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Original Article

Design of a vibration isolation system
using eddy current damper

Partha Paul, Chetan Ingale and Bishakh Bhattacharya

Abstract

This article aims at modeling, analysis and design of a passive vibration isolation system using a magnetic damper with high

efficiency and compactness. The experimental set-up was developed for a single degree-of-freedom vibration isolation

system, where the damper consists of two elements: an outer stationary conducting tube made up of copper and a

moving core made up of an array of three ring-shaped neodymium magnets of Nd–Fe–B alloy separated by four block

cylinders made of mild steel that are fixed to a steel rod. The generation of eddy currents in the conductor and its

resistance causes the mechanical vibration to dissipate heat energy. The vibration response of the system is obtained

starting from a low-frequency range. The proposed magnetic damper achieves a maximum transmissibility value less than

two for a natural frequency that is less than 10 Hz and the excitations at higher frequencies are successfully isolated.

Numerical and experimental studies were carried out for a range of system parameters which show that isolators based

on magnetic damping could be very effective for passive vibration isolation. Further, a theoretical model for an active

isolation system is proposed in order to reduce the transmissibility at resonance. It is envisaged that the combined

active–passive eddy current damper could be effectively used for vibration isolation.

Keywords

Passive and active vibration isolation, eddy current damping, electromagnetic vibration isolator, direct output feedback

control
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Introduction

Vibration isolation is a way of reducing the transmis-
sion of a dynamic excitation force (or motion) from a
mechanical system to a supporting surface.1 It gener-
ally involves the insertion of a layer of resilient mater-
ial between the source of vibration and the system to
be isolated. The effectiveness of a vibration isolator is
generally measured in terms of the maximum trans-
missibility, cut-off frequency and cut-off rate
(Figure 1). The chief objectives to be fulfilled while
designing an effective vibration isolator are2

(a) low-resonance frequency (so that the damper iso-
lates the system for a broad frequency range);

(b) low amplitude of vibration at resonance and
(c) steep slope of the transmittability curve (high

attenuation at higher frequency).

Vibration isolators are broadly subdivided into two
groups based on the requirement of external power
supply: passive and active isolators. Passive isolators
commonly include passive elements such as metallic
or non-metallic springs, viscous and friction-based
dampers, elastodamping materials and pneumatic/

hydraulic elements. On the other hand, active damp-
ing is less common in industrial applications and
includes isolators such as active hydraulic network,
electromagnetic damper, electromagneto rheological
fluids, sensors and control systems.

In this article, we will discuss about the design of a
new passive vibration isolation system based on the
electromagnetic effect. We will compare the theoret-
ical and experimental results for this passive system
and study the effect on the displacement transmissi-
bility of the system. Next, we will introduce an active
isolation system into the theoretical model to further
reduce the transmissibility of the system.

Energy dissipation characteristics of a damper
based on eddy current generation allow many appli-
cations in vibration control of machines and struc-
tural vibration suppression. Eddy current-based
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dampers have been known for decades and their
applications are thoroughly investigated.3 In an
eddy current braking system, Cadwell4 examined the
effect of magnetic damping on an aluminum plate that
moved between the poles of a horseshoe electromag-
net and developed a model to find the braking force
using an air track for experimental analysis.
Wiederick et al.5 proposed a simple theory and experi-
ment of magnetic braking in a thin metallic strip. An
eddy current is induced by spinning a thin aluminum
disc between the poles of an electromagnet and the
accuracy is validated by a theoretical model.

Control techniques have been used to adjust the
damping force obtained from traditional damping
systems. Lee and Park6 designed an optimal controller
for an eddy current brake to minimize the stopping
time of a disc in an automobile. It worked well in the
high-speed range because the damping force is directly
proportional to the angular speed. A semi-active
damping system based on hybrid electromagnets is
available in the literature,7 the schematic of which is
elucidated in Figure 2. Due to relative motion, a
damping torque is generated in the conductive disc.
This model uses the magnetization and demagnetiza-
tion effects to control the damping force.

