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Abstract— Electric vehicles are very popular in the 

automotive industry today. Electric vehicles are easy to use, 

reliable and clean. But the car's charging system takes a long 

time. Therefore, we are introducing wireless charging for 

electric vehicles. Upload is static and dynamic. Dynamic 

charging promotes the use of electric vehicles and reduces 

fuel consumption. Sufficient power is supplied to the battery 

through the coils of the transmitter and receiver without any 

loss of power. Power is then transferred to a rechargeable 

battery that is electrically connected to the receiver coil. In a 

wireless charging system, charging is done dynamically. A 

wireless charging system reduces the size and cost of the 

battery. The wireless charging system reduces the space 

required for charging stations by up to 80%. 
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I. INTRODUCTION 

In past few decades mankind use vehicles for public transport 

or goods transport. These vehicle use combustion engine for 

its movement. For combustion purpose they use fuel such as 

petrol, diesel and gas. Due to more numbers of vehicles air 

pollution and sound pollution is increased and storage of 

fossil fuel gets depleted. So to overcome this problem there is 

new inventions for transportation such as hybrid vehicles. 

These vehicles use combination of electric motors and 

combustion engine. Up to certain speed this vehicles use 

electric motor and after that they use combustion engine for 

movement. Also these vehicles reduce emission up to certain 

limit. But our prime objectives is to produce zero emission 

vehicles. This is only done with use of electric vehicles 

instead of combustion engine vehicles. Now days many 

industries design and manufactures electric vehicles. But cost 

of these vehicles is so high due to cost of battery and 

efficiency of battery. These batteries takes more time for their 

charging such as 6 to 7 hours. And gives less kilo-meter range 

output. Consumer are looking for better solution for charging 

of their vehicles when they go to long distances. Hence wired 

charging system is built at various charging stations. 

 Wired charging station having more disadvantages 

such as space required is more, socket are different types, a 

small substation required, converter circuit is installed at 

every charging station, range of wire is limited and also time 

required for charging is constant. This all problems is solved 

by wireless electrical vehicle charging system. Wireless 

electrical vehicles system gives adverse condition for 

charging of electric vehicles. This system provides flexible 

operation of charging and also remove trouble of charging. 

Wireless charging system provides two modes of charging 

first is static condition charging system and another mode is 

dynamic condition charging system. 

 
Fig. 1: Static condition charging system. 

 In above figure static condition charging system is 

shown. In this condition electric vehicle is charged in static 

condition (non-moving). Wireless electrical vehicle charging 

system creates an innovative way to provide a user-friendly 

environment for users and prevents any safety related 

problems with the plug-in charging system. Static wireless 

electrical vehicle charging system can replace easily the plug-

in charging system with less driver participation and it can 

solve related safety issues such as trip and electric shock 

hazards. The primary coil is usually installed below the 

electric vehicle’s front, back or center. The energy received 

from the electric vehicle is first converted from AC to DC by 

using a power converter and then it is transferred and stored 

in the battery bank. Electric vehicle is in stationary condition 

at charging station, in parking premises or at any other where 

charging system is available. 

 
Fig 2: Dynaimc condition charging system. 

 In above figure dynamic condition of charging 

system is shown. Two major barriers to connecting hybrid 

electric vehicles are cost and scope. Electric cars often require 

the replacement or installation of larger batteries, which can 

introduce additional issues such as cost and weight. It is also 

not economical to charge the electric vehicle frequently. 

Therefore, the introduction of dynamic wireless charging 

systems for electric vehicles can reduce the problems related 

to the autonomy and cost of electric vehicles. Therefore, the 

dynamic wireless charging system for electric vehicles will 

be the only answer to the prospects of automation of electric 

vehicles. In this state, the electric vehicle is in a dynamic state 

(driving state). 
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 In above both condition dc supply is required which 

is obtained by using converter circuit. This supply is given to 

transmitter coil and produces flux links with receiver coil 

which is connected with battery. There are three types of 

wireless charging system such as  

1) Radio charging. 

