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Abstract – The increasing demand for fuel conservation 
has led to the growth of research in developing 
electromagnetic engine. The existing Internal Combustion 
(IC) engine requires fuel for the operation. Hence, the 
demand for fuel has increased. An important fact to be 
taken into account is that fuel is a non-renewable source. 
This reason makes alternative sources of energy to become 
necessary. It is time to replace non-renewable energy with 
renewable source of energy. This paper presents a research 
based on the development of Dual Electromagnetic Engine 
(DEE) by increasing the force of the electromagnetic 
attraction. The consideration of various factors in 
developing an engine resulted in the new, clean and green 
renewable energy source. The magnetic attraction force is 
considered into account and latter is converted into 
mechanical work. The electromagnetic engine operates 
similar to combustion engine by rotating a crankshaft. 
Assuming the fact in mind, the usage of two electromagnets 
will result in greater efficiency.  
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1. INTRODUCTION 
 

The increasing population and technologies in the 
present century resulted in people preferring automobiles 
for their comforts. The requirement for fuel is increasing 
because of the increase in the demand for automobiles. 
With the diminishing fuel resources, it is requires to find 
alternate source for operating the engine. The challenge is 
not to create an engine that operates on an alternative fuel 
but to produce higher efficiencies. The alternative energy 
source such as bio-fuel takes enormous resources for their 
production and still pollutes the environment. The 
absence of viable alternative has made researchers for 
switching to new technology by changing from traditional 
internal combustion engines has been a challenge [1]. 

A simple method to produce high efficient energy by 
means of magnets inside a cylinder is basically known to 
be an electromagnetic engine. A magnet consists of two 
different poles, a north pole and a south pole. When like 
poles of two different magnets are brought close to each 
other they repel and attract when unlike poles of two or 
more different magnets are brought together [2-4].  The 
above mentioned basic operation stands as the principle 
used in an electromagnetic engine [5]. 

The magnetic material or two permanent magnets are 
positioned at the top and bottom of piston. An 
electromagnet is positioned at the center, on each side, 
facing the top and bottom supports of the cylinder. The 
permanent magnets are attracted to the piston when the 
electromagnet is charged, thus pushing the piston 
downwards or upwards. This vertical movement of the 
piston results in rotation of the crankshaft [6]. 

Without using fuel, the engine performs by using 
battery power completely, is the main advantage of 
electromagnetic engine. Since the engine doesn’t have 
combustion, valves, fuel pump, fuel lines, air and fuel 
filters, inlet and exhaust manifolds, and other existing 
parts, the complexity can be reduced in an electromagnetic 
engine [7]. The main challenge faced in designing a dual 
electromagnetic engine (DEE) is that it has to be as 
efficient as an internal combustion engine.  

 

1.1 Motivation 
 

Most of the automobiles use IC engine, whereas some of 
the vehicles operate using electric motor engines. Upon 
highlighting the majority of the usage of vehicles, they 
consume a large amount of conventional energy. They also 
cause an enormous amount of pollution to the 
environment. The engines that run on alternative energy 
sources can be used because it is more of non-
conventional. The engines use various alternate energy 
sources, such as bio-fuel, solar power, wind power, electric 
power, stored power, etc [8] are being developed around 
the world. However, such engines have many limitations. 
They do not meet the ever-increasing energy demand as 
well. The main objective is to produce energy which can 
run the engine by means of magnets.  

The electromagnetic engine has countless advantages 
compared to the internal combustion engines. The main 
advantage is the usage of battery for operation and no fuel 
is consumed by the engine. The exhaust gas like 
greenhouse gases which is harmful to environment will not 
be produced [9-11]. The above operation results in 
controlled pollution which is very acceptable in the present 
life situation. As there is no combustion in electromagnetic 
engine, the scenario inside the cylinder will be a very little 
heat generation. This eliminates the need for a cooling 
system. 
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1.2 Methodology 
 

The electromagnetic engine works on the principle of 
magnetic attraction. When unlike poles, precisely different 
poles of two magnets come in contact with each other they 
will attract each other with equal and opposite force. This 
phenomenon of attraction is used here, to create linear 
motion. The engine displayed in figure 2, greatly 
resembles to the working of a two-stroke engine. Assume 
the scenario based on position, the piston is located at the 
lower position, commonly known as Bottom Dead Centre 
(BDC). The dual electromagnet is connected to MOSFET 
circuit through the 12V battery and is energized to 
produce temporary magnetic field as shown in figure 1. 

