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ABSTRACT

A magnetorheological (MR) damper is a type of smart device that utilizes magnetorheological fluids — fluids
whose viscosity can be altered by an applied magnetic field. A simple design is provided by a MR damper, which
consists of MR fluid, magnetic coils, and a hydraulic cylinder. In addition to being easy to construct and control-
lable in the field, MR dampers have several other benefits, including a relatively low power input need, the capac-
ity to generate high yield stress up to 100 kPa, and stable operation over a broad temperature range (-40 °C to
150 °C). while MR silencers are designed to function between -40 °C and 150 °C, their effectiveness in specific
scenarios may be influenced by additional factors beyond the operational limits of the MR fluid alone. MR fluids
are also non-toxic and impervious to contaminants. The MR damper can operate as a traditional passive dashpot in
fail-safe mode when there is no magnetic field. Due to these advantages, MR dampers are becoming increasingly
popular in a variety of applications, such as knee prosthesis, big bridge vibration control, automotive suspensions,
and seismic vibration mitigation. The performance of the developed damper is compared to a standard MR damper
to determine the optimal blend for vibration attenuation Understanding the nonlinear hysteretic behavior of an
MR damper is essential for effective control under an applied magnetic field. In present work magnetorheological
damper is designed, built, and tested for piping vibration having load carrying capacity of 1910 N and its transmis-
sibility for various blends of MR fluid with percentage 40%, 45% and 50% (by weight of oil in damper) is observed
and corresponding transmissibility of damper is compared with standard magnetorheological damper.

Keywords: MR fluid, operating modes of damper, magnetic circuit, speed, transmissibility of damper.

INTRODUCTION

Magnetorheological (MR) dampers have
been extensively studied for their ability to pro-
vide tunable damping through the application of
a magnetic field. Recent research has focused
on optimizing their design, improving control
strategies, and expanding their applications in
various domains such as structural engineering,
vehicle suspensions, biomedical devices, and
offshore platforms. This literature review sum-
marizes recent advancements in MR damper
technology based on ten selected studies. Smith
et al. (2021) developed and experimentally eval-
uated a novel MR damper with an improved dy-
namic range. The study focused on improving
the damper’s force output and response time by
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optimizing the magnetic circuit and fluid flow
channel. Their findings demonstrated that the
proposed MR damper exhibited a significant-
ly wider range of damping forces compared to
conventional designs, making it suitable for
applications requiring precise damping control
(1). Kumar et al. (2022) investigated adaptive
control strategies for vehicle suspension sys-
tems utilizing MR dampers. Their research em-
phasized real-time tuning of damping properties
using feedback control mechanisms, which im-
proved ride comfort and vehicle stability. The
study concluded that MR dampers outperformed
traditional passive suspension systems by of-
fering dynamic adaptability under various road
conditions (2). Singh et al. (2022) conducted a
comparative study on different control strategies
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for MR dampers in vehicle suspension systems.
The research analyzed classical controllers,
such as PID, alongside modern approaches like
fuzzy logic and neural networks. Their findings
highlighted that intelligent control methods sig-
nificantly enhanced the damping performance,
optimizing both ride comfort and vehicle han-
dling (3). Lee et al. (2023) explored the effec-
tiveness of MR dampers in seismic performance
enhancement of structures. Their study utilized
semi-active control strategies to regulate damp-
ing forces based on structural motion. Results
showed that MR dampers successfully reduced
structural responses during seismic events, out-
performing conventional damping solutions in
energy dissipation and adaptability (4). Nguyen
et al. (2023) further expanded on the use of MR
dampers for vibration reduction in tall build-
ings. The study focused on modeling and con-
trol approaches, demonstrating that MR damp-
ers provided efficient oscillation suppression in
high-rise structures subjected to dynamic forces.
Their results emphasized the importance of inte-
grating real-time control algorithms to optimize
damping efficiency (5). Chen et al. (2021) inves-
tigated the temperature-dependent behavior of
MR dampers, analyzing how variations in tem-
perature influenced fluid viscosity and damp-
ing performance. Their experimental findings
indicated that higher temperatures led to a re-
duction in MR fluid viscosity, thereby affecting
the damping force. The study emphasized the
need for thermally stable MR fluids to ensure
consistent performance across a wide temper-
ature range (6). Gupta et al. (2022) developed

