
Journal of Modern Computing and Engineering Research 
 

Volume 2023, p. 17-38 
https://jmcer.org 

Corresponding author: hasan Y. Mohammed and hasan.yousef@ntu.edu.iq 

17 

 
Review of Wireless Power Transfer Techniques for Electrical 

Vehicles 
 

Hasan Y. Mohammed1, Ahmed J. Ali2 and Rakan Khalil Antar3 
1,2,3Department of Electrical Power Technology Engineering, Technical Engineering College, Northern Technical 

University, Mosul, Iraq 
1hasan.yousef@ntu.edu.iq;  2ahmed.j.ali@ntu.edu.iq;  3 rakan.antar@ntu.edu.iq 

 
Received: January 02, 2023                         Revised: February 15, 2023                          Accepted: March 02, 2023 

 

Abstract: 
Wireless Power Transfer (WPT) is a technology of transmitting electric, magnetic, optical, or microwave power 
without the use of physical connections. This technology is used to charge electric vehicles and other applications. 
It has several advantages over the conductive charging method in terms of automation, safety in harsh 
environments, as well as reliability during environmental disasters. However, this technology faces challenges 
such as complex design, high cost, and sensitivity to misalignment and safety conditions for people. These 
challenges are associated with receiver and transmitter coils. This paper provides an overview of transmitter coil 
types, magnetic materials used, types of shields to provide safety for people, various pad structures, as well as 
the types of methods used to charge electric vehicles and electronic compensation circuits. This paper will be a 
reference for researchers and those interested in wireless power transfer to check these factors. 

Keywords: Pads, Ferrite, Compensation Circuits, Shielding, Coupling Factor, WPT. 

1 Introduction 

The transportation sector is currently one of 
the main consumers of fossil fuels, making it 
the largest contributor to greenhouse gases. 
There is an urgent need to develop electric 
vehicle technologies to reduce the increasing 
dependence on fossil fuels. Electric vehicles 
(EVs) are the most basic technologies that 
are currently being sought and developed 
due to their multiple advantages such as 
performance, safety, and emissions. The 
acceptance of EVs is related to their 
performance, cost of purchase, and 
availability of charging infrastructure. There 
are three ways to power electric vehicles 
conductive charging, wireless charging, and 
battery replacement (Yilmaz and Krein, 
2013). Swap charge (SC) technology 
provides electric interchangeable batteries 
for (EVs), which provides an ideal solution 
to achieve a long highway journey (Zheng et 
al. 2014; Zhong and Pei, 2020). Conductive 

charging is a widely accepted method in the 
market, but it suffers from some problems, 
including connection wires, and safety-
related problems especially in the humid 
environment (Rubino, et al. 2017). In 
addition to the main problem,  it needs a 
relatively long waiting time in the charging 
station, which is needed to supply the 
necessary energy, potential traffic 
congestion in the station, and the need for 
fixed charging stations (Ahmad, Aqueel et 
al. 2017;  Ahmad et al. 2017). Wireless 
Power Transfer (WPT), is an easy and safe 
way to charge the batteries without 
connecting wires through an air gap (Zamani 
et al. 2019). This technology is characterized 
by the vehicle without extended time, and 
operate safely in the presence of water, rain, 
or dust. Also, it is dependable during natural 
catastrophes such as hurricanes, storms, and 
earthquakes. In addition, it is self-contained 
and does not require the driver’s 
involvement (Mohamed and Mohammed 
2018). There are many applications of 
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wireless power transmission systems. Figure 
1 shows some of these applications (FH 
2018; Kuka et al. 2020). 

