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Abstract - The main objective is to study the concept of magnetic levitation and to develop a prototype model of magnetic 

suspension system using ceramic magnets and to calculate its total energy consumption, total energy reserved as resistive force. 

The efficiency of magnetic suspension system and hydraulic suspension system were calculated using a standard formula. 

Comparison was made between the magnetic suspension system and the hydraulic suspension system in terms of their 

efficiency and energy. The results were proved to be almost similar. 
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I. INTRODUCTION 
 

Magnetic levitation, maglev, or magnetic suspension is a 

method by which an object floats from the base or ground 
by means of magnetic field. Magnetic force is used to 

counteract the effects of the gravitational and any other 

accelerations. There are two primary factors involved in 

magnetic levitation. They are lifting force and stability. 

The force required to lift the pole of a magnet by using 

the opposite pole against the earth’s gravity is called 

lifting force.  

 

It increases with the increase in quality or grade of the 

magnet. Stability is the adjustable force required to 

maintain the floating magnet. In order to maintain the 

equilibrium of floatation we must provide stabilising 
magnets.In some cases the lifting force is provided by 

magnetic levitation, but stability is provided by a 

mechanical support   to withstand   a small amount of 

load. This is termed as pseudo-levitation. Materials used 

for magnetic levitation are Permanent magnets, 

Electromagnets, Ferro magnets, Superconducting magnets 

and Magnetism due to induced currents in conductors.  

 

Advantages of using Magnetic levitation are low Cost, 

long Life, compact and reliable, magnets easily available 

in various forms and shapes, available in different grades 
(strength), non corrosive. Maglev systems do not touches 

the guide way and it avoids excessive vibration and rail 

deterioration at high speed. Main disadvantage is due to 

ageing, it tends to lose its magnetic strength. 

 

 

 

II. METHODS AND MATERIALS 

 
1. Magnetic suspension system 

A replica of the magnetic shock absorber was developed. 

In normal shock absorbers the hydraulic compression and 

expansion principles are followed but in the magnetic 

shock absorber the hydraulic oil is replaced by good 

quality magnets. The repulsive forces provided by these 

magnets are used to absorb the shock produced. The 

magnetic shock absorbers are easy to maintain when 

compared to hydraulic shock absorbers and also the 

magnets are easier to replace than suspension oils.  
 

Ceramic ferrite magnets are used in this prototype to 

generate magnetic suspension. Inside the hollow cylinder 

and the piston cylinder, the magnets are placed in such a 

way that they repulse each other .This magnetic levitation 

produced could be used to absorb the shock developed. 

The different parts of a typical shock absorber are shown 

in figure 1 in which the oil tube (d) are replaced by the 

ceramic ferrite magnets (h). 

 

 
 

 

 

 

 

 

  

(a)Working block (b) Resting cylinder (c) Piston rod 
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(d) Oil tube (e) Shock absorber (f) Ceramic ferrite 

magnets 

Fig.1.Parts of shock absorber. 

 

1. Steps to calculate the efficiency of replica developed 

Step1: 

Determine the amount of kinetic energy in the system. 

KE = 0.5 (M)×V
2 

Where:  
KE = kinetic energy, J 

M = load applied, kg 

V = velocity of applied load, m/s 

This equation represents the amount of kinetic energy that 

the shock absorber will convert to thermal energy each 

time it is impacted. 

Step2: 
Calculate the work energy in the application. Work 

energy is defined as the amount of energy a motor or 

other device generates to move the load: 

WE =FD × S 
Where: 

WE = work or drive energy, J 

FD  = force output of the motor (drive force), N 

S     = stroke of the shock absorber, m 

Step3: 

Then the Total Energy in the application per cycle is: 

 TE =KE + WE    

If more than one shock absorber is used, the total energy 

divided by the number of shocks determines the total 

energy per shock. If a single shock absorber exceeds its 

rating to convert kinetic energy to thermal energy, the 

shock’s temperature rise may exceed its capacity and 
critical internal components could fail such as hydraulic 

seals. 

Step 4: 
Determine the total energy that the shock must convert in 

one hour.  

ETC = TE x C. 

Where: 

ETC= total energy in one hour, J 

TE= total energy, J 

C = repetition rate, cycles/hr.  

Step 5: 
Determine the shock force, FP. Shock force is defined as 

the resistive force required by the shock absorber to stop 

the moving load:  

FP =TE/ S  

Where:  

S = the stroke of the shock absorber in metres. 

Step 6: 

Calculate this g-load: 

g = (FP – FD)/ M 

Where: 

FP= shock force, N 

FD=drive force, N 

M= mass of the load applied, kg                                                                                                      

 

This is a critical component for selecting the appropriate 

shock absorber because the machine must have sufficient 

strength to support the shock absorber. 

Various forms of damping can be used, each of which 

depends on the application. The differences in these 

damping characteristics relate to the efficiency of the 
damping used.  The efficiency is measured by evaluating 

how much of the stroke of the shock is used in the actual 

damping of the motion.  

 

Shock absorber efficiency increases as more energy 

spreads over the stroke of each one. The more efficient 

shock absorbers typically yield the lowest shock forces 

when the stroke of the shocks is equal. Selecting between 

the various damping configurations depends on the 

application.  Parameters such as velocity, cycle rate, and 

fragility of the machine or payload typically determine 
which one is the best fit. In addition, some applications 

may have a specified g-load rating to protect the load 

being moved. 

