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ASSOCIATES IN ACOUSTICS, INC.
³Industrial noise control,
³Noise exposure assessment,
³Environmental/Community noise,
³Training seminars in noise control
and hearing conservation, and
³Occupational audiology.

Administrative Procedures
³Emergency Exits
³Course Material and References
³Course manual – via electronic file.
³To obtain all resources type in your
Internet browser: goo.gl/2GQe2B
³The Noise Manual

Note: Conference Wi-Fi
- network: ???
- password is: ???
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Administrative Procedures
³Emergency Exits
³Course Material and References
³Course manual – via electronic file from
AIHA
³The Noise Manual
³ References - see Google drive and
table of contents:
³pdf articles
³spreadsheets
³multi-media files
To obtain all resources type in your Internet browser: goo.gl/2GQe2B

Administrative Procedures
³References:
³References (pdf files):
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Administrative Procedures
³ References:
³ Spreadsheets (See Brief Description)
³Absorption
³A-weighting sound pressure levels
Brief De
³Barriers
sc
of each ription
spreadsh
eet
³dB Addition and Subtraction
³dB Averaging
³Exposure (OSHA/MSHA and ACGIH)
³Octave-band Data
³Room Constant
³Workshop: Estimating SPL after Relocating
Equipment
³HSE Calculators (daily, weekly, HPDs)

Administrative Procedures
³References ³Audio and Video Files:
³All PDC video files
³Aearo Technologies - Audio Demos
t
excellen ³Pure Tones
e
r
a
s
e
l
i
These f HCP training
³Air gun with and without quiet-design
in
for use
³Brandon Pletsch - animation of inner
ear
³Hair Cell Rock
³Hudspeth Animation of inner ear
³HSE Hearing Loss Demo
³NASA Audio and H.L. Demo
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Administrative Procedures
³Emergency Exits
³Course Material and References
³Course manual – via electronic file from
AIHA
³The Noise Manual
³The envelope, please
³ References - Memory Stick/Thumb Drive
³References (pdf files)
³Spreadsheet files (Excel)
³Audio and Video Files

Interactive discussions are encouraged

Description of the Risk
Noise-induced hearing loss
(NIHL) is one of the most
prevalent occupational diseases.
NIHL rarely results from a single
exposure, but instead the effects
are insidious, occurring gradually
over years of unprotected
exposure to excessive noise.
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Courtesy the National Hearing Conservation Association (NHCA)

Description of the Risk
As a result, affected people
seldom recognize they are having
a problem until significant damage
has occurred.
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Description of the Risk
NIHL is permanent and
irreversible. Fortunately, workrelated NIHL is 100 percent (%)
preventable through
implementation and maintenance
of a comprehensive and effective
hearing conservation program.

Hearing Conservation Program
Seven components of a program:
³Noise surveys,
³Noise controls,
³Hearing protection program,
³Employee education and training,
³Audiometric testing,
³Recordkeeping, and
³Evaluation of program
effectiveness.
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Interactive Polling
³Poll Everywhere: You may use your
phone, tablet, or laptop to respond.
³You can participate by sending a text
message or visiting the URL from any
web browser. You DO NOT need to
download anything.
³Your phone number is completely
private and you will never receive spam.
³Responses are anonymous.
³To participate do one of the following:

You only need to join the polling once.

Via any web browser:
Connect to the WiFi for the
conference: ??????
Password: ??????
And then go to:
pollev.com/dennisdrisco434
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Noise Control Engineering
Always keep in mind:
The most effective way to prevent
noise-induced hearing loss is
through noise control engineering!
From your experience why do
companies invest in noise control?

9

Learning Outcomes
Upon successful completion of this
course, students should be able
to:
³Identify the noise generating
mechanisms, and prioritize
them for noise control.
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Learning Outcomes
Upon successful completion of this
course, students should be able to:
³ Develop feasible noise controls
through:
³ equipment or process redesign,
using commercially available
products and/or materials requiring
modification based on the
customized needs of the problem,

Learning Outcomes
Upon successful completion of this
course, student should be able to:
³Understand noise control design
and retrofit applications for
various industrial equipment, and
³Work with the design contractor,
acoustical product vendors or
suppliers to achieve the stated

noise criteria.
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Topics and Schedule of Events
³The Principles of Noise Control.
³Room Acoustics: sound absorption,
transmission loss, and properties of
acoustical materials.
³Workshop: Estimating SPL when
installing or relocating equipment.
³Noise Control Options and
Applications for Specific Equipment.
³Final Exam and Wrap Up.

Any Questions
Before We Begin?
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THE PRINCIPLES OF
NOISE CONTROL
Section Objective:
Provide a comprehensive overview of
the six (6) Principles of Noise Control,
and how they are applied toward
identifying the most practical and
effective noise control options.

THE PRINCIPLES OF
NOISE CONTROL
The Principles of Noise Control are based
upon you, as the end user, having:
1. Knowledge of the generation and propagation of
noise,
2. Capability of obtaining valid acoustical data,
3. The availability of suitable materials, and
4. Common Sense.
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PRINCIPLE 1
CONDUCT A NOISE CONTROL SURVEY
TO IDENTIFY THE SOURCE(S) AND
PRIORITIZE FOR NOISE CONTROL

Fundamentals of Sound
Sound is generated by:
o Vibrating surfaces: panels, pipes
o Mechanical impacts
Amplitude Frequency Wavelength
o Pulsating gas flows: compressed air
exhausts
o Air flow over surfaces
o Compression and rarefaction of medium
(Gears meshing, blade passage frequency)
goo.gl/2GQe2B

Animation courtesy University of Southampton,
Institute of Sound and Vibration Research
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Wavelength of Sound in Air
Frequency, Hz

Wavelength
(metric)

Wavelength,
(English)

31.5

11.6 m

35.8 ft.

4000

8.6 cm

3.4 in.

Fundamentals of Sound

Sound is generated by:
63
m
o Vibrating
surfaces:5.8 panels,
pipes17.9 ft.
125
2.9 m
9.0 ft.
o Mechanical
impacts
Wavelength
Amplitude
Frequency
250
1.5 mcompressed 4.5
o Pulsating
gas flows:
airft.
exhausts
500
0.7 m
2.2 ft.
o Air1000
flow over surfaces
0.35 m
1.1 ft.
o CompressionMultiple
and impact
rarefaction
of medium
Single
impacts
effect
(5) effect
2000
17
cm
6.7
in.(ASPIRE)
Courtesy
Courtesy
University
University
of Utah,
of Utah,
Astrophysics
Astrophysics
Science
Science
Project
Project
Integrated
Integrated
Research
Research
& Education
& Education
(ASPIRE)
(Gears
meshing,
blade
passage
frequency)
8000

goo.gl/2GQe2B

Animation courtesy
University of Southampton,
4.3 cm
1.7 in.
Institute of Sound and Vibration Research

THE NOISE CONTROL SURVEY
o One of the most challenging aspects of
noise control is identification of the
actual root cause or source of noise.
o In an industrial setting there are usually
multiple machines operating
simultaneously, which can make it
difficult to identify the dominant
contributors to an employee’s noise
exposure.
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THE NOISE CONTROL SURVEY
o It is most effective for the surveyor to
employ a systematic approach that will
help separate out the individual noise
sources and their relative contributions to
the noise environment.
o The following techniques are
recommended to help identify the
sources of noise:

Using the Sound Level Meter

3M (Quest)
TSI
Larson-Davis
Svantek
Larson-Davis
Casella CEL
Casella
CEL
B&K
B&K
Visit their Exhibit Booths

Real-time Analyzers (RTAs)
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Measurement Metrics for
Workplace Noise Control
o
o
o
o

Leq,T - Equivalent-continuous sound level
Lmax - Maximum sound level
Lmin - Minimum sound level
Frequency spectrum (1/1 or 1/3 octavebands)
o Weighting Networks (A-weight and Linear,
which is for all practical purposes Z-weight)
o Sound level versus time (Logging function)
- typically intervals of 1-second or less

Measurement Duration
o There are several different types of noise you will
encounter during a survey:
n Steady-state
n Cyclical (equipment performs multiple
functions)
n Intermittent and/or random
o Let the source dictate the measurement metrics
you need to use to clearly quantify the acoustical
characteristics. It may simply be where you
capture volumes of data, and then decide what is
useful during the post-survey data analysis.
(See Example Printout)
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Front Page - See Handout
The top half is simply general information
about the instrumentation settings

The bottom half presents the results of
each measurement metric set up within
the instrument.

Front Page - See Handout

Results
LAeq

LZPeak(max)
LASmax
LASmin
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Back Page
Full Octave-band
1/3 Octave-band

Caution:
Reading data in this slide
is not going to happen.
Time-history data
LAeq
LAFmax

Pop-up Workshop:
Let’s Practice
Note: All videos on Google drive
Pre-survey:
Your observations and measurements during the survey will
-help
Set up
meter:
identify
noise sources; however, the post-survey data
Slow orisFast?
analysis
where you should be able to clearly confirm the
Pre-measurement:
sources of concern and quantify the acoustical characteristics.
- Observe machine
Typically, you will want to know:
- Observe worker(s)
1. LAeq,T
- Think about what
2. The 1/1 or 1/3 octave-band spectrum,
you are hearing.
And
-3.
Go
for with
it. some sources, the LAFmax versus time (time history)

Steady-state
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Pop-up Workshop:
Let’s Practice
Note: All videos on Google drive

Take good notes, documenting what
Pre-survey:
Your observations
and measurements
the survey will
you measured
and the during
conditions.

-help
Set up
meter:
identify
noise sources; however, the post-survey data
Slow ormuch
analysis
isFast?
where
you do
should
able to
clearly
confirm the
How
time
youbetake
per
measurement?
Pre-measurement:
sources of concern and quantify the acoustical characteristics.
- Observe machine
do you
prefer, full octaveTypically, you What
will want
to know:
- Observe worker(s)
band or 1/3 octave-band data?
1. LAeq,T
- Think about what
2. The 1/1 or 1/3 octave-band spectrum,
you are hearing.
3.
And
- Go
for with
it. some sources, the LAFmax versus time (time history)

Steady-state

Pop-up Workshop:
Full Octaves versus 1/3 Octaves?

Figure on p. 292 The Noise Manual
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How much time is needed
to accurately measure the
noise?
Let’s Practice
The source is an
Unscrambler,
used for sorting
and orienting
plastic bottle caps
or lids.

Steady-state
with
intermittent
impacts

The Unscrambler
is a rotating bowl.

Let’s Practice
Think about what are the important
metrics for analyzing this type of
noise source?

Cyclical
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What are the important noise
measurements with this source?
I would say:
LAeq,T
LAmax
Level (LAmax) vs. Time
1/3 Octave-band data

So when I look at my data postsurvey, these are the metrics or
data I will look at closely.

Of these various measurements rank order
from most important to least important.

PRINCIPLE 1
Methods for Identifying Sources:
1.

Obtain a frequency spectrum,
This is the recommended approach,
based on my experience:
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The first measurement should be at the position or typical
area where workers will spend sufficient time to be
exposed to noise from the machine(s) of concern.
Background
position of
workers

1

7.6m
(25 ft)

Key Point: For steady-state noise, the most useful
measurements are LAeq and the frequency spectrum.

Next, measure the sound level on all accessible sides
and in front of all distinct components of the machine.

Background
position of
workers

5

4
8

1

2

3

6
7
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(7.6 m)

1m or

(Record 6)

Post survey
data analysis:
(Record 1)

or 7.6m

© Associates in Acoustics, Inc.
www.esion.com

PRINCIPLE 1
Methods for Identifying Source:
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PRINCIPLE 1
Methods for Identifying Sources:
2. Turn on and off different
components,
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PRINCIPLE 1
Methods for Identifying Sources:
3. Use temporary controls, such as
mufflers, lagging, enclosures, etc.

Cardboard used
to prove the concept.

As many air gaps
as practical were
eliminated.
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Before at 1 meter = 94 dBA
After at 1 meter = 84 dBA

PRINCIPLE 1
Methods for Identifying Sources:
4.

