional 
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PI controller for same circuit operating conditions. A good performance for PI-Fuzzy in terms of settling 
time and peak overshoot can observed from the simulation results. 
 
Keywords: EV charging station; three-phase three-level; AC/DC converter; FLC control 
 
INTRODUCTION 
 
Overview of Wireless Power Transfer (WPT) 
Since Nikola Tesla invented the method of wireless power transmission, the innovation of wireless power transfer 
has attracted a lot of attention. Because magnetic resonance wireless transmission is effective and has a significant 
charging range, it is recommended[1]. It is extensively utilized in many contemporary and daily applications, such as 
wireless mobile phone charging, electric car charging , biomedical implants , etc. A study from 1980 that describes 
how wireless power transfer powers electric trains operating in a Soviet Union mine is one of the earliest examples of 
attempts to use wireless power innovation for large amounts of electricity . Most likely, the risk of fire in the mine led 
to the use of the wireless power transmission technology. Most likely, the risk of fire in the mine led to the use of the 
wireless power transmission technology[1], [2]. Then, the results indicate that the power transmission frequency was 
5 kHz, indicating that the productivity was probably not very high. There was only a few millimeters between the 
two points of power transmission. Large currents could be controlled at relatively high frequencies of 20 kHz or more 
in the 1990s, which led to a rapid advancement in wireless power transfer technology. Its use is demonstrated by the 
autonomous carriages that operate in semiconductor manufacturing facilities where dust is prohibited. This led to a 
90% power transfer efficiency, and this type of WPT system is now the norm. Still, not much is done to improve the 
transmission distance; the coil's size is a determining factor [3], [4]. 
 
Joint Improvement of Wireless Charging Systems 
IHI and WiTricity Corporation (U.S.) have collaborated to enhance deeply coupled magnetic resonance charging 
invention, which has enabled very effective power transfer over many centimeters. This invention was the result of 
research done in 2007 by MIT researchers who were able to light a 60W bulb at a distance of two meters (Lu, 2015). 
This conclusion disproved the information that was available at the time about WPT innovation in terms of 
transmission distance, which contributed to its rise in popularity in 2007[5] . The corporation began working together 
to boost remote charging frameworks after assuming management of the innovation from MIT. Since there had been 
essentially little change at the research facility level, the focus of development has been on how to best leverage this 
innovation.. With our focus on EV and PHEV charging, we work hard to provide a framework that is easy to use. The 
comfort and ease of consumers are the top priorities in this progress. 
 
Wireless Power Transmission System for Electric Vehicle Charging 
The three most important things to consider in WPT systems when lowering the reluctance effect concerning the 
efficiency of the power transferred for great air gaps are shape, dimensions of coils, choosing coil and core 
materials. The charging operation for wireless electric vehicles is as depicted in Figure 1. Here, the inverter converts 
the AC power from the grid to a DC power needed by the converter and again rectified to AC suitable for the 
transmitting coil placed on the ground. The transmission of this AC power took place wirelessly by magnetic 
resonance method to the receiving coil placed under the vehicle’s chassis and converted back to DC power used to 
charge the battery[6]. 
 
Features of WPT Structure for Charging Electric Vehicles 
There are three essential requirements an effective and suitable electric vehicle charging structure has to meet: large 
air gap, high power and high efficiency (Beh, 2010). Electromagnetic waves serve as a means of propagating energy 
in an RF & Microwave system (Sample, 2011). This transfer of power takes place over air gaps within some km; 

Mallikarjun et al., 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                             www.tnsroindia.org.in ©IJONS 
 

Vol.15 / Issue 85 / Aug / 2024      International Bimonthly (Print) – Open Access      ISSN: 0976 – 0997 

76518 
 

   
 
 

however, it results in some drawbacks such as line of sight transmission, low power (less than 1 kW) transmission, 
a great loss in the air, low efficiency and an extensive effect on its environment (Wang, 2011). Inductive Power 
Transfer (IPT) (Xui, 2013) also referred to as non-resonant inductive method (Karalis, 2008) or electromagnetic 
induction or inductive coupling method (Sample, 2011) has low charging distance (about few centimeters) (Xui, 
2013) because of its loose coupling between the receiving and transmitting coils respectively (Hasanzadeh, 2012). 
The MIT research team proposed the magnetic coupling resonant technique (Kurs, 2007), also referred to as 
resonant inductive power transfer (Musavi, 2012) in 2007 which has been demonstrated alluring for EV and PHEV 
charging applications due to its mid-range charging distance efficiency (100-300mm), low loss in its surrounding, 
low interference and its omnidirectional characteristics (Cheon, 2011). From the figure 1-3 and table 5, it is also 
noticeable that the amount of mutual inductance between the transmitting coil and the receiving coil slightly 
changes since each is the sum of its own self- inductance and the mutual inductance of the other coil. As the other 
coil gets closer due to the direction of the excitation current defined, the value slightly fluctuates because there is 
still some flux present. The design of the system circuit is created in ANSYS Simplorer while the design of the 
transmitting and the receiving coils is created in ANSYS Maxwell. This Maxwell design held the dynamic 
inductance information about the coil structure and imported the Simplorer as L parameters. At the transmitting 
side, the resonance capacitor is connected in series with the inductor to have maximum current flowing through the 
inductor, hence, maximum power is delivered to the transmitter. At the receiving side, the capacitor was connected 
in parallel with the inductor to have a maximum voltage drop on the load resistor. 
 
