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Abstract: Diesel or electric train, whichever it may be involves 

enormous maintenance, these days almost all the train routes are 

electrified and hence electric trains gained lot of popularity. In fact 

electrification of train route involves huge investment and moreover 

it is very difficult to run the grid or pantograph through the existed 

tunnels. Since the pantograph causes mechanical oscillations, 

occasionally gaps may be present in the over head lines resulting 

arcing by which current carrying conductors will be damaged. To 

overcome all these problems here a mini model of Electro-

Magnetic train is designed which acquires electric energy 

through air, so it doesn’t have any physical contact with power 

cables. Wireless power transmitting technology is implemented 

here for which non-radiative safe power  transmitters  are  used. 

Since the rail  routes  are exposed to the sun, solar energy can be 

utilized for generating and transmitting the electric energy which 

can be used to run the train. But since it is a prototype module, 

normal power source is utilized to energize the power transmitting 

coils. The main advantage of the system is, since it doesn’t have 

any complex parts, it can be called as maintenance free train. 

Keywords: Power Transmitters, Solar Energy, Electromagnetic 

Train, Pantograph, Mechanical oscillations, Magnetic 

Levitation. 

1. INTRODUCTION 
 

The concept of Electro-Magnetic Propulsion (EMP) is used to 

create movement in the model train and it is the principle of 

accelerating an object by the utilization of a flowing electrical 

current and magnetic fields. Electro Magnetic Field in which 

electric energy will be transmitted from one coil to the other coil 

in a closed circuit is known as transformer action and here iron 

core is essential to create magnetic flux. In another case using 

the concept of wireless power transfer technology, electric 

energy can be transmitted from one coil to the other without any 

core here air core coils can be used. The primary coil is known 

as power transmitting coil and the secondary coil can be called 

as power receiving coil. In this method when the primary coil is 

operated at a high frequency, electric energy will be radiated in 

to the air up to a little distance. When the power receiving coil 

arranged parallel to the power transmitting coil, it grabs energy 

through air. Here this concept is used to create movement in the 

model train. In this concept, the simulation train mechanism 

doesn’t contain any power source attached to its body. The 

moving mechanism that contains 4 grooved wheels attached to 

its chassis is equipped with power receiving coil. The output of 

this coil is used to energize the motor through its control circuit 

designed with control keys, time delay circuit, relays, limit 

switches, etc. Since wireless power transfer technology is 

playing dominant role in this project work, the description is as 

followed.Wireless power is one of the new terms that define this 

century. In the age of mobility, the need for wireless power 

transfer (WPT) is growing fast. There are several approaches for 

transferring the electric power wirelessly. In this paper, short 

range power transmitters are described in which power will be 

transmitted in Uni direction which is also known as point to 

point power transmission without using any conducting cable.    

Resonant Inductive Coupling method is implemented here such 

that electrical energy will be transmitted to one inductive coil to 

the other coil with a gap of greater than 5 to 10 cm’s. The range 

depends up on the many factors, size of the coil, power handling 

capacity of the driving circuit, frequency etc., are the main 

parameters to enhance the distance. Here the concept is to 

provide supply to the moving mechanism such that since the 

power receiving coil is arranged below the chassis of model 

train, higher rating power coils with huge size diameter is not 

required and therefore, here small diameter coils of around 5” 

coils are used. Transmission of electrical energy from a power 

source to a consuming device without using discrete manmade 

conductors is very use full for many applications where 

interconnecting wires are inconvenient, hazardous, or are not 

possible. The theme presented here is the best solution for short 

range energy transmitters.  

   

2. Methods of Wireless power transfer 

 
There are various methods for transmission of electric energy 

which are [2]-  

1. lasers: Lasers are widely used for the wireless power 

transmission, propulsion and space exploration.  

2.  Microwaves: Microwaves and radio waves can also be 

used. However the bulk transmission results in higher losses and 

thus reduces efficiency.  
3. Induction: The use of electromagnetic induction 

principle for the transmission of power. The scope of this 

paper is limited to the transmission of power through this 

method.  

 

3. BASIC PRINCIPLE OF WIRELESS 

TRANSMISSION USING ELECTROMAGNETIC 

INDUCTION 
Electromagnetic induction is a phenomenon that has been well 

known since Michael Faraday first described it in 19th century. 

