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Noise Control Basics

Three primary means of controlling noise in the workplace

Engineering controls — a physical modification made to the source of noise or the permanent
physical environment around the source of the noise. Examples: addition of walls, installation of
noise adsorbing material to walls, layering of rubber between metal plates, or using rubber pads
under motor mounts.

Work practices — changes made to how a job or task is performed, or materials used in the job or
task. Examples: moving employee work station away from noise source, changing to another
form of raw material.

Administrative controls — adjustments to the allocation of employees or employees time in

regards to the source of the noise. Examples: employee rotation or time limits for employees
working in certain areas.

There are four basic principles of noise control:

Sound insulation: prevent the transmission of noise by the introduction of a mass barrier.
Common materials have high-density properties such as brick, concrete, metal etc.

Sound absorption: a porous material which acts as a ‘noise sponge’ by converting the sound
energy into heat within the material. Common sound absorption materials include open cell foams
and fiberglass

Vibration damping: applicable for large vibrating surfaces. The damping mechanism works by
extracting the vibration energy from the thin sheet and dissipating it as heat. A common material
is sound deadened steel.

Vibration isolation: prevents transmission of vibration energy from a source to a receiver by
introducing a flexible element or a physical break. Common vibration isolators are springs,
rubber mounts, cork etc.
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Noise controls from OT]I class 521

Control Methods

+« Engineering Controls

- Substitute quieter process

- Substitute quieter equipment
Retrofit old equipment
Maintain equipment properly

- Isolate the process or the operator
« Administrative Controls

- Limit time exposed/Job rotation

- Restricted areas

- Rest breaks
+« Hearing Conservation Programs

Reduce Noise at Source

« Acoustical Design
- Decrease energy input to vibrating system

+ Can we reduce the P51 this machine? Does 1t

need to be as high as it 157
- Decrease the transfer of ensrgy to other abjects
or structures (damping, springs, blocks)

+ Can we use sound-absorbing material around this
pipe Tansporting turbulent material or a spring
instead of a rigid wall coupling?

- Change structure so less sound is radiated
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Control the Source

Maintain Equipment Properly

« MNoise level from portable
air compressor reduced
from 94 to 83.5 dBA by:

- Installing and pclishing
new valves for a better
seal

- Lubricating with an oil
additive

- Other minor repairs

-Adjust belts and
valves

-Sharpen blades
-Tighten bolts

Reduce Noise along Path

« Increase distance between source and receiver

« Absorption along the path

« Enclose the noise source (walls, barriers) to

confine sound

35
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Control The Path

Noise Barrier

s Effective way to reduce Fefiacted
noise exposure to nearby Nalse
workers

« If noise source is equipment
operated by a worker,

barrier may increase Lr:i::mmd
operator exposure P——

« Line "source-side” of barmer  woise
with sound-absorbing
miatenal to reduce reflectad
noise if there is an
equipment oparator

BARRIER

Control The Path

Caveat:
MNoise Control — Enclosures/sShielding

* High Frequency noise is strongly
directional and more easily reflected.

- Is greatly reduced by passing through air

+ [ ow Frequency Noise travels in all
directions around objects and through
openings, a shield has very little effect
unless it's very large
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Control The Path

Isolate the Process or Operator

« Place a noise barrier close
to the noise source or near
vou or enclose the operator 8

Enclose a Motor

Enclose the Operator




Noise controls from NIOSH
(http://www.cdc.gov/niosh/96-110j.html)

ENGINEERING AND ADMINISTRATIVE CONTROLS

Engineering and administrative controls are essential to achieve an effective hearing loss
prevention program. Engineering and administrative controls represent the first two echelons in
the NIOSH Hierarchy of Controls: 1) remove the hazard, 2) remove the worker. The use of these
controls should reduce hazardous exposure to the point where the risk to hearing is eliminated or
at least more manageable. Engineering controls are technologically feasible for most noise
sources but their economic feasibility must be determined on a case-by-case basis. In some
instances the application of a relatively simple noise control solution reduces the hazard to the
extent that the other elements of the program, such as audiometric testing and the use of hearing
protection devices, are no longer necessary. In other cases, the noise reduction process may be
more complex, and must be accomplished in stages over a period of time. Even so, with each
reduction of a few decibels, the hazard to hearing is reduced, communication is improved, and
noise-related annoyance is reduced as well.

It is especially important that companies specify low noise levels when purchasing new
equipment. Many types of previously noisy equipment are now available in noise-controlled
versions, so a "buy quiet” purchase policy should not require new engineering solutions in many
cases.

A summary of OSHA's requirements for engineering and administrative controls can be found in
items no. 1-3 of Appendix A in this guidebook. Readers may obtain some practical guidance in
the section entitled "Engineering and Administrative Controls" of Appendix B.

For hearing loss prevention purposes, engineering controls are defined as any modification or
replacement of equipment, or related physical change at the noise source or along the
transmission path (with the exception of hearing protectors) that reduces the noise level at the
employee’'s ear.

Typical engineering controls involve:

1. Reducing noise at the source.

2. Interrupting the noise path.

3. Reducing reverberation.

4. Reducing structure-borne vibration.

Common examples of the implementation of such controls are:
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1. Installing a muffler.

2. Erecting acoustical enclosures and barriers.

3. Installing sound absorbing material.

4. Installing vibration mounts and providing proper lubrication.

Assessing the applicability of engineering controls is a sophisticated process. First, the noise
problem must be thoroughly defined. This necessitates measuring the noise levels and
developing complete information on employee noise exposure and the need for noise reduction.
Next, an approach to engineering control must be developed, requiring the identification of
individual noise sources and an assessment of their contributions to the overall noise levels.
Once identified and analyzed, the above controls can be considered. Those chosen will be
influenced, to some extent, by the cost of purchasing, operating, servicing, and maintaining the
control. For this reason, engineering, safety, and industrial hygiene personnel, as well as
employees who operate, service, and maintain equipment, must be involved in the noise-control
plan. Employees who work with the equipment on a daily basis will be able to provide valuable
guidance on such important matters as the positioning of monitoring indicators and panels,
lubrication and servicing points, control switches, and the proper location of access doors for
operation and maintenance. It also may be desirable to obtain the services of an acoustical
consultant to assist in the design, implementation, installation, and evaluation of these controls.

In the design and installation of engineering noise controls, ergonomics must be considered
along with optimal work efficiency. For example, work posture (sitting, standing, bending) as
well as existing environmental factors (lighting, heating, and cooling) must be considered. This
is especially true with employee enclosures or booths. Lighting, heating, and cooling must ensure
comfort and be sufficient to prevent reduction in efficiency and work quality. Enclosures should
be of adequate size and have enough window area to prevent claustrophobia. Windows should be
positioned carefully to enhance proper usage by employees, and the glass may need to be tilted
to prevent glare. In situations where employees will be working on or around equipment fitted
with engineering controls, it is important to explain to everyone involved why the controls
should not be modified, removed, or otherwise defeated.

Administrative controls, defined as changes in the work schedule or operations which reduce
noise exposure, may also be used effectively. Examples include operating a noisy machine on the
second or third shift when fewer people are exposed, or shifting an employee to a less noisy job
once a hazardous daily noise dose has been reached. Generally, administrative controls have
limited use in industry because employee contracts seldom permit shifting from one job to
another. Moreover, the practice of rotating employees between quiet and noisy jobs, although it
may reduce the risk of substantial hearing loss in a few workers, may actually increase the risk of
small hearing losses in many workers.

A more practical administrative control is to provide for quiet areas where employees can gain

relief from workplace noise. Areas used for work-breaks and lunch rooms should be located
away from noise. If these areas must be near the production line, they should be acoustically
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treated to minimize background noise levels. Much literature is available describing methods and
procedures for noise measurement and analysis, instrumentation, engineering noise controls,
performance characteristics of noise control materials, and case histories of the implementation
of noise control solutions. Suggested readings are listed in Appendix D.

A partial enclosure as shown here will interrupt the

noise path, providing some reduction for the operator

and even more reduction for those in areas adjacent to the
sources

Often a machine may be completely enclosed and
the operator may remain outside of the enclosure
while the machine is operating. Thus, the operator
and all others in adjacent areas benefit from the
noise reduction.
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outflow through
side handle

Problem

The exhaust ar from a compressed air-driven
grinding machinge produces a loud noise. The air
WERF becomes turbulent while keaving the maching
through the side handle
comprass

air

Contrel Measure

A new handle is filled with a porous sound-absarbing
material fitbed through tvo fine-meshed gauzes,
Pessage through the porous material breaks up the
turbubence. The air stream leaving the handle is less
disturbed and the exhaust noise is weaker, A muffler
may alss be used,

fine-meshed porous sound- fine-meshed
wire gauze absorbing wire gauze
material

10|Page



Problem

Heavy vibrating machine creates noise as well

as vibrating the floor to which it is attached.

The sound barrier wall is ineffective for vibration
because transmission of noise to office is through
the floor

) | 4
Vibrating Machine Wal
- - -
L ]
Room A

Room A floor vibration Room B (no vibration isolation) Room B (machine vibration isolated)

9
Wal Control Measure
% u d Isolation of the machine reduces the amount of
Vibrating Machine vibration transmitted to the office area.
> Likewise, isolation of the office area from the

= main floor of the building will result in reduced
2 R g . vibration transmission. Effectiveness of sound

— | W—— X ; barrier wall could be improved by mounting

absorptive materials on the machine side of

Room A Area of Room B vibration isolated the wall

disturbance
Management Responsibilities

Management's primary responsibilities are to make sure that potentially controllable noise
sources are identified, and that priorities for controls are set and accomplished. For this purpose,
management needs to allocate the appropriate resources and engage outside services or identify
capable personnel in-house. It is also management's responsibility to see that any changes of
equipment or process are done only after evaluation of their impact on employee noise exposure.
The purchase of quieter new equipment can be very helpful, but is usually accomplished only
with explicit specification, and occasionally some pressure on the equipment manufacturers.
Sometimes the company must be willing to pay more for quieter equipment, but these
expenditures should be cost-effective in the long run.

Often a noise-control effort may seem to be overwhelming. As a result, the company may decide
that noise control is not feasible and rely on hearing loss prevention measures to prevent hearing
loss. However, if noise sources are taken on one at a time, dealing with the noisiest or easiest to
quiet sources first, the problem can become manageable over time so that hearing loss prevention
measures will be needed only until the noise is reduced to a safe level. Many times two hazards
can be ameliorated at once such as in the case of enclosing a noisy machine that generates high
heat levels as well. The enclosure can trap the noise and the heat can be vented off to the outside.
The time when workplace noise is no longer hazardous will be hastened if the control of noise
from current sources is augmented by a "buy quiet™ program.

Managers may need to commit resources for in-house development of technology to control
exposure problems specific to their companies and processes. In some cases they may need to
budget for maintenance of exposure control devices to prevent their deterioration over time.
Finally, they should make sure that lunch and break areas are as free from hazards as reasonably
possible, and that other avenues of administrative controls have been explored.
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Program Implementor Responsibilities

One of the most important responsibilities of the hearing loss prevention program implementor is
to make sure that management is aware of the need for engineering controls and their benefits.
He or she should see that the company has thoroughly assessed the full potential for using both
engineering and administrative controls.

Those who implement the hearing loss prevention program will probably not actually execute the
exposure control solutions, but will provide a channel between the employees who operate the
equipment, management, and the noise control specialists. It is the job of the implementor to
make sure that communication lines are open, and that the equipment operators are consulted in
control design. Program implementors will be responsible for making sure that employees
understand the proper use of noise control devices, and for maintaining them in good condition.

Employee Responsibilities

Because the employees who operate or maintain and repair the equipment are often the ones who
know most about the processes involved, they need to express their concerns and ideas to
management, the program implementor, or the noise-control engineer, so that the noise-control
devices will be as practical and effective as possible. Employees also have the responsibility of
learning to operate their machines with the noise controls in place, of maintaining the controls
properly, and of notifying the appropriate personnel when additional maintenance is needed.

Further Reading

Beranek LL, ed.[1988] Noise and Vibration Control. revised. New York: McGraw Hill.

Bruce RD, Toothman EH [1986]. Engineering controls. In: Berger EH, Ward W.D, Morrill, JC,
Royster LH, eds. Noise and Hearing Conservation Manual. 4" ed. Akron, OH: American

Industrial Hygiene Assoc. Chapter 12.

Harris CM ed. [1991] Handbook of Noise Control. 3 ed. New York: McGraw Hill, Chapters 26
and 30-41.