 

Figure 1. Some applications of wireless power transfer 
systems (FH 2018) 

Wireless charging can be classified into 
static charging system such as electricity 
supply stations and parking lots, semi-static 
charging system such as a traffic lights, and 
dynamic charging system such as roads of 
charge by placing the main coils. The 
dynamic charging are usually rectangular 
under the ground, in special ways to address 
the problem of waiting at charging stations 
and reduce the size and number of batteries, 

which will reduce the cost and enjoy a long 
trip when using such ways. (Lu et al. 2016; 
Patil et al. 2017). Figure 2 shows a diagram 
that divides wireless power transmission 
technology into categories. The four basic 
types of WPT technology include far-field 
transmission, near-field transmission, 
mechanical force, and acoustic(Mohamed et 
al. 2020; Roes et al. 2013). The far-field 
transmission systems are microwave power 
transfer (MPT), laser power transfer (LPW), 
radio power transfer (RPW), and solar power 
satellite (SPS). While near-field 
transmission systems are capacitive power 
transfer (CPT), inductive power transfer 
(IPT), without or with resonance circuits. 
Energy transfer efficiency depends on the air 
gap and alignment between coil source and 
receiver (Moon et al. 2014; Van Der Pijl et 
al. 2013). In this paper, the near magnetic 
field of wireless transmission technology, 
which is specialized in charging cars with 
acceptable efficiency.

 

 
Figure 2.Classifications of wireless power transfer systems. 

Each of these four systems of WPT 
technology has goals, advantages, and 
disadvantages. TABLE 1 presents the most 
popular near and far field systems for 

wireless power transmission systems and 
shows the most important advantages of 
each system as well as the disadvantages of 
these systems
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2 Wireless Power Transfer Methods 

In general, wireless electric vehicle 
charging systems (WEVCS) is designed for 
traditional inductive power transfer (IPT), 
capacitive wireless power transfer 
(CWPT), resonant inductive power transfer 
(RIPT), and magnetic gear wireless power 
transfer (MGWPT) ( Covic, Grant 
Anthony, and John Talbot Boys 2013; 
Kalwar, Aamir et al. 2015). Inductive 
power transfer is the most common type 
(Mohamed and Mohammed 2018), the 
magnetic fields are used to transfer power 
between the transmitter and receiver coils. 
IPT system depends on the inductive 
coupling between the two coils as shown in 
Figure 3, (Mayordomo et al. 2013). This 
technique is only acceptable for short and 
limited distances where it works well. As 
the distance increases, the transmitted 
power will decrease. 

    The IPT system is still under 
development for longer distances (Dai et al. 
2015). By increasing the air gap between 
the two coils, a relatively small amount of 
magnetic flux correlation can be captured 
by the receiving coil (Vijayakumaran et al. 
2016).   

While by inserting compensating 
resonators at the same resonant frequency 
on the transmitter and receiver side, the 
system transmits a large capacity with 
acceptable efficiency through a large air 
gap (Ahn and Hong 2013; Zhang and 
Cheng 2016) . The system quality factor 
can be improved using high-frequency 
WPT, which leads to higher transmission 
efficiency (S. Wang and Dorrell 2013), but 
this process will increase the switching 
losses in the electronic circuits. In Figure 3 
shows the main parts of a wireless power 
transfer system, and namely the pads, 
compensation circuits, and electronic 
transducers. 

TABLE 1,  Advantages and disadvantages of the most popular WPT systems (Jin and Zhou 2019) 
 
 
 
 
 
 

NEAR- 
FIELD 

 
 
 

CPT 

Advantages Disadvantages 
-High power transmission. 
-Energy is transmitted through metallic bodies(Hasan et 
al. 2020). 
-Low losses due to eddy currents. 
-Low weight, cost, and simplicity (  Mitchell  Kline et al 
2011 ; Lu, Fei  et al    2017). 
-It is used for small applications(Hasan et al. 2020). 

-Low efficiency (70-80%).(Detka and 
Górecki 2022) 
-Short distance (several millimetres). 

 
IPT 

-High efficiency of more than 90% (Kürschner et al. 
2013). 
-Large transmission power up to several kilowatts (Kim 
et al. 2015). 
-Suitable for all devices, from portable devices to 
electric cars and trains ( Covic, Grant A et al 2013 ). 