Measure the broadband A-weighted
sound level versus time for cyclic or
fluctuating noise sources.
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Time-history of a Packaging Machine

Leq = 88.7 dBA (over two duty cycles), SLM on Fast response

28

o Go to the movies n Double Feature:

What do you think?

PRINCIPLE 1
Methods for Identifying Sources:
6.

Conduct near-field readings, and
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PRINCIPLE 1
Methods for Identifying Sources:
7. Plot frequency data as previously
described, but look for distinct
characteristics of the noise source
you might expect to see, such as the
blade passage frequency (BPF), gear
meshing frequency, etc.

92 dB

70 dBA
Accumulation Table
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92 dB

70 dBA
Accumulation Table

PRINCIPLE 1
Linear vs. A-weighted

Prioritizing for
Noise Control:

Frequency
of primary
concern.

90

Fan with 8
blades
rotating at
1,000 RPM

80

70

8k

4k

2k

1k

500

250

125

63

60

31

SPL,
dB

1. Plot linear
frequency data
versus Aweighted
frequency data:

100

Frequency, Hz

Linear

A-wtd.

The blade-passage frequency = (# blades)(RPM)/60, in Hertz (Hz)

31

PRINCIPLE 1

2. Rank order
noise
sources
(dBA),

RANK ORDER BY dBA

110
Sound Level, dBA

Prioritizing for
Noise
Control:

100
90

88

85

95

91

81

80
70
60
1

2

3

4

5

Equipment Type

Blower
Pipeline
Gearbox

Pump
Elec. Mot.
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Elec. Motor
Gearbox
Pipeline
Blower
Pump

Elec. Motor
Gearbox
Pipeline
Blower
Pump
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Elec. Motor
Gearbox
Pipeline
Blower
Pump

PRINCIPLE 1

3. Determine the
interrelationship
between noise
source and the
receiver(s),

RANK ORDER BY dBA

110
Sound Level, dBA

Prioritizing for Noise
Control:

100
90

88

85

95

91

81

80
70
60
1

2

3

4

5

Equipment Type

Blower
Pipeline
Gearbox

Pump
Elec. Mot.
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PRINCIPLE 1
Prioritizing for Noise Control:
4. Consider the benefit to employees in the
area of the noise source, and

PRINCIPLE 1
Prioritizing for Noise Control:
5.

Consider the Noise Criteria.
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PRINCIPLE 2

DETERMINE POTENTIAL NOISE
CONTROL OPTIONS AS THEY APPLY
TOWARD TREATING THE SOURCE,
PATH AND RECEIVER

PRINCIPLE 2
Treatment of the Source:
Verify equipment set-up, correct if necessary
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94.2 dBA

84.2 dBA

Pop-up Workshop:

37

PRINCIPLE 2
Treatment of the Source:
Verify equipment set-up, correct if necessary
Modify source

Source Modification Example
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PRINCIPLE 2
Treatment of the Source:
Verify equipment set-up, correct if necessary
Modify source
Redesign

Source Redesign Example

After
Small
drop

Before

Damping
material
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PRINCIPLE 2
Treatment of the Source:
Verify equipment set-up, correct if necessary
Modify source
Redesign
Substitution

Substitution
o Bottle Drop Case Loader

LAeq =
87 dBA
40

Substitution
o Pick and Place Case Loader

LAeq =
79 dBA

PRINCIPLE 2
Treatment of the Source:
Verify equipment set-up, correct if necessary
Modify source
Redesign
Substitution
Relocate (often least expensive)
Scrap grinders, dust collector blowers, etc.
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PRINCIPLE 2
Treatment of the Sound Path:
•

Enclosure

PRINCIPLE 2
Treatment of the Sound Path:
•

Enclosure

•

Absorption
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PRINCIPLE 2
Treatment of the Sound Path:
•

Enclosure

•

Absorption

•

Barrier

Blending Room Acous0cal Barrier
The barrier provides
approximately 6-7dBA of
a?enua0on along the
pedestrian aisle.
93.4 dBA on internal side vs.
87.0 dBA on pedestrian side.
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PRINCIPLE 2
Treatment of the Receiver:
•

Enclosure

PRINCIPLE 2
Treatment of the Receiver:
•

Enclosure

•

Absorption
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PRINCIPLE 2
Treatment of the Receiver:
•

Enclosure

•

Absorption

•

Relocate (least expensive)

PRINCIPLE 3

DEFINE THE SOUND ENVIRONMENT:
IDENTIFY RELATIVE CONTRIBUTIONS
FROM DIRECT AND REFLECTED SOUND
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PRINCIPLE 3

Courtesy of

PRINCIPLE 3
Direct sound travels by straight line from
source to receiver. This is called the Direct
Sound Field.
Reflected sound is the combination of sound
waves arriving at the receiver after one or
more reflections off various surfaces in a
space or room, and is called the Reverberant
Sound Field.
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Sound Propagation
o It is critical to understand the relationship
between Sound Pressure Level and
Sound Power Level
n Sound Pressure Level (SPL) is expressed as
Lp, and it is what we hear and measure.
n Sound Power Level (PWL) is expressed as
Lw, and is the energy creating the pressure
disturbance. Note - this cannot be directly
measured in the field.

Sound Propagation
The SPL and PWL are related by the equation:

Lp = Lw + k,

(dB)

Lp is the SPL in dB,
Lw is the PWL in dB, and
k is a constant factor dependent upon
the properties of the space or room the
source is located.
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Sound Propagation
LP = LW + k, dB
In this expression, SPL is the effect of a
disturbance and PWL is the cause.
Keep in mind the PWL will be constant,
independent of the environment.
On the other hand, SPL is dependent
upon the environment and distance from
the source.

Sound Propagation
So under Principle 3, we need to define the
acoustical environment that makes up the “k”
factor (Direct and Reverberant Sound Fields):
k = 10 log[Q/4πr2 + 4/R] (Metric Units)
k = 10 log[Q/4πr2 + 4/R] + 10 dB (English Units)
where, Q = directivity factor
r = distance from source in meters or ft.
R = Room Constant in meters2 or ft2
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The Direct Sound Field
o The direct field is strongly dependent
upon the position of the source and
the distance a receiver may be from a
source:
Q/4πr2
where, Q = directivity factor
r = distance from source

The Direct Sound Field
o The directivity factor (Q) is dependent
upon the physical location of the
noise source within a room.
o Within industry there are four primary
relationships for the Directivity Factor,
which are shown in the next slide.
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The Directivity Factor (Q)
Directivity factors simplified for industrial applications:
Q = 1,
Full spherical
radiation
Q = 4,
Quarter
spherical
radiation

Q = 2,
Half or semispherical
radiation
Q = 8,
Eighth
spherical
radiation

The Direct Sound Field
The sound level in the direct field depends
on the distance “r” from the source to the
receiver.

Q/4πr2
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The Reverberant Sound Field
o The reverberant field is strongly
dependent upon the size and the
reflectivity of a room’s surfaces.
o All surfaces in a room will absorb and
reflect sound energy. The degree of
absorption and reflection will depend
upon the physical properties of the
surface materials within a room.

The Reverberant Sound Field
The term most often seen to describe a
room’s absorption characteristic is called
the
ABSORPTION COEFFICIENT, α
It is critical to note the Absorption
Coefficient is a function of the sound
frequency.
51

The Reverberant Sound Field
Absorption coefficients are measured by
independent acoustical test laboratories
for a variety of materials. The coefficients
are published in product data sheets,
textbooks, technical journals, and easily
located via Internet search engines.

Sound Absorption Coefficients

Images courtesy of Kinetics Noise Control - be sure to visit their exhibit at AIHce. Tell them I sent you (I get beer).
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See
Sound Absorption
Coefficients.XLS

goo.gl/2GQe2B

Noise and Vibration Control Product
Manufacturers Guide
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Noise and Vibration Control Product
Manufacturers Guide
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Sound Absorption Materials

Workshop The first step

How to find and
select the appropriate
acoustical materials.

Objectives
❖

Describe how to find
product vendors or
distributors.

❖

Interpreting product data
sheets.

❖

Demonstrate how to select
appropriate acoustical
materials based on the
spectrum of noise.
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Description
We have a plant that has one large indoor space divided into individual
production areas. There are a few departments with no noise sources of
concern, but the background noise level ranges from 84-90 dBA due to
sound energy propagating from an adjacent department.
The building has a concrete floor, painted cinder-block walls, and metal
ceiling. No feasible options exist to control noise at the source.
We know all worker noise exposures in these “non-noise source”
departments are dominated by reverberant noise.
How do we identify and procure an appropriate acoustical material to
reduce reverberant noise in our department of concern?

Recall:

~0

K = 10 log[Q/4πr2 + 4/R]
So for only the reverberation
portion:
K = 10 log[4/R]
(R is Room Constant,
which will be defined next)
Noise contour map is from an
AIA project.
We use the software Noise at
Work© to generate these maps.
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N

This is the area where no
noise sources exist, but
all workers are in the
hearing conservation
program due to noise
propagating from the
south end of the plant.

Representative Background Spectrum
Keep in mind product manufacturers test their
products only in the octave bands 125-4000 Hz.
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Representative Background Spectrum
For selecting an appropriate sound absorption material, we want
high absorption coefficients at 500 Hz and 2,000 Hz.
Note: High absorption coefficients are anything above 0.70 with the
higher the value the incrementally better performance.

So let’s look at where to
start and review some
product data sheets.

Noise Control Products Manufacturers
❖

www.kineticsnoise.com

❖

www.soundseal.com

❖

You can also do an Internet search on the key words:
❖

sound absorption material,

❖

sound absorption panels, or simply

❖

sound absorption
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Kinetics Noise
Control
Full data sheet in your notes

Kinetics Noise Control

Recall α ≥ 0.7 is
considered a
high absorption
value.
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Sound Seal
Full data sheet in your notes

Sound Seal

Recall α ≥ 0.7 is
considered a
high absorption
value.
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Noise Control Products Manufacturers
❖

So we have several options to choose, based on the noise
spectrum in the area of concern.

❖

The next steps in the analysis process will be addressed in a
separate workshop, which will be to determine the average
absorption coefficient, room absorptivity, and the amount
of attenuation you can obtain in the reverberant noise.

❖

Stay tuned.

The Reverberant Sound Field
Since different surfaces in a room will in
general have different absorption coefficients,
we need to be able to calculate the of the
room as a whole:
AVERAGE ABSORPTION COEFFICIENT, α
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The Reverberant Sound Field
AVERAGE ABSORPTION COEFFICIENT, α

Where,
Sn = area of the nth surface in the room, m2,
αn = absorption coefficient of the nth surface in the room.

The Reverberant Sound Field
EXAMPLE:
Determine the average absorption coefficient at
1000 Hz for a room 10 meters by 25 meters with a
ceiling height of 5 meters. For 1000 Hz the
surfaces of the room have the following absorption
coefficients:
Floor:
αFloor = 0.08
Ceiling:
αCeiling = 0.50
Walls:
αWalls = 0.25
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The Reverberant Sound Field
Step 1: Determine the area of each surface:
Floor area:
SFloor = (10m)(25m) = 250 m2
Ceiling area:
SCeiling = (10m)(25m) = 250 m2
Wall area:
SWalls = (2)(10m)(5m) + (2)(25m)(5m) = 350 m2

The Reverberant Sound Field
Step 2: Input the values for absorption and area
into the average absorption coefficient equation:

Note: this is only for 1,000 Hz
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The Reverberant Sound Field
It is advantageous to be able to determine what
portion of the sound pressure is the result of
energy from the direct field and what portion is
from the reverberant field.

The Reverberant Sound Field
Clearly, only the reverberant portion of the
total sound pressure can be reduced by
placing sound absorption materials on the
surfaces of a room. Conversely, the
direct sound field would exist even if the
source was removed from the room and
placed outdoors.
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PRINCIPLE 3
It is critical to note:
Each time you double the amount of
absorption in a room, the reverberant
sound only decreases 3 dBA.

