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ABSTRACT 

 

ARTICLE INFO 

At present in railway coaches, there are two suspension systems were used. They are 

primary and secondary suspension systems. Now we are replacing the primary 

suspension system of the bogie. Now a day the primary suspension system used in ICF 

coaches are the coil spring. For getting more effectiveness we are replacing the coil 

spring by electromagnetic suspension system. The coil springs have fewer disadvantages 

such us rust formation, mild sound production, etc. in case of to reduce this we 

introducing the magnetic suspension system. 
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I. INTRODUCTION 

In the earlier days the laminated steel springs are used as 

suspension system on railway coaches. They are simple in 

construction and have less load carrying capacity. In this 

type of suspension system there are 1/16
th
 of the total load 

will be acts directly on the bogie. In this type the spring 

plate will also added [1, 2]. After those periods the primary 

suspension will be added to the center part of the bogie. It 

carries half of the weight of the car body. The coil springs 

are used as the primary suspension system. Then the two 

suspension systems such as both primary and secondary 

suspension systems are used as the coil spring. Now a day 

the primary coil spring suspension is replaced by the air 

suspension.These changes are considered according to the 

passenger capacity. In earlier days, the meter gauge is used 

for transportation. Now we are using the broad gauge. It can 

carries seating capacity of about 90-100 passengers. For this 

reasons we have to upgrade all the things used in normal 

railway system. Today we have to go for long travel as far 

as more than 1000kms from one state to another state. In 

India most of the people will depends on the railway 

system[3]. When compared with older days faster, high 

capacity for passenger and goods trains are comes to run. 

That way we have to replacing the normal primary coil 

suspension system into magnetic suspension system. The 

spring coil suspension system is also good one with high 

density; high rigidity, high load carrying capacity, but it also 

has small disadvantages such as noisy in operation, rust 

formation[4], etc. the other system of  air suspension system 

are also have the disadvantages such as puncture on rubber 

tube, failure on drier, loss of its elongation property[5]. But 

these disadvantages are overcome by introducing the 

magnetic suspension system. The magnetic suspension 

system comprises of a center rod outer cylindrical column 

and a spring. The center rod and outer cylindrical column 

are wounded by the copper coil and between the two parts 

the spring is added. This spring retains back the original 

position of the center rod.When the current passes through 

the copper coil the magnetic field is created on the center 

rod. The magnetic field created, current flow through the 

coil, and the magnetic induction are mutually perpendicular 

to each other. 

At this stage the center rod and total assembly will acts as 

an electromagnet. This similar setup is created as a 

secondary one and the direction of current will be changed. 

When the two setups are held near two each other they repel 

each other. For the reason of one will have  flow from top to 



www.ierjournal.org         International Engineering Research Journal (IERJ) Volume 1 Issue10 Page 1323-1326, 2015, ISSN 2395-1621 

 
© 2015, IERJ All Rights Reserved  Page 2 

 

bottom and the another one have bottom to top flow of 

current. In this second one the pole has been changed. So 

they are repelling each other. But this repulsion force will 

not able to lift the load. The coaxial magnet will overcome 

the problem. 

1.1. Electromagnet 

                  An electromagnet is a type of magnet in which 

the magnetic field is produced by electric current. The 

magnetic field disappears when the current is turned off. 

Electromagnets are widely used as components of other 

electrical devices, such as motors, generators, relays, 

loudspeakers, hard disks, MRI machines, scientific 

instruments, and magnetic separation equipment, as well as 

being employed as industrial lifting electromagnets for 

picking up and moving heavy iron objects like scrap iron. 

An electric current flowing in a wire creates a magnetic 

field around the wire, due to Ampere's law. To concentrate 

the magnetic field, in an electromagnet the wire is wound 

into a coil with many turns of wire lying side by side. The 

magnetic field of all the turns of wire passes through the 

center of the coil, creating a strong magnetic field there. A 

coil forming the shape of a straight tube (a helix) is called a 

solenoid. Much stronger magnetic fields can be produced if 

a "core" of ferromagnetic material, such as soft iron, is 

placed inside the coil. The ferromagnetic core increases the 

magnetic field to thousands of times the strength of the field 

of the coil alone, due to the high magnetic permeability μ of 

the ferromagnetic material. This is called a ferromagnetic-

core or iron-core electromagnet. The direction of the 

magnetic field through a coil of wire can be found from a 

form of the right-hand rule. 

