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CHAPTER I
INTRODUCTICON 1O ACOUSTICS

In this discussion of noise and vibratlion, it is intended to move quickly
into the use of acoustical terms and to beecome acquainted with some of the
elementary acoustical procedures witheut necessarily knowlng or compre-
hending all the acoustics background that goes into the development of

this material. Textbooks or reference hooks in acousties® may be studied
for a more detailed discussion and technical understanding of this material.

l. DECIBELS

Just ag "inches" are vsed to moasure distance and "degrecs' ave used to
measure temperature, "decibels' are used to weasure sound intensity. As in
electrical engineering,.decihels are usad po express in logarithmic torms
the ratio of two powers; i.e,, if there are two electrical or acoustical
povers Pl and 1‘2, the ratio of those powers expressed in decibels would be

‘ U
10 log 1‘2/11 .

If the power I, were some accepted standard weferenee power, such as a watt
or some other lasic unit of power, the decibals could be standavdlzed to that

refetence value,

In acoustics, the decibel (ablbreviated "dB") is used to compare both sound
power and sound pressure. HWhen dgscrihilug the sound puicr of a soupd sourca,
the basic reference power is 10712 watt {acoustic wattsy, and a particular

.sound source might be described as having a "sound power level" of, for

example, 110 dB re 10712 ware, When deseribing the sound pressure in a

sound field, the basic reference pressure is 0.0002 microbar, and a pavticular
area might be stated as having a "sound pressure level"™ of, say, 90 dB re
0.0002 microbar.

A microhar is equal te one dyne per sq cm or 0.1 newton per sq meter and L8
very nearly equal to one millionth of a standard atmospheve. It is likely
that fn a few gum:s the reference pressure 0.0002 microbar will come to be
known as 2x107“ newton per sq meter, Lf this comes, it will be in the
interest of dnternational standardization of terminology and units,

In acoustics, the term "level" is used whenover a decibel gquantity is ox-
pressed relative to a referance value, as in "sound pressure level’ (re-
ferred to the reference praessvre of 0,0002 microbar) and "sound power level"
{referred to the reference power of 10712 watt),

“"Acoustics", Leo L. Beranck; McGraw-Hill Book Company (1954),

"Noise Reduction", Leo L, Beranck, Editor; MeGraw-llill Book Gompany (1960} .

YNOISE AND VIBRATION ENGINEERING", Leo L, Beranek, Editor; MeGraw-Hill
Book Company (Planned for 1970 or 1971 Publicakion).

’
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2, SOUND PRESSURE LEVEL

The ear is sensitive to sound pressure, Sound waves represent tiny
oseillations of pressure just above and just below atmospheric pressure.
These pressure oscilldtions impinge on the car and "we hear the sound'.

1

& Ysound level meter" is also sensitive to sound pressure. When a sound 5
s level weter is properly calibrated, it relates the sound pressure of an »
ineident sound wave to the standard refevence pressure (0.0002 microbar)
and it gives a reading in décibels relative to that veference pressure,

"0 dB" on this scale means 0 dB above the reference pressure, which, of
course, is the same as the reference pressure, This reference pressure,

or 0 dB sound pressure level, represents approximately the weakest sound
that ean be heard by the average young human ear in the frequency region

L of highest-sensitivity., (This definition came Into existence when people

I were known“to havo maximum hearing sensitivity at youth; the truly damaging ;
IR effects of too-loud music will change this for some of today's young people.) 0

T

. A simple but expréssive defiinltion of '"woisge' is that it is "unwanted

sound”; so 'noise level' is often used synonymously with "sound pressure

lavel', Both terms have the same veference pressure and ave used ipter-

N changeably in this manual. The reference to 0,0002 microbar may be and

Iy rn frequently is emitted when it is clearly understeed that the dB quantity »

L b is a sound pressure level, llence one might say that "the noise level in I‘
the mechanieal equipment voom is about 85 dB'f,

Iwo abbreviations of the texrm "sound pressure level" are in fairly common
use; VSPL' and "Lp", "SPL" is used in much of the literature and “Lp" is
being used in some of the more recent literature. The abbreviation “SPILM
15 used throughout this manual, but it is completely interchangeable with -
p' as found eclsewherea. !

3. ANALOGY BETWEEN 1LICHT AND SOUND l :

Sound pressure and sound power can be {llustrated simply with an analogy

between lipht and sound. Suppose first that a room is illuminated with a .
bare 13-watt electric lamp. Even in a room with white palnted walls and '
ceiling, this normally would be considered as a weak light source. If the :
room had only dark, unreflecting surfaces, the general room illumination

would be very poor. Now a bare 150-watt lamp would give good ganeral |”~
illumination 1f the walls are white, or light-colored, or highly veflecting i
(and depending, of course, on the size of the room and the distance to the

lamp) . However, the same 150-watt lamp might not give adequate voom 1llumi- ’
nation if the walls and ceiling were black, ov dark-colored or non-reflective, |
Thus, it 1s recasonably obvious that the intensity of the gencral room

iliumination depends not only on the power rating of the lLamp, but also on

the light-reflecting (or absorbing) properties of the voom surfaces, on the B l
size of the room, and on the distance to the light source, Further, if the

lemp had_n lamp-shade or if it were recessed in a flush-mounted ceiling

receptacle, the light weould be brlghter in some directions thay in others, l
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All the same factors apply to sound in a room! "Sound pressure level™ is
somewhat analogous to romm Lllumination; "sound power level! {s somewhat
analogous to the power rating of the lamp, A "wealk" seund source would
produce low sound levels while a "stronger" sound souree would producc
higher sound levels. A constant sound souvee that would produce one sound
level in a hard-walled bare room would produce a diflerent sound Jlevel in
the same room surfaced with a large amount of soft, [luffy acoustic ah-
sorption material,

The sound source would produce a higher sound level a few inches away Lhan
it would several feel away. It might radiate higher sound levels fvom one
side than from another side, It would produce different sound levels in a
targe room than Lt would in a small room. Thus, the sound level in the

room depends not only on the sound source {actually its "sound power'), but
alsoe on the sound sbsorption properties of the ropm surfaces, on Fhe sixe

of the room, the distance to the sound source, and also the directional
charactoristics of the socund source, In effcct, the sound pressure levels:®
heard by a pevson in the room are determined hoth by the sound power
radiated by the .seurce and by the "acoustic characteristics" of the roum,
All of this is merely leading up to the fact that (1) there {5 need for a
way of rating a sound source that is independent of the environmental
surroundings, and (2) there is nced for a way of describing the Yacoustic
characterlistics' of the room that is fndependent of the sound source, Then,
with these two independently determined biks of information, any known,
definable room or space and the sound field or '"sound pressure level!
("SPL'") about the room can be determined, remembering that it is the sound
pressure level to which people respond in theiv Living and working envivon-
ments . Just as the 150-watt lamp may produce rvelatively poor to good
illumination in a given voom, so also will a sound Source produce relatively
low or high sound pressure levels inta given voom, ' Fusther, just as electric
lamps are rated by a power rating, so also sound sovurces are rated by a power
rating.

4., SOUND POWER LEVEL

The quantity "“sound power level' exprosses, in decibels rvelative to the
reference power of 10712 watt, the total amount of sound power radiated

by a sound source, regardless of the space into which the source Is placed.
As suggested abeve, 1f the power level of a sound source is known and if
the "acoustic chavacteristics" of a space are known, it will then be
possible to estimate or calculate the sound pressuyre Jevel in that space,
Ultimately it is the SPL that usually aust be detervmined because it is on
that basis that people judge an acoustic environment,

ITwo abbroviations of "sound power level are in coanon use:  UPWLY and LM,
"PWLY 1is used thrvoughout this manual, but it is completely interchangeable
with “Lw”'

The need for sound power level data has grown vapidly ip recent years,
Consider ventilation system diffusers as an example, fn eavlier vears,
,one manufacturer might have published sound pressure levels for his

”



diffusers measured at some named distance in his highly reverberant test
room, Another manufacturcer might have published sound pressure levels of
his diffusers at another distance-in his test room (undoubbedly of
diffevent size and acoustic characteristics than that of his competitor).
Still another manufacturver might have published nolse daca that he
measured in a particular meck-up of a room that was intended to represcnt
a typical office of a larpe building. Well, ecach manufacturer might bhave
folt justified in his procedure, but the same identical diffuser in-all
those different tost conditions could have ylelded vaviations as high as
5 to 10 dB in sound pressure level, To provide a more realistic rating
b of diffusers (and other noise sources as well) rather than the test rooms
ﬁ' r? in which they were measured, the imporxtance of sound power level has come
o to be vealized as a truc indicator of the quantity of polse radiated by a
g source regardless of the surroundings, This fact bas beon recognized by
5 r7 most manufacturers of equipment to be rated or selected in terms of neise
1 output; and they arc in the process of obtaining and providing sound

; power level data for their equipment, The test facilities are quite ex-
rﬂ pensive and the tests are not always simple, but steps are being taken to

;

1

R §
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provide PWL data to the designer and customer.

G - :
: IE 5. SOUND POWER REFERENCE 10™-% warr o
* N The reference pawer for sound power level data in present U.5, and lﬁ
Y international usage is 1012 ware as stated above, This refereuce should

aluays be quoted (as in "110 dB re 107%% watt™) so as not to be confused
with S8PL data or with earlier PWL data thar used 10713 wate as the
reference power,

Most of the U,S, acousties literature before about 1963-1966 (and even pi
some curvent literature) uses 10713 watt as the reference power. The 10712

watt value is now accepted gs the U,8, and international standard, A

10 db error can result by not using the correct raference, If it is

desired to use PWL data given In "dB relative to 10°13 warc”, reduce thase

numerical values _of PWL by 10 dB to conyert Lhem to PHL values in "dB
rclftive to 107+% watt™, Conversely, if it is desired to convert from
1071% yact reference to 10713 wart reference, add 10 dB to the 10°12 wacc
PWL values to 505 Yl re 107 watt'., In this manual and in most current
literature, 10°1% watt is the reference pawer for PWL data,

6. FREQUENCY, HZ AND CPS

Wich the recent tremd in U.S. and international standards to recognize the
early men of science, many new names for old units are being adopted. The
traditional unit for frequency In the U,5. has been "cyecles per second”,
abbreviated "eps'", The mew international unit fer frequency, recently
adopted by U.5, standards groups, is "Heree", abbreviated "Hz", Through-
out this manual the new unit "Hz'" will be ugsed; it has the same meaning as
Yeycles per second”,

[t
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7.  VOVERALL™ FREQUERCY RANGE AND OCTAVE BANDS OF FPREGUENCY

In order to vepreseni properly the total noise of a nolse source, iL ls
usually desirable or nececssary to break the total noise down into jts
various frequency cenponents; that is, how much of thoe nojse is low fre-
queney, how much high frequency amd how mueely is in the middle frequency
range., This 1s essential for any ceuprehensive study of a noise problem
for twe reasons: ‘(1) people react diffevently to low frequency and high
frequency noise (for the same sound pressure level, high frequency noisc
is much more disturbing and is twmore capable of producing heaving laoss
than is the case for low freoquency nelse); and (2} the enginvering solu-
tions to reduce or control noise are different fov low frequency and high
frequency noise (low Erequency noise is more difficull to ecuntrol, in

AT i general).

el SuB a8

It is econventional practice in acousties to determine the frequeney Jis-
tribution of a noise by passing that noisec successively through sceveral
differeat filters that separate the noise into B8 or 9 "ectaves" on a
frequency scale. Just as with an "ectave" on a piane keybhoard, an
"getave' in sound analysis represents the frequency intenval bhetween a
given frequeney (such as 300 Hz) and twice that frequency (600 Hz in this
illustration).

-

The normal frequency range of hearing for most people extends from a low i
frequency of aboub 20 Hz up to a high frequency of 10,000 to 15,000 Yz, i
or even higher for some people, By virtue of U.S, adoption of a recent
international frequeney standard in acoustics, most octave-band noise
analyzing filters now cover the audio vange of about 22 Hz to about ‘
11,200 Yz in nine octave [requeney bands, These filtars are identified
by their geometrie mean frequencics; hence 1000 Hz 1s the label given to
the octave frequency band of 700-k400 Hz, The nine octave hands of the

—r—
‘bl

,{F
? "new'" international standard are as follows (the nimbers ave frequently
' " rounded of£)
Eﬁ Octave Geometric
: Frequency Mean Freguency
H Range of Band
§ E’ (e) e o
b . 22-44 ary
'ti 44-88 ' 624
- 88-175 125
i E 175-350 250
L 350-700 ' 500 , -
[ﬁ 700-1400 1000
‘€ 1400-2800 2000
ST N 28005600 4000
i l:i 5600-11,200 8000

The term "overall! designates the full frequency coveraze of all the octave
bands, hence 22-11, 200 Hz, or Iin some cases, 44-11, 300 Uz when the 31 Iz
band is omlcted.