-Small transmission distance (cm-m). 
-Eddy's current losses to nearby metals. 
-Magnetic fields affect living organisms if 
they exceed the permissible 
limits.(Mahesh et al. 2021).  

 
 
 
 

FAR-
FIELD 

 
MPT 

-Long and efficient transmission, a distance of several 
kilometres. (Zhu et al. 2021). 
-Use and suitable for mobile phones.(Huang and Zhou 
2015) 
-Transmission of several kilowatts of power. 

-Very low efficiency less than 10%.(Detka 
and Górecki 2022) 
-Implementation complex. 

 
LPT 

-Long and efficient transmission, a distance of several 
kilometres (Jin and Zhou 2019). 
-Use and suitable for mobile phone equipment (Yu and 
Chen 2021). 
-Transmission of several kilowatts of power. 

-Low application efficiency of less than 
20%.(Jin and Zhou 2019) 
-Line of sight into the receiver. 
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Figure 3. Simple IPT system for charging a car 

battery. 

The second type called the CWPT 
technology that uses power transmission 
based on an alternating electric field 
between the electrodes to transmit power to 
secondary coils from the primary coils ( 
Lian and Qu 2020). This is characterized 
by low cost and simplicity (Jing Lian and 
Xiaohui Qu, Member and Abstract—
Capacitive 2019; Panchal, Stegen, and Lu 
2018), as well as other characteristics such 
as weak eddy currents. This technology is 
used in implanted medical devices and 
electronics such as laptops, mobile phones, 
and lamps (Liou et al. 2016; Xie, L. et al 
2013),    Because of the large air gap, the 
application of CWPT has been limited for 
electric vehicles and also because of the 
high charging power requirements for 
charging vehicles (Ludois et al. 2014). 

The CPT system is better than the IPT 
system in bearing the horizontal alignment, 
but in the vertical alignment, the IPT 
system is the best and it has been used 72% 
more than the CPT system (Dai and Ludois 
2015; Li, Siqi,WeihanLi et al. 2015). The 
researchers proposed increasing the 
coupling using a flexible CPT System 
using bumpers (compressor and flexible) to 
increase the coupling factor. Also 
increasing the coupling reduces the air gap 
during charging case. A prototype was 
presented in the laboratory at a frequency 
of 540 kHz with an efficiency up to 83% 

and a power greater than 1KW ( Dai, 
Jiejian Ludois, Daniel C. 2015) 
    The most famous power transmission 
system is RIPT due to its high efficiency ( 
Mohamed, Ahmed A.S., Andrew Meintz, 
and Lei Zhu. 2019.), extended operating 
range (Qiu et al. 2014), and amount of 
transmitted power (Mohamed et al. 2016; 
Qiu et al. 201٣). This type differ from IPT 
systems by connecting capacitors to 
coupling circuits to compensate the leakage 
inductances so that the circuit operates in a 
resonant state. Figure 4 shows a schematic 
diagram of the RIPT and CPT system for 
transmitting power through an electric or 
magnetic field, the electronic circuit 
convert AC voltage to high-frequency 
voltage across the pads to the receiver coils 
and convert it into a continuous voltage to 
charge the battery. 

 
(a) 

 
(b) 