 An AC analysis needs to be set up to determine the efficiency of the system. Below I have shown the parameters for 
the analysis. From figure 1-6, the system’s efficiency reaches its peak of about 98.3% at a resonance frequency of 0.35 
MHz. At any frequency apart from the resonance frequency, the efficiency reduces. This indicates that the magnetic 
resonance method is a very efficient way of transferring power wirelessly over a mid-range distance. In addition, 
the 3D rectangular plot helps to verify the efficiency of the system with respect to the spacing between the coils and 
its operating frequency produced at 98.3%.The transient analysis is set up to determine the frequency analysis of the 
system. Below are the values for the setup. Figure 4-17 shows the complete system of a magnetic resonance WPT 
circuit designed in Maxwell. The circuit consists of a power supply source, rectifier, inverter, transmitting coil, 
receiving coil, and a load. The power supply, which is an AC source, needs to pass through the rectifier and then be 
converted back to AC by an inverter because the coils need an AC voltage to operate. The reason why the AC 
supply passes through the rectifier first is that, the AC voltage from the grid is not suitable for the transmitting and 
receiving coils. 
 
Comparing with Magnetic Induction Power Transfer 
In magnetic induction wireless power transfer, the current passes through the transmitting coil, which produces a 
varying magnetic field. This induces a current in the receiving coil which helps to charge the electric vehicle. Its 
power transfer efficiency depends on the closeness of the two coils. Using the same coil design and parameters and 
keeping the same distance between both coils as in the magnetic resonance method, results show that the efficiency 
of the inductive coupling method reaches its peak at 60.145%. This confirms that wireless power efficiency is low in 
the inductive coupling method over large distances. 
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CONCLUSION 
 
This research delved into the effectiveness of the wireless-based resonance charging system through simulation 
results. The simulation results obtained from ANSYS Maxwell verify the effectiveness of the electromagnetic 
resonance technique. The energy transfer efficiency depends on the operating frequency. Results show that the 
energy transfer efficiency of a resonance-based wireless energy transfer system reaches the maximum (98.3%) at the 
resonant frequency. If the system is set at a frequency other than the resonance frequency, there is an abrupt drop in 
the energy transfer efficiency. Additionally, the design of a magnetic induction verifies the effectiveness of wireless 
power transfer with magnetic resonance over large distances as simulation results show that the efficiency of power 
transfer with the induction method over large distances is about 60%. Therefore, the magnetic resonance wireless 
charging is a more efficient method for charging the electric vehicle. 
 
REFERENCES 
 
1. Murat, Y.; Philip, T.K. Review of battery charger topologies, charging power levels, and infrastructure for 

plug-in electric and hybrid vehicles. IEEE Trans. Power Electron. 2013, 28, 2151–2169. 
2. Long, B.; Lim, S.T.; Bai, Z.F.; Ryu, J.H.; Chong, K.T. Energy management and control of electric vehicles, 

using hybrid power source in regenerative braking operation. Energies 2014, 7, 4300–4315.  
3. Fan, Y.; Zhu, W.; Xue, Z.; Zhang, L.; Zou, Z. A multi-function conversion technique for vehicle-to-grid 

applications. Energies 2015, 8, 7638–7653.  
4. Lukic, S.M.; Cao, J.; Bansal, R.C.; Fernando, R.; Emadi, A. Energy storage systems for automotive 

applications. 
5. IEEE Trans. Ind. Electron. 2008, 55, 2258–2267. [CrossRef]Han, S.; Han, S.; Sezaki, K. Development of an 

optimal vehicle-to-grid aggregator for frequency regulation.IEEE Trans. Smart Grid 2010, 1, 65–72. 
6. Singh, M.; Kumar, P.; Kar, I. Implementation of vehicle to grid infrastructure using fuzzy logic controller. 