Zheng et al.8 used a magnetic damper to suppress
the vibration of a beam. It includes both an active and
a passive method. An electromagnet is attached to the
clamped boundary and a permanent magnet is
attached to the beam. Current is passed through the
coil whenever a damping force is required. Sodano
et al.9 studied the model of an eddy current damper
for vibration suppression of a beam. The model con-
sists of a beam with a conducting sheet and a perman-
ent magnet at a small distance. The system has been
shown to increase the damping ratio by at least two
orders of magnitude and provide a damping force that
is sufficient to suppress the vibration of the beam.
Karnopp10 introduced the concept of an electromech-
anical damper for a vehicle suspension system. It con-
sists of moving coils of copper wire and permanent
magnets. This actuator provides better damping for
frequencies encountered in road vehicle suspension.

Kobayashi and Aida11 modeled a vibration absor-
ber using an eddy current damper to reduce the vibra-
tion generated by pipes in industrial buildings. It
consists of a mass and a damper. Experiments were
performed on a 2.4m pipe which showed that the first
bending mode of the pipe was reduced by eight to ten
times with displacements ranging from 0.4 to 4mm.

Teshima et al.12 studied the effect of eddy current
dampers on vibration response in superconducting
levitation. Damping was reported to be improved by
two orders of magnitude by the insertion of eddy cur-
rent dampers into the gap between the supercon-
ductor and the magnet. Melt-processed YBaCuO
superconductor was used for the study. Ebrahimi
et al.13 developed an experimental set-up for an
eddy current damper. The damper configuration con-
sists of a copper tube as a conductor and an array of
permanent magnets and iron pole pieces as the
moving elements.

Ebrahimi et al.14 analyzed a passive eddy current
damper using different configurations of permanent
magnets by using magnets magnetized in axial and
radial directions. A finite element analysis was carried
out to find the optimum magnetic flux for different
configurations. Wang et al.15 analyzed and optimized
the design of an axially magnetized tubular permanent
magnet. The analytical modeling is subsequently vali-
dated by finite element analysis. This gives a basis for
designing an optimized model of an eddy current
isolator.

Damper assembly model

For magnetic dampers it is known that the coefficient
of damping is proportional to the conductivity of the
conductor and the square of flux density. Hence, the
damper assembly is designed in such a way that it has
minimum flux leakage and the copper body is chosen
as the conductor to facilitate eddy current generation.
Figure 3 shows the schematic diagram of the damper
assembly. It consists of an outer stationary tube made

Figure 2. Schematic diagram of a magnetic hybrid damper.7

Figure 1. Salient features of a vibration isolator.
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of copper, three permanent ring-shaped magnets
made of neodymium, cylindrical blocks of steel and
a screwed steel rod. The permanent magnets are axi-
ally magnetized and their direction of magnetization
is also shown in the figure. The horizontal bold
arrows show the direction of magnetic flux through
the steel block. The magnets and steel blocks are fixed
tightly to the supporting steel rod and the air gap is
kept very small to minimize the flux leakage.

Relative movement between the magnets and the
conductor generates an eddy current and produces a
repulsive force proportional to relative velocity
between them. Due to the generation of eddy currents
and the resistance of the conductor, the mechanical
energy due to vibration gets dissipated through Joule
heating in the conductor. The parameters and vari-
ables in Figure 3 are given in Table 1.

Methodology

Governing equation of motion

The vibration isolator is modeled as a single degree-
of-freedom system consisting of a spring and dashpot
in parallel (Figure 5).

m €xþ c _xþ kx ¼ c _yþ ky ð1Þ

where m is the isolator mass, x is the vibrational
displacement of the mass to be isolated, c is the
co-efficient of damping of the system, k is the spring
constant of the system and y is the base excitation
(displacement).

Analytic damping coefficient estimation

The damping force per steel block, assuming a con-
stant magnetic flux density is given by the Lorentz
force law as

F ¼

Z
�

� v� Bð Þ � B d� ð2Þ

where � is the conductivity of copper, v is the relative
velocity of the conductor with respect to the magnetic
field and B is the magnetic flux density.

For the calculation of magnetic flux density (B), the
current model proposed by Craik16 is used. Since the
movement of copper cylinder is along the z-direction,
the eddy current generation depends on the radial
component of magnetic flux density (Br). The radial
component of magnetic flux density at a distance (r, z)
from the geometric center is computed using the rela-
tion (10) (see Appendix 1) and K(k) and E(k); the
complete elliptic integrals of the first and second
kind, the parameter ‘k’ being a function of Rm

(outer radius of magnet), tm (thickness of the
magnet), s (radius of the steel rod), r and z (symbols
shown in Figure 3).

