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Abstract 
 
In this paper, we discussed about the applications of the wireless power 

transmission. The discussed applications are medical implant and plugged in 

hybrid vehicle. All the techniques are not suitable for medical implant‟s 

safety requirement for patient. Capacitive coupling method is operating at 

megahertz (MHz). This method gives the solution for less power biomedical 

implant. In real time application the difference between the coupling distance 

and load are common. It can reduce the power amplifier efficiency. From the 

result the power transfers efficiency of 75% for 5mm and 96% for 50mm as a 

maximum power transfer at a frequency 13.56MHz. Efficient CMOS along 

with minimized printed circuit coil is utilized with this system. It is separated 

into two circuits which are transmitter and receiver circuit. We use resonant 

inductive coupling for getting high power transfer efficiency. From the side 

of electric vehicle a detailed analysis of various charging topology and also 

clearly explained about magnetic coupler selection and battery pack selection 

in this paper. 
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1 Introduction 
 

 

 Wireless power transmission is one of the easiest ways charging system. 

This article describes application of wireless power transfer. The applications 

are in medical implant and electric vehicle. Tightly coupled coil can operate 

for an efficiency of 40% to transfer power of 60W to the secondary coil from 

the primary coil wirelessly for a distance of 2 metre. In the year of 2007 a 

professor Marin Soljacic with his subordinates did a research on wireless 

power transmission initially later in the year 2007 in wireless power 

transmission field took much advancement. Now the wireless power 

transmission is one of the major techniques to charge the load[1]. 

 

2 Literature Survey 
 

Zahara Amajadi et.al describes that this system intends, PHEV (plug-in 

electric vehicle) Various methods are necessary to extend the battery life and 

efficiency also improved. In hybrid arrangement, battery and UC (ultra 

capacitor) connected in parallel combination it would be reduce the volume 

and weight of the system, the output current will be decreased, hence the 

battery life is improved. The components used in this system are battery, UC 

and fuel cells[2]. 

Siqi Li et.al explains increases power factor, to increases efficiency and 

to decreases reactive power for the capacitive coupling stage achieved. 

Certain voltage limits applied on the coupling capacitor. Control the voltage 

on each side of the coupling capacitor to reduce the reactive power[3]. 

Mustapha et.al illustrates a large scale adoption of electric vehicles faces 

the range anxiety. To increases energy and power density, reliability, 

inductive wireless power transfer technology[4]. 

Matijaz Rozman et.al explains about EV Charging through WPT. This 

system suggested is self determine most efficient coil to transmit power at 

EVs position. Optimal charging is to measurement transfer efficiency of 

individual transmission coil to determine the most efficient to be used. This 

improves our charging performance and decreases the energy losses. The  

https://ieeexplore.ieee.org/author/37085348223
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position of receiver coil can be noticed almost straight away, saves energy 

and raise the charging time[5]. 

 

3 Application 1: Medical Implant Charging Using Wireless 
Power Transfer 

A damaged biological structure is placed by the artificial devices. They 

are used as the biological structure. It is called medical implant Implants are 

solve the human‟s major problem such as heart trouble, vision loss, etc. It 

saves countless human lives. The implants are placed inside the body or few 

centimetres inside the body. When we implant the medical device in the 

human body some problem may happen during or after the surgery like 

suffixing, tuber and pain [6]. According to the applications they are classified 

into active and passive implant. In this medical implant we use active 

implant. In this application we use active implantable medical device. The 

applied source is electrical energy to its function and it is implanted partially 

or totally introduce into the human body. 

Function of active implantable medical device: 

1. It is used to liberate the electrical signal to the medical implant. 

2. It is used to check the wanted parameter to avoid the trouble in the 

human body. Example for active medical implant is left ventricular assist 

device, cardiac pacemakers [7,8,9]. 

 

4 Wireless Power Delivery 
 

4.1  Wireless Power Transmission 
 

The electrical power is relocating from transmitter point to receiver point 

in the medium is air, vacuum, without using wires. For active implantable 

device we have two different methods. 1. Inductive coupling 2. Magnetic 

resonant coupling. 

1. Inductive coupling:  when they are arranged such that the variation in 

current one wire generate a voltage across the end of another wire through 

electromagnetic induction. Transformer is the best example for magnetic 

induction. 
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2. Magnetic resonant coupling: At the constant resonance frequency at both 

primary and secondary which then it is called as the mid-range frequency. It 

is used for medium range distance. 

