
 
 

 15  VIBRATION CONTROL 

Mechanical vibration is an oscillatory motion about an equilibrium 
position produced by a disturbing force. Such vibration can produce 
structural damage, undesirable physiological effects and excessive 
levels of airborne noise. 

 
Periodic disturbing forces are produced mechanically by unbalanced, 
mis-aligned, loose or eccentric parts of rotating machinery. They are 
also produced aerodynamically and hydraulically.  

 
Non periodic forces are produced by sliding or rolling parts, turbulent 
fluid and jet discharges. 

 
 

Control Measures 
 

Vibration may be controlled by: 
 

• reducing the mechanical disturbance causing the vibration,  
 

• isolating the disturbance from the radiating surface, and 
 

• reducing the response of the radiating surface. 
 
             Some examples are given below: 

 
1. Mechanical disturbances that produce vibration can be reduced 

by balancing rotating parts, improving alignment, reducing 
clearances, replacing worn parts, etc, all of which may be 
considered part of good maintenance. 

 
2. Vibration from bearings and sliding and rolling friction may be 

reduced by maintaining minimum clearances and proper 
lubrication. 

 
3. Disturbances by impact forces may be reduced by careful design. 

For example, in gear trains, the tooth meshing impacts may be 
reduced by interposing fiber gears between metal gears, 
substituting helical for spun gears and reducing backlash. Cams 
used to actuate machine parts may be reshaped to eliminate 
needless abrupt change and excessive clearance between the 
cam and follower. 

 
4. Hydraulic and aerodynamic disturbances producing vibration can 

be minimized by designing for smooth even flow and avoiding 
excessive pressure drop. Such disturbances can be isolated by 
using pulse traps and in-line silencers. These devices smooth the 
fluid flow, and usually attenuate vibration transmitted through 
piping or ductwork at the same time. 
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 5. The disturbances can also be isolated from the other parts of the 
machine or from adjacent structures which may radiate noise by 
using flexible connectors to reduce the transmission through rigid 
connections. 

 
6. Vibration isolators can be installed to effectively reduce vibration          
 transmission from machinery. 

 
            7. Vibration may be controlled by reducing the response of the 

radiating surface. This may be accomplished by stiffening, 
increasing the mass, or damping. 

 
 
 Mounting of Equipment  
 

It is often possible to reduce structure-borne sound disturbance by 
mounting and/or isolating the machine to minimize transmission of 
vibration from the machine to the load-bearing structure of the building. 

 
 There are three possible ways of mounting equipment: 
 

1. Attach vibration isolators direct to the existing mounting feet of the 
equipment. 

  
 This is applicable when the equipment is rigid and is not liable to 
distortion when supported by its existing feet. This applies to small 
machines and compact equipment. 

 
2. Mount the equipment on a steel frame base and to attach the 

vibration isolators to this. 
 

 When equipment consists of more than one unit, or if it is of 
significant size, it may be mounted on a steel sub-frame, which is 
made sufficiently strong to provide the necessary support. 

 
3. Mount the equipment on a concrete inertia base. 
 

 Concrete inertia blocks are used to reduce the movement of the 
mounted equipment. They are usually made of concrete poured 
into a structural steel frame with reinforcing bars. 

 
  In general, strong vibrating machines require separate 

foundations or concrete inertia blocks to prevent the propagation 
of structure-borne noise. The mass of a concrete inertia block 
should be at least one to three times the mass of the machine. 
The greater the mass, the more effective the inertia block. The 
inertia block lowers the centre of gravity, thereby increasing the 
stability to the mechanical system and the effectiveness of the 
vibration system. However, inertia blocks do not usually reduce 
the direct radiation of airborne sound from a vibration machine.  
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 Vibration Isolation 
 

The function of a vibration isolator is to minimise the transmission of 
shaking forces from a machine to its supporting structure. These forces, 
if not attenuated, can cause vibration of the structure and consequent 
widespread generation of sound waves. 

 
 Vibration isolators can be in the form of steel springs, rubber, felt, cork, 

dense fibreglass, neoprene and other elastomers. 
 
 
 Stiffness 
 
 An isolator is characterised by its isolation stiffness or spring constant 

which is defined as 
 

      
d

Mgk =      (38) 

 
where k  is the stiffness of the isolator, N/m 

M is the mass of the machine, kg  
g Is the gravitational acceleration, m/s2 
d is the static deflection, m 

 
 
 Static deflection 
 
 The static deflection of a vibrating system is the deflection of the isolator 

when a machine is placed on it. 
 