OSHA. [1980]. Noise Control: A Guide for Workers and Employers. Pub. No. 3048.
Washington, D.C. U.S. Dept. of Labor/OSHA, Office of Information.
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Noise Control: A guide for workers and employers

U.S. Department of Labor

Occupational Safety and Health Administration

Contents

INTRODUCTION

NOISE: ITS EFFECT ON HEALTH

NOISE CONTROL: BASIC CONCEPTS AND TERMS
APPLICATION OF NOISE CONTROL PRINCIPLES
A. Sound Behavior

B. Sound from Vibrating Plates

C. Sound Production in Air of Gases

D. Sound Production in Flowing Liquids

E. Sound Movement Indoors

F. Sound Movement in Ducts

G. Sound from Vibrating Machines

H. Sound Reduction in Enclosure Walls

NOISE CONTROL MEASURES

Changes in Machinery and Equipment

Materials Handling

Enclosure of Machines

Control of Noise from Vibrating Surfaces

Damping with Absorbants

Sound Insulating Separate Rooms

Maintenance

Planning for Noise Control

HOW OSHA CAN HELP EMPLOYERS AND EMPLOYEES

Introduction
Noise.
It can destroy hearing.

It can create physical and psychological stress.
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And it can contribute to accidents by making it impossible to hear warning signals.
An estimated 14 million workers in the U.S. are exposed to hazardous noise.

Luckily, noise exposure can be controlled. No matter what the noise problems may be in a
particular workplace, technology exists to reduce the hazard.

It may be possible to:

e Use quieter work processes.
o Alter or enclose equipment to reduce noise at the source.
o Use sound-absorbing materials to prevent the spread of noise by isolating the source.

In the field of noise control, where there's a will, there's a way.

The Occupational Safety and Health Administration (OSHA) was established by the U.S.
Congress to help eliminate job safety and health hazards such as noise.

This book is presented by OSHA for workers and employers interested in reducing workplace
noise. OSHA believes that highly technical training is not generally necessary in order to
understand the basic principles of noise control. Noise problems can often be solved by the
workers and employers who are directly affected.

The book contains five major sections.

First, a brief overview of the effects of noise on human health

Second, a discussion of some of the key words and concepts involved in noise control.

Third, an explanation of specific principles of noise control which the reader can apply in his or
her workplace.

Fourth, a discussion of particular techniques for controlling noise.

Fifth, a description of the ways OSHA can help employers and employees, including an
explanation of the legal requirements for noise control which employers must follow.

OSHA hopes that the information in this book will be discussed by employers, workers, and
union representatives. If more help is needed, contact the nearest OSHA area office listed in the
back of the book.

1

Noise: Its effect on health
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The ability to hear is one of our most precious gifts. Without it, it is very difficult to lead a full
life either on or off the job.

Excessive noise can destroy the ability to hear, and may also put stress on other parts of the
body, including the heart.

For most effects of noise, there is no cure, so that prevention of excessive noise exposure is the
only way to avoid health damage.

Hearing

The damage done by noise depends mainly on how loud it is and on the length of exposure. The
frequency or pitch can also have some effect, since high-pitched sounds are more damaging than
low-pitched ones.

Noise may tire out the inner ear, causing temporary hearing loss. After a period of time off,
hearing may be restored. Some workers who suffer temporary hearing loss may find that by the
time their hearing returns to normal, it is time for another work shift, so, in that sense, the
problem is "permanent.”

With continual noise exposure, the ear will lose its ability to recover from temporary hearing
loss, and the damage will become permanent. Permanent hearing loss results from the
destruction of cells in the inner ear-cells which can never be replaced or repaired. Such damage
can be cause by long-term exposure to loud noise or, in some cases, by brief exposures to very
loud noises.

Normally, workplace noise first affects the ability to hear high frequency (high-pitched) sounds.

This means that even though a person can still hear some noise, speech or other sounds may be
unclear or distorted.

Workers with hearing impairment typically say "I can hear you, but I can't understand you."
Distortion occurs especially when there are background noises or many people talking. As
conversation becomes more difficult to understand, the person becomes isolated from family and
friends. music and the sounds of nature become impossible to enjoy.

A hearing aid can make speech louder, but cannot make it clearer, and is rarely a satisfactory
remedy for hearing loss.

Workers suffering from noise-induced hearing loss may also experience continual ringing in

their ears, called "tinnitus.” At this time there is no cure for tinnitus, although some doctors are
experimenting with treatment.

Other effects
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Although research on the effects of noise is not complete, it appears that noise can cause
quickened pulse rate, increased blood pressure and a narrowing of the blood vessels. Over a long
period of time, these may place an added burden on the heart.

Noise may also put stress on other parts of the body by causing the abnormal secretion of
hormones and tensing of muscles (see Figure 1).

Workers exposed to noise sometimes complain of nervousness, sleeplessness and fatigue.
Excessive noise exposure also can reduce job performance and may cause high rates of
absenteeism.

2
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¥ ﬁ and intestines

muscle reaction

constriction of the
blood vessels

Figure 1. In addition to causing hearing loss by destroying the inner ear, noise apparently can
put stress on other parts of the body by causing reactions such as those shown at left.

Figure 2. Severe destruction of the hair cells in the hearing organ. Top picture: normal hair
cells, lower picture: hair cells destroyed by noise.
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Noise control: Basic concepts and terms

There are a number of words and concepts which must be understood before beginning a
discussion of noise control methods.

Sound

Sound is produced when a sound source sets the air nearest to it in wave motion. The motion
spreads to air particles far from the sound source. Sound travels in air at a speed of about 340
meters per second. The rate of travel is greater in liquids and solids; for example, 1,500 m/s in
water and 5,000 m/s in steel.

(Note: Measurements in this book are generally given in the metric system. To convert, one
meter equals about 39.4 inches, and one millimeter equals 0.04 inches, and one kilogram
equals about 2.2 pounds.)

Frequency (Hz)

The frequency of a sound wave refers to the number of vibrations per second, measured in units
of hertz (Hz). Sound is found within a large frequency range; audible sound for young [continued
on next page]

tuning fork

air particles swinging back and forth

Figure 3. The sound source vibrates and affects air particles, which strike the ear drum.

sound level dB  Dure tanes pure musical

tones

20

L]
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Figure 4. A pure tone is marked by a single column indicating the frequency and the sound level
or intensity. Musical notes contain several tones of different frequencies and intensities.

4

persons is between about 20 Hz and 20,000 Hz.
The boundary between high and low frequencies is generally established at 1,000 Hz.

Sound may consist of a single pure tone, but in general it is made up of several tones of varying
intensities.

Noise

It is customary to call any undesirable sound "noise."” [sic] The disturbing effects of noise depend
both on the intensity and the frequency of the tones. For example, higher frequencies are more
disturbing than low ones. Pure tones are more disturbing than a sound made up of many tones.

Infrasound and ultrasound

Sound with frequencies below 20 Hz is called infrasound, and sound with more than 20,000 Hz
is called ultrasound. There is some evidence that these sounds which cannot be heard can under
certain conditions be hazardous to workers' health. This book deals only with noise which can be
heard.

sound level dB  octave bands machine noise

63 125 250 500 1000 2000 4000 8000 Hz
frequency

Figure 5. Noise is a disorderly mixture of tones at many frequencies.

5

19|Page
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Figure 6. At the same intensity, the noise from a truck is less disturbing than the sound of air
blowing or suction because it is at a lower frequency.

6

Decibel (dB)

Sound levels are measured in units of decibels (dB). If sound is intensified by 10 dB, it seems to
the ears approximately as if the sound intensity has doubled. A reduction by 10 dB makes it seem
as if the intensity has been reduced by half.

Noise level measurement

In measuring sound levels, instruments are used which resemble the human ear in sensitivity to

noise composed of varying frequencies. The instruments measure the "A-weighted sound level"
in units called dB(A).
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Workplace noise measurements indicated the combined sound levels of tool noise from a number
of sources (machinery and materials handling) and background noise (from ventilation systems,
cooling compressors, circulation pumps, etc.).
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Figure 7.

7

In order to accurately identify all workplace noise problems, the noise from each source should
also be measured separately. Measurements at various production rates may be useful in
considering possible control measures. A number of manuals for noise measurements are
commercially available.

Adding noise levels
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Decibel levels for two or more sounds cannot simply be added. Figure 8 shows how the
combined effect of two sounds depends on the difference in their levels. Two or more sounds of
the same level combine to make a higher noise level.

Octave band

It is common practice to divide the range of frequencies we can hear into eight octave bands. The
sound level is then listed for each octave band. The top frequency in an octave band is always
twice the bottom one. The octave band may be referred to by a center frequency. For example,
500 Hz is the center frequency for the octave band 354-708 Hz.

dE(4)
3

number
of 2
decibels
to add
to 1
higher
of two
levels

o1 2 3 4 5 & 7 8 9 10dB{A)
difference betwesn
tvo levels

Figure 8. A fan produces a sound level of 50 dB(A). Another fan produces 56 dB(A). The
difference is 6 dB(A), and according to the diagram, 1 dB(A) will be added to the highest level.
Operating together, the fans will result in a level of 57 dB(A).

Sound transmission

The word "sound" usually means sound waves traveling in air. However, sound waves also travel
in solids and liquids. These sound waves may be transmitted to air to make sound we can hear.

Resonance

Each object or volume of air will "resonate,” or strengthen a sound, at one or more particular
frequencies. The frequency depends on the size and construction of the object or air volume.

Sound reduction by distance
Sound spreading in open air and measured at a certain distance from the source is reduced by

about 6 dB for each doubling of that distance. Sound is reduced less when spreading inside a
room. (See Figure 9.)
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Sound transmission loss (TL)

When a wall is struck by sound, only a small portion of the sound is transmitted through the wall,
while most of it is reflected. The wall's ability to block transmission is indicated by its
transmission loss (TL) rating, measured in decibels. The TL of a wall does not vary regardless of
how it is used.

Noise reduction (NR)

Noise reduction is the number of decibels of sound reduction actually achieved by a particular
enclosure or barrier. This can be measured by comparing the noise level before and after
installing an enclosure over a noise source. NR and TL are not necessarily the same.

Sound absorption

Sound is absorbed when it strikes a porous material. Commercial sound-absorbing materials
usually absorb 70 percent or more of the sound that strikes them.

f \\
mcﬁ a4 )dp | 78 |dB
* ' > 3 4

zound 1 : _
source distence in mneters

Figure 9. If a small sound source produces a sound level of 90 dB at a distance of 1 meter, the
sound level at a 2 meter distance is 84 dB, at 4 meters 78 dB, etc.
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Figure 10. Part of the sound that strikes a wall is reflected, part is absorbed, and part is
transmitted. The transmission loss (TL) of the wall is determined by the portion of the noise
which is not transmitted through the wall.
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Application of noise control principles

The following section explains how to apply basic noise control principles. In many cases,
several principles must be applied and several control measures must be taken. Of course, these
principles do not cover every possible noise problem.

The principles are discussed in eight sections:

A. Sound behavior

B. Sound from vibrating plates

C. Sound production in air or gases

D. Sound production in flowing liquids

E. Sound movement indoors

F. Sound movement in ducts

G. Sound from vibrating machines

H. Sound reduction in enclosure walls
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A number of symbols are used throughout the drawings. For example, large black arrows
indicate strong sound radiation and smaller ones show reduced radiation.
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SOUND BEHAVIOR - CAUSES OF SOUND PRODUCTION - Al

Changes in force, pressure, or speed produce noise

Sound is always produced by changes in force, pressure, or speed. Great changes produce louder
noises and small changes quieter ones. More noise is produced if a task is carried out with great
force for a short time than with less force for a longer time.

Principle

ﬁ‘-&\ & or quistly with pliers
-_\"' \

¥ flat strip of metal
can be bent noisily
with a hammer
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Example
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In a box machine, cardboard is cut with a knife blade. The knife must cut very rapidly and with
great force in order for the cut to be perpendicular to the strip Much noise results.

LW

knife blade

)

compressed
air cylinder

_ cardboard
‘\E strip

Using a blade which travels across the strip, the cardboard can be scored with minimal force for
a longer time. Since the cardboard strip continues to move, the knife must travel at an angle in
order for the cut to be perpendicular. The cutting is practically noise free.