2) Inductive charging or Near field charging. 

3) Resonance charging. 

 Above this three types we use inductive charging for 

research purpose. In inductive charging system transmitter 

coil produces flux and this flux links with receiver coil via air 

coupling. The designing of coil is very complicated task this 

include frequency, current, voltage rating and power transfer 

capacity. 

II. DESIGNING OF WIRELESS CHARGING SYSTEM 

 
Fig. 3: Block diagram of wireless charging system. 

Above figure shows block diagram of wireless charging 

system. In the above figure ac supply is taken which is 220v 

AC supply with high frequency converter. Rectifier circuit is 

used to obtain dc supply. Rectifier converts AC supply into 

DC supply. This DC supply is given to chopper circuit. 

Chopper circuit is used to obtain variable DC supply from fix 

DC supply. This required because to match the DC supply 

with transmitter coil input voltage level. Compensation 

capacitors application is a capacitor whose purpose is to be 

connected either in series or in parallel with a coil in a circuit. 

The resulting LC circuit acts as a resonator at a certain 

frequency denominated as the resonant frequency of the 

circuit, in which the reactance of the capacitance and the 

inductance cancel each other out. Inductive WPTS uses 

magnetic fields that are a natural part of current movement 

through wire. When electrical current moves through a wire, 

it creates a circular magnetic field around the wire. In this 

system, alternating voltage applied to one part of coil induces 

a different terminal voltage of the counterpart at the same 

frequency.  Then this supply is given to transmitter coil. This 

coil produces flux and due to mutual induction effect this flux 

links with receiver coil via air. This transmitter coil is 

mounted on the either on road in dynamic condition or in 

static condition at a stable position where a car will be parked. 

Receiver coil is mounted below the car and this is connected 

with battery circuit. The flux produced by the transmitter coil 

links with receiver coil. This flux again convert into dc 

supply. This dc supply is given to rectifier circuit through 

secondary compensation capacitor, rectifier circuit is used to 

remove ripples in supply. And lastly this supply is given to 

battery for charging purpose. 

III. THEORY OF OPERATION 

 
Fig. 4: circuit diagram of inductive wireless power 

transmission system. 

Inductive communication works according to the principles 

of Faraday's law of electromagnetic induction. The WPTS 

inductive coupling diagram is shown in Figure 1.  where LT 

and LR are inductors of the transmitter and receiver coils, M 

is the reciprocal inductance, and Rs and RL are impedances 

of the coils. Voltage equations in the transmitter and receiver 

sections 

{
V̅s = ZTIT̅ + jwMIR̅
−jwMIT̅ =  ZRIR̅ 

                             (3.1) 

Where  𝑍𝑇 and 𝑍𝑅 are the impedances of the transmitter and 

receiver sections, given by 
 ZT= RS+jwLT

    ZR =RL+ jwLR 
                                   (3.2) 

And w is the angular frequency𝑉𝑠, from (2), the currents 

flowing in the transmitter and receiver sections are derived a 

{
IT̅= 

V̅SZR

ZTZR+w2M2

IR̅= -
V̅SjwM

ZTZR+w2M2  
                            (3.3) 

By (3.2)-(3.4), the complex power S̅Sdelivered by the voltage 

source and the quantities AS and PL can be calculated as 

S̅S = �̅�𝑆IS̅ = 
|𝑉𝑆|2

|𝑍𝑇𝑍𝑅+𝑤2𝑀2|2
𝑍𝑅(ZTZR+w2M2 )           (3.4) 

           AS = 
|V̅S|2|ZR|

|ZTZR+w2M2|
                                          (3.5) 

     PL = RL‖𝐼�̅�‖2 =
RL𝑉𝑆

2w2M2

‖𝑍𝑇𝑍𝑅+w2M2‖
2                           (3.6) 