Figure 4. (a)-CPT system, and (b)-RIPT system 

3 Compensation Circuits 

The RIPT systems contain compensating 
capacitors to reduce the leakage flux due to 
the wide air gap between the transmitter 
and receiver coils, which leads to an 
increase in the input source capacity to be 
able to transmit the required power (volt-
amperes) to the load. The aim of this 
process is to increases the system losses, 
and to treat this case compensation 
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capacitors or the so-called compensation 
network (Zhang et al. 2019). The 
connection is either series or parallel or 
both of them connected to the with receiver 
and transmitter coils. These networks are 
designed based on the value of the leakage 
inductance (Hsieh et al. 2017) or the self-
inductance (Aditya and Williamson 2019) 
where the rate of the spent power (volt-
amperes) from the source is reduced and 
the power factor is improved by canceling 
the leakage inductance and the interactive 
component of the primary coil (K. N Mude, 
Aditya. 2019)  It also acts as a filter to 
block the unwanted frequency and cause a 
sinusoidal current to flow in the primary 
coil, this current helps in the soft switching 
process on the transmitter side, while on 
the receiver side, it leads to enhance the 
power and increasing its efficiency to the 
maximum extent (V. Shevchenko, 
Husev, O et al. 2019.) As well as 
increasing its efficiency for misalignment 
(Wei Zhang et al. 2015). The compensating 
network is connected to the coil in four 
types, which is (series-series SS, series-
parallel SP, parallel-parallel PP, and 
parallel-series PS) as shown in Figure 5. 
(Qu, Yanhua et al. 2013; Zhang et al. 
2019). The compensation networks type 
(SS) are used in the systems and 
applications of electric vehicles because of 
two important advantages provided by this 
system (Chinthavali et al. 2016; Spanik et 
al. 2016). First, the value of the capacitor 
of the receiver and transmitter is 
independent of the conditions of induction 
and loading. This means that the resonant 
frequency does not depend on mutual 
induction and loads, but rather depends on 
the self-induction of the transmitter and 
receiver coil (Vilathgamuwa and Sampath 
2015). The second benefit. Such systems 
maintain a unity power factor by pulling 
active power as reflected impedance from 
the receiver coil at the resonant frequency 
and it does not include a fictitious 

component in the transmitter coil (Wang et 
al.  2005). 

  
(a) (b) 

  
(c) (d) 

Figure 5. Basic compensation topologies (a) SS 
topology, (b) SP topology, (c) PP topology, and (d)-PS 

topology (Bouanou et al. 2021) 

 
Hybrid compensation circuits differ from 
basic compensation circuits by using more 
than one element of inductors (L) and 
capacitors (C). Many previous works are 
concerned with hybrid compensation, for 
example: LCC-S, LCC-P in (Fang Liu et al. 
2016; Feng et al. 2016), CCL-S (Samanta 
and Rathore 2015), S-CLC (Y. Wang et al. 
2017), LCC-LCC  (Deng et al. 2015; Kan 
et al. 2017; Li et al. 2015), LCL-LCL 
(Mingyu et al. 2016), LCL-S (Babaki et al. 
2021). Compensation circuits are 
characterized by flexible design and great 
reliability, used to increase and improve the 
control on the primary current, which often 
used in low-power applications, Figure 6 
shows the most popular hybrid 
compensation circuits. 
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

  
(g) (h) 

 
(i) 

Figure 6. Hybrid compensation topologies of (a) S-LCL, 
(b) S-CLC, (C) CCL-S, (d) LCL-S , (e) LCL-P, (f) LCC-
P, (g) LCC-S, (h) LCL-LCL, (i) LCC-LCC (Houran et 

al. 2018). 

Figure 7 shows the locations and numbers 
of the components of the compensation 
circuits in WPT systems. 

 
Figure 7. Hybrid compensation topologies (V. 
Shevchenko, Husev, O et al. 2019.) 

