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Abstract: In this work, it is proposed to develop wireless charging systems 

for sustainable electric vehicles. Wireless charging can transfer power from 

an outlet to devices without a connecting wire. Wireless electric vehicle 

charging is of two types; they are static wireless charging and dynamic 

wireless charging. The main advantages of wireless charging are that it takes 

less time, is more efficient, and less maintenance, and is more durable. 

However, the wireless charging system also has some problems, like the 

vehicle must be parked close to the charging pad, the installation cost, and a 

large battery required. Static wireless charging involves the charging of a 

sustainable electric vehicle while it is in a stationary position. While 

dynamic charging involves charging an electric vehicle in motion, charging 

pads are installed on the roads. In this work, the simulation model has been 

developed for the PS topology of wireless charging using JMAG software. 

This can further be developed in a prototype for EVs' static wireless charging 

system. 

1 Introduction   

Wireless power transfer (WPT) is the technology that enables the transmission of electrical 

energy from a power source to an electrical device without using physical wires or direct 

electrical contacts. In the context of sustainable electric vehicles (EVs), wireless power 

transfer means charging an electric vehicle's battery without a physical connection with the 

vehicle and the charging infrastructure.[1] 
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Fig 1. Wireless Power Transmission 

The concept of wireless power transfer of sustainable electric vehicles is based on 

electromagnetic induction theory. It involves two main components: transmitter and receiver. 

A transmitter, typically installed in charging infrastructure, generates an oscillating magnetic 

field using a coil of wire.[9] The receiver, installed in the EV, contains a coil of wire tuned 

to resonate with the frequency of the magnetic field generated by the transmitter. When 

transmitter and receiver coils are nearby, the oscillating magnetic field induces an alternating 

current (AC) in the receiver coil through electromagnetic induction. This AC is rectified and 

converted into direct current (DC) to charge the EV's battery.[12] Wireless power transfer 

technology for sustainable electric vehicles is rapidly advancing, and it holds tremendous 

potential for enhancing the user experience and adoption of electric vehicles in the future. 

Wireless power transfer of electric vehicles offers several advantages. It provides 

convenience by eliminating the need for physical connections and plug-in charging. It also 

reduces wear and tear on charging connectors and the risk of electric shock.[9] 

  

2 Wireless Power Transmission  

2.1 Wireless power transmission block diagram 

A wireless power transmission block diagram typically consists of the following components 

and the block diagram is shown in Fig 2. [3] 

2.1.1 Components of Wireless Power Transmission  

Power Source: It is a device that provides electrical energy to operate other devices, 

equipment, or systems. It converts one form of energy into electrical energy to supply power 

for various applications. Converter: The device that converts the electric power from one 

form to another, i.e., from DC to AC and AC to DC, based on the requirement.[2] 

Transmitter: A device that generates and sends electromagnetic signals or waves carrying in 

power wirelessly. The transmitter is responsible for converting electrical energy into 

electromagnetic waves and transmitting them to a receiver. Receiver: The main objective of 

the secondary coil is to capture the field lines coming from the primary coil. Additionally, a 

current is produced in the receiver coil and sent to the load according to the law of 

electromagnetic induction. Load: The load refers to any device or component that consumes 

electrical energy from a power source. It can be a single device or a combination of devices 

connected to a power supply. 
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Fig 2. Block diagram of Wireless Power Transmission  

2.2 Topologies of Wireless Power Transmission  

2.2.1 Circuit Diagram  

The circuit diagram shows the wireless power transfer's PP and PS topology connections. 

This is how the components are connected for WPT topologies. WPT can be arranged in SS, 

SP, PS, and PP topologies. In this project, PS and PP topologies are used, as shown below in 

Fig 3.[1] In the PP topology, the capacitor connection is in parallel with the primary and 

secondary inductors. In the PS topology, the capacitor connection is in parallel with the 

primary inductor and series to the secondary inductor.[3] PS and PP topologies are reliable 

power topologies. In this topology, a series inductance is required to improve inverter current 

management, flowing in a parallel resonant circuit to increase the efficiency of PS and PP. 