 
Fig -1: Block Diagram of Electromagnetic engine. 

The electromagnet at the center located near to the 
BDC will be powered by the battery at that particular 
instant. The electromagnet is connected to the power 
driving circuit and interfaced with the microcontroller. 
When an electromagnet gets energized, the piston will be 
attracted towards the electromagnet, hence moving the 
piston from BDC to TDC. This linear motion helps to 
complete half the revolution of the crankshaft [12]. Relay 
is used to switch the power from the battery to the other 
electromagnet. Switching power timings are controlled by 
the microcontroller. When the piston reaches the TDC, the 
relay circuit switches the power to the electromagnet near 
to Top Dead Centre (TDC). This results in movement of 
piston from TDC to BDC. This linear motion helps to 
complete the other half revolution of the crankshaft. This 
arrangement converts the reciprocating motion of piston 
into the rotary motion of flywheel connected to 
crankshaft.  

 
Fig -2: Design Methodology of electromagnetic engine. 

Overall, this procedure helps to complete one 
complete rotation of the crankshaft. While one piston 

moves from BDC to TDC, the below electromagnet gets de-
energized and de-magnetized. At the same time other 
electromagnet gets energized and completes the rotation 
of flywheel. This completes the full stroke as shown in 
figure 2. 

 
The connecting rod helps to connect piston to the 

crankshaft. It converts the linear motion or reciprocating 
motion of the piston to the circular motion of the 
crankshaft. The material of the connecting rod is 
aluminium. Aluminium is chosen, after so much research 
on the properties, because of its ability not to attract 
towards magnet. As the magnetic fields are contained 
inside the cylinder and highly isolated, the connecting rod 
will not be affected much. The connecting rod is same as 
that in IC engine is shown in figure 3. 

 
Fig -3: Effect on soft iron due to electromagnet. 

A relay, an electrical device, is electrically operated 
switch. The existing relay uses a coil wound electromagnet 
to mechanically operate a switch, but other operating 
principles are also used. The relays are mainly useful 
where it is necessary to control the current whose input is 
a low power signal. It is also used in several circuits, 
where it must be controlled by one signal [13]. A simple 
electromagnetic relay consists of a coil of outer insulated 
copper wire wound around a soft iron core. An iron yoke 
is important as it supplies a low reluctance path for 
magnetic flux. It also provides a movable iron armature. It 
also enhances one or more sets of contacts. It is mounted 
tightly by a spring so that when the relay is de-energized, 
an air gap is formed as a result of the scenario in the 
magnetic circuit. In this particular condition, one of the 
two sets of contacts in the relay pictured is closed, and the 
other set is open. 

 
This electromagnetic engine produces more 

horsepower than the combustion engine and uses very 
less energy compared to the electric motor. This engine 
can be smoothly operated for any desirable sized 
transportation. The design of electromagnetic engine can 
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be developed based on conditions and size. The conditions 
vary vastly for electrical needs ranging from 12KW to 
more than 1MW. It produces desired and predicted power 
for every half stroke compared to the combustion engine 
that produces power at every fourth stroke. The decrease 
observed here in terms of strokes will result in increase of 
the horsepower [14].  

 

2. HARDWARE AND SOFTWARE REQUIREMENTS 
 

The design of any desired model needs its own 
hardware and software requirements. The precise 
measurements can be obtained from mathematical 
calculations generated from the software. 