Figure 4 shows the schematic view of the design of
the permanent magnets. The radial magnetic flux
density (Br) through each steel block is twice as pro-
duced by one magnet. Hence, the total radial compo-
nent of the magnetic flux density (Br) per steel block is
given by

Br ¼ 2 Br r, zð ÞjRm, tm � Br r, zð Þjs, tm
� �

ð3Þ

Now, using equations (1) to (3), the damping force
(Fz) per steel block in the z-direction is given by

Fz ¼ ��ðt� tmÞv

Z 2�

0

Z Rout

Rin

rB2
r ðr, z0Þdr d� ð4Þ

Table 1. Specifications of the magnetic damper assembly

used.

Outer diameter of the magnet (2Rm) 28 mm

Inner diameter of the magnet (2rm) 10 mm

Thickness of the magnet (tm) 12.5 mm

Outer diameter of the steel block (2Rs) 28 mm

Inner diameter of the steel block (2rs) 10 mm

Thickness of the steel block (ts) 10 mm

Diameter of the steel rod (2s) 10 mm

Outer diameter of the conductor (2Rout) 75 mm

Inner diameter of the conductor (2Rin) 29 mm

Length (l) 85 mm

Conductivity of copper (s) 5.96� 107 S m�1

Air gap (a) 0.5 mm

Magnetization constant (M) 106 A m�1

Mass to be isolated (m) 2.02 kg

Stiffness of the spring (k) 7.4 kNm�1

Natural frequency (!nÞ 9.64 Hz

Cut-off frequency 13.63 Hz

Cut-off rate (per Hz) 0.125

Damping co-efficient per steel block 33.28 Ns m�1

Total damping co-efficient (c) 99.84 Ns m�1

Critical damping (cc) 244.62 Ns m�1

Damping ratio (x) 0.408

Figure 3. Schematic diagram of the damper assembly.
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Hence from equation (4) coefficient of damping (C) is
given by

C ¼ �� t� tmð Þ

Z 2�

0

Z Rout

Rin

rB2
r r, z0ð Þdr d� ð5Þ

Equation (5) is computed in MATLAB to calculate
the coefficient of damping for the given dimension of
damper assembly given in Table 1 and later compared
with the experimental results.

One of the parameters used for measuring the effect-
iveness of a vibration isolator is the maximum trans-
missibility. Under steady-state conditions, both force
and displacement transmissibilities are the same.
(Henceforth, the terms displacement transmissibility
and transmissibility are used interchangeably and
mean the same thing: the displacement transmissibility.)

The transmissibility (T) for the given single degree-
of-freedom system is given by

T ¼
X

Y

����
���� ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 2�rð Þ

2
q
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� r2ð Þ

2
þ 2�rð Þ

2
q ð6Þ

where r is the frequency ratio and � is the damping
ratio.

The complete derivation is shown in Appendix 1.
It may be noted that for r5

ffiffiffi
2
p

, the transmissibility
is greater than 1which indicates the amplification region;
whereas for r4

ffiffiffi
2
p

, transmissibility is less than 1 which
indicates the isolation region. The frequency corres-
ponding to r ¼

ffiffiffi
2
p

is known as the cut-off frequency.
For a good isolator, the cut-off frequency is designed to
be kept well below the excitation range.

Experimental set-up

Figure 5 shows the proposed passive vibration isola-
tion system for the single degree-of-freedom system.

As shown in Figure 6(a) and (b), it consists of two
C-channels, a hollow copper cylinder, a base plate, a
mass to be isolated, a spring, upper plate, threaded
rod, two columns to support the needle roller bearing
and the damper assembly. All the parts are made of
mild steel. Four needle bearings are provided to pre-
vent any lateral movement of the isolated mass. An
accelerometer (of Brüel and Kjaer of type 4384) is
mounted on the upper plate. The damper assembly
consists of a hollow copper cylinder and an array of
magnets and mild steel cylindrical blocks. These mag-
nets and steel blocks are screwed tightly to the steel
rod. The permanent magnets are axially magnetized
and made up of Nd–Fe–B alloy.