 In general, steel springs have a static deflection of more than 12 mm 

whereas rubber, neoprene and other elastomeric pads have a deflection 
of less than 10 mm. 

 
 
 Natural frequency 
 
 When a vibrating system (e.g. a machine mounted on a vibration 

isolator) is displaced, freed and allowed to oscillate, it will vibrate at its 
natural frequency which is a function of the mass and stiffness of the 
system: 

 

     
d

fn 498.0
=        (39) 

 
where fn  is the natural frequency of the system, Hz 

d is the static deflection, m 
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 The natural frequency can also be calculated from the following 
equation. 

 

     
M2

1 kfn
π

=       (40) 

 
where k  is the stiffness of the isolator, N/m 

M is the weight of the system, N 
 
 
 Forcing frequency 
 

When the system is excited by a time-varying force as in an out-of-
balance machine, it will vibrate at the frequency of the force: 

 

     
60

RPMf =       (41) 

 
                where f is the forcing frequency, Hz 

     RPM is the rotational speed of the machine, rev/min 
 
 
 Transmissibility 
 
 The effectiveness of the isolation produced by the isolator can be 

characterised by the transmissibility which is defined as the ratio of the 
force transmitted through the isolator to the exciting force due to the 
machine. 

 
 Under ideal conditions, the transmissibility should be zero. In practice, 

the objective is to make it as small as possible. For a simple undamped 
isolation system, 
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where T  is the transmissibility 

f is the forcing frequency, Hz 
fn is the natural frequency, Hz 

 
  
This relationship is illustrated by the curve (with damping ratio 0) in Fig. 13. 
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Fig 13 Transmissibility of a vibrating system 
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• When the frequency of the applied force is less than the natural 

frequency, the force transmitted to the foundation is equal to or 
greater than, the applied force. 

 
• When the forcing frequency is equal or near the natural 

frequency, the force transmitted to the foundation is very large. 
This is called a resonant vibration condition. 

 
• When the forcing frequency exceeds the natural frequency by a 

factor of 1.4, the transmitted force is less than the applied force. 
This is the region of vibration isolation. 

 
  Vibration control is based upon designing the system so that the 

ratio of forcing frequency to natural frequency is in the region of 
vibration isolation region. 

 
  In general, this ratio is usually set at 3 or higher. This can be 

achieved by using a low value of stiffness (i.e. by increasing the 
static deflection), or by increasing the mass of the machine or 
both. 

 
 
 Isolation efficiency 
 
 Sometimes the complementary term isolation efficiency is used instead 

of transmissibility. The isolation efficiency is the proportion of the 
vibratory effect that is not transmitted as determined by: 

 
        (43) %100)1(efficiencyisolation ×−= T
 

where T is the transmissibility 
 
 Thus, a 0.1 transmissibility is equivalent to 90% isolation. 
 
 
 Design criteria 
 
  For industrial plants and for basement installations of small equipment, 

85% isolation may be acceptable. Usually it is advisable to design for at 
least 90% isolation. 

 
  For critical space e.g. laboratories and offices, 95% or more isolation is 

advisable. 
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 Damped vibration 
 
  In theory, for an undamped vibration system [equation (42)], the 

transmitted force should be infinite if the forcing frequency is equal to the 
natural frequency of the system. 

 
  However, all structures and materials possess a small amount of internal 

damping (the ability to dissipate energy) which lowers the response at 
resonance. 

 
  The force transmissibility of a damped vibration system is: 
 

    
2222

22

)(4])(1[

)(41

ζ

ζ

fn
f

fn
f

fn
f

+−

+
=T     (44) 

 
where T  is the transmissibility 

f is the forcing frequency, Hz 
fn is the natural frequency, Hz 
ζ  is the damping ratio 

 
 
 Damping ratio 
 
  The damping factor is defined as the ratio of damping coefficient to 

critical damping coefficient. 
 
  The damping coefficient is the ratio of damping force to damping 

velocity. 
 
  The critical damping coefficient is the minimum amount of damping to 

prevent any oscillation from occurring when the system is displaced from 
its equilibrium position and released. 

 
   From Fig. 13, the addition of damping to a system actually decreases 

the isolation efficiency at a given frequency ratio above the resonance 
region of the curve. 