 

 

Figure 1 Magnetic resonance coupling 

 

Figure 1 shows the magnetic resonance coupling diagram. The power 

deliver occurs due to the electromagnetic coupling between the coils at same 

frequency In order to achieve high performance of the wireless transmission 

system (inductive and magnetic resonant coupling system) it is operated in 

high frequency like MHz range to transfer high power wirelessly. But for 

Electric Vehicle high frequency operation of wireless power transmission 

system not necessary since few KW power transfer is required [10, 11].     

 

5 Design of Suggested System 
 

According to the distance between the transmitter and receiver coil of 

wireless power transmission technique this system is divided into two types 

as short range field (near field technique) and long range field(far field 

technique) system, these systems are explained as follows 

1. Near field technique: It transmits the high range of power from 

transmitter to receiver. Eg: LASER, Microwaves. 

2. Far field technique: It is used for short range and midrange frequency. It 

is used for powering the implants. 
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 The far field technique is not suitable for medical implant. so we use near 

field technique because it may cause the tissue heating. 

 

Figure 2 Schematic diagram of suggested system 

 

5.1 Explanation 
 

The figure 2 is the schematic diagram of suggested system in that „a‟ is 

represented as DC power supply, „b‟ is oscillator, „c‟ is driver and finally „d‟ 

is Class E power amplifier. In near field technique, the flow of charge 

carriers flows through the primary coil and produces the magnetic field in the 

secondary coil. AC voltage in the secondary coil is induced due to the flux 

linkage between the transmitter and receiver coil. This alternating voltage 

satisfies the power requirement of the medical implant. The system operates 

at the frequency of 13.6MHz using complementary metal oxide 

semiconductor. 

 

5.2 Equivalent Circuit of the Suggested RIC System 
 

Inductive coupling is most interesting technique for transcutaneous 
application or implementation. The primary coil is a transmitter coil and it is 
located outside of the body. Secondary coil (receiver coil) of the wireless 
transmission system is fixed in the inner part of the human body to charge 
the battery.  

 It is used to transfer the energy to the transcutaneous application with 
low energy loss. The energy loss is in the form of heat dissipation.  
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Figure 3 Equivalent circuit of suggested system  

 
For a wireless power transmission the figure 3 suggested an equivalent 

circuit blocks. In this equivalent circuit there are two disconnected coils. 
Self-inductance (Lp, Ls) are connect with a mutual inductance. It is called 
inductive coupling. Rp and Rs are the equivalent resistors which are placed 
in the circuit. It is used to reduce the loss of the primary and secondary coil. 
Rp is for primary and Rs is for secondary coil. The mutual resistors are 
neglected because the high conductivity in the human tissue at a particular 
frequency. For the magnetic resonant coupling Cp, Cs are used in the 
equivalent circuit [12,13]. 

 

 SS- Series for primary and secondary coil 

SSh-Series for primary and Shunt for secondary coil 

ShS-Shunt for primary and Series for secondary coil 

ShSh-Shunt for primary and Shunt for secondary coil 

        We have selected SSh topology for the suggested system. It has 3 main 
reasons to use this topology. 

According to Higher power transfer than the other topology 
[14,15,16,17,18] 

Utilization of class E power amplifier with series connection topology is 
more suitable for better performance. The complexity of the system can be 
reduced with the help of tuning series and shunt capacitor [19, 20]. 

Power transfer efficiency is the parameter to determine the performance 
of a wireless system 

PTE= Power deliver to the load (Ps)⁄power drawn from the source (Pp) 
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The series and parallel topology are well under weak coupling condition 
so both it can be used. Shunt and series topology transfer the same amount of 
power to the load. Series resonant topology is for high current and low 
voltage and parallel topology is for high voltage and low current. 

 The range of Cp, Cs is sufficiently selected to get the resonance 
condition at referred frequency (f). It is in series shunt topology. 

