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Abstract— In the environment of a moving vehicle, 

passengers often feel uncomfortable due to the vibration of 

the vehicle body. To improve the ride comfort effective 

vibration control of vehicle suspension is very important. A 

Magneto Rheological damper is a cylinder and piston 

assembly in which piston moves inside oil filled cylinder 

with the up and down movement of the wheel. This paper 

focused on the vibration reduction by using magneto 

rheological damper, magnetic circuit design and preparation 

of magneto rheological fluid. It also includes the calculation 

of magnetic circuit design like as magnetic flux, flux density 

and proportion of different constituents for preparation of 

MR fluid. The Magneto Rheological (MR) damper is a type 

of damper which uses MR fluid as a working fluid which 

assists us to change damping force. It can be achieved by 

changing the current flow on its magnetic circuit. MR fluid 

with the existence of an external magnetic field can provide 

more resistance to motion than air or oil in a traditional 

shock absorber.         
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I. INTRODUCTION 

A. Background and Motivation: 

Now day’s people require high quality for everything. 

Certainly, the comfort in the moving vehicle is peoples 

concern, so it is desirable to have high performance 

suspension system for vehicles. In the environment of a 

moving vehicle, passengers often feel uncomfortable due to 

the vibration of the vehicle body. To improve the ride 

comfort, effective vibration control of vehicle suspension is 

very important. In vehicle suspension system the wear and 

tear is occurs due to moving of piston inside a cylinder 

which causes less efficiency of system. 

The function of automotive suspension system is 

not only to isolate the effect of road surface irregularities on 

the passengers to improve the ride comfort but also it has to 

control the dynamic tyre load with acceptable suspension 

working space to enhance the vehicle stability and safety. 

The conventional suspension is consisted of coil springs and 

dampers. Due to the fixed suspension settings, like the 

spring constant and damping ratio, the applicable range for 

vibration suppression is limited. Therefore, the development 

of the new active and semi-active suspensions, using 

automatic control damper and sensors to make the 

optimization of the suspensions settings, is widely increased. 

B. Basics of MR Fluid: 

The discovery of Magneto Rheological (MR) fluid is 

attributed to Jacob Rabinow in 1940’s. Magneto rheological 

fluids are a class of smart material which can be simply 

referred as a controllable fluid. Nowadays they are stable 

and have many influencing property such as high yield 

stress and low viscosity. Because of this magneto 

rheological fluids are recently used in suspension of vehicle. 

Magneto rheological fluids are mixture of micron sized 

ferromagnetic particle and grease in appropriate carrier oil. 

MR fluids respond to a change in rheological properties on 

the application of external magnetic field. Rheology is 

branch of science that deals with the study of deformation 

and flow of matter such as magneto rheological fluids, 

blood, paint etc. under the impact of a stress. 

C. Property of MR Fluid: 

The typical properties of magneto rheological fluids are as 

shown in Table 1. 

Property Range 

Density 3 - 5gm/cm
3 

Initial viscosity 0.2 – 1.2 (Pa.s) at 24
0
C 

Magnetic field strength 150 – 240 (KA/m) 

Maximum yield stress 50 – 100 (KPa) 

Particulate Material 
Iron (Carbonyl/ Electrolytic), 

Ferrite 

Particle Size 0.1-10 μm 

Working temperature -50
o
C – 150

0
C 

Supply voltage and 

current 
12V and 0.1 – 2A 

Table 1: Properties of MR fluid 

D. Working of MR Fluid: 

The magnetizable iron (ferromagnetic) particles are of 

micron sizes which are suspended in the low viscosity 

paraffin oil. These particles are randomly distributed in its 

normal condition that is before applying external magnetic 

field as shown in below figures: 

 
Fig. 1: (a) before applying magnetic field 

 
Fig. 1: (b) Actual schematic of MR fluid before applying 

magnetic field 
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At this state MR fluid act as a free flowing fluid 

that is it can easily travel from upper chamber to lower 

chamber in case of MR damper and vice versa form holes 

grooved on periphery of piston and there is no change in 

apparent viscosity of MR fluid.  Figure 2(b) shows the 

actual schematic of MR fluid before applying magnetic 

field. 

When an external magnetic field is applied to fluid, 

the ferromagnetic particles align themselves along the line 

parallel to the direction of magnetic field as shown in below 

figure: 

 
Fig. 2: (a) after applying magnetic field 

 
Fig. 2: (b) Actual schematic of MR fluid after applying 

magnetic field 

Because of that there is large increase in apparent 

viscosity of MR fluid. At this stage MR fluid becomes semi-

solid that is it restrict the travel of MR fluid due to increase 

in viscosity, and gradually blocks the grooved holes on 

piston and resists the travel of fluid from lower chamber to 

upper chamber.   

II. INTRODUCTION TO DAMPER 

 
Fig. 3: Spring and Damper System with mass 

Dampers are an integral part of any suspension system. The 

main function of the dampers is to control the transient 

behavior of the sprung and un-sprung masses of the vehicle. 

This is accomplished by damping the energy stored in the 

springs from suspension movement. The damper generates a 

force defined by the characteristic curve and the velocity of 

the damper. Dampers are also called shock absorbers, 

shocks or spring energy dissipaters. A damper has a piston 

which moves inside a sealed, oil-filled cylinder with the up-

and-down movement of the wheel. 