IV. DESIGNING OF TRANSMITTER AND RECEIVER COIL 

A. Basics of electro magnetics 

The basic equation of electromagnetic are derived from the 

Maxwell equations, both in time dependent and time 

independent cases. The four Maxwell equations are as 

follows 

∅E.⃗⃗  ⃗ dl⃗⃗⃗  =-
∂B⃗⃗⃗⃗  ⃗

∂t
                                                (4.1) 

∅H⃗⃗ . 𝑑𝑙⃗⃗  ⃗ = 𝐽 + (−
𝜕𝐷⃗⃗ ⃗⃗  ⃗

𝜕𝑡
)                          (4.2) 

∅D⃗⃗ .ds⃗⃗  ⃗=ρv                                (4.3) 

∅B⃗⃗ .ds⃗⃗  ⃗=0                               (4.4) 

Where 

E⃗⃗  = Electric field 

H⃗⃗  = Magnetic intensity 

D⃗⃗  = Electric displacement 

B⃗⃗  = Magnetic flux density 

 There are four laws are associated with Maxwell law 

first is Faradays law of electromagnetism second is Ampere 

law and third is Gauss laws for the electric field and fourth is 

Gauss laws for magnetic fields. They are explained as follows 
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1) Faradays Law of electromagnetism 

The line integral of the electric field around a closed loop is 

equal to the negative of the rate of change of the magnetic 

flux density through the area enclosed by the loop. 

2) Ampere’s Law 

This law states that current is a source of the magnetic field, 

thus the magnetic field is related to the current density.  

3) Gauss Law for electric field 

This law states that the amount of total electric flux 

displacement through a given closed surface is proportional 

to the amount of volume charge Pv in the volume contained 

by that surface. 

4) Gauss law for magnetic field 

This states that all magnetic field lines which enter a 

particular closed surface must eventually leave the surface, 

thus there are no magnetic monopoles or sources of magnetic 

charge. 

B. Coil Parameters. 

1) Coil Resistance 

It is important to calculate the strength of the primary and 

secondary coils in a wireless power supply system, as these 

are the main limitation of the transmitted power. If the 

resistance is zero, the transformer efficiency is 100%. The 

resistance of the coil creates a Joule effect and this heat must 

be maintained at a comfortable level. Reducing joule costs is 

an important point in terms of efficiency and portability when 

designing a wireless power system. 

R =
ρl

Awire
                                            (4.5) 

 Where l is length of the coil, Awire is area of the wire, 

ρ is resistivity of the coil. 

2) Coil Inductance and magnetic flux density. 

Calculating the strength of the primary and secondary coils in 

a wireless power supply system is important because it is a 

major limitation of the transmission power. If the resistance 

is zero, the transformer efficiency is 100%. The resistance of 

the coil creates a Joule effect and this heat must be maintained 

at a comfortable level. Reducing joule costs is an important 

point in terms of efficiency and portability when designing a 

wireless power system. 

 The magnetic flux density is a field that is created 

by a current in a conductor. It is related to the magnetic field 

H through the magnetic permeability that characterizes the 

medium in which the conductor is situated. 

 One of the key factors that define the performance 

of a wireless power transmission system is the coupling 

coefficient of the coils. It depends on the size and the shape 

of the coils and on the distance between them. In some cases, 

it can be analytically calculated starting from the Biot-Savart 

law. 

                         𝑑�⃗� =
𝜇0

4𝜋
𝐼

𝑑𝐼̅∗�̅�

𝑟3                                   (4.6)   

 that gives, for any point P in the free space, the 

magnetic induction contribution dB   generated by the current 

I flowing in the infinitesimal portion dl 
 of an electric circuit 

at distance r from P. The magnetic induction is calculated by 

integrating along the full circuit. 