IEEE Trans. Smart Grid 2012, 3, 565–577.  
7. Liu, H.; Hu, Z.; Song, Y.; Wang, J.; Xie, X. Vehicle-to-grid control for supplementary frequency regulation 

considering charging demands. IEEE Trans. Power Syst. 2015, 30, 3110–3119.  
8. Ma, C.; Huang, D. Comparative study of PI controller and fuzzy logic controller for three-phase grid-

connected Inverter. In Proceedings of the IEEE International Conference on Mechatronics and Automation, 
Beijing, China, 7–10 August 2011; pp. 2067–2071. 

9. Kesler, M.; Kisacikoglu, M.C.; Tolbert, L.M. Vehicle-to-grid reactive power operation using plug-in electric 
vehicle bidirectional offboard charger. IEEE Trans. Ind. Electron. 2014, 61, 6778–6784.  

10. Singh, B.; Singh, B.N.; Chandra, A.; Al-Haddad, K.; Pandey, A.; Kothari, D.P. A review of single-phase 
improved power quality AC-DC converters. IEEE Trans. Ind. Electron. 2003, 50, 962–981.  

11. Singh, B.; Singh, B.N.; Chandra, A.; Al-Haddad, K.; Pandey, A.; Kothari, D.P. A review of three-phase 
improved power quality AC-DC converters. IEEE Trans. Ind. Electron. 2004, 51, 641–660.  

12. Erb, D.C.; Onar, O.C.; Khaligh, A. Bi-directional charging topologies for plug-in hybrid electric vehicles. In 
Proceedings of the 2010 Twenty-Fifth Annual IEEE on Applied Power Electronics Conference and Exposition 
(APEC), Palm Springs, CA, USA, 21–25 February 2010; pp. 2066–2072. 

13. Manjrekar, M.D.; Steimer, P.K.; Lipo, T.A. Hybrid multilevel power conversion system: A competitive 
solution for high-power applications. IEEE Trans. Ind. Appl. 2000, 36, 834–841.  

14. Carlton, D.; Dunford, W.G. Multilevel, unidirectional AC-DC converters, a cost effective alternative to bi-
directional converters. In Proceedings of the 2001 IEEE 32nd Annual on Power Electronics Specialists 
Conference, Vancouver, BC, Canada, 17–21 June 2001; pp. 1911–1917. 

15. Tolbert, M.L.; Peng, F.Z. Multilevel converters for large electric drives. In Proceedings of the Thirteenth 
Annual Applied Power Electronics Conference and Exposition, Anaheim, CA, USA, 15–19 February 1998. 

16. Tolbert, L.M.; Peng, F.Z.; Habetler, T.G. Multilevel converters for large electric drives. IEEE Trans. Ind. 
Appl.1999, 35, 36–44.  

Mallikarjun et al., 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                             www.tnsroindia.org.in ©IJONS 
 

Vol.15 / Issue 85 / Aug / 2024      International Bimonthly (Print) – Open Access      ISSN: 0976 – 0997 

76520 
 

   
 
 

17. Zhao, J.; Han, Y.; He, X.; Tan, C.; Cheng, J.; Zhao, R. Multilevel circuit topologies based on the switched-
capacitor converter and diode-clamped converter. IEEE Trans. Power Electron. 2011, 26, 2127–2136.  

18. Du, Y.; Zhou, X.; Bai, S.; Lukic, S.; Huang, A. Review of nonisolated bi-directional DC–DC converters for 
plug-in hybrid electric vehicle charge station application at municipal parking decks. In Proceedings of the 
2010 Twenty-Fifth Annual IEEE on Applied Power Electronics Conference and Exposition (APEC), Palm 
Springs, CA, USA, 21–25 February 2010; pp. 1145–1151. 

19. Ruan, X.; Li, B.; Chen, Q.; Tan, S.C.; Tse, C.K. Fundamental considerations of three-level DC–DC converters: 
Topologies, analyses, and control. IEEE Trans. Circuits Syst. 2008, 55, 3733–3743.  

20. Yacoubi, L.; Al-Haddad, K.; Fnaiech, F.; Dessaint, L.-A. A DSP-based implementation of a new nonlinear 
control for a three-phase neutral point clamped boost rectifier prototype. IEEE Trans. Ind. Electron. 2005, 52, 
197–205.  

21. Salaet, J.; Alepuz, S.; Gilabert, A.; Bordonau, J.; Peracaula, J. D-Q modeling and control of a single-phase 
three-level boost rectifier with power factor correction and neutral-point voltage balancing. IEEE Power 
Electron. Spec. Conf. 2002, 2, 514–519. 

22. Malinowski, M.; Stynski, S.; Kolomyjski, W.; Kazmierkowski, M.P. Control of three-level PWM converter 
applied to variable-speed-type turbines. IEEE Trans. Ind. Electron. 2009, 56, 69–77.  