 
  However, damping is useful in smoothing out the peak at resonance. 

Since an isolated machine operates above its natural frequency, it must 
pass through resonance as it is turned on or off. The presence of 
damping in the isolators prevents excessive vibration levels at this point. 

 
 Thus, damping limits the resonant amplification but it also limits the 

isolation efficiency. 
 
  The following approximate values of damping ratios can be used to 

select a transmissibility curve in the design of an isolation system. 
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Material Damping ratio 
Steel spring 
Natural rubber 
Neoprene 
Elastomers 
Glass fiber pad 
Composite pad 

0.005 
0.05 
0.05 

0.12 - 0.15 
0.1 – 0.2 

0.3 

Table 11 Damping ratio of common materials 
 

If available, the vendor’s values should be used whenever possible in 
place of these approximate values. 

 
 
 Mount Selection Procedure 
 
  In considering the mount system and selection, the minimum information 

needed is the forcing or driving frequency, the weight of the machine and 
the desired isolation efficiency. 

   
The following is a suggested step-by-step procedure for selecting a 
vibration isolator. 

 
1. Determine the lowest forcing frequency on the machine to be 

isolated. 
 
 2. Establish the permissible transmissibility (use 0.015 or 85% 

isolation efficiency for non-critical installations). 
 
 3. Using Fig. 13, determine the ratio of driving frequency to natural 

frequency. 
 
 4. Divide the forcing frequency (step 1) by the frequency ratio (step 

3) to obtain the required natural frequency. Alternatively, the 
natural frequency can be calculated using equation (42). 

 
 5. Using equation (39), determine the necessary static deflection of 

the isolator to obtain the natural frequency required.  
 
 6. Determine the weight on each mounting point of the machine and 

the locations. 
 
 7. From the load versus deflection data supplied by the 

manufacturers of vibration isolators, determine the type and size 
required. 
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 The weight supported per mount in step 6 above is obtained by dividing 
the total weight by the number of mounting points if the weight of the 
machine is equally distributed. 

 
However if the weight is not equally distributed, the mounts should be 
selected on the basis of equal static deflection per mount. Generally, this 
means using different rated springs or parallel or series spring isolations 
to achieve equal deflection. 

 

 
 If this is not practical, use subframes or inertia blocks to shift the 

mounting points or the center of gravity, or both, to achieve an even 
weight distribution. 

 
 
 Types of Isolators 
 

Vibration isolators are commercially available. As mentioned before, they 
are made from steel springs, elastomers, fibrous mats, and other 
compressible materials. They are selected by specifying the weight 
supported, the deflection required and the lowest vibratory frequency of 
the unit to be isolated. 

 
 
 Springs 
 

Steel coil springs are most commonly 
used. They are highly efficient 
mechanical vibration absorbers, durable 
and available with a wide range of 
flexibility. 

 
Springs are capable of providing natural 
frequencies down to about 8 Hz.  

  
 Steel springs are virtually undamped. They have the disadvantage that 

at high frequencies vibration can travel along the wire of the coil, causing 
transmission into the structure. This is normally overcome by 
incorporating a elastomer pad in the spring assembly so that there is no 
metal-to-metal contact. Many commercially available springs contain 
such a pad. 

 
 Spring isolators are usually available either housed or free standing. 

They are excellent isolators for both steady state vibrations and for 
impact. 

 
 Free standing springs are unconstrained devices which must be 

stablilised. Housed springs vary in design and can be furnished with 
vertical or lateral restraints depending on the application. They are 
usually preferred over unhoused springs for in-plant installation. 
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 Elastomers 
 
 Elastomers such as natural rubber, and neoprene isolators are probably 

the most versatile of all isolators. They can be used either in 
compression or shear. 

 
 Mounts of this type can be moulded in a variety of shapes and sizes to 

give the desired stiffness characteristics in both vertical and lateral 
directions. They can be used for static deflections up to about 10 or 12 
mm. They are capable of providing natural frequencies down to about 5 
Hz. 

 
 Elastomers are relatively cheap and have the advantage that their 

performance is maintained at high frequencies. This makes them 
suitable for acoustic isolation and of use when really low resonant 
frequencies are not required. They have an advantage in that they 
normally possess sufficient internal damping that permits them to be 
operated at the machine resonance frequency for short periods of time. 