 For example, in a point belonging to the axis of a 

circular coil formed by n turns and lying at  

 
Fig. 4: Bivort-savart law 

 A distance d from the center of the coil, the magnetic 

induction has the same direction of the axis and magnitude 

equal to 

B=
𝜇0

4𝜋
𝑛𝑙

2𝜋𝑟2

(𝑅2+𝑑2)
3
2

=
𝜇0

2𝜋
𝑛𝑙

𝐴

(𝑅2+𝑑2)
3
2

≈
𝜇0

2𝜋
𝑛𝑙

𝐴

𝑑3         (4.7) 

where R is the radius of the coil, A is its cross-section and d 

is the distance between coils. The last expression of B in (13) 

holds when the distance from the coil is much longer than the 

coil radius. If the magnitude of the magnetic induction is 

constant across the coil cross section, the self-inductance of 

the coil is given by 

L=μ0N2R [ln (
8R

r
) -2]                                    (4.8) 

where r is radius of wire 

3) Mutual inductance  

It is the phenomenon in which a change of current in one coil 

causes an induced electro motive force in another coil placed 

near to the first coil. This parameter is most dependable for 

design of WPT system. 

4) Skin effect and proximity effect 

If the conductor is composed of one or more concentric 

circular elements, then the center portion of the conductor 

will be enveloped by a greater magnetic flux than those on 

the outside. Consequently the self-induced back electro 

motive force will be greater towards the center of the 

conductor, thus causing the current density to be less at the 

center than at the conductor surface. This extra concentration 

at the surface is known as skin effect, and results in an 

increase in the effective resistance of the conductor. 

 The skin depth, δ, is defined as the depth at which 

the current density falls to 1/e, (about 0.37), of the current 

density at the surface. This is given by 

𝛿 = √
2𝜌

𝜔𝜇
                                 (4.9) 

where ρ is the resistivity of the material and is related to the 

conductivity as 1/σ, μ is the permeability of the material and 

𝝎 is angular frequency of the electrical solicitation. 

 The proximity effect also increases the effective 

resistance and is associated with the magnetic fields of two 

conductors which are close together. If each carries a current 

in the same direction, the halves of the conductors in close 

proximity are cut by more magnetic flux than the remote 

halves. Consequently the current distribution is not even 

throughout the cross-section, a greater proportion being 

carried by the remote halves. If the currents are in opposite 

directions, the halves in close proximity will carry the greater 

density of current. 

C. Coil design 

Coil-coupling structures are analysed with the view of 

building up a WPT system with resonant topology for 

charging the battery pack of the electric city-car of the study 

http://hyperphysics.phy-astr.gsu.edu/hbase/intare.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/elefie.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/fluxmg.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/fluxmg.html#c1
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case. Its data, given in Appendix B, to determine the wireless 

power transmission specifications listed in table 

Parameter Symbol Value 

Nominal supply voltage VN 230 

Nominal output power PN 400 

WPT system operating frequency f 70 

Coil radius R 0.16m 

Distance between coils d 0.13m 

Table A: Wireless Power Transmission specifications 

From this value, the equivalent RO resistance of the rectifier 

output was calculated taking into account the charging 

characteristics of the battery and the 95% efficiency of the 

DC converter. From this, the equivalent resistance at the input 

of the RF rectifier i.e RL, is obtained accordingly 

RL =
8

π2 R0                                 (4.10) 

Given the equivalent RL and the working frequency, the 

specification for QR can be easily translated into specification 

for LR. From the given values of QT and QR, normalized load 

current (IR,L). As in this stage we don’t have the value of M 

IR̅,L =
V̅S

jωrM
(

k
2
QTQR

𝟏+K𝟐QT𝑸R
) =

V̅S

jωrM
𝒏𝒓                 (4.11) 

According to the above requirements and making allowance 

for the variations in the grid voltage and the voltage drops 

across the circuitry, the minimum and maximum values of Vs 

should be less than or equal to 280 V. so the consideration of 

preliminary values of VDC is 65 V and minimum and 

maximum values of resistance of battery is 5.8 Ω to 580 Ω. 

with this preliminary values, the peak values of rectified 

current can be evaluated from below equation 

IR,PK =
4

π
 
VDC

RL
                                       (4.12) 

the value comes to be 0.142 A≤ I,p≤14.2 A. 