The primary side of the parallel compensation circuit uses the power supply to generate a 

sizeable primary current, while the secondary side is mainly connected to the battery.[4] 

 

Fig 3. Circuit Topologies (a) PP type (b) PS type  

2.2.2 Operation  

The capacitor connection is parallel to the inductors in both the primary and secondary 

circuits when using the parallel-parallel (PP) topology.[10] The power sources generate 

alternating currents (AC) that flow through the respective transmitter coils, creating magnetic 

fields. To convert the induced alternating current (AC) into direct current (DC) for powering 

electronics or charging batteries, each receiver coil is connected to a rectifier and a smoothing 

capacitor on the receiving side.[4] 
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The rectifier rectifies the AC signal induced in the receiver coil into DC, and the capacitor 

helps smooth out the DC output. Similarly, in the parallel series (PS) topology, the capacitor 

is placed parallel in the primary circuit and series in the secondary circuit.[5] In the parallel-

series topology, multiple receiver units are connected in parallel to form a receiver array. 

Each receiver unit consists of a series of connections of components, such as a resonant coil 

and a rectifier. These receiver units are then connected to the power source in parallel or 

transmitter.[2] 

 

The below equations calculate the primary capacitance, secondary capacitance, and load 

parameters of PS and PP topologies for sustainable wireless power transfer. 

 

 

  

  

 

For PP topology              

                                                          

                                                        (1)             

                                  𝐶𝑃 =                  

                                                    

 

 

                                    

 

                                        𝐶𝑠 =
1

𝜔2𝐿𝑠
                                         (2) 

    

                                        𝑅𝐿 =
𝜔𝐿𝑠

𝑄𝑠
                                           (3) 

 

For PS topology 

                                 𝐶𝑃 =
1

𝜔2(𝐿𝑃−
𝜔2⋅𝑀4

𝐿𝑃⋅𝑅𝐿
)
                                  (4) 

                                            

                                 𝐶𝑠 =
1

𝜔2𝐿𝑠
                                                (5) 

 

                                 𝑅𝐿 = 𝜔𝐿𝑠𝑄𝑠                                           (6) 

 

Where,  

                  Lp=Primary Inductance (H), 

                  ω=Angular frequency (Hz),                       

                  Ls=Secondary Inductance (H),  

                  M=Mutual Inductance (H),  

                  Qs=Secondary Quality Factor,   

                  RL=Load (Ohm).                   

                  Cp=Primary Capacitance (F),  

                  Cs=Secondary Capacitance (F). 
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3 Simulation Models of Wireless Power Transmission  

3.1 Simulation for Basic Model of WPT  

JMAG is a complete software package for designing and developing electromechanical 

equipment. With its potent simulation and analytic tools, JMAG has helped numerous 

businesses, colleges, and research centers worldwide advance the creation of their distinctive 

goods, design, development, and fields of study. JMAG is widely used in various automotive, 

electrical, and electronics industries to design and optimize devices and systems involving 

electromagnetic interactions. The imported model and circuit of this model are shown in Fig 

4. The simulation was performed at seven different positions of the secondary coil in relation 

to the primary coil for WPT of sustainable EV battery charging. The output results of these 

models are seen in Figure 5.  

  

 
(a)                                                                            (b)  

Fig 4. (a) Imported model & (b) Circuit diagram of the basic model of WPT                                        

  

 
(a)                                                                          (b)  
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                                (c)                                                                              (d)  

Fig 5. (a) Efficiency table, (b) Efficiency graph, (c) Flux path at case 1, (d) Flux path at 

case 7 for the basic model of WPT  

  

  

3.2 Simulation of WPT using PS topology  

In this simulation model, the PS topology circuit is used to interface with the imported model 

in the JMAG designer. Both the imported model and circuit are shown in Fig 6. The output 

results of these models are shown in Fig 7.  

  

 

      
                             (a)                                                                            (b)  

Fig 6. (a) Imported model, (b) Circuit diagram of WPT using PS topology  
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                   (a)                                                             (b)   

    
                          (c)                                                                  (d)  

 Fig 7. (a) Efficiency table, (b) Efficiency graph, (c) Flux path at case 1, (d) Flux path at 

case 7 of WPT using PS topology  

4 Conclusion  

By this, Wireless Power Transfer has many benefits and different topologies, PP, PS, SS, and 

SP. WPT can be done using different topologies according to the applications. In this paper, 

JMAG simulations were conducted to compare the efficiency of various WPT topologies. 

The simulation results of PS and SS topologies are compared based on efficiency. The 

efficiency is high when there is a short distance between primary and secondary coils, when 

the distance is more significant from the coils, the efficiency is low. PS topology has many 

benefits and the efficiency is also good. This concludes that PS topology is suitable for 

wireless power transfer of sustainable electric vehicles. 
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