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ABSTRACT

[This is an industry oriented presentation describing the design and selection of vibration isolators for industrial application. For
heavy machineries like Chillers , cooling towers, blowers, pumps and generators, spring systems are used for vibration isolation.
When such systems are installed in higher seismic zones seismic snubbers are required to protect the spring system during seismic
event. The Horizontal Forces are pre dominant in case of an earthquake which may lead to the failure of spring system. To limit the
spring movement to a safe level Seismic snubbers are used. The mathematical design aspects and isolation efficiency results will be
focused.

In introduction the Physics of Forces and Energy involved in oscillations in Large scale universe to vibration in atoms and molecules
will be briefed. Infra-gravity waves, Acoustic waves and seismic wave propagation involving wide frequency range and different
types of layered medium will be touched upon. An analogy of Machine vibration & Molecular Vibration spectrum will be presented.

The other application area where vibration & Seismic isolator selection is critical will include the installation of infrastructural
machineries on the roof top or elevated structures in higher seismic zone will be covered.

INTRODUCTION

The Vibrations and Oscillations from the infinite dimensional
Large Scale Universe to the Quantum Universe of Atoms &
Molecules and even further infinitesimal sub atomic particles
all are governed by the Four Fundamental Forces of Nature
(Gravitational, Electro-Magnetic (E.M), Strong Nuclear and
Weak Interaction. Out of which gravitational force is the
weakest force, but it is a long ranging force and is always
attractive. The other field of forces are comparatively short
ranging. The particle and wave nature duality exists. The
energy of E.M.waves are calculated by using Quantum Theory
conceptualized by Max Planck in the year 1900. The seismic
waves are low frequency Shock wave are stress waves
propagated through the soil & rocks which interacts at the
base of the building foundation.

All the planetary movements in its respective orbits are
primarily governed by the interaction of mass dependent
gravitational force. The steady state universe after the big
bang more or less represents the vibratory and oscillatory state
of Universe. But any stray or rare event of collision of planets
or massive explosion like big bang is termed as a Shock event
in space. Shock is analyzed in 4D-Space —Time Dimension.
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1.1 Frequency spectrum — From Earthquake to Electro
Magnetic waves

It is interesting to glance through the wide ranging
frequencies involved in various types of  vibrations. The
atomic and molecular vibration frequencies are in optical and
infrared frequency band in the frequency range of 10 ** to 10
Y“Hz and the forces involved are of electro-magnetic
nature. Acoustic vibrations in audible band is in the
frequency range from 20 Hz. to 20 KHz order. The
aerodynamic noise generated by a high speed jet aircraft
is higher than 600 Hz. The frequencies of machine
vibration are limited to 150 Hz or so.

The effective frequencies involved in building vibration
are considered from 1to 80 Hz. The resonance frequencies
related to human body organs are in the range from a few
hertz to 30 Hz order. Infrasonic waves generated by
earthquake is less than 20 Hz frequency.Micro-seismic
vibrations generated by road traffic or rail movement near
any laboratory building are considered inthe lower range
of 5 Hz or so. Vibration isolated tables with low natural
frequency of less than 2 Hz. are used for the isolation of
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sensitive instruments in a micro- tech laboratory. The new
negative stiffness
(-K technology) a natural frequency of 0.5 Hz is achievable.

2.VIBRATION AND SHOCK DEFINITIONS -
Vibration is periodic or random in nature and implies a
sense of continuity .Example - An automobile engine , turbo
machines or any rotating machine vibrates till itis in
operating condition . Vibration isolators are used to bring
down effective transmission of forces to the supporting
structure. For mathematical analysis and selection of
isolators 3 Dimensional orthogonal set of coordinates are
used . Vibration in general create disturbance inthe form of
mechanical displacement and noise which may lead to
fatigue failure after prolonged exposure