- -

Control Measure

angled travel path

—
. — scoring knife
g
e ——— :
D cardboard strip
e
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SOUND BEHAVIOR - CAUSES OF SOUND PRODUCTION - A2

Airborne sound is usually caused by vibration in solids or
turbulence in fluids

For example, vibrations of the strings in a musical instrument are transmitted through the bridge
to the sound box. When the sound box vibrates, sound is transmitted to the air. A circulation
pump produces pressure variations in the water in a heating system. The sound waves are
transmitted through the pipes to the radiators, whose large metal surfaces transmit airborne
sound.

bioiler

14

Example

Turbulent fluid flow within pipes produces sound which can be radiated from the pipes and even
transmitted to the building structure.
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Control measure

In addition to reducing the turbulence in the pipe, the pipe can be covered with sound absorbing
material. The vibrations can be isolated from the wall or ceiling with flexible connecting
mechanisms.

rmaterial to
absorb vibration
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SOUND BEHAVIOR - CAUSES OF SOUND PRODUCTION - A3
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Vibrations can produce sound after traveling great distances

Vibrations in solids and liquids can travel a great distance before producing airborne sound. Such
vibrations can cause distant structures to resonate. The best solution is to stop the vibration as
close to the source as possible.

Principle

Yibrations fram a train move along A
the rails and can be heard a |
considerable distance away -
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Example

Vibrations from an elevator are transmitted throughout a building.
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Control measure

The elevator drive can be isolated from the building structure.
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SOUND BEHAVIOR - LOW AND HIGH FREQUENCIES - A4

The slower the repetition, the lower the frequency of the
noise

The level of low frequency noise from a sound source is determined primarily by the rate at
which the changes in force, pressure, and speed are repeated. The longer the time between
changes, the lower the frequency of the noise generated. The level of noise depends on the
amount of the change.

Principle
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low-frequency noise

18

Example

Two gears have the same pitch diameter but different numbers of teeth. If they rotate at the same
speed, the gear with fewer teeth will produce a lower frequency noise.
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SOUND BEHAVIOR - LOW AND HIGH FREQUENCIES - A5

High frequency sound is strongly directional and more easily
reflected

When high frequency sound strikes a hard surface, it is reflected much like light from a mirror.
High frequency sound does not travel around corners easily.

Principle
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Example

High frequency noise travels directly from the high-speed riveting machine to the worker's ears.

riveting hammer

I

gﬂ-‘-lﬂllulhllilm

Control measure
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A sound-insulating hood, open toward the bottom of the machine, is constructed above the
hammer. The hood is coated on the inside with sound-absorbing material. The upper portion of
the opening is covered with safety glass. As sound starts towards the ears, the glass reflects it
against the sound-absorbing walls. The sound level for the machine operator is thus reduced.

T Tp—

—— e —— .

4 : T - .7
T"—"” A T ] S
L~

I
= hood with sound-absarbing
= tnaterial on the inside
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SOUND BEHAVIOR - LOW AND HIGH FREQUENCIES - A6

Low frequency noise travels around objects and through
openings
Low frequency noise radiates at approximately the same level in all directions. It travels around

corners and through holes, and then continues to travel in all directions. A shield has little effect
unless it is very large.

Principle
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Example

Compressors and the diesel engines inside them both may produce strong low frequency noise,
even if they are provided with effective mufflers at the intake and exhaust.

non-sound controlled compressaor

Control measure
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A complete enclosure of damped material lined with sound absorbant will help. The air and
exhaust gases must pass through mufflers which are partly made of channels with sound-
absorbing walls. Doors for inspection must close tightly.

wentilation air .. exhaust gases

sound-damping
compressor
hoad

compressor |
space —_ ;|

Engine

space [k air for engine

1,_—.;-*'”

ry | h

LR

Campressar air

tightly closing
door
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SOUND BEHAVIOR - REDUCTION IN AIR - A7

High frequency sound is greatly reduced by passing through
air

High frequency sound is reduced more effectively than low frequency sound by passing through
air. In addition, it is easier to insulate and shield. If the noise source does not cause problems in
its immediate vicinity, it may therefore be worthwhile to shift the sound toward higher
frequencies.

Principle
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The boat whistle, which seems extremely loud to those on board, is much less loud at a distance
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Example
The low frequency noise from roof fans in an industrial building disturbs residents of houses a
quarter-mile away.

residential caommunity

toof fan with few blades

Control measure
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The rooftop fan is replaced by another one of similar capacity but with a larger number of fan
blades. This produces less low frequency noise and more high frequency noise. The low
frequency noise no longer causes disturbances, and the high frequency noise is adequately
reduced by the distance.

roof fan with many blades T residential community
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SOUND BEHAVIOR - HOW DISTURBING? - A8

Low frequency noise is less disturbing

The Human ear is less sensitive to low frequency noise than to high frequency noise. If it is not
possible to reduce the noise, it may be possible to change it so that more of it is at lower
frequencies.

Principle
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Example

The diesel engine in a ship operates at 125 rpm and is directly connected to the propeller. The
noise from the propeller is extremely disturbing on board.

propeller, 125 rpm

Control measure
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Differential gear is installed between the motor and the propeller so that the motor can revolve
at 75 rpm. The propeller is replaced by a larger one. The noise is shifted to a lower frequency,
making it less disturbing.

AR

diesel engine

larger propeller, 75 rpm
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SOUND FROM VIBRATING PLATES - SIZE AND THICKNESS - B1

Small vibrating surfaces give off less noise than large ones

An object with a small surface area may vibrate intensely without a great deal of noise radiation.
The higher the frequencies, the smaller the surface must be to prevent disturbance. Since
machines always will vibrate to some extent, noise control will be aided if the machines are kept
as small as possible.

Principle

41|Page



“ibrations from a shaver “ibrations are no longer
are transmitted to the large transmitted, and the

glass plate, and the noise noise decreases
is loud

28

Example

Too much noise is radiated from the control panel of a hydraulic system.
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Control measure

The panel is detached from the system itself, the vibrating surface is reduced, and therefore the
noise level is decreased.

[ _
[

instrurant panel
maved to the wall T @

&
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SOUND FROM VIBRATING PLATES - SIZE AND THICKNESS - B2

Densely perforated plates produce less noise

Large vibrating surfaces cannot always be avoided. The vibrating surface pumps air back and
forth like the piston of a pump, causing sound radiation. If the panel is perforated, the "piston”
leaks, and the pumping functions poorly. Alternatives to perforated plates include mesh, gratings
and expanded metal.

Principle
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salid panel level perforated panel
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Example

The protective cover over the flywheel and belt drive of a press is a major noise source. The
cover is made of solid sheet metal.
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Control measure

A new cover is made of perforated sheet metal and wire mesh. Sound radiation is reduced.
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SOUND FROM VIBRATING PLATES - SIZE AND THICKNESS - B3

A long, narrow plate produces less sound than a square one

When a plate is set into vibration, excess air pressure forms on one side of the plate and then the
other. Sound comes from both sides. The pressure difference balances out close to the edges, so
the noise radiation there is slight. Therefore, a long, narrow plate radiates less sound.

Principle
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Example

A belt drive provides a large amount of low frequency noise because of the vibration of the

broad belt.
broad belt \*.

electric motor
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Control measure

The broad drive belt is replaced by narrower belts, separated by spacers. This reduces the noise
problem.

narrowy belts L |

e
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SOUND FROM VIBRATING PLATES - SIZE AND THICKNESS - B4

Plates with free edges produce less low frequency noise
If a plate vibrates with free edges, pressure equalization takes place between the two sides of the
plate, thus reducing sound emissions. Clamping the corners prevents pressure equalization and

the sound emission is greater, especially at low frequencies. For example, speakers produce more
bass if they are enclosed in a cabinet.

Principle
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Example
Bumps in the floor produce noise from the bottom and side plates of a cart when the cart is

pushed. Sound is also emitted when material is slid down the cart walls. Pressure equalization
only takes place at the top edges of the side plates.

st 2

——r
=

=

Control measure
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The walls are replaced by new ones, constructed with a pipe frame. Plates are fastened with a
gap between the plates and the frame. Pressure equalization takes place along all the edges, and
the low frequency noise is reduced.

‘f—f‘—.\-‘\
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SOUND FROM VIBRATING PLATES - COLLISION AND IMPACT - B5

Light objects and low speed produce the least impact noise
When a plate is struck by an object, the plate vibrates and makes noise. The sound level is
determined by the weight of the object and its striking speed. If the dropping height of an object

is reduced from 5 meters (about 16 feet) to 5 centimeters (2 inches), the sound level drops about
20 dB.

Principle
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Example

Steel parts are transported from a machine to a storage bin. When the bin is empty, the dropping
height is large and the noise is loud.

caonveyor belt of
fixed height

large

dropping
height

s

stnra;ge bin

Control measure
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A hydraulic system is installed so that the conveyor belt can be raised and lowered. The belt ends
in a drum equipped with rubber plates to break the fall of the parts. The drum is raised
automatically.

speed-braking
rubber plates
o )

cunveﬁur helt
that can he
raised and
lowered

small
dropping
height

ésmall

dropping

T height

I
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SOUND FROM VIBRATING PLATES - INTERNAL DAMPING - B6

A damped surface gives off less sound

As vibration moves throughout a plate, it gradually decreases as it travels, but in most plates, this
reduction is rather small. In such cases, the material is said to have low internal damping.
Internal damping in steel, for example, is extremely poor. Good damping can be achieved by
adding coatings or intermediate layers with better internal damping.

Principle
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Example

exarmple of "artificial™ damping
steel
thin layer of
Ldamping material

steel
g rery good
damping
thick layer of
damping material

.~ Steel

good
damping

thin, hard
o« fiber plate
thick, porous

e filher plate
thin, hard

 Tiher plate
good

: v damping

The loudest noise from a pump system comes from the coupling guard which is made of sheet

metal.

hood of conventional sheet metal hetween
motor and pump
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Control measure

The noise level is reduced by vibration isolating the guard or constructing it of damped metal. If
the coupling creates a siren-type noise, the guard may need acoustical lining.

39

SOUND FROM VIBRATING PLATES - RESONANCE - B7

Resonance increases noise but it can be damped

Resonance greatly increases noise from a vibrating plate, but it can be suppressed or prevented
by damping the plate. It may often be sufficient to damp only part of the surface, and, in some
rare cases, damping of a single point is effective.

Principle
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Example

An automatic tooth cutter for circular saw blades produces intense resonance sound.
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Control measure

A urethane rubber coating clamped to the saw blade damps the resonance.
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SOUND FROM VIBRATING PLATES - RESONANCE - B8

Resonance shifted to higher frequency is more easily
damped

Large vibrating plates often have low frequency resonance which can be difficult to damp. If the
plate is stiffened, the resonance shifts to higher frequency, which can be more easily damped.

Principle
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Example

The greatest low frequency sound from this machine comes from the side surfaces of the machine
stand.

resonance
throughout

" the machine

stand

Control measure
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The side plates on the machine are stiffened with iron straps. A damped plate is installed over
the braces.

reinforcement

43

SOUND PRODUCTION IN AIR OR GASES - WIND TONES - C1

When air passes by an object at certain speeds, a strong pure tone, known as a Karman tone, can
be produced. This can be prevented by making the object longer in the direction of flow, such as
with a "tail," or by making the object's shape irregular.

Wind tones can be eliminated

Principle
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Example
At certain wind speeds, loud sounds can form around smoke stacks, causing disturbances.
Control measure

A strip of sheet metal is mounted on the smoke stack in a spiral. The pitch of the spiral must not
be constant. Regardless of the wind's direction, it encounters an irregular object.
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SOUND PRODUCTION IN AIR OR GASES - WIND TONES - C2

Air flow past hollow openings should be avoided
When air or another gas blows across the edges of an opening to a hole, loud, pure tones are

formed. This is how a wind instrument operates. The greater the volume of the hole and the
smaller the number of openings, the lower the frequency of the tone will be.
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Principle
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Example

When a cutter wheel revolves under no-load conditions, sound can arise from the track for
holding the plane blade. An air stream is being chopped, creating a siren (pure tone) noise.
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Control measure

Minimizing the cavities by filling the empty space in the track with a rubber plate reduces the
pumping action and the noise.

modified cutter

smoothed edge

rubbher-fillec
Ccavity

cutter blade
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SOUND PRODUCTION IN AIR OR GASES - DUCTS - C3

Ducts without impediments produce the least amount of
noise from turbulence
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During flow in ducts or pipes there is always some turbulence against the duct walls. The noise
from turbulence is increased if the flow must rapidly change direction, if the flow moves at a fast
rate, and if objects blocking the flow are close together.

Principle

le=ss turbulence against
smooth walls

ztrip flanges cause
more turbulence

48

Example

A branch of a steam line has three valves which produce a loud shrieking sound. The branch has
two sharp bends which also produce a lot of noise.
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Control measure

A new branch is created with softer bends. Tubing pieces are placed between the valves, so that
turbulence will be reduced or eliminated before the stream reaches the next valve.

] * - H LS - *
increased distance increased distance
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SOUND PRODUCTION IN AIR OR GASES - DUCTS - C4

Undisturbed flow produces the smallest amount of exit noise

When a flowing gas mixes with a non-moving gas, noise may be produced, especially if the flow
is disturbed before the outlet. A lower outflow speed will produce a lower sound level. For
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speeds below 325 feet/sec., reduction of the speed by half will mean that the sound will be about
15 dB weaker.

