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Abstract
Magnetorheological (MR) gels are a new class of soft polymers whose properties can be
controlled using a magnetic field. The functional effectiveness of these gels depends on their
magnetic controllability. In this paper, an experimental investigation on the functional behavior
of a particular type of magnetorheological gels under dynamic and static shear conditions in the
presence of a magnetic field is studied. MR gels are prepared with micron sized polarizable
carbonyl iron particles interspersed in a polymer matrix gel. The compliance of this magnetic
gel can be varied under the influence of an external magnetic field. Since dynamical mechanical
analysis tests are difficult to conduct in the presence of large deformations of the order of 50%
and strong magnetic fields, a free decay test apparatus is designed and fabricated for obtaining
the magnetic field dependent shearing response under dynamic conditions at room temperature.
It is observed that a significant change in the elastic modulus occurs in the gels under a
magnetic field in the range of 0.1–0.4 T. However, no significant change in the damping ratio is
observed under various magnitudes of magnetic field. It is shown that the increase in shear
modulus of this kind of magnetic composite gel could be as high as 59% of the zero field value
for a gel prepared with 50% by weight of carbonyl iron particles.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

Magnetorheological elastomers (MREs) or gels constitute a
new generation of materials used in vibration control and
damping devices. Apart from the passive damping properties,
it is possible to control the properties of these materials
under the influence of a magnetic field. Primarily the storage
modulus, i.e. the stiffness coefficient and the damping are
the properties that are controlled in the applications. The
performance of an MRE is dependent on the tunability of these
properties. Based on the unique characteristics of MREs, an
adaptive tuned vibration absorber (ATVA) has been developed
by Deng et al [1]. The elastomeric isolator acts as a filler,
amplifying or reducing the initial frequency content of the
seismic motion [2]. There are also other applications of these
MREs such as controllable membranes in micro-pumps [3].

3 Author to whom any correspondence should be addressed.

Many versions of MR elastomers exist, which differ
in composition and in the method of preparation. These
compositions and methods of preparation affect the ratio of
the change in the storage modulus influenced by the magnetic
field with respect to the zero magnetic field storage modulus.
This ratio is called the magnetorheological effect (MR effect).
Optimization for high MR effects has been carried out in
literature [4–9]. Demchuk et al [6] studied viscoelastic
properties of three versions of MREs in the regime of dynamic
deformation with varying influence parameters such as type
of carrying matrix, i.e. gelatin based MREs, silicone based
MREs and formoplast-based thermoelastomers, the size of
carbonyl iron-filler particles, and the intensity of action by
the external magnetic field. It was identified that the content
of iron particles plays an important contribution in the shear
modulus [10]. The size of the magnetic filler also significantly
influences the shear modulus [11]. Particle content has been
reported to play an important role in influencing damping
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properties [12] of isotropic as well as structured MREs.
Therefore, from the literature it is observed that the content
of the iron particles and the elastomer matrix play major roles
in better MR effects. Soft gels are shown to give better MR
effects [13].

In order to realize the real potential of magnetic
controllability of the MREs, it is important to make sure that
the stiffness of the matrix does not unduly interfere with the
effect of magnetic field on the filler particles. Thus, it is
desirable to use a matrix that is soft enough. Elastomer gels
offer this softness due to their more flowable property. Thus,
it is possible to make the devices of any desired softness or
rigidity [13]. One of the different types of elastomer gel
compositions is an A–B–A triblock polymer [14], wherein
A represents a crystalline polymer such as a polystyrene,
monoalkenylarene and B is an elastomeric polymer such
as hydrogenated polybutadiene and polyethylene. The A
components of the material link to each other to provide
strength, and the B components provide elasticity. Upon
renaturation of the network of A–B–A molecules, the
plasticizer remains highly associated with the B portions.
There are scant investigations reported in open literature with
regard to the use elastomer gels as MREs. Thus, it is important
to characterize the mechanical properties of these gels.