2.1 Hardware 
 
3D Printer 

Comgrow Creality Ender 3 pro. 3D printer (figure 4) is 
used to print the designed 3D models. 3D printing itself 
defines that it is the construction of a three dimensional 
object using a digital 3D model. It can also be printed from 
the CAD model. The material is deposited using software 
by computer control to create a three-dimensional 
object. It is precise as it is fused and printed layer by layer. 

 
Fig -4: Comgrow Creality Ender 3 Pro. 

This printer can continue printing from where it was 
stopped due to power issue. This feature is not present in 
almost most 3D printers. Since power cut has been an 
issue in main rural areas, this feature helps to enhance the 
working performance of the printer. This printer is very 
easy to setup and in most cases it comes partially 
assembled. It allows you to learn about the assembling and 

how exactly the printer works. This helps to enhance the 
information and gain knowledge on how to correct errors 
when it occurs practically. 

 

Battery 
 

A 12V battery as shown in figure 5 is required to 
power the electromagnet. The working performance of the 
battery has to be chosen carefully. The long lasting power 
of the battery would be a major advantage in 

electromagnetic engine. The battery used is the Sanca 
12V 1.3Ah SMF/VRLA Rechargeable Battery. This 
battery can be used to energize the electromagnet to 
provide the necessary force. 

 

Fig -5: Sealed lead-Acid Rechargeable Battery. 

The battery being rechargeable is a major advantage as 
the power can be recovered from the linear motion of the 
piston in the electromagnetic engine. 

Electromagnetic Coil 
An electromagnetic coil is simply a copper wire wound 

to a surface forming a coil, spiral or helix. Electromagnetic 
coils are basically used where magnetic fields are 
generated with the help of electric current. A current is 
passed to coil thereby generating magnetic field [15]. A 
circular magnetic field is formed across the conductor due 
to Ampere's law. The strength in the magnetic field is 
determined by the diameter and number of turns of the 
coil (figure 6).  

 

Fig -6: Magnetic coil. 

https://en.wikipedia.org/wiki/3D_modeling
https://en.wikipedia.org/wiki/Computer_Numerical_Control
https://en.wikipedia.org/wiki/Wire
https://en.wiktionary.org/wiki/coil
https://en.wikipedia.org/wiki/Spiral
https://en.wikipedia.org/wiki/Helix
https://en.wikipedia.org/wiki/Ampere%27s_circuital_law
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The increase in number of turns of wire, the stronger 
will be the magnetic flux produced. The direction of the 
magnetic field generated by a coil is determined using 
the right hand rule of Fleming’s. The magnetic field lines 
emerge from the North Pole. 

The magnetic coil is wound across the holder to 
develop a push-pull electromagnet. This results in 
producing linear motion at the output. The magnetic coil 
used here is 99.9% pure copper having measurements of 
27 gauge. The diameter of the copper wire is 
approximately 0.41mm. 

IRFZ44N MOSFET 
 

The IRFZ44N is a MOSFET (figure 7) based on the very 
small signal N-channel. It has a high drain current with 
49A. It has a very low Rds value having 17.5 mΩ. The 
MOSFET will start conducting at a low threshold voltage of 
4V.  

 

Fig -7: IRFZ44N Power MOSFET. 

It consists of three terminals commonly known as gate, 
drain and source. The gate terminal controls the supplied 
voltage or biasing of MOSFET. The source terminal is 
commonly referred to as the output terminal where the 
current flows out through the source. The drain terminal is 
generally referred to as the input terminal where the 
current flows in to the MOSFET through the drain. 

The IRFZ44N, as mentioned earlier has very high drain 
current and comparatively fast switching speed. The high 
efficiency of switching circuits is due the parameter of low 
Rds value. The MOSFET with a small gate voltage of 4V is 
required to turn on the circuit. When a gate voltage is 10V, 
the drain voltage will reach the maximum value.  

