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Abstract :  With the increasing population, there needs to be an alternative to internal combustion (IC) engine vehicles, and 

Electric vehicles (EVs) has become an ideal alternative to IC vehicles. EVs encourage the people for adoption due to their user-

friendly environment, reduces green emission & hike of petroleum. However, some challenges obstruct EVs' adoption, like low 

range long charging time. This paper presents the different wireless power transfer (WPT) charging techniques for EVs, 

comparative analysis of different core types & mono compensation topologies for suppression of the power losses and increasing 

the efficiency of WPT charging system. Here, single-coil tracking system & segmented coil tracking system for dynamic wireless 

charging technique, misalignment effect of transmitter and receiver coils are also reviewed.. 
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I. INTRODUCTION: 

 

Petroleum products and combustible fuel gas are being used in transportation sectors on a regular basis, and the growing 

population has caused a spike in vehicle usage. The demand for clean and green sources of energy has been sparked more by a 

limited quantity of fuels in the environment, exponential growth in the value of fuels, and the emission of toxic gases via IC-based 

vehicles [1]. Because of the alternative of combustion IC, EVs became more and more popular everywhere within the world. EVs 

will reduce environmental pollution and CO2 emissions and achieve high energy efficiency. Moreover, the event and improvement 

of key technologies concerning batteries and charging infrastructure, and electric motors and control increase EV attractiveness [2-

4]. WPT dates back over two centuries ago. In 1899, Nikola Tesla conducted experiments on electricity transmission without wires 

in the USA. In 2007, 60W of power was wirelessly transferred over a 2-meter distance by researchers at MIT [5]. The most 

significant advantage of WPT over wired is eliminating cable and infrastructure and providing mobility within transmission range. 

It should also eliminate power plug compatibility issues [6,7]. On the other hand, older electric vehicle charging methods consume 

longer for charging [8]. WPT promises to significantly extend the Electrical Vehicles (EVs) mileage, decrease battery size and 

value, and improve the power density [9,10]. EVs mainly accommodate an electrical motor, a rechargeable battery, a charging 
setup & an electrical power control unit. 

 

II. WIRELESS POWER TRANSFER  

This charging system doesn’t require any physical connection between the charging source & the EV’s battery. A pair of the 

coil (transmitter coil & receiver coil) within the WPT system are magnetically coupled. In WPT charging method doesn’t require 

any charging cables sockets. The medium of transferring power from transmitter to receiver coil is air. The WPT is represented in 

Fig.1 as a simple structure. The primary coil serves as a transmitting pad underground, while the secondary coil serves as receiving 

pad. Without any contact between the two pads, electrical power is transmitted from the pad near the floor to one placed on the 

vehicle's chassis. 
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Figure 1: A simple structure of WPT[11] 

III. DIFFERENT TECHNIQUES FOR WPT FOR EVS CHARGING 

The few methods of wireless charging are given as: 

 Capacitive wireless power transfer (CWPT) 

 Resonant inductive power transfer (RIPT) 

 Microwave Power Transfer Technique (MPT) 

 

       Induction power transfer is predicated on Faraday’s law of magnetic induction & was first reported by Tesla in 1914. In the 

IPT technique, A couple of inductors are mounted wirelessly in a common magnetic field. This type of charging system has two 

sections- 

 Charging station 

 Vehicle charging system. 

 

The charging station is connected to the utility power grid in Figure 2. On this charging station side, the AC supply is rectified to 

the DC supply and then the DC Power is inverted to AC power with increased frequency, suited for WPT [12]. Through the 

electromagnetic induction principle, primary & secondary coils are coupled & the alternate AC supply induced in the secondary 

side is rectified into DC supply, which is used to charge the electric vehicle’s battery. It works on an identical frequency both on 

sides & usable in high-frequency WPT applications. 

 

Figure 2: Block diagram of IPT 

A. Capacitive Wireless Power Transfer (CWPT) 

In this type of WPT technique, The linked capacitor is utilized to transmit energy between the transmitter and receiver pads. 

The advantage of CWPT is that it avoids the interference eddy current & electromagnetic interference that present in the magnetic-

based WPT technique[13]. The AC feed from the utility system is then transformed to DC, which is then transformed to high-

frequency AC by an inverter (see Fig. 3). Then the AC power is transferred from the transmitter capacitive pad to the receiver 

capacitive pad. The transmitter capacitive pad is buried within the ground & the receiver capacitive pad is placed within the bottom 

of the vehicles via the rectifier circuit; the transferred AC power is converted to DC power, which is suitable for charging an 

electric vehicle’s battery system. The CPT system's power transfer capability is dependent on the gap between the transmitter pad 
and the receiver pad.  It is used for stationary wireless EVs charging, but dynamic applications will be difficult to implement [14]. 