a compact MR damper for prosthetic knee ap-
plications. Their study focused on designing an
MR damper that provided smooth and adaptive
resistance for knee joint movement. The results
demonstrated that the MR-based knee damper
significantly improved mobility and comfort for
users by allowing real-time adjustment of damp-
ing forces based on walking conditions (7).
Kim et al. (2023) explored the use of MR
dampers in wearable devices for human motion
assistance. Their study integrated MR dampers
into exoskeletons and rehabilitation devices,
allowing precise control over resistance forces.
The research concluded that MR-based weara-
ble devices could enhance mobility and assist
individuals with motor impairments by provid-
ing adjustable and responsive damping control
(8). Martinez et al. (2024) evaluated the per-
formance of MR dampers in offshore platform
applications. Their study focused on mitigating
wave-induced vibrations in marine structures.
Results showed that MR dampers effectively re-
duced oscillations, improving structural stabili-
ty in harsh environmental conditions. The study
concluded that MR dampers offered a promising
solution for enhancing the durability and safe-
ty of offshore platforms (9). Zhang et al. (2024)
conducted real-time hybrid simulations of struc-
tures equipped with MR dampers to assess
their behavior under dynamic loading condi-
tions. Their study validated the effectiveness of
MR dampers in structural control applications,
demonstrating their adaptability in real-time sce-
narios. The findings provided valuable insights
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Figure 1. Schematic cross-section view of a magneto-rheological Damper
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for optimizing MR damper integration in vari-
ous engineering applications (10).

MR dampers as shown in Figure 1 feature
minimal moving parts, relaxed tolerances, and
direct interfacing with electronic control systems,
making them both reliable and easy to integrate
into existing frameworks [6—8]. MR fluids con-
sist of micron-sized ferrous particles suspended
in a carrier fluid, typically oil. When exposed to
a magnetic field, these particles align along the
field lines, significantly increasing the fluid’s vis-
cosity and thereby enhancing its damping capaci-
ty (11-12). This controllable behavior allows MR
dampers to adjust the damping force in real-time,
providing an adaptive response to varying vibra-
tion and shock loads (13—14). In recent years,
semi-active control devices, such as MR dampers,
have gained traction due to their ability to offer
the adaptability of active control systems without
the need for substantial power resources (15). This
makes MR dampers an attractive solution for ap-
plications where energy efficiency and adaptabil-
ity are critical. The design and optimization of MR
dampers involve careful consideration of several
parameters, with the gap distance between the pis-
ton and cylinder being a crucial factor (16—17).

This study explores the performance charac-
teristics of an MR damper prototype, employing
various MR fluid blends to evaluate their effec-
tiveness in vibration mitigation. The findings
underscore the potential of MR dampers to revo-
lutionize vibration control technologies, provid-
ing robust and efficient solutions across multiple
domains.

Magnetorheological Liquid

Parameters affecting performance of MR
damper

The performance of MR dampers is influ-
enced by various parameters, both intrinsic to the
damper design and external environmental fac-
tors. Understanding these parameters is crucial
for optimizing the performance of MR dampers
in different applications (18).

Magnetic field strength

The strength of the magnetic field directly
affects the alignment of the iron particles in the
MR fluid, thereby altering the fluid’s viscosity
and the damping force. Higher magnetic field
strengths result in higher damping forces. Pre-
cise control of the electromagnetic coil’s cur-
rent is necessary to adjust the magnetic field
strength effectively.

MR fluid composition

The properties of the MR fluid, including the
type and concentration of iron particles and the
carrier fluid, significantly impact the damper’s
performance. Smaller or more spherical parti-
cles can provide more uniform and predictable
changes in viscosity (19). Fluid structure after
applying magnetic field is shown in Figure 2.

Carrier fluid viscosity

The base viscosity of the carrier fluid affects
the range of damping forces that can be achieved.

"= Carrier fluid

—— Ferrous particles

Magnetic field direction

Chains of particles
aligned with the field

Figure 2. Chain like structure formation in controllable fluid
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Figure 3. Magnetisable particles in spherical shape

Spherical particle of 2.5 pm is used in MR fluid as
shown in Figure 3. In this study, the MR fluid was
prepared using iron particles with a specified av-
erage diameter of 2.5 pm with a distribution range
from 0.2 um to 4 pum.