Figure 7 shows the experimental set-up for the pas-
sive vibration isolator. The whole set-up is mounted
on a shaker table at the base of C-channels so that
there is no slip. The accelerometer is mounted on the
upper plate to measure the response of the isolated
mass (m). After mounting the isolation device on the
shaker table, a harmonic excitation is given in the
range of 5–30Hz with a step up frequency of 0.1Hz
via a shaker (Model 150 VP-T). The amplitude of the
shaker table (Y) is kept constant at 6.35� 10�4m.
Experiments are carried out to study the transmissi-
bility of the isolator.

As a result of harmonic base excitation, there is a
relative movement between the copper conductor and
the permanent magnets. Due to this relative move-
ment, eddy currents are developed in the copper cylin-
der. The current circulates inside the conductor
generating a magnetic field with a polarity opposite
to the applied magnetic field. This current produces a
repulsive force which is proportional to the relative
velocity between the copper conductor and the
magnets.

Figure 8 shows the detailed flow chart of the
experimental set-up.

Figure 5. Schematic diagram of the vibration isolation device.

Figure 4. Schematic view of the two permanent magnets.
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Optimization of steel block thickness

The size of the cylindrical steel block is calculated by
considering the dimension of a commercially available
magnet. Since from equation (5), the coefficient of
damping (C) is a function of the thickness of the
steel block (ts) (as shown in Figure 9), it is designed
to obtain maximum damping. The maximum mag-
netic flux is obtained at tm=t equal to 0.55. Equation
(5) for the damping coefficient is computed for various
thickness of steel block. Figure 9 shows the variation
of coefficient of damping with respect to steel block
thickness (ts). It is observed that the coefficient of
damping is maximum when the thickness of the steel
block is close to 10mm.

Results

The experiments were carried out for a base vibration
amplitude of 0.625mm (peak-to-peak) and for a fre-
quency range of 5–30Hz.

Dynamic analysis of the platform

This is necessary to ensure effective decoupling of the
isolator resonating frequency from the natural fre-
quency of the platform. It is also required to ensure
that the supporting column does not interfere with the
movement of the magnetic block during vibration. To
find the fundamental frequency of the structure, a
modal analysis of the platform was performed using
ABAQUS as shown in Figure 10.

It is found that the fundamental frequency of
the structure is 236.64Hz. Hence, the excitation

Figure 6. (a and b): experimental set-up of the passive vibration isolator using a magnetic damper.

Response of system 

Frequency 
Control 
Device

 Shaker 
Model 150 

VP-T 

Isolation 
System 

Base 

Accelerometer 
(Type 4384) 

Charge 
Amplifier 

(Type 2635) 

Oscilloscope 
GRS-6032A 

Monitor 

Power 

Figure 8. Flowchart of the experimental set-up.

Figure 7. Complete experimental set-up for the passive

vibration isolator.
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frequency range is kept below the fundamental fre-
quency. The other frequencies at which the mode
numbers are obtained are 532.68Hz, 815.46Hz,
1027.20Hz and 1044.40Hz. The frequency resolution
is 0.01Hz.

Response of isolator without damper

Figure 11 shows the transmissibility curve for the iso-
lator without magnetic damper having a mass of
1.643 kg and a spring stiffness of 7.4 kNm�1.

The maximum displacement transmissibility is
found to be 15.8 at a frequency of 9.9Hz. The cut-
off frequency is 15.5Hz with a cut-off rate 0.161Hz�1.

Response of isolator using magnetic damper

Figure 12 shows the transmissibility with an isolator
of mass of 2.02 kg, spring stiffness as 7.4 kNm�1 and
the coefficient of damping as 99.84Nsm�1. The max-
imum displacement transmissibility is found to be
close to 1.73 at a frequency of 9.9Hz. The cut-off
frequency is 14.6Hz with the cut-off rate 0.103Hz�1.
The quality factor of the system is 1.995. This shows
that by using magnetic damper the transmissibility is
decreased 9 times at a resonating frequency of 9.9Hz.

Comparison of performance in time domain

Figure 13 shows the displacement on a time scale for
harmonic excitation at the resonating frequency. The
peak-to-peak amplitude of the base is 0.635mm. The
maximum amplitude of the system originally is
10.03mm and comes down to 1.09mm after adding
the eddy current damper.

A comparison of the transmittability with and
without the use of magnetic damper is shown in
Figure 14. The experimental results confirm the ana-
lytical model which predicts the damping ratio to be
0.408, maximum transmissibility to be 1.63 and cut-
off frequency 13.6Hz with a cut-off rate of 0.125.