Properties of the
Reverberant Sound Field
The sound pressure level in the reverberant
field depends on the total amount of
absorption provided by the room surfaces.
Reverberant Field
portion of the “K” factor

K = 10 log[Q/4πr2 + 4/R] dB
This factor is called the Room Constant, R.
65

Properties of the
Reverberant Sound Field
Calculation of the Room Constant,
R, uses the formula:

α = average absorption coefficient
S = combined area of all surfaces

Properties of the
Reverberant Sound Field
EXAMPLE:
Use the average absorption coefficient of
0.27 at 1,000 Hz calculated in the
previous example and determine the
room constant at this same frequency.
Assume the room is a typical factory
setting with several machines operating in
the area.
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Properties of the
Reverberant Sound Field

If desired, this value may simply be used as the final
result. Alternatively, to account for sound absorption by
the equipment at 1000 Hz, it is recommended the value
for R1kHz be multiplied by 1.25 (25% increase), which
provides a more practical or real-world assessment of
the effective room constant at this frequency of
concern. The effective room constant at 1,000 Hz then
becomes (1,164 m2)(1.25) = 1,445 m2.

Properties of the
Reverberant Sound Field
By increasing the average absorption
coefficient, the room constant also increases.
The result is an increase in room absorption
and a decrease in reflected energy.
The higher the R, the lower the reverberation!
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Direct and Reverberant Sound Fields
The overall SPL in a room results from
the combination of the SPL produced by
the direct and reverberant sound fields.
Lp = Lw +10 log[Q/4πr2 + 4/R] dB
This is the fundamental expression used to quantity
Lp at any given location - inside or outside.

Transition Zone from Direct to
Reverberant Sound Field
It is often useful to know where the
transition zone from the direct field to the
reverberant field exists in a room.
The following equation may be used to
estimate the distance from a source for
each frequency:
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Transition Zone from Direct to
Reverberant Sound Field
For this estimate, use the dominant frequency of
concern.
If more than one dominant frequency exists, then
the distance from the source to the transition zone
for each frequency of concern should be
calculated. The longest distance estimated
should then be used as the practical distance to
the transition zone where room treatment will start
to have the most benefit.

Transition Zone from Direct to
Reverberant Sound Field
EXAMPLE:
Estimate the transition zone at 1,000 Hz for
the same room used in the two examples
previously shown, where α = 0.27 and R =
1,445 m2 (adjusted by 25% due to
equipment):
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Transition Zone from Direct to
Reverberant Sound Field

Therefore, if a machine operator
typically works closer than 2.8m from
the source, then their noise exposure
is predominantly affected by the direct
sound field. Conversely, if they
routinely work further away than 2.8m,
then their noise exposure is mostly
affected by the reverberant sound field.

Direct

Revrb.
2.8m

PRINCIPLE 4
SELECT THE APPROPRIATE
ACOUSTICAL MATERIALS:
DISTINGUISH BETWEEN
ABSORPTION AND
ATTENUATION OF NOISE
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PRINCIPLE 4
Absorption (measured by absorption
coefficient) is desirable for reducing noise
within a space or room.
Attenuation (measured by transmission
loss) is desirable for preventing sound
transmission.

Recall from Principle 2 under
Treatment of the Sound Path:

Sound absorption is used
to reduce reflected sound.
Transmission loss material
is used to block sound.
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PRINCIPLE 4
There is an important distinction between
sound absorption and sound transmission
loss and the types of materials used in
each case.

PRINCIPLE 4
SOUND ABSORPTION is realized
by materials, usually porous,
which dissipate acoustic energy in
the form of heat (light weight
fibrous or foam material).
TRANSMISSION LOSS is realized
by materials that are poor
transmitters of acoustic energy
(dense, heavy).
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Principle 4
o The properties for sound absorption
were covered under Principle 3.
o So now we need to define the properties
for transmission loss.

Transmission Loss Materials
A measure of the sound isolating
capability of a panel or wall is the TRANSMISSION COEFFICIENT (τ).
The transmission coefficient varies
with the sound frequency.
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Transmission Loss Materials
The TRANSMISSION LOSS (TL) of
a panel or partition is determined by
the transmission coefficient:
TL = 10 log (1/τ)
The TL is expressed in dB units.

Transmission Loss Materials
Transmission Loss data have been
tabulated for a variety of acoustical and
common building materials.
These data may be found in the
manufacturer’s product literature,
acoustical textbooks, or through Internet
search engines.
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Example of Sound Transmission Loss
Table from Product Manufacturer
Sound Transmission Loss (dB)
ASTM E90-70
Octave Band Number

2

3

4

5

6

7

STC

Center Frequency (Hz):

125

250

500

1000

2000

4000

----

NOISEBLOCK™ Wall – 5cm:

17

23

34

47

55

57

37

NOISEBLOCK™ Wall – 10cm:

21

28

39

48

56

58

40

Manufacturer: Kinetics Noise Control, Inc.

This table presents the individual octave-band TL values,
but also includes a single-number rating termed the
sound-transmission class (STC).

Composite Transmission Loss
A higher TL may be obtained using a
“sandwich” construction of two panels
separated by a sound-absorptive layer.
The improved performance results from the
separation of the two surfaces.
However, the resulting TL is not equal to
the sum of the individual panels.
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Composite Transmission Loss

Courtesy: McGill Air Pressure Corp.

PRINCIPLE 5
IDENTIFY AND EVALUATE THE
SIGNIFICANCE OF FLANKING PATHS
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PRINCIPLE 5
A Flanking Path is
any route by which
sound waves travel
from a source to a
receiver.
Flanking paths can
be airborne or
structure-borne.

PRINCIPLE 5
Examples of airborne flanking paths are:
Openings, cracks or gaps,
clearances for piping, etc.

Examples of structure-borne are:
Panels, piping, hard mounting
of equipment, etc.
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Look Closely at Machine Guards for
Small Gaps
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Look Closely at Machine
Guards for Small Gaps

Before versus After Treatment with Acoustical Seals
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Same machine, opposite side, diﬀerence ~ 10 dBA

PRINCIPLE 6
IDENTIFY AND EVALUATE
THE SIGNIFICANCE OF
STRUCTURE-BORNE NOISE
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PRINCIPLE 6
Structure-borne vibration can cause machine
panels or components to vibrate excessively
and radiate airborne sound.
This effect can often be identified through
visual inspection and sound level
measurement, or by using vibration
measurements, if available.

PRINCIPLE 6
When structure-borne vibration is identified
as a primary noise source, then isolation of
the exciting force from the structure is the
most desirable and effective control.
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Structureborne Vibration
Generated Pump Noise

LAeq = 103 dBA at 1 meter
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Structureborne Vibration
Generated Pump Noise

Before Treatment: LAeq = 103 dBA at 1 meter
After Treatment: LAeq = 88 dBA at 1 meter
Overall Reduction = 15 dBA

The Principles of Noise Control
The following demonstration is made
possible through the significant and
involuntary contribution by Lauren Driscoll
who was only one year old when her father
thoughtlessly sacrificed one of her stuffed
animals to exhibit the affects of vibration
isolation.
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Workshop Estimating the new sound level after
relocating equipment.
This is spreadsheet is on the Google drive as
both a completed example and clean
spreadsheet for your future use.
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Use the Spreadsheet:
Estimating SPL after Relocation of Equipment
Use the Spreadsheet:
Estimating SPL after Relocation of Equipment
o In the documents available to you through
the Google drive link is the spreadsheet
used for performing all calculations of the
“room acoustics” equation. Both a blank
spreadsheet and a completed example.
o However, I recommend that you follow the
explanation of all steps presented on the
next two pages of your notes as we work
through the spreadsheet together.
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Noise Control Options
and Applications for
Specific Equipment
Section Objective:
Provide detailed information on the noise
control options for specific equipment to enable
students to address a variety of noise control
challenges.

Noise Control Options
and Applications for
Specific Equipment
We will refer to the “Buyer’s Guide” for Noise and
Vibration Control products throughout this
section. The Buyer’s Guide is our primary source
for locating the products we need to reduce
equipment noise.
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USING SOUND ABSORPTION
Besides reducing reverberant sound build
up inside a room, sound absorption
materials may be used to attenuate the
level of noise reaching the receiver.
Consider the following case history:

USING SOUND ABSORPTION
In the plastics and
foam products
industry it is
common to
reclaim scrap
material using
large bulk
grinders.
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USING SOUND ABSORPTION
The worker or
“Operator” typically
stands at the slot
opening in the wall
opposite the
grinder, and
manually feeds in
various sizes of
scrap material.

Chute made
of stainless
steel panels

Sound levels: 95-116 dBA
as measured at opening.
(see video)

USING SOUND ABSORPTION
116 dBA
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USING SOUND ABSORPTION

108 dBA

87 dBA

USING SOUND ABSORPTION
Although initially effective, the flexible
strips did not last long-term.
Therefore, the next phase focused on a
more permanent solution.
To effectively absorb and dissipate much
of the sound reverberating or reflecting
back up through the feed chute, sound
absorption material was used to line the
inside of the chute.
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USING SOUND ABSORPTION
This resulted in fabrication of a replacement
chute.
However, both a
geometrical and
acoustical
criteria had to
be satisfied.

USING SOUND ABSORPTION
Geometrical criteria:
To eliminate the direct line of sight to the
rotor, the depth or length of the chute
was constructed such that it was at least
twice the open height.
This geometry also
forced the sound waves
to reflect at least twice
before exiting the chute
opening.
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Acoustical criteria:
To absorb the midto-high frequency
noise, 4-inch
(10cm) thick
fiberglass
insulation was
selected.
4 inches = 10 cm

Fiberglass insulation

USING SOUND ABSORPTION
Acoustical
criteria:
The fiberglass
was then
covered with
perforated
sheet metal.
For perforation to be acoustically transparent,
it must have at least 20% open area.
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USING SOUND ABSORPTION
Before - After
• SPL at Opening:
116-97 = 19 dBA
• SPL at Operator:
110 – 89 = 21 dBA
• LAeq,8 Reduction:
98 – 87 = 11 dBA
Note: The operator time spent grinding would vary from day to
day, but an average day included at least 4 hours of grinding.

USING SOUND ABSORPTION
In summary:
• Initially, the operator was totally affected by
reflected sound from the source (grinder)
propagating up and out the chute entrance.
• The sound absorption significantly reduced
the reflected sound waves and overall level.
• This same concept would work with treating
openings in enclosures, such as conveying
product in or out.
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Pop-up Workshop:
What would you recommend for this noise source?

TEFC ELECTRIC MOTORS
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ELECTRIC MOTORS
In motors of the Totally Enclosed Fan Cooled
variety, typically called TEFC motors, fan
noise usually dominates for these units up to
200 Horse power (HP).

ELECTRIC MOTORS
This is especially true of the higher horse
power units operating near 3,600 RPM,
which are very common in industry.
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ELECTRIC MOTORS
The cause of noise within TEFC motors is
usually the result of two factors:
1. Turbulence resulting from the air
intake cooling fan.
2. Mechanically induced vibration of the
motor support structure.

ELECTRIC MOTORS
To control the air intake fan noise there
are two available options:
1. Install an air intake silencer.
2. Change out the fan with a more
aerodynamic type fan blade.
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ELECTRIC MOTORS
Toward item 1 above:
Use the Buyer’s Guide to identify one or
more silencer manufactures. Contact each
company and request the name and
telephone number of the local product
representative. Contact the local Rep for
assistance with silencer selection, product
cost, and any other pertinent information you
feel is important toward your application.
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97

10-15 dBA
of noise
reduction

Courtesy:
Noise Control
Systems

ELECTRIC MOTORS
Using our Wifi connection, do an Internet
search on:
TEFC Motor Silencers

98

ELECTRIC MOTORS
Toward item 2 above:
Many electric motors are supplied with a nondirectional fan. These fans are designed to work the
same in either direction. However, when buying a
motor, if the purchaser would specify the direction of
rotation, then it would be possible to obtain a motor
with a unidirectional fan, which is inherently quieter.
If the motor is already in production, then you would
need to replace the non-directional fan with a
unidirectional type.