4   Charging Pads of  Wireless 
Power Transmission Systems 

The most important part of WPT systems 
are the charging pads that make up the 
RIPT that is responsible for transmitting 
energy from the source to the vehicle. The 
pads determine the performance of the 
system in terms of coupling factor, 
efficiency, sensitivity to misalignment, and 
safety. 
    In the first design, conventional cores are 
used in transformers. The U-cores (Patil et 
al. 2017) and E-cores (Qiu et al. 2014) were 
incompatible with EVs applications are 
requiring the thickness of the core to 
achieve the desired flood path, which 
negatively affects the height of the core 
above ground, thus requiring extensive 
modification of the vehicle chassis. 
Moreover, these designs are fragile, heavy, 
expensive, and very sensitive to horizontal 
misalignment. To overcome these design 
flaws, planar pad structures that are more 
tolerant of misalignment for stationary and 
moving vehicle charging have been 
proposed (A. Ahmad, Alam, and Chabaan 
2017). Charging pads are classified into 
two main types, based on the components 
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of the coupled flow and the shape of the 
coil, which are non-polarized pads and 
polarized pads. 
    Non-polarized pads (NPoPs) consist of a 
single coil that generates vertical flux 
components coupled to the receiving coils 
for power transmission. 
    Polarizing pads (PoPs) consist of several 
coils that generate vertical or horizontal 

flow components or both of them  that are 
coupled to the receiving coil and transmit 
energy (Mohamed et al. 2020; Z. Zhang et 
al. 2019). Table 2 shows the main shapes 
and sections of the most important pads 
used in WPT systems and the main features 
of each type.

 
TABLE.2 Types of basic pads and their specifications. 

Expression The final form Specifications 
 

 
 

Circular pads 
(CPs) 

Polarized 

 

 

-Over equivalent air gaps and misalignments, it exhibits less coupling 
than all the other types of coil geometries of comparable size. 
-Possess the same level of tolerance for misalignment in all directions. 
-The most common shape for static EVs systems is still circular. 
-No matter how well-optimized the design is, it has been demonstrated 
in (Budhia et al. 2013; Budhia, Covic et al. 2011; Zaheer et al. 2015) 
 that when offset horizontally by around 40% of the pad diameter, CPs 
display a zero in a mutual coupling. 

 
 

Rectangular 
Pads 
(RPs) 

Polarized 
 

-dynamic wireless charging is mostly used. (Buja et al 2016; Chen et 
al. 2016; Choi et al. 2015; Hwang et al. 2017). Better lateral alignment 
tolerance, small weight, and compact design. (Villa et al. 2012). 
-compared to the spiral coil, easier to create and design 
-Rectangular coils are more cost-effective and have superior power-
transfer efficiency  (Chen et al. 2016). 
 

 
 
 

 
Double-D pads 

(DDPs) 
Non-Polarized 

 

 

-DDP creates a single-sided flux route with very little leakage flux 
coming out the rear, making it possible to add aluminum. and get 
Shielding without significantly decreasing efficiency (Budhia et al. 
2013). 
-In comparison to the NPP, it is also more forgiving of horizontal 
misalignment. 
-The flux path's height is equal to that of the H-shaped pads. 
-When the horizontal misalignment is 34% of the pad length, a higher 
tolerance only occurs along the width of the pad owing to coupling 
null. 
-Because it only produces the parallel portion of the flux, this pad 
cannot be used with NPPs. 

 
 
 

Double-D 
Quadrature pads 

(DDQPs) 
Non-Polarized 

 

 

-To create the DDQP, a quadrature coil is added to the DDP. 
-This pad has a better tolerance for lateral and horizontal 
misalignments and can link and create both the horizontal and 
the vertical components of a flux. 
-When compared to the DDQP, the BP offers comparable benefits with 
less copper. 
-If utilized as the primary pad, two synchronized inverters are needed, 
while two synchronized rectifiers are needed for the secondary pad. 
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5   Pad Parts and Components 

The general structure of the pad consists of 
an electrical conductor often made of Litz 
wire, and a magnetic core, which mostly 
using ferrite, and shielding to limit leaky 
magnetic fields. . Also it consists of  
materials for packing and preserving the 
main parts (Mahesh 2021).Figure 8 shows 
the most important parts of the charging 
pad. 

 
Figure 8. Circular induction pad model, explosive view 
(Budhia et al. 2011) . 