The MOSFET’s are known to be voltage controlled 
devices. They can be turned off and turned on whenever 
required by controlling the threshold gate voltage. When 
there is a presence of gate voltage, these pins get closed. 
The MOSFET has various applications in modern research 
and usage. It is often used in cases where high power 
devices need to be switched. It can also be used to control 
the mechanical speed of the motors. It plays a vital role in 
decorations such as LED dimmers and flashers. It can also 

be used in circuits like inverters and converters. It is 
mainly used for switching high power devices. 

Soft Iron 

Soft iron rod (figure 8) is major tool we require for 
enhancing the performance of the electromagnetic engine. 
The soft iron rod is the result of the movement of piston. 
The dimensions of the soft iron rod includes the diameter 
and length as parameters. The diameter of the soft iron rod 
is 0.6mm while the length of the soft iron is 40mm. The soft 
iron rod has the power to magnetize and demagnetize 
depending on the presence of magnetic field. It is stated by 
some researchers as the ideal core for the design and 
working performance of an electromagnet. 

 

 

Fig -8: Soft Iron Rod. 

Almost all scientists refer to this as the soft magnetic 
iron rod specifically used for electromagnetic applications 
[16]. It has very unique property of quickly magnetizing 
and demagnetizing in the presence or absence of magnetic 
field. 

Tap Switch 

The tap switch (figure 9) plays a very important role 
in switching the transferred power from the 
electromagnet. The dual electromagnetic engine consists 
of two electromagnets it is necessary to switch the power 
energized by the battery to the other coil. The circuit is 
closed only when there is a tap on the switch. This 
operation is mainly done by the flywheel at half the 
rotation [17]. The working operation of the tap switch is 
connected through the MOSFET. 

 

Fig -9: Tap Switch. 
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2.2 Software 
 
MatterControl 2.20.4 

MatterControl 2.20.4 is a free and open-source 3D 
modelling software. It is also defined as all-in-one 
software package that helps you design a 3D model. The 
operations like slicing, organizing, and managing our 3D 
print can be done. The design can be developed as per our 
requirements from scratch. It can be edited and geometric 
shapes can be done with exact precision. The modelling of 
3D parts can be done in this software displayed in figure 
10. 

 

Fig -10: MatterControl 2.20.4 Software. 

 
Creality Slicer 1.2.3 
 

3D Slicer is an open source software platform for 
printing 3D models or CAD models. It prints the 3D model 
layer by layer resulting in exact precision. It also helps to 
detect the error and thus forbidding the loss. The time 
taken to print the model can be estimated. The software 
used to print is the Creality Slicer 1.2.3 (figure 11). This 
software is originally designed by the company to avoid 
unexpected compatibility error. The parts where there is 
no support can also be detected. It helps to identify the 
requirement of z-axis support for the successful printing 
of the design. 
 

 

Fig -11: Creality 1.2.3 Software. 

3. DESIGN OF 3D MODELS 
 
3.1 Flywheel 

A flywheel as shown in figure 12 is the most important 
part of the engine. It transfers the power received from the 
piston to the crankshaft. A flywheel is a mechanical model 
shown in figure 13, having a mass rotating around an axis. 
The energy in the flywheel is stored in the form of kinetic 
energy. It then converts the stored energy into the 
mechanical rotational energy. 

 

Fig -12: Primary Flywheel. 

Flywheel energy storage is a promising technology for 
replacing conventional lead acid batteries as energy 
storage systems.  

 

Fig -13: Flywheel Setup. 

3.2 Connecting Rod 

The connecting rod (figure 14) in the dual 
electromagnetic engine resembles to that of an internal 
combustion engine. It is also called a con rod. It is the part 
of the piston which connects to the crankshaft. It is 
responsible for the rotation motion of the crankshaft. It 
converts the reciprocating motion of the piston. 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 07 Issue: 08 | Aug 2020                 www.irjet.net                                                                      p-ISSN: 2395-0072 

 

© 2020, IRJET       |       Impact Factor value: 7.529       |       ISO 9001:2008 Certified Journal       |     Page 1128 
 

 

Fig -14: Connecting Rod. 