 
5.3  Concept of Magnetic Resonance 

 

Magnetic resonance approach plays a main role of efficient wireless 

power transmission system were with minimum excitation of the primary 

coil it is possible to obtain maximum power from the secondary coil by 

wireless power transmission method [21] which is shown in the figure 4.For 

example in a magnetic resonance wireless power transfer system the power 

transfer will toggle in between the inductor and the capacitor connected in 

the WPT system whereas electric field is stored in the capacitor and magnetic 

field is stored in the inductor.  

LC

1
                                                                                                     (1) 

 Quality factor of the coil is, 

 
R

L

RC

L
Q 01

*


                                                                                    (2) 

From the equation (2) we can understand that quality factor is inversely 

proportional to circuit loss. In order to achieve maximum efficiency in the 

WPT system the quality factor of the coil must be high. Transfer efficiency 

depends on the coupling factor k. whereas input voltage is denoted as V, 

source module internal resistance is denoted as Ri, load resistance is denoted 

as Rl, Cp is primary capacitance, Cs is secondary capacitor, Lp is primary 

inductor, Ls is secondary inductor, Lm is mutual inductance, Rp is primary 

resistance, Rs is secondary resistance. Efficiency is defined as ration of 

transmitted power to maximum delivered power. 
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                             Figure 4 Two coils coupled resonant circuit 
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       Using the above equation (6) the efficiency can be calculated. 
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Equation (7) is represents the maximum efficiency condition. Equation 

(8) indicates the double resonant frequency whereas equation (9) is for 

minimum efficiency with single resonant frequency. If distance between the 

coils changes the resonant frequency also change. Most of the techniques,we 

use equation (8) for better efficiency. 

         Compensation topology in secondary side 

0f
SSPP CLCL  2

1

2

1
                                                (10) 

 Mutual inductance between two coils (M) 

  SPLLM                                                                                               (11) 

Where Lp and Ls are 

  

l

AN
L Pr

P

0                                                                                           (12) 

l

AN
L Sr

S

2

0
                                                                          (13) 

 

 Where Lp, Ls: primary and secondary inductance (Henry) 

            N=no of turns 

            A=area of the inner core (m²) 

            µ0= Absolute permeability 

            µᵣ=relative permeability 

 

 Mutual inductance (M) existing between two primary and secondary 

coils in terms of self-inductance (L) and k is coefficient coupling [22]. 

SPLL

M
K                                                                                               (14) 

       Generally coupling between the primary and secondary coil will be 

loosely coupled in nature in inductive coupling of WPT system which may 

leads to reduction of power transfer efficiency therefore to increase the 

efficiency in such case production of magnetic field can be improved by 

increasing the operating frequency of the WPT system improving of 

magnetic strength by increasing the applied current to the coil, increasing the 

flux linkage between the transmitter coil and receiver coil by reducing its  
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distance. Meanwhile the reflective impedance (Z) from the transmitter to 

receiver circuit expressed as follows,   

SP

S

Z

M

I

MIj
Z

22



                                                                             (15) 

From the equation (15) for series-series compensation, load from primary 

side reduces as the coupling also reduces. Then the output power will 

increase. This case is possible when the load is connected to VSI. 

        Ip and Is are the current from primary (P) and secondary(S) 

Angular frequency ( ) =2πf (radian/sec) 

             Impedance of the secondary side (shunt topology), Zs 
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                                    (16) 

  From equation 16, reflected impedance for parallel secondary circuit is 

expressed as reflected resistance and reflected reactance as follows, 

Parallel circuit (secondary), 
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        Substitute Rs=0 in equation 17 becomes, 

          Parallel circuit (secondary), 

 

2
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       The expected output power will be decreased if the load is supplied by 

the current source inverter. 
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       Equivalent impedance of the secondary circuit (Zeq) 
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       If the following condition is true then the 11
th
 equation is true 

      The condition is,  

                           

S

S

LR

LR
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      R1 is satisfies the condition. 

  Rl=300Ω>170.4Ω 

 

Using the combination of series and shunt, it judge the AC power source. 

When the resonant circuit reaches the resonance state then the voltage 

ampere (VA) rating of the power supply can be reduce. Then the load 

impedance real part should be zero (Zp). 

 

 

5.4  AC to DC Converter 
 

The devices produce an AC voltage at a accurate frequency and 

amplitude in order to power up the primary coil (transmitter coil). Oscillator 

and power amplifiers are required for power up the transmitter coil.  

