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Abstract- The availability of a convenient charging mechanism will help greatly in dispersal of Electric Vehicles more 
widely. The concept of Wireless transfer of electrical energy will make this possible. The feasibility of wireless power 
transfer for Electric Vehicles by electromagnetic resonance coupling is investigated in this paper. The experiment is carried 
out on small sized antennas that can be equipped at the bottom of a vehicle. The efficiency characteristics of power 
transmitted wirelessly are analyzed by varying frequency of power, gap between receiving and transmitting coils and power 
to be transmitted. The feasibility of wireless power transfer with large air gaps and high efficiency by small sized antennas is 
proposed and analyzed in this paper. 
 
Keywords- Contactless power transfer, magnetic resonance, coupling, battery charging. 
 
 
I. INTRODUCTION  

 
The biggest problem that the Electrical vehicle 
industry is facing today is the problem of charging. 
Wireless power transfer is a solution to this problem. 
This system will enable the diffusion of Electric 
Vehicles (EVs) because it makes charging 
mechanism more convenient. Intelligent sensors are 
fitted in an Electric Vehicle to continuously moniter 
battery level   and make the charging process fully 
automated. Electric Vehicles are automatically 
charged by wireless power transfer. In general, one 
would use a cord and plug in Electric Vehicle at 
home, but it is not necessary if wireless power 
transfer technology is used. The technology of 
wireless power transfer requires three main 
characteristics: large air gaps, high efficiency and a 
large amount of power. The electromagnetic 
resonance coupling is the only technology that meets 
these requirements. In this paper, the need and 
usefulness of wireless power transmission and the 
feasibility of using Electromagnetic resonance 
coupling as the means for wireless power 
transmission is investigated. There are multiple needs 
and uses for this technology. 
 
II. DESIGN OF WIRELESS POWER 

TRANSFER MECHANISM AND 
EXPERIMENTATION 

 
To transmit power an alternating current must be 
passed through a closed loop coil.  The alternating 
current will create a time varying magnetic field.  The 
flux generated by the time varying magnetic field will 
then induce a voltage on a receiving coil closed loop 
system. 
 
A.  RESONANT MAGNETIC COUPLING: 

 
 
Magnetic coupling occurs when two objects exchange 
energy through their varying or oscillating magnetic 
fields. Resonant coupling occurs when the natural 
frequencies of the two objects are the same [1]. 
 
B. BLOCK DIAGRAM OF WIRELESS POWER 
TRANSFER SYSTEM 
The basic diagram showing the system of wireless 
power transfer is shown in Fig. 1. Antennas are used 
for transmitting and receiving the electrical energy. A 
high frequency power source distributes power 
through the transmitting antenna. Another antenna is 
fitted at the bottom of the Electric Vehicle which 
receives electric power from the transmitting antenna. 
This antenna is thus called receiving antenna. The 
transmitting antenna sends energy to a receiving 
antenna using electromagnetic resonance coupling 
wirelessly. The energy with high frequency is 
rectified and is used to charge the battery of the 
Electric Vehicle. [2-3] 
 

 
Fig. 1 Block diagram for contactless power tranfer in Electric 

Vehicle. 
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In this paper, characteristics of antenna are studied 
because antenna characteristics decide the air gaps 
and efficiencies [4]. Antennas of 300mm diameter are 
considered so that the antenna can be fitted to the 
bottom of Electric Vehicles. Electromagnetic 
resonance couplings cannot radiate like microwave 
power transfer. Instead, Electromagnetic resonance 
couplings transfer power by connecting the 
electromagnetic fields of the two antennas to form a 
link that does not allow power to radiate outward, and 
thus conserves energy. The transmitting antenna is 
continuously fed power and this power is transferred 
to the receiving antenna via a wireless magnetic 
resonance coupling.  Typical characteristics of 
antennas, inter-relation between air gaps, frequency 
and relation of power and efficiency are shown. 
 

 
Fig. 2  Basic diagram of Antennas. 

 
In Fig. 2: diameter (d)=300mm, air gap is represented 
by (g) which is around 200mm to 400mm in our 
experiment.  
 
C.  EQUIVALENT CIRCUIT 

 
Fig. 3 Equivalent circuit of magnetic resonant coupling. 

 
The above figure shows basic transmitter and receiver 
circuits. The resonance frequency can be calculated 
theoretically from the equivalent circuit. 

III. ADVANTAGES OF THIS SYSTEM. 
 

A. Power transfer system is invisible. 
The principle of Electromagnetic resonance is 
invisible. The necessary equipments are buried under 
the road. The receiving antenna is fitted under the 
vehicle. This facilitates invisible  
recharging. This system will be useful in areas where 
the installation of conventional overhead systems 
would be difficult or prohibited, such as heritage sites 
or parks. 
 
B. Recharging on the go. 
Waiting periods for charging of the battery can be 
avoided because high level of power transfer 
facilitates quicker recharging of the battery. Not just 
under the roads but the wireless charging equipments 
must also be installed all along the public parking 
places like offices, universities, theatres, shopping 
malls etc. so that when vehicles are parked they are 
charged automatically and ready to go long distances 
again [5].  This means that vehicle availability and 
service reliability can be ensured without employing 
extra fleet vehicles or batteries.  
 
C. Fully Automated and Hassle Free. 
Intelligent sensors fitted in the vehicle continuously 
detect the battery level and make the charging process 
fully automated. Hence the driver does not require 
any special training to operate Electric Vehicles. 
 