In the resonance condition, by neglecting equivalent series 

resistance (ESR), VS,PK can be 

       VS,PK ≤ ωMIR,PK =
4

π
 
VDC

RL
ωM                        (4.13) 

considering the nominal resonant frequency, VDC, VS,PKand 

minimum value of RL the value of mutual inductance can be 

calculated from (19) for the minimum distance of 0.1m 

should not exceed 35 µH. With this constraint the transmitter 

peak current can be calculated as   

IT,PK =
4

π
 
VDC

𝝎M
                                             (4.14) 

 From the manipulation of electrical equations and 

the data of mutual inductance, self inductance of transmitter 

and secondary comes out to be around 120 µH. In the 

resonance condition inductive and capacitive voltages are 

equal. capacitance (CT and CR) becomes 29.71nF. The 

numerical values obtained from above designed procedure 

are reported in following table 

Parameter Value 

Minimum battery voltage 24V 

Maximum battery voltage 48V 

Battery charging current 8A 

Coils diameter 0.32m 

Distance between coils 0.1m 

Parameter Value 

HF inverter frequency 72kHZ 

Efficiency of coupling >0.95 

Minimum HF voltage 230V 

HF rectifier output voltage 60V 

Minimum equivalent RL 4.8Ω 

Maximum load current 6A 

V. TYPES OF COILS 

Mainly two types of coil structures are used in WPT. They 

are helix and spiral coil, and hereafter, assumption is made 

that the transmitter and receiver coils have equal geometry, 

dimension and turn number, the latter one being denoted with 

N.  

A. Spiral coil 

 
Fig. 5: Spiral Coil 

The figure 5 shows arrangement of spiral coil shown in 

figure. The self-inductance is calculate from  

𝐿𝑠𝑝𝑖 = 𝐶1𝜇0𝑁
2𝑅𝑎𝑣𝑔 [𝑙𝑛 (

𝐶2

∅
) + 𝐶3∅ + 𝐶4∅

2]               (5.1) 

where the average coil radius Ravg and the fill factor ϕ are 

expressed as  

Ravg =
(𝑹𝟎+𝑹𝑖)

𝟐
;  ∅ =

(𝑹𝟎−𝑹𝒊)

𝑹𝟎+𝑹𝒊
                                     (5.2) 

where d, Ri and Ro are the coil distance, and the coil inner 

and outer radii, respectively and the coefficients Ci with i=1, 

2, 3, 4 depend on the circular coil layout. 

B. Helix coil 

 
Fig. 6: Helix coil 

The above figure shows arrangement of helix coil(wire radius 

is not in scale with the coil dimension). The turns are packed 

together in a rectangular section, having base b and height h, 

and their mean distance from the coil axis is Rm. The self-

inductance of each coil can be formulated as 

𝐿𝐻𝑒𝑙𝑖𝑥 =
0.31(𝑅𝑀𝑁)2

6𝑅𝑀+9ℎ+10𝑏
                               (5.3) 

where N is the number of turns. By repeatedly using (15) and 

adjusting its parameters accounting for a plausible wire radius 

of 2.5 mm, it resulted that a coil with 15 turns, arranged in a 

5x3 pattern, satisfy the requirement of having a self-

inductance. 
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VI. ADVANTAGES OF INDUCTIVE WIRELESS POWER 

TRANSMISSION SYSTEM. 

1) Simple method of power transfer.  

2) Higher efficiency for small distances. 

VII. DISADVANTAGES OF INDUCTIVE WIRELESS POWER 

TRANSMISSION SYSTEM. 

1) Efficient operation only for very small distances. 

2) Low value of mutual inductance and coupling. 

3) Increased resistive heating. 

4) It also requires drive electronics and coils that increase 

manufacturing complexity and cost.  

VIII. CONCLUSION 

In this work, concept of wireless power transmission is 

explained. We designed ac to dc conversion circuit also 

transmission and receiving circuit. We see the maximum 

efficiency of the system depends on inductance and distance 

between the two coils to achieve optimal power transmission. 

Table 2 shows output and input of wireless charging system. 
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