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Abstract
Magneto Rheological (MR) fluids offer solutions to many 
engineering challenges. This well documented success of MR 
fluids continues to motivate current and future applications of MR 
fluid. One such application that has been considered recently is 
activation of MR fluid damper in resonance zone for absorption 
of vibration and behaves as semi active. Therefore, further 
studies have been carried out to understand the behaviour of MR 
damper under activation by designed control system with different 
parameters.
In the present work, existing viscous damper is modified as MR 
damper which consist of prepared MR fluid and different current 
values provided to wire wounded to cylinder. For working fluid, 
magnetism, vibration absorption, characteristics are determined 
experimentally for different current levels. The experiment is done 
on the cantilever type structure i.e. Mild Steel beam on which 
exciter is mounted at end. To operate the MR damper, closed loop 
control system is developed. 
The readings are taken for MR and Viscous damper within 
resonance zone. A comparative study is made for both dampers 
to find which is more efficient for vibration absorption. The 
result shows that as compared to viscous damper there is 
increase in vibration absorption using MR damper. The study for 
sedimentation experiment is also done which shows the Carbonyl 
powder decreases the sedimentation as additives increases within 
fluid. Good vibration absorption is achieved for MR damper at 
2A current supplied.
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I. Introduction
Different semi-active dampers are being employed in different 
vibration isolation systems. Two such dampers are the newly 
conceived Electro-Rheological (ER) and Magneto rheological 
(MR) dampers. The main advantages of these dampers are that 
they need very less control power, have simple construction, quick 
response to control signal and very few moving parts.
MR dampers are Semi active device controlled by a magnetic 
field. They contain MR fluid has the property of changes liquid 
to semi solid state under the application of magnetic field in few 
milliseconds, so the results is an controllable large damping force 
in relation with velocity that changes the viscosity of MR fluid. MR 
damper allows modifying the damping properties under different 
condition.
The MR fluid is representing the non Newtonian fluid, i.e. 
kinematic viscosity coefficient is variable. Fluid also represents 
a group of viscous fluids with liquid limit and controlling of their 
properties [3].

II. Objectives of Work
 Experimental setup is developed to implementation of control 

system for Magneto-rheological damper for vibration reduction in 
a cantilever beam. The objective of the work is to do experimental 
performance analysis of MR damper to control the vibration of 
cantilever beam with control system
For conducting experiment, MR damper were developed and MR 
fluid is prepared. To run the total circuit 6 volts DC supply is given 
to produce current up to 2 A. However the vibration effects were 
measured and accounted at current level 1.5A and 2A.

III. Methodology

A. Requirement of Test Facility 
Test facility was developed by using following parts,

1. Cantilever Beam With Point Load at End 
Table 1: Parameters for Cantilever Beam With Exciter
Material Mild Steel
Young’s modulus of 
cantilever beam E 210 MPa

Thickness of beam t 12 mm
Length of beam L 660 mm
Width of beam b 25 mm
End mass of exciter m 8.65kg

Natural Frequency ωd 4.802 Hz

Deflection at free end ymax 2.5843mm

2. MR Damper 
Existing viscous damper is modified to MR Damper by winding 
Cu wire 19 Gauge (resistance 1.5 Ω) externally to cylinder with 
1 spool of 70 cm and 10 layers. Cylinder having ID = 25mm and 
length 100mm. The piston with four holes on head and damper is 
150mm long in its extended position with ±25mm stroke. 
Magnetorhelogical fluid consist of a of magnetically polarizable 
Carbonyl iron (CI) particles. With experimented proportion, CI 
powder and additives Aerosil powder dispersed in carrier medium 
SAE 40 5W engine oil. 
Under the action of magnetic field, the particle contain in fluid 
forms chains, and fluid becomes semi-solid whish shows plastic 
behavior and changing the flow properties.

Developed damper is operating at resonance frequency zone and 
if the forced frequency far from natural frequency, damper acts 
as viscous damper with the help of control system. 
The voltage V required to produce the desired damper force f 
is [12]

The power required to control the magnetic field is less than 
30 watts, which allow the damper to operate for more than an 
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hour continuously. Maximum current supply is 2 A at normal 
temperature. 

Fig. 1: Fabricated MR Damper

3. Mechanical Stirrer
This is developed at laboratory for the speed range up to 270rpm 
variable with dimmer type V2P1 variac (capacity 2A). MR fluids 
were agitated with mechanical stirrer for 1/2 hours.

4. Universal Vibration Lab
Universal Vibration lab instrument is manufacture by EEE (P). 
Ltd. Pune which is available in vibration laboratory. It’s a vibration 
measuring device which measures all type of vibration. As an 
exciter 180 VDL PMDC motor (1500 rpm) is used which operate 
on current maximum is 0.4amp range & 60watt

B. Instrumentation 

1. DC Power Supply
6 volts DC supply is required to generate 2A current. At the time of 
experimentation, Hitech PS 3002 DC power supply is used which 
have range of 0 to 3v Voltage and current up to 0 to 2A.

2. Input Current Measurement
Caddo – 51 Multimeter is used to show the exact value of Input 
current which has range of 200mA to 10A and 200Ω to 2000Ω 
on armature coil for generate the magnetic field inside the MR 
Damper.

3. Digital Flux / Gauss Meter
Gauss Meter is easily available in physics laboratory which is 
used to find the magnetic flux in the MR damper manufacture 
by SECOM.

4. Speed Controller
Controlling the speed of DC motor to generate vibration on system 
having Range (0-1500 rpm)

5. Strip Chart recorder
Recording the graph of deflection of beam verses time is done 
with the help of strip chart recorder. This recorder have AC 
Asynchronous motor Torque = 2 kg.cm, Power = 0.002 HP

C. Experimental Setup

Fig. 2: Schematically Representation of Experimental Set Up

Fig. 3: Complete Experimental Setup

IV. Experimentation

A. MR Fluid Composition & Preparation
MR fluids were composed of mechanically soft ferromagnetic 
particles. As magnetic material, carbonyl iron (CI) powder (HQ 
grade) kindly donated by Vimal Intertrade PVT. LTD. was used. 
The diameter of used carbonyl iron particles was in range 6.5–8.0 
μm (D50) and tap density 3.8 - 4.3 g/cm3. The experimental 
composition of MR fluid is based on the results found in 
sedimentation experiment. As per experiment the sedimentation 
ratio decreases with increase the additives [2].

Table 3: A. MR Fluid Composition

ferromagnetic 
particles CI 40% of carrier 

fluid

Additives Aerosil 2% of carrier fluid

The powders were characterized for composition, particle size, 
and shape. Particle size distribution and shape is analyzed by 
SEM as below 
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Fig. 4: SEM Result of CI Powder

MR fluids were agitated with mechanical stirrer for 4 hours.

B. MR Damper Preparation
MR damper were filled by the prepared 35 ml agitated MR Fluid. 
Control system is connected to MR damper. Proximity sensor is 
kept below end of cantilever beam. The flux measurement gauss 
meter kept near to damper with provision required for the same.

C. Control system
Possibility to design the MR damper control system can be based 
on three different input parameters which are linear in nature.
(1). Input Voltage to motor used as exciter, (2). Displacement 
of beam, (3). Speed of motor in rpm [13-14]. From which in 
experimentation used control system is based on the displacement 
of beam as an input parameter to microcontroller through sensor 
as shown in fig. 

The designed system has four different circuits 
Sensor drive circuit1. 
Microcontroller drive circuit2. 
Relay drive circuit3. 
Mr damper voltage supplier circuit4. 

Fig. 5: Experimental DC Control System

V. Results and Discussion

A. Gauss Meter Result
There is linear relation between current and magnetic flux intensity. 
When the current supplied to MR damper increases the magnetic 
flux also increases 

 

0.0 0.5 1.0 1.5 2.0
0.50

0.52

0.54

0.56

0.58

0.60

0.62

0.64

0.66

G
au

ss
 m

et
er

 r
ea

di
ng

 (G
au

ss
)

Current (A)

Gauss meter reading

Graph 1 Relation between Electromagnetic Induction generated 
in damper and current Supplied

B. Sedimentation Result 
The sedimentation of CI powder in Carrier Fluid was measured 
by visual observation. Prepared samples (70 ml) were placed into 
measuring cylinder of 100ml for a 90 min. As a result sedimentation 
ratio (R) was calculated by 

     (1)
Where: R (%) - sedimentation ratio, p – length of the clear part, 
q – length of the turbid part.[2]
Stability of MR fluid depends on the CI content & Stabilization 
agent like Arsil 1100, Aerosil 200 and 972 & dispersion agent 
like Lecithin [2, 4]. The stabilization agent depends on carrier 
medium. Normally, higher content of CI increase the stability. Due 
to lower quantity of oil required in damper (35ml), the stabilizing 
agent is not used. As can be seen on Figure 7, the stability of the 
40 % loaded MR fluid was much better than the 10, 20, and 30 % 
loaded one. Stabilizers Aerosil 200 with 1% amount of grew good 
stability for large quantity carrier fluid & 40% CI. Doubling the 
Aerosil 200 content in decreased the sedimentation ratio.

Graph 2 Relation between Sedimentation Ratio and Time for MR 
fluid with different CI content

C. Effect of Vibration With and Without Use of MR 
Damper 
The graph shows effect of amplitude of vibration without use 
of any damper, with viscous damper and with MR damper at 
input current 1.5A and 2A. As the supplied current increases the 
deflection of beam decreases at frequency 4.802 Hz
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Graph 3 effect on deflection when cantilever beam vibrate without 
damper, with viscous damper and with MR damper 

Experimental and theoretical viscous damping magnification 
factor is compared in graph. The MR damper magnification factor 
decreases with increases the current.

Graph 4 Effect of different damping ratios on Magnification Factor 
verses Frequency ratio

VI. Conclusion
Magneto rheological fluid composed of CI particles and SAE 1. 
oil as carrier fluid were prepared for suspension system. The 
stability of fluid was improved by formulation and stirring 
time with additives.
The result presented in this paper show the good effectiveness 2. 
of MR damping within the full range of excitation frequency 
occur in cantilever type structure. The tendency vibration 
reduction of the active system’s is highly effective than the 
passive system at the time of resonance frequency.
The design parameters of the MR damper are derived. The 3. 
equivalent damping coefficient of the MR damper in terms 
of input current and voltage, magnetic flux, velocity and 
frequency are investigated. 
The SDOF isolation system with and without MR damper 4. 
quantified and compared in terms of deflection.
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