3.3 Piston 

The piston (figure 15) is the moving part in the engine. 
It is enclosed inside a cylinder. The piston is responsible 
for the reciprocating or linear motion in an engine. The 
piston is made to rotate by the electromagnets. The top 
and the bottom parts of the piston are made to rotate with 
the help of soft iron rod attached to it. The piston 
movement is due to the rolling support and the stand. The 
call bearings are not used as it generates a lot of friction to 
the surface. It will thus be the reason for the reduction in 
force generated at the output. 

 

Fig -15: Piston. 

3.4 Coil Support 

The coil support (figure 16) is the one on which 
copper coil is wound. The number of turns and other 
parameters are satisfied for measurements. The design 
measurements are calculated and modelled. 

3.5 Coil Holder 

The coil holder supports the two coil supports to be 
held at a fixed position. The small holes observed in the 
figure 17 are for the fixing of the model. The responsibility 
of the support is to make sure that it stays in the fixed 
position irrespective of opposing force. 

 

Fig -16: Coil Support. 
 

 

Fig -17: Coil Holder. 

3.6 Rolling Stands and Supports 

The stands and supports are the most important parts 
of an engine. They withstand the opposing forces thus 
making the model operation a successful one. The rolling 
stand and main stand are shown in figure 18 and 19 
respectively, which is the place where most of the models 
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are placed. Below the stand is the flywheel and crankshaft 
setup. The linear motion of the piston is made to rotate the 
flywheel by the connecting rod. The hole at the center is 
for the connecting rod as it feels comfortable at the gap for 
the free movement. 

 

Fig -18: Rolling Stand. 

 

Fig -19: Main Stand. 

 

 

3.7 Integrated Model 

The model is designed and embedded later after all 
the parts were modelled. The technique used here is the 
divide and conquer rule. The integrated model is shown in 
figure 20. The measurements thus calculated theoretically 
matched the practical models. 

 

Fig -20: Integrated Model. 

4. PRINTING AND CIRCUIT CONSTRUCTION 

4.1 Printing the 3D models 

The parts were 3D printed and thus and shown in the 
figure 21. The flywheel was the crankshaft version. The 
integrated model could not be printed together. Thus the 
individual parts were printed first and then integrated. 
The models were joint using adhesive gums and screws. In 
some areas nuts and bolts were used. The bulged part of 
the flywheel is made to trigger the tap switch. The 
cylindrical extension is to fit the connecting rod. The other 
end is connected to the piston. The flywheel rotates as the 
result of rotation of crankshaft. The power is generated by 
the electromagnet with the help of battery. The battery is 
to energize the electromagnet to produce the necessary 
force to rotate the flywheel. 
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Fig -21: 3D Printed Flywheel. 

The rolling stand shown in figure 22, is the fixed part 
where the piston slides downwards and makes upward 
movement. The rectangular block of free space is locked so 
that the piston does not jump out of the stand. This helps 
to make perfect movement. 

 

Fig -22: 3D Printed Rolling Stand. 

The piston is a cylindrical model which is responsible 
for the linear motion. The bottom part of the system is 
attached to the crankshaft through connecting rods. The 
piston material has to stronger to withstand the opposing 
forces. The piston should not affected by the magnetic field 
produced by the electromagnet. The piston 3D printed 
model is shown in figure 23. 

 

Fig -23: 3D Printed Piston. 

 

Fig -24: 3D Printed Coil Holder. 

The coil holder is a support that holds the 
electromagnet in the fixed position. The coil holder along 
with stand support is shown in figure 24. 

 

Fig -25: 3D Printed Coil Support. 

The coil support consists of coil to act as an 
electromagnet in the presence of electric field. The coil 
support is shown in figure 25. 

 

Fig -26: 3D Printed Connecting Rod. 