Principle
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Example

The exhaust air from a compressed air-driven grinding machine produces a loud noise. The air
becomes turbulent while leaving the machine through the side handle.
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Control measure

A new handle is developed, filled with a porous sound-absorbing material between two fine-
meshed gauzes. Passage through the porous materials breaks up the turbulence. The air stream
leaving the handle is less disturbed, and the exhaust noise is weaker. A straight lined duct-type
muffler may also be used.

sound-damping handle

-

fine-meshed FPOIOUS  mashed wire

wire gauze sound-absarbing gauze
material
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SOUND PRODUCTION IN AIR OR GASES - DUCTS - C5

Jet noise can be reduced by using an extra air stream

The term "jet stream” applies at flow speeds in excess of 325 ft/sec. Turbulence outside the outlet
is great. Reducing the outflow speed by half may decrease the noise level by as much as 20 dB.
Since the noise level is determined by the speed of the jet stream in relation to the speed of the
surrounding air, noise production can be greatly reduced by using an air stream with a lower
speed outside the jet stream.

Principle
jet stream, gas speed
more than 325 ft./sec. ‘ .
— | great change in
speed across
= ’ | the stream
core stream . ‘
jet stream
ANl — ' B & -
| slight change
gas == | in speed
speed less than 325 ft./sec.
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Example

The cleaning of machine parts with compressed air after processing is often carried out with
simple tubular mouthpieces. Very high exit speeds are required, and a strong high frequency
noise develops.
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Control measure

The simple tubular mouthpiece can be replaced by mouthpieces which produce less noise, such
as a dual flow mouthpiece. In this mouthpiece, part of the compressed air moves at a lower

speed outside the central stream.
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SOUND PRODUCTION IN AIR OR GASES - DUCTS - C6

Low frequency jet noise is easier to reduce if converted to
high frequency

If the diameter of a gas outlet is large, the noise will peak at the low frequency. If the diameter is
small the noise will peak at high frequency. The low frequency noise can be reduced by

replacing a large outlet with several small ones. To some extent this will increase the high
frequency noise, but this is more easily controlled.

Principle
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Example

Steam safety valves may discharge many times each day. Sound production during steam escape
can produce high level, low frequency sound.

Control measure

A diffuser is formed as a perforated cone. The holes produce many small jet streams and high
frequency noise which is absorbed in the down-stream pack.
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SOUND PRODUCTION IN AIR OR GASES - FANS - C7
Fans make less noise if placed in smooth, undisturbed flow

streams
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A fan produces turbulence in air, which causes noise. If turbulence is already present in the

incoming air, the sound will be more intense. The same principle applies, for example, to
propellers in water.

Principle

air disturbed
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air flows freely
to rotor
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Example

In one case the fan is located too close to a barrier, and in the other case too close to a sharp
bend. The flow is disturbed and the noise at the outlet is intense.
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Control measure

The control vanes are moved farther from the fan so that the turbulence has time to die down. In
the other case, the bend is made smoother, and the fan is moved away from the bend. Turning
vanes could also be used.
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SOUND PRODUCTION IN FLOWING LIQUIDS - PIPE SYSTEMS - D1

Rapid pressure changes produce more noise

Turbulence will form if the pressure in a liquid system drops rapidly. Gas is released in the form
of bubbles and produces a roaring noise. The pressure drop can be produced by a large, rapid
change in volume. Noise is avoided by a slow change in volume.

Principle
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Example
Control valves in liquid systems often have small valve seats, resulting in large flow speeds with

large pressure changes. Twisted flow pathways and sharp edges produce intense turbulence.
Sound radiates directly from valves and pipes, and solid sound is conducted to walls.
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Control measure

Control valves with larger cone diameters, straighter flow pathways, and more rounded edges are
used.
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SOUND PRODUCTION IN FLOWING LIQUIDS - PIPE SYSTEMS - D2

Large and rapid changes in pressure produce "'cavitation"
sound

Noise production takes place at control valves, at pump pistons, and at propellers when large and
rapid pressure drops occur in liquids. This so-called "cavitation™ noise is most common in
hydraulic systems. Cavitation can be reduced by bringing about the pressure reduction in several
smaller steps

Principle
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Example

In a hydraulic system, the full pump capacity is employed only in exceptional cases. The
pressure is generally greatly reduced using a control valve. Cavitation can then arise, producing
loud noise from the valve. The noise is conducted as solid-borne sound to connected machines
and building structures
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Control measure
A pressure reducing insert is placed in the same pipe as the control valve. The inset has

removable plates with different perforations. The plates are selected so that the inset will not
produce a greater pressure drop than that required to prevent cavitation.
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SOUND MOVEMENT INDOORS - PLACEMENT OF SOUND SOURCE - E1

Sound sources should not be placed near corners

The closer to reflecting surfaces a sound source is placed, the greater the noise it will radiate to a
given distance. The worst placement is in corners near three surfaces. The best placement is
away from the walls.

Principle
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one nearby surface

Example

In an industrial shop, machines are placed in four rows with three aisles between them. This
arrangement increases the noise from the machines in the two outermost rows.

W WS WS WS Wl S S

Control measure
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The machines are placed together, two by two, away from the walls and new aisles are set up
along the walls.

machines moved
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SOUND MOVEMENT INDOORS - ABSORPTION - E2

Thick, porous layers absorb both high and low frequency
sound

Porous material through which air can be pressed often makes a good sound absorbant.
Examples of such materials include felt, foam rubber, foamed plastic, textile fibers and a number
of sintered metals and ceramic materials. If the pores are closed, the absorption is slight. Thin
porous absorbants handle high tones. For good effects below 100 Hz, the thickness required may
become impractical. Low frequency absorption is improved with the aid of an air gap behind the
absorbant.

Principle
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Example

A workshop with intense low frequency noise is provided with absorbants that are effective for
low tones. One part of the shop contains space for hanging absorption baffles, which provide
good low frequency absorption and are easily installed. A traverse leaves no room for baffles in
the other part of the shop. Instead, horizontal absorbant panels are installed above the traverse,
8 inches from the ceiling, to improve the low frequency absorption.
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sound-absorbing baffles

sound-absorbing panel on lowered
frame

SOUND MOVEMENT INDOORS - ABSORPTION - E3

Cover layers with large perforations may be used without

reducing absorption

For a variety of reasons, a covering material may be needed to protect a porous absorbant. This
can be done without reducing the effectiveness of the absorbant if the cover material has a

sufficient number of openings. The thicker the cover layer, the larger the number of perforations

that will be required.

Principle
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Example
Sound-absorbing material is required on many wall and ceiling surfaces in a building. To

provide a more attractive environment, it is desirable to have many absorbants with different
appearances.

Control measure

One material is used on all surfaces with varying thicknesses. Different covering materials
provide the desired variation in appearance.
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SOUND MOVEMENT INDOORS - ABSORPTION - E4

Panels on studs absorb low frequencies

Thin panels, fastened to a system of studs, absorb low frequencies. The absorption is effective in
a narrow frequency range. This range is determined by the stiffness of the panels and the
distance between the fastenings. If the panels are fastened to studs on a wall, the distance from
the wall also has an effect. A panel with large internal damping absorbs in a larger frequency
range. If a porous absorbing material is used at these low frequencies, it must be very thick.

Principle
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o

effect of panel thickness
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Example

Low frequency resonance in an engine room produced a very loud hum near the walls and in the
center of the room. When the revolution speed was significantly changed, the hum disappeared

completely.

Control measure

The walls were coated with panels on studs to provide the greatest absorption in the range of the

loudest tone. In order for the absorbant to continue to function even in the case of slight

deviations from the normal rotation speed, a layer with good internal damping was used, which
provided a more extensive range with good sound absorption. As a result, the resonance and the

loud hum disappeared.
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SOUND MOVEMENT INDOORS - ABSORPTION - E5

Sound shields may be combined with sound absorbing
ceilings

High frequency noise can be reduced by using a shield. The shield is more effective the taller it

is and the closer it is placed to the source. The effect of a shield is considerably reduced if the
ceiling is not sound absorbant

Principle
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Example

In an auto plant with several assembly lines, the work on one line is noisier than the other.
Grinding work on the bodies produces a shrieking, high frequency sound, disturbing everyone in
the plant.

line with slight noise line with intense noise
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Control measure

The other lines are protected from the grinding noise by means of shields on both sides of the
line and sound absorbing baffles suspended above the open area.

sound-absorhing
baffles

\jshield
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SOUND MOVEMENT IN DUCTS - REACTIVE MUFFLERS - F1

All duct changes reduce sound transmission

With all changes in pathway, some sound energy is reflected back. In a duct this may apply to
bends, branches, and changes in volume, shape, or wall materials.

Principle
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Example

An area is to be provided with mechanical ventilation. There is sufficient space for the fan, but
not for the necessary muffler.

fan

sound
damper

Control measure
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In place of a single inlet into the room, several smaller inlets are used. The sound reflection
which takes place with all changes in volume and at each bend replaces the muffler.
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SOUND MOVEMENT IN DUCTS - REACTIVE MUFFLERS - F2

Expansion chambers are useful for reducing low frequency
noise

If a duct is provided with an expanded section or chamber, the low frequency pressure variations
in the duct are reduced. The lower the frequency which must be reduced, the greater the space
required in the chamber.

Principle
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Example

Using a jacket over the tip and a tubular outlet in the jacket, the high frequency noise given off
by a jack hammer can be partially shielded. The low frequency noise in the exhaust air is
effectively reduced. The enlarged are between the barrel and the jacket functions as an
expansion chamber.
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SOUND MOVEMENT IN DUCTS - REACTIVE MUFFLERS - F3

Reflection mufflers are effective in narrow frequency ranges

If noise is present in a limited frequency range, a reactive muffler may take up the least space.
These are generally used at low frequencies. A large frequency range can be covered using
several reactive chambers in succession. Perforated tubes are also employed in reflection
dampers.
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Example

The muffler shown here is primarily used in large piston engines.
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SOUND MOVEMENT IN DUCTS - PACKED MUFFLERS - F4

Absorption mufflers are effective over a broad range of
frequencies
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The simplest form of absorption muffler is a duct with sound-absorbing material on the walls.
The thicker the material, the lower the frequency that can be reduced. For higher frequencies, the
space between the absorbing walls must be made smaller. A large duct must therefore be
subdivided into many smaller ones.

Principle
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Example

If a very large frequency range is to be reduced, it is generally necessary to employ absorption
mufflers with thick and thin baffles.
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SOUND MOVEMENT IF DUCTS - PACKED MUFFLERS - F5

Unused areas can be absorption chambers

The absorption chamber is simple muffler. One section of the duct is made up of a room whose
walls are covered with a sound-absorbing material. When the sound is reflected against the
chamber walls, sound energy is absorbed. To prevent the direct passage of high frequency,
directed sound, the inlet and the outlet should not be located opposite one another. The greater
the chamber volume and the thicker the absorbant used, the lower the frequency at which the

muffler is effective.

Principle
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Example

The shape of the absorption chamber is of little significance. Unused rooms can be simple
converted to absorption chambers.
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SOUND FROM VIBRATING MACHINES - MACHINE MOUNTING - G1

Machines which vibrate should be mounted on heavy, rigid
bases

Knocking on a thin door produces more sound than knocking on a thick wall. For the same
reason, noise sources should be mounted on heavy or rigid bases.
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Example

A motor-driven oil pump is placed on the side wall of a hydraulic press. The vibrations are
transmitted to all plates, which convert the solid-borne sound to loud airborne sound.

Control measure

The oil system is removed from the press and installed in a frame on a heavy base. Sound
transmission in the oil line is controlled with an accumulator.
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SOUND FROM VIBRATING MACHINES - MACHINE MOUNTING - G2

Machines should be vibration isolated

Vibration isolation of machines can reduced the area of excessive noise as shown below. Either
the machine or the working area can be isolated.

104|Page



Principle

no vibration
isolation

noise from
building
floor
vibration

machine
vibration
isolated

the area of
disturbance
vibration
isolated

Example

Vibration isolators are made of various materials and in various shapes.
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SOUND FROM VIBRATING MACHINES - INSTALLATION - G3

Improperly selected springs can increase vibrations

A machine placed on springs has a so-called "fundamental frequency." Vibrations at or close to
the fundamental frequency are greatly intensified. The machine may even break away from its
fastenings. Vibrations with lower frequency that the fundamental frequency are not blocked. If
the base is very heavy or very rigid, the fundamental frequency is determined entirely by the
machine and base weights together with the rigidity of the spring. The lighter the machine and
the more rigid the spring. the higher is the fundamental frequency. This reinforcement of
vibrations can be avoided by using springs with good internal damping.
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Example

Two fans are used in the same building. Both are vibration isolate with steel springs which have

very poor internal damping. The isolation functions well for both fans during constant operation,
but one of the fans is started and stopped frequently. When this happens, the vibration frequency
corresponds for a short time with the fundamental frequency, which produces serious

disturbance.