5.1  The Wire 

The wires in the pads generate an 
electromagnetic field. Due to the high 
frequency of IPT systems, losses of wires 
are increased in the system due to eddy 

currents that effect proximity and the skin. 
There are two main factors for evaluating 
the performance and efficiency of IPT on 
the coupling factor (K), and the quality 
factor (Q) (Li and Mi 2015; Mizuno et al. 
2014). 
The coupling factor can be calculated from 
the following equation (Mohamed et al. 
2020): 
 
𝑘 = !

"#!∗#"
                                       (1) 

 
As for the quality factor, it can be 
calculated from (Mohamed et al. 2020): 
 
𝑄 = %#

&#$
                                            (2) 

 
ƞ = '(

)*'(
                                          (3) 

 
where (M) is mutual inductance, (L) is self-
inductance. Wires with low resistance are 
used for high frequencies based on Litz 
Wire (Rossmanith et al. 2011; Shinagawa 
et al. 2009), tubular conductor (Pantic and 
Lukic 2013; Sullivan 2008), magneto-
coated wire (Konno et al. 2017), magneto-
plate wire (Barth, Klaus, and Leibfried 
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Bi-Polar pads 
(BPPs) 

Non-Polarized 

 

 

-Other kinds of pads can be used with both the DDQPs and BPs. 
-Greater misalignment tolerance and interoperability with various pad 
types. 
-If utilized as the primary pad, two synchronized inverters are needed, 
and if used as the secondary pad, two synchronized rectifiers. 
-Additionally, coupling might decrease by over 13% with an 
increasing angular misalignment of up to 30° (Ni et al. 2015). They are 
susceptible to angular misalignments 
-Additionally, they need a complex control scheme and a position or 
flux sensor. As a result, the charger's overall price and complexity go 
up. 
-The driver of a personal electric vehicle (EV) may park it with a 
permissible misalignment for static charging. 

 
Solenoid pads 

(SoPs) 
Non-Polarized  

-More misalignment tolerance, lighter, smaller ( Budhia, et al. 2010;  
;Nagatsuka et al. 2010; Toshiyuki Fujita, et al. 2016). 
-employed a solenoid in conjunction with a DD coil because it is 
lighter, smaller, and easier to put in the car's undercarriage. 
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2017; Konno et al. 2017), and aluminum 
wire(Rossmanith et al. 2011; Tang and 
Sullivan 2003). 
    Litz wire consists of many thin copper 
hairs as in Figure 9 (a) and each 
individually isolated, to reduce the effect 
on the skin by reducing the cross-sectional 
area of each hair, which is no thicker than 
the depth of the skin (Aditya 2016), to 
ensure effective usage of the conducting 
area. The filaments are then woven 
together so that the location of each 
filament alternates between the center and 
the edge of wire. It is often includes several 
levels to form a stranded wire as in Figure 
9 (b) This ensures that the effect of 
proximity will affect each filament in the 
same way, thus carrying the same current 
and reduce the value of the equivalent 
resistance of the wire (Technischen 
Fakultät and Helmut Rosskopf aus 
Nürnberg n.d.). 
 

 
                   (a) 

 
                    (b) 

Figure 9. Litz wire: (a) general form, (b) wire position 
rotation (Lotfi and Lee 1993). 

5.2 The Ferrite 

Another important element in high-energy 
pad design is the magnetic core represented 
by the (ferrite core), which often used in 
high-capacity applications with a large 
magnetic gap between the transmitter and 
receiver. 
   Ferrite is a ceramic material made by 
mixing and releasing large proportions of 
(iron III oxide) with one or more 
complementary metallic elements, such as 
zinc, nickel, and barium. It is made in many 

forms traditional shapes of ferrite are E, I, 
S, W, U, H, T (Shin et al. 2018) or in the 
form of one piece, group, or one surface bar 
as in Figure 10. 

Figure 10. Some forms of Ferrite used in WPT systems: 
(a) E shape coil, (b) U shape coil, (c) W shape coil,  (d) 
Split surface bars (e) I shape coil, (f) S shape coil, (g) 
Entire surface, (h) Split surface square (Triviño-Cabrera 
et al 2020). 