2.1 Shock event — Shock is mathematically defined as an
event in space . In addition to 3 D space coordinates it
requires a fourth dimension of time for defining a shock
event Shock is an impulsive force of higher order which
causes disturbance or chaotic condition leading to
catastrophic failure of the system. Examples are Earthquake
, collision of planets and asteroids , collision of vehicles,
underwater explosion near a naval ship or submarine,
landing of

an aircraft and stage separation of spacecraft etc. In
industrial environment

the input shock is specified inthe form of half sine wave
pulse  for the preliminary selection and response
analysis.Non linear systems are used for attenuation high
amplitude shocks. In quantum mechanics and electronics
this is termed as perturbation. The collision of highly
accelerated  particles, tunneling of electron through a
potential barrier, the latest being the Large proton
collision accelerator.

3. MATHEMATICAL APPROACH FOR SELECTION
OF ISOLATORS

Vibration and shock analysis and response studies are of
interdisciplinary nature and involves Newtonian mechanics
, matrix mechanics. Wave mechanics, Aerodynamics, Lattice
dynamics or Quantum mechanics depending on the nature
of excitation and inertia mass , dimension and speed
involved. Here we will describe the selection of springs
using a spring mass model.

3.1 Spring mass model -

The rigid body dynamics applied to a spring mass model
in single degree of freedom (SDOF) are used for
preliminary selection. In a two stage or multistage
arrangement the isolators are used in stages.(Fig 1 & 2) The
design is critical and the resonance condition is avoided.
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Applications are categorized as per load rating deflection .
For vibration isolation the linear springs are used whereas
for shock non linear systems are preferred. The vibration
isolation efficiency is calculated using standard formula
or by using dedicated computer program. For
mathematical analysis spring systems are defined in terms
of stiffness.
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Selection Methodology& System  Optimization-Non-
Structural Components :-

Differential equation ( ODE) for the analysis of a dynamic
system in single degree of freedom (SDOF) using a orthogonal
set of co-ordinates X, y and z direction.
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M (d* / dt?) + C (dx / dt) + Kx = F,Sin ot ,where M, C
and K is the mass, damping and stiffness values e system, C is
the damping coefficient , K is the spring stiffness , Fo Sin wt
represents the dynamic force. Eigen frequency of the spring

mass system is calculated by using the formula fn = —

&LIT

1I.-‘f{fi,';:j’ , K is the spring stiffness and M is the sprung mass

3.2 Sensitive Equipments — Isolation from micro-seismic
vibration of quasi static nature - microseisms

In general the sensitive equipments or electronic
instruments do not generate vibration of their own but
requires isolation from the disturbances from the ground or
supporting  structure. The stiffness of the supporting
structure is very important. The supporting structure
stiffness should be at least ten times higher than the
isolator stiffness for achieving optimum isolation result in
industrial environment. Examples are Co-ordinate Measuring
Machines(CMM), Laser Holographic set ups, Interferometers ,
High power microscopes and Atomic Force Microscopes etc.

3.3 Input data required for calculation-
(Rotating Machine)

For industrial machines the primary selection requires the
following input data.:-

1 The Total weight of the system including operating fluid
& job weight

2 Centre of gravity of the system .3 Lowest operating speed
of the system

4 The General assembly drawing of the system .

5.Location of the system -Ground floor / upper floor / roof top
& Seismic zone no.

6. Overall dimension of the equipment.

7. Base frame details for isolator fixing arrangement. The
base frame & supporting structure stiffness should be at least
Ten times ( X 10 ) higher than the spring stiffness for
optimum result.

Depending on the Centre of gravity ( CG ) position the
mounting locations are planned .For asymmetrical systems
the load distribution on isolators are optimized by using
computer program. Location of the isolator are balanced
by using iterative method so that the load variation on
isolators are minimized within +/- 15 % of the nominal
value .