 
 Special, higher cost elastomers can be produced to operate at 

temperatures up to 200 oc.    
 
 Elastomers have a disadvantage in that they may creep excessively over 

a period of time. For this reason they should not be subjected to 
continuous strains exceeding 10% of the compression or 25% in shear. 

 
 
 Ribbed elastomers 
 
 For static deflections of 6 mm or less, ribbed rubber, rubber-and-cork 

sandwich pads and similar elastomeric pads may be used. 
 
 However, it is not safe to depend upon them to provide natural 

frequencies below 10 Hz. Pads must be of proper size, area and 
thickness to carry the superimposed loads within their rated capacities 
and static deflections. 

 
 They are inexpensive forms of resilient pads for machines of high speed 

with negligible imbalance. 
 
  
 Pneumatic isolators 
 
  Pneumatic isolators, air springs, or air mounts are particularly useful 

when very low driving frequency (e.g. below 10 Hz) are present. 
 
  Noise at such a low frequency is not normally a problem although it can 

result in unpleasant sensations, such as nausea. 
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  Isolator efficiencies up to 90% can be obtained at low natural 
frequencies from below 10 Hz, without the large static deflection required 
of steel springs. 

 
  In addition, excellent lateral stability, adequate internal damping, self-

leveling by air volume adjustment and shock protection are inherent in 
their design. 

 
  Their disadvantages, in comparison with steel springs are cost, limited 

load capacity and the necessity of periodic inspection for proper 
operation. 

 
 
 Other materials 
 
  Several other materials are 

used as vibration isolators, such 
as wool felt, cork, glass fibers, 
foam, wire mesh and others. 
These are often used in pad or 
blanket form. However, their 
properties are not as well 
documented as the spring, 
elastomer and pneumatic 
isolators. 

 
  Manufacturer’s specifications 

should be obtained for selecting any type of isolator system. 
 
 

Example – Undamped Vibration Isolation 
 
  A 40-hp centrifugal air-handling unit is to be located in a ground-floor 

mechanical equipment room of an office building. The unit weights 500 
kg and operates at 400 RPM. What should be the spring constant of 
each of the 4 vibration isolators, for a transmissibility of 0.10? 

 
Given M = 500 kg 

T = 0.10 
 

 f   = 
60

400 RPM  = 6.7 Hz 

 
From equation (42), 
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Alternatively, from the transmissibility curve, at T = 0.1 and δ = 0 (no 
damping), 
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=M  = 125 kg / isolator 

 

   
057.0

81.9125×
==

d
Mgk  = 21.5x103 N/m for each isolator 

 
 
Example – Damped Vibration Isolation 
 
 Given M = 200 kg 
   f   = 100 Hz 
 

Assuming 4 mounting points, Transmissibility, T = 0.125, damping ratio, 
ζ = 0.2 
Find d and K. 

 
From the transmissibility curve, at T = 0.125 and ζ = 0.2, 
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 Typical Machines 
 

Air compressors 
 

In most cases, it is appropriate to 
use free standing spring isolators, 
usually in conjunction with an inertia 
base.  

 
 
 
 Jig boring machines and precision grinders 
 

These will normally require mounting on a large concrete inertia base to 
minimise movement and in high precision applications, it may be 
necessary to use high deflection coil springs. 

 
 Lathe and milling machines 

 
These can be mounted on rubber or glass fibre with a resonant 
frequency of around 8 to 12 hz. Lathes with long bases will require 
mounting on a supplementary concrete base to ensure that alignment is 
maintained. 

 
 Guillotines 
 

These should be mounted on damped rubber or glass fibre isolators 
having a resonant frequency of around 12 hz. Larger machines will 
require the provision of a concrete base to maintain the rigidity. Attention 
must be paid to weight distribution as the motor and gearbox are 
normally at one end of the machine, making the weight distribution far 
from symmetrical.  

 
 Press brakes 
 

The machines may be mounted on rubber or glass fibre isolators 
whereas larger machine require an inertia block to provide support for 
the frame. This can then be mounted on appropriate isolators. 
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 Vertical action punch presses 
 

These should be mounted on comparatively stiff isolators or either 
rubber or glass fibre.  

 
 Rotary compressors and chillers 
 

Where these are installed in basement or ground floor locations, 
relatively stiff rubber or glass fibre isolators are normally adequate. 
However, on floors above ground level, it may be necessary to use steel 
springs to avoid building resonance. 
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