
 
 

11 PERSONNEL ENCLOSURES 

  Where noisy machines cannot be enclosed or where a few operators tend to 
a large number of machines, the best solution is to house the operators in a 
noise insulating enclosure in which remote control can be used, or from 
which machine operation can be observed. 

 
The advantage of this approach is that it is often more cost effective to build 
a relatively small enclosure for the operators than to enclose or modify large 
or numerous items of noisy equipment. 

 
 The design guidelines are as follows: 
 

• The enclosure shall be placed asymmetrically on the floor in such a 
way that no enclosure wall is parallel to any wall of the room. The 
distance between the enclosure and the walls and ceiling of the room 
shall be at least one-half wavelength corresponding to the centre 
frequency of the lowest frequency band of interest 

 
• The side walls, roof, viewing windows, and door details should provide 

adequate sound transmission loss, similar to machine enclosures 
discussed earlier. 

 
• The doors, windows and wall panels should be sealed at the edges to 

prevent sound leaks. 
 

• The interior surfaces of the enclosure should be covered with sound 
absorptive material having an average absorption coefficient of 0.65 or 
greater. 

 
• All ventilation openings should be provided with acoustic louvres or 

attenuators. Air-conditioning the enclosure has the advantage of 
having a completely sealed enclosure with better acoustic 
performance. 

Fig 11 Personnel enclosure 
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The noise reduction provided by an enclosure in a noisy area depends not 
only upon the transmission loss of the bounding surfaces of the enclosure, 
but also upon the sound absorption of the enclosure. 

 
 Equation (26) can be re-arranged to give: 
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where NR is the difference in sound pressure levels  between 

outside  and inside of the enclosure, dB 
 Sroom is the surface area of the enclosure, m2 
 αroom is the absorption coefficient of the enclosure 
 Swall is the surface area of the enclosure wall, m2  
 Twall is the transmission coefficient of the enclosure wall. 

 
    
Example 
  
 A room 15 m (1) x 10 m (w) x 5 m (h) is to be built as an engineering office 

next to a workshop where the noise level is 90 dB at 1,000 Hz. The walls of 
the room are to be 10 cm concrete (TL = 45 dB), the ceiling is to be 10 cm 
painted concrete (TL = 50 dB, α = 0.07), the floor is to be 10 cm concrete (TL 
= 50 dB, α = 0.02), and there will be two 4.5 cm solid-core oak doors (TL = 
20 dB, α = 0.07) in the end walls, each 1 m wide by 2 m high. The walls will 
be treated with sound absorbing material, that has an absorption coefficient 
of 0.75 at 1,000 Hz. Calculate the sound pressure level inside the office at 
1,000 Hz. 

  
 Area S, m2 TL, dB 

10
log

1
TLanti

T =  T x S α α x S 

Ceiling 150 50 0.00001 0.0015 0.07 10.5 
Floor 150 50 0.00001 0.0015 0.02 3.00 
Walls 246 45 0.0000316 0.0078 0.75 184.5 
Doors 4 20 0.01 0.0400 0.07 0.28 
Total    0.0508  198.3 

 
 Using equation (33), 
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Therefore, the sound pressure level inside the engineering room is 90-36 = 
54 dB at 1,000 Hz. 
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12 ROOM ABSORPTION 

When a machine is operated inside a room or a building, sound will reach 
people by a direct path and by reflections. Usually the operator of a machine 
will receive most of the sound energy by a direct path whereas people further 
away will receive most of the sound energy from reflections. 

 
The relative contribution of the direct and the reflected sound to the energy 
received by a person at some point in a room or a building is determined by 
how well the walls reflect or absorb the sound falling on them. 

 
   Adding sound absorbing materials on the walls and ceiling will reduce the 

reflected noise but will not reduce the direct noise from the machine. 
 

In fact, the use of absorbent materials can never reduce the direct noise to a 
level below that of the free field radiation. At best, a sound absorber can 
reduce the reflections to zero which is the same as removing the walls and 
ceiling entirely. 

 
 
 Critical Distance 
 
  Close to any noise source placed in a room, the direct sound will 

predominate and will reduce with increasing distance from the source until 
the reverberant sound becomes dominant, where the sound pressure level 
will remain reasonably constant, irrespective of increasing distance. 

 
  The distance from the source at which the free field level is equal to the 

reverberant field level is called the free field radius or critical distance. 
 
  The effect of adding sound absorptive material to a room is to lower the 

reverberant field level and thus increase the critical distance. 
  
  The critical distance can be measured with reasonable accuracy by placing a 

sound level meter close to a non-directional small source of any broad-band 
noise and then moving away the source. 

 
  The measured sound level will be seen at first to fall by up to 6 dB per 

doubling of distance and will eventually reach a steady value. This is the 
reverberant field level and the distance from the source at which this level is 
reached is the critical distance. 

 
  Theoretically, the critical distance may be calculated as follows: 
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where  rc is the critical distance, m 
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 S is the total area of the walls, floor and ceiling, m2 
 −−

α  is the average absorption coefficient of the room surfaces 
 Q is the directivity of the source 

 
 
 For an ordinary factory workroom where machines are near a floor, the 

directivity factor Q = 2. Hence, the critical distance is approximately: 
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 The above equation applies to only one machine placed near a floor. 
 
  If the room has n identical floor mounted machines that emit noise equally in 

all directions, the critical distance is: 
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  Thus, increasing the room acoustic absorption is effective in reducing the 

sound level at distances greater than rc. 
 

 
 Noise Reduction by Room Treatment 
 
  In designing a new building to house noisy machines, it is often advisable to 

use absorptive roof ceilings, wall materials, etc. 
 
  Absorbents located on reflecting surfaces will minimize reflections and will 

reduce the reverberation within the space. The reduction in reverberant 
sound produced by the addition of absorption can be estimated from: 
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where Lp1 is the reverberant sound level before treatment, dB or dBA 

 Lp2  is the final sound level after treatment, dB or dBA 
 α1 is the average room absorption coefficient before treatment 
 α2 is the average room absorption coefficient after treatment 
 S is the total room surface area treated, m2 

    
For each doubling of absorption, the reverberant sound level decreases by 3 
dB. A tenfold increase in absorption can reduce the level by 10 dB at a 
distance of rc from the source. 

 The maximum practical decrease of reverberant sound in interior spaces is 7 
to 9 dB. This is governed by the “hardness” of the room before treatment and 
the available areas for absorptive treatment. 
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 Thus the application of absorptive treatment, in industrial premises which are 

initially highly reflective is very effective. 
 
 However if the premises already exhibit a high degree of absorptive 

treatment, the provision of additional acoustic lining will have little effect 
unless large quantities are involved. In practice, only a few dB reductions can 
be expected from this approach. 

 
 Since the absorption coefficient varies with frequency for different materials, 

intelligent selection requires band analysis of the noise, not only to choose 
the best materials, but also to decide in advance whether the expected 
results will meet the requirements. 

 
 Mineral wool, acoustical tiles and similar materials may be mounted directly 

on a wall or ceiling or may be mounted in such a way as to leave an air space 
between the material and the wall or ceiling. The latter mounting technique 
will improve the low-frequency performance of the absorbing material. 

 
 
 Example 
  
 Consider a room 15 m long, 6 m wide, and 3 m high. The floor and ceiling are 

concrete (α = 0.02), the walls are painted concrete block (α = 0.07). 
Calculate the reverberant noise reduction at 1,000 Hz if the ceiling is treated 
with sound absorbing materials that has an absorption coefficient of 0.91 at 
the frequency of interest. 

 
  Before treatment After treatment 
 Si, m2 α1 A1=α1Si α2 A2=α2Si 
Floor 90 0.02 1.8 0.02 1.8 
Ceiling 90 0.02 1.8 0.91 81.9 
Walls 126 0.07 8.8 0.07 8.8 
Total   12.4  92.5 

 
 Using equation (37), the reduction in reverberant noise is 
 

     10 log 
4.12
5.92  = 8.7 dB 

 
 The result may vary considerably for other frequencies. Therefore, similar 

calculations should be repeated for all frequencies of interest.  
 
 
 
 Functional or Space Absorbers 
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 A treatment, which is often 
appropriate for noise control 
particularly in existing 
premises, involves the 
suspension of absorptive 
material in panels or units to 
expose the sound field to a 
large area of absorptive 
material. These units are 
referred to as functional or 
space absorbers. 

 
 These units can be hung 

horizontally or vertically. They 
can be effectively used in 
industrial areas where such 
things as lighting fixtures and 
overhead cranes encumber the 
use of other types of absorbers. 

 
 The size of these absorbers varies from 0.5 m2 to 5 m2 or more.  
 
 Typically units are less than 1 m2 and are spaced at a density of one per m2 

of plane area. 
 
 As a guide, unless very little absorption is required, separation of absorbers 

by more than twice their depth is not recommended. Separation by less than 
their depth is likely to result in a poor cost versus benefit relationship. 

 
 The thickness of absorbers varies usually from 2.5 cm to 20 cm and the 

relative change in absorption characteristics with thickness must be taken 
into account. 

 
 The density of absorption material used tends to fall in the range of 20 to 80 

kg/m3. 
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 13 DAMPING 
 
   Damping is the reduction of vibration and the resultant noise by adding a 

layer or layers of vibration – absorbing material to either side of the vibrating 
surface. 

 
 As a general rule, if a structure is subjected to impact forces or if it is excited 

so that resonance vibration occurs, then the use of damping material will 
reduce the radiated noise. 

 
 If the impact causes the structure to “ring”, one can be fairly sure that the 

damping is insufficient. 
 
 If the machine is not subjected to impacts in its operation, striking and 

tapping it and listening for ringing (caused by resonant vibration) will give a 
good guide to the amount of structural damping present. If a dull thud is 
heard, the damping is high. If the structure rings for a long period after it is 
struck, the damping is low. 

 
 
 Damping Materials and Treatments 
 

Materials used to damp vibrations are 
usually viscoelastic substances ranging 
from filled bitumen to specially formulated 
elastomeric damping sheeting. Some of 
the polymer plastics are particularly 
effective. 

 
 Materials are available in sheet form for 

adhesive application or for vulcanizing to 
metal, as liquids or thick fluids for spray or trowel application, and as tapes, 
often with contact adhesive already applied. 

 
 Damping materials are often very effective when applied to panels in 

enclosures for machines or when applied to the back surfaces of metal 
chutes, bins, conveyors, trays, vibration feeders and other mechanisms used 
to feed, carry or transport parts. 

 
 Through the application of viscoelastic damping, a reduction in radiated or 

transmitted noise ranging from 2 to 20 dB may be obtained. 
 
 Two types of damping treatments commonly being used are: 
 
 1. Homogenous or free-layer damping, also referred to as extensional 

damping, or surface damping 
  
 2. Constrained layer damping involves sandwiching a layer of 

viscoelastic material between the structure being damped and an 
outer constraining layer 
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 Homogeneous Damping 
 
 Homogeneous or extensional damping is a single or free-layer treatment in 

which a “high-loss” material (usually rubbery, tarry or plastic based) is 
sprayed on, brushed on, or adhesively bonded (in sheet form) to the panel 
surface. 

 
As the panel surface flexes, the damping material undergoes extensional 
motion, which in turn produces significant losses. 

 

 
 Usually a layer of damping material should be of at least one to three times 

the thickness of the surface to be treated. 
   
 As a general rule, the damping material thickness should be at least as thick 

as aluminium and twice the thickness of steel. The thickness required is 
usually about 1.5 mm and rarely over 3 mm. 

 
 The coating can be applied to either side of the material to be treated. 
 
 Where rough usage may damage the damping material when applied to the 

impacted surface, the coating should be applied to the opposite surface 
where it receives no direct impact and wear. 

 
 It is rarely necessary to cover the entire surface of a panel with damping 

material. The optimum location for applied damping is at areas of maximum 
movement. Usually a few strategically placed sheets on a panel will reduce 
the vibration sufficiently. The proper location of the sheets may be 
determined by trial-and-error or by a complicated modal analysis. 

 
 
 Constrained-Layer Damping 
 
 Homogeneous damping is remarkably effective in reducing resonant vibration 

and noise in relatively thin and lightweight structures such as panels. It 
becomes less effective as the structure stiffness increases because of the 
excessive increase in thickness of the required damping layer. 

 
 Resonant vibration amplitude in heavier structures can be effectively 

controlled by the application of constrained-layer damping. In this method, a 
relatively thin layer of viscoelastic damping material is constrained or 
sandwiched between the structure and a stiff but thin cover plate or an outer 
retaining layer, such as aluminium, steel, or sheet metal. 

 
 The constrained and retaining layers are usually about one-third or more of 

the panel thickness; the purpose is to resist extension and compression of 
the viscoelastic material, so that significant shear stresses are induced. 
These stresses in turn cause dissipation of vibratory energy. 

 
 The general rules are: 
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• For vibrating panels having a thickness of up to 1.5 mm, use an outer 
steel plate (restraining plate) of the same thickness as the vibrating 
plate. 

 
• For vibrating plates of 1.5 mm to 3.0 mm thick, use a restraining plate 

of 1.5 mm steel. 
 

• For vibrating plates above 3.0 mm thick, use a 3.0 mm restraining 
plate. 

 
 Constrained layer damping treatments are available in sheet form with a 
magnetic base, for easy attachment to the steel panels. 

 
 All materials selected should be compatible with exposure to temperature 

and environmental conditions and to chemicals and oils. Manufacturers of 
damping materials can provide advice regarding the most effective use of 
their materials.  

  
 
 Loss Factor and Material Selection 
 

The performance of a damping material is measured by the loss factor of the 
damped structure. 

 
 The loss factor η at a given excitation frequency is defined as: 
 

 
 
 energy dissipated per radian of motion at a given excitation frequency  
 η = 
Since the viscoelastic materials commonly used for damping may change 
their characteristics at different frequencies and temperatures, it is essential 
to know the frequency and temperature conditions associated with a specific 
problem before choosing a damping material. 

        maximum strain energy stored in the system at the same frequency 

 
The choice involves selecting the material which provides the maximum loss 
factor or decay rate at the frequency and temperature of interest. 

 
The minimum loss factor for satisfactory performance is 0.1; typical values lie 
between 0.1 and 0.3. 
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Material Loss factor 
Metal 
Glass 
Concrete, brick 
Sand, gravel 
Wood, cork, plywood 
Rubber, plastic 

0.0001 – 0.002 
0.0006 – 0.002 

0.01 – 0.05 
0.12 – 0.6 

0.01 – 0.03 
0.0001 - 10 

 
Table 10 Loss factor of common materials
surface is an effective radiator, a tenfold increase in η can reduce 
 sound level by up to 10 dB. 

 loss factors provided by either type of damping treatment are 
ly equal for treatment surface weights equal to 10% – 20% of the 
e weight. 

nt weight less than 10% of the panel weight, constrained layer 
probably more effective. For treatment weights greater than 20% 
l weight, homogeneous damping is probably more effective. 
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14 NOISE CONTROL FROM MATERIAL HANDLING AND VIBRATING   
           SURFACES 

 
 Vibrating Surface 
 

The sound energy generated by vibrating surfaces depends not only on 
the velocity of surface motion, but also upon the area of the radiating 
surface. In general, any regularly shaped area with one dimension 
greater than one-fourth wavelength can radiate sound at the frequency 
corresponding to that wavelength in air. A panel becomes an efficient 
radiator of sound when its dimensions begin to approach one 
wavelength of the sound in air. A large surface area can effectively 
radiate low frequency sound and small surface area can effectively 
radiate sound at frequency above 1,000 Hz. 

 
 
 Control of Noise from Radiating Surface 
 

Surfaces of large area, even if they vibrate at low amplitudes, can 
radiate large amounts of sound energy. Therefore large surfaces which 
are rigidly connected to a machine should be avoided. Where such 
surfaces radiate sound, noise reduction sometimes can be achieved by: 

 
• isolating the parts that are mounted on these surfaces, 

 
• applying vibration damping materials to these surfaces, 

 
• mounting the parts on alternate structures having smaller 

radiating areas, 
 

• replacing the large panel surface with several smaller surfaces of 
equivalent area, or with surfaces that are punctured with many 
holes. 

Fig 12 Reduction of vibration noise 
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 Reduction of Radiating Area 
 

If the offending noise is such that the smallest wavelength (highest 
frequency) of the noise is larger than the smallest panel size, then 
reductions in noise could be expected by going to a smaller panel. 
Surfaces radiating low frequency sounds can be made less efficient 
radiators by reducing the total area or dividing them into smaller 
segments. The use of perforated sheets of metal can often result in less 
efficient sound radiating from metal sheets. The natural frequencies of 
perforated sheets are different compared to the solid sheets. 

 
Some practical examples are as follows: 

 
• The noise radiated from a control panel attached to a hydraulic 

system can be reduced if the panel is detached from the system 
itself. 

 
• The low frequency noise from a broad belt drive can be reduced if 

the broad belt is replaced by narrower belts and separated by 
spacers. 

 
• The loud noise produced by a protective sheet metal cover over a 

flywheel and belt drive of a press can be reduced if it is made of 
perforated sheet metal or wire mesh. 

 
 

Noise Control from Material Handling 
 
When solid materials, 
metal parts and heavy 
objects are handled in 
metal chutes, hoppers 
bins or tumblers, 
substantial noise can be 
generated by impacting 
and abrasive sliding 
action of the falling or 
moving mass interacting 
with the surface elements 
and other objects, as well 
as by the vibrating surfaces. Noise control methods for such material 
handling impact noise must be directed toward reducing the energy of 
the moving mass, isolating the structural path or damping the motion of 
the radiating surfaces. 

 
Reduction of the kinetic energy of the falling or impacting mass can be 
achieved by minimising the height through which the object must fall, by 
breaking the fall with one or more intermediate obstructions, or by 
providing a continuous chute for the mass to slide along. If it is 
impractical to reduce the energy of the source, a resilient rubber can be 
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effectively used as an isolator to reduce the rate of energy transfer at the 
point of impact and also as a viscoelastic damper to reduce the 
resonance vibration occurring after the impact. 

 
Application of rubber linings as an isolator to reduce the impact force is 
most effective if the angle of impact is 90 degrees and the rubber lining 
is relatively thick and has a low module. If the parts strike over a large 
area at impact, the rubber lining can be applied to the back of the metal 
panel being treated. The rubber is now acting as a damper rather than 
an isolator. Generally, when selecting rubber linings for extensional 
damping purposes, the lining should be as thick as the metal panel 
being treated. 
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