 

5.5 Oscillator 
 

It is an electrical circuit without input it generates the continuous 

alternating waveform. It transforms unidirectional current into alternating 

waveform. The unidirectional current is from DC source with a desired 

frequency. 

 The low-level signal is converted into high level signal. The low state 

remains the same for a particular time and it reaches the high state. This 

cycle is continuous until the required condition satisfied. The signal total 

harmonic distortion content can be identified using the following formula 

 

      THD= RMS value of Harmonics / RMS value of fundamental 

components 
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      Variation of the frequency limit is given as [f0-δf, f0+δf] 

σ is denoted as ratio of frequency stability 

     It is used for generate a stable frequency in PPM (parts per million) at a 

given temperature 25
0
C. 

 

 sf

f
ppm


 610)( 

                                                                                (22) 

 

5.6   Class E Power Amplifier 
 

The required power will be delivered by the power amplifier with 

corresponding frequency and amplitude. Since the Class E power amplifier is 

a switching amplifier it is utilized more popularly in a medical implant field 

due to the reduced losses in the system at high range of operating frequency. 

  When the design for implants class E power amplifiers are more suitable 

comparing to other amplifiers because to obtain the higher power efficiency 

and the class E is most suitable for getting more theoretical efficiency. Only 

oscillator can‟t generate a current at a higher frequency (3Hz to 10GHz) so 

class E power amplifier is used [23]. 

 

5.7 Driver 
 

It is a component. It controls another component or circuit like high 

power transistor. 

 

               
C

gi

T

VC
l                                                   (23) 

Ci=Capacitance of the input 
Vg=Target gate voltage 

Tc=Time taken for charging the transistor gate capacity. The capacitor is 
completely charged in a time period of 4τ. 

 

iigc CRRdT )(4 0                                                    (24) 

Rdo=driver output resister 

Rig=internal gate resister 
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5.8 Ceramic Capacitor 
 
 It is used to get a constant transmitter in frequency and temperature. 
Multilayer ceramic capacitor is used. 

 High stability 

 Minimum temperature coefficient  

 Enough quality factors. These characteristics are used to reduce the 
power loss.  

 

6 Transmitter and Receiver Coil Design 

 

Figure 5 Circular spiral coil 

 

 Figure 5 represents the circular spiral coil design with its various 

dimensions. Meanwhile there are three steps to indentify the factor of 

achieving higher efficiency with minimal coil size, this can be achieved by 

the utilization of coupled printed spiral coils geometry minimization of the 

both the inductance values in primary and secondary coil with advanced 

design technique in the system software [24]. 

2
4

321
2

0 )ln(
2





CC

CCDN
L av                                                      (25) 



                                                                                                                  
 

          

 

 

 

 

 

 
2067 V.Senthil Nayagam et al  

 

L denoted as inductance with its unit of Henry. 

μ0 for a free air it is denoted as absolute permeability. 

Do denote as coil outer diameter in metre. 

Di denote as coil inner diameter in metre. 

N denote as coil number of turns 

Dav denote as coil average diameter 

C denote as circular coil (C1=1, C2=2.46, C3=0, C4=0.20) 

Ψ denote as filling factor of the coil. 

 

2
0 i

av

DD
D




                                    (26) 

 

))(( 00 ii DDDD 
                                                (27) 

 

 From the equation 22 we can find the no of turns coherent to each 

inductance value. 

 
Figure 6 Steps for design the coil 
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Step1 
 

Copper is a conductivity material which is used to construct or design a 

coil and flame resistor is used as a dielectric. Figure 6 represents the methods 

for designing the coil and Table 1 represents the various parameters of FR4 

conductor and Cu similarly Table 2 provides various data related to implant 

fabrication. 
 

                         Table 1.FR4 conductor and Cu parameter 

 

Parameter  Quantity 

Cu resistivity 1.68×10ˆ-8 Ωm 

Cu conductivity 5.96×10ˆ-7 Ωˆ-1mˆ-1 

Ralative FR4 constant 4.15 untill 500 MHz 

FR4 loss tangent 0.02 untill 500 MHz 

 

 

Table 2. Parameter limited by the implant and fabrication technology 

 

Parameter Value(unit) 

Frequency 13.56 MHz 

Inductor(Tp) of the 

transmitter coil 

5.48×10ˆ-6 H 

Inductor(Ts) of the 

reciever coil 

10ˆ-6 H 

Copper thickness ≥0.0445mm 

Conductor width ≥0.203mm 

Conductor spacing ≥0.203mm 

Via diameter 0.6mm 

FR4 thickness 1.4986mm 
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Step 2: Primary and Secondary Coil Optimization 
  

To get the required inductance values of the two coils (Lp, Ls) with the 

high-quality factor. It is important factor to improve the inductive coupling 

of the wireless power transmission system. To improve the quality factor 

leads to decrease in electromagnetic heating of the human body [25]. 