The law states that “whenever there is a change in magnetic field 

associated with a conductor, an emf is induced in it.” The 

direction current due to the induced emf is such that it opposes 

the cause producing it (Lenses law). The transmission of 

electricity wirelessly adopts the same principle. Its working is 
same as that of a transformer.   

     
Fig1. Normal Transformer 
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A transformer consists of two windings - a primary winding and 

a secondary winding and a magnetic core. When AC voltage is 

applied to the primary winding, an emf is induced in it which is 

given by: 

                 E1 = 4.44 φ f N1 (1) 

where, E1- emf induced in the primary winding 

              φ -flux developed in the core 

               f- frequency of the supply 

            N1- Number of turns in primary winding  

This field, when linked with the secondary, induces an emf (E2) 

in the secondary and is given by:  

                E2 = 4.44 φ f N2 (2)  

Where, N2- Number of turns in secondary winding 

                   When a suitable load is connected to the secondary, 

a proportional current flows. Thus the transformer transfers 

energy from the primary to the secondary wirelessly through the 

core. Though the same working would explain the phenomenon 

of witricity, a marked difference is the absence of core. 

 

4.  A LC RESONANT CIRCUIT 

        
In an LC circuit an inductor and a capacitor are connected in 

series  

 

 

                 
Fig2. LC Resonant Circuit 

An inductor stores energy in the magnetic field whereas a 

capacitor stores energy in the electrostatic field. The energy 

stored in a completely charged capacitor is given as E=0.5CV2. 

When this capacitor is connected to an inductor, energy stored in 

the capacitor discharges. This results in a current through the 

circuit. This current flowing through the inductor produces a 

magnetic field. The stored energy in the magnetic field is given 

as E=0.5LI2. When the capacitor has completely discharged, the 

energy a stored in the inductor discharges. The inductor, now, 

acts as a current source and circulates a current I as shown in 

Fig3. This current charges the capacitor in the direction opposite 

to the original. This oscillation of energy will take place as long 

as the inductor and the capacitor are connected together. The 

rate at which the system oscillates is called as the frequency of 

oscillation given as f=(1/2Π LC ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 5. CIRCUIT DIAGRAM OF ELECTROMAGNETIC 

TRAIN 

 
 

        

6. METHODOLOGY 

  
 The single-phase supply is given to step down 

transformer. In this Transformer input is 230V and output is 12V 

AC supply. Then the supply will be given to the Full wave 

rectifier Here the AC supply will be converted to DC supply of 

12V output from the rectifier circuit. Then the supply will be 

given to the Inverting circuit.by this we can generate high 

frequency using the power MOSFET & L and C compensation. 

 These LC parameters comes under self-oscillating 

concept and power MOSFET’s are high switching transistors 

and individual switching is present by using L and C. The 

charging and discharging is possible so that we can change the 

current direction f coil that is with the help of MOSFET’s. The 

forward biased and as well as reverse biased are occurred so that 

the positive half cycle is present in the forward biased and 

negative half cycle are present in the reverse biased. 

 The supply of coil is directly fed to the centre tapped 

and the first MOSFET Drain is connected to the coil terminal 

and the second MOSFET of drain should be connected to the 

second end of the coil. The two MOSFET’s source supply will 

be grounded with this total operation, and it will be giving the 

result to transfer the supply from one coil to another coil. Then 

these two coils are in N: N ratio, so that the possibility of supply 

will be giving high efficiency. Here the power which is getting 

transmitted from Transmitting coil to receiving coil, the supply 

will be fed to the Rectifier circuit. Here we are using L ad C so 

that it will eliminates the ripples from coming supply and 

rectifying AC-DC by using full wave bridge rectifier, then it  

will  drive the motor circuit, by that Electromagnetic train will 

move forward and also in reverse direction.  

 

7. MATHEMATICAL ANALYSIS 

 
As electrical lengths (ratio of cable lengths to operating 

wavelength) of cables and coils are very short, the system can be 

analysed in lumped parameter model. 