3.4 Roof top installations in seismic zones -
For rooftop isolation are critical , where high deflection

spring mounting systems are used to achieve at least 90 %
vibration isolation. During the earthquake the roof top
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acceleration in horizontal direction is magnified and may
create a resonance or near resonance situation which may
cause large displacement of the system and resulting the
damage of the spring system. Seismic shubbers are
attached to the system which restricts the movement of
the spring within a permissible limit The free movement
allowance for vibrations of quasi- static nature is
incorporated in the design of

snubber system. Thus the vibration isolation efficiency is
not adversely affected by using the snubber. But during the
seismic shock disturbances the displacement is restricted
and there is a higher shock transmission. As a typical
example the shock transmission during seismic activity
may be of the order of 4g .However the mechanical
systems like chillers etc are rugged enough to tolerate a
shock of 5¢g order. These equipments are designed to
tolerate the road transportation shock of similar order and
hence the equipment and the mounting systems are
protected against seismic shock.

4. TYPES OF ISOLATORS FOR INDUSTRIAL
APPLICATIONS

4.1 Elastomeric - Metal Bonded Isolators : -

For slowest operating speed = 1500 rpm, Deflection under
actual load =3 mm

Vertical isolation efficiency > 80% System natural frequency
(f) = 9Hz.

The energy is due to the coiling of long chain compound. The
internal damping is small. Due to cost effectiveness and easy
availability multilayered pads are widely used in industries .
For mechanical systems the square cell pads are available in
the nominal load range from 2.5 Kg /cm” (2) to 14 Kg /
cm” (2) . These multilayered bearings are stacked upto 6
layers for general applications in mechanical systems. The
building bearings for seismic isolation are designed for
horizontal displacement and typically consists of 12- 14
layers. The aspect ratio and stability is an important
consideration while designing a seismic bearing.

4.2 Springs and Viscous Dampers :

Spring Viscous dampers with high viscosity fluid are used to
provide damping of 5 to 20% example Spring damper
systems are suitable for machines generating high dynamic
loading. The tuned dampers are used to reduce the effective
force magnification at resonance point. However for higher
seismic zones only spring systems are used. Example of a
rotating machine like DG set, The rated load of spring is
decided depending the total weight of the system.

Slowest Operating speed of the machine = 1500 rpm,
Deflection at static loading = 10 mm. Vertical isolation
efficiency > 95 %,

System natural frequency = 5 Hz.
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4.3 Air Springs :

Low frequency vibration isolated tables using air spring
systems are wused for such application. For slowest
Operating speed = 500 rpm, Vertical isolation efficiency >
98% System natural frequency = 1.8 Hz.

The natural frequency of an air spring system can
lowered by using additional air reservoirs attached to the
air spring system. However the applications are limited to
laboratories and ground testing of aerospace systems &
components response studies for exciting forces of ug
order The air springs are used in railways and transportation.

4.4 Wire Rope and Cable Isolators :

a. The all-metal & multidirectional configuration.

b. Temperature .range - — 180to + 300 deg.C.

¢ The damping provided are high in the range of 15 to 20%
Applications in aerospace, naval ships and transportation.
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5.ISOLATION FFICIENCY CALCULATION RESULTS
As an example the vibration isolation efficiency of a
typical Fan — motor system with asymmetric load
distribution is shown here

Total Mass of the Fan + Motor + Accessories = 590 Kg.
No.of Spring isolators = 8 Nos.,

Load after optimization = 74 Kg each (+/- 5%)

Operating speed of the fan = 880 RPM.,

Motor speed = 1440 RPM.

Stiffness of spring isolator =39.24 N /mm each

Static deflection (vertical ) Nominal = 18 mm

Vertical Natural frequency = 3.7 Hz.

Ratio of Exciting frequency/system nat. freg. = 3.9

Calculated Vibration isolation efficiency > 90 %

6. CONCLUSION

The design practices and methodology are  well
established. The calculated results were validated by actual
measurement and was found to be well within +/-5 % .In
view of the deviation and dimensional variation of the
system an empirical tolerance of +5/-10% may be
considered in system design
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