   Quality factor of an unloaded system 

                  pR

L

RC

L
Q 01

*




                                                              (28) 

 

0 =angular frequency, Lc=inductor of the coil, Rp=parasitic resistance 

Rp expressed as,   

)1(







e

RR dcp





                                                                       (29)  

δ =skin metal depth, Rdc= DC resistance 

 Rdc expressed as follows,  

cc

dc
tW

R
*

1


                                                           (30) 

Whereas ρ denote as total metal resistivity, l denote as length of the total 

conductor, Wc denote as width of the total conductor, tc denote as thickness 

of the total conductor. 

δ expressed as follows, 

f


 

                                                 (31) 

r  0                                                   (32) 

μ=permeability, μᵣ=relative permeability  

     

  Figure 7, represents optimise the primary and secondary coil, we have 5 

steps, 

 S-parameter: It is used to secure the required frequency (13.56MHz) to 

the coil. 

 M sub: we have to place the subtracted thickness, relative dielectric 

constant, relative permeability, conductor thickness, conductor conductivity 

and dielectric loss tangent. 
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 Part impedance value is 50Ω  

 

 The variation value of coils gap, number of turns of the total conductor, 

width of the total conductor and inner radius of the coil and impedance value 

of the coils can be determined by using the advanced design system. 

  R_Coil = real(Zin(S11,portZ1)) 

  ZS_coil = imag(Zin(S11,portZ1)) 

  L_coil = (ZS_coil)/(2*pi*fre)) 

 

 
 

Figure 7 Block diagram of identifying various coil dimensions for predicting the 

efficiency using advanced design system 

 

Step 3: Endorsement 
 

First, we have to differentiate the five-test configuration made for each 

coil before doing the practical verification of the coils. 

Qp = Quality factor of primary coil 

Qs = Quality factor of secondary coil 

Form factor also measured with the quality factor.  

For primary coil test no 2 gives the balanced result between the quality 

factor and form factor. The value of quality factor is approximately equal to 

49mm and the value of form factor is approximately equal to 65mm. 

 

7  Testing Methodology and Result 
 

Figure 8 shows the experimental setup which is done by the relevant data  

to verify the result. 

 To supply the primary coil AD/DC converter is used. 

 The coils both primary and secondary are made up of copper with FR4 as 

a substrate which are designed using advanced design system. 

 The connection of the energy transmission with the distance between 

primary and secondary is measured by using the RS PRO digital calliper. 
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Figure 9 represents the transmitting and receiver coil photocopy and Figure 

10 represents the waveform of the primary and secondary coil form factor . 

 

 

 

 
Figure 8 Experimental setup  

 

 
Figure 9 Transmitter and receiver coil  

 

 
Figure 10 Transmitter coil(primary) form factor result 
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Figure 11Transmitter coil (primary) quality factor result  

 

The figure 11 shows the primary coil quality factor which decides the 

transmission efficiency. 

 
Figure 12 Receiver coil (secondary) quality factor result  

 

The figure 12 represents the Receiver coil quality factor is the another 

factor which decides the transmission efficiency. 
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Figure 13 Receiver coil (secondary) form factor  

 

The figure 13 shows the Receiver coil form factor which decides the 

transmission efficiency of the WPT system. 

 

7.1 Results Discussion 
  

The wireless power transfer gap variation is achieved by moving the 

secondary coil from the fixed primary coil then the maximum power transfer 

efficiency and suggested distance of the system will be obtained. For 

example if it is started with the distance of 0.5cm between the two coils and 

increased to 5cm. The transfer distance is measured by calliper.  

 

 
Figure 14 Oscillator output voltage waveform at 13.56 MHz  
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At an operating frequency of 13.56 MHz the oscillator output is shown in 

the figure 14. 