23. Zhang, Y.; Zhao, Z.; Mohamed, E.; Yuan, L. Performance evaluation of three control strategies for three-level 
neutral point clamped PWM rectifier. In Proceedings of the IEEE Twenty-Third Annual Applied Power 
Electronics Conference and Exposition, APEC 2008, Austin, TX, USA, 24–28 February 2008; pp. 259–264. 

24. Schouten, N.J.; Salman, M.A.; Kheir, N.A. Fuzzy logic control for parallel hybrid vehicles. IEEE Trans. 
ControlSyst. Technol. 2002, 10, 460–468.  

25. Li, S.; Bao, K.; Fu, X.; Zheng, H. Energy management and control of electric vehicle charging stations. Electr. 
Power Compon. Syst. 2014, 42, 339–347.  

26. Bai, S.; Du, Y.; Lukic, S. Optimum design of an EV/PHEV charging station with DC bus and storage system. 
In Proceedings of the 2010 IEEE Energy Conversion Congress and Exposition, Atlanta, GA, USA, 12–16 
September 2010. 

27. Erol-Kantarci, M.; Mouftah, H.T. Management of PHEV batteries in the smart grid: Towards a cyber-
physical power infrastructure. In Proceedings of the Wireless Communications and Mobile Computing 
Conference (IWCMC), Istanbul, Turkey, 5–8 July 2011. 

28. Divya, K.C.; Qstergaard, J. Battery energy storage technology for power systems—An overview. Electr. 
Power Syst. Res. 2009, 79, 511–520.  

29. Barton, J.P.; Infield, D.G. Energy storage and its use with intermittent renewable energy. IEEE Trans. Energy 
Convers. 2004, 19, 441–448.  

30. Dell, R.; Rand, D.A.J. Understanding Batteries; Royal Society of Chemistry: Cambridge, UK, 2001. 
31. Linden, D.; Reddy, T.B. Handbook of Batteries, 3rd ed.; McGraw-Hill: New York, NY, USA, 2001. 
32. Gamboa, G.; Hamilton, C.; Kerley, R.; Elmes, S.; Arias, A.; Shen, J.; Batarseh, I. Control strategy of a multi-

port, grid connected, direct-DC PV charging station for plug-in electric vehicles. In Proceedings of the 2010 
IEEE Energy Conversion Congress and Exposition, Atlanta, GA, USA, 12–16 September 2010; pp. 1173–1177. 

33. El-hawary, M.E. The smart grid—State-of-the-art and future trends. Electr. Power Compon. Syst. 2014, 
42,239–250.  

34. Ko, H.-S.; Jatskevich, J. Power quality control of wind-hybrid power generation system using fuzzy-LQR 
controller. IEEE Trans. Energy Convers. 2007, 22, 516–527. 

 
 
 
 
 
 
 
 

Mallikarjun et al., 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                             www.tnsroindia.org.in ©IJONS 
 

Vol.15 / Issue 85 / Aug / 2024      International Bimonthly (Print) – Open Access      ISSN: 0976 – 0997 

76521 
 

   
 
 

Table 1 . Parameter values 

 
Table 2: parameters and values 

Parameters Value 
3 phase Voltage 280V 

Frequency 10KHz 
C1 900µF 
C2 7µF 
R1 7.1mΩ 
R2 4mΩ 
Ctx 1.6µF 
Crx 4.7µF 

RLoad 50Ω 
 

  
Figure 1-1 Wireless Power Transfer System for 

Electric Vehicle [7] 
Figure 1-2 Wireless Power Transfer System Block 

Diagram [8] 

  
Figure 1-3 Mutual Inductance between transmitting 

coil and receiving coil[9] 
Figure 1-4 Incorporation of the Circuit design with 
Physical design of Magnetic Resonance Coupling 

Parameters Value 
Voltage 280V 
Frequency 6.5KHz 
R1 9.8µΩ 
R2 9.8µΩ 
Crx 20µF 
Ctr 20µF 
RLoad 50Ω 
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Figure 1-5 Ac Analysis set up Values Figure 1-6 Efficiency with Frequency[10] 

 
 

Figure 1-7 3D Rectangular Plot of Efficiency with 
spacing and frequency[11], [12] 

Figure 1-8 Transient Analysis Setup Values[13], [14] 

  
Figure 1-9  Bode plot of efficiency with spacing Figure 1-10 Complete magnetic resonance WPT circuit 

  
Figure 1-11 Incorporation of the Circuit design with 

Physical design of Magnetic Induction[12] 
Figure 1-12 Efficiency with Frequency 
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Figure 1-13 Bode plot of Output Power with 
Spacing 

Figure 1-14 Bode plot of Input Power with Spacing 

 
Figure 1-15 Bode plot of Efficiency with Spacing 
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