Perpendicular
Fan Blade
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ELECTRIC MOTORS
The overall noise reduction obtainable with
a unidirectional fan is about 5-6 dBA.
This compares to a motor silencer that will
provide roughly 10-15 dBA of noise
reduction.

ELECTRIC MOTORS
However, should you
need a noise reduction
on the order of 15 dB
or more, then it will be
necessary to install a
total enclosure over
the motor as exhibited
in the picture.
Photo courtesy ZAK Acoustic Pvt. Ltd
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ELECTRIC MOTORS
To reduce structure-borne noise caused by
the motor vibration, the best method
available is to use vibration isolation pads or
mounts at each attachment point of the motor
to the structure.

Photos courtesy of Silex, General Electric & Kinetics Noise

ELECTRIC MOTORS
The engineering design of a vibration mount
includes identifying the characteristics of the
source of vibration, the mechanical characteristics
of the equipment, and determination of the
isolator characteristics.
It is recommended the vibration isolation product
Rep be used to assist with defining these
characteristics, and selecting the appropriate
system for your particular equipment.
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ELECTRIC MOTORS
It is important to keep in mind that a poorly
selected or installed isolator can be worse
than no mount at all.
Therefore, to assist you with selection of
the right system, the following criteria are
presented for TEFC electric motors:

!34
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ELECTRIC MOTORS
In review the noise control options are:
Airborne noise - Mitigation options:
l

Use unidirectional and aerodynamic
cooling fan (5-6 dBA).

l

Install an air intake silencer (10-15 dBA).

l

Total enclosure of the motor-driven system.

Structureborne noise l

Vibration isolation.

Pneuma'c)and)
Compressed)Air)Systems)
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Pneumatic and
Compressed Air Systems
The Usage of compressed air is often a plant-wide
noise issue in manufacturing plants.
Compressed air can easily be responsible for
25-33% of a plant’s noise problems.
Compressed air noise is probably the easiest
source to control.
Plus, getting a handle on compressed air usage and
noise can have significant financial and energy
savings over time.

Pneumatic and
Compressed Air Systems
Pneumatic or compressed air systems are used to:
Operate or motivate equipment, using devices
such as air cylinders, air valves, solenoids, etc.
Air jets and nozzles, including hand-held air
guns, are used to move parts/product, blow-off
debris, close flaps on corrugated containers
(boxes/cases), or similar service-type actions.
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Pneumatic and
Compressed Air Systems
Noise caused by compressed air is typically the
result of:
Air turbulence due to the mixing of gases with
widely different velocities.
Additional turbulence is created as the
compressed air blows against objects, such as
parts or sections of the machinery.
Mechanic impacts.

Pneumatic and
Compressed Air Systems
The shearing action occurring in the mixing region results
in excessive noise, where the sound level is proportional
velocity of air flow raised to the 8th power.

Therefore, the 1st Step toward controlling compressed air
noise is to reduce the air velocity to as low as practical
and maintaining that setting.
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Pneumatic and
Compressed Air Systems
The 2nd Step is to treat all open-ended discharge lines
and exhaust ports, including standard air jets and
nozzles with commercially-available quiet-design nozzles
or pneumatic silencers.
Care must be exercised to ensure the type of device
used meets the service needs at the plant.
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Pneumatic and
Compressed Air Systems
There are two categories of devices:
1. Air exhaust, and
2. Service-type devices

Exhaust Silencers

Courtesy of Silvent Inc.

Service-type Silencers
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Courtesy of Exair Corporation

Example of How They Work:

Courtesy Exair Corporation
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Example of How They Work:

(The Coanda Effect)

Courtesy Exair Corporation

Pneumatic and
Compressed Air Systems
And there is an energy cost savings, too:
• For example, blowing compressed air through a
10mm open pipe at a pressure of 5 bar uses 185
Nm3/hr.
• At an average cost of $0.015 (U.S. Dollars) per 1
Nm3/hr, and an estimated use time of 40%, this
equates to 704 hours of consumption per year.
Therefore, the annual cost for the open pipe is:
• 185 Nm3/hr x $0.015/Nm3/hr x 704 hours = $1954
(Nm3/hr is how much force is used)
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Pneumatic and
Compressed Air Systems
And there is an energy cost savings, too:
• Next, using a Silvent 705 quiet-design nozzle
provides the same air-flow service, but only uses
95 Nm3/hr. This results in an annual cost of
$1003.20. Therefore, the savings is:
Open Pipe

$1953.60

Quiet-design Nozzle

$1003.20

Annual Savings

$950.40
Per Nozzle!!!!

AND, provides 20 dBA of attenuation.

Pneumatic and
Compressed Air Systems
Manufacturers of quiet-design compressed air
devices:
Silvent, Inc. (www.silvent.com)
Exair Corporation (www.exair.com)
Vortec (www.vortec.com)
Allied Witan Company (www.alwitco.com)
McGill Air Pressure Corp.
(www.mcgillairpressure.com)
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Pneumatic and
Compressed Air Systems
The following are several types of commercially available
pneumatic or compressed air silencers:

104 dBA

91 dBA

Pneumatic and
Compressed Air Systems

As per ACGIH (85/3)
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As per ACGIH

Mechanical
Impacts
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Before adjusting the air
cylinder driving the push
bar, there was a heavy or
excessive impact upon full
extension and retraction.

Controlling Impact Noise Due to
Pneumatic or Compressed Air Devices
Troubleshooting steps for minimizing impact noise:
Verify all air cylinders and/or solenoids are properly
sized for the intended function, as undersized devices
tend to generate noise due to excessive force needed
to complete the task. Replace if necessary.
Ensure the air pressure is optimized and maintained
over time.
If they exist, ensure all programmable logic controllers
(PLC) are properly set and operating as intended to
optimize the use of compressed air, as well as shut off
the delivery of air when the line/machine is idle.
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PLC Devices
A PLC is a software controlled
system within a machine.
They work by taking data from
Input Devices, such as limit
switches, timers, photoelectric
switches, and other sensing
devices, and then control
Output Devices, such as
solenoids, air cylinders, air
regulators, etc., based on the
programed logic.

PLC Devices
ü Provide for efficient operation of
machine components,
ü Save energy and cost,
ü Minimize noise (machine noise levels),
ü Minimize wear and tear on equipment,
ü Improves machine function, which
minimizes time workers need to service
machine faults and noise exposure.
114

Pop-up Workshop:
What would you recommend for this noise source?
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Before (92 dBA) versus AAer (82 dBA)

Su

Pneumatic and
Compressed Air Systems

m
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Steps for minimizing compressed air noise:
1. Optimize air pressure settings for all pneumatic devices,
document and maintain settings over time.
2. Identify and repair compressed air leaks from sources
such as valves, cracked hoses, failed seals, etc.
3. Use programmable logic controllers (PLC) that
integrate all digital sensors along a production line that
can shut off the delivery of compressed air when the
line or device is off line.
4. Should Step 1-3 not be sufficient, then retrofit all
compressed air devices (service and non-service type).
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Acoustical Insulation
Also known as Acoustical Lagging

Acoustical Insulation
Lagging consists of encapsulating or covering the
source with a treatment that provides both sound
absorption and sound transmission loss properties.
Sold individually or in composite form:

Fiberglass
Absorption

Metal
Jacketing

Composite
Material
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Acoustical Insulation
Common sound absorption materials are typically:
fiberglass (greater than 32 kg/m3),
mineral wool or rock wool,
calcium silicate, or
any comparable acoustically-porous material.
Common transmission loss materials are typically:
aluminum (greater than1.4 mm thick),
steel (greater than 0.5 mm thick), or
dense vinyl.

Acoustical Insulation
A common composite product is:

Quilted Fiberglass
with or without vinyl outer backing
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Acoustical Insulation
Used to wrap:
Pipelines,
Fan housings,
Metal chutes,
Hopper bins,
Valves, and
Similar soundradiating
surfaces.

A. Wrapped fan housing

C. Flexible insula6on on pipe

B. Lagged compressor and duc6ng

D. Fixed insula6on on pipe

Acoustical Insulation
For the best attenuation results, it is critical to follow
these guidelines (using pipelines for example):
Provide a layer of resilient absorption material
between the pipe and outer shell treatment,
Avoid any mechanical
coupling between the
pipe surfaces and outer
metal jacketing,
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Acoustical Insulation
Tightly seal edges and joints,
High temperatures and condensation require
special materials,

Acoustical Insulation
Increased thickness of materials is required for
improved LOW frequency performance, and
Means to avoid accumulation of condensation
should be included for cold piping.
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Acoustical Insulation:
Special Application

Best available image quality

Acoustical Insulation:
Special Application

Armaflex by Armstrong

Sound Seal B-10 or B-20

Available at hardware
stores or online

(www.soundseal.com)
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All resin pellet transfer lines are insulated with Armaﬂex

PANEL RADIATED NOISE
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PANEL RADIATED NOISE

PANEL RADIATED NOISE
When excessive vibration is transferred to
a machine’s casing, primarily equipment
with metal panels like bin or hopper chutes,
airborne noise will often result.
There will almost always be a resonant
tone resulting from this form of vibration.
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PANEL RADIATED NOISE
Assuming the transmission of vibratory energy
cannot be treated, then the most effective
noise control option would be to treat the
vibrating surface area.
This treatment is called
Vibration Damping.

VIBRATION DAMPING
We have seen that panel vibration can be
an effective radiator of sound (recall cone
crusher case history).
Damping treatments are
materials or structures
attached to the panel
surface for the purpose
of transforming vibratory
energy into heat.
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VIBRATION DAMPING
As a result, panel motion is reduced, and a
corresponding decrease in radiated sound
may occur.
Damping treatments are most effective
when applied to panels that are less than
1/4th inch or 6 mm thick.

VIBRATION DAMPING
The effectiveness of a damping treatment
for noise reduction is dependent upon two
conditions:
1. Panel vibration must occur at resonant
frequencies, and
2. Panel vibration must be capable of
generating sound waves of concern.
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VIBRATION DAMPING
Toward product placement, damping
treatment applied to the panel surface at
locations of greatest displacement is often
the most useful noise control procedure.
This application should next be followed by
adding damping material to all fixed edges
of a panel.

VIBRATION DAMPING
Recall, we mentioned
damping is best for
panels less than 1/4th
inch or 6 mm thick.
Well, what can we do
for thicker panels or
surfaces?
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CONSTRAINED-LAYER
DAMPING
We can apply “composite” layers of
material, which have significantly different
properties.
This technique is
referred to as
Constrained-layer
Damping (CLD).

CONSTRAINED-LAYER
DAMPING
Constrained-layer Damping consists of a
viscoelastic layer with a stiff (but thin) outer
retaining layer, such as aluminum or steel.
In effect, a “sandwich” is
formed by laminating the
BASE layer to the
DAMPING and
CONSTRAINING layers.
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CONSTRAINED-LAYER
DAMPING
For all practical purposes you do NOT have
to cover 100% of the panel or surface area
being treated.
For example, 50% coverage will provide a
noise reduction that is typically 3 dB less
than 100% coverage.
See
Demonstration

Vibration Damping In Review
n

Damping treatments are used to restrict
or reduce panel/surface vibration and
the resultant airborne noise.
n This application works the same
irrespective as to which side of a panel
the damping material is applied.
n Free-layer damping works best on thin
panels, less the 6mm (1/4th inch) thick,
and constrained-layer damping is
needed on thicker surfaces (>6mm).
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Vibration Damping In Review
n

It is not necessary to treat 100% of the
panel surface, as a 50% reduction in
surface area treatment only results in 3
dBA less of attenuation. Therefore,
even small amounts of damping
material can yield a significant noise
reduction.

Questions?