Temperature

Temperature changes can affect the viscosity
of the MR fluid and the performance of the elec-
tromagnet. Higher temperatures may reduce the
fluid’s viscosity, while lower temperatures may
increase it. Effective thermal management and the
use of temperature-stable MR fluids are essential
for consistent performance (20).

Frequency of excitation

The frequency of the input vibrations or os-
cillations affects the damper’s response. MR
dampers typically perform differently at varying
frequencies, and their effectiveness can vary de-
pending on the application. Understanding the
frequency range within which the damper needs
to operate is crucial for optimal design.

Damper geometry and design

The physical design of the damper, includ-
ing the size and shape of the piston, cylinder, and
magnetic circuit, influences the distribution and
strength of the magnetic field within the damper.
The design of the flow path for the MR fluid af-
fects how quickly the fluid can respond to chang-
es in the magnetic field (21).

Operating modes in magnetorheological
damper

MR dampers operate based on the change in the
rheological properties of MR fluid in response to a
magnetic field. These changes allow the damper to
adjust its damping characteristics in real-time. There
are three primary operating modes for MR dampers:

Flow mode

In the flow mode, the MR fluid flows be-
tween stationary plates or through a channel.
When a magnetic field is applied, the viscos-
ity of the MR fluid increases, causing a higher
resistance to flow. This mode is typically used
linear dampers where the fluid flow is controlled
to vary the damping force as shown in Figure 4.

Shear mode

In shear mode, the MR fluid is placed be-
tween two surfaces that move relative to each
other. When a magnetic field is applied, the par-
ticles in the MR fluid align along the field lines,
increasing the shear stress required to move the
surfaces relative to each other. This mode is use-
ful in applications where rotational or torsional
forces need to be controlled, such as in rotary
dampers or clutches as shown in Figure 5.
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Figure 4. MR fluid used in flow mode
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Figure 5. MR fluid used in shear mode
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Squeeze mode

In squeeze mode, the MR fluid is squeezed
between two surfaces that move towards or away
from each other. The application of a magnetic
field changes the resistance to this squeezing mo-
tion. This mode is less common than flow and
shear modes but can be effective in certain ap-
plications where axial or compressive forces are
predominant as shown in Figure 6.

Each of these modes allows MR dampers to
be highly versatile and adaptable to different ap-
plications, such as in automotive suspensions,
seismic dampers, prosthetics, and various indus-
trial machinery. The choice of mode depends on
the specific requirements of the application, in-
cluding the type of motion, the range of forces,
and the desired level of control.

Magnetic circuit design

The magnetic circuit of the MR damper con-
sists of the upper piston part, lower piston part, and
casing, all of which contribute to the generation
and distribution of the magnetic field. The materi-
als and parameters used in its design are as follows:

MATERIALS

1. Upper piston part — low-carbon steel (e.g., AISI
1010) chosen for its high magnetic permeabil-
ity and good machinability.

2. Lower piston part — soft magnetic iron ensures
efficient magnetic flux conduction with mini-
mal losses.

3. Casing — mild steel or stainless steel provides
mechanical strength while allowing magnetic
flux flow.

4. Magnetic coil — copper wire (enameled) — used
for electromagnetic induction, with high con-
ductivity and heat resistance.

5. MR fluid — a blend of carrier oil (silicone oil or
mineral oil) and ferrous particles (iron or iron-
based alloys), typically with a weight concen-
tration of 40-50%.

Parameters

1. Operating current — typically 0.1-2 A, depend-
ing on the design and required damping force.

2. Coil turns (N) — optimized based on the re-
quired magnetic field strength, 3093 turns.
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Figure 7. Dimensions of MR fluid damper

Magnetic Flux Piston Housing

The MR damper’s magnetic circuit is made up
of the casing, the upper and lower piston parts as
shown in Figure 7. A necessary-turn magnetic coil
was wound between these parts. When such a mate-
rial is initially subjected to a magnetic field (H), its
magnetic induction (B) increases gradually at first,
then more quickly, then very slowly once again, and
ultimately reaches a point known as magnetic sat-
uration. Magnetic flux @ and magnetic reluctance
Rm can be used to compute magnetic potential F.

F=Rmx 0 (1)

where: F' = NI; N is no. of turns and / is max.
current.