 

III. RESULTS AND DISCUSSION 
 

 The hydraulic suspension shock absorber was first tested 
and then the same shock absorber with its oil replaced by 

magnets was tested using TINIUS OLSEN 100kN 

Universal Testing Machine (UTM). The loads are applied 

from 25kg to 200kg by increasing 25kg of load each time 

the shock absorber was tested. The applying load will 

cause some change in the overall length of the shock 

absorber which was noted down to compare the variations 

between the magnetic and hydraulic shock absorber. A 

graph between load applied and deflection produced by 

magnetic suspension and hydraulic suspension was 

plotted as shown in figure 2 based on the data collected 
from table 1. 

 

 
Fig. 2. Magnetic Vs Hydraulic shock absorber. 

 



 

 

© 2020 IJSRET  
131 

 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 6, Issue 1, Jan-Feb-2020, ISSN (Online): 2395-566X 

 

 

2. Strength calculation/ energy calculation for 

MAGNETIC SUSPENSION 

For the applied load 100kg  

Velocity of load applied, V =1m/s 

Stroke length after compression, S =2.19cm 

                                                        =0.0219m 

Number of cycles in an hour, C =10 (One shock per 6 

minutes) 

Kinetic energy (KE) 

KE =0.5(M)(V2) 

      =0.5(100)(12) 
      = 50 J 

 

Table I: Comparison between Magnetic suspension 

system and Hydraulic suspension system. 

s. 

n

o. 

Load 

applied 

   

(kg) 

Magnetic  

suspension  

system 

Hydraulic  

Suspension 

 system 

Total 

length of 

shock 

absorber  

(cm) 

 

Diff

eren

ce in 

Over

all 

lengt
h of 

shoc

k 

abso

rber 

 

(c

m) 

Total 

 length  

of 

 shock  

absorber 

(cm) 

Dif

fere

nce 

in 

Ov

eral
l 

len

gth 

of 

sho

ck 

abs

orb

er 

 

(

cm) 

Bef
ore 

app

lyin

g 

loa

d 

Aft
er 

app

lyin

g 

loa

d 

Before 
applyi

ng 

load 

Aft
er 

app

lyin

g 

loa

d 

 

1 25 2

5.7 

2

5.1

7 

0.
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25.7 2

5.1

8 

0

.52 

2 50 2
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 Working energy (WE) 

WE =FD×S 

Where FD= driving force developed by the motor =981 N     

WE = 981 (0.0219) 

       =21.48 J 

 Total energy (ET) 

TE = KE + WE 

      =50 +21.48 
      =71.48 J 

 Total energy for 10 number of cycles (ETC) 

    ETC= TE ×C 

            =71.48 ×10 

            =714.8 J 

 Resistive force provided by the shock absorber 

(FB) 

    FB= TE/S 

         = 71.48/0.0219 

         = 36263.93 N   

 g load  

   g = [(FB-FD)/M]/9.81 

      = [(36263.93-981)]/9.81 

      =2.33 g 

 
Table II: Energy calculation table. 

Energy 

calculation For 

100kg applied 

load 

Magnetic 

Suspension 

Hydraulic 

Suspension 

Kinetic 

Energy (KE) 

50J 50 J 

Working 

Energy (WE) 

21.48 J 21. 582 J 

Total Energy 

(TE) 

71.48 J 71.582 J 

Total Energy 

for 10 Cycles 

(ETC) 

714.8 J 715.82 J 

Resistive 

Force (FB) 

3263.93 

N 

3253.727 N 

g load 2.33 g 3.24  
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3. Strength calculation / energy calculation for 

HYDRAULIC SUSPENSION 

For the applied load 100kg,                       

Velocity of load applied, V= 1 m/s 

Stroke length after compression, S= 2.2 cm 

                                              = 0.022 m 

Number of cycles in an hour , C= 10 (one shock per 6 

minutes) 

Kinetic energy (KE) 

  KE= 0.5(M)V2 

  = 0.5(100)(12) 
  = 50 J 

Working energy (WE) 
WE = FD×S 

=981×0.022 

=21.582 J 

Total energy (ET) 
TE = KE + WE 

=50 + 21.582 

=71.582 J 

Total energy for 10 cycles (ETC) 
ETC=TE ×C 
=71.582×10  

=715.82 J 

Resistive force provided by the shock absorber (FB) 
FB = TE/(S) 

=71.582/(0.022) 

=3253.727 J 

g load 

g= [(FB-FD)/M]/9.81 

  = [(3253.727-71.582)/100]/9.81 

   =3.24 g 

 

From the above energy calculation and the data shown in 
Table 2, it was found that the total energy consumption 

and the total energy reserved as resistive force are almost 

equal while comparing the magnetic suspension system 

with that of the hydraulic suspension system. Since the 

distance between the opposite poles of the magnet inside 

the working block is 4.5 cm, we cannot apply the load 

beyond that limit. Therefore the maximum load that could 

be applied for the developed magnetic shock absorber 

prototype should be within the limiting value (4.5cm) of 

200 kg and its deflection is 4.38cm. Failure will occur 

after 200 kg. 
 

IV. CONCLUSION 
 

A typical hydraulic shock absorber was taken and 

different loads were applied on it using Tinius Olsen 

100kN UTM. Then the same shock absorber with ceramic 

ferrite magnets replacing the hydraulic oil was tested with 
same load variations to compare their performance. The 

results were found to be almost similar.The maximum 

load that can be applied on the developed magnetic shock 

absorber should be around 200kg. 

Here in this experiment, common ceramic ferrite magnets 

were used and the results clearly show the magnets can be 

used as a replacement for oils in shock absorbers.Better 

results can be expected if high grade magnets like 

Neodymium Iron Boron (NIB) magnets are used instead 

of ceramic magnets. 
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