This study is motivated by the need to quantify the
effect of uniform magnetic fields on the structural response
of magnetic gels. For this purpose a dynamic shear mode
experiment was to be conducted in the presence of a magnetic
field. Generally, in the literature [1, 7, 8, 10, 12], it was
observed that the experiments were conducted using dynamic
mechanical analyzer (DMA) testing machines for identifying
the dynamic characteristics of MR elastomers. However,
one important difficulty apart from having to introduce the
magnetic field while using DMA is to be able to characterize
the gel that undergoes large nonlinear deformations. The
setup envisaged for use in this work would accommodate for
both magnetic field and the large nonlinear deformations. It
should be emphasized here that the material is characterized
under static loading conditions by a neo-Hookean model
with a magnetic field dependent shear modulus. With this
assumption, the shear stress is directly proportional to the
amount of shear even though the latter is for finite deformation.
Under dynamical conditions, it is assumed that the shear stress
is also dependent on the shear rate, and it will be described
later.

Thus, the objective of this work, as a first step, is
to prepare isotropic magnetorheological gels with different
concentrations of well-dispersed micron sized magnetically
polarizable particles and to develop a simple experimental
setup to study and obtain the dynamic characteristics of the
magnetic composite gel under varying magnetic fields in the
shear mode. The uniqueness of this experimental setup is
that the experiment is performed on the gels in direct shear
mode. The dynamic characteristics are obtained in terms of
experimentally determined stiffness and loss factor. Static
shear tests are also conducted to estimate the dependence of
the shear modulus with varying magnetic field.

The paper is arranged in three sections: methodology,
results and discussion and conclusions. In methodology,

procedures for the preparation of MR composite gel,
description of the development of experimental setup that is
designed and fabricated in conducting free decay test and static
shear test and data analysis performed are discussed. The
results obtained for various compositions of the magnetic gels
prepared by conducting free decay test and static shear test at
various magnetic field influences are discussed before making
the concluding remarks.

2. Methodology

In order to study the functional behavior of magnetorheological
gels, a dynamic shear test is conducted in the presence of a
magnetic field. A static shear test in the presence of a magnetic
field is conducted and the results obtained are compared with
those of the dynamic shear tests.

There are three stages involved in finding the dynamic
characteristics of magnetorheological gel under dynamic shear
conditions. They are

(1) MR composite gel sample preparation,
(2) mechanical testing under varying magnetic field, and,
(3) data analysis.

Same samples are used for conducting both the dynamic and
the static shear tests.

2.1. MR composite gel sample preparation

The first task in the sample preparation is the identification
of the appropriate proportions of the gel matrix. The plain
non-magnetic gel matrix is prepared using the polystyrene-
hydrogenated polybutadiene–polystyrene triblock copolymer
with various mass fractions of the mineral oil as plasticizer.
An optimal fraction of the cross-linking agent to the copolymer
has been identified by a trial and error procedure that leads to
a good rubbery response. This optimal ratio of copolymer:
mineral oil is found to be 1:4. Upon choosing a particular
cross-link agent mass fraction, the matrix is used for the
preparation of the magnetic gel by interspersing carbonyl iron
particles. The SEM micrographs of carbonyl iron powder
used in this study as shown in figure 1 show irregular shape
of the particles with sizes ranging from 2 to 10 μm. The
current scope of preparation is limited to isotropic magnetic
gel. The magnetic composite gels are also prepared with
various proportions 10%, 30%, 50%, and 70% by weight of
carbonyl iron particles mixed with a constant ratio 1:4 of
copolymer to mineral oil gel matrix mass fractions as listed
in table 1. The detailed procedures for the preparation of this
magnetorheological gel can be found in [14].