1-5 i
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The frequency bands in use 1n the U.S, before adoption of the bands listed
above ore as follows: 20-75, 75-150, 150-300, 300-600, 600-1200, 1200-2400,
2400-4B00 and 4800-10,000 Hz, - Most of the literatuve in acoustics before
about 1963 will refer to these "old" frequency bands. The "new' inter-
national standarvd frequencies (sometimes called "preferved frequencies" in
current literature) ave used In this manual., Essentially the "old" and
"new" fraquency bands may be considevad as being equivalent, with a fou
exceptions that will not be significant to the material in this manual,

A set of filters used to scparate a complex sound into octave bands is
commonly referrcd to as an "octave band analyzer",

When a sound pressure level or # sound power level includes all the audio
range of frequeney, the resulting value is called the “averall" level,
When the level refers to the sound in just one specific octave frequency
band, it is called an “octave band level" and the frequency band is elther

stated or c¢learly implied,

For some special situations, a noise spectrum may be studied in finer detail
than 1s possible with cctave frequency bands., In such cases one-third
octave bands might be used or even narrower filter bands might be used, for
example to separate one particuylar frequency frem another one If it is
desirved to separate the causes of a particular complex noise, The bandwidth
and the identifying frequency of the band should always be specified,

8. WEIGUTING NETWORKS: A-, B- AND C-SCALES

Sound level meters are usually equipped with "weiphting cireuits" that tend
to represent the frequency characteristics of the average human ear for
various sound intensities. Hence, "overall" readings are sometimes takon
with "A-scale" ox "B-scale" or "C-scale' scttings on the meter., The
YA-scale" setting of a sound level meter filters out as much as 20 to 40 dB
of the sound below 100 llz, while the "B-scale" sctting filters out as much
as 5 to 20 dB of the sound below 100 Hz, The "C-scale" setting is reasonably
“flat" with frequency, L.e, it retains essentially all the sound signal aver
the full "overall" frequency range. A plot of the frequency response of the
electrical system of a sound level meter meeting USASY (U.5.A, Standards
Institute, formerly American Standavds Association) standards for the A-,

B- and C-scale weighting nctworks is shown in Figure 1 at the end of this
chapter., For several years'the A-scale and E-scale veadings were held in
‘disfavor because they do not provide any knowledge of the frequency disg-
tribution of the noise, but there is a revival in the use of A-scale readings
as a single-number indicator of the relative loudness of a sound as heard by
the human ear, It is very important, when reading A-, B- or C-scale sound
levels, to positively identify the scale sctting used, The vesulting values
are called "sound levels" and are frequently identified as dB (A}, or dB(B)
or dB(C} readings. Note that thesc readings do not represent true "sound
pressure levels' because some of the actual signal has been removed by the
welghting filters,

For most acoustic applications the octave frequency band readings are the most
useful, It is always possible to construct A-, B- or C-scale veadings from
all the octave band readings, hut it is never possible to exactly construce
the octave band readings from the weighting scale readings, :

1-6



9, ADMLTION OF DECIBELS : P

Since decibels are leogavithmic values 1t 1s not proper to add them by normal
algebraie addition, For example, 63 dB plus 63 dB does apt equal 126 dB
but only 66 dB,

T C e
-

A very simple, bhut adequate schedule for adding decibels is ay follows:

=, F X !
When twe decibel Add the following amount i

= values differ by: . to the higher value: :

EIRY 0 or 1 di 3 B :

s

i 2 or 3 db 2 s

]r‘, 4 -8 aB ' L ap

_tz 9 dB or more 0 dn

1;4‘,.

! When several decibel values are to be added, perform the above operation on

o any two pumbers at a time; the order does not matter. Coptinue the process

until only a single value remains, A table repeating these rules is included
in the section on nolse sources, ’ :

As an 1llustration, add the following: five noise levels:

. 56>~ = 58~
53 \
— |

= 4l dh

47

Or, suppose the ssme numbers are arvanged in a differenl ordur, as in -
: 47 H
’ 53> = 54 \ L

53 ' -

= A2 d
5.‘”> = 61
59

Sometimes; using different ovders or adding may yiecld sums that might differ
by 1 dB, but this is not too significant a difference in acoustics, In
general, the above simplified summation procedure will yield accurate sums
to the nearest 1 dB. This degree of accuracy is considered acceptable for
the material given in these notes,

.

-7 - '




RN £ S Pl al

e | Aﬁ,._i ::E

o

RELATIVE RESPONSE (dB)

+10

+5

- /// B AND C -

@ N

~{5 /
-20

-25

-30

-50

20

FIG. 1

50

100 200 500 1000 2000 5000 10,000
FREQUENCY (Hz)

APPROXIMATE ELECTRICAL FREQUENCY
RESPONSE OF THE A, B-, AND C-SCALE
WEIGHTING NETWORKS OF USASI-
APPROVED SOUND LEVEL METERS.
(Taken. from General Radio Company
"Handbook of Noise Measurement")



CHAPTER 2
NOLSE CRITERIA

The degree of disturbance or annpyance of an intruding unwanted noise depends
essentially on three things: (1) the amount and nature of the intruding
noise, (2) the amount of background noise already present before the in-
truding nolse accurred and {(J) the naturce of the workiag or living activity
of the people occupying the area in which the noise is heard. People trying
to sleep in their quict suburban homes would not tolerate very much

intruding noise; while office workers in a busy mid-city office could have
greater amounts of nolsc without even noticing it; and factory workers {n a
continuously noisy manufacturing space might not even hear a noisy ncarby
cquipment installation,

e

It is common practice in accoustical engineering to rate various environments
by "neise eriteria" and to describe these eriteria by fairly specific nolse
level values, Detrailed discussions of nolse criteria can be found in other
literature™, and only a brief useful summary of that material is introduced
here, In the interest of brevity, many important details and qualifications
arc omitted, Thus, in a complex problem, additional reading or acoustical
assistance may be necessary,

1. -NOISE CRITERLON CURVES

From carlier studies of many types of noisc envirvonments thab people have
found either "acceptable" or "upacceptable" for varlous fndoor working ov .
living activities, a family of "Noise Critevion Curves" ("NC" curves) has
been evolved, TFigure 1 presents these curves, Each eurve represents a
reasonably accepiable balance of low frequency to high frequency noises for
pavtieular situations, These curves ave also keyed-in to the "speech
communication’ conditions parmitted by the noise. Thus, the lower NC curves
preseribe noise levels that are quicet cnough for resting and sleeping or for
excellent listening conditions, while the upper NC curves describe rather
noisy work areas where even speech communication becomes difficult and
restricted, The curves within this total range may be used to set desired
noise level goals for almest all typical indoor functional areas where some
acoustic need must be served. TFor convenience ip using the NC curves, the
octave band sound pressure levels of Figure 1 are epumerated in Table 1,

In Table 2, a number of typical indoor living, workimg and listening spaces
are prouped together inte "categories" and each category Is assigned a .-

*rox a quantitative discusaion of nolse criteria and noise levels, refer to
a textbook or reference book on acoustics, such as “Noise Reduction", Leo L,
Bevanck, Editor; McGraw-Hill Book Company (1960) or "Handbook of Noisc
Control", C, M. Harris, Editor; McGraw-Hill Book Company (1954), or to the
latest issue of the ASHRAE ”Guide and Data Book", American Soclety of
Heating, Refrigevation and Alr-Conditioning Engineers, Inc,, 346 East 47th
Street, New York L0OL7 or to seclected topics of the Jeurnal of the
‘AcousLical Sbeclety of America

’



- |

ST

I i
-

bl
o

R

EJ

Ay

5 -

i

represeptative range of noelse criterion values, Low Catepgory Numbers indi-
cate arcas in which relatively low nolse levels are desired; higher Category
Numbers indicate areas in whieh relatively bigher noise levels are per-
missible. Any occupled or habitable avea not speecifically named in Table 2
can be added under any appropriate Category Number as long as the acoustic
requivements of the new area are reasonably similar to those of the areas
already named under that category. A 5-10 dB range of NC values is given

in Table 2 for cach of the first five catepories. In gencral, the lower
limit of each range should be used for the wore critical spaces or the more
sensitive or eriticaloccupants of an avea, while the upper limit of each
range may be used for the less critical spaces or cccupants of an area.

An exception to this generalization may occur when it is clearly known that
the background noise of an area 15 so quiet and the walls between adjoining
rooms have such low "transmission loss" that speoch sounds or other clearly
fdentifinbiv sounds may intrude from one office to another and be disturbing
to occupants of either area. In this type of situation, '"masking noise" may

‘have to be Introduced.into the rooms in order to reduce some of the intel-

lipibility. of the intruding sounds, and theo higher range of noise criterion
values may actually be useful, as long as the mechapical equipment noise
itself is relatively unohtrusive and not too identifiable, When properly
contralled as to spectrum shape and souhd level, ventilatien system noise
{the gentle "hissing' of diffusers, under-vindew induction units, dampers or
air valves) sometimes provides some of this "masking noise', In more
critical eases, where spectrum and level must be held under elose control,
electronie nolsc sources may he used,

A spccial note of concern is glven for the Category 1 and 2 arcas of Table 1,
For a very quict community arca or for a quict huilding with no internal ’
ventilation system noise, the NC-20 nolse criterion should be applied for
indoor conditions, For a noisy city environment outdoors or for a building
with g ventilation system known teo fall in the NC-30 noise range, an NC-30
nofse criterion can be applied to rooms other than bedrooms or auditeriums.
For bedrooms et auditeriums or for sitvations that do not clearly fall at
the NC-20 lower limit or NC-30 upper limit, NC-25 indoor neise critevion
levels should be applied,.

The reader may refer to the most recent issue of the ASHRAE Guide and Data
Book for a listing of other typical situaciops and the associated range of
NC values., The ASHRAE Guide usually lists a 10 dB range of NC values for
each space, leaving it to the option of the user to select the specific NC
value for his own particular situation,

For music or performing arts centers or concert halls, there 1s increasing
evidence that a complete absence of nolse Is required in erder to provide

a full appreciation of the very low level sounds sometimes coming from the
stapge avca, Thus, an NGC-15 to NC-20 eriterion should be applied’as the goal
for high, quality concert halls, Acoustical assistance may be required to
achieve these goals, :

It iy nafed here that much of the known data on eriteria do not extend down
to the very low frequency band of 3} Hz, Some of the nolse source data,
however, fnclude 31 Hz levels, For maost ordinary noise problems, there will
bé no serious concarn for the 31 Hz band so it can be ignored for most cal-
culations. If it {s knobn that a serious problem involves decision+making
at 31 lz, acoustical assistance should be obtained.

2-2
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2. SPEECH INTERFERENCE LEVELS

A reasonably steady broad-band noise-with moderate toe high noise levels in
i the frequency bands of 500 to 2000 Hz will produce some degreec of inter-
i . ference with speech, since most of the intelligibility of the human volce
falls in this frequency range. The tewm "spoech interference level® of a
noise is now defined as the arithmetlc average of the sound pressure levels
of the nolse in the three octave bands centered at 500, 1000 and 2000 Hz.®
Table J gives the average "speech interference level' of a noise that will
Just barely permit reliable speech communication for a range of voilce
levels and distances, The data are lLased on tests performad out-of-doors
whére there are ne reflecting surfaces to help reinforec the speech sounds,
4 but the values can be used as appreximations for indoor conditions as well,
[] Also, to a first approximation (but not exactly), if a noisec follows the
o shape of an NC curve, the "PSIL" value of the noise will nearly equal the
NC cyrye pumbor,

oo | “F OIF Y

!

“ As a simple example of the use of Table 3, if the nolsc levels in a
o ' Mechanical Equipment Roem average 62 dB in the 300, 1000 and 2000 Hz bands,
i [1 barely reliable speech conversations could be earried on in that room by
Hoda shouting at a 16-ft distance, by using a loud voice level at a distance of

5l 8 ft, by using a raised voice at a distance of 4 ft or by using a normal
' voice level at a distance of 2 ft,

3. OUTPOOR BACKGROUND NOISE

Feople tend to compare an intruding noise with the background noise that

was present before the new nolse eame Into existence, Lf the pew noise has
distinctive sounds that make it readily identifiable or if iLs nolse levels
arce considerably higher than the hackground or "anbient! levels, ft will bhe
noticeahle to the residents and it might be considored objectionable, On

the other hand, if the new nolse has a rather unidentifiable, unebtrusive
sound and its noise levels blend into the ambient levels, it will hardly be
noticed by the neighbors and it probably will not be. considered cbjectionable,

Thus, in trying to estimate the effect of a new noisc op a neighbor, it is
nacessary to know or to estimate the background neise levels in the absence
of the new noise, Since the equipment is probably planned for continuous
day and night operation, and since people are less tolerant of an intruding
noise at night, the nighttime ambient noisc levels are important to the
evaluation of the preblem.