Control measure

On the fan with irregular operation, steel dampers are installed with pads which have good
internal damping. The isolation is somewhat less, but the disturbance from starting and stopping

disappears.
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SOUND FROM VIBRATING MACHINES - INSTALLATION - G4

Isolating machines with low natural frequency may require
a rigid floor

A machine and mount with low natural frequency are difficult to vibration isolate unless the
floor is very rigid. As shown below, and extra heavy (stiff) or pile-reinforced floor might be
necessary.

Principle
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Example

A company is planning a building where a need for freedom from vibration and noise is great. It
should also be possible to remove and interchange the machines.

Control measure

The building is constructed with large concrete plates on a pillar and beam system. The concrete
plates which are expected to carry heavy machines are provided with strong reinforcements. If
heavy machines are added later, the normal concrete plate is removed and replaced with a
thicker one.
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SOUND FROM VIBRATING MACHINES - MACHINE MOUNTING - G5

A separate base layer provides the best solid-borne sound
barrier

A good way to isolate very heavy machines with low natural frequency vibration is to place them
on a concrete base plate which rests directly on the ground. Even more effective protection is
achieved if the base plate is separated from the remainder of the building by means of a joint. If
the ground has a clay layer, it may be necessary to place pilings beneath the plate.

Principle
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Example

Drive motors with gears and differentials connected to a paper-making machine cause both loud
air noise and vibrations in the machines. They require only occasional maintenance which can
generally be performed with the machines turned off. Therefore, the machines can be permitted
to make large amounts of noise if the noise is prevented from entering the rest of the factory.

Control measure

The engine room has it's own thick base plate which is in good contact with the solid ground.
The large base plate is also vibration isolated with corrugated rubber mats. Sound is prevented
from entering other rooms by means of a brick wall. Holes in the wall for the axles to pass
through are sealed with mufflers.
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SOUND FROM VIBRATING MACHINES - MACHINE MOUNTING - G6

Sound through solid connections can be blocked

Vibration isolation of a machine may be ineffective if sound is transferred through connections
for oil, electricity, water, etc. These connections must be made very flexible. The machine
movements will be reduced if a heavy base is selected, and more rigid springs can be used.
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Example

Cooling systems may be serious sources of noise as a result of intense pressure shocks in the
liquid from compressors.

Control measure

Compressors may be vibration isolated with steel springs. In addition, flexible connections
should be used for all inlet and discharge pipes.

113|Page



low pressure line,
reinfarced rubber tubing

high pressure line,
flexible metal tubing

-

R ITTI LY LS T AL ST LY |

-

M E L E I T L YL

S e i S A
condenser tank e TR f soft,
g eIl flewible
steel springs — : :
.} electric
cahlas

93

SOUND REDUCTION IN ENCLOSURE WALLS -TL - H1

The TL of a single wall is estimated from its surface weight

"Transmission loss™" (TL) indicate a wall's ability to absorb sound-producing vibrations. TL is
expressed in decibels (dB). The TL of a homogeneous single layer wall can be estimated by its
surface weight, that is, kilograms per square meter or pounds per square inch.

Principle
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Examole: What TL wil be provided by a 15mm thick chipboard panel at 500 Kz? The panel weighs 10kg/m?,
10 x 500 = 5000, Thus the TL will amount to 26 dB.
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Example

A sand blast operation creates excess noise. A separate room is available, with a thin drape as a
barrier.

Control measure

A separate room is constructed for this operation. The blasting equipment is separated from
other work areas with a drapery of lead-rubber fabric, which is heavy, but flexible.
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SOUND REDUCTION IN ENCLOSURE WALLS - TL - H2

A single wall will provide poor sound isolation at a certain
frequency

A single wall has a "resonant frequency" at which the TL will be less than the figure indicated by
the weight per unit of surface. This "coincidence valley" will disappear if the wall has good
internal damping.

Principle
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Example

Behind one end wall in a long factory room are a number of machines with an intense noise level
peak around 1000 Hz. The end of the room is isolated with a wall of 25 mm chipboard and 6 mm
glass. The isolation is ineffective since the chipboard has its coincidence valley at 1000 Hz.

Control measure
The chipboard is replaced by two layers of 9 mm plasterboard. The isolation is improved by
about 10 dB. The plasterboard weighs about the same as one 25 mm chipboard, but is less than

one-fourth as rigid. The coincidence valley is located at 2500 Hz. (Absorptive material could
also be added to the machines side of the wall.
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SOUND REDUCTION IN ENCLOSURE WALLS - TL - H3

Rigidity and weight are both important in thick walls

In most single layer walls, the coincidence valley is close to 100 Hz for a thickness of about 20
cm. At higher frequencies, both increased weight and increased rigidity greater TL. A cast
concrete wall has greater rigidity than a brick wall, and therefore provides greater TL if the two
walls weights are equal.
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Example

Machines in a large open area in an industrial building create a noise hazard .

Control measure

The are containing the machines is surrounded by a brick wall.
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SOUND REDUCTION IN ENCLOSURE WALLS - TL - H4

Light double walls provide good TL

Two light walls separated by an air gap provide good TL, increasing with the distance between
them up to about 15 cm. With sound-absorbing material in between, the TL further increases as
the distance between increases. Double walls may provide the same TL as single walls that are
five to ten times as heavy.

Principle
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Example

Extremely noisy machines disturb workers in two work areas separated by a thin wall.

areas with

quiet work thick, heavy
A

wall

' K]
area with very double wall /_,/ﬁ
noisy eguipment P et

Control measure

The machines are brought together and placed in one end of the factory. This is separated off
with a light double wall which provides 60 dB of insulation. A passageway is created with doors

to the two quiet areas. The insulation between the areas is at least 35 dB even if one of the doors
IS open.
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SOUND REDUCTION IN ENCLOSURE WALLS - TL - H5

Double walls should have few connections

A double wall provides the best TL if each layer is connected to heavy walls or if there are open
joints on both ends. If the layers are fastened to shared studs, the TL is greatly reduced if the
studs are close together. The thicker the layers, the farther apart the studs must be in order to
avoid substantial reduction of TL.

Principle
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Example

The control room for a machine in a paper factory is noisy, and telephone conversation is
practically impossible.

Control measure

A well-insulated room is created with thin panels on common studs. The floor plate of the room
is isolated from vibration from the floor of the factory.
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Noise control measures

The following is a survey of noise control methods which have been applied with good results in
various types of workplaces. Many noise sources produce airborne sound and sound from
vibrating surfaces at the same time, so in many cases several noise control measures must be
applied.

Changes in machinery and equipment

The machines or machine pars to be controlled must be identified. Methods of maintenance and
servicing must be taken into account in noise control design. Attempts should be made to:

e prevent or reduce impact between machine parts.

e reduce speeds gently between forward and reverse movements
o replace metal parts with quieter plastic parts.

e enclose especially noisy machine parts.
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Designers should be encouraged to:

o select power transmission which permits the quietest speed regulation; for example, rotation-
speed-controlled electric motors.

o isolate vibration-related noise sources within machines.

e provide proper TL and seals for doors for machines.

e provide machines with effective cooling flanges which reduce the need for air jet cooling.

Noise of existing equipment can often be controlled as effectively as new equipment without
complicated procedures. Common control measures include:

providing mufflers for the air outlets of pneumatic valves.

changing the pump type in hydraulic systems.

changing to quieter types of fans or placing mufflers in the ducts of ventilation systems .
providing mufflers for electric motors.

providing mufflers for intakes of air compressors.

In a new plant, it is sometimes possible to make more extensive changes such as:
o Installing quiet electric motors and transmissions.
o selective hydraulic systems which have remote oil tanks and accumulators at pump discharges,
and designing pipelines for low flow speeds (maximum 5m/sec.).
e designing ventilation ducts with fan inlet mufflers and other mufflers to prevent noise transfer in
the duct between noisy and quiet rooms.
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Various types of air and solid-borne noise control measures in a tool-making machine
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Materials handling

Existing workplaces may be changed to prevent impact and collision during manual and
mechanical materials handling.

e Reduce the dropping height of goods being collected in bins and boxes.
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o Increase the rigidity of containers receiving impact from goods, or damp them with damping
materials.
o Use soft rubber or plastic to receive hard impacts.

If new transportation equipment is being purchased, consideration should be given to creating a
system for quiet materials handling.

The following may be considered:

o selecting belt conveyors, which generally are quieter than roller conveyors.

e regulating the conveyors or other transportation systems so that their speed is adjusted to the
required amount of material. In this way, it is possible to avoid some noise produced by
vibrations and colliding objects.

Enclosure of machines

If it is not possible to prevent noise, it may be necessary to enclose the machines.

e Use a dense material, such as sheet metal or plaster-board, on the outside.

e Use a sound absorbent material on the inside. A single hood of this type can reduce the sound
level by 15-20 dB(A)

o Install mufflers on cooling air openings during enclosure of electric motors, etc.

o Install easily opened doors as required for machine adjustment and service.

sheat metal =
AR AR R platfarm
which can
be raised
toller and lowered

transporer

Plates dropping from a great height off of a roller belt onto a stacking platform produce loud
noise. By using a board whose height can be raised and lowered, the drop can be reduced and
the noise decreased.
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Enclosure of a hydraulic system requires muffled ventilation openings. Electric motors release
both sound and heat, as do the pump and the oil tank.
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Control of noise from vibrating surfaces

Vibration in machines often results from slippage or loosened bolts. In such cases, the
disturbance can be reduced by repair or replacement.

e Isolate the floor from machine vibrations.

o Place large and heavy machines which will not be vibration isolated on separate bases. They may
be put on a separate piece of ground without contact with the remainder of the building.

e Provide vibration isolation of machine surfaces to reduce sound emission. Fasten plates to the
machine by flexible means in order to reduce the vibrations of the surfaces. Plates with special
damping design may be used.

machine with e
disturbing . &
yibrations 3

concrete floor

- seperate
= machine

%ﬁll space
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In the case of heavily vibrating machines, a separate machine base may be used as well as a
separating joint to prevent the spread of sound. Here, two joints are used for separation.

All joints are equipped with double 10mm layers of cellular plastic projecting shields prior to
concrete pouring.

After pouring, clean or burn out the joints, inspect, and reclean if necessary. No pieces of stone
or the like should be present in the joints.

T

Seal the joint with a piece of rubber tubing, etc., which is pressed down. Then close off the
surface with elastic sealing compound.
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Damping with absorbants

In a workplace with hard materials on the ceiling, walls, and floor, almost all of the sound which
strikes the surfaces is reflected. The sound level goes down at first as you move away from the
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machine, but after a certain point it remains practically unchanged. A better sound environment
can be obtained by coating the ceilings and walls with effective sound-absorbing material.
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How sound levels vary at different distances from a sound source before and after application of
absorbent materials to the entire ceiling surface.
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Sound insulating separate rooms

With automation of machines and processes, remote control from a separate room may become
desirable. Some control measures may include:

e constructing the control rooms with materials having adequate TL.

e providing good sealing around doors and windows.

e providing openings for ventilation with passages for cables and piping equipped with good seals.
The control room will need adequate ventilation and possibly air conditioning in hot working
areas. Otherwise, there is a risk that the doors will be opened for ventilation, which would spoil
the effectiveness of the room in reducing the noise level.
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Sound disturbances in an operating room or shop office may be caused by direct transmission
(leakage through the door opening, etc.) from the machine or by radiation from the common
floor.
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Maintenance

In some cases, a noise hazard will be created or made worse by a lack of maintenance. Parts may
become loose, creating more noise because of improper operation or scraping against other parts.
Grinding noises may also occur as the result of inadequate lubrication.

It is especially important to provide proper maintenance of noise control devices which are added
or built into machinery. If a muffler becomes loose or worn out, for example, it should be fixed
or replaced as soon as possible.