Lumped parameter circuit model is shown in Fig. 2.1 

two types of resonant coils have been used in WPT; self-

resonators and LC resonators. Self-resonators resonate with the 

self-inductance of coil and parasitic capacitance between turns, 

whereas LC type has an externally added lumped capacitor. Self-

resonators have the advantage of low loss, but realization at low 
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frequencies is challenging because the typical parasitic 

capacitance is very low. LC type is more controllable during the 

design process. Compensation capacitor of the LC resonator can 

either be Parallel (P) or Series (S) to the coil. Series 

compensation inherits voltage source characteristic while 

parallel compensation has current source characteristic. Based 

on the transmitting and the receiving resonator capacitor 

compensation, four topologies; Series–Series (SS), Series–

Parallel (SP), Parallel–Series (PS), and Parallel–Parallel(PP) can 

be realized. If parallel compensation is used at either side, the 

capacitance value depends on the coupling coefficient, which is 

a variable in a moving load application. Therefore SS 

compensation is preferred for EV application. 

 

 

Where Vi is the driving voltage applied on the transmitter 

impedances of transmitter and receiver resonators respectively. 

These impedances are made up of Lt, r, Ct, r and Rt, r which are 

inductance, capacitance and resistance of the coils respectively. 

Capacitance includes both distributed capacitance of the coil and 

externally added lumped capacitance. The mutual inductance 

(M) between the transmitter and the receiver can be expressed in 

terms of coupling coefficient (k) and coil inductances. Output 

power at the load and Power Transfer Efficiency (PTE) 

 

 
    

At the resonance condition, reactive impedance of the 

coil becomes zero. Resonance frequencies of the transmitter and 

receiver coil becomes 

 

       

                      

 Equivalent circuit method allows us to 

determine element parameters such as currents and voltage 

across coils, compensation capacitors. Therefore it is essential to 

use equivalent circuit based analysis to estimate component 

ratings in designing high power WPT system. Detailed analysis 

of design parameters and performance indices based on 

equivalent circuit 

 

 

 

 

 

8. SNAP SHOT OF PROJECT 
 

 

 

9. ADVANTAGES 

1. Wireless transmission would completely eliminate   the 

hazards of the already existing transmission line cables and 

towers. 

2. It facilitates the power connection on a global scale.  

3. The amount of electronic waste produced will reduce 

considerably. 

4. The cost of transmission and distribution of overall power 

will reduce considerably.  

5. Loss of power will be reduced.  

    

CONCLUSION 

These days wireless power transmission is became major subject 

for discussion, this technology is used for many applications and 

therefore to a thought is given that why can’t we run the “Electro 

Magnetic Train”. The concept is new and hence this project 

work is taken up, designed developed and a prototype module is 

fabricated and results are found to be satisfactory. The subject of 

wireless energy is focused in this project work, in the regard 

function of Electro-magnetic field, Resonant inductive coupling, 

LC network, Synchronization between two Inductive coils, etc. 

are studied properly, The wireless power transfer for 

electromagnetic train technology is discussed. Here the inductive 

coupling technique is used and the electrical supply is getting 

transmitted from transmitting coil to receiving coil and drive the 

motor. By using this technique, it provides uninterrupted power 

supply to the electromagnetic train over an unlimited driving 

range and receiving.  

FUTURE SCOPE 

Dynamic WPT enabled EV charging is the ultimate objective of 

the current research activities. Dynamic WPT enabled 

infrastructure would allow power delivery while EV is in 

motion. Future EV equipped with such technology would not 

carry a large amount of energy storage. However, substantial 

amount of research work has to be carried out to bring current 

technology to achieve such a scenario. Major design challenges 

are increasing the WPT range with acceptable efficiency level. 

Design and optimization of resonators plays a major role in 

improving the system performance in extended range. With the 

advent of modern semiconductor technologies such as wide band 

gap devices, frequency limit of the high power WPT system has 

been increasing in a rapid manner. Therefore, cost effective, 
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high power, near MHz WPT would be next step of the WPT for 

EV charging. Ferromagnetic materials used for magnetic field 

shaping in kHz frequencies are not appropriate for high 

frequency applications. Materials amenable for near MHz WPT 

resonators have to be investigated for future solutions. Resonator 

arrangements such as use of repeaters or meta materials need to 

be investigated for EV applications. Tuning approaches such as 

adaptive impedance matching and frequency tuning techniques 

will have to be implemented to maintain system performance in 

dynamic moving conditions. Furthermore, investigations of 

appropriate matching networks have to be carried out. In 

addition, design of high frequency power converters for future 

WPT application would be another challenging aspect of future 

research. Reducing conduction and switching losses in power 

conversion is a vital factor in improving the efficiency. Direct 

power conversion topologies such as matrix converters can be 

identified as a potential direction for future WPT applications. 
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