In order to better understand the damper’s function, 

a basic knowledge of the entire suspension system is 

needed.  This system can be broken down into the sprung 

and unsprung masses, the suspension spring, the tire spring 

and the damper.  The sprung mass is the mass supported by 

the suspension.  This includes half of the mass of the 

suspension members.  The unsprung mass is everything else, 

including the wheels, brakes, uprights or spindles and the 

other half of the mass of the suspension members.  The 

suspension spring is in parallel with the damper and acts 

between the sprung and unsprung mass. The tire spring is 

between the ground and the unsprung mass. 

III. MAGNETIC CIRCUIT OF MR DAMPER 

The design of magnetic circuit for MR damper it should be 

assume that the magnetic loop is formed only in magnetic 

material and magnetic flux leakages are negligible. The 

actual magnetic circuit of MR damper is as follows: 

 
Fig. 4: Magnetic circuit of MR damper 

In designing of actual magnetic circuit creating an 

electromagnet is a major task of concern. To create an 

electromagnet for MR damper, the bobbin of piston is 

wounded by super enamel copper wire of 26 SWG that is 

0.040386mm diameter. The maximum possible area for 

winding is decided by trial and error method and also by 

considering all manufacturing aspects of MR damper. Based 

on this data the maximum number of turns (N), possible on 

piston is calculated, which came out to be 280 turns. The 

magnetic flux (Ø) and magnetic flux densities (B) are given 

as: 

  
    

    
∮   

  
    

  
 

Ø = BA 

Where- 

 B: Magnetic flux density 

 µ0: Permeability of the medium (4π*10^ (-7)) Tesla 

m/A 

 r: Radius of bobbin 

 I: Supplied current 

 Ø: Magnetic flux 

 A: c/s area of bobbin     
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Following table shows the reading of magnetic flux 

density for various current which can be calculated by above 

formulas 

Current (I) Magnetic Flux Density (B) 

0.2 6.98132E-6 

0.4 1.3693E-5 

0.6 2.094E-5 

0.8 2.7925E-5 

1.0 3.4907E-5 

1.2 4.1887E-5 

1.4 4.8869E-5 

1.6 5.5851E-5 

1.8 6.2832E-5 

2.0 6.9813E-5 

Table 2: Value of Magnetic flux density for various current 

The graph of magnetic flux density vs. current is 

plotted as follows and which must be a straight line. The 

graph shows that magnetic flux density is directly 

proportional to current. 

 

IV. MAGNETO RHEOLOGICAL DAMPER 

A. MR Damper Working: 

 
Fig. 5: Schematic of the MR damper    

The MR fluid damper contains MR fluid, magnetic coil. The 

coil produces the electromagnetic field by the current 

passing through it. The holes grooved on periphery of piston 

allow the MR fluid passing up and down through them. 

These holes grooved on periphery of piston control and 

regulate the flow of MR fluid within the damper as per the 

requirement. Current is carried to the electromagnetic coil 

via the leads through the hallow shaft. When the current is 

supplied to electromagnetic coil then an external magnetic 

field is produced and there is great increase in apparent 

viscosity of MR Fluid and we get a desired damping force. 

The damping force is dependent on strength of external 

magnetic field (flux density). As shown in table 2, we are 

able to vary strength of magnetic field by varying the 

current. So we can increase damping force by increasing 

current supplied to electromagnetic coil. 

 
Fig. 6: Photo of the MR damper 

This is the photo of actual MR Damper which we 

have used in our project. 

B. MR Damper Testing: 

The testing of MR damper is carried out on a universal 

damper testing machine as follows: 

 
Fig. 7: Experimental setup for MR damper testing 

The MR Damper is fixed on the middle frame test 

rig with help of fixture as shown in figure. The top piston 

end is attached to cantilever on which motor and disc are 

mounted. By using arrangement of screw the piston end is 

attached to cantilever. Electric supply to magnetic coil is 

given through a circuit of Transformer, Rectifier, Ammeter, 

Rheostat and magnetic coil. Rheostat is used in circuit to 

control/ regulate the current. AC supply is given to step 

down transformer which steps down voltage to 12V and 

current to 5A. A bridge rectifier is used which rectifies the 

signal and converts AC to DC Current, which is further 

supplied to magnetic coil. The vibrations are given to the 

MR damper through unbalance created by mounting disc on 

rotating motor. The amplitude of vibration can be varied by 

varying motor speed. Then readings are taken by varying the 

current from 0-1 A and results are tabulated as shown in 

below. 

V. RESULTS 

From the testing of MR damper with MR fluid following 

readings and graph are obtained. 
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Current (A) Displacement (mm) 

0 46.50 

0.050 25 

0.100 12.42 

0.150 8.22 

0.200 7.14 

0.250 5.32 

0.300 3.5 

0.350 2.95 

0.400 2.47 

0.450 1.7 

Table 3: Value of Displacement for various current 

 
The above graph shows that if the current supplied 

to magnetic coil increase gradually the displacement goes on 

decreasing and we get desired damping force. Because of 

that we get better ride comfort and suspension. 

VI. CONCLUSION 

This paper focuses’ on the basic property and working of 

MR Fluid. Magnetic coil design and calculation for MR 

Damper.  

 In this paper, an experimental analysis is done to 

determine the displacement (amplitude of vibration) at 

various current readings. The MR Damper is tested for its 

performance on Universal Testing Machine. From the graph 

1, we can conclude that we are able to vary the strength of 

magnetic field by varying the current that is strength of 

magnetic field increases with increase in current. From 

graph 2, we can conclude that as the current goes on 

increasing displacement goes on decreasing and we get a 

desired damping which help us in vibration reduction. 

Because of that we get better ride comfort and suspension. 
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