For all the gels above, during the process of preparation, a
mixer is used to mix the contents thoroughly in a molten state
at a temperature of 200 ◦C in order to avoid agglomeration of
the particles. The mixture is then cured at room temperature.
The cured samples are then cut into small rectangular magnetic
gel strips of 20 mm × 20 mm × 3 mm for use in the
mechanical characterization tests. This magnetic gel strip is
then sandwiched between two non-magnetizable thin plates
and adhesively bonded to them using a cyanoacrylate adhesive
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Figure 1. SEM micrographs of carbonyl iron powder (a) magnification = 2000, (b) magnification = 10 000.

Table 1. Composition of the samples in weight percentage.

Sample
no.

Percentage
of synthetic
polymer (%)

Percentage
of mineral
oil (%)

Percentage of
carbonyl iron
particles (%)

1 18 72 10
2 14 56 30
3 10 40 50
4 6 24 70

as shown in figure 2(a) to form test specimens. Since the
adhesive used in this work is a lot stiffer than the gel specimen,
the presence of the adhesive layer may not significantly affect
the measurement of the damping ratio and storage modulus of
the gel specimen.

2.2. Dynamic shear test

2.2.1. Experimental setup and test procedure. In order
to facilitate large deformations with magnetic gel and to
accommodate the magnetic field, a simple free decay test
apparatus has been designed and fabricated in-house. This
apparatus is used for obtaining the magnetic field dependent
dynamic characteristics such as storage modulus and loss
factor at room temperature of 30 ◦C. Photographs of the
experimental setup are shown in figure 2. The magnetic gel
specimen part of the test apparatus is placed between two
magnetic poles for the application of the magnetic field as
shown in the figure 2(b). The direction of the magnetic field
is, thus, in the direction perpendicular to the plane of shear
action when the rod oscillates.

Figure 3 is a schematic diagram of the magneto-
mechanical coupled free decay testing instrument built in-
house (photograph is shown in figure 2(c)). This instrument
consists of a rigid rod hinged at one of its ends and hung
by connecting a tensile spring at the other end. A mass is
attached to the rigid rod at a known distance from the hinge.
The mass ratio of the rod and the mass clamped to it is
0.145. The mass of the rod has been taken into consideration
while deriving the equation of motion of the system. A load

cell is connected to the rigid rod through a tensile spring to
measure the instantaneous force exerted in the load cell. This
instantaneous force is proportional to the displacement of the
spring. The force exerted in the load cell is recorded through
a data acquisition card as a computer data file using LabVIEW
(Laboratory Virtual Instrumentation Engineering Workbench)
software [15].

One plate of the magnetic gel strip specimen is fastened
to the rigid rod while the other plate is fixed to the frame. The
specimen gel plate which is fastened to the rigid rod can be
removable from the rigid rod in order to facilitate in measuring
the dynamic properties of the system in the absence of the gel.
Here, the rigid rod, gel plates and the fasteners are chosen as
the non-magnetic materials.

The idea of this test is to determine the natural frequency
and damping ratio of gels using the changes in dynamic
properties of an oscillating rod in the system. In order to do
this, first the dynamic characteristics of the free oscillating rod,
without the magnetic gel specimen attached to the rod, should
be measured so that appropriate changes can be registered and
used to obtain the gel characteristics in the actual tests on the
gel specimens. Therefore, as a first step in the absence of
magnetic gel, initial excitation is given to the rod. Due to the
presence of the spring and the mass, the rod starts to oscillate
and the response of the system is measured using a load
cell. The transient response due to the initial excitation dies
down due to air friction and other damping conditions. Once
this initial characteristic of the rod–mass–spring assembly is
registered, then the magnetic gel is placed appropriately in the
system that allows a shear mode vibration of the gel sample.
Here, the gel specimen is mounted when the rod is in its
equilibrium position corresponding to the configuration before
the specimen is mounted. Thus, just after the gel has been
mounted, there is no deformation in the gel so that the shear
oscillations could take place about an equilibrium position
when the setup is excited. Once again, the system is excited
and a fresh response measurement is made on the system. The
above test procedure is repeated under various magnetic fields
in the range of 0–0.7 T for different gels prepared. In this
experiment, the gel specimen width is about 20 mm and the
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a b

c

Figure 2. Photographs of (a) the gel pasted using adhesive bond with non-magnetic plates. (b) Sandwiched magnetic gel is placed between
two magnetic poles. (c) The magneto-mechanical coupled free decay testing instrument on magnetic gel under shear mode oscillation.