 

 
 

Figure 15. Transmitter coil output voltage waveform 

 

Variation of output voltage of the transmitter coil for a distance of 6cm 

and 15cm and load of 100 ohms is shown in the figure 15. 

 

 
 

Figure 16. Voltage waveform of receiver coil when resistive load 100 ohm at (a) 

6cm and (b) 15cm. 

 

Variation of output voltage of the Receiver coil for a distance of 6cm and 

15cm and load of 100 ohms is shown in the figure 15. 
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8 Application 2: Electric Vehicle Charging Using Wireless 
Power Transfer 

 

 The other application of wireless system is electric vehicle charging. 

This technology based on the working principle, it has been classified into 

several techniques. They are electric and magnetic field coupling another one  

is electromagnetic radiation method. This electromagnetic radiation method 

like micro wave and radiation method is only used for high power transfer 

technology. The reason is that voltage source with larger value of voltage and 

resonant and larger value of frequency can be coupled with receiver to 

transfer energy. This high efficiency may affect the loads in near field 

techniques. So, we choose magnetic field coupling for short range of distance 

[26]. Usually we use MHz because for get better performance and resonance. 

Electric vehicle charging we follow kW because MHz criterion is ambitious 

to transfer few kW. Air cored coil is replaced by the ferrites core. The reason 

is air core is very much sensitive to loads[27]. 

 

Air cored coil disadvantages in electric vehicle are 

 High sensitivity with nearby object. 

 High eddy current loss in electric chassis. 

So, the air cored is replaced by ferrites core. 

  
8.1 Topologies and Compensation Selection 

 

The requirement of compensation network shown in figure 17 is to decrease 

apparent power and require power supply and also in wireless technique the 

coils are loosely coupled with large value of leakage inductance. 

Compensation is applicable for both transmitter and receiver side for better 

efficiency and better characteristics. Method to get the compensation is that 

adding capacitor on both sides it compensates the leakage inductance. 

Meanwhile depends upon the capacitor connection with the primary and 

secondary sides of the coil the WPT system topology is classified. For series-

series and series-shunt topology voltage source inverter is directly connected 

to the transmitter coil. For shunt-series and shunt-shunt current source is 

connected to the transmitter coil [28, 29, 30, 31, 32]. 
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Figure 17. Compensator topologies 

 

  

In series compensation, for a constant current transmitter the output will 

be a voltage but in shunt compensation, for a constant current transmitter the 

output will be a current. The current source variation makes its output 

characteristics variation from its standard form. To achieve reduced 

switching losses the soft switching condition is followed that is the primary 

side coil should have a small amount of reactive power to reach either zero 

current switching or zero voltage switching conditions [33]. For a various 

topologies of coil connection and various frequency, Air gap the efficiency 

comparison is provided in the Table 3 . 

For series compensator secondary, 

Rl

L
QS

20
                                         (32) 

For shunt compensator secondary,  

20L

Rl
QS




                                   (33) 

 

 

 

 

 

 

 

 



                                                                                                                  
 

 

 

 

 

 

 

 
2077 V.Senthil Nayagam et al  

 
   Table 3 comparison between various topologies of WPT coil connection 

 

Topology  Rated 

power 

in (W 

or 

kW) 

Resonant 

frequenc

y in 

(kHz) 

Air 

gap in 

(cm) 

Efficiency 

in (%) 

Series-series 2kW 20kHz 15cm 82% 

Series-shunt-

series 

2kW 100kHz 14cm 75% 

Series-series 5kW 50kHz 20cm 95% 

Shunt-

shunt+senso

r 

400W 20kHz 10cm 76% 

Series-shunt 300W 100kHz 15cm 81% 

Series-shunt 120W 8.7kHz 10cm 75% 

Series-series 3kW 60kHz 2.8cm 85% 

 

 

8.2  Magnetic Coupler Selection 
 

Next one is selection of magnetic coupler.  The major points to obtain the 

optimization are: 

 By decreasing the system size and system weight and monitoring the 

performance of maximum power transfer capability.  

 To monitor the system stability, efficiency required mutual inductance is 

observed. 

 Coil coupler misalignment is adjusted. 

 Core saturation of the coils is prevented during transfer of maximum 

power wirelessly. 