 

1.2. Types of Electro magnet 

1. Dipole magnet – Electromagnet used in particle 

accelerators Electromagnetism Magnetic bearing 

2. Quadrupole magnet – Electromagnet used in 

particle accelerators 

3. Superconducting magnet – Electromagnet that uses 

superconducting windings 

4. Bitter electromagnet – a powerful type of 

electromagnet 

5. Electropermanent magnet - a magnetically hard 

electromagnet arrangement                       

6. Coaxial magnet- used in speakers 

1.2.1. Coaxial Magnet 

The coaxial electromagnets are slightly different from 

normal electromagnet. This is used in speakers. The 

arrangement consists of an outer cylindrical cover. In which 

the poles cannot be broken by the way of continuous 

wounding of the coil along in circular path is made. The 

center rod is placed at the center of the cylindrical column 

which also has the coil windings, which acts as the 

secondary electromagnet. When current flows in opposite 

direction to each electromagnet the magnetic induction will 

be produced. This makes the both setup as an electromagnet, 

and they get repel each other. This repulsion force makes 

the center rod to lifts upward. the journal paper  [21] also 

explains this chapter. 

1.3TYPES OF ELECTROMAGNETIC SUSPENSION 

 Passive EMS 

 Semi-Active EMS 

 Active EMS. 

 

In addition, the regenerative behaviour of EMS is also 

Studied, due to the importance of that behaviour in fuel 

economy and battery efficiency especially in hybrid car or 

in full electric car. 

 

1.3.1. PASSIVE EMS 

Generally, passive suspension systems consist of all purely 

passive elements i.e. passive mechanical spring and passive 

damper that totally not rely on external environment to tune 

up their characteristics. In case of electromagnetic 

suspension system, passive mechanical spring and linear 

synchronous generator is used as proposed by Paz [8]. 

 

1.3.2. SEMI-ACTIVEEMS 

Semi-active EMS combines the advantages of passive and 

fully active suspension system. It consists of both passive 

and active element. Paulides [9] provided the comparison of 

various design of linear actuator to be applied as semi-active 

suspension system. As a result, the brushless permanent 

magnet (PM) actuator is a viable choice for a semi-active 

suspension system. 

 

1.3.3. FULLY ACTIVE EMS 

Unlike passive system, fully active EMS is a system that 

totally relies on external environment i.e control system to 

control all the critical parameters such as thrust force, and 

damping force. Fully active EMS can completely eliminate 

the vibration on vehicle body but consume a lot of power to 

supply the control system and the EMS itself [10].the 

journal paper [5, 6]also indicates. 

 

II. DESIGN 

 

Our design consists of designing of base element, designing 

of center rod, and designing of coil spring. 

2.1 Design of base element 

 Area: 0.1256m
2
      

Amps: 300amps 

Resistance: 0.36Ω 

Length: 0.2m 

Number of turns: 525 

Force: 48940.75N  

 
Fig.1. coil winding design 
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Fig.2 base design 

2.2 DESIGN OF CENTER ROD 

 Area: 0.0490625m
2
      

Amps: 300amps 

Resistance: 0.36Ω 

Length: 0.3m 

Number of turns: 525 

Force: 8485.834N 

The difference between the two forces will be = 40454.916N   

 
Fig.3. coil winding design 

 
Fig 4. Centre rod design 

2.3 DESIGN OF SPRING 

In ICF bogie, helical springs are used in both primary and 

secondary suspension. The springs are manufactured from 

peeled and centre less ground bar of 

chrome vanadium/chrome molybdenum steel conforming to 

STR No. WD-01-HLS- 94 (Rev.1). 

 

 
Fig. 5 spring 

2.4 THE FINAL DESIGN 

The overall design of the magnetic suspension system must 

have to withstand the load of 40kN. The force created at the 

bottom of the suspension system is 40454.916N. It will 

compensate the load acts at the top of the suspension system. 

 
Fig.5.Final design 

 

III. RESULT 

The aim of design is to design a suspension system with 

load carrying capacity of 40kN. Then the retaining spring or 

coil spring must withstand the load of 40kN. We are 

designed with the auto-cad software and analyzed our 

design with solid works software. Final analysis of our 

design will be shown on below figure. 
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IV.CONCLUSION 

Finally we concluded that the magnetic suspension system 

that we designed has the power to withstand at given 

condition and it must acts as the effective suspension system 

on railway coaches. It has the withstanding capacity of 4kN. 

It does not deform at any condition, it has the ability to 

produce the effective and more efficient suspension without 

any noise and with long life. 
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