Figure 3. Schematic diagram of the experimental setup. The magnetic gel pasted on to the setup vibrates in shear mode.
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distance from the hinge to the gel is about 200 mm. Since
the gel specimen dimensions are small in comparison with the
distance from the hinge to the gel specimen, the shear can be
considered to be more or less uniform over the width of the
specimen.

2.2.2. Data analysis. The dynamic response of the system
for the given initial excitation depends primarily on the three
dynamic attributes of the system—the stiffness of spring
elements, the dissipation due to internal friction of the system
and the inertia due to mass. If the gel sample is also
attached, the stiffness and the damping associated with the gel
specimen also affect the dynamic characteristics. The testing
system is assumed to be linear. Tests on the system dynamic
characteristics were conducted to validate this assumption.

With the mass of the system known, a simple
straightforward procedure is adopted to estimate the other two
attributes of the system, namely, the storage part, i.e. stiffness
of the spring and the dissipation part, i.e. damping coefficient.
Using a free decay test, i.e. by introducing a small initial
disturbance/excitation to the system, these attributes are then
calculated from the measured response data obtained from the
load cell. The procedure and the principle used to calculate the
above mentioned system attributes are discussed below.

The equation of motion for the system in the absence of
the gel specimen can be written using the moment equilibrium
about the hinge as,

ml2
mθ̈ + csl

2
s θ̇ + ksl

2
s θ = 0 (1)

where m is the mass and, lm and ls are the distances from
hinge support to the mass and the spring respectively. cs and
ks are chosen such that the response of mathematical model
matches closely with the obtained response. Typically, the
damping frequency of the system, ωd in Hz and the damping
ratio, εd, are used in the response calculations to match with
the experimentally obtained response and then the stiffness, ks,
and the damping coefficient, cs, of the system are calculated by
using the following expressions and these are assumed to be
constants irrespective of whether the magnetic gel is mounted
or not.

ks = 4π2m
l2
m

l2
s

ω2
d

1 − ε2
d

(2)

cs = 4πm
l2
m

l2
s

ωdεd√
1 − ε2

d

. (3)

A simple model for the magnetic gel. In view of the fact that
there is very limited information regarding the magnetoelastic
response of the gels in literature, for the purposes of a
preliminary investigation, it is assumed that the (1) the
magnetic field is known and (2) the material can be viewed as
a simple mixture of a neo-Hookean solid, which represents the
polymer mixed with a Newtonian liquid3. Thus it is assumed

3 In reality, we need to actually solve the combined equations of magento-
quasistatics and mechanics. Given the uncertainties associated with the
parameters and the simplicity of the test, we will ignore the two-way coupling
between the field and the particles, dealing with the much simpler one-way
coupling instead.

Figure 4. A schematic diagram of the testing system with the
magnetic gel mounted.

that the constitutive equation for the gel is given by

T = −pI + μ(B)F FT + λ(B)D (4)

where p is the indeterminate pressure due to the incom-
pressibility of the material, μ and λ are the shear moduli
and viscosity of the material both of which depend upon the
magnetic field B , F is the deformation gradient tensor and D
is the symmetric part of the velocity gradient.

Now it is assumed that for the simple shearing experiment
the deformation gradient is given by

F =
[ 1 κ(t) 0

0 1 0
0 0 1

]
(5)

where κ(t) is the amount of shear, then a routine calculation
will reveal that the relationship between the shear stress and
the shear rate is of the form

τxy = μ(B)κ(t) + λ(B)κ̇(t). (6)

Thus the relationship between the amount of shear and the
shear stress is in the form of a linear differential equation
and can be represented by a spring and dashpot for ease of
understanding. Since the amount of shear κ(t) is linearly
related to the angle of rotation of the device, the final
differential equation for the response of the system is a linear
differential equation

Figure 4 shows the schematic of the vibrating test system
with the gel. The gel is represented using a spring and dashpot
in parallel attached to the horizontal bar of the system. With
the gel mounted to the system, the equation of motion of the
system can be written using the moment about the hinge in the
figure 4 as,

ml2
mθ̈ + (csl

2
s + cgl2

g)θ̇ + (ksl
2
s + kgl2

g)θ = 0 (7)

where lg is the distance of the center of the mounted gel from
the hinge support as shown in figure 4. Thus, the stiffness, kg

and the damping coefficient, cg of the gel can be calculated
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with the known values of cs and ks obtained earlier by using
the following expressions [16].

kg = 4π2ml2
mω2

d

(1 − ε2
d)l

2
g

− Ksl2
s

l2
g

(8)

cg = 4πml2
mωdεd(√

1 − ε2
d

)
l2
g

− csl2
s

l2
g

. (9)

The solution of the equation of motion in equations (1) and (7)
is in the following form:

θ = 	e−εdωn t sin

(√
1 − ε2

dωnt

)
(10)

where 	 is initial amplitude and θ is amplitude with time t .
These dynamic properties are used to calculate the storage

modulus, G ′, the loss modulus, G ′′ and the loss factor, η, of the
gel using following equations. Here storage modulus, G ′ is the
same as μ and loss factor, η is due to the viscous property λ of
the material stated in the above constitutive relation (4).

G ′ = kgt

lb
; (11)

G ′′ = cgtωd

lb
; (12)

and

η = G ′′

G ′ (13)

where, t is the thickness of the gel strip, l is the length of the
gel strip, and b is the breath of the gel strip.

2.3. Static shear test

The static shear test is performed in order to cross check the
correctness of the results obtained in the dynamic shear test.
Figure 5 is a photograph of the test setup for the static shear
test. This setup consists of a rigid rod, the same rod which is
considered for dynamic shear test with negligible mass hinged
at one of its ends and the rod is hung by connecting a tensile
spring at the other end. Then, an LVDT probe for displacement
measurement is placed at a known distance at which the bar
will balance in a straight horizontal position. A load cell is
connected to the rigid rod through a spring to measure the
balancing force caused in the load cell. At this moment, at zero
displacement, the initial reading is measured using LVDT.

Now, the gel plate is connected to the rigid rod while the
spring attachment is removed from the rod. The displacement
at this configuration is noted down. The difference in the above
two readings gives the displacement at zero load. Knowing
the displacement at the LVDT probe, the displacement at the
gel and hence the shear strain can be calculated. At this
zero load position, the force in the gel can be calculated by
using force equilibrium conditions. With a static load of 25 g
hanging from the rigid rod, the displacement reading at LVDT
point can be measured. The difference between the initial
LVDT reading and the present reading gives the accumulated
displacement for 25 g load at LVDT probe point to the rod.

Figure 5. Photograph of magneto-mechanical coupled instrument on
magnetic gel under static shear.

Using this, the displacement at the gel point can be calculated
using geometry and the force in the gel can be calculated using
static equilibrium equations. This procedure is repeated in
calculating the force and displacement on the gel specimen for
every increment of 25 g up to 100 g weights. The force versus
deflection of the gel specimen is used to find the shear stress
to shear strain variation in the gel specimen. The slope of this
curve is estimated to obtain the in-plane static shear modulus
of the gel strip.

3. Results and discussion

In this section, on the basis of system dynamic response and the
gel specimen dynamic response, results obtained for various
compositions of the magnetic gels prepared by the earlier
mentioned procedures using free decay test under varying
magnetic field and static shear test results are discussed.

3.1. Dynamic shear test—determination of test system
dynamic characteristics

Figure 6 shows the response of the system measured using load
cell in the absence of the gel. The voltage output is measured
which is proportional to the displacement of the system. In
this figure, the dashed line shows the fitted experimental data
obtained using the load cell and the curve with a solid line
shows the matching response from the solution (equation (10))
of the mathematical model obtained from the equation of
motion upon choosing appropriate initial amplitude, frequency
and the damping ratio. Figure 6 shows that the linear model
assumed for the setup fits well indicating that the effect of
friction at the hinge point does not noticeably affect the
measurements.

The damping frequency and the damping ratio of the
response are obtained to be ωd = 3.722 Hz and εd =
0.024. By substituting the identified damping frequency and
the damping ratio in the equations (1) and (2), the stiffness
and damping coefficients of the system are found to be ks =
167.9181 N m−1 and cs = 0.3446 N m s−1.
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Figure 6. The response of the system measured using load cell in the
absence of the gel.

3.2. Response of the system with magnetic gel mounted

With the test system characteristics determined, the gel is
mounted on the test system and the free decay vibration test
is conducted with varying magnetic field.

Depending on the initial excitation given, though small,
shear strains up to 50% could be realized in the gels. The initial
amplitude range of gels tested is 0.2977–1.659 mm. The initial
amplitude of the response shown in figure 7 is 0.9315 mm.
It also shows that the linear model assumed for the setup
that includes the gel is deviating marginally from observed
response of the magnetic gel specimen due to large nonlinear
deformations. This nonlinearity due to large deformations can
be observed in the static shear test results also. This being
the first stage of the work, a linear approximation has been
made giving scope for small errors for large initial amplitudes.
In a later work, this deviation in behavior as a measurement
for nonlinear response will be modeled. From the response of
the test system with the gel mounted, the damping frequency
and the damping ratio are first determined under 0–0.7 T of
magnetic field. The stiffness, kg and damping coefficient,
cg of the gel are then calculated using equations (8) and (9)
respectively.

3.3. Static shear test: stress–strain behavior of gel due to
large deformations

From the static shear stress–shear strain graphs in figures 8(a)
and (b), the variation is more or less linear up to about
30% shear strain. A small deviation from linearity occurs
beyond 30% which should ideally be considered in the model
to correctly measure response characteristics beyond a shear
strain of 30%. In figure 8(a), strains up to 0.35 only are shown
since the specimen is stiffer at 0.7 T magnetic field.

3.4. Determination of dynamic characteristics of magnetic
gels

The shear storage modulus and loss modulus are calculated
appropriately using equations (11) and (12) for various
magnetic field values. The shear storage modulus, from
figure 9(a), increases with weight fraction of carbonyl iron
particles. Among all gels a highest of about 59% change

Figure 7. The response of the system measured using load cell in the
presence of the gel with 50% by weight of carbonyl iron particles
with 0.7 T magnetic field.

is observed over 0.6 T of applied magnetic field in the gel
prepared with 50% by weight of carbonyl iron particles.
In other words, a change in storage modulus of 41.387 to
65.835 kPa can be achieved with 0.7 T of magnetic field. This
capability is required for vibration control applications. For
the gels prepared with lower percentage, i.e. 10% and 30%
of carbonyl iron particles the saturation in storage modulus is
reached around the 0.4 T of magnetic field. Here, three tests
were run for each gel at every magnetic field. From those three
tests, the deviation in the results obtained in storage modulus
and loss factor are less than 4%. Due to this very small
deviation, the average of the three tests results were presented
in the figures 9(a) and (b).

As can be seen in figure 9(b), the loss factor obtained
from equation (13) does not change significantly, indicating
that the change in damping is marginal. It can be seen that
the performance of the gel can be assessed based on the MR
effect. The MR effect is defined as the ratio of change in
storage modulus due to magnetic field to the zero field storage
modulus, i.e.,

MR effect(%) = G ′
B − G ′

B=0

G ′
B=0

× 100 (14)

where G ′
B is the storage modulus at magnetic field B and G ′

B=0
is the storage modulus at zero magnetic field.