Ferrite alloy have a non-conductive with 
high magnetic permeability that can be 
easily magnetized and is classified based 
on its resistance demagnetization to  two 
types: hard and soft ferrite (Roy, 
Shivakumara, and Anil Kumar 2009). Hard 
ferrite has a high resistance, so it is difficult 
to demagnetize. It is used in the 
manufacture of permanent magnets for 
applications such as magnets for 
loudspeakers and small electric motors, 
while the latter (soft ferrite) has little 
magnetic resistance so that it can be easily 
magnetized and demagnetized. The soft 
ferrite core is used for high-frequency 
transformers as a conductor of magnetic 
fields. 
The widest ferrite used in IPT systems are 
(Mn- Zn) and (Ni -Zn) due to their low 
losses at high frequencies. Many studies 
dealt with the effect of the ferrite on the 
mutual inductance of the system and the 
transmission of power and efficiency 
(Jeong et al. 2017; Noh, Ko, and Kim 
2016). The following Figure 11 shows the 
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effect of increasing the ferrite on the 
coupling factor and thus on the efficiency 
by using the finite element analysis method 
(FEA) and ANSYS MAXWELL (3D) 
simulation software. Finite element 
method  is a numerical method of analysis 
using the strategy of dividing the complex 
model into very small parts and 
transforming it into an easy-to-solve 
system using simple equations and then 
collecting these solutions to find the final 
solution ( Basil M,et al. 2013; Bouanou et 
al. 2021; Saied ,et al .2013). 
   This program do a lot of solutions related 
to magnetic fields with high accuracy 
(Basil M Saied, et al. 2012), and other 
programs use the finite element method 
such as JMAG, COMSO and CST EM 
STUDIO. 

 

Figure 11. The effect of adding ferrite on the coupling 
factor of a circular pad. 

 
Figure 12 shows the effect of adding ferrite 
bars to the pads and its effect on the flux 
density. The results of the analysis with 
(ANSYS MAXWELL 3D) show an 
increase in flux density for pads containing 
ferrite, which appears in the color red, and 
represents the highest value of the flux 
density. 

 
(a) 

 
(b) 

Figure 12. Effect of adding ferrite on the flux density: 
(a) Circular pad with ferrites,  (b) Circular pad without 

ferrites. 

5.3 Shielding 

Due to the presence of some 
electromagnetic fields leaking around 
WPT systems, these fields may exceed the 
safe limits stated in international standards 
and guidelines that, may pose a threat to 
nearby living organisms and their safety ( 
Zhang, Wei et al. 2015). Therefore, 
shielding is used to reduce flux around the 
system and improve coupling, the Figure 
13 shows the main types of shielding. 
 

 
Figure 13. Electromagnetic shielding for WPT systems. 

with ferrite

without 
ferrite

EMF 
shielding

ACTIVE PASSIVE REACTIVE

MAGNETICCONDUCTIVE MAGNETIC 
AND 

CONDUCTIVE



 
27 

    Passive shielding is commonly used due 
to its simplicity, durability, and 
inexpensive implementation Either a 
magnetic material such as ferrite or a 
conductive material such as aluminum or 
both is added (Patil et al. 2017), as in 
Figure 14, where this shielding helps the 
magnetic fields to go through them and 
prevent leakage around the system and 
enhance the mutual inductance between the 
transmitter and receiver (Mohammad, M. 
et al. 2019.). 

   
(a) (b) (c) 

Figure 14. Passive shielding for WPT 
systems 

(a) conductive, (b) magnetic, and (c) 
conductive and magnetic (Mohamed et al. 