Wherce possible (and especially if a sensitive neighborhood 1s located nearby),’
the average minimum nighttime noise levels should be measured several times

*IS1L" wes originally defined in terms of the Ehree formerly-used octave
bands 600-1200, 1200-2400 and 2400-4800 Ha, With the acceptance of the
new international frequency bands in the U.8., an adjustment of values
has been made and the new values are being identified by the notaktien
NPSIL" in ordey to desipnate that they are based on the now "preferred!
frequencies,

2-3




during sevaral typically quiet nights, Readings should be taken in octave
bands and readings should be taken when there is no nearby truck or auto
traf£ic that would give falsely high values,

If background measurements cannobt be wade, the ambient noise levels can be
estimated approximately with the use of Tables 4 and 5, In Table 4, the
condition should be determined that most nearly deseribes the community

or residentlal avea or the nearby traffic activity (which frequently helps
get the ambient levels in an otherwise quiet neighborhood) that would exist
during the quictest time that the equipsent would be in operation, For the
condition that is selected, there is an appropriate "Noise Code No." at the
right-hand side of Table 4 that is used to enter Table 5. For that parti-
cular Noise Code No,, Table 5 then gives an estimate of the approximate
average minimum background noise levels for that area and traffic condition,
This is not an infallible estimate but it will scrve in the abscnce of
actual measurements,

It is cautioned that these estimates should be used only as rough approxima-
tions of background noise and that local conditions can give rise to a wide
range of acltual noise lavels,® It is, nevertheless, realistic to utilize a
methad sueh as this to help determine the amount of noise that a new noisc
can make without beeoming noticeably loveder than the general hackground,

%, NOISE REDUCTION PROVIDED BY A BUILDING

An intruding noise coming from an outdoor noise source or by an outdoor
nolse path may be heavrd by a neighbor who is either indoors in his own
building or outdoors on his property, If he is outdoors he may judge the
intruding noise against the more-pr-less steady background noilse duc to
other neises in the area. If he is {ndoors, he may tend Lo judge the noise
by whether It is audible or identifiable or intrusive Into his surroundings,
If the noise, when heard indoors in the peighbor 'building, can be made to
be no greater than the appropriate NG values that would normally apply
there, Lt i quite likely that there will be no complaint against the noise,

When outdoor noise passes inte a building it suffers some noise reduction,
even 1f the building has open windows, The actual amount of noise reduction
depends on huilding eonstruction, ovientation, wall area, window arca, open
window area, interior acoustic ahsorption, etec, For practical purposes,
however, the approximate noise reduction values provided by a fow typical
building constructions are given in Table G, If these amounts of noise
reduction are added to the indoor NC values, one would obtain the ocutdeor
sound pressure levels that would yield the indoor NC values, applicable
when outdoor noise passes through the building wall and comes indoors,

For convenience and identification, the listed wall constructions ave

*A procedure similar to this is given in the ASHRAE Guide, 7Tt is eautioned,
hovever, that the actual curves and sound levels used in the ASHRAE Guide
are not Identical to theose used ip this manual, even though the ASHRAE
material originally was developed from data first presented ip an earlier
Baltimore Alrcoil Company Bulletin. The data presented heve are recom-
mended as belng slightly more conservative and somewhat more specifie than
the equivalent data offered in the ASHRAE Guide,

’,
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labeled with letters A through G, and are described in the notes under
Tahle 6, HNote that Wall A represents no wall at all, hence no noise re-
duction; and che use of Wall A indicates that the selected NC curve would
actually apply In this special case to an outdoor activity (such as for a
sereened-In sleeping powch, a deive-in theater, an outdoor restauvank, an
outdoor terrace,, and the like),

5. OUTDOOR NOISY CRITERION

From the foregoing material it is possible to estimate an approximate out=-
door nojise criterion for almeost any type of neighbor situation. 7Two somewhat
independent appreoaches should be tried, and the decision based on the re-
sults of those two approaches, :

The first approach provides an "outdesr noilse level exiterien” that will
essantially produce the desired indoor neise levels after the noise passes
through the wall of the neighbor building. Thesc outdoor noise levels are
merely the, arithmetlc sum of the appropriate indeor noisc criterion levels
from Table 1 and the noise reduction values of the neighber's building as
token from Table 6,

The second approach provides anothel "outdoor noise level critorfion that

is egsentially hased on the possible "intrusion' of the new noise into the
existing outdoor background neise, as determined from Tables 4 and 5, To

be vompletely inconspicucus, the new noisc, whon extrapolated to the
neighbor's location, should be kept at or below the outdoor background noise
levels in all octave bands., (If a noticeable pure tone signal is present

in the intruding nolse, its octave band level nwst be 5-10 dBR iower than

the baclground level in that octave hand in order not to be noticecable, It
may be difficult or econemically impractical to reduce the noise to such laow
levels that they are essentially undetectable in the background., In this
case it may be necessary to permlit a small amount of intrusion; this may

be done at a risk of generating complaints against the noise, A noise ex-
cess of about 5 dB above the background (at night) may produce seme annoyance
but it probably will not lead to legal action, An exeess of about 10 B
above background noise will generally produce wild to strong complaints, and
an excess of 15 dB or more is glmost certaln to generate serious complaints
and vltimately legal action,

When the outdoor nolse criterion levels are obtained by these twe appreaches,
a deeision should be reached on the f£inal levels to ba used, The lower
octave band levels from each gpproach will certainly yield a non-intrusive
noise; the upper octave band levels from each approach may be acceptable if
they do not produce the high nolse level excesses mentioned above.,

6. PROTECITON OF HEARING

When pecople are exposed repeatedly to high noise levels for long periods of
time, hearing loss may result, The nolse levels in mechanical equipment
vooms ('MERs") or power plants in buildings are frequently high enough to
constitute hazardous exposures for essentially contiruous occupancy in those
work areas.

2-5.
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Table 7 lists the maximun Sound pressuve levels'vecommended by two groups
for protection of heavipng for personnel exposed to these levels for
essentially 8 hours per day for many years., BEven these levels will proaduce
some licaring loss to some individuals, For details, the reader should refer
to the original sources of data.®

Table 8 1ists the poise levels considered acceptable for single part-time
exposures on a dally basis, Part A of Tables 7 and 8 applies for broud-
hand noise (no pure tones present), while Part B of ecach table applies for
narrow-band ar pure-tone noise,

The CHABA Report cmphasizes the value of rest or recovery periods of relative
quictness intevmixed with periods of high noise levels, During these periods
of Mquictnass" (which must be at least L0 B quicter in all bands than the
levels given in Table 7), the cars begin a recovery process from the previous
nolse exposure that somewhat helps preparve the listener for the next neise
exposure, Ln effoct, for situvatlons where the stecady-state noise levels

are just marginally above the recommended noise levels of Tables 7 and 8, it
is possible to veduce the effect of the higher noise levels by intentionally
providing some schaeduled pericds of "quiet', Or, if the nature of the
operatok's work in the machinery room is somewhat intermittent, it would be
possible to permit these hipher noise level exposures, provided that inter-
mittent periods of relative quiet ave also assured, Certain generalizations
can be given for the intermittent sequances of neise and quiet:

(1) for long intervals of noisn exposure, relatively long peviods of
racovery ave requlred;

(2} for short intervals of nolse exposure, relatively short periods
of recavery are requived;

(3) the higher the nelse level, the wmove beneficial is the short-
Laemm removal from the noise,

The CUABA Report provides data on varlous amounts of intermittent exposures
to neise to show the value of these recovery perlods., A representative
condition is shown in Figure 2, This plot shows the neise levels considered
acceptable for certain Intervals of neise "on' when they are followed by
10-winute intervals of nolse Yeff", For use of these plots, the operator
shonld be exposed to nofse levels at least 10 dB below the Table 7 values
during the lo-minute rocovery peviods,

Lr is stvongly rvecommended that n separate control voom be provided for each
MER that must be attended, so that operating personnel can be provided a
relatively quiet environment that does not involve hearing~loss noilse levels,

*'Hoise and Conservation of Heaving," Department of the Army Technical
Bulletin TB MED 251, 25 January 1965.

"Hazardous Exposure to Intermittent and Steady-State Noise," National
Academy of Science and National Research Council, Committee on Hearing,
Bloacoustics, and Biomechanics ("GHABA*'), January 1965. (Also published
in the Journal of the Acpustical Soclety of Amervica, Vel, 39, No, 3, .
pp. A51-464%, March 1966) .,
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If the conditions of Tables 7 and 8 and Figuwe 2 cannot be met, ear pro~
tectors or a medically-supervised hearing consetvation program ave advisad,

o <
El 7. WALSH-HEALEY REGULATION

The following axcerpts ave taken from the Federal Register, Volume 34, No, 96,
May 20, 1969 reparding U.8, Department of Labor Safety and Health Standards:

Yara, 50-204.1 Scope and Application

(a) The Walsh-Healey Public Ceontracts Act requires
that contracts entered into by any agency of the United
States for the manufacture or furnishing of materials, o
supplies, articles, and equipment in any amount ex- :
ceeding $10,000 must contain, among other provisions, . i
a stipulation that '"no part of such centract will be
porformed nor will any of the materials, supplies,
articles, or equipment to be manufactured or furnished W
under sald contract be manufactured or fabricated in v
any plants, ‘factories, buildings, or surroundings or 5
undar working conditions which ave unsanitary or ﬁ
hazardous or dangerous to the health and safety of o
employees engaged in the performance of sald contract, i
Compliance with the safety, Sanitary, and factory in- s
spection laws of the State in which the work or part
theveof is to be performed shall be prima-facie

. evidence of cempliance with this subsection,.

Para. 50-204,10 Occupational Noise Exposure

(a) Protection against the effects of nolse exposure
shall be provided when the sound levels exceed those
shown in Table L of this section when measured on the
A scale of a standard sound level meter at slow res-
ponse, When nolse levels are determined by octave band
analysis, the cquivalent A-welghted sound level may be
determined as follows:

2-7
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LEVEL IN DECIBELS
G

OCTAVE BAND SOUND PRESSURE

100 \\ < S
L . N\\\- \\‘~; 100
90 | A=VEIGHTED | ] 95
SOUND LEVEL o s
80 T ' I 7=l L et ey

100 200 500 1000 2000 4000 8000
.BAND CENTER FREQUENCY IN CYCLES PER SECOND

Equivalent sound level contours. Octave band sound pressurc
levels may ou converted to the equivalent A-welghted sound
level by plotting them on this graph and noting the A-veighted
sound level corresponding to the point of highest penectration
into the sound level contours, This equivalent A-weighted
sound level, which may differ from the actual A-weighted

sound livel of the noisce, is used to determine exposure

limits from Table I,

(b) When empioyeas are subjected to sound excceding
those listed in Table I of this section, feasible administra-
tive or enginecering contvols shall be utilized. IF such
cuntrols fail Lo reduce sound levels within the levels of the
table, personal protective equipment shall be provided and
used to reduce sound levels within the levels of the table,

" (e} If the variations in noise level invelve maximD at
intervals of | second or less, It {s to be considered con-

tinuous, Fuch o whtre tl dup f At -
v}“} 4 “‘/L(J:f‘( ‘;e)uhal ':;Afl //E ?S%nﬂ C.\{e-! ié-

(d) In all cases where the sound levels exceed the
values shown herein, a continuing, effective hearing
"conservation program shall he administered,
’

n
T
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% el
1 ' PERMISSIBLE NOLSH EXI’OSURESl
;i - Sound
3 '“5 Duration per level
»f " day, hours dBA
l e e 9 o
B 6 92 Cob
CR "o e 95 BN
7 L _ 3 97 b
i T 2 e 100
3 D W 102 3
i v 105 "
I e e —— e 110
¥ or less 115

Ithn the daily nelse exposure is composed of two or nore
perleds of noise exposure of different levels, their come
bined effect should be considered, rather than the
individual effect of ecach, If the sum of the following 3
fractions: CL/TI+C2/12, . . . Cn/ln exceeds unity, then, .
'rJ the mixe< exposure should be consldeved to exceed the i
iy Limit value, Cn indicptes the total time of exposure at
s Wﬁp&eﬁf.i.ﬁd noise level, and Tn indicates the rotal time
of exposure permitted at that level,

Lxposure to impulsive ox impact noisc should not exceed .
140 dBfpeak sound pressure lcvelCa.s rcad by a1 pag,-r- mc?cao

8. EAR PROTECTORS

Table 9 presents the approximate attenuation of a good, fitted ear plug (Alr
Force Typc V-3lR) and a reasonably comfortable softly-scaling car muff (Alr
Force Type TRU-1/P) used singly or in combination, Other current models of
well-fitted molded eav plugs and ecar muffs will approximate these values,

although poorly fitting protectors will have leakage and will fall shoert of

© e
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these values by as much as 5 to 10 dB, 1n practice, ear plugs are more
likely to be poor-fitting because they work loese with time. For most
practical purposcs the attenuation of either ecar plugs or car muffs may
be taken to be about the same and to equal the lower values marked with
an "# in Tahle 9,

The details of fitting, maintaining and the need for pevsistent use of ear
protection are not discussod here as that must fall to the Medical Director
and ultimately to the user, It 1s merely emphasized that ear protectors
have no equal for certain specific noisc situations.

In the words of Dr. Arom Glorilg, leading otologist in this field, "the best
car protector is the one that is worn!!
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REFER TO TABLE 1 FOR

NUMERICAL VALUES OF SOUND PRESSURE LEVELS OF NC CURVES,
FOR APPLICABLE AREAS.