 

 

Figure 3: Block diagram of CWPT 
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B. Resonant Inductive Power Transfer (RIPT) 

This method is the advanced version of traditional IPT. The inductively coupled wireless power transmission method is the 

most widely used technique [15]. The only difference between the conventional inductive power transfer & the RIPT system is that 

the RIPT system has the additional compensation circuit in both the primary & secondary sides of the charging system, as shown in 

Fig. 4. The advantage of the compensation circuit is that it compensates the leakage magnetic field [16] & maximizes the load 

power transfer with high efficiency. 

 

Figure 4: Block diagram of the RIPT system 

C. Microwave Power transfer Technique (MPT) 

Microwave Power Transfer (MPT) is a far-field WPT technique working with microwaves [17]. First, the supplied AC from the 

utility is converted into a high voltage DC supply in the MPT system. Then it is generated into microwaves via a high-frequency 

microwave generator, i.e. magnetron. Fig. 5 shows that these high-frequency microwaves are transmitted via the antenna. Then, 

transmitted microwaves are received & converted through the rectenna into DC before being fed back into the DC-DC converter to 
be converted to the desired dc voltage level to charge the EV battery [18]. Fig.6 compares different WPT techniques. 

 

Figure 5 : Block diagram of microwave power transfer system 

 

Figure 6 : Comparison of different WPT techniques 

IV. COMPESATION TOPOLOGIES 

The pads are loosely coupled with large leakage inductance in a WPT system. Mono-resonant Compensation network contains 

a capacitor inside the transmitter & a capacitor on the receiver side in different asynchronous (series) and parallel configurations 

[19]. The aim of the transmitter-side compensator is to reduce the phase mismatch between the voltage & current and reduce the 

source’s reactive power [20,21]. The aim of a receiver-side compensator is to improve the load power transfer and efficiency [22]. 

The main purpose of the compensation circuit is to reduce the power loss caused by a considerable air gap between the transmitting 
& receiving coils in the WPT [16]. 
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There are 4types of mono-resonant compensation topologies for compensation purposes are as below:- 

Series-Parallel(S-P) 

Series-Series(S-S) 

Parallel-Parallel(P-P) 

Parallel-Series 

From Fig.7, 𝐿1 and 𝐿2 are the transmitter and receiver inductance respectively and M is the coupled inductor’s mutual 

inductance. The compensating capacitors 𝐶1and 𝐶2 are linked to the transmitter side and receiver side coils, respectively. The PS 

and PP compensated WPT system provide a safe environment since it is impossible to transfer enough power when the source and 

receiver are misaligned, between the transmitter and the receiver and it is also protected from the power losses by the transmitter 

coil does not operate without receiver coil[23]. A voltage source converter could be directly coupled to the coil if the 

transmitter side is series compensated. If the transmitter side is parallel compensated, an extra inductor is frequently installed to 
convert the converter to a current source [24]. 

 

Figure7: Compensation topologies 

Table I represent the capacitor values & efficiency for different mono-resonant compensation topologies. With the help of Table I, 

the value of transmitter side capacitance and receiver side capacitance can be calculated, which makes the WPT system highly 

efficient. 
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Figure 8 : Advantages and features of different mono-resonant compensation topologies 
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V. CORE TYPES FOR WPT SYSTEM 

Basically, 2 kinds of core used for the fabrication of coupled inductors are given below- 

Ferrite core- In the starting, ferrite core was available in E type core, U type core that and the pot is examined and positioned 

that they’re improper for WPT due to their heavy nature. In modern times, various kinds of cores used for efficient power 

transfer in WPT techniques are shown below. 

Single side circular core- The biggest advantage of this kind of core is that it offers low leakage inductance for WPT. Still, 

they're unable to transfer a decent output while taking the coupling between two coils and in mismatching conditions. [25]. 
 

Double D Quadrature – It eliminates the restrictions that occur with the aid of using the circular type core. The magnetization 

field induced by double D quadrature type core was two times of the standard E type, U type core[26]. 
 

Rectangular H-Shaped Core- This kind of core has lightweight as compared to the circular core, and Double D Quadrature, and 

also the efficiency is additionally high in misalignment conditions between the transmitter & receiver coils[27][28]. 
 

Tripolar Pad (TPP)- On this form of core type, the transmitter coil of the IPT system included three windings wounded 

individually and overlapped partially on one another, which does operate at various frequencies and various power transfer 

capacities and energized by more than one power sources. This kind of coil structure improves coil efficiency while operating in 

misalignment conditions. 