Variation in isolator mass

The effect of variation of the isolated mass (m) on the
response of the isolator and sensitivity of the isolation
parameters with respect to the change of mass com-
pared with a reference mass of 2.02 kg is studied

Figure 9. Damping coefficient (C) vs. steel block’s thickness.

Figure 10. Mode shape at a frequency of 236.64 Hz.
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experimentally. Table 2 shows the sensitivity of the
isolation parameter with respect to this change of
mass. The frequency resolution of the instrument is
0.01Hz.

The natural frequency and cut-off frequency is fur-
ther reduced with the increase in the additional mass
to get a broad range of isolation region.

Figure 15 shows the transmissibility curves for the
isolator with different masses as shown in Table 2.

Active control of vibration isolation

Passive vibration control has a limitation that the
vibration isolation can only be achieved for a fixed

Figure 11. Transmissibility plot of the isolator without magnetic damper.

Figure 12. Transmissibility plot of the isolator with magnetic damper.
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set of parameters. Active vibration isolation gives a
marked advantage over passive isolation in that it can
be achieved over a wide range of the system gain.

Further, as is evident from the previous section, the
transmissibility is brought down to 1.73 with passive

vibration isolation. This value can further be reduced
by the introduction of active isolation and driving the
system toward critical damping.

The method used for active isolation is the integra-
tion of direct output feedback control17 into the

Figure 13. Displacement vs. time at resonance frequency of 9.9 Hz.

Figure 14. Comparison of transmissibility curve of isolator.
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open-loop characteristics of the system. Figure 16
shows the open-loop root locus of the system
obtained from its state space representation.

Direct output feedback control is achieved by con-
trolling the feedback gain in two parts: the position
gain (Kd) and the velocity gain (Kv) as seen in
Figure 17.

The family of root loci for different gains gives the
movement of the closed-loop poles toward the critic-
ally damped condition (point of intersection of the
pole pair with the negative real axis). Then, the

Figure 15. Effect of the variation in mass on the isolator.

Figure 16. Open-loop root locus of the system.

Table 2. Sensitivity of the isolation parameters for different

masses.

Parameters m¼ 2.520 kg m¼ 3.156 kg m¼ 3.656 kg

Transmissibility 0.257 0.164 0.021

Cut-off

frequency (Hz)

0.33 0.32 0.29

Cut-off

rate (Hz�1)

0.27 1.38 0.81
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closed-loop frequency and gain can be determined for
the critically damped system.

Figure 18 shows the critically damped condition in
the family of root loci for Kd¼ 100 and Kv¼ 450.

Figure 19 shows the critically damped condition in
the family of root loci for Kv¼ 100 and Kd¼ 4.5� 105.

The difference in the two cases is the convergence
of the poles to the critically damped condition.
While the distance of the pole from the origin is con-
stant in the former case (Figure 18), the real intercept
of the poles remain constant in the latter case
(Figure 19).

The qualitative plot for the transmissibility of the
closed-loop system can be obtained by the superim-
position of the plots of the vibration of the upper
plate and base plate and studying the decay of the
isolator mass vibration as shown in Figure 20.

This proposed active system can be integrated into
the experimental set-up of the current passive isola-
tion system to further reduce the displacement trans-
missibility of the isolator.

Figure 18. Closed-loop root locus of the system with constant Kd¼ 100 and variable Kv (between 100 and 450).

Figure 19. Closed-loop root locus of the system with constant Kv¼ 100 and variable Kd (between 100 and 4.5� 105).

x

Differentiator Isolator system Base plate 
excitation (y) 

 Kv

x      Kd

Figure 17. Block diagram showing direct output feedback

control.
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Conclusion and future work

This article describes the basic design of a vibration
isolation system platform based on eddy current
damping. It is found that at resonance, the maximum
amplitude of the displacement for the designed isola-
tor decreases from 10.03mm to 1.09mm. The dis-
placement transmissibility without the damper is
15.8 which is reduced to 1.73 after using the eddy
current damper. Beyond the cut-off frequency of
14.6Hz, the system is successfully isolated with a
cut-off rate of 0.103Hz�1. Analytical results show a
good matching with the experimental results in the
low-frequency region.