Pop-up Workshop:
What would you recommend for this noise source?
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Industrial
Fans
and
Noise Control
Options

INDUSTRIAL FANS
• Fan noise usually results from:
Ø Improper selection or design,
Ø Air turbulence around the blades,
Ø Blade passage frequency,
Ø Mechanical vibration of the fan housing,
or the drive system, and/or
Ø Poor maintenance.
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SELECTION AND DESIGN
• Fan Selection and Design Considerations:
Ø

Controlling fan noise is best accomplished
in the selection and design stage.

Ø

Fan efficiency is critical. Bottom line: an
efficient fan is the most quiet fan.

SELECTION AND DESIGN
Ø

Fan efficiency is critical. Bottom line: an
efficient fan is the most quiet fan.

Ø

The lowest
noise levels
result when a
fan operates
at, or near, the
optimum static
efficiency
curve.

Louder low frequency noise

Static Pressure

System curve
Louder high frequency noise

Air Flow
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SELECTION AND DESIGN
• Fan Selection and Design Considerations:
• For Additional design consideration, see the
referenced ASHRAE* Guidelines:
Fan
Selection
and Design
Considerations
* ASHRAE – A practical Guide to Noise and Vibration Control for HVAC Systems, by
Mark E. Schaffer
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AIR TURBULENCE and BPF
• Noise is created by air turbulence at the
blade tip, which typically passes through the
outer casing of the fan as airborne sound.
• Air turbulence creates primarily highfrequency noise with a large peak at the
blade passage frequency (BPF):
BPF = (# of blades) (RPM) / 60

AIR TURBULENCE and BPF
• BPF created noise can be minimized at the
design stage by selecting a large, slowmoving fan, rather than a smaller highspeed fan used to move the same volume
of air.
• A slower fan will have a lower BPF than a
higher speed fan. Note: the lower the BPF,
the lower the A-weighted sound level will
be due to the higher magnitude of Aweighted correction.
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FAN HOUSING
• Noise transmitted through the
fan housing can be reduced
by adding a sound absorption
and barrier material to the
outer surface. This treatment
is called acoustical lagging.
• Lagging treatments can provide 10-20 dB of
attenuation, and are available from fan
manufacturers or they can be fabricated onsite using bulk acoustical materials.

FAN HOUSING
• Lagging material on fan housing reduces
sound levels and heat loss.
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INERTIA BASE
• Fan and drive motors are
typically mounted on a
common base called an
inertia base.
• Some very large fans with
high-torque drive motors
must be rigidly mounted to
maintain their position.

FAN INLET AND OUTLET
• Smooth transitions provide minimum
turbulence and lowest noise levels.
• Uniform air flow at the fan blades reduce
cavitation and minimize sound levels.
• Avoid sharp turns in ducts for at least three
fan-wheel diameters and use turning
vanes to maintain smooth flow in turns.
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FAN INLET AND OUTLET
• Gradual transitions provide smooth air flow
and low noise levels.

FAN DUCTS
• Vibration in the fan housing
can be isolated from the
duct by using a de-coupler.
• Flexible duct hangers are
effective in quiet office
spaces, but not generally
used in production areas.
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FAN SILENCERS
• Fan silencers are effective in reducing
noise at open inlets and discharge points.
• Silencers introduce restrictions to the
system and reduce efficiency.
• Review all aspects of fan and duct design
before simply adding a silencer to reduce
noise.

MAINTENANCE
• Uneven wear of fan blades can result in
fan imbalance and excessive vibration.
• Bearing wear can increase sound levels
dramatically.
• Misalignment of coupling. For example, a
1-2 degree misalignment can raise the
noise level by 6-8 dBA.
• Clogged filters/silencers can restrict flow
and increase noise levels.
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SUMMARY FOR
INDUSTRIAL FANS
In review, fan noise usually results from:
l Improper selection or design,
l Air turbulence around the blades,
l Blade passage frequency,
l Mechanical vibration of the fan housing, or
the drive system, and/or
l Poor maintenance.
Excessive noise can result from one or more of these conditions.
The noise control options will depend upon the cause of noise.

ACOUSTICAL
ENCLOSURES
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ACOUSTICAL ENCLOSURES
q

One of the most common path treatments,

q

Does not require identification of the
source(s),

q

Octave-band data is all you need,

q

A tightly sealed enclosure can provide
20-40 dBA of noise reduction.

ACOUSTICAL ENCLOSURES
Downside to enclosures:
• Restricts visual and physical access to
equipment,
• May cause internal heat build-up, potential
surface and/or product contamination,
• Will lose effectiveness over time due to
wear and tear, maintenance, etc., and
• Employee acceptance can be difficult.
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ACOUSTICAL ENCLOSURES
For commercially available systems,
including custom designs, refer to the
Noise and Vibration Control Buyer’s Guide
presented earlier.
Enclosures are listed in the Buyer’s Guide
under the category of “Composite
Systems”.

ACOUSTICAL ENCLOSURES
The enclosure manufacturer will need:
• Your noise reduction goal?
• A dimensional layout or drawing of the
equipment, to scale,
• All constraints: production, operational,
and maintenance, and
• The octave-band data and overall dBA.
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ACOUSTICAL ENCLOSURES
For in-house built enclosures, it is
recommended the following Guidelines for
Building Enclosures be followed carefully:
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ACOUSTICAL ENCLOSURES
Finally, enclosures may serve multiple
functions, such as machine guarding and
noise reduction.
One of the most common examples of
multi-purpose enclosures are Lexan® or
Plexiglas® panels. (see examples that
follow in next series of slides)
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Machine Guarding and
Acoustical Enclosures

Machine Guarding and
Acoustical Enclosures
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Machine Guarding

Machine Guarding and
Acoustical Enclosures
1. For all exisHng polycarbonate guards, Hghtly seal, or
at least minimize, all gaps or openings between the
panel edges and their frame, and between all
adjacent metal frame secHons.
2. For sealing polycarbonate
enclosures with large
openings, such as gaps
between the ﬂoor and boNom
edge of the machine cabinet,
use a dense but ﬂexible barrier
material.

144

Machine Guarding and
Acoustical Enclosures
3. Install at least some sound
absorpHon material to at
least 25% of any available
surface area inside the
enclosures. The material’s
locaHon in not criHcal, as it
just needs to be inside the
enclosure.

Machine Guarding and
Acoustical Enclosures
From my experience, paying close
attention to small gaps and airborne
sound flanking paths can provide
immediate, dramatic, and inexpensive
noise reduction results.
Questions?
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Workshop:
Brainstorming
Noise Control
Options

Brainstorming Noise
Control Options
Watch each video and look for what is causing the
noise, and then think what might be some good
noise control measures to recommend.
Some of the short videos are looped to give you
time to see the process a few times.
The first option should be directed toward some
form of source treatment, such as modification,
redesign, or retrofit.
If no apparent source treatment looks practical, look
for means to treat the sound transmission path,
such as adding absorption and/or enclosures.
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Workshop
³Think Quiet
³What would you recommend?

Workshop
³Think Quiet
³What would you recommend?
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Workshop
³Think Quiet
³What would you recommend?
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Noise Control Options:
Machine setup is critical - must be within normal
operating parameters.
Ensure punch tool impacts workpiece toward the
end of its stroke. Note: during the survey it was
observed there was a heavy impact upon
extension and retraction of the punch.
Avoid overloading and “snap-through” shock.
Minimize the clearance between punch and
workpiece.
Re-tool punch to include a shear angle of 2-4
degrees on the business-end of the punch. (6-8
dBA attenuation)

Noise Control Options:
Routine maintenance of machine is important.
Tighten all loose panels, guards, etc.
Investigate means to minimize the vibration of
the workpiece (clamps?)
Install and maintain compressed air muffler.
Install vibration isolation mounts under all
footing or attachment points with the
foundation.
If practical, relocate machine to a nonpopulated area of the plant.
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Summary
³This course was designed to provide
you the tools to move forward with
your noise control efforts.
³You can make a difference. Use the
references, spreadsheets, Buyers
Guide, and other resources provided on
the course Google drive; and combine
this information with your knowledge
and experience to be a Hearo!
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APPENDIX
LIST OF NOISE CONTROL AND
HEARING CONSERVATION RESOURCES
and
PRINTOUT OF ALL SPREADSHEETS ON COURSE
COMPACT DISK
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HEARING CONSERVATION RESOURCES
The following list of resources has been compiled as a starting place to obtain information about hearing
conservation. Many publications, samples, etc. are available free of charge. All of the web page addresses
have links to other related sites. This is not intended to be an exhaustive or exclusive list.

PUBLICATIONS
The Noise Manual, 5th edition, 2000, edited by E.H. Berger, L.H. Royster, J.D. Royster, and
D.P. Driscoll and published by the American Industrial Hygiene Association, Akron, OH.
Historically AIHA’s best seller, the 5th edition of this textbook is generally considered to be
the most comprehensive and current resource available on noise and hearing conservation.
The book includes chapters written by 17 experts in the field, reprints of related guidelines
and regulations, a 200+ item appendix on references for good practice, and a new and
extensive
table
of
symbols
and
abbreviations
Stock
No.
ENOM03-619.
http://www.aiha.org/webapps/commerce/product.aspx?id=ENOM03-619&cat=Features&subcat=
EARLogs. This series of research papers written by Elliot Berger, MS, INCE, is specific to hearing
conservation and hearing protection devices issues.
http://www.e-a-r.com/hearingconservation/earlog_main.cfm
Hearing Conservation Manual,2002, 4th edition, written by Alice H. Suter, edited by
Elliott Berger, published by Council for Accreditation in Occupational Hearing
Conservation. This is the CAOHC course training manual for Occupational Hearing
Conservationists. Available from CAOHC.
http://www.caohc.org/publications/manual.php

Medical Legal Evaluation of Hearing Loss, 2nd Edition, by Robert A. Dobie, published by San Diego:
Singular Thomson Learning (2001). This book is intended primarily for otologists and otolaryngologists
performing medical-legal assessments for noise induced hearing loss. Orders: (800)-278-3525
Noise & Hearing Conservation References For Good Practice, This publication was a joint effort of NHCA
and the AIHA Noise Committee, and includes references to related standards, regulations, and
recommended references pertaining to Noise, Vibration, and Noise-Induced Hearing Loss. Available from
NHCA www.hearingconservation.org
Occupational Noise Exposure Revised Criteria 1998, NIOSH publication explaining the
recommendations for best practices in hearing conservation programs. Available FREE from
NIOSH (Publication No. 98-126). http://www.cdc.gov/niosh/98-126.html

Preventing Occupational Hearing Loss - A Practical Guide, 1996, edited by John R. Franks, Mark
Stephenson, and Carol Merry, published by the U.S. Department of Health and Human Services.
(Publication No. 96-110). This guidebook is particularly useful because of its checklists, aimed at evaluating
an existing HCP. This publication, and others, are available FREE by contacting NIOSH
http://www.cdc.gov/niosh/96-110.html
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INTERNET EDUCATIONAL RESOURCES
E-A-R Hearing Conservation Web site: EARLogs, Noise Navigator™ Database,
articles, power point slides, posters, audio demonstration CD (including tinnitus
demonstration), noise regulations, current evens and more:
www.e-a-r.com/hearingconservation
American Academy of Audiology Consumer Guides "Understanding Your
Audiogram"
http://www.audiology.org/aboutaudiology/consumered/guides/audiogram.htm
American Academy of Audiology Position Statement on
Preventing Noise-Induced Occupational Hearing Loss
http://www.audiology.org/NR/rdonlyres/99AC5AAE-21EB-44FA-A05810C899845FB6/0/niohlprevention.pdf
Risk to Hearing from Personal Stereo Systems
http://www.audiology.org/aboutaudiology/professionalspecialites/noise/wyskapss.htm
Audiogram of Familiar Sounds
http://webportal.audiology.org/Purchase/ProductDetail.aspx?Product_code={A09B06
C1-B6BB-4138-A8F7-6BD9B75FCBBE}
CAOHC Professional Supervisor Course: http://www.caohc.org/professional.html
CAOHC Occupational Hearing Conservationist certification courses
http://www.caohc.org/ohc/
CAOHC Update articles referenced in this presentation:
Thoughts on the Noise “Notch” and the Importance
of Testing 8 kHz
http://www.caohc.org/updatearticles/fall04.pdf
Insert earphones
http://www.caohc.org/updatearticles/summer02.pdf