 

Air type- On this form of core, there is no solid core is inside the coil. For the making of coils, conducting wires are wrapped on 

non-magnetic fabric like- plastic or ceramic [29]. The air-based core WPT system divided into various coils contains like-two, 

three, four & multiple numbers of coils systems [30]. With increasing the no. of coils, the gap between the transmitter coil & 

receiver coil decreases, therefore efficiency is to be increased. The U shape air core is the advanced innovation over the three 

coil WPT system & it increases the efficiency times to the two coils WPT system [31]. 

 

VI.  DYNAMIC WPT FOR EVS 

In plug-in charging of EVs or the static wireless charging of EVs must have sufficient charge beginning to the travel. This 

results in the massive capacity of charging storage packs required, which affords uninterrupted power to the EVs that make the 

EVs costly. At present, fast chargers are available in the market, but that is costly. So the problem of the cost of charging, 

range issue, and time taking problem for charging to EVs can be reduced by the Dynamic WPT charging technique[32].In the 

Dynamic WPT, the transmitter is on the surface of the road & the receiver is mounted underneath the vehicles. The dynamic 

power supply system is mainly specified as a centralized and individual power frequency scheme. In the centralized power 

supply scheme, a long coil (5-10 meters) is installed on the surface of the road, and in the individual or segmented power 

supply scheme, small size of many transmitter coils are connected in series and mounted underneath the road surface [33]. 

 

Dynamic WPT track can be built in2 types- 

A. Single coil track 
B. Segmented coil track [34]. 

 Single Coil Track- In this type of track, only a single coil transmitter is used for the WPT. The structure of that system is very 

simple, but power losses in that type of tracking system are more as compared to segmented track. It occurs many disadvantages 

likes; the whole track is to be activated even track has low load, therefore power losses occur in that type of track. Due to any 

breakdown in this type of track system, the overall track system will be stopped. High exposure to electromagnetic fields is also the 

problem of that single coil track system[35]. 

Segmented Coil Track-To overcome the problem of the single-coil track, a segmented coil track structure is to be a good choice 

for a dynamic wireless charging system.[36]In this type of dynamic WPT system, many small transmitters are implemented one by 

one and make segmented coil-type tracking lines. This segmentation of coils can be energies by a single inverter or by the different 

individual inverters. Due to the small size of the individual coil, the power converter requirement is to be also small. The problem 

of power loss is also reduced due to different segments can be turned on or turned off with the help of sensors for different time 

periods[37]. 

 

 

Figure 9 : Segmented coil track WPT 
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EFFECT OF MISALIGNMENT & EVS SPEED IN THE DYNAMIC WPT SYSTEM 

The WPT through the magnetic coupling technique always operates at the resonant frequency with high efficiency, at that time, 

the value of the coupling coefficient is to be good[38]. Due to the driver’s faults, a Tyre’s pressure of EVs, the weight of passengers 

inside the EVs introduce the misalignment condition between the transmitter & receiver of the WPT charging system[39]. The EVs 

will be in dynamic condition, hence the amount of time that the transmitter & receiver coils will be interacting is significantly 

less as compared in stationary; this leads to the necessity of high-power device and also forces the system to 

have high alignment forbearance to make the system highly efficient with the increase in misalignment. The power transfer reduces 

and gradationally it increases the power transfer from the transmitter coil to the receiver coil in the WPT system, with 

transmitter and receiver coils apart from each other, the AC-DC converter's transmitter-side voltage, system operating frequency, 

and coupling coefficient reform, influencing the performance of the system [40]. Due to misalignment, transmitter side parallel 

combination of compensation circuits are ineffective for delivering rated demand, and transmitter side series combination of 

compensation circuit presents unsafe behaviour for source[41]. The scholars were prompted to create innovative compensation 
modules with high efficiency by the margins of traditional compensation designs used in RIPT-based WPT systems [42]. 

 

CONCLUSION 

This paper presented an overview of the dynamic WPT techniques for EVs. Various types of WPT techniques and discussion of 

compensation topologies are added for the making high efficiency to WPT system. The mono-compensation topologies are not 

sufficient for dynamic WPT with High-efficient, so in the future, the researcher has to work ahead with overall mono-compensation 

topologies and Series-Parallel-Series (SPS) and Parallel-Parallel-Series (PPS) compensation topology and find highly efficient 

topology. Various types of coils and cores are briefly illustrated. On the basis of WPT charging techniques and after the analysis of 

the effect of EVs speed and alignment of the transmitter coil & receiver coil, the power transfer efficiency could be made better for 
the implementation of the dynamic WPT charging technique. 

. 
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