
 

 

 

Abstract— Wireless power transfer is a method of transmitting 

power from one place to another without the needs of wire. The 

power could be transmitted to the place where the conventional wired 

transmission is not possible. Wireless power transmission can be a 

large scope for future prospects especially in electrical and 

biomedical engineering. For a more freedom choices of receiver and 

transmitter, the wireless power transfer can reduce the consumer cost 

effectively as well as the transmission losses. The development of the 

wireless battery charger is using resonant inductive coupling method. 

Resonant inductive coupling consists of two wired coils that are 

tuned to resonate at the same frequency.  Resonant transfer works by 

making the coil with an oscillating current to generate the magnetic 

field. As the coil is highly resonance, any energy placed in the coil 

dies away over many cycles. However, if a second coil is brought 

near to it, the coil can pick up the energy respectively. The efficiency 

of inductive power transfer can be increased by using the resonant 

coupled coils. This paper is motivated to design and develop a 

wireless battery charger with the targeted distance of the wireless 

power transfer of 20cm. The expected output power is 3.83W and the 

efficiency of the system is 96%.  
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I. INTRODUCTION 

HE most common problem in power system is losses 

which occurred in transmission and distribution of 

electrical power. To cope with a high demand of power, power 

generation is needed to be increased whilst the chances of 

power losses are also increased. 

 Nikola Tesla is the first person who demonstrated the 

Wireless Power Transmission of electrical energy that depends 

upon electrical conductivity as early as 1891[1]. In 1893, 

Tesla demonstrated the illumination of vacuum bulbs without 

using wires for power transmission at the World Columbian 

Exposition in Chicago. The Warden Clyffe tower as shown in  
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Fig. 1 was designed and constructed by Tesla mainly for 

wireless transmission of electrical power [2]. 

 

 
Fig. 1 Warden Clyffe Tower 

 

William C. Brown, the pioneer in wireless power 

transmission technology has designed and developed a unit to 

show power transfer by microwave through free space. In the 

transmission side, the microwave power source generates 

microwave power while the output power is controlled by 

electronic control circuits. However, this method potentially 

risks biological health [3]. 

This paper is motivated by potential application of resonant 

inductive coupling to reduce the operation cost, minimize the 

potential health risk affected by power transfer through 

microwave system and having minimal power losses during 

transferring process.  

The paper is organized as follows; Section II introduced the 

resonant inductive coupling and the design of the complete 

system is explained in Section III. Section IV concludes the 

paper. 

II.   RESONANT INDUCTIVE COUPLING 

Inductance is use as a measurement of total energy stored in 

the magnetic fields with current is flowing along the path. By 

increasing the size of the coils, the range of the power transfer 

will also be increased. However, for a large transmitter coils 

the variations in the coupling coefficient decreases while the 

coupling coefficient is increased at a long distance. One option 

to improve the coupling coefficient without increasing the 

outer dimension of the coils in state of the art inductive links 

proposed in [4] by using distributed coils where the turns are 

distributed at different radiuses. This can be implemented by 
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using spiral coils with large space between each turn or using 

wide conductors for the turns. To achieve the same self-

inductance spiral coils need to have larger parasitic resistance 

compared to a normal coil. The increasing of parasitic 

resistance is needed in order to use more turns for the same 

inductance.  

The efficiency of inductive power transfer can be increased 

by using resonant coupled coils. This can be works by placing 

the inductors in a resonant inductor and capacitor circuits. By 

using this way, the primary circuit will be oscillated and stored 

the energy that is inserted. In the ideal case all the energy is 

stored until it is transferred to the secondary circuit. In the 

non-ideal case some of the power is lost because of power 

dissipation in the primary circuit, mainly caused by the AC 

resistance of the coil [5]. 

There are two basic ways of connecting the resonant circuit; 

it is either series or parallel resonance. The difference of these 

two circuits is in how they are connected to the power 

amplifier of the system. As the names suggests a parallel 

resonator is used in the parallel case, and in the series case a 

series resonator is used. The two types of circuits behave 

similarly but some differences exist. For example to drive a 

parallel circuit the driving circuit should have a high output 

resistance, and therefore behave like a current source rather 

than a voltage source to minimize the reduction of the 

resonator quality factor. For the series circuit the opposite is 

true, the driving circuit should have a low output resistance. In 

addition to transferring the power efficiently, the transferred 

voltage should not vary too much. Keeping the voltage stable 

even with variations in the coupling coefficient is desirable to 

reduce the power loss in the voltage regulator, as well as 

preventing the load circuit from being damaged from high 

voltage. 

III. THE DESIGN OF RESONANT INDUCTIVE COUPLING 

WIRELESS POWER TRANSFER 

The main contribution of the system is the capability of 

magnetic resonant process of transferring power to electrical 

load efficiently and wirelessly with increasing in range 

between power supply and the load. Fig 2 shows the block 

diagram of the system. DC power is use to supply 12V DC 

voltage to the system. The inverter invert DC to AC voltage 

resulting low frequency AC signal take place in order to 

produce AC signal which the frequency is needed to make the 

resonance occur. Resonance capacitors and coils act as a 

system to produce the resonances frequency. Resonance 

occurs at which the frequency of inductive and capacitive 

reactance become the same. The AC voltage from secondary 

coils is converted into DC voltage to be supplied to any 

electronics device. 

 

 

 

 

 

 

 

 
Fig. 2 The Block Diagram of Resonant Inductive Coupling 

Wireless Power Transfer 

 

The parameters values in the circuit model are determined 

as follow: 

 

Transmitter Circuit 

 Primary coil radius = 30 cm 

 Capacitor value, C1 = 125 nF 

 Inductance of coil,L1 = 20mH 

 Quality factor, Q1 = 100 

 Resonance frequency, fr = 3.18 kHz 

 

Receiver Circuit 

 Secondary coil radius = 10 cm 

 Capacitor value, C2 = 373.86 nF 

 Inductance of coil, L2 = 6.7 mH 

 Quality factor, Q = 100 

 Resonance frequency, fr = 3.18 kHz  

 

The coupling coefficient describes how good the coupling 

between coils is. The coupling coefficient always varies 

between 0≤k≤1. k=0 means there is no coupling between the 

coils. Unity coupling coefficient means there is total coupling 

between coils. In the transformers the coupling coefficient is 

almost 1. In inductive coupled power links the coupling 

coefficient is typically something between 0 and 0.5. Coupling 

Coefficient, k of primary secondary coil within an x distance 

can be expressed as below: 
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Where  rT is the primary coil radius 

   rR is the secondary coil radius 

   α is the angle of orientation between the two coils 

   x is the distance between the two coils 

 

Referring to the above formula, k is calculated as 0.465, 

where the distance between coil, x is targeted as 20cm. The 

input power to the system is 4W by using 12V DC. The 

optimal efficiency of the system is calculated below: 

 

ŋOP T= 
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    )

   = 95.76%            (2) 

 

As efficiency is 95.76% is the ratio of load power and input 

power, the expected output for this design is 3.83W.  

IV. CONCLUSION 

    In this paper, a design of a short distance wireless power 

transfer is presented. The theoretical calculation shows that the 

efficiency of the wireless power transfer can be achieved as 

95%. However the wireless power transfer may be limited to 

small electronic devices due to the small output power. Future 

works will include the implementation of proposed design and 

improvement of the distance as well as the output power of the 

wireless power transfer. 
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