The connecting rod connects piston to crankshaft. It is 
the major tool that converts linear motion generated by 
the piston. The output is the rotational motion. The 
connecting rod is shown in figure 26.  
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4.2 Circuit Construction 

The circuit to switch the power from the battery to 
either coils of electromagnet is done by the electrical 
circuit. The MOSFET plays an important role in switching 
the power to either of the electromagnet. The circuit 
includes two resistors to either drain or source terminal 
thereby helpful in high power switching. The circuit 
diagram is shown in figure 27. The circuit also includes the 
tap switch as a sensor to detect the presence of flywheel at 
the half rotation. The MOSFET here divides the voltage as 
the resistor. It acts similar to power voltage divider circuit. 
The circuit acquires the power from the 12V DC supply. 

 

Fig -27: Circuit Diagram of MOSFET. 

The respective connections for both the 
electromagnetic solenoids were made as per the circuit 
diagram shown in figure 28. The tap switches were 
connected and tested for action like sensors. Initially the 
circuit was done for testing purposes on the breadboard. 
The components were then soldered onto the PCB. The 
soldering was done carefully in order to reduce the human 
error. The simulation was done using TinkerCad and the 
behavior of the circuits under various conditions was 
tested. 

 

Fig -28: Implementation of switching circuit. 

5. RESULTS 

5.1 Design 

The maximum force exerted by electromagnet on the 
piston,  

F = (N2I2KA)/2G2 

  where, N = Number of Turns 
 I = Current flowing through coil  

               μ0 = Permeability of free space = 4π×10-7 H/m  
A = Cross-sectional area of electromagnet  
G = 0.005m, Least distance of electromagnet to   
        soft iron. 

The torque is calculated by the equation shown below: 

                           Torque T = F × r 

The power at the output is thus calculated from the 
obtained torque, shown in equation below: 

     Power output = (2πNT/60) 
 

where, F = total force on piston  
r = crank radius = 0.02m  
N = rpm of shaft 

The efficiency is simply the definition of how much 
input reaches the output. The calculation of efficiency is 
obtained using the below equation: 

  ƞ = (Power output / Power input) × 100 

5.2 Experimental Analysis 

To analyze the working performance of dual 
electromagnetic engine an experimental results were 
obtained from the calculated values. The DC power was 
supplied at different voltages. The transformer can be 
used and rectification can be done with transistor 
rectifiers [18]. 

 
Fig -29: Variation of speed with current. 
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The measurement of various parameters paved a way 
to the behavior prediction of electromagnetic engine [19]. 
The transformer was used to observe the behavior at 
different voltages. The measurements were taken down 
and were plotted with Origin software. The behavior with 
respect to input power and the generated output is plotted 
with speed and torque. The data was then analyzed to 
perform the final conclusions in this research. The 
increase in voltage generated powerful magnetic fields 
thereby increasing the power force at the output, 
increasing its efficiency. The linear increase of speed 
(rpm) with current and input power is shown in figure 29 
and 30 respectively.  

 
Fig -30: Variation of speed with input power. 

 
The efficiency and torque of the newly developed dual 

electromagnetic engine is observed and recorded. The 
variations of these parameters are shown in figure 31 and 
32 respectively. 

 
Fig -31: Variation of efficiency with input power. 

 

 
Fig -32: Variation of torque with input power. 

 

6. CONCLUSIONS 
 

The dual electromagnetic engine uses the battery 
completely for its operation. The usage of rechargeable 
battery helps in charging the battery from discharging. 
There is no usage of fuel for its operation, thus it is free 
from pollution. The noise produced is comparatively less 
than internal combustion engines. It produces smooth 
running performance, thus enhancing the comfort of the 
vehicle driver.  

 
The design of dual electromagnetic engine was 

successfully implemented. The CAD models were designed 
and printed with highest precision. The materials obtained 
from printing could withstand high opposing forces. The 
experimental analysis of the model was carefully carried 
out. The piston was carefully gathered after printing to 
avoid the breakage. The generated output was as expected 
but with small uncertainty error. The engine was 
environment friendly and produced less amount of noise.  
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