Planning for noise control

Noise control should be taken into account from the beginning of the planning process for a new
building:

e The frame, floor, and machine bases should be selected so that all sources of disturbance can be
provided with effective vibration isolation. Heavy equipment requires rigid, heavy bases. It is also
possible to prevent the machine bases from making direct contact with the rest of the building
frame.
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e Important noise sources may be surrounded with constructions which supply sound isolation.
Special attention should be paid to portholes, observation windows, and other building parts
which involve a risk of sound leakage.

o Noisy areas where the workers must spend time should be provided with ceiling coverings (and
wall coverings as well in the case of very high ceilings) to absorb incoming sound. The sound
absorption ability varies greatly for various materials, so the materials must be selected in relation
to the type of noise. Good sound absorption properties can often be combined with good thermal
insulation.

e Office areas should be separated by means of a joint from building areas where vibration-
producing equipment is installed.

o Wall and floor construction as well as windows, doors, etc., should be constructed to provide the
necessary sound TL.

e Fastening of noisy equipment to light separate structures should always be avoided because
vibration isolation requires a rigid based to be effective.

o For office areas and store-rooms where there are many functions in the same area, ceiling
surfaces which provide good sound absorption and floors covered with soft textile material may
be needed.

110

132|Page



sound-absorbing

material beneath ceiling -=
e — — "

sound shield,
absorbing

. flexible

?pipe

1 I| . )
I |
L | |
| ’4 door with v
\\\ sealing ; | L"’}
[L“‘-‘-%h o strips 3
Emng \_L_ Ny )
1 Il kS . ) ) ] Yy
;ch --:t:.:;ﬁh / “wibration isolation _ A
= o \‘\ b | i ; z.{_._.
R . e b .
! '.:', o \\ double glass with 7 Jf,f
L large interval s
between, with P L

- by placerent of heavy,

| ’ A ibrati ipment
| hoisy equipment ! . :p ; viarating thU'F;W:E”
in basement sound insulating>70 | 21 SEPErate plales

with pillars

Example of noise control measures which can be carried out in an industrial building to avoid
the spread of noise.
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How OSHA can help employers and employees

Legal limits on noise
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Under the Occupational Safety and Health Act, every employer is legally responsible for
providing a workplace free of such hazards as excessive noise.

OSHA regulations require every employer to limit workers' exposure to 90 "decibels," of dB(A),
averaged over an 8-hour period. There are shorter time limits for higher noise levels (see chart).
Measurements must be made under normal working conditions.

If noise exposure rises above these levels, the employer must use “engineering controls™-changes
in the physical work environment-or "administrative controls"-limits on individual employees'
exposure time-in order to comply with the law. While such controls are being implemented,
workers must be provided with personal protective equipment, such as earmuffs or plugs, to
protect their hearing.

Personal protective devices are generally not a good permanent solution for a number of reasons.
They may cause infections or discomfort. They may not work effectively because of the
difficulty in getting acceptable fit for each individual. In some cases-particularly when noise is
intermittent and below 85 dB(A)- they may make communication more difficult, which can
contribute to accidents and make jobs more difficult to perform. If ear protection equipment is
not effective or comfortable, the worker should discuss the problem with his or her employer.
Other devices may be more satisfactory, and perhaps permanent noise control measures may be
installed more quickly.

If sound levels are above the OSHA limits, it is a serious violation of OSHA standards if the
employer does not maintain an adequate hearing conservation program. The program must
include periodic

Hours of exposure Sound level, dB(A)
90
92
95
97
100
Y 102
105
Y 110
Yaor less 115

P PN W Pk~ O

OSHA standards establish limits on workplace noise exposure for given time periods. The limit
for average exposure during an 8-hour shift is 90 decibels, or dB(a). Exposure to impulse noise
should never exceed 140 decibels.
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hearing tests (audiograms) for each overexposed employee and retesting or referral to a qualified
physician if an employee's hearing ability is reduced by 20 decibels at any frequency

When insert ear plugs or custom-molded hearing protection devices other than self-fitted,
malleable plugs are being used, OSHA requires that individual employee fitting be conducted by
a trained person, and that employees be instructed in the care and use of the devices.

More information about OSHA requirements and procedures for enforcing noise standards is
contained in OSHA's Industrial Hygiene Field Operation Manual.

If an employer fails to comply with OSHA standards, and the problem cannot be resolved at the
workplace, workers should contact the nearest OSHA are office.

Consultation for employers

In all states, free consultation services are available to help employers identify job safety and
health hazards, such as excessive noise exposure, and to recommend solutions. All information
gathered by the consultant, including the employer's identity, is completely confidential and is
not made available to OSHA enforcement personnel - with one very rare exception. If a
consultant observes a serious violation of OSHA standards and the employer fails to correct it
within the time period recommended by the consultant, OSHA or the responsible state agency
will be notified.

Employers may on an anonymous basis contact the nearest OSHA office to find out how to take
advantage of the free consultation services.

Loans for small businesses

The Small Business Administration (SBA), in cooperation with OSHA, provides loans to small
businesses which are "likely to suffer substantial economic injury" in meeting OSHA safety and
health standards.

Small business employers can obtain more information from the nearest SBA office or may write
for a copy of SBA Loans for OSHA Compliance (OSHA 2005) from OSHA Office of
Publications, Room S-1212, Department of Labor, Washington, D.C. 20210.

Workers' rights under OSHA

With its small staff of inspectors, OSHA obviously cannot prevent every hazard in every
workplace. It is essential that workers and employers cooperate on job safety and health
programs. In particular, OSHA encourages the formation of workplace health and safety
committees. Health and safety committees can keep on top of job hazards such as noise, day in
and day out. And if properly set up, they can make sure both employers and workers are
involved in eliminating hazards.
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(For more information on health and safety committees and the workers' rights described below,
contact the nearest OSHA office.)

Whenever possible, safety and health problems should be resolved at the workplace. If they can't
be, here are some ways workers can use the laws:

o If your employer fails to correct a hazard causing an imminent danger, contact the nearest OSHA
are office. If an OSHA inspector finds that an imminent danger exists, and your employer still
fails to fix it,
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OSHA can seek an order from a federal court.

o If other types of hazards exist at your workplace, discuss them with other workers, your union
representative, if any, and your employer. If you cannot get the hazard correct, you can ask
OSHA to make an inspection.

e OSHA will not tell your employer who requested an inspection if you ask that your name be kept
confidential.

e During an OSHA inspection, a workers' representative may accompany the inspector, and must
be paid by your employer.

e You (or your representative) may give OSHA information which could affect OSHA actions
against your employer, such as proposed penalties and orders setting proposed dates for
correcting hazard.

o If you disagree with the amount of time OSHA has given your employer to correct a hazard, you
can ask for review by the Occupational Safety and Health Review Commission, an independent
agency. If your employer asks the Commission to review OSHA actions, you can become a
participant in the case by notifying the Commission. The address is: Occupational Safety and
Health Review Commission, 1825 K Street, N.W., Washington, D.C. 20006

e You can obtain information about safety and health hazards, OSHA standards, and rights
provided by OSHA's law from your employer or from any OSHA office, listed in the back of this
booklet.

e Any employer with more than 10 employees must keep records of all work-related injuries and
illnesses, and you (or your representative) have the right to review those records.

e If there is a potential health hazard in your workplace and you would like to know more about it,
contact NIOSH - the National Institute for Occupational Safety and Health. NIOSH will give you
information and, if necessary, may conduct a survey of hazards in your workplace. If NIOSH has
already studied hazards in your industry, it will give you the results. The address is: NIOSH,
Department of HEW, 5600 Fishers Lane, Rockville, Maryland 20857

e Insome states, OSHA has approved requests by state agencies to take over job safety and health
enforcement. The state agencies must provide workers effective protection and the same rights
that OSHA does. If you are not satisfied with any aspect of your state agency's performance, you
may file a complaint with federal OSHA.

Workers' right to insist on job safety and health
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Section 11(c) of OSHA's law says an employer cannot punish or discriminate against an
employee for job safety and health activities, such as:
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complaining to the employer, union, OSHA, or any other government agency about job safety
and health hazards.

filing safety or health grievances.

participating in a workplace health and safety committee or union activities concerning job safety
and health

participating in OSHA inspections, conferences, hearings, or other OSHA-related activities.

If you are exercising these or other safety and health rights, your employer cannot discriminate
against you in any way, such as through firing, demotion, taking away seniority or benefits you've
earned, transferring you to an undesirable job or shift, or threatening or harassing you. If you
believe you have been punished for using your safety and health rights, contact OSHA. You
should do so within 30 days of the time you find out you've been discriminated against. If you
want, your union representative can file your 11(c) complaint for you. If a state agency has been
approved by OSHA to take over job safety and health enforcement, you may file you 11(c)
complaint with either federal OSHA or the state agency.
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Case Studies of Successful Engineering Control and Work Practices

Pallet Manufacturer Noise Controls Case Study

A pallet manufacturer, SIC 2448 — Wood Pallets and Skids, was extremely successful in the
reduction of employee noise exposure through the use of engineering controls, administrative and
work practice changes, and preventive maintenance. A reduction of 846% of dose or 13.2 dBA
was documented for a saw operator, and lesser reductions for nail gun operators.

Before

A pallet manufacturer, SIC 2448 — Wood Pallets and Skids, had an initial industrial hygiene visit
that included noise exposure monitoring. The noise exposure TWA levels for the cut-off saw
operator, cut-off saw unloader, and the nail gun operators were measured. The 8-hr TWA for the
employees are given in Table 1 below.

Employee Job Task | 8-hr TWA Noise Exposure (dBA)
Cut-off saw operator 106.7
Cut-off saw unloader 88.6
Nail gun operator #1 101.5
Nail gun operator #2 94.5
Nail gun operator #3 93.7
Nail gun operator #4 88.0

Table 1: Initial 8-hr TWA Noise Exposure for Employees

The cut-off saw operator was exposed to extremely high levels of noise while operating the cut-off saw,
106.7 dBA TWA, which used an 18 diameter circular saw to cut timber to length in order to feed the rest
of the production line, Figures 1 & 2. The primary noise sources for the cut-off saw operator were the timber
loading system, steel roller conveyor system, cut-off saw blade cutting the timber, the cut-off saw motor,
and ventilation system noise. The cut-off saw unloader’s work station was approximately 15 to 20 feet
downstream of the cut-off saw operator’s work station, and had a noise exposure of 88.6 dBA TWA, with
the same primary noise sources as the cut-off saw operators. The nail gun operators were exposed to varying
amounts of noise, from 88.0 dBA to 101.5 dBA for an 8-hr TWA.. Their primary noise sources are from the
operation of the pneumatic nail gun and the impact noise of material handling, Figures 3 & 4.

Figure 1: Cut-off saw and timber loading system with roller conveyor
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Figure 3: Pneumatic nail gun
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Figure 4: Nail gun operator’s workstation

Noise Controls

The company instituted a variety of engineering, administrative, and work practice controls. The cut-saw
was moved from being an autonomous unit parallel to the rest of the production line to being in-line with
the rest of the production line in a small expansion of the plant building, Figure 5. This contained the cut-

off saw noise.

Figure 5: Cut-off saw in small expansion of plant building
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The timber loading and conveyor system was placed outside the plant building, with the conveyor line
entering the facility through a hole in the wall of the small expansion room housing the cut-off saw, Figure
6 and 7. This removed most of the noise from the timber loading system from the cut-saw operator’s noise
exposure.

5
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Figure 7: Timber conveyor system entering facility to the cut-off saw

Inside the expanded metal machine guarding around the cut-off saw, Plexiglas™ was installed on the front
of the cut-off saw and foam board was installed on the sides and rear, Figures 8 thru 11. These controls
reflected the noise from the cut-off saw away from the operator, and absorbed the noise going to the sides
and rear. Panels of carpeting were also added to the walls of the room to absorb noise and prevent reflection
back to the operator, Figure 11. Maintenance was also performed on the cut-off saw, with the change-out
frequency of the saw blade also increased so that a sharper saw blade was typically in use to minimize noise
from the saw blade. The nail guns were also overhauled by the supplier, and new work practices were

141 |Page



instituted to have the nail gun operators use their guns while in a more upright posture, instead of “hunched
over” the guns while activating the trigger.
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Figure 9: Cut-off saw with Plexiglas™ front for operator workstation view
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After

The change in plant layout, installed engineering controls, maintenance and work practices
dramatically and successfully reduced the employee noise exposures! The cut-off saw operator’s
noise exposure went from 106.7 dBA, which is 1009% of the allowable dose of the OSHA PEL
dose of 90 dBA (or 100% dose), to 93.5 dBA (or 162% dose). This is a decrease of 13.2 dBA (or
an 846.5%) is an eight fold reduction of the employee’s noise exposure. As can be seen in Table
2 below, comparing employee noise exposure from the initial site visit to the follow-up site visit,
almost all employees had a reduction in noise exposure. The other employee besides the cut-off
saw operator that had a noise exposure above 100 dBA was nail gun operator #1. Nail gun operator
#1, had a reduction of 10.7 dBA (or 378% of the dose) from 101.5 dBA/490% dose to 90.8
dBA/112% dose during the follow up visit. Nail gun operators #2 & #3 had reductions of noise
exposure and dose ranging from 8.1 dBA/113% dose to 3.0 dBA/28% dose. The only employee
that had an increase in noise exposure was nail gun operator #4, who went from 88.0 dBA/76%
dose before to 90.2 dBA/103% dose after, but the increase was just 2.2 dBA and that change is
within the range of expected variation.