Circular shaped coil is used in most of the wireless power transfer previously 

[34]. Proper magnetic coupler design leads to have an improvement in the 

system performance and the system stability. Ferrite core is used for increase 

the mutual inductance so that it can decrease the magnetic flux dissipation. 

 

Configuration 1 
 

The first configuration in figure 18 the flux is dissipated all around the 

primary and secondary coil because the core is not used in this type. The flux  
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linking from the primary coil to the secondary coil is less under the condition 

of less mutual inductance. Figure 18 shows the type one configuration. 

 

 
Figure18. Type  one  configuration 

     

 Configuration 2 
 

Figure 19 represents the second configuration of the coil alignment where 

flux dissipation will be reduced under this configuration due to the complete  

coupler structure is covered with core. Material cost is very huge because the 

entire area has to cover over the structure of core.  

 

 
Figure 19. Type two configurations 

 

 

Configuration 3 
In figure 20 it is clearly observed that this configuration has a ferrite core 

which is used to cover the structure of windings but this configuration leads to 

have decrement of mutual inductance between the coils which results in 

increment of flux dissipation which happens already like in type one 

configuration.  
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Figure 20. Type three configurations 

 

   Configuration 4 
In this configuration shown in the figure 21 it is combined with 2 and 3 

type configuration merits. The core is covering the entire area by use of 

connections. So, in this method we are not using much material. Performance 

is almost similar to the configuration 2 and mutual inductance is high flux 

leakage is less. 

 

 
Figure 21. Type four configuration 

 

   And also, we have to consider the saturation level of the system. If it is 

not considering the cores undergoes saturation level and the coupling will 

stops. 

 

Battery Packs 
 

The major device which is most important to run the E-Vehicle is battery 

so proper designing of battery plays a main role were selection of battery 

pack in an E-Vehicle is depends upon two key factors they are  

1. Driving range. 

2. Required torque. 
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Also few important parameters to be monitored in the battery as follows 

   Parameters:    1. Energy density 

   2. Operating temperature 

  3. Operating current 

 

  The major parameter for selection the battery is energy density. Energy 

density means measuring the stored energy in 1l or 1kg. Since the energy 

density of various E-vehicle battery is differs, E-vehicle has a minimum 

volume hence it requires high density battery. Likewise, for electric bus has a 

maximum volume then it requires less density battery. Example is LTO 

battery.  If the operating temperature is high then the capacity of the battery 

will be reduced. Such application will have a cooling system along with the 

battery. Battery current is denoted by „C‟. [35]. Some examples for electric 

vehicle batteries are lithium titanate battery (LTO), lithium iron phosphate 

battery (LFP), lithium nickel manganese cobalt oxide battery (NMC), lithium 

nickel cobalt aluminium oxide battery (NCA). LTO battery‟s charging and 

discharging time is 5-10C and 5-10C respectively. Similarly discharging time  

of LFP, NMC, NCA batteries are 3C,2-3C,2C respectively. Charging time of 

LFP, NMC, NCA batteries are 1C,1C,0.5C respectively. Other criteria for 

selecting the battery are battery life cycle, price, weight etc[36]. 

Lithium-ion battery is the one of the better solutions for electric vehicle 

and plug-in hybrid electric vehicle. To met the require operating voltage of 

the E-Vehicle and its power demand multiple batteries are connected either 

in parallel or in series connection. The power demand can be up to 120kW. 

Since the battery packs are framed by connecting multiple series connected 

battery cells it is very easy to identify the status of the battery condition as 

well as every cell voltage can be controlled. With the help of ON-Board 

battery management system each cell current can be monitored if the battery 

packs are connected in parallel [37]. 

 

9  Conclusion 
 

This paper describes the instruction for minimizing the space 

requirement for the battery in the E-vehicle and medical implant application 

charged by wireless technique. This proposed technique can increase the 

efficiency also reduce the battery size by choosing proper material of the coil 

and better alignment matching between the primary and secondary coils. In 

medical implant high efficiency complementary metal oxide semiconductor 

is used instead of battery at operating frequency 13.6MHz. In this paper the 

experimental model also included for good understanding in one of the 

applications of medical implant and also different topology and  
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compensation selection also explained. So, the WPT system can be great 

technique in future for multiple applications. 
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