Comparison of U.S. Hearing Conservations
Regulations and Recommendations
http://www.caohc.org/updatearticles/summer00.pdf
Noise reducing headphones
http://www.caohc.org/updatearticles/summer02.pdf
Separate ear baseline revision
http://www.caohc.org/updatearticles/spring05.pdf

National Hearing Conservation Association
http://www.hearingconservation.org/
Resources for kids (also for adults!)
http://www.hearingconservation.org/rs_forKids.html
Practical Guides: brochures on variety of topics including
firearms, farming, music, hearing protection fitting, mobile van services, children and noise, etc.
http://www.hearingconservation.org/rs_pracGuides.html
Favorite Sounds: www.hearingconservation.org/resources/favorite_sound.html
Noise Destroys Poster http://www.hearingconservation.org/docs/NoiseDestroys_Poster.pdf
Educator Resources: http://www.hearingconservation.org/rs_educResources.html
Resources revised January, 2008 LLW
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Acoustic Demonstration CDs and other training tools from NASA, Glenn Research Center
http://www.grc.nasa.gov/WWW/AcousticalTest/HearingConservation/Resources/index.html
JeopEARdy Game:
http://www.grc.nasa.gov/WWW/AcousticalTest/HearingConservation/Resources/JeopEARdy.html

Activity Sheets:
http://www.grc.nasa.gov/WWW/AcousticalTest/Documents/PDF/Noise_And_Your_Ears.pdf
http://www.grc.nasa.gov/WWW/AcousticalTest/Documents/PDF/
Acoustics_And_You.pdf

League for the Hard of Hearing Noise Center: Noise Levels in Our
Environment: www.lhh.org/noise/

Lend an Ear to Hearing Protection: Iowa State University: www.cdc.gov/niosh/nasd/docs2/ia02200.html
National Institute for Deafness and Communicative Disorders: NIDCD: Ten Ways to Recognize
Hearing Loss: http://www.nidcd.nih.gov/health/hearing/10ways.asp
Noise Control Reference Handbook has acoustical definitions and data:
http://www.industrialacoustics.com/usa/index.htm

www.osha.gov
OSHA Letters of Interpretation
Baseline Revision OSHA Letters of Interpretation
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=INTERPRETATIONS&p_id=24565

OSHA Safety and Health Information Bulletins
Innovative Workplace Safety Accommodations for Hearing Impaired Workers
http://www.osha.gov/dts/shib/shib072205.html
Hearing Conservation for the Hearing Impaired Worker
http://www.osha.gov/dts/shib/shib122705.html
OSHA e-tools
Noise and Hearing Conservation
http://www.osha.gov/dts/osta/otm/noise/index.html
PPE Selection: Hearing Protection
http://www.osha.gov/SLTC/etools/shipyard/ship_breaking/ppe/general_ppe/hearing_protection.html
Right to Quiet Society is an organization that promotes protecting a quiet environment:
http://www.quiet.org
The Noise Pollution Clearinghouse is a national non-profit
organization with extensive online noise related resources:
http://www.nonoise.org
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The Hearing Video ordering information:
http://www.worksafebc.com/Publications/how_to_order_publications_and_videos/default.asp
Other WCB educational products: pamphlets, posters, hearing loss simulations
http://www2.worksafebc.com/Topics/HearingLossPrevention/Resources.asp?_from=hearingcon
servation.healthandsafetycentre.org

Dangerous Decibels: interactive web site and research tool
http://www.dangerousdecibels.org/
Wise Ears Campaign: http://www.nidcd.nih.gov/health/wise/index.asp

Brandon Pletsch Video: 7 minute video: step-by-step voyage through the inside of
the ear. Contact the creator at
brandon@radiusmedicalanimation.com to request a copy.

Cochlea animation
http://www.iurc.montp.inserm.fr/cric/audition/english/corti/cofunct/cofunct.htm
Hair Cell “Rock Around the Clock”
http://www.wadalab.mech.tohoku.ac.jp/OHC-e.html

Cochlear Traveling Wave Animation
http://www.rockefeller.edu/labheads/hudspeth/graphicalSimulations.php
Hearing Handicap Inventory is a questionnaire to help determine if a person has a hearing loss:
http://www.phd.msu.edu/hearing/HHIFrame.html
On-line Hearing Loss Simulation: http://facstaff.uww.edu/bradleys/radio/hlsimulation/

European Union Campaign materials available in 16 languages
http://ew2005.osha.eu.int/campaignmaterials/

NIOSH Home page for Hearing Loss and Noise Prevention: current research,
training tools, FAQs, HPD Compendium, and more.
http://www.cdc.gov/niosh/topics/noise/hpcomp.html
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SPREADSHEETS FOR
NOISE CONTROL ANALYSIS
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dB ADDITION AND SUBTRACTION
This program adds or subtracts dB levels.
Enter dB levels to be added:
1
2
3
4
5
6
7
8
9
10
11
12

90
90

(antilog Lp/10)
1.00E+09
1.00E+09
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00

93.0 dB
Enter dB levels to be subtracted:

minus

93
90

(antilog Lp/10)
2.00E+09
1.00E+09

90.0 dB

Prepared by:

Associates in Acoustics, Inc.
31385 Burn Lane
Evergreen, CO 80439
(303) 670-9270

Filename: DB-ADD.WB1 (Quattro Pro)
DB-ADD.XLS (Excel)
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A-WEIGHTING
This spreadsheet takes unweighted octave-band sound pressure levels and
applys the A-weighting correction values, then gives the overall dBA level.
Enter the octave-band levels in dB:

125

Octave-band frequencies, Hz
250
500
1000
2000

4000

A-weighted correction:

125
-16.1

Octave-band frequencies, Hz
250
500
1000
2000
-8.6
-3.2
0.0
1.2

4000
1.0

Sound Level, dBA

125
-16.1

Octave-band frequencies, Hz
250
500
1000
2000
-8.6
-3.2
0.0
1.2

4000
1.0

Octave-band level:

Overall
(Linear)
7.8

Overall
(dBA)
6.3

Prepared by: Associates in Acoustics, Inc.
31385 Burn Lane
Evergreen, CO 80439
(303) 670-9270
www.esion.com
Filename: A-WEIGHT.WB1 (Quattro Pro)
A-WEIGHT.XLS (Excel)
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ABSORPTION
This spreadsheet may be used to calculate existing and projected decibel
levels in a room, in order to determine what absorptive material will achieve
the desired noise reduction.
Variables required:

Octave-band sound power levels of the source
Room dimensions and distance from the primary noise source
Absorption coefficients of current room surfaces
Absorption coefficients of proposed acoustical materials

Enter requested information in the gray boxes....
Area (sq.ft.)

Floor
1600

Ceiling
1600

Walls
3200

Enter distance from primary source in feet:
Total
Example:
6400 Room=40'x40'x20' high

Distance
15

Absorption Coefficients:
Octave-band Frequencies, Hz
Current Surfaces
125
250
500
1000
2000
Floor (e.g. concrete)
0.01
0.01
0.02
0.02
0.02
Ceiling (e.g. gypsum board)
0.29
0.10
0.05
0.04
0.07
Walls (e.g. gypsum board)
0.29
0.10
0.05
0.04
0.07
NOTE: Any surfaces that will not be treated should be re-entered in the table below
Proposed Surfaces (Treated with Acoustical Materials)
Floor (e.g. concrete)
0.01
0.01
Ceiling (e.g. gypsum board)
0.29
0.10
Walls (e.g. fiber glass)
0.12
0.28

0.02
0.05
0.73

0.02
0.04
0.89

Noise Source Sound Power Levels (dB re: 10E-12 watts)
Octave-band Frequencies, Hz
125
250
500
1000
2000
99
100
95
97
86

0.02
0.07
0.92

4000
0.02
0.09
0.09

0.02
0.09
0.93

4000
85

Average Absorption Coefficient:
Octave-band Frequencies, Hz
250
500
1000
2000
0.078
0.041
0.035
0.058
0.168
0.381
0.460
0.483

4000
0.073
0.493

Octave-band Frequencies, Hz
125
250
500
1000
2000
1805.128 537.669 275.359 232.124
390.451
998.844 1287.688 3943.434 5451.852 5967.150

4000
500.270
6210.837

125
0.220
0.135

Untreated surfaces
Treated surfaces
Room Constant (sq.ft.)

Untreated surfaces
Treated surfaces

Sound Pressure Level (dB)

Untreated room
Treated room

125
83.7
85.7

Octave-band Frequencies, Hz
250
500
1000
2000
89.1
86.8
89.5
76.4
85.8
77.4
78.6
67.4

4000
74.4
66.3

Linear
94.0
89.5

Octave-band Frequencies, Hz
250
500
1000
2000
80.5
83.6
89.5
77.6
77.2
74.2
78.6
68.6

4000
75.4
67.3

Overall
91.3
82.4

A-weighted Sound Level (dBA)

Untreated room
Treated room
Overall difference:

125
67.6
69.6

8.9 dBA

Transition zone distance: the distance in feet from the source where the direct sound field equals the reverberant sound field.
Direct sound dominates when the operator stands at a position less than this distance,
while reverberant sound dominates when the operator stands at a position greater than this distance.
The transition zone distance varies with frequency, so select the dominant frequency of the noise source to determine this distance.

125
Untreated surfaces
Treated surfaces

2.8
1.6

Octave-band Frequencies, Hz
250
500
1000
2000
Distance to Transition Zone (ft)
0.9
0.5
0.4
0.7
2.1
5.4
7.0
7.5

4000
0.8
7.7
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The Room Constant is calculated from the absorption coefficients of the various room surfaces and the
size of the room, according to the following equations:

Absorption:

A= aS

( Ft .2 )

where:
2
S = Surface Area - The amount of interior surface area of a floor, wall, or ceiling, in ft .
A = Absorption - At each frequency of interest, the product of the average absorption coefficient for that
2
frequency and the total interior surface area of the room. Units are ft or Sabines.

Average Absorption Coefficient:

a=

a1 S1 + a 2 S 2 +...+ a n S n
S1 + S 2 +...+ S n

This calculation may be performed by manually entering the data into the worksheet, as shown on page
3, or by keying the numbers into the ROOM-CON.XLS computer spreadsheet. In either case, the
instructions listed below outline the steps to be followed:
Line 1: Enter the dimensions of the room.
Line 2: Determine the area (S) of each room surface (e.g., floor, 4 walls, and ceiling), and
describe the construction material of each surface. Note: there may be more than six surfaces, if
one or more of the surfaces is made of more than a single type of material (e.g., half of one wall
is glass, and the other half is brick). Also, when two or more surfaces are of similar construction,
they may be combined on one line (e.g., all four walls are made of gypsum).
Line 3: Add up all of the surface areas S(1) through S(6) to obtain the total interior surface area
of the room.
Line 4: Enter the sound absorption coefficients (a) at each frequency for each of the surfaces
identified in Line 2. Obtain the coefficients from manufacturer's data, textbooks, or other
published sources.
Line 5: Multiply each of the surface areas (S) in Line 2 by the corresponding absorption
coefficient (a) in Line 5 to obtain the total absorption (A) for that surface. Add A(1) through A(6)
to obtain the subtotal for each octave-band.
Line 6: To obtain the Average Absorption Coefficient for each octave-band, divide the absorption
for each surface (subtotal from Line 5) by the total interior surface area of the room (Line 3).
Line 7: Multiply Line 6 by Line 3 for each octave-band to obtain the numerator for the Room
Constant formula.
Line 8: Subtract the average absorption coefficient (Line 6) from the number 1 to obtain the
denominator for the Room Constant formula.
Line 9: Divide Line 7 by Line 8 to calculate the Room Constant for each octave-band.
The smaller the Room Constant value, more reflected or reverberant sound will exist in a particular room
or enclosure.
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CALCULATION OF ROOM CONSTANT
1. Room Dimensions:

Length

ft.