2020) 
 

   To overcome the disadvantages of 
passive shielding represented by the 
heavyweight, high cost, and limitations of 
high power systems (greater than 100 kW), 
active shielding has been adopted by 
adding external coils with opposite polarity 
to the original coil to generate cancel fields. 
Its disadvantages include increased cost 
and copper losses (Campi et al. 2020; 
Cruciani et al. 2019). 
    Since the current passing through the 
active shielding coils depends on the same 
current passing through the base coils, 
which in turn leads to an increase in the 

input capacity and an increase in the cost of 
the system, resonant reactive shielding has 
been proposed by introducing a capacitor 
and resistance to the shielding coil. Where 
this method uses the leaking field as a 
power source, to cancel the non-fields 
desirability and high, where the efficiency 
is greater, and the value of the current can 
be controlled by controlling the value of the 
connected capacitor. Figure 15 shows 
active and reactive shielding. 
TABLE 3. Shows a comparison among 
several studies of WPT systems. The 
performance of these systems are evaluated 
by some factors like, the amount of 
transmitted power, the compensation 
circuits used, the amount of the air gap 
between the transmitter and receiver, the 
system efficiency for each study, and the 
program used if any. 
 

     
                                       (a) 

 
                                  (b) 

Figure 15. Shielding for WPT systems (a) active, and (b)  reactive (Kim and Ahn 2021; Park et al. 2017) 
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6 Conclusion 

This paper presents a comprehensive study 
of WPT systems, a review on the most 
important parts and components of these 
systems to assist researchers and designers 
in choosing the appropriate compensation 
topology, and the optimal design of the 
pads structure. This is done to overcome 
the problem of improper alignment and the 
optimal distance between coils to transfer 
power with the highest efficiency. It uses in 
modern technologies such as automobiles 
and other applications to overcome the 
challenges of cost, pollution, health and 

safety. The study focused on the base pads 
and their different types in terms of 
coupling factor, structure shape, and effect 
of variation on these pads. In addition, it 
focused on the type of wires to reduce the 
crust phenomenon and proximity 
depending on Litz wire. Beside that the 
magnetic materials and their effect on the 
coupling factor and the direction of 
magnetic fields by modelling two circular 
coils using a program ANSYS 
MAXWELL supported by shapes and 
values. Also, methods that used for 
reducing leaky magnetic fields and types of 
shielding. Finally, a table of different 

TABLE.3 Previous studies show the amount of transferred power and the air gap 
between the pads. 

 
Ref. 

 

Pad  
Shape 

Transm-
etted 

Power 
(w) 

Frequency 
(kHz) 

Compe-
nsation 

Topology 
 

Efficiency 
(%) 

Inverter 
 Type 

 

Air 
Gap 
(mm) 

Simulation  
Program 

(Moon et al. 
2016) 

MULTI 
CPs 

 

3.3k 90 SS 96.56 Full 
3phase 

200 - 

(Zheng et al. 
2015) 

CPs 4k 10-300 SS 96.6-98 full 40-80 FEA 

(Hsieh et al. 
2017) 

CPs 500 182 SS 90 full 150 - 

(Buja et al. 
2015) 

CPs 560 85 SS 89 H-bridge 150 FEA/COMS
OL 

(Diekhans 
and De 

Doncker 
2015) 

CPs 3k 35 SS 95.8-92.1  100- 
170 

FEA/JMAG 

(Pathipati et 
al. 2016) 

PoPs 5 41.5 SP 80  10 FEA/JMAG 

(Throngnum
chai et al. 

2013) 

Tx-CPs 
Rx-RPs 

1k 90 SP-SP 90  100 - 

(Mingyu et 
al. 2016) 

RPs 3.3k 85 SS 
LCL-LCL 

93.1 
89.9 

 100 multisum 

(Zhao, et al. 
2017) 

DDPs 3.3k 89 LCL-LC 91 full 120 - 

(Yang et al. 
2021) 

TX- 
RPs 
RX-

DDPs 

3.3k 80-90 LCC-
DSLCC 

95 H-bridge 100-
150 

FEA 



 
29 

studies that use more than different 
compensation and transmission circuits of 
different power through variable air gaps 
have been mentioned to support these 
studies. 
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