One of the most important implications of the reduction in employee noise exposure is the change
in required hearing protection. The initial noise monitoring found levels requiring the use of
double hearing protection for two job positions: cut saw operator and nail gun operator #1. After
instituting the various noise controls it was found that double hearing protection is no longer
required.

Job Task TWA, PEL dBA (Dose %) | TWA, dBA (Dose %) | Change in dBA
Before After (Dose %)
106.7 93.5 -13.2
Cut-off saw operator (1009%) (162.5%) (-846.5%)
88.6 85.6 -3.0
Cut-off saw unloader (82%) (54%) (-28%)
Nail gun operator #1 101.5 038 -10.7
gun op (490%) (112%) (-378%)
Nail gun operator #2 94.5 89.5 5.0
(187.5%) (93%) (-94.5%)
Nail gun operator #3 93.7 85.6 81
(167.5%) (54%) (-113.5%)
Nail gun operator #4 88.0 90.2 2.2
(76%) (103%) (27%)

Table 2: Comparison of Employee Noise Exposure Before and After Installation of Noise Controls
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Pallet Disassembly & Repair Facility Noise Controls Case Study

A pallet dismantler and repair facility, SIC 2448 — Wood Pallets and Skids, was extremely successful in the
reduction of employee noise exposure through the use of engineering controls, administrative and work
practice changes, and preventive maintenance.

Noise Levels Before Engineering and Administrative Controls

A pallet disassembly and repair facility, SIC 2448 — Wood Pallets and Skids, had an initial industrial hygiene
visit that included noise exposure monitoring. The request for services was to provide citation compliance
assistance based on an OSHA Compliance Officer’s noise monitoring. An employee in the repair and
assembly area working at a steel assembly table with a pneumatic nail gun, pneumatic stapler and manual
hammer had a TWA exposure of 103.7 dBA or 670% of the allowed dose, and in the disassembly area an
employee operating a dismantler saw, large horizontal format band saw, had a TWA exposure of 101.6 dBA
or 500% of the allowed dose.

The Georgia Tech Occupational Safety & Health Program consultant took TWA noise exposure readings on
an employee in the repair and assembly area, with the employee having a TWA of 97.1 dBA. Sound level
readings were collected in the area of employees’ head in the disassembly area of the facility where two
disassembly band saws are operated to cut the nails holding together a damaged pallet. Both saws produce
noise levels that ranged from about 98 to 104 dBA when cutting nails. The saws are generally cutting nails as
fast as the employees can load and feed a damaged pallet into the band saw blade.

Photos of the repair and assembly area, and the disassembly saw are shown in Figures 1 through 5.

Figure 1. Repair and assembly steel work table.
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Figure 2 . Underside of repair and assembly table

h

Figure 3. Pneumatic nail gun and stapler used at repair and assembly table.
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Figure 5. Small format disassembly band saw
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Description of Engineering and Administrative Controls

The company instituted a variety of engineering, administrative, and work practice controls. These actions
reduced the employee noise exposure significantly, in the repair and assembly area from 103.7 dBA during
the OSHA inspection to a maximum TWA of 91.5 dBA, and in the disassembly are from 101.6 dBA during
the OSHA inspection to a maximum TWA of 95.7. In the repair and assembly area all the metal
workstations, stations 1-5, were modified with a layer of conveyor belt material between the steel plate table
top and a piece of approximately 17 of plywood. This sandwich is held together with four bolts in each
quadrant of the rectangular surface. Under each leg of the table was also placed squares of the conveyor belt
material. The underside of the table’s steel plate top was also coated in a thin coating of spray on rubberized
paint like sealant. The pictures below show the modified workstation table, Figures 6 through 8.

Figure 6. Plywood on table.
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Figure 7. Plywood/conveyor belt sandwich.

Figure 8. Spray ruber on bottom of table.
149 |Page



The facility installed a variety of engineering controls in the disassembly area to control noise production
and transmission. Egg-crate type foam and plywood panels were applied to the large format disassembly saw
machine guarding, and strategically placed hanging panels of plywood with egg-crate type foam between
workstations were installed. The hanging panels interrupted the direct sound transmission between
workstations without cluttering the floor or impeding the movement of work from station to station. The
application of the egg-crate foam and plywood and panels are shown in the pictures below, Figures 9 through
11.

Figure 9. Foamplywood on machine guarding.
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Figure 11. Additional hanging plywood/foam panels.

The facility also installed carpeting to various surfaces to dampen vibration and reduce impact noise on a
trim saw and a rotating circular material distribution table in the middle of the disassembly area.
Additionally, to decrease noise production the metal interior surfaces of several pieces of equipment were
coated with spray on rubberized paint material to deaden the surfaces and reduce reverberation. These
engineering controls are shown in the following pictures, Figures 12 through 15.
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Figure 12. Carpet on loading edge of trim saw.

Figure 13. Carpet on material loading platform.
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Figure 14. Carpet on material distribution table in disassembly area

Figure 15. Inside panels coated with rubberized paint.
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As an administrative control the facility also instituted a policy of limiting employee work duration on the
disassembly saws, the loudest job task, to half a day.

Noise Levels After Engineering and Administrative Controls

In the repair and assembly area during the initial GT Consultation site visit the employee working at
workstation #1 on an unmodified table had a noise TWA of 97.1 dBA, and during the OSHA inspection an
employee at one of the assembly workstations had a TWA of 103.7 dBA. Three of five employees working
at repair and assembly workstations were monitored for noise and had an average PEL scale TWA of 89.9
dBA, a reduction of 7.2 dBA from the initial GT Consultation visit, and a reduction of 13.8 dBA from the
OSHA inspection. The three employees monitored in the repair and assembly area had PEL scale TWA of
90.0, 91.5, and 88.1 dBA for workstations 1, 3, and 5.

In the disassembly area of the facility an employee had a noise exposure of 101.6 dBA operating a
disassembly saw during the OSHA inspection, and in the initial GT Consultation visit the cutting of nails
produced noise in the range of approximately 98 to 104 dBA. After installation of engineering controls the
two operators of the large format disassembly saw had TWA noise exposure of 94.2 and 91.1 dBA. This was
a reduction of 7.4 and 10.5 dBA respectively from the OSHA Compliance officer noise monitoring. The
noise monitoring performed after the installation of engineering controls still indicates that the peak decibel
readings during the cutting of nails on the disassembly saws had a range similar to the 98 to 104 dBA
monitored before the installation of engineering controls, as seen in Figures 16 and 17 below. However, the
overall ambient noise was greatly reduced. An individual employee’s TWA was much more impacted after
this installation of controls by the noise produced by their work activities than by the noise produced from
other workers in the disassembly area. This difference in ambient or background noise on an individual
employee can be seen graphically in a comparison of a disassembly saw operator’s noise exposure when
cutting nails from before installation of engineering controls, Figure 16, and the disassembly saw operator’s
noise exposure when cutting nails after installation of engineering controls, Figure 17.
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Figure 16. Before engineering controls for disassembly saw operator. Figure 17. After engineering controls for disassembly saw operator.

The maximum decibels in each graph are reaching the 100 dBA range (red areas on the graph) but these
maximum decibel peaks are sharper, the transition from red to green areas, and the green areas are larger
with transition to blue more often. The benefit of limiting an employee’s exposure to surrounding noise
production is seen in the example of the chop saw operator and a disassembly saw operator, whose stations
are approximately 10 feet apart. The employee operating the chop saw for half a day had a TWA for that
period of 93.8 dBA, and the disassembly saw operator for the same period of time had a TWA for that period
of 97.4 dBA, a difference of 3.8 dBA.

As an administrative control the facility also instituted a policy of limiting employee work duration on the
disassembly saws, which is the loudest job task, to half a day. An employee operated the chop saw in the
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morning and had a TWA for the period of 90.8 dBA, then after lunch switched to operating a disassambly
saw and had a TWA for the afternoon of 97.4 dBA, and a TWA for the entire work shift (402 minutes of
monitoring) of 95.0 dBA.
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Table 1. Employee Noise Exposure Reductions

Before Engineering &
Administrative Controls

After Engineering &
Administrative Controls

Reduction in Noise Exposure

Emplovee Noise TWA dBA, PEL Scale | Noise TWA dBA, PEL Scale TWA dBA Dose %
Plioy (Dose %) (Dose %) (Average) (Average)

Repair & Assembly Station 103.7 90.0, 91.5, 88.1 — 89.9 average | 13.7,12.2,15.6 570, 548, 592
(OSHA data) (670) (100, 122, 78 — 99 average) (13.8) (571)
Repair & Assembly Station 97.1 90.0,91.5, 88.1 - 89.9 average | 7.1, 5.6,9.0 168, 146, 190
(GT data) (268) (100, 122, 78 — 99 average) (7.2) (169)
Disassembly Saw Operator 101.6 94.2,91.1,95.0 - 93.4 average | 7.4,10.5,6.6 320, 384, 300
(OSHA data) (500) (180, 116, 200 — 160 average) (8.2) (340)
Disassembly Saw Operator 98 to 104 — 101 average 94.2,91.1, 95.0 - 93.4 average 6.8, 9.9, 6.0 321, 385, 301
(GT data) (302 to 700 — 501 average) (180, 116, 200 — 160 average) (7.6) (341)
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Metal Recycler Shaker Table Noise Controls Case Study

This noise control study concerns a metal recycling company that collects, processes and sells
scrap ferrous and non-ferrous metal (SIC 5093 — Wholesale Trade-durable Goods — Scrap and
Waste Materials). The company was in the process of installing a new shaker table to be used in
the sorting of non-ferrous metal. With the engineering controls described in this case study the
company was successful in reducing noise from the shaker table by 13.7 dBA.

Noise Levels Before Engineering Controls

The initial noise level measured for the operator of the new shaker table was 102.7 dBA during a
5-minute test run of the table. In the process evaluated, non-ferrous metal is emptied from a
storage bin into a hopper that feeds the shaker table, which is constructed of heavy gauge steel
plate with an approximate 6-inch high side wall, Figure 1. The shaker table is vibrated from the
bottom to move the metal to be sorted down the table length from the storage hopper to a holding
bin. Employees stand on either side of the shaker table to sort the non-ferrous metal, removing
unwanted debris or metal for further processing.

Figure 1. New shaker table for sorting non-ferrous metal.

The sources of the noise that employees are potentially exposed to come from:
e the metal on metal contact as non-ferrous metal being sorted is vibrated down the shaker
table;
e the metal on metal contact of the metal emptying from the hopper onto the shaker table;
and,
¢ the motor under the shaker table that is providing the vibration to the shaker table surface.

Description of Engineering Controls Installed

The first issue addressed was the reduction of the metal on metal contact noise produced as the
non-ferrous metal being sorted contacted the surface of the shaker table. To achieve this the
surface of the shaker table was coated with a spray-on isocyanate catalyzed polyurethane coating
(similar to the rubberized coating often applied to truck bed liners). This provided tough and
resilient surface that prevented a majority of the noise produced from metal to metal contact
between the non-ferrous metal being sorted and the shaker table surface. This coating was
applied to the shaker table top surface and side walls, Figures 2 and 3. The second issue was to
contain and dampen the noise from the motor under the shaker table. To do this, panels of
approximately 74 thick plastic and rubber were added to the sides of the table and access doors,
(see Figures 4 and 5).
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Figure 5. Plastic and rubber side panels on shaker table.
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Noise Levels After Installation of Engineering Controls

The noise levels monitored at the same location after the installation of the engineering controls
on the shaker table were reduced to 89 dBA at the operator’s position. The reduction from 102.7
dBA prior to the installation of engineering controls to 89 dBA after the installation of
engineering controls was a reduction of 13.7 dBA. Employee potential exposure as a dose
percentage of the permissible exposure limit of 90 dBA for an 8-hour time weighted average
went from a dose of 582% before installation of engineering controls to an 87% dose after
installation of engineering controls. The facility estimated that the total investment in materials
and labor for the installation of the engineering controls was approximately $600.
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Case Study — Vacuum Pump Noise

A woodshop that manufactures cabinetry, SIC 2521 — Wood Office Furniture, was successful in
reducing employee noise exposure by performing maintenance on a vacuum pump.

Noise Levels Before Maintenance to the Vacuum Pump

Employees working in the woodshop were monitored for noise exposure during a normal 8-hour
work shift. The two employees with workstations located closest to the vacuum pump for the
CNC machine were determined to be over the OSHA action level of 85 dBA for a time-weighted
average (TWA) during an 8-hour work shift. The two employees, an edgebander operator and a
saw operator, had TWAs of 86.3 and 85.0 dBA, respectively, for the representative full shift
monitoring performed. The CNC machine and the CNC vacuum pump were in operation in the
morning, but not in the afternoon. The employees working at the edgebander and the saw had job
tasks and workloads that did not change over the course of the day. However, their exposure to
noise in the morning when the CNC machine and CNC vacuum pump were in operation was
significantly higher than their exposure in the afternoon. Considering only the higher morning
exposure, the TWA was 88.2 dBA for the edgebander operator and 88.5 dBA for the saw
operator, Table 1.

Table 1. Employees’ noise exposure nearest the CNC machine before maintenance to
vacuum pump.

Job Exposure Period TWA (dBA)
Full shift 86.3
Edgebander Operator (Morning Only) (88.2)
Saw Oberator Full shift 85.0
p (Morning Only) (88.5)

Noise level measurements were taken 6-feet away from the CNC vacuum pump, Figure 1, in the
direction of the edgebander and saw, the two closest workstations to the CNC vacuum pump, and
the noise level was approximately 96-97 dBA.

Figure 1. CNC Va uumAPu-mp
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Noise Levels After Maintenance to the Vacuum Pump

Maintenance was performed on the vacuum pump, which included replacement of the pump
vanes that had been worn down (approximately by 30%), and replacement, tightening and
lubrication of seals, gaskets and fittings. This maintenance reduced the noise produced by the
vacuum pump from the range of 97-96 dBA to the range of 87-86 dBA (as measured 6-feet away
from the pump). This is a reduction of approximately 10 dBA can be expressed as a 75%
reduction of the amount of noise based on OSHA’s 5 dBA noise doubling rate. This can also be
expressed as the reduction from a potential dose of 268% to a 68% potential dose, with respect to
the OSHA PEL of 90 dBA. The two employees located at the workstations closest to the vacuum
pump also had reduced TWA noise exposures. The employees’ noise exposures after the
maintenance to the vacuum pump were 80.6 dBA and 81.0 dBA respectively for the edgebander
and the saw operator.

Table 2. Employees’ noise exposure nearest the CNC machine after maintenance to

vacuum pump.
Before Maintenance to | After Maintenance to
Vacuum Pump Vacuum Pump
Job dBA TWA
(Morning dBA TWA with dBA TWA
vacuum pump running)
Edgebander Operator 86.3 (88.2) 80.6
Saw Operator 85.0 (88.5) 81.0

The two employees who were closest to the vacuum pump had an average TWA before
maintenance of 85.7 dBA for the full day and 88.4 dBA for just the morning when the vacuum
pump was running. After maintenance to the vacuum pump the average TWA noise exposure
for the two employees at the same workstations was 80.8 dBA. This was a reduction of 4.9 dBA
for the full day and a reduction of 7.6 dBA considering only the morning period. The average
dose of the two employees closest to the vacuum pump was reduced from a dose of 55.1% for
the whole day, (or 80.1% dose for just the morning when the vacuum pump was running), to a
dose of 27.9% after maintenance of the vacuum pump. In addition to the employee noise
exposure reductions realized by the maintenance to the CNC vacuum pump, the facility also
reported improved performance from the CNC machine.
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Edge Bander and Wood Grinder Noise Control Case Study

A woodshop (SIC 2434-Wood Cabinets) successfully reduced employees’ noise exposure from
an edge bander and a wood grinder through the use of engineering controls. The engineering
controls utilized were sound absorbing material added to the enclosure for the edge bander, and
an enclosure constructed around a wood grinder. The addition of sound absorbing material to the
edge bander’s enclosure reduced two employees’ noise exposure 5.9 and 8.6 dBA. The

construction of an enclosure around the wood grinder reduced an employee’s noise exposure by
7.8 dBA.

Noise Levels Before Engineering Controls

The noise from the edge bander is produced from the cutting heads trimming laminate from
boards and panels used in the manufacturing of cabinetry. The boards and panels are feed into
the edge bander by placing them on a conveyor system that holds the board or panel as it is
conveyed through the edge bander. The edge bander cutting heads, motors, and other moving
parts are enclosed in a housing constructed of sheet metal panels and doors. The two employees
working at the edge bander were monitored for noise exposure and had a time-weighted average
(TWA) of 85.6 dBA for the operator and 84.3 dBA for the output material handler. These
employees were working a 9-hour work shift, which reduced the OSHA noise action level to
84.2 dBA, so both employees would be required to be included in a hearing conservation
program.

A wood grinder for scrap material is located next to a large format dimensional saw and the saw
operator was monitored for noise exposure. The saw operator generally did not insert material or
interact with the wood grinder during the work shift, but other employees in the workplace were
frequently inserting wood scrap material into the wood grinder throughout the entire work shift.
The wood grinder had machine guarding for safety, but had no controls for reducing noise
produced by the operation of the grinder. The large format saw being operated by the employee
was not particularly loud, the saw blade and motor were enclosed in housing and located away
from the operators station. The saw operator worked an 8-hour work shift, so the OSHA noise
action level for a TWA was 85 dBA, and the operator had a TWA noise exposure was 89.0 dBA.

Description of Engineering Controls Installed

Automotive sound deadening foam with adhesive backing, Figure 1, was applied to the interior
of the sheet metal panels and doors that comprised the housing around the cutting heads and
motors of the edge bander.

Figure 1. Automotive sound deadening foam with adhesive backing.

The wood grinder had an enclosure constructed around it of panels made of a sandwich of sheet
metal and foam insulation. The opening to the grinder on the conveyor chute was minimized to
just a few inches, only tall enough for passage of the thickest scrap material, Figure 2. Access to
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the grinder was provided on the side of the enclosure, behind a flexible quilted sound absorbing
curtain, Figure 3.

Figure 2. Wood grinder enclosure, conveyor chute, and opening.

i F;

Figure 3. Wood grinder side access by way of sound absorbing flexible quilted curtain.

Noise Levels After Installation of Engineering Controls

The employees’ noise exposures before and after the application of noise controls, and the
reduction amount are presented in Table 1. At the edge bander after the installation of the sound
deadening foam to the interior of the housing, the operator’s TWA decreased 5.9 dBA, from 85.6
dBA to 79.7 dBA. The output material handler’s TWA declined 8.6 dBA, from 84.3 dBA to 75.7
dBA. The enclosure around the wood grinder reduced the saw operator’s noise exposure 7.8
dBA, from 89.0 dBA to 81.2 dBA.
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Any noise reduction in excess of 3 dBA is considered a significant reduction. OSHA has defined
a 5 dBA change in the amount of noise as a doubling or halving of the amount of noise. So for an
example, a change from a TWA of 85 dBA to 90 dBA is a doubling of the amount of noise an
employee is exposed to, and a TWA change from 90 dBA to 85 dBA is half the amount of
employee noise exposure. Thus all the noise reductions made in this case study, which ranged
from 5.9 dBA to 8.6 dBA, represent a significant reduction in employee noise exposure, with all
the reductions being greater than a 50% reduction in employee noise exposure.

Table 1. Employee Noise Exposure, Before and After Installation of Engineering Controls

TWA before TWA after Noise

Employee work station | engineering controls, | engineering controls, | reduction,
dBA dBA dBA

Edge bander, operator 85.6 79.7 59
Edge bander,
output material handler 84.3 1 8.6
Saw operator, 89.0 81.2 7.8
next to wood grinder
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Abrasive Blasing Noise Control Case Study

A granite memorial manufacturer (SIC 3281—Cut Stone and Stone Products) successfully
reduced employees’ noise exposure from an automated abrasive blasting booth through the use
of engineering controls. The engineering controls utilized were the application of sound
absorbing material to the interior, exterior, and entry port for the automated abrasive blaster. The
addition of sound absorbing material to the booth reduced the noise exposure for employees
working in the area, with one monitored employee having his noise exposure reduced by 13.5
dBA.

Noise Levels Before Engineering Controls

The noise from the automated abrasive blaster is produced from the compressed air exiting the
nozzle of the abrasive blaster and the impact of the abrasive on the granite surface. The operator
of the automated abrasive blaster was monitored for noise exposure and had a time-weighted
average (TWA) of 100.8 dBA. Employees in the production area were not included in a hearing
conservation program, but were required to wear hearing protection on the production floor. An
investigation of the employee’s noise exposure indicated that the primary path of exposure for
the employee was from the opening by which the automated abrasive blaster entered the booth,
Figure 1. During the survey the employee stood in front of this opening to observe the operation
of the automated sandblast system. Noise measured at this location with a dosimeter in sound
level meter mode indicated noise in excess of 100 dBA.

Figure 1. Abrasive blast booth before engineering controls.
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Description of Engineering Controls Installed

A tight weave loop carpet material was installed on the interior wall surfaces of the abrasive blast
booth and to the exterior of the booth by the entry door. Additional sound dampening material
was added to the opening for the automated abrasive blasting system, such that the nozzle
extending into the booth and is sandwiched between two pieces of heavy overlapping rubber
matting as it is traveling back and forth, , Figure 2.

Figure 2. Abrasive blast booth after engineering controls

Noise Levels After Installation of Engineering Controls

The employee’s noise exposure before the application of noise controls was 100.8, after the
application of noise controls the employee’s noise exposure was 87.3 dBA, a reduction of 13.5
dBA. The employee’s percent dose went from 446% to 69%, a decrease of 378%. The noise
measured at the opening by which the automated abrasive blaster entered the booth now was in

the 92 to 94 dBA range.
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Aluminum Saw Noise Control Case Study

A manufacturer cutting extruded aluminum with a saw successfully reduced employees’ noise exposure

through the use of engineering controls. The engineering controls utilized were sound absorbing material
added to the enclosure for the aluminum saw, and switching saw blades to a blade designed to be quieter
for the application. The addition of sound absorbing material to the edge bander’s enclosure reduced two
employees’ noise exposure 2.2 dBA. The substitution of quieter designed saw blade for the original saw

blade reduced the operator’s noise exposure by 3.4 dBA.

Noise Levels Before Engineering Controls

The noise from the saw cutting extruded aluminum is produced from the blade vibrating and vibrating the
extruded aluminum. The extruded aluminum is moved under the saw blade and then the blade moves
forward to cut the extruded aluminum. The saw operator was monitored for noise exposure and had a
time-weighted average (TWA) of 89.4 dBA for an eight-hour work shift. This level of noise exposure for
the aluminum saw operator would require the company to institute a hearing conservation program.

Description of Engineering Controls Installed
Acoustically dense foam was added to the housing that surrounds the aluminum saw, and brushes were
added to the entry and exit pomts for materlal to be fed into the saw housing, Flgure 1.

| Flgure 1. Acoustlcally dense foam added to saw housing and brushes
added to entry and exit for material entering the saw housing.

The original manufacturer’s supplied saw blade was replaced with a NAP Gladu Silent Blade with copper
plugs.

Noise Levels After Installation of Engineering Controls

The employees’ noise exposures before and after the application of noise controls, and the reduction
amount are presented in Table 1. The operator’s noise exposure after the installation of the sound
deadening foam to the saw housing and adding the brushes to the material entry and exit to the saw
housing decreased 2.2 dBA, from 89.4 dBA to 87.2 dBA. After replacing the original manufacturer’s
supplied saw blade with a NAP Gluda Silent blade with copper plugs the aluminum saw operator’s noise
exposure decreased from 87.2 dBA to 83.8 dBA.
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The aluminum saw operator’s total noise exposure was reduced from 89.4 dBA to 83.8 dBA, a reduction
of 5.6 dBA. OSHA has defined a 5 dBA change in the amount of noise as a doubling or halving of the
amount of noise. So for an example, a change from a TWA of 85 dBA to 90 dBA is a doubling of the
amount of noise an employee is exposed to, and a TWA change from 90 dBA to 85 dBA is half the
amount of employee noise exposure. Thus the noise reductions made in this case study, lowering the
employee’s exposure from 89.4 dBA to 83.8 dBA a reduction of 5.6 dBA, represent a significant
reduction in employee noise exposure, with the reductions being greater than a 50% reduction in

employee noise exposure.

Table 1. Employee Noise Exposure, Before and After Installation of Engineering Controls

TWA before TWA after engineering Noise
Engineering Control Applied engineering controls, controls, reduction,
dBA dBA dBA
Foam and brushes added to housing 89.4 87.2 2.2
Replacement of saw blade 87.2 83.8 3.4
Foam and brushes added to housing 894 838 56

and replacement of saw blade
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