Width

ft.

Height

ft.

2. Individual Room Surfaces: Area of Each Surface (sq. ft.) and Type of Surface (e.g., Concrete, Carpet, Wood, Gypsum, etc.)
AREA

TYPE OF SURFACE

S-1
S-2
S-3
S-4
S-5
S-6
3. Total Interior Surface Area of Room:

0

sq. ft.

4. Sound Absorption Coefficients: (Unless known to be different, at 31.5 Hz use 40% of 125 Hz coefficient, at 63 Hz use 70% of
125 Hz coefficient, and at 8000 Hz use 80% of 4000 Hz coefficient.)
31.5 Hz

63 Hz

125 Hz

250 Hz

500 Hz

1000 Hz

2000 Hz

4000 Hz

8000 Hz

α−1
α−2
α−3
α−4
α−5
α−6
5. Absorption for Each Surface (sq. ft.) Note: Absorption (A) = Absorption Coefficient x Surface Area (Line 2 x Line 4).
A-1
A-2
A-3
A-4
A-5
A-6

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

Subtotal:

0

0

0

0

0

0

0

0

0

6. Average Absorption Coefficient: For each octave band, divide the subtotal from Line 5 by Line 3.
ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

7. Multiply the Average Absorption Coefficient by the Total Surface Area (Line 6 x Line 3).
ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

8. Subtract: 1 Minus the Average Absorption Coefficient.
ERR

ERR

ERR

9. Room Constant (sq. ft.). Line 7 Divided by Line 8.
R

ERR

ERR

ERR
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WORKSHOP - RELOCATION OF EQUIPMENT (English Units)

Note: input measured data in shaded areas

First Room - Characteristics
Dimensions (ft.)

Length

Width

Height
Room=60'x80'x20' high

Area (sq.ft.)

Floor

Ceiling
0

0

Walls

Measurement position, ft.
Distance

Total
0

0

Absorption Coefficients
Octave-band Frequencies, Hz
250
500
1000
2000

4000

New Equipment Sound Pressure Levels (dB SPL)
Octave-band Frequencies, Hz
125
250
500
1000
2000

4000

125
Floor concrete
Ceiling ceiling tile
Walls concrete

Overall Overall
dB
dBA
7.8
6.3

These data
measured in 1st room

Average Absorption Coefficients
125
ERR

Octave-band Frequencies, Hz
250
500
1000
2000
ERR
ERR
ERR
ERR

4000
ERR

125
ERR

Octave-band Frequencies, Hz
250
500
1000
2000
ERR
ERR
ERR
ERR

4000
ERR

New Equipment Sound Power Levels (dB re: 10EE-12 Watt)
Octave-band Frequencies, Hz
125
250
500
1000
2000
ERR
ERR
ERR
ERR
ERR

4000
ERR

Room Constants (sq.ft.)

Note: These values are Sound Power Levels,
not Sound Pressure Levels.

Second room where equipment is to be relocated - Room Characteristics:
Dimensions (ft.)

Length

Width

Height

Measurement position, ft.
Distance

Room=40'x40'x20' high
Area (sq.ft.)

Floor
0

Ceiling
0

Walls

Total
0

0
Installation cost, $/ft2
Cost #1 Cost #2

Absorption Coefficients
125

Octave-band Frequencies, Hz
250
500
1000
2000

4000

Floor concrete
Ceiling gypsum board
Walls gypsum board
New Equipment Sound Power Levels (dB re: 10E-12 watts)
Octave-band Frequencies, Hz
125
250
500
1000
2000
ERR
ERR
ERR
ERR
ERR

4000
ERR

Average Absorption Coefficients
125
ERR

Octave-band Frequencies, Hz
250
500
1000
2000
ERR
ERR
ERR
ERR

4000
ERR

125
ERR

Octave-band Frequencies, Hz
250
500
1000
2000
ERR
ERR
ERR
ERR

4000
ERR

Octave-band Frequencies, Hz
250
500
1000
2000
ERR
ERR
ERR
ERR

4000
ERR

Overall
Linear
ERR

New Equipment A-weighted Sound Levels (dBA)
Octave-band Frequencies, Hz
125
250
500
1000
2000
Untreated room
ERR
ERR
ERR
ERR
ERR

4000
ERR

Overall
dBA
ERR

Untreated surfaces
Room Constants (sq.ft.)

Untreated room

New Equipment Sound Pressure Levels (dB)

Untreated room

125
ERR

Installed A-weighted Sound Levels (dBA) (New equipment noise levels + existing bacground levels)
Octave-band Frequencies, Hz
Overall
125
250
500
1000
2000
4000
dBA
Background dBA
7.8
Bkgrd+new equip.
ERR
ERR
ERR
ERR
ERR
ERR
ERR

Measured before new equipment
is installed or started up.

Transition zone distance: the distance (in feet) from the source where the direct sound field equals the reverberant sound field.
Direct sound dominates when the operator stands at a position less than this distance,
while reverberant sound dominates when the operator stands at a position greater than this distance.
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The transition zone distance varies with frequency, so select the dominant frequency of the noise source to determine this distance.
Distance (ft.) per Octave-band Frequencies, Hz
125
250
500
1000
2000
4000
ERR
ERR
ERR
ERR
ERR
ERR

Untreated room, ft.

Add Room Absorption Materials: (Here we elect to treat 50% of the wall surfaces)
Dimensions (ft.)

Length

Width

Height

Measurement position, ft.
Distance

Room=40'x40'x20' high
Area (sq.ft.)

Floor
0

Ceiling
0

Walls

Total
0

0
Installation cost, $/ft2
Cost #1 Cost #2

Absorption Coefficients
Current Surfaces
Floor concrete
Ceiling gypsum board
Walls gypsum board

125

Octave-band Frequencies, Hz
250
500
1000
2000

4000

Proposed Surfaces (Ceiling and 1/2 of walls treated with 1" thick spray-on fibrous slurry)
Floor concrete
Ceiling spray-on fibers
Walls 50% gypsum board
Walls 50% spray-on fibers

Evaluation of material #1

Proposed Surfaces (Ceiling and one half of walls treated with 2" thick fiber glass)
Floor concrete
Ceiling fiber glass
Walls 50% gypsum board
Walls 50% fiber glass

Evaluation of material #2

New Equipment Sound Power Levels (dB re: 10E-12 watts)
Octave-band Frequencies, Hz
125
250
500
1000
2000
ERR
ERR
ERR
ERR
ERR

4000
ERR

Average Absorption Coefficients

Untreated surfaces
1" spray-on fibers
2" fiber glass

125
ERR
ERR
ERR

Octave-band Frequencies, Hz
250
500
1000
2000
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR

4000
ERR
ERR
ERR

125
ERR
ERR
ERR

Octave-band Frequencies, Hz
250
500
1000
2000
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR

4000
ERR
ERR
ERR

Octave-band Frequencies, Hz
250
500
1000
2000
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR

4000
ERR
ERR
ERR

Room Constants (sq.ft.)

Untreated room
1" spray-on fibers
2" fiber glass

New Equipment Sound Pressure Levels (dB)

Untreated room
1" spray-on fibers
2" fiber glass

125
ERR
ERR
ERR

New Equipment A-weighted Sound Levels (dBA)
Octave-band Frequencies, Hz
125
250
500
1000
2000
Untreated room
ERR
ERR
ERR
ERR
ERR
1" spray-on fibers
ERR
ERR
ERR
ERR
ERR
2" fiber glass
ERR
ERR
ERR
ERR
ERR

Linear
ERR
ERR
ERR

4000
Overall
ERR
ERR
ERR
ERR
ERR
ERR

Installed A-weighted Sound Levels (dBA)
125
Background dBA
Untreated room
1" spray-on fibers
2" fiber glass

Octave-band Frequencies, Hz
250
500
1000
2000

ERR
ERR
ERR

ERR
ERR
ERR

Noise Reduction in the reverberant sound level
1" spray-on fibers
2" fiber glass

ERR dBA
ERR dBA

ERR
ERR
ERR

ERR
ERR
ERR

ERR
ERR
ERR

4000

Overall
7.8
ERR
ERR
ERR
ERR
ERR
ERR

Cost
1" spray-on fibers
2" fiber glass

$0
$0

Transition zone distance: the distance (in feet) from the source where the direct sound field equals the reverberant sound field.
Direct sound dominates when the operator stands at a position less than this distance,
while reverberant sound dominates when the operator stands at a position greater than this distance.
The transition zone distance varies with frequency, so select the dominant frequency of the noise source to determine this distance.

Untreated room, ft.
1" spray-on fibers, ft.
2" fiber glass, ft.

Distance (ft.) per Octave-band Frequencies, Hz
125
250
500
1000
2000
4000
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
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WORKSHOP - RELOCATION OF EQUIPMENT (English Units)
Problem: You are purchasing a new piece of equipment, and want to be sure that it will be less than 90 dBA after
installation at your facility. Note: The equipment will be placed on the floor close to a wall at your site,
and the typical worker location will be 10 feet from the equipment.
The vendor measured it in his shop, and said that it meets the specification. The vendor measured the sound
levels 10 feet from the equipment, which was placed on the floor toward the center of the shop.
Does it remain below 90 dBA in your building at the typical worker location 10 feet away?
If not, then how much sound absorbent material must be added in your location to reduce sound levels below 90 dBA?
In this example, the ceiling and two walls are covered with absorbent materials; two different types of materials are used.
Does the application of either material result in sound levels below 90 dBA at the operator's position?
Note: input measured data in shaded areas; change values only in shaded areas.

Vendor's Shop - Room Characteristics:
Dimensions (ft.)

Length

Width
60

Area (sq.ft.)

Height
80

Floor
Ceiling
4800
4800

20 Room=60'x80'x20' high
Walls
5600

Measurement position, ft.
Distance Q Factor
10
2

Total
15200

Absorption Coefficients
Octave-band Frequencies, Hz
250
500
1000
2000
0.01
0.02
0.02
0.02
0.18
0.64
0.61
0.59
0.01
0.02
0.02
0.02

4000
0.02
0.56
0.02

New Equipment Sound Pressure Levels (dB SPL)
Octave-band Frequencies, Hz
125
250
500
1000
2000
90
86
85
81
80

4000
79

125
0.01
0.20
0.01

Floor concrete
Ceiling ceiling tile
Walls concrete

Overall Overall
dB
dBA
93.1
87.7

These data are
measured in the shop.

Average Absorption Coefficients
125
0.070

Octave-band Frequencies, Hz
250
500
1000
2000
0.064
0.212
0.206
0.200

4000
0.191

125
1144.1

Octave-band Frequencies, Hz
250
500
1000
2000
1033.8
4098.4
3951.2
3800.0

4000
3577.6

New Equipment Sound Power Levels (dB re: 10EE-12 Watt)
Octave-band Frequencies, Hz
125
250
500
1000
2000
102.9
98.6
100.9
96.8
95.8

4000
94.7

Room Constants (sq.ft.)

Note: These values are Sound Power Levels,
not Sound Pressure Levels.

Installed Facility - Room Characteristics:
Dimensions (ft.)

Length

Width
40

Area (sq.ft.)

Height
40

Floor
Ceiling
1600
1600

Measurement position, ft.
Distance Q Factor
10
4

20 Room=40'x40'x20' high
Walls
3200

Total
6400

Absorption Coefficients
Octave-band Frequencies, Hz
250
500
1000
2000
0.01
0.02
0.02
0.02
0.10
0.05
0.04
0.07
0.10
0.05
0.04
0.07

4000
0.02
0.09
0.09

New Equipment Sound Power Levels (dB re: 10E-12 watts)
Octave-band Frequencies, Hz
125
250
500
1000
2000
102.9
98.6
100.9
96.8
95.8

4000
94.7

Floor concrete
Ceiling gypsum board
Walls gypsum board

125
0.01
0.29
0.29

Average Absorption Coefficients
125
0.220

Octave-band Frequencies, Hz
250
500
1000
2000
0.078
0.041
0.035
0.058

4000
0.073

125
1805.1

Octave-band Frequencies, Hz
250
500
1000
2000
537.7
275.4
232.1
390.5

4000
500.3

Octave-band Frequencies, Hz
250
500
1000
2000
88.9
93.4
89.9
87.1

4000
85.2

Overall
Linear
97.7

New Equipment A-weighted Sound Levels (dBA)
Octave-band Frequencies, Hz
125
250
500
1000
2000
Untreated room
74.2
80.3
90.2
89.9
88.3

4000
86.2

Overall
dBA
95.1

Untreated surfaces
Room Constants (sq.ft.)