D. Cuts operating costs and Co2 emissions. 
Since the price of fossil fuels is ever-increasing, this 
system will comparatively reduce the overall cost of 
travelling to a great extent [6]. Overall energy 
consumption and emissions would diminish because 
of the higher efficiency of electric vehicles over the 
entire cycle as energy is not consumed while the 
vehicle is stationary, unlike internal combustion 
engines which consume fuel while idling. In addition, 
regenerative breaking avoids wastage of energy. The 
transportation system will be totally pollution free. 
Not just electric vehicles but wireless electricity 
makes everyday products more convenient, reliable, 
and environmentally friendly. With advancements in 
wireless power transfer technologies; cell phones, 
game controllers, laptop computers, mobile robots, 
will be capable of re-charging themselves without 
ever being plugged in [7]. 
 
IV. EXPERIMENTAL RESULTS 

 
The experiment is conducted by taking two coils. The 
two transmitting and receiving coils are kept at a 
fixed air gap and by changing the frequency, the 
power at the receiving coil is continuously measured 
with a wattmeter. The air gap is fixed at 100mm. The 
frequency at the start of the experiment is 8MHz. At 
this frequency, no significant power is observed in 
the wattmeter connected to the receiver coil i.e. no 
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significant power is transmitted. As the frequency of 
power supply is increased, the wattmeter reading also 
increases and reaches a maximum value at a 
particular frequency which is the resonant frequency 
of the two coils. From the oscilloscope, the resonance 
frequency is noted as 11.2MHz [8-9]. At this 
frequency, the power transfer between the coils is 
maximum and the efficiency of power transfer is 
found to be 95.8%. As the frequency is further 
increased the wattmeter reading connected to the 
power receiving coil first falls and then rises again to 
reach its maximum value. This is second resonant 
frequency. The second resonant frequency from the 
oscilloscope is noted as 13.1MHz. The graph of 
efficiency of power transmission [%] vs. frequency is 
plotted and is shown in Fig. 4. 
 

 
Fig. 4 Efficiency vs. Frequency at g= 100mm. 

 
The same experiment is repeated by changing the air 
gap between the transmitting and receiving coils to 
200mm [10]. A graph of – efficiency of power 
transmission vs. frequency is drawn. It is found that 
the resonant frequency shifts towards right i.e. the 
resonant frequency increases. The resonant frequency 
from the oscilloscope is noted as 12.0MHz. 
Resonance occurs only at one frequency. Hence, the 
number of frequencies at which resonance occurs 
reduces from two to one at air gap of 200mm. The 
graph obtained is shown in Fig.  5. 
 

 
Fig. 5  Efficiency vs. Frequency at g= 200mm. 

 
Though the resonant frequency values have changed 
with change of air gap between the coils, the 
efficiency of power transfer remains constant at 
95.8%. But, when experiment is conducted by 
increasing the air gap beyond 200mm, the amount of 
power transferred is reduced. Beyond air gap of 
200mm, the longer the air gaps become, the more 
efficiency is lost [11]. The relation between 
maximum efficiency and airgap is shown in  Fig. 6. 

 
Fig. 6 Efficiency of power transfer vs. Air gap. 

 
Theoretically, the efficiency of power transfer does 
not depend on the amount of power. Therefore, the 
efficiencies should be constant. Experimental 
verification is needed, however, because of the effect 
of heat etc. is not known until the experiment is 
practically performed. The air gap is 200mm and the 
frequency is set to resonant frequency of 12.0MHz 
for maximum efficiency as obtained earlier in above 
experiment by the Fig.- 5. The experiment is 
performed by steadily increasing the power to be 
transmitted. Wattmeters are connected across 
transmitting as well as receiving coils. By increasing 
the power in steps of 20W, both wattmeter readings 
are noted. The power is changed in equal steps from 
5W to 100W and efficiency of power transmission is 
measured at every step from the readings of 
transmitted power and received power. In this case, 
when the input power is 100.0W, the received power 
95.8W is recorded. Hence, the efficiency of power 
transmission is 95.8% and is found to be constant. 
Efficiency does not depend on amount of power 
transferred. The graph plotted between efficiency of 
power transmission and amount of power transmitted 
is shown in Fig. 7. 
 

 
Fig. 7 Power transmitted vs. efficiency. 

 
V. CONCLUSION 

 
The feasibility of wireless power transmission 
through Electromagnetic resonance coupling is 
investigated in this paper. This consists of using a 
transmitting and receiving coils as the coupling 
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antennas. The antenna’s size is small enough to be 
equipped to the bottom of the Electric Vehicle. The 
efficiency characteristics of power transmitted under 
variable frequency, air gaps and power are 
determined. By increasing the length of air gap 
between transmitting and receiving coils from 
100mm to 200mm, the number of frequencies at 
which resonance occur changes from two to one. The 
maximum efficiencies are constant for any air gap 
less than 200mm. Beyond 200mm, the longer the air 
gaps become, the more the efficiency falls. 
Characteristics of efficiency at variable powers are 
experimentally found to be same. The efficiency is 
found to be 95.8% at any resonant frequency. Hence, 
magnetic resonance coupling based wireless power 
transfer for contactless charging of electric vehicles is 
very much feasible. This technology can be built all 
along the existing roadway systems to charge an 
electric vehicle safely and efficiently.  
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