Total reluctance of the device is given by:

R=§T e )
! j=1 HAL

where: Li, Ai, and u, are the length, cross section-
al area, and permeability of element i in
the magnetic flux path.

NI
- G)
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Q.
B=—1in Tesla 4)

Magnetic force developed by circuit
F=14 (5)

where: 7 is shear stress value of MR fluid 45-100
kPa and A is magnetic flow area.

Magnetic circuit is design with the following
dimensions to sustain load of 1800 N. R =36 mm,
H=10mm, L=15mm, | =40 mm. h=2 mm, r =
10 mm and t =4 mm

Methodology

1. Design of MR fluid damper based on literature
survey.

2. Manufacturing of damper.

3. Study detail preparation, compositions of MR
fluid.

4. Decide the blending compositions of MR fluid.

5. Test the damper performance on damper test
rig for flow gap of 0.5 mm and 2 mm For 2000
N load carrying capacity (Table 1).

EXPERIMENTAL WORK

A shock absorber test rig is used to verify the
functioning of the planned damper a shown in Fig-
ure 8. Vibrational force is produced by eccentric
mass. The vibrating force grew as the motor speed
rose. Mass rotating motion is transformed into lin-
ear motion. The damper is tested at different speeds
and with different currents (ranging from 0 to 2 A).
Using a load cell indicator, the transmitted load is
determined.To evaluate the performance and func-
tionality of the designed magnetorheological (MR)

MR
Damper

Hx ]l'

Load
Cell

,lfﬁi'*fg

Figure 8. Experimental setup of magnetorheological
damper

damper, a shock absorber test rig is used. This
setup allows the verification of damping charac-
teristics under various operational conditions, in-
cluding different speeds and applied currents. The
operation speed of motor is taken 0 rpm to 250 rpm
based on frequency calculations and current values
are 0.1 A to 0.8 A based on calculation of magnetic
coil. The testing procedure involves the follow-
ing key components and steps: The MR damper
is mounted on a shock absorber test rig, as shown
in Figure 8. This setup is designed to simulate re-
al-world vibrational forces and assess the damper’s
response under different conditions

Test rig specification
Motor

Power: 0.5 kW/0.5 HP,
Model: S.R,

Voltage: 180V,
Current: 2.5 A,

Speed: 1500 rpm,
Serial No: 6/2011,
Duty cycle: S1.

Dimmer

e Current capacity: 2 A,
e Input voltage: 0 to 230 V AC,
e Output voltage: 0 to 270 V AC.

RPM indicator

4-digit display,
Make: selectron,
Model: RC 102 C.

Load indicator

e Make: concert electronics,
e Capacity: 0 to 200 kg,
e Resolution: 0.1 kg.

Proximity switch

Make: sai control system,
Model: PS 13 PNP,
Supply: 10-30V DC,
Load capacity: 250,
Serial No: 110/297.

Load cell

Make: model-C2L30IC,
Serial No: 055,
Capacity: 200 kg,
Accuracy: 0.02% FS.
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Table 1. Properties of MR fluid

Parameters MR fluids
Max. yield stress 50-100 kPa

Max. field ~250 kA/m
Viscosity 0.1-1.0 Pa.s
Operable -40 to 150 °C

temperature range (20 °C initial temperature of MR Fluid and final temperature is 75 °C during experiment)
Stability Unaffected by most impurities

Response time < millisecond

Density 3-4 g/lcm?

Power supply 2-25V at0-2A

Vibration force generation

e An eccentric mass mechanism is used to gen-
erate oscillatory motion.

e The rotating mass produces an increasing vi-
brational force as the motor speed increases.

e The rotational motion of the mass is converted
into linear motion, which directly affects the
MR damper.

Testing parameters

Variation in motor speed

The damper is subjected to different speeds
from 0 to 250 rpm to simulate various dynamic
conditions. The frequency and amplitude of vi-
bration are adjusted based on the motor speed.

Current variation (0-2 A)

The MR damper is tested under different ap-
plied currents, ranging from 0 A (passive mode)
to 2 A (active mode). As the current increases,
the magnetic field strength increases, leading to
a higher damping force due to the realignment of
MR fluid particles. Damper is tested upto 0.8 A
current which is sufficient to generate magnetic
field for sustaining force of 1910 N.