Untreated room

New Equipment Sound Pressure Levels (dB)

Untreated room

125
90.3

Installed A-weighted Sound Levels (dBA) (New equipment noise levels + existing background levels)
Overall
Octave-band Frequencies, Hz
125
250
500
1000
2000
4000
dBA
Background dBA
75.0
76.0
81.0
82.0
80.0
77.0
87.0
Bkgrd+new equip.
77.6
81.7
90.7
90.6
88.9
86.7
95.7
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Measured before new equipment
is installed or started up.
95.3 dBA exceeds criteria.

Transition zone distance: the distance (in feet) from the source where the direct sound field equals the reverberant sound field.
Direct sound dominates when the operator stands at a position less than this distance,
while reverberant sound dominates when the operator stands at a position greater than this distance.
The transition zone distance varies with frequency, so select the dominant frequency of the noise source to determine this distance.
Distance (ft.) per Octave-band Frequencies, Hz
125
250
500
1000
2000
4000
2.8
0.9
0.5
0.4
0.7
0.8

Untreated room, ft.

Add Room Absorption Materials: (Here we elect to treat 50% of the wall surfaces)
Dimensions (ft.)

Length

Width
40

Area (sq.ft.)

Height
40

Floor
Ceiling
1600
1600

Measurement position, ft.
Distance Q Factor
10
4

20 Room=40'x40'x20' high
Walls
3200

Total
6400
Installation cost, $/ft2
Cost #1 Cost #2
3
5

Absorption Coefficients
Current Surfaces
Floor concrete
Ceiling gypsum board
Walls gypsum board

125
0.01
0.29
0.29

Octave-band Frequencies, Hz
250
500
1000
2000
0.01
0.02
0.02
0.02
0.10
0.05
0.04
0.07
0.10
0.05
0.04
0.07

4000
0.02
0.09
0.09

Proposed Surfaces (Ceiling and 1/2 of walls treated with 1" thick spray-on fibrous slurry)
Floor concrete
0.01
0.01
0.02
0.02
0.02
0.02
Ceiling spray-on fibers
0.08
0.29
0.75
0.98
0.93
0.76
Walls 50% gypsum board
0.29
0.10
0.05
0.04
0.07
0.09
Walls 50% spray-on fibers
0.08
0.29
0.75
0.98
0.93
0.76

Evaluation of material #1

Proposed Surfaces (Ceiling and one half of walls treated with 2" thick fiber glass)
Floor concrete
0.01
0.01
0.02
0.02
0.02
Ceiling fiber glass
0.22
0.82
0.99
0.99
0.99
Walls 50% gypsum board
0.29
0.10
0.05
0.04
0.07
Walls 50% fiber glass
0.22
0.82
0.99
0.99
0.99

Evaluation of material #2
0.02
0.99
0.09
0.99

New Equipment Sound Power Levels (dB re: 10E-12 watts)
Octave-band Frequencies, Hz
125
250
500
1000
2000
102.9
98.6
100.9
96.8
95.8

4000
94.7

Average Absorption Coefficients

Untreated surfaces
1" spray-on fibers
2" fiber glass

125
0.220
0.115
0.185

Octave-band Frequencies, Hz
250
500
1000
2000
0.078
0.041
0.035
0.058
0.173
0.391
0.505
0.488
0.438
0.511
0.510
0.518

4000
0.073
0.408
0.523

125
1805.1
831.6
1452.8

Octave-band Frequencies, Hz
250
500
1000
2000
537.7
275.4
232.1
390.5
1334.1
4113.3
6529.3
6087.8
4977.8
6694.6
6661.2
6864.2

4000
500.3
4401.7
7003.1

Octave-band Frequencies, Hz
250
500
1000
2000
88.9
93.4
89.9
87.1
86.5
87.1
82.6
81.6
84.6
86.7
82.6
81.5

4000
85.2
80.8
80.4

Room Constants (sq.ft.)

Untreated room
1" spray-on fibers
2" fiber glass

New Equipment Sound Pressure Levels (dB)

Untreated room
1" spray-on fibers
2" fiber glass

125
90.3
92.0
90.7

New Equipment A-weighted Sound Levels (dBA)
Octave-band Frequencies, Hz
125
250
500
1000
2000
Untreated room
74.2
80.3
90.2
89.9
88.3
1" spray-on fibers
75.9
77.9
83.9
82.6
82.8
2" fiber glass
74.6
76.0
83.5
82.6
82.7

Linear
97.7
94.7
93.7

4000
Overall
86.2
95.1
81.8
89.4
81.4
89.0

Installed A-weighted Sound Levels (dBA) (New equipment noise levels + predicted background levels)
Octave-band Frequencies, Hz
125
250
500
1000
2000
4000
Overall
Untreated room
77.6
81.7
90.7
90.6
88.9
86.7
95.7
1" spray-on fibers
79.3
79.3
84.4
83.3
83.4
82.3
90.2
2" fiber glass
78.0
77.4
84.0
83.3
83.3
81.9
89.8
Noise Reduction in the reverberant sound level
1" spray-on fibers
2" fiber glass

5.5 dBA
6.0 dBA

Cost
1" spray-on fibers
2" fiber glass

$9,600
$16,000

Transition zone distance: the distance (in feet) from the source where the direct sound field equals the reverberant sound field.
Direct sound dominates when the operator stands at a position less than this distance,
while reverberant sound dominates when the operator stands at a position greater than this distance.
The transition zone distance varies with frequency, so select the dominant frequency of the noise source to determine this distance.

Untreated room, ft.
1" spray-on fibers, ft.
2" fiber glass, ft.

Distance (ft.) per Octave-band Frequencies, Hz
125
250
500
1000
2000
4000
2.8
0.9
0.5
0.4
0.7
0.8
1.4
2.1
5.6
8.0
7.6
5.9
2.3
6.5
8.2
8.2
8.3
8.5
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TRANSMISSION LOSS
This spreadsheet takes unweighted octave-band sound pressure levels,
subtracts the transmission loss values, then gives the overall dBA level.

125

Octave-band frequencies, Hz
250
500
1000
2000

4000

125

Octave-band frequencies, Hz
250
500
1000
2000

4000

Linear SPL, dB

125
0.0

Octave-band frequencies, Hz
250
500
1000
2000
0.0
0.0
0.0
0.0

Overall
4000
(Linear)
0.0
7.8

A-weighted correction:

125
-16.1

Octave-band frequencies, Hz
250
500
1000
2000
-8.6
-3.2
0.0
1.2

4000
1.0

Sound Level, dBA

125
-16.1

Octave-band frequencies, Hz
250
500
1000
2000
-8.6
-3.2
0.0
1.2

4000
1.0

Octave-band level:

Overall
(Linear)
7.8

Transmission Loss:

Overall
(dBA)
6.3

Prepared by: Associates in Acoustics, Inc.
31385 Burn Lane
Evergreen, CO 80439
(303) 670-9270

Filename: TRANSLOS.WB1 (Quattro Pro)
TRANSLOS.XLS (Excel)
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BARRIER INSERTION LOSS
This spreadsheet determines the insertion loss for outdoor barriers.

Enter the barrier height:
Enter the barrier width:
Distance from source to barrier:
Distance from barrier to receiver:

10.0
40.0
10.0
15.0

Distance between source and receiver:
Sound path length over barrier:
Sound path length around barrier:
Difference in sound path length over barrier:
Difference in sound path length around barrier:

feet
feet
feet
feet
25.0
32.2
47.4
7.2
22.4

feet
feet
feet
feet
feet

Fresnel Number (N)
Over barrier:
Around barrier:

Octave-band frequencies, Hz
63
125
250
500
1000
2000
4000
8000
0.800892 1.589072 3.178144 6.356287 12.71257 25.42515 50.8503 101.7006
2.497736 4.955824 9.911649 19.8233 39.6466 79.29319 158.5864 317.1728

Diffraction coefficient:

Octave-band frequencies, Hz
63
125
250
500
1000
2000
4000
0.162322 0.090989 0.048336 0.024962 0.012692
0.0064 0.003214
Octave-band frequencies, Hz
125
250
500
1000
2000
7.9
10.4
13.2
16.0
19.0
21.9
Note: the practical IL limits will be between 15-20 dB.
63

Insertion Loss, dB

4000
24.9

8000
0.00161

8000
27.9

Prepared by: Associates in Acoustics, Inc.
31385 Burn Lane
Evergreen, CO 80439
(303) 670-9270

Filename: BARRIER.WB1 (Quattro Pro)
BARRIER.XLS (Excel)
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NOISE EXPOSURE ESTIMATION
This spreadsheet may be used to calculate the accumulated dose and TWA for a particular job activity,
based on area/equipment noise level data. Two dose and TWA calculations are performed - one for
Hearing Conservation Program purposes, and one for Engineering Noise Control considerations.

JOB TITLE:
DEPARTMENT:
SHIFT LENGTH: 8 hours
ESTIMATED TOTAL DAILY NOISE DOSE AND TWA FROM EXPOSURE TO
DIFFERENT SOUND LEVELS FOR DIFFERENT DURATIONS
(5 dBA EXCHANGE RATE)

SOURCE JOB
NUMBER ACTIVITY/LOCATION
1
2
3
4
5
6
7
8

Hammering
Band Saw
Planer
Jointer
Router
Lathe
Clean-up
Lunch/Breaks

SOUND
LEVEL,
dBA
89.0
95.0
88.0
93.0
96.0
89.0
82.0
65.0

REFERENCE EXPOSURE
DURATION,
TIME IN
MINUTES
MINUTES
551
240
633
317
209
551
1455
NA

30
30
60
60
120
90
30
60

HEARING CONSERVATION PROGRAM ref: 30 CFR Part 62, Table 62-1
TOTAL ACCUMULATED DOSE:
ref: 29 CFR 1910.95, Table G-16a
CALCULATED TWA:

ENGINEERING NOISE CONTROLS ref: 30 CFR Part 62, Table 62-1
ref: 29 CFR 1910.95, Table G-16

TOTAL ACCUMULATED DOSE:
CALCULATED TWA:

HCP
% DOSE
PER
SOURCE
5.44
12.50
9.47
18.95
57.43
16.32
2.06
0.00

ENG. CONTROLS
% DOSE
PER
SOURCE
0.00
12.50
0.00
18.95
57.43
0.00
0.00
0.00

122.2 %
91.4 dBA

88.9 %
89.1 dBA

Calculations are based on guidelines established by the Mine Safety and Health Administraion (MSHA) and Occupational
Safety & Health Adm. (OSHA) Occupational Noise Exposure Standards 30 CFR Part 62 and 29 CFR 1910.95.
Reference Duration is the amount of time it takes to reach a 100% dose at a certain sound level.
Percent Dose is the percentage of noise exposure received from each noise source.
- For a Hearing Conservation Program (HCP), noise levels from 80 to 130 dBA are used in the calculation of dose.
- For Engineering Noise Control considerations, noise levels from 90 to 130 dBA are used in the calculation of dose.
TWA is the time-weighted average noise exposure in dBA, which is based on 8-hour workshifts.
- The Action Level (50% dose) is a TWA of 85 dBA.
- The Criterion Level (100% dose) is a TWA of 90 dBA.

Associates in Acoustics, Inc.
31385 Burn Lane
Evergreen, CO 80439
(303) 670-9270
www.esion.com
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