The higher the MR effect, the higher the control possible
with the material under the magnetic field. The MR effect
is computed for all the gels for different magnitudes of the
magnetic field. Sample results are presented in figure 10.

It is found that the maximum MR effect is 59% for the
same 50% gel over a magnetic field of 0.6 T, which is quite
considerable. It is also observed from the graph of magnetic
field versus MR effect shown in figure 10 that the MR effect
looks saturated after 0.4 T in the gels. The result implies that
the field dependent behavior is considerable in the range of
0.4 T and it can be used for vibration control applications. It
is also observed that the effect of the magnetic field in the loss

7
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Figure 8. Static shear stress versus shear strain of magnetic composite gel (a) with 10% by wt. of carbonyl iron particles at 0 T magnetic field
and (b) with 50% by wt. of carbonyl iron particles at 0.7 T magnetic field.
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Figure 9. (a) Storage modulus, and (b) loss factor of the gels of various percentages of particle mass fraction (10%, 30%, 50% and 70%)
under different magnitudes of magnetic field.
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Figure 10. The variation of MR effect of gels with varying magnetic
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factor is comparably small which implies that the tunability in
the damping property is small.

3.5. Static shear test—determination of static stiffness of the
gels

The force versus deflection of the gel specimen is used to find
the stress to shear strain variation in the gel specimen. The
variation in shear stress to shear strain was found to be linear
and the slope of this curve is estimated to be the static shear
modulus of the gel strip.

Among all gels tested, as can be seen in figure 11, a highest
change of about 60% in the static shear modulus is observed.
This is observed in the gel prepared with 50% by weight of
carbonyl iron particles under an applied magnetic field of 0.5 T.

The storage moduli values (due to dynamic loading) are
more or less close to the static shear modulus values (see
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Figure 11. Static shear modulus of gels of various percentages of
particle mass fraction (10%, 30%, 50% and 70%) under different
magnitudes of magnetic field.

figures 9(a) and 11) and follow the same trends except at higher
magnetic fields where the deviation is noticeable.

4. Conclusions

A simple experimental free decay dynamic test setup is
fabricated for studying the performance of a class of MR
gels (prepared by the authors) under various magnitudes of
magnetic field. A very simple model involving just two
parameters has been used. Therefore, it should be noted that
it is by no means the only one for identifying the properties of
the gel.

The experimental results for gels prepared with various
mass fractions of magnetic particles suggest that a significant
increase in storage modulus, up to 59%, is possible under the
influence of a magnetic field. Specifically, an optimal mass
fraction of about 50% of the magnetic particles can be used
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over a range of 0–0.4 T of magnetic field to realize the best
results in vibration control applications that use this gel. This
is confirmed by the results relating to the significant change
observed in the storage modulus of the carbonyl iron particle
filled gels under a magnetic field especially in the range of
0.1–0.4 T.

On the contrary, no significant change in the damping
ratio is observed under various magnitudes of the magnetic
field. This is an important observation in the context of
application of the magnetic gel to damping and vibration
isolation applications.

It is shown in this work that the MR effect, which is an
improvement in storage modulus due to magnetic field of as
high as 59%, is achievable with isotropic soft MR elastomers.
This is significantly higher than reported in literature [5, 8, 12]
(a ∼30% or less improvement in the storage modulus). The
authors believe that this increase could be due to the soft
elastomeric matrix used in this work.

Importantly, the study presented in this paper indicates
that it is possible to tune the magnetic composite gels in terms
of better response to the magnetic field. A study on establishing
a physically based relationship between the various parameters
such as property of the gel matrix, the particle size, and
the mass fraction of the particles affecting the active control
efficiency is essential in taking the results of this study further
in designing applications involving these magnetic iron particle
composite gels. Such a study is currently being undertaken by
the authors.
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