The resonance frequency has remained unchanged
because this damper does not add any additional stiff-
ness to the system. Thus, eddy current-based passive
damping system could be a very effective solution for
a broad frequency range of vibration isolation.

Subsequently, a simulation is carried out for the
active vibration isolation of the system using direct
output feedback control to plot the closed-loop
response of the system and determine the behavior
of the isolator over a wider range of frequencies and
gains while further reducing the transmissibility as
compared to passive isolation.

The performance of an isolator can be further
improved by using higher quality magnets and con-
ductor. A different configuration in the design of
damper assembly can be achieved by using magnets
with different directions of magnetization. These dam-
pers can be arranged in series or in parallel to design
different types of isolators. Further, for active vibra-
tion control, the permanent magnets can be replaced
by electromagnets so that the damping can be con-
trolled in real time.
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Appendix 1

Analytical damping coefficient estimation

The eddy currents produced create a magnetic flux in
such a way that it opposes the external magnetic field.
This gives a damping force in z-direction. The result-
ing damping force (F) per steel block is given by the
Lorentz force law as

F ¼

I
JxBd� ð7Þ

where
� is the conductor’s volume, J is the induced cur-

rent density and B is the magnetic flux density.
By assuming a constant magnetic flux density, the

induced current density (J) is calculated as

J ¼ � v� Bð Þ ð8Þ

where
J is the current density,
� is the conductivity of copper and
v is the relative velocity of the conductor with

respect to the magnetic field.
There are many methods for calculating the mag-

netic flux density of a permanent magnet. Here for the
calculation of magnetic flux density, the current
model proposed by Craik16 is used. It is an accurate
model with reasonable complexity. Since the move-
ment of copper cylinder is along the z-direction, the
eddy current generation depends on the radial com-
ponent of magnetic flux density (Br). The radial com-
ponent of magnetic flux density at distance (r, zr, z)
from the geometric center is given by

Br r, zð ÞjRm, tm

¼
�0I

2�tm

Z tm=2

�tm=2

z� z0ð Þ

r Rm þ rð Þ
2
þ z� z

0
ð Þ

2
h i1=2 X

� �K kð Þ
R2

m þ r2 þ z� z0ð Þ
2

Rm � rð Þ
2
þ z� z0ð Þ

2
E kð Þ

" #
dz0 ð9Þ

where tm is the permanent magnet’s thickness, Rm is
the permanent magnet’s radius, �0 is the permeability
of free space, I¼M tm, equivalent current, M is the
magnetization constant of permanent magnet and
K kð Þ is the complete elliptic integral of the first kind.

K kð Þ ¼

Z �=2

0

d�ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� k2sin2�

p ð10Þ

E(k) is the complete elliptic integral of the second kind

E kð Þ ¼

Z �=2

0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� k2 sin2 �

p
d� ð11Þ

and the parameter k is given by

k2 ¼
4Rmr

ðRm þ rÞ2 þ ðz� z0Þ2
ð12Þ

The radial magnetic flux density (Br) through each
steel block is twice as produced by one magnet (see
Figure 4). Hence total radial component of the mag-
netic flux (Br) density per steel block is given by

Br ¼ 2 Br r, zð ÞjRm, tm � Br r, zð Þjs,tm
� �

ð13Þ

Now using equations (7) to (13), the damping force
(Fz) per steel block in z-direction is given by

Fz ¼ � t� tmð Þv

Z 2�

0

Z Rout

Rin

rB2
r r, z0ð Þdr d� ð14Þ

Hence from equation (14) coefficient of damping (C)
is given by

C ¼ �� t� tmð Þ

Z 2�

0

Z Rout

Rin

rB2
r r, z0ð Þdr d� ð15Þ

Force transmissibility, one of the characteristics that
defines the effectiveness of a vibration isolator, is
defined as the ratio of the amplitude of the force
transmitted to that of exciting force. Displacement
transmissibility is defined as the ratio of amplitude
of mass which is isolated (X) to the amplitude of the
base excitation (Y). For steady-state condition both
are the same.

!n ¼

ffiffiffiffi
k

m

r
, r ¼

!

!n
, � ¼

c

cc
and cc ¼ 2

ffiffiffiffiffiffiffi
mk
p

ð16Þ

where !n is the natural frequency in rad s�1, r is the
frequency ratio, cc is the critical damping coefficient
and � is the damping ratio.
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