Load measurement

e A load cell indicator is used to measure the
transmitted force through the damper.

e The load cell records the damping force at dif-
ferent test conditions, providing insights into
the dynamic behavior of the MR damper.

Blending of MR fluid

e Sample 1: In this sample we mixed 40% iron
magnetic particles and 60% silicon oil.
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e Sample 2: In this sample we mixed 45% iron
magnetic particles and 55% silicon oil.

e Sample 3: In this sample we mixed 50% iron
magnetic particles and 50% silicon oil.

To compare the transmissibility of present
MR damper with standard Lord’s MR damper
following experimental procedure is used:

e Testing of different blending 40%, 45% and
50% iron particle to get max. transmissibility
reduction in which transmissibility Vs. Speed
graph is plotted.

e By increasing speed of rotor frequency (5 Hz)
is increased, graph of transmissibility vs fre-
quency is plotted.

e Comparison of transmissibility for present
MR damper and standard Lord’s MR damper

RESULTS AND DISCUSSION

Results of designed MR damper: SAMPLE 1
(40% iron particle): Transmissibility of damper

Table 2 provides data on the transmissibil-
ity of an MR damper containing a 40% iron
particle concentration under different current
levels (in amperes) and rotational speeds (in
rpm). Transmissibility here likely refers to the
ratio of output to input amplitude of vibration,
indicating how well the damper can reduce or
transmit vibrations.

As the current increases from 0.1 to 0.8 A,
the transmissibility values generally decrease
at each speed. This indicates that the damper’s
ability to reduce vibrations improves with high-
er current, as the magnetic field strengthens and
the MR fluid becomes more viscous, providing
greater resistance to motion. At each current lev-
el, transmissibility values tend to increase with
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Table 2. Transmissibility of damper for samplel

Speed Current (A)
(rpm) 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
150 1.82 1.73 1.64 1.52 1.28 1.28 1.1 0.83
160 1.91 1.81 1.69 1.64 1.35 1.31 1.12 0.92
170 2.08 1.93 1.76 1.71 1.41 1.36 1.14 0.98
180 2.16 2.06 1.81 1.79 1.48 1.42 1.16 1.04
190 2.27 2.14 1.86 1.84 1.54 1.46 1.22 1.11
200 2.38 2.21 1.92 1.92 1.61 1.52 1.28 1.16
210 2.26 2.12 1.86 1.84 1.57 1.44 1.24 1.14
220 2.15 2.03 1.79 1.73 1.48 1.38 1.18 1.12
230 2.08 1.96 1.72 1.64 1.44 1.28 1.14 1.11
240 1.98 1.84 1.68 1.57 1.41 1.22 1.12 1.1
250 1.92 1.72 1.56 1.42 1.36 1.16 1.08 1.08
40% iron particle

25 current in
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g 1 % — (.4
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Figure 9. Transmissibility v/s speed for samplel

speed up to a certain point, indicating that higher
speeds may reduce the damper’s effectiveness to
some extent. However, the effect of speed is less
significant compared to the effect of current as
shown in Figure 9.

The combination of higher current and lower
speed generally results in the lowest transmissi-
bility values, indicating optimal damping perfor-
mance. For example, at 150 rpm and 0.8 A, the
transmissibility is 0.83, which is the lowest value
in the Table 2.

At higher speeds (e.g., 250 rpm), even with
increased current, the transmissibility does not
decrease as significantly, highlighting the chal-
lenge of damping at higher operational speeds.

SAMPLE 2 (45% iron particle): Transmissibility
of damper

Table 3 provides data on the transmissibility
of an MR damper at various currents and speeds.
Transmissibility in this context refers to the ra-
tio of the output to input amplitude of vibration,

which indicates the damper’s effectiveness in re-
ducing vibrations. Lower transmissibility values
suggest better damping performance.

As the current increases from 0.1 to 0.8
amps, the transmissibility values generally de-
crease at each speed. This trend indicates that
the damper’s effectiveness in reducing vibra-
tions improves with higher current. The mag-
netic field strengthens, increasing the viscosity
of the MR fluid and enhancing the damping
force. At each current level, transmissibil-
ity values tend to increase with speed up to a
certain point. Higher speeds typically reduce
the damper’s effectiveness, but this effect can
be moderated by increasing the current. The
combination of higher current and lower speed
generally results in the lowest transmissibil-
ity values, indicating optimal damping perfor-
mance. For example, at 150 rpm and 0.8 A, the
transmissibility is 0.78, which is among the
lowest values in the table. At higher speeds
(e.g., 250 rpm), the transmissibility values are
still lower at higher currents, but the reduction
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Table 3. Transmissibility of damper for sample 2

Speed Current (A)

(rpm) 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
150 1.84 1.76 1.52 1.44 1.12 0.91 0.78 0.78
160 1.91 1.84 1.61 1.52 1.32 0.96 0.84 0.86
170 1.98 1.99 1.69 1.64 1.44 1.02 0.91 0.94
180 2.07 2.04 1.73 1.72 1.54 1.06 0.96 0.98
190 2.18 2.11 1.76 1.76 1.66 1.12 1.04 1.06
200 2.29 2.16 1.82 1.82 1.74 1.18 1.12 1.12
210 2.12 2.04 1.74 1.68 1.62 1.14 1.08 1.06
220 2.03 1.92 1.68 1.64 1.48 1.09 1.02 1.02
230 1.92 1.84 1.53 1.51 1.42 1.06 0.96 0.96
240 1.86 1.72 1.44 1.42 1.36 1.02 0.92 0.92
250 1.81 1.61 1.39 1.36 1.24 0.96 0.86 0.84

is less pronounced compared to lower speeds
The MR damper’s performance improves sig-
nificantly with increasing current, as shown by
the decreasing transmissibility values across all
speeds as shown in Figure 10.

While speed affects transmissibility, its
impact is less significant than that of the cur-
rent. Higher speeds generally lead to higher
transmissibility values, but this effect can be
mitigated by applying higher currents. The best
damping performance (lowest transmissibility)
is achieved at the highest current (0.8 A) and
lower speeds (150 rpm).

SAMPLE 3 (50% iron particle): Transmissibility
of damper

Table 4 presents the transmissibility of an
MR damper containing a 50% iron particle con-
centration at various current levels and rotation-
al speeds. Transmissibility here refers to the ra-
tio of the output to input amplitude of vibration,

with lower values indicating better damping
performance.

As the current increases from 0.1 to 0.8
amps, the transmissibility values generally
decrease at each speed, indicating improved
damping performance with higher current. At
150 rpm, the transmissibility drops from 1.86
at 0.1 Ato 0.62 at 0.8 A, showing a significant
improvement in vibration reduction.

At each current level, transmissibility values
tend to increase with speed up to a certain point,
suggesting that higher speeds generally reduce
the damper’s effectiveness. At 0.1 A, transmissi-
bility increases from 1.86 at 150 rpm to 2.36 at
200 rpm, and then slightly decreases at higher
speeds The combination of higher current and
lower speed results in the lowest transmissibil-
ity values, indicating optimal damping perfor-
mance. At 150 rpm and 0.8 A, the transmis-
sibility is 0.62, the lowest value in the table,
indicating excellent damping performance as
shown in Figure 11-13.

45% iron particles

2,5

Current in

2

Transmissibility

0,5

1 A

Amp

=—0.1
=—0.2
0.3
—0.4
e=0.5
=0.6
0.7

(.8

0

150 160 170 180 190 200

210 220 230 240 250

Speed in rpm

Figure 10. Transmissibility v/s speed for sample 2

352



Advances in Science and Technology Research Journal 2025, 19(5), 344-355

Table 4. Transmissibility of damper for sample 3

Current (A)
Speed (rpm)
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
150 1.86 1.78 1.45 1.27 1.225 1.21 0.67 0.62
160 1.98 1.88 1.62 1.38 1.34 1.26 0.69 0.63
170 2.06 1.96 1.78 1.52 1.46 1.34 0.71 0.64
180 2.18 2.04 1.96 1.64 1.56 1.41 0.73 0.68
190 2.29 2.16 2.08 1.71 1.64 1.44 0.75 0.72
200 2.36 2.23 2.2 1.77 1.72 1.56 0.77 0.74
210 2.28 214 2.02 1.62 1.61 1.41 0.75 0.73
220 214 2.03 1.84 1.54 1.54 1.34 0.74 0.72
230 2.02 1.84 1.72 1.44 1.42 1.22 0.73 0.72
240 1.91 1.72 1.64 1.36 1.34 1.16 0.72 0.71
250 1.84 1.64 1.46 1.32 1.22 1.12 0.71 0.71
50% iron particle
Current
2,5 in Amp
—0.1
2
—02
g 1,5 ——
2 —0.4
2
€ 1 —05
"
§ —06
Fos —0.7
—0.8
0
150 160 170 180 190 200 210 220 230 240 250
Speed in rpm
Figure 11. Transmissibility v/s speed for sample 3
50% iron particle
- Currentin
! Amp
2 K (.1
&
g —0.2
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2 —0.3
= &
g J— —0.4
2 1 N—
g —05
= _
05 —0.6
—0.7
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2,5 3 3,5 4 45 5
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Figure 12. Transmissibility v/s frequency

Comparison of MR and standard dampers

Effect of MR damper with 50% iron particle content

current increases, the transmissibility decreases,
indicating better damping performance. Higher cur-
rents (above 0.5 A) show a significant reduction in

At lower currents (0.1 A to 0.3 A), the trans- transmissibility, suggesting stronger damping. The
missibility is higher, peaking around 3.5 Hz. Asthe =~ MR effect is more pronounced at increased currents,
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Figure 13. Transmissibility of Lord ML-430 MR damper

Table 5. Comparison of MR damper with standars Lord MR damper

Feature Graph 1 (50% iron particle) Graph 2 (higher current levels)
Frequency range 2.5-5Hz 0-10 Hz
Current levels 0.1At0o 0.8A 0.0Ato 2.0A

Peak transmissibility Around 2.0-2.2

Above 3.0 at low current (0.0 A)

Damping effect

Moderate, more effective above 0.5 A

Stronger, effective above 1.0 A

Overall performance

Effective in a narrow frequency range

More effective across a broader frequency range

effectively reducing the amplitude of vibrations. The
frequency range is limited (2.5-5 Hz), making it
suitable for analyzing specific vibration frequencies.
The maximum transmissibility value reaches around
2.0-2.2 at lower currents, which indicates moderate
vibration amplification at certain frequencies.

Transmissibility vs. frequency for an MR damper
at higher current levels

The highest peak transmissibility (above 3.0)
occurs at low current (0.0 A, 0.4 A, 0.7 A), par-
ticularly around 2 Hz. As current increases (above
1.0 A), the peak transmissibility is significantly
reduced, indicating improved damping: Unlike
the first graph, this one extends up to 10 Hz, al-
lowing for a more comprehensive analysis of MR
damper behavior. The damping effect is observed
across a broader range of vibration frequencies,
making it useful for applications with varying dy-
namic loads. At higher currents (1.5 A, 2.0 A), the
transmissibility is consistently lower across all
frequencies. This suggests that increasing current
enhances the controllability and energy dissipa-
tion of the MR damper, effectively minimizing
vibrations (Table 5).
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e Graph 1 focuses on a specific iron particle
composition (50%) in the MR fluid and a
narrow frequency range, showing moderate
damping performance.

e Graph 2 provides a more comprehensive
analysis, showing the stronger damping ef-
fect at higher current values and across a
wider frequency range.

e In both cases, increasing the current reduces
the transmissibility, proving that MR damp-
ers effectively control vibrations when prop-
erly energized.

CONCLUSIONS

The performance analysis confirms that MR
dampers provide significant potential for vibra-
tion control in various applications, including
structural and automotive systems. The damp-
ing force of the MR damper can be effectively
tuned by adjusting the magnetic field strength,
allowing real-time adaptability to dynamic
loading conditions.
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The transmissibility of the damper decreases
as the applied current increases up to resonance
(200 rpm), with the reduction in transmissibility
ranging from 2.362 to 0.727. The 50% blend of
iron particles in the MR fluid demonstrated the
most effective damping performance, reducing
transmissibility from 2.36 to 0.7475.The optimal
damping force is achieved at a magnetic field
current of 0.4 A; beyond this value, magnetic
saturation occurs, reducing the damping effect.
At resonance (200 rpm), the transmissibility for
the 50% blend was observed to be 0.76 at 0.8 A,
making it the most suitable choice for vibration
attenuation.

The study confirms that the type and percent-
age of iron particles in the MR fluid significantly
influence damping performance, with a 50% iron
particle blend proving to be the optimal mixture
for reducing vibration transmissibility.
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