INDOOR NOISE CRITERION "NC" CURVES.
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REFER TO TABLE 2
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NC-15
NC-20
NC~-25
NC=-30
NC-35
NG-40
NG5
NC-50
NC-55
NC-GO
NC-65

TABLE 1

OCTAVE BAND SOUND PRESSURE LEVEL (SPL) VALUES

63
uz

47
51
54
57
6o
64
67
71
T4
17
80

ASSOCIATED WITH THE NOISE CGRITERLON

CURVES OF TFIGURE 1 AND TABLE 2

125
_Hz,

36
’40
44
48
52
56
60
64
67

1

250
_liz

29
33
a7
41
45
50
54
58
62
67
71

500
14

22
26
31
L35
40
45
49
54
58
63
68

1000

2000 4000  BOOO
HZ 1[Z HZ 112
17 W 12 11
22 19 17 16
21 2w 22 21
31 29 28 27
36 3% 33 32
41 39 18 37
46 44 43 42
51 49 48 47
56 54 53 52
61 59 58 57
66 64 63 62

i
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v  TABLE 2

ol

nd

CATEGORY CLASSIFICATION AND SUGGESTED NOILSE CRITERION RANGE

L
R f; IJ FOR INTRUDING MECHANICAL EQUIPMENT NOISE AS HEARD IN VARIOUS
% . INDOOR FUNCTIONAL ACTIVITY AREAS
| ‘
[
ﬁ ) CATEGORY AREA (AND ACOUSTIC REQUIREMENTS) NOLSE CRITERION
1 .J 1 Bedrooms, sleeping quarters, NC-20
A , hospitals, realdences, spartmonis, to
N hotels, motels, cte. (for sleceping, NG-30
‘i ]J rosting, relaxing) .
i’ ;ﬁ 2 Audiforiums, theaters, large meeting NC-20
B ; rooms, large conference rooms, to
E" cliwveches, chapels, etc, (for very NC-30
#u good listening conditions),
Ié 3 Private offices, small conforence NC-30
i rooms, classyrooms, libraries; etec, to
rq (for pood listening conditions). " NC~35
i
£
S 4 Large effices, recceptlon areas, NC-35
- retall shops and stores, cafeterias, to
: restaurants, ete, (for fair listening NC-40
4 conditions).
1 5 Lobbies, laboratory work spaces,
] drafting and engincering rooms, NC-40
maintenance shops such as for to
electrical equipment, atc, NC-50

(for moderately fair listening
conditions).,

T

'f 6 Kitchens, laundries, shops, garages,

o ' machinery spaces, power plant control NC-45
rooms, cte, (for minimum acceptable to
specch communication, no risk of - NC-65

hearing damage) .

= Bem
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! l"} . ' TABLE 3

R . Bt

rl ~ SPEECH INTERFERENCE LEVELS ("PSILM); :

G AVERAGE NOLSE LEVELS® (IN DB) THAT PRRMIT

; - BARELY ACCERTABLE SPEECH INTELLIGIBILITY 3
Coh l,.! AT THE DISTANCES AND VOICE LEVELS SHOWN

Voice Level

Di?;?§ce Normal Raised Very Loud Shouting

y % 80 86 9z
1 68 74 80 86 i
2 62 68 7% 80 -n
4 56 62 68 74 :
6 53 59 65 71 '
8 50 56 62 68

10 48 54 60 66

12 : 46 52 58 64

16 44 50 56 62

*PSIL (Spcech Interference Lovel in "Preferred' Octave Bands) is
arithmetic average of noise levels in the 500, 1000 and 2000 Hz
octave fraquency bands. FPSIL values apply for average male volces
(reduce values 5 dib for female voice), with speaker and listener
faclng each other, using unexpected word material, PSIL values
may be increased 5 dB when familiar material is spoken. Dis-
tances. assume no nearby reflecting surface to ald the speech sounds,




- TABLE 4

I ESTIMATE OF OUTDOOR BACKGROUND NOXSE BASED
ON GENERAL TYPE OF COMMUNITY AREA AND

r] NEARBY AUTOMOTIVE TRAFFLIC ACTIVITY

(Determine the appropriate conditions that seem to best
describe the area in question during the time interval
that is most eritieal; i.e., day or night, probably
night i1f for sleeping. Then refer to corresponding
Noise Code No, in Table 5 for average minimum background
noisa levels te be used in noise analysis, Use lowest

4 Code No, where several conditions are found to be

o reasonably appropriate.) :

i gJ NOISE
e CONDITLON N

ﬁ ;j 1, Nighttime, gggal; no nearby traffic of eoncern 1
-5 F‘ 2, Daytime, rural; no nearby traffic of conecern 2
f;‘[} 3, Nighttime, suburban; no nearby traific of concern 2
% : 4, Daytime, suburban; no nearby traffic Bf concern 3
; 11 5. Nighttime, urban; no nearby traffic of concern 3
if f 6. Daytime, urban; no nearby traffic of cencern 4
i I? 7. Nighttime, business or commerical arca 4
E = B. Daytime, business or commercial area 5
g k} 9, Nighttime, industrial or manufacturing arca 5
o 10. Daytime, industrial or manufacturing area &
iﬁ !ﬁ 1l. Within 300 ft of intermittent light traffic route 4
b L; 12, Within 300 ft of continuous light traffic route 5
S 13. Within 300 ft of continuous medium-density traffic 6
14, Within 300 ft of continuous heavy~density traffic 7
L 15. 300 to 1000 fr from intermittgnt light traffic route 3
i {j 16, 300 to LOQO £t from comtinuous light traffic route 4
1 i, 17. 300 to 1000 £t from continuous medium-density traffic 5
: ij 18, 300 to 1000 ft from continuous heavy-density traffic )
) 19, 1000 to 3000 ft from intermittent light traffic 2
4 20, 1000 to 2000 £t from continuous light traffic 3
N Li 21, 1000 to 2000 ft from continuous medium-density traffic ' 4
| 22, 1000 to 2000 ft from continuous heavy-density traffie 5
23, 2000 to 4000 ft from imtermittent Light traffie 1
264, 2000 to 4000 ft.from continuous light traffic 2
25, 2000 to 4000 ft from continuous medium-density traffic a
4

26, 2000 to 4000 ft 'from continuous heavy-density traffic

- L§ | ‘
: ©o2-16
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NOISE CODE NO.

IN TABLE 4

1
2
3

&%

OCTAVE BAND SOUND PRESSURE LEVELS OF

TABLE 5

OUTDOOR. BACKGROUND NOISE CODE NUMBERS OF TABLE 4

50
55
G0
65

70

125

42
47
52
57

67

OCTAVE BAND CENTER FREQUENCY IN HZ

250

32
37
42
47
52
57

62

500
27
32
37
42

47

52

57

1000 2000 4000 8¢co
22 18 L4 12
27 23 19 17
32 28 24 22
37 a3 29 27
42 .} 34 32
47 43 39 7
52 48 44 42
2-17



f-

LR U L

t‘.

¥ -

i

i

U by SRS e SN R

AT
B U

g..%

T e s i

IR S

.:Ti

-

- :
f o

OCTAVE
FREQUENCY
BAND
2y A B £ 2 £ B
63 0 9 13 19 14 24
125 0 10 14 20 20 25
250 0 11 15 22 26 27
500 0 12 16 24 28 30
1000 0 13 17 26 29 33
2000 0 14 18 28 30 38
4000 0 15 19 30 k)] 43
8000 0 16 20 30 33 48
At No wall; oﬁtside conditions,

TABRLE 6

APPROXIMATE NOISE REDUCTION OF QUTSIDE NOLSE PROVIDED BY

TYPICAL EXTERIOR WALL CONSTRUCTION

Any typical wall construction, with open windows covering about
5% of exterior wall area.

Ay typical wall construetion, with small open air vents of about 1
of exterior wall arca, all windows closad,

Any typieal wall construction, with closed but operable windows
covering about 10-20% of exterior wall area,

Sealed glass wall construction, 1/4 in, glass thickness over
approximately 50% of exterlfor wall area.

Approximately 20 lb/sq ft solid wall construction with no windows
and no cracks or openings.

Approximately 50 lb/saq ft solid wall construction with no windows
and no eracks or openings.

2-18
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TABLE 7

A * MAXIMUM SOUND PRESSURE LEVELS
i RECOMMENDED FOR HEARING CONSERVATION FOR
K FULL-TIME EXPOSURE TO BROAD-BAND NOISE
=$ j Octave ' Sound Pressure Level iIn Band
” . Frequency in dB re 0,0002 microbar
s Band - Recommended Reconmended
{ J (liz) . by TB_MED 251 by CHABA
2 125 | - 97
ri 250 92 92
~ § a 500 85 89
' 0 1000 . 85 86
i 2000 ‘ 85 -
¥ 4000 85 85
?? - 8000 . 85 86
i
B
. B. _ MAXIMUM SOUND PRESSURE LEVELS

fan

RECOMMENDED FOR HEARING CONSERVATION FOR
FULL-TIME EXPOSURE TO NARROW-DAND NOISE OR PURE T0NES

T3

Sound Pressure Level in Band

ST T S heam e pa

i E ngzli‘:ﬁcy in dB re 0.0002 microbar
3. Band _ Recommended Recommended
: (Hz) by T8 MED 251 by CHABA
125 .- 92
250 87 87
500 ' 80 84
1000 80 8l
2000 ' 80 80
L 4000 80 80
", 8000 80 : 81
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+ TABLE B8

A, MAXTHMUM SOUND'PRESSURE LEVELS RECOMMENDED
FOR HEARING CONSERVATION FOR PART-TIME
EXPOSURE TO BROAD-BAND NOISE

(-

RN AT

T
‘72 Jj Octave Sound Pressure Level (in dB) in Band
.ﬂ ”M Frequency for Single Exposure of Duvation:
[ Band 4 2 1 ¥ %
S (nz) Hrs, Hrs. Hr. Hr, Hr.
125 103 11 119 127 135
250 96 1oL 107 115 123
500 50 94 99 105 112
1000 . 88 91 95 100 106
2000 a6 L] 91 95 100
4000 85 87 920 93 98
8000 87 a0 95 100 105
B. MAXIMUM SOUND PRESSURE LEVELS RECOMMENDED

FOR HEARING CONSERVATION FOR PART-TIME
EXPOSURE TO NARROW-BAND NOISE OR PURE TONES

COctave . Sound Pressure Level (in dB) in Band

Frequency for Single Exposure of Duration:
Band b 2 1 x %
) Hes, Hrs, He, Hr, Be,
125 93 95 98 105 112
250 88 . 90 94 100 106
500 83 86 91 96 101
1000 82 85 89 93 97
2000 81 83 86 90 94
4000 80 82 85 g8 92
8000 g2 - 85 90 9 99
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TABLE 9

APPROXIMATE ATTENUATION (IN DB) OF

o

# , WELL-FITTED EAR PLUGS AND EAR MUFFS
il . .
ﬁ r} {Poor fitting reduces attenuation significantly)
i‘j-f OCTAVE EAR EAR _ COMBLNED
E FREQUENCY PLUGS MUFFS
X wo i BAND
£l (nz.)
oo
1 s
E{ r1 31 16 12% 20
[ .
b= 63 18 14% 22
i ‘
F*“[] 125 20 16% 24
i 250 22 1o% 27
: G 500 ' 2 I 10
P 1000 7% 30 34
{
2000 30w 30 40
! TR
[ 4000 33% 35 45
- 8000 35 30% 40
K
I
f
i " #In practice, assume ear plugs and ear muffs to be equal and to
G have values shown by # when used alone (for both ears, of course),

il
[
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CIAPTER 3
NOISE LEVEL DATA

1

Noise levels measured st several plants or cquipment installations lhave been

N ”qf collected and are summarized in the enclosed Tables 1-3, These are divided G
& [ roughly into various types of industries, and the levels glven represent the iy
L ) approximate upper and lower limits found at various operator positions., This i
f? does not represent an exhaustive survey of plants or plant nolse; the data !
: Q [] merely indicate that hearing damage nolse levels exist in many plant arcas, i
Y 8
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TABLE 1 -
SOME REPRESENTATIVE NOISE LEVEL RANGES
AT VARIOUS OPERATOR POSTITIONS IN

VARIOUS INDUSTRILS

(MANY ACTUAL SITUATIONS INCLUDED,
BUT BY RO MEANS A COMPLETE LISTLNG)

OCTAVE FREQUENCY BAND IN Hz

31 63 i25 250 500 1000 2000 4000 8000

WOOD AND PULP PROCESSING

i3] lo2 108 - 114 114 1Lz 111 106 97

72 79 8l 20 9l 86 81 76 67
POWER SAWS, MOLDERS, PLANERS

89 95 100 106 109 108 106 102 10l

60 65 6y 71 13 74 73 72 10

PRINTING (INéL. NEWSPAPERS) ,  FODKN INDIKNG

85 93 102 98 96 92 89 88 90

68 73 73 72 73 . 13. 70 68 64
ROCK CRUSHING AND GRINDING

92 97 96 98 100 96 96 94 90

80 88 86 85 B4 82 80 74 170

ROCK DRILLS AND AIR COMPRESSORS
80 88 98 oo 1o2 103 98 95 90 g8
70 80 88 - 88 84 85 80 80 73

COAL CAR SHARE-OUT
100 119 115 111 108 105 104 103 98
.90 1l 105 101 200 95 94 92 82
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TABLE 2
SOME REPRESENTATIVE NOISE LEVEL RANGES
AT VARIOUS OPERATOR POSITIONS IN

VARIOUS INDUSTRLES

(MANY ACTUAL SITUATIONS INCLUDED,
BUT BY NO MEANS A COMPLLELE LISTING)

OCTAVE FREQUENCY RAND IN Iz

o
N [; 31 63 125 _250_ _500_ 1000  _2000
' f}'(ﬁ PETROLEUM PLANE
o 95 102 107 111 105 98 o1-
g " 75 80 78 75 73 70 66
i PLASTICS PROCESSING -
- 50 9% 103 105 108 103 102
727 71 84 82 81 80
TEXTILES
83 88 %0 % 97 99 100
58 60 62 67 66 7 71

LEATHER PROCESSING, SHOE MANUFACTURING

80 a7
70 75

88 98
70 76

88 95
65" 72

BOTTLING AND CANNING PLANTS

88 91 93 95 96
75 712 76 78 75
MACHINE SHOPS (GRINDIRG, PUNCHING, RIVETING)
104 108 102 106 108
74 78 78 74 70
101 102 28 95 91
75 70 68 65 63

3-3

.4go0

90
6l

99
74

97
65

95
74

110
7

20
60

. 8000 _

85
54

97
64

100 °

36

94
72

109
66

92
57



TABLE 3
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7

SOME REPRESENTATIVE NOISE LEVEL RANGES
AT VARIOUS OPERATOR POSITIONS IN
VARIOUS 1NDUSTRIES

can

eyt
3

(MANY ACTUAL SITUATIONS INCLUDED,
BUT BY NO MEANS A COMPLETE LISTING)

t
b
't‘:_'"i','-tg‘i":-‘ [ St Fo S eea0

i OCTAVE FREQUENCY BAND IN Itz

il 31, .63 _125 250  _500 + _1000  _2000 4000 _8000
i ['] ELECTRIC GENERATING STATIONS

g 106 . 104 18 107 105 103 100 % 84
- a2 86 89 82 8l 80 B4 72 62

GAS COMPRESSOR STATIONS .
126 109 103 99 926 96 95 99 108

85 83 85 90 84 76 .76 77 73
MECHANICAL EQUIPMENT ROOMS _

9 9% 93 90 88 89 89 86 80

70 72 75 76 73 68 . 65 62 53
ROAD MACHINERY, FARM TRACTORS

BS 95 106 104 102 102 98 95 92

68 72 78 79 75 72 70 63 58
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" (somewhat fipuratively speaking). In a highly reverberant room, with walls

CHAPTER 4
AIRBORNE SOUND DISTRIBUTION
INDOORS AND OUTDOORS

A brief discussion is given here on sound transmission inside a room and in
an outdooy situation. The objective of this discussion is to give the reader
a basic understanding of the role of "acoustic absorption” inside a room and
the various factors that influence sound propagation out-of-doors.

1. SOQUND DISTRIBUTION IN A ROOM

&, SPL Variation with Distance. It is generally true that the sound

pressure level (SPL) drvops off as one moves away from the sound source, In

an outdoor "free-ficld! situation (no reflecting surfaces except the ground),
the 8PL drops off at the rate of 6 dB for cach doubling of distance from the
acoustic center of the source (there are qualifications to this generalization
that can be ignored for the present), In an indoor situation, all the en-
closing surfaces of a room confine tle sound waves so that they cannot continue
spreading out indefinitely and become dissipated with distance. Instead, as
the sound waves bounce around witliin the voom, a certain amount of energy is C
absorbed at cach reflection but, in general, there is a build-up of seound 2
level because the sound energy is "trapped" inside the room and cannot escape

T

that are havd, rigid and completely impervious, vervy little sound energy is
absorbed at cach reflection so the sound bounces around a long time before it
ultimately is absorbed., In this typo of room, the roan hecomes almost
Pgaturated" with sound; and as onc moves away from the sound source, the sound
level drops off very slowly with distance (possibly only % to L dB per doubling
of distance for some relatively small, but very reverberant rooms)., In a
highly absorptive room, however, a considerable amount of energy 1s absorbed
at each reflection as the sound waves bounce around the room. There Is less
build-up of sound within the room; and as one moves away from the sound source,
the sound level drops off move rapidly (possibly 2 to 4 dB per doubling of
distance). MNeote that the walls would have to be 100% absorptive in order to
have no reflected sound at all., This would then simulate the outdoor free-
field condition, that requires no reflecting surfaces, and the sound level
drop-off with distance would beecome the theovetical maximum of 6 d per
doubling of distance.

Thus, in a qualitative sense, it is seen that the reduction of sound pressurc
level indoors, as one moves across the room away from the seund source, is
dependent on the degree of absorption and, of course, on the distance that

one moves, The amount of absorption alsc involves suxface arcas of the room,
All of this is expressed quantitatively by the curves of Figure 1 at the end of
this chapter. As an exawple of the use of Figure 1, suppose a room has an
amount of sound absorption that produces a "Room Constant, R value of

1000 sq ft. At a distance of 2% ft from the acoustic center of a non-divectional
sound source, the "RELATIVE SPL", as read off the left-hand side of the graph
for the ’=1000 curve, is -7% dBE. At a 5-ft distsnce, the REL SPL becomes

-11 dB, indicating a veductlen of 3% dB as one doubles the distance in going
from 2% to 5-ft distance, Continuing, at a 10-ft distance, the REL SPL hecomes

K
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~13 dB, indicpting a reduction of 2 dB as one doubles the distance from 5 ft

to 10 ft, Then, at a 20-ft distance, the REL SPL becomes ~14 dB, indicating

a reduction of only 1 dB as one doubles the distance from 10 ft to 20 ft, The
other curves for other values of Room Constant (related to room absorption)

give other variations of SPL with distapnce away from the source. Only if a
room has an infinite Room Constant (perfect sound absorptien at all the side
wall and celling surfaces), would the sound pressure level drop off indefinitely
at the outdoor rate of 6 dB per doubling of distance,

It is seen that Figure 1 offers a means of estimating the amount of noise level
reduction for a plece of mechanical equipment in a room as one moves from one
distance to any other distance in the room, provided one knows the Room Constant
of that room, Obviously, the next step {s to calculate or estimate the value

of the Room Censtant.

b. Room Constant, A suitable acoustics textbook will give details of a
fairly aceurate caleulation of the Room Constant forx any speclfic room, knowing
{1) all the reoom dimensions, {2) the wall, floor and ceiling materials, (3} the
amount and type of acoustic absorption materials, and (4) the sound absorption
coafficients of the pcoustic materials at various specified frequencies. For
the purpese of these notes, however, such a high degree of accuracy is not con-
sidered necessary, so a simplified estimating procedure is suggested., It must

, ba reeognized that this simplification ylelds a less accurate estimate than

does the move detailed textbook procedure, but it is nevertheless considered
acceptable for use here., The hasic steps of the simplified procedure are
listed as follows:

Determine the total intervior surface area of the room,

2, Determine the total arvea of acoustic absorption material
to be applied to the walls and/or ceiling of the room,

3. From steps 1 and 2, determine the percentage of total
room surface covered with absorption material,

4. From Part A of Table 1 determine the “room lahel!
gssociated with the percentage figure found in step 3
above,

5, Calculate the volume of the room, in cu ft,

6. From Figure 2 (at the end of this chapter), using the
volume of step 5 and the "room lgbel" of step 4, deter-
mine the approximate Room Constant (R in sq ft) for
the voom., This value applies for octave band frequencies
of 500-8000 Hz.

7. Determine the corrected values of R for 31-125 Hz as given
in Part B of Table 1, The values differ depending on the
type of acoustic treatment used. See the footnotes of
Table 1 regarding "NRCY values normplly associated with
1 in, and 2 in. thick acoustic absorption materials.

<, Exémnlo. Assume a voom 40 ft long, 30 ft wide and 15 ft high, The
total interlor surface area is 4300 sq ft and the volume of the room is
18,000 cu £t.. Buppose 2 in, thick acoustic panels having an NRC of 0.80 are

‘I
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I R

r} used ovEr the full ceiling arca and in a 5-ft wide band around all four walls.
The total area of acoustic treatment is 1900 sq £t, giving 42% avea coverage.
In Table 1, 42% is scen to fall about midway between a "Medium-Dead Room! and

oy
o a "Dead Room'". In Figure 2, for a room velume of 18,000 cu ft and a room

i label between "Medium-Dead and 'Dead'™, the value of R is found to he approxi-
- mately 2000 sq ft. This value would apply for 500-8000 Hz. At lower fre-
coR quencies, the value of the corrected R would be (from Part B of Table 1):

0.2 R or 400 sq ft at 31 liz,

FOR i ) 0.3 R or 600 sq fr at 63 Hz,
[—E 0.5 R or 1000 sq ft at 125 Haz,
' 0.8 R or 1600 sq £t at 250 Nu,

; f1 Continuing this example, suppose it Is desired to find the SPL reduction in this
' o room while going from 3-ft to 20-ft distance from the noise scurce, In
H Figure 1, £ind the difference in REL SPL between 3 £t and 20 ft for R values of:
l 400 600 1000 ' 1600 and 2000 sq ft,

These are as follows, in order:

3dn 4 di 5 dB 6 dB and 7 dB,

Thus, the 3-ft SPLs for the pavticular picce of equipment would be reduced by
- these amounts to obtaln the 20-ft SPLs for the frequency bands, in order:

ceme—m .
K

31 63 125 250 and 500~-8000 Hz,

d, SPL in a Room when PWL is Bnown., In the event that the sound power
level (PWL) of some plece of equipment is koown, the same general procedure
may be used, with onc small exception, In Figure 1, the ovdinate of the graph,
HRelative Sound Pressure Lavel' (abbreviated to "REL SPL"} is actually related
to S5PL and PWL by the cquatian

© §PL = WL + REL SPL

for any particular Distance I} and Room Constant R, In this equation, SPL is

v given in the sgfﬂdard unit "dB re 00,0002 microbar", PWL is given in the standard
unit "dR re 10 watt!, and REL SPL is quoted In decibels and is the conversion
term that relates SPL to PWL. ln the above cquation, the REL SPL 1s read
directly off the curve of Figure 1 for a particular D and R value, Then, if
the PVWL is known, the SPL can be calculated,

e, Example, Suppose a machine is to be installed in the acoustically
treated room deseribed above and suppese it 1s desirable to find the SPL at a
distance of 20 ft., For this example, suppose that Lthe manufacturer suhbmits
PWL data for this unit. The PWL values are listed in Column 2 of the
accompanying table. It was learned above that the Room Constant had the values
400, 600, 1000, 1600 and 2000 sq fL at the various frequencies, From Figure 1,
REL SPL values can be determined for the particular Room Constant values

§=3
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at a 20~ft distance. These values are shown in Column 3 of the table
belew, Finally, since

SPL = PWL + REL SPL,

the 80Ls can bhe calculated, These are listed in Column 4.

Col. 1 Col, 2 Col. 3 ' Col., 4
Oct ave ) PWL REL SPL at 20 ft
Band (4B re SPL (dB ro
(i) 10712y, (dB) 0.0002 microbar)
31 95 ~10 85
63 93 -12 8l
125 ‘ 94 =14 80
250 95 -16 . 79
500 a9 -17 82
1000 102 : =17 85
2000 108 -17 91
4000 105 | -17 88
8coo . 94 ‘ ~17 77

£, Qualifications. There are two points that should be kept in mind in
using the data of Figure 1, These ave -both suggested by the caption under the
abscissa of the graph: UEquivalent distance from acoustic center of a non-
directional source', Strictly speaking, very few noisc sourees in real life
are completely non-directional sources, but in this write-up and in many
conventional noise problems the assumption is made that the source is non-
directional, that is, that it radlates sound equally in all directions, If
the true directional chavacteristics are known, they may be used, but for the
present purpose this 1s not requirved, The second point regards the 'distance
from the acoustic center.” The acoustie center, as the term implies, is the
location that would be cccupied by a "point source' of cqual sound power output,
The acoustic center of a nolse source may be at the nearest surface of the unit
being measured, or it may be located somewhare near the geometrie center inside
the unit, TFor a striectly correct use of Figure 1, the distance should be
referved to the acoustic center, but in practice the lecation of the center is
not always obvious. Also, because most large machines cannot be replaced
precisely by equivalent “point Sources', the S5PL that could be calculated for
a very close distance (such as 1 or 2 £t from the machine) may not agrec with
the actual measured SPL at that very close distance.

g« Batan Form 1. A copy of Data Form 1 is given at the end of Chapter 4.
This form summarizes the step-by-step procedure for estimating the Room
Constant of a room., Data Form 1l can be duplicated by the user for working on
varlous specifie situations,

h, Example. To illustrate the use of Data Form | and Table 1, the
reader Ls given the Iollowing exercise. Suppose a given manufacturing space
is 100 ft long, 50 ft wide and 20 ft high. Calculate the Room Constant for
four conditions: (1) for Condition 1 there i5 no acoustic absorption material
in the roomi (2) for Condition 2 the entire ceiling area is covered with a 1 in,
thick acoustle absorption ceiling panel (KRC = 0.65 to 0.74); (3) for Condition 3
the entire ceiling area and one-half the slde wall area is covered with a 1l in,

-
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thick acoustic panel (NRC = 0.65 to 0.74);.and (4) for Condition 4 the entire
ceiling area 1s covered with a 2 in, thick acoustic panel (NRC = 0.75 to 0,85).
Assume that the nolse level at the operator position of a machine in that room
is 90 dB in all the octave bands when there 1s no room absorption; assume that
the operator position is 3 £t from the "acoustic center' of the machine when
using Figure 1. Next, determine the noise levels that would exist in that

room at distances of 3 Ft (the operator position}, 10 ft and 50 ft from the
acoustie center of the machine for the four conditions of acoustic absorption

given above,

The ansver to this problem is summarized in the table below,

Octave Condition Condition Condition Condition
Frequency 1 2 3 4
SPLs at 3-ft distance: .

31 90 86 85 86

63 90 . ' 86 85 85

125 a0 86 86 86

250 90 : 87 87 87

500-8000 ] 20 a8 88 88
SPLs at 10~ft distance:

31 . 89 82 80 : 82

63 89 82 80 81

125 89 81 80 80

250 88 81 ) 79 80

500~ 8000 87 81 80 81
S8PLs at 50-ft distance:

3 89 8l i8 81

63 89 81 78 79

125 89 . 80 77 78

250 88 . 78 75 77

500-8000 85 77 74 17

The simplifications used in this procedure intreduce possible errors of 1 or

2 dB (perhaps even 3 dB for some situations), so extreme accuracy should not
be expected. However, a fow obvicus points from the above example should be
noted. First, in the high frequency reglon (where hearing protection is
usually most important), the usv of acoustic absorption on the celling and
side walls gives very little protection to the operator who works only 3 ft
from his own machine. Also, in a completely non-absorbent room, the SPLs do
not drop off very muech with distance from the machine.. With acoustic absorp-
tion present, however, noise levels drop off noticeably as one moves away from

rd
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the noise source, Thus, when an operator is exposed to the combined neise
of several machines in the room, at least some portions of that total noise
can be reduced with an application of acoustic absorption,

Table 2 at the end of this chapter may be used to estimate the veduction of
neise level at inereasing distances from a noise scurce for a range of Room
Constant values. These amounts of reduction are based on a "starcing point"
of 3 ft from the wnoise source, and mevely represent a simplification of
Figure 1 when 3 ft is the "normalized" starting distance. To illustrate the
use of Tahle 2, suppose that a room has a Room Constant of 700 sq ft at a
given frequency and it is desired teo know the roeduction in SPL in going

from the normalized 3-ft distance out to 10 ft and 50-ft distances (these
values were finvolved in the problem given at the beginning of this discussion),
In Table 2 it is seen that the SPL reduction would be 3 dB at 10 ft and 5 dB
at 50 ft, relative to the 5PL at 3 ft. The values will be found to agree
with the SPL data given in the tabulated answer above for Condition 1 at the
500-8000 Hz sctave frequoncy bande,

2, SOUND PLSTRIBUTION OUT-OF-DOORS

a. Effect of Distance. As a generval rule, sound from an essentially
localized seurce spreoads out as it travels away from the source, and the sound
pressure level (8PL) due to that source deercases at the rate of 6 dB per
doubling of distance (referred to as "the inverse square law"), This effeck is
due to spreading only, and this is an cffect common to all typas of energy
propagation originating from an essentially point source and free of any special
focussing or beam-controlling devices. In addition, the alr absorbs a certain
amount of sound cnergy due to "melecular absorption”. Tor short distances
(less than a few hundred fect) this energy absorptien can be ignored, but for
sound propagation over a reasonably large distance it should be considered,
Purther, the "melecular absorption' effect is greater at high frequencies than
it is at low frequencies,

In the present discussion, time does not permlit a detailed gquantitative treat-
ment of plant noise that escapes to the neighbors, seo it must be sufficlent

here to note merely that escaping plant neoise will dvop off at the rate of

about 6 di for each doubling of distance from the noise source, Thus, a noise
level of 80 dB (in a specified octave band) at some measurement point, say 200 ft
from the outdoor nolse source, would, in general, yield a noilse level of 74 dB
at 400-ft distance, 68 dB at BOO-ft distance, 62 dB at 1600-ft distance, and

0 on,

" h., Effeet of Atmospherics, Precipitation, wind, wind gradients (with
altitude), temperature, temperature gradients {with altitude), and relative
humidity are possible atmespheric factors in outdoor sound transmission.

Raln, mist, fog, hail, sleet and snow are the various forms of precipitation to
consider., These have not been studled extensively in their natural state so
there are no representative values of excess attenvation to be assigned to them.
Rain, hail and slect may change the background neoise levels, and a thick blanket
of snow provides an absorbdnt ground cover for sound traveling at grazing inci-
dence near the ground, In practice, of course, precipitation or a blanket of
snow are iIntermittent, temporary and of relatively short total duration, and
they could not be counted eon for steady-state sound contrel, even if they should
offer noticeable attenuation,

f
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A steady, smooth flow of wind, equal at all altitudes, would have no noticeable
effect on sound transmission. In practice, hewever, wind speeds arve slightly
higher above the ground than at the greund, and the resulting wind speed
gradients tend to "bend" sound waves over large distances, Sound traveling with
the wind is bent down to earth, while sound traveling against the wind is bent
upwards above the ground, There is lictle or no increase in sound levels due to
the sound waves being bent down; in faet, there is additional loss at the higher
frequencies and at the greater distances. There can be some veduction of sound
levels at relatively long distances (beyond a few hundrad yards) when the sound
waves are bent upward, for sound traveling against the wind.

Irregular, turbulent or gusty wind provides fluctuations in sound transmission
over large distances. The net effect of these fluctuaktions may be an average
reduction of a few decibels per 100 yards for gusty wind with speeds of 15 teo
30 mph. However, gusty wind ox wind direction cannot be counted on for nolse
control over the lifetime of an iInstallation,

Constant temperature with altitude produces no effect on sound transmission,
but temperature gradients can produce bending in much the same way as wind
gradients do. Air temperature above the ground is normally cooler than at the
ground, and the denser air above tends to bend sound waves upwand, With '
Neemperature inversions’ the warm air above the surface bonds the sound waves
down to earth, These effects are negligible at short distances but they may
amount’ to several dB at very larvge distances (say, over 2 half-mile). Apgain,
there is little or no increase, but there may be a decrease in sound levels,
Temperature gradients should not be relied on as a noise control aid,

Very low relative humidity (10 to 20%) inercases the effect of ™molecular ab-
sovption" of sound energy, These low values of relative humidity are seldom
found in most inhabited arcas, however,

In summary, there are atmospheric effects which would seldom increase but could
decrease gound levels at large distances from a source, These decroases are
usvally of an intermittept, short-time duration and they are usually bencficial
to the reeelver (in piving temporary noise reduction) when they ocecur, but it
15 best not to rely on them for long-time benefits in terms of noise control

design,

e, Attenuation Provided by Barriers., A wall, a building, a large mound

" of earth, a hill or some other type of solid structure, if larpe epough, can

serve as a partial "barrier" to sound and can provide a moderate amount of
sound reduction for a receiver located within the “shadow" provided by the

barrier.

Table 3 gives a sketch of a barrier and the excess attenuation that might be
expected from the barrier as a function of certain dimensions. This attenuation
is in addition to the distance effect of the "inverse square law", For a barrier
to be effective, its lateral width should extaend beyond the line-of-sipht between
the source and rcceiver by at least as much as the height of the barrier extends
above the line-ofi-sight. Also therc must be no noarby large reflecting surfaces
that ecan reflect sound around the barrier into the shadow zone, The distance D
in the sketch of Table 3 must be very larpge compared to the distance R and the

s
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height H, The attenuation wvalues given In Table 3 will apply QQunily for the
two conditions:

(1) Sound source at Point A and recelver at Point B, or
(2) Sound source at Polnt B and recciver at Point A,

* The barrier loses effectiveness at very lavge distances because sound that passes
over the top of the barrier may be bent back down to the ground by wind and
temperature gradients, If D is greater than 1 mile, the attenuation values used
should be. only about one-half the values given in Table 3,

If a barrier wall is to be bullt ox used as a noise control deviee, the
Peransmission loss" of the wall (or building) should exceed by at lecast 10 dB
in all frequency bands the excess attenuation to be expected from the wall.,
This can usually be met with a solid wall (no cracks) having a surface welght
of 10 to 20 1b per sq ft. :

If the barrler is a large "thiek" building, the distance R should be Laken from
Point A to the near wall of the building and the heipht H should be the height
of the building at the neax wall. There should be no large openinpgs entirely
through the building that would destroy the effecctiveness of the building as a
barrier. A few small open windows in the near and far walls would probably be
aceeptable, provided the interior rooms are large.

Caution: Note that a large reflecting surface, such as the barrier wall, may
reflect more sound in the opposite direction than there would have been with no
wall at all present, Lf there is no special focussing effect, the wall may
produce at most only about 2 or 3 dB higher levels in the direction of the
raoflected sound,

d, Attenuation Provided by Trees., lleavy dense growths of woods provide
a small amount of sound attenuation, To be effective both winter and Summer,
there should be a reasonable mixture of both deciduous and evergreen trees.
Also tle ground cover should be sufficicntly dense that sound ecanneot pass under
the absorbent upper portion of the trees., IFor dense woods of saveral hundred
feet depth, the sound may pass over the tops of the trees, in which case the
attenuation through the trees should never be consldered greater than the excess
attenuation over the trees, as determined from the applicaction of Table 3.

' Table 4 pives the approximate excess attenuation of sound through dense woods,
where dense woods are taken as Having an average 'visibility penetration' of
gbout 70 to L00 ft. Ocecasionnl trees and hedges give no significant attenu-
ation. 'WVisibility penetration' is the average maximum distance in the woods
at which some small portions of a large (3-ft square) white cloth can still be
secan,

e, Noise Reduction of a House or Building., Outdoor noisc normally suffers
some nolsc reduction when it passes indoors Into a house or building, even
when the building has open windews, The amount of neise reduction (NR) varies
with the building construction, orientation, wall arca, window area, open
window area, etc. Some estimated NR values for buildipg construcelons were
given in Table 6 of Chapter 2,
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TABLE 1

ACOUSTIC TREATEENT DETAILS FOR USE WITH
FIGURES 1 AND 2 IN ESTIMATING ROOM CONSTANT

PART A. SURFACE COVERAGE OF ACOUSTIC MATERIAL

ri Percentage of Total Room Room Label
b Surface Area Covered on Figure 2
i with Absorption Material Curves
. D 0% "Live RoomM
w 10% "Medium«Live Room"
15-20% . YAverage Room"
30-35% ) “"Medium-Dead Room'
50-60% "Dead Room'

PART B. LOW FREQUENCY CORRECTION TQ "R"

Octave Corrected R to be used in Figure 1 for
Band NRC = 0,65 ~ 0.74 NRC = 0.75 -~ 0.85
and 1f there is no

Hz acoustic absorption

31 0.2 R 0.2 R

63 0.2 R 0.3 R
125 0.3 R 0.5R
250 0.5 R 0.BR

Note: NRC is 'moise reduction cocfficient'", NRC values are published
for all acoustical materials manufactured and distributed by
members of the Acoustical Materials Assoclation (or successor
organl.zation).

' An NRC of 0.65 te 0.74 can be met by most perforated, Fissured
or textured acoustie tiles or panels of 3/4-in, or l-in. thick-
ness or by most perforated panels containing at least 1 in.
thick layers of glass fiber or mineral wool,

An NRC of 0.75 - 0.83 can be met by most 2-in. thick layers of
acoustic absorption material or by most 3/4-in, or l-in, thick
acoustic materials spaced at least 2 in, away from the wall or
10 in. away from the ceiling from which they are supported,
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e TABLE 2
£ '
no . REDUCTION OF SPL (IN DB) IN GOLNG FROM NORMALIZED

" 3-FT DISTANCE TO A GREATER DISTANCE "D"
IN A ROOM HAVING A ROOM CONSTANT "R"

o r|

ROOM DISTANCE "D" (IN FT) FROM EQUIPMENT
coyﬁgANT , |

(in sq. rt) 5 10 20 40 8o
100 o] 1 1 1 1
200 1 1 1 1 1
320 2 2 2 2 2
500 2 . 3 4 4 4
700 2 3 4 5 5
1000 2 4 5 6 &
2000 3 6 T 8 8
3200 4 7 8 10 11
5000 4 8 10 12 13
7000 4 8 11 13 15
10000 ] g 12 14 17
20000 5 10 14 17 20
[slelele] 5 10 16 21 24
INFINITE 5 11 17 a3 ED)
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TABLE 3

APPROXIMATE NOISE REDUCTION (IN DB)

' ET ' PROVIDED BY A SOLID BARRIER
: rf' (Do not go above 24 dB or below O dB attenuatlon in
j ot any bands, See text for dlscusslon, Use ohe~half
2 of attenuation for D greater than 1 mile.)
Y :
S
£ SOURCE H RECELVER
_:' N r_l 3* .\ - -
aod A T . " B
iﬁ RATIO NOISE REDUCTION IN FREQUENCY BAND
HQ/R 63 125 250 500 1000 2000 4000  8QoO
4 HZ HZ HZ HZ HZ HZ HY, HZ
0.3-0.4 o] 0 3 6 g 12 15 18
0.5-0.8 .0 2 5 8 11 14 - a7 20
0.9-1.2 1 4 T 10 13 16 19 a2
1.3-1.9 3 9 12 15 18 21 24
2,0-3.1 5 11 14 17 20 23 24
3.8-4.9 7 10 13 16 19 2z 24 2k
5-8 9 12 15 18 21 24 24 2k
g-12 11 14 17 20 23 24 24 24
13-20 13 16 19 22 al 24 24 2l
over 20 15 18 21 24 24 24 24 24
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TABLE 4

APPROXIMATE NOISE REDUCTION (IN DB)
PROVIDED BY DENSE WOODS

(Mlxed Declduous and Evergreen trees; 20-40 rt
helght, visibllity penctratlon of 70 to 100 ft)

OCTAVE ’ EXCESS
FREQUENCY ATTENUATTON
BAND {in a8 per
(HZ) = 100 f£t, of woods)

63 1/2
125 1
250 1-1/2
500 - 2
1.000 3
2000 I
%000 4-1/2
8000 5

Notes:
1. For average 10-20 ft height, use one-halfl
the rate given in the table.

2. Tor sparse woods of 200-300 't visibllity
penetratlon, use one-hall the rate given

in the table,
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: DATA FORM 1
f': ROOM CONSTANI OF SOURCE ROOM OR RECEIVER ROOM
ROOM NO. OR DESIGNATION ' -

ﬁ 1. AVERAGE ROOM DIMENSTONS (IN FT.)
LENGTH WIDTH HEIGUT
2. VOLUME OF ROOM cu, FT,
3. TOTAL INTERIOR SURFACE AREA OF ROOM Q. FT.
4. AREA OF TLANNED ACOUSTIC TREATMENTH 5Q. Fr.
5, PERCENT AREA COVERED BY ACOUSTIC TREATMENT %

{100 x Item 4/Ltem 3)
6., "ROOM LABEL'" FOR ITEM 5 FROM TABLE LA, CHAYTER &4

~3 -

FOR ITEMS 2 AND 6, ROOCM CONSTANT FROM FIG, 2, CIAPTER 4
R= . 5Q. Fr, FOR 500 - BOOO H=z
8. CHECK ACOUSTIC ABSORPTION TREATMENT: —
NONE OR _J
NRC = 0.65 - 0.74 | NRC = 0,75 - 0.85
THEN, FOR 31 Hz 0.2 R = 0,2R =
63 Hz 0,2 R = 0,3R =
125 Hz 0,3 R = 0.5R =
250 Hz 0,5 R = 0.8R =

9. ROOM CONBSTANT FOR ALL OCTAVE BANDS, IN 5Q, FT.#

{Repeat appropriate values from Items 7 and 8)

”__OCTAVE FREQUENCY BAND IN Hz
31 63 125 250 500 1000 2000 4000 8000

%Add 50% of floor area to Item & if floor is carpeted or has drapes
or upholstered furniture, Treat this as NRC = 0.05 material,

#ndd to all bands any axea always open to the outside, i.d,, having
100% absorption.
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DATA FORM 1 _
ROOM CONSTANT OF SOURCE ROOM OR RECEIVER ROOM
ROOM NO, OR DESIGNATION ' .

1, AVERAGE ROGM DIMENSIONS (IN FT.)

LENGTH WIDTH HEIGHT
! 2. VOLUME OF ROOM cU. FT,
i 3, TOTAL INIERIOR SURFACE AHEA OF ROOM Q. FT.
— 4. ABEA OF TLANNAD ACOUSTIC TREATMENTS Q. FT.
E 5. PERCENT AREA COVERED BY ACOUSTIC TREATMENT %

{100 x Item 4 /Item 3)

6., '"ROOM LAREL" FOR ITEM 5 FROM TABLE 1A, CHAPTER 4

FOR ITEMS 2 AND 6, ROOM CONSTANT FROM FIG, 2, CHAPYIER 4

-3

R = 5Q, FI. FOR 500 - 8000 Nz
8. CHECK ACOUSTIC ABSORPTION TREATMENI:
NONE OR =
NRC = 0.65 - 0,74 : I NRC = 0,75 = 0.85
THEN, FOR 31 Hz 0,2 R = 0.2 R =
63 Hz 0,2 R = 0.3 R =
125 Hz 0.3 R = 0.5R =
250 Hz 0.5 R = 0,8 R =

9. ROOM CONSTANT FOR ALL OCTAVE RANDS, IN 5Q. FT.#

(Repeat appropriate values from Items 7 and 8)

7 OCTAVE FREQUENCY BAND IN Hz
3l 63 125 250 500 1000 2000 4000 8000

*Add 50% of floor arca to Item & if floor is carpeted or has drapes
or uphalstered furniture, Treat this as NRC = 0,65 material,

#Add to all bands any areca always open to the outside, i.€,, having
100% absorption,

4-15
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©* CHAPTER 5

PRENCIPLES, METHODS AND EXAMPLES
OF NOISE CONTROL IN MACHINE DESICN

Although there still exist many questions on the psychological and physielogical
effects of nolse on people, there is no question that too many people are cur-
rently exposed to too much nolse. With this premise as an accepted fact, we
wish to consider here briefly some of the baslic methods of noise control that
are avallable and that are in practical use in many plates where people have
agreed that some noise must be stopped,

Of course, it is highly desirable at the time of the original design to reduce
the noise generated and radiated by a machine., Uswally, however, a complex
machine represents an evolutionary growrh of one or move simpler machines, and
as the size, speed, complexity and performance inercase, cancern for noise is
lost along the way, if indeed there was ever any such cancern Ln the filrst place,
As a result, the completed machine may be noisy and it is probably so uniquely
put together that it is vivtually impossible to go back into the machine and
gimply insert a few noisc-reduction treatments, As a result we rather seldom
have the opportunity ta change the "internal workings" of a complex machine;
instead, we are usually restricted to working around the perimneter of the pro-
blem. This imposes vather sorious limitations on the neise control that can he

achicved,

Nevertheless, whether we can work on the i{nside or the osutside of the machine,
there are certain basic approaches to noise control. First, actual noise level
goals or criteria are established for the work space in question. In most
factory spaces, the goal is to achieve "safe" noise levels for the protection
of hearing or to achieve low cnough noise levels to carry on some degree of
reliable speech communication, HNext, we almost always imclude measurements of
the noise and vibration of the machine that 15 to be quieted, in order to
determine and to quantify the principal components and paths of noise. Then,
we are Iin a position to design nelse control treatments for the machine,

1. NOISE PRODUCING MECHANISHMS

“Let us first look briefly at a few of the typical mechanisms that produce noise,

This {s not a complete list; but it perhaps will begin to remind one of the
basic noise sources of various types of machines,

Figure 1 illustrates some of the basic movements in machines that can glve rise
to noise or vibration. Ineidentally, we can treat vibration almost synonymously
with nolse, because usually a vibration source eithey produces noise itself or
causes something else to which it is attached to produce or radiate noclse,
Hence, the term "structure-borne noise" frequently describes this mixture of
noise and vibration,

Figure 2 illust¥ates the mechanisws whereby high speed sir movement can generate
turbulence; and turbulence is almost synonymous with noise, Remember that sound
is caused by the vibration of air particles, and turbulent air flow produces
vibration nf the alr particles in the airflow, The noise radiated from the rear
of a jet engine is a dynam%c example of how turbulence produces noise,

5-1
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Figure 3 illustrates one of the possible but usually less serious producers
of noise. Motors and transformers ave relatively simple examples of noise
caused by clectro-magnetie induction, but there are some industrial applica-
tions that invelve tremendous amounts of noise and vibration,

Figure & may suggest “musical acoustics" but it is intended Lo highlight two
mechanisms whereby a small amount of energy may produce an exaggerated amount
of sound, A small amount of energy at the vesonmbt frequency of a particular
structure can produce large ameunts of sound; the structura may be a gear, a
subway wheel, a steel linkage in a machine, a panel of a cabinet enclosing a
machine or even a speclal size and shape of an air space. The '"sounding board"
represents almost apy structure to which a vibrating device is rigidly attached,
The floor is a sounding board for a motor and pump, 1f you live on the £loor
under that motor and pump and if they are not properly vibration-isolated, The
asteel framing of a large machine may be the "sounding board" for a relatively
small vibrator inside the machine.

Ihe sources and paths of sound shown by Figures l-4 are only frapgmentary but
they suggest the noise complexity of a machine that may be made up of many of
thesc mechanisms simultaneously in operation, cach performing its small but
necessary function, A more complete, but still briefl, discussion of noise
sources and general approaches to noise reduction is given in the paper
reproduced at the end of these notes: *“Guidelines for Designing Quieter
Equipment" by Clayton H. Allen. A reprint is also included that gives some
general information on several aspects of the noise problem: "The Anatemy
of Noise' by Leo L, Beranck and Laymon N, Miller (from Machine Design,
September 14, 967) .

-2, NDISE CONTROL APPROACHES

Some of the most vital basic steps te noise control are ineluded in the following
list., Thase steps must be Eaken, where applicable, if any noise source Is to be
quieted, )

&, reduction of certain impact or accelerstion effects,
b. reduction of unbalanced forces, )
¢. reduction of large radiating arcas,

d. elimination of noise leakage paths,

e, use of acoustic enclosures to contain the noise or
acoustic barricrs to shield or deflect the noise,

‘£, use of acoustic absorption material to absorb sound
energy inside confined spaces and in sound-control
: passageways,
‘ go use of mufflers or attenuaters to reduce nolse in gas
. flow paths, )
‘h., use of vibration isolation mounts to isolate a
i vibration source from a noise radiator,

“=i. use of flexible connections between the isolated source
and its base structure

5-2




y
Le
3
A -

——

3

t

A

E_j -

J+ use of vibration damping materials to reduce noise
radiation from thin surfaces, and

k. use of alternate less-nolsy methods for performing the
same function,

3, EXAMPLES OF NOISE CONIROL

We can demonstrate the use of some of these noise contrel methods with actkual
examples from industry.

a. Guieted Stock Tubes for Automatic Screw Machines. One of the well~-
publicized nolse control treatments of a few years ago was a quicted stock tube
for automatic screw machines®, A layer of fabric webbing placed between the
outer solid-wall tubing and the inner helically wound steel liner scrves
partially as vibration isolatlom and partially as vibration damping. Figure 5
gives measured noise levels in an alsle position about 5 ft from a six-spindle

. stock tube array for four different combinations of stock and stock tubes. The

twe lowest curves represent the noise levels for an operation involving round
stock, The upper curve of this pair (shown by the letter 'C" inside the cirecle) .
is for conventional stock tubes, and the lower curve of this palr {shown by the
letter "8" inside the circle) is for the “silent' stoek tubes, The more dramatic
evidence of the effectivencss of the "silent™ stock tube is shown by the upper
two curves of Figure 5 where hexagonal steock 1s votating, rattling and thrashing
around inside conventional ("C" inside the hexaponal data points) and "silent"
("S" inside the hexapgonal data points) stock tubes. Ln this comparison, the
“gilent" stock tubes range 10 to 20 dB quicter than the cenventional stock tubes,
This is not intended to represent a thorough cvaluation of stock tubes, for we
have not studied the effect of spindle speed, stock lengths, stoek size or stock
tube size; but this comparison does show a significant reduction of neise for

the specigl quicted stock tubes, using vibration isolation and vibration damping
techniques, (In the oral presentation, maghetic tape recordings are played for
these four conditions.)

b, Vibratien Damping Materials. Strategilc use of vibration damping matervial
on thin metal surfaces is used extensively on aireraft fuselage skins and frames,
The actual reduction of radiated or shell transmitted noilse may be as little as
only 2 or 3 dB or as much as 5 to 10 dB, but there are situations where every
decibel is vital. Damping materials or damping tape are frequently applied to
thin structural members inside some machines to reduce the structure-borne
transmission of sound from gears, bearings, cams, ratchets, relays, etc, Damping
materials are also used on large thin panels that form the cabinet-like en-
closures of some machines, notably on household appliances such as dishwashers,

"automatic washing machines, and refrigerators, on many of the office type dupli-

cating or copying machines and on the interior surfaces of automobile doors,
hoods, trunk lids and other large surfaces., Sometimes, sound absorption blankets
pressed and held against a metal surface can provide this vibracion damping
action while also serving to reduce bulld-up of nolse levels inside a machine

cover,

“Schweitzer, B. J,: "A Silent Stock Tube for Automatic Serew Machines",
Noise Control, Vol, 2, No, 2, p. 14, March 1956,
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£. High-Pressure Alr Exhaust Muffling, Release of high préssure alr 1is

a typical nolse in many plants. Each single brief spurt of escaping alr may

not be so troublesome all by itself, but in plants having many automatically
controlled alr-operated devices or systems there is an almost continuous
chatter of alr releases around the work area. In one shop recently we found
over twenty alr escape ports, each giving off a short blast evexy 5 to 30
seconds. The shop manager was amazed to hear and comprehend all these air
discharges when it was brought to his attention, The high frequency piteh
of the alr escape nolse contributes to speech masking and when an operator
works near a few of these they may contribute to long-range hearing damage.
Small inexpensive mufflers are commercially available or 6-12 in. lengths of
piping filled on the inside with loosely packed glass or mineval fiber can
reduce much of the ailr escape noise,

Figure 6 1llustrates the noise levels generated by a blast of air released
from an ordinary shop air nezzle when fed by a 130-160 FSI alr supply, The
middle solid curve represents the noisc levels for normal discharge of the
nozzle., The high frequeney end of this nolse spectrum is capable of masking
apeech, When the alr blast is directed against an obstaecle, the noilse made
by the disturbed air strecam usually results in even higher nolse levels, as
shown by the upper dashed curve of Figure 6. In this example, the alr
discharge was merely directed against a finger at 6-1in. discance, Where air
{5 used to vemove stock parts, such as laminations or stampings, from an
automatic punch press, these noisc levels could be produced, Such noise levols
are potentially high encugh to contribute to the hearing damage problem,

A simple homemade muffler produced the noise levels shown by the lower dotted
curva of Figure 6, This muffler was produced by wrapping the discharge end of
the air nozzle with a 3-in. layer of porous flexible plastic foam and recessing
the wrapplng into a large fruit=-juice can. In the high frequency region, this
simple arrangement yielded a noise reduction of 30 to 40 dB, (In the oral pres-
entation, magnetic tape recordings are played to illustrate the noise levels

of Figure 6.,)

d. Plastic Pelletizing Machine, Several plants use a high speed, multiple~-
blade cutting drum to pelletize extruded plastiec materials, Schematically the
cutting operation may be illustrated simply by the sketch In Fipure 7. Contin-
uous length, spaghetti-like strands of extruded material are fed into the rotating
cutting drum and are cut into small pellets of any desired dimension. The high
speed rotation of the cutting blades past the eut-off edge of the anvil produces
a siren-like sound of very high intensity, possibly reaching sound pressure
levels of 110 to 120 dB a few inches from the cutting edge., The fundamental
frequency of the sound is the "blade passage frequency” of the cutting blades
and this can typically fall in the range of several hundred to a few thousand
cycles per second, Itigher harmonics of this fundamental frequency are also
present, :

In one particular noise reduction program, a special aecoustic enclosure was
devised for this type of cut-off machine. A thick-walled, acoustically-lined
form-fitting housing was designed to enclose the cutrer and its drive mechanism,
and acoustically-lined openings were provided for the eptry of the plastic
strands and for the exit of the pelletized stock,

4
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: r1 The approximate noise levels in ‘the aisle beside one machine are shown In
R Figure 8, for the case of no enclesure and for the case of the acoustic enclo-
: sure, The overall effectiveness of such an enclosure 1s usually limited by
'f'rﬁ the sound leakage paths through the openings by which stock materinl is fed

i and removed and by the alr and sound leakage paths in the various joints around
. the epnclosure and in some of the gasketed covers that give access into the
e machine, Where ventilation of a drive motor is required, acoustically lined
rob ducts or passageways must be provided for cooling air, Also, for maximum nolse
‘ reduction it i{s necessary that the enclosure make no physical contact with any
part of the cutting assembly or its drive mechanism,

It should be pointed out that the machine was never used in normal production
runs without a protective enclosure, The original enclosure, however, did not
provide adequate noise control and it was for this reason that the speeial
acoustic enclosure was designed and added, (In the oral presentation, a
magnetic tape recording is played to illustrate the cutter noise,)

i r} e. Motor Room. In one plant a bank of electric motors and gears

v produced high noise levels in an adjoining work arca. The heat radiated by
the motors also added te the discomfort of the area. A light weight enclosure
having its own ventilation arrangement reduced both the noise and the heat in

the shop area.

Figure 9 shows the noise levels in the work space "before” and "after' the
enclosurc was provided, The enclosure wall was made up of 1/2-in. thick
gypsum board mounted on metal studs, with all air cracks sealed, When the
enclosure was installed, the reduced nolse levels in the shop space (the
lower dashed curve in Figure 9) were actually due to the machines in the shop
.rather than the motors and gears inside the enclosure.

£. Automatic Punch Press. The average noise levels are shown in Figure 10
for a typlcal operator position of a punch prass at one manufacturing plant.
The upper curve shows the noise levels for the original machine and the lower
curve shows the noise levels following completion of an inltial noise reduction
treatment, The shaded avea shows the design goal range desired for the final
totzal shop noise reduction program, The upper limit of this range is the CHABA
eriterion for hearing preservation in the prescnce of steady-state narrow-band
noise and the lower limit of the range 1s the NC-75 curve,

The initigl treatment to this first punch press consisted of placing acoustic
covers of metal or safety glass over all openings from the impact avea of the
punch press. The machine still has the same accessibility as before this
acoustic treatment was added, since in the original version several expanded
matal puards were already used to protect the operator. The expanded metal
guards have been replaced by sliding solid safety glass panels filtted with
gasketed seals, Additional noise control wovk is still to be undertaken, but
this example illustrates that even a punch press can be quicted,

£+ BStamping Machine., The average nolse levels for a typical operator
position of a large Impact-type machine are shown in Figure 11. This is a
high-speed auvtomatic stamping machine that is very massive and includes several
thicl large-area steel panels that radiate the noise of each impact blow. It
would be desirable to reduce the nolse levels at the operator position to
achieve approximately thoge shown by the lower dashed curve.

5-5




g

= ==

oz

R

Extensive sound measurements have been made all around the machine in ordex

to estimate the approximate sound power contributions mada by each panel, each
exposed plece of massive framing, each opening near the actual die set and
each ventilation opening into the Interior of the machine, In addition,
vibration measurements ltave been made on all important structural components
of the machine in order to calculate the Sound levels expected to be radiated
by the structure. A comparison of the measured sound levels directly in fromt
of a large structural-member with the expected sound levels based on vibratien
data for that styructure 18 an important step in the dlagnosls of a complex
machine, Suppose that the vibration measurements indlicate that a heavy, stiff
framing member will not radiate very much noise. On the other hand, suppose
that high sound levels are measured directly in front of that framing member,
This paradox suggests that the high sound levels are probably due to some
other nearby sound source and attention should be focussed on locating and
identifying the sound source, If both the measured sound levels and the sound
levels that are calculated from the vibrarion data tend to support each ather,
then there is reasonably good assurgnce that the styuctural member is correctly
diagnosed and that an appropriate noise control treatment might be applied.

This particular machine is so complex that it has not yet been fully treated
dcoustically by the manufacturer, Several steps of a complete treatment have
been carried out and a few compromises have becp considered, but it is not
expected that the design goal can be rcached with partial or compromise treat-
ments,

h, Howizontal Punch Press. A few years ago, a horizontal-acting punch
press was producing excessive noise levels in an IBM shop area®, The acoustics
group at IBM praduced a cover for this machine that produced a noise reduction
of approximately 15 dB in the middle frequency bands and up to 20-25 dB in the
high frequeney bands, The acoustie features of the enclosure included:

{1) pasketed safety glass viewing windows,
(2) snugly fittlng access ports,
(3) muffled inlet ports for feeding stock into the machine,

(4) muffled ventilation openings into the enclesure to provide
cooling air,

(5) adequate thickness of steel stoek,

(6) internal surface damping, and

{7) internal absoxrption to contain the noise,
Note that there is a build-up of noise levels inside an enclosure, compared to
the close~in noise levels 1f there were no enclosure, so the enclosure wall

material and weight must be adequate, The use of absorption material helps
reduce the inside build-up. )

*Engstrom, J. R.: "Noise Reduction by Covers", Noise Control, Vol, 1, Ne, 2,
March 1955, :
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'd. Pencil Shaping Machine, The first sfep in making a batch of pencils
is to take two thin strips of cedar, groove them, insert leads in the grooves,
and then glue the strips together, Stacks of the glued strips are then fed
inte the hopper of the molding machine that shapes the pencils., The feed
mechanism provides a continuous flow of these strips. The upper cutter assembly
cuts out the upper profile of a line of 8 pencils, and the lower cutter assembly
cuts away the remaining unwantad material, The cut pencils then drop onto a
conveyor or into a bin,

The cutter blades of this particular molding machine rotate at 14,400 REM, The
nolse levels at the operator position reach and sometimes excced 110 dB,
Although the machine is quite compact, there are many openings into the cutter
area and the siren-like sound is freec to cscape to the room, An experimental
program was carried out to determine how much noise reduction could be achieved
by closing up many of the openings through which sound escapes., An experimental
sealed enclozure produccd noarly 30-dB noise reduction at the peak freguency

of the cutter,

Much of this noise reduction could be achieved with simple add-on pieces to the .
existing machine; but te achieve all of this noisec reduction (and even more,

if desired), some design ehanges would have to be made, To our knowledpe, no
follow-up work was ever done by the manufacturer because, at that time, there
was no Iincentive, No one was asking for quieter machines and he could sell all
the noilsy machines that he could produce, So, why change!

An inspection of many other molding machines would show that a small effort
toward closing up the noise escape paths could ecasily achieve a large amount

, of noise reduction.

J. Sconic Pile Driver. One of the dramatic deviecs introduced into the
building censtruction industry in 1961 was the sonic pile driver, The sonie
pile driver consists of a mechanical arrangement that converts the energy of
two 500-HP diesel engines into an alternating up and down force which is
coupled to the top of the pile. The speed of the engine is locked onto the
longitudinal resonance of the pile casing, As the casing compresses and
elongates, not over one-fourth inch at the lower end for the resonant frequency
aof about 100 cps, the weight of the casing and the engine load ¢lamped at the
top serve to “push" the piling into the ground.

In some actual pile driving on one job, conventional steam pile driving re-
quired 30 minutes to sink a pile 40-ft deep and the sonic pile driver “pushed!
a similar pile into the ground in 45 seconds, The seonie pile driver is less
noisy and the noise is of much shorter duration than that for the impact type
pile driver with its repeated blows at from one to two blows per sccond, The
vibratfon {in the earth is less severc as well, and static leadinp tests on two
piles driven by each method on the job described here showed a more stable
setting of the sonically driven piles,

In addition to demenstrating a positive use of resonance in a mechanical system,

this example illustrates the use of an unusual and imaginative way to do a job
by a new and possibly quileter method,
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k. Barriers and Partial Enclosures, "Almost any machine or area can
receive some benefit from a barrier or partial enclosuve that may deflect or
reflect sound to less critical spaces or that may provide 'shiclded" arcas of
lawer sound levels or that may actually absorb some of the sound encrgy.
8lides of a few representative forms of partial enclosures are shown in the
oral presentation.

Depending on the noise source, the dimensions, construction and geometry of

the barrier, the layout of the room, the operater position, ete., these

barriers may produce localized or general noise reduction ranging from 2 to

10 dB in the low frequency region up to 5 to 20 dB in the high frequency region.
For any larger amounts of noise reduction, one would have to set out to provide
a total enclosure rather than a partial enclosure .

One example shows the 20 dB noise reduction achieved between two adjeining
roows containing power hammers, Each room has atoustic absorpticn lining and a
large front opening for easy access of large parts., The onclosure provides
little benefit to the operator exposed ta his own noise, but noticeable reduc«
tion for all other nolses to which he might be exposed,

When estimating time exposures, it is sometimes the neawly steady-state condition
of all the noises of other equipment that may be a major or controlling part of
the oxpesure of one operator and his intermittent or marginal noise-producing
equipment, Thus, it may be iImportant to réduce the "other" noise to an operater
when it is difficult or impossible to reduce the noise of his own machine,

4, '"DO'S AND DON'TS" IN NOISF CONTROL

The following outline is offered as a starting point for pursuilng & noise
reduction program on a neise source, Be aware of good noise design; use pood
acoustic principles whenever possible. Build one unit; check the noise output,
uaing appropriate noise and vibration equipment. Re-design and modify as
required. Follow the outline below as a checklist both to establish good
acoustic design In the first place and to guide remedial steps later if neces-
sary. :

A, Adrborne vs, Structure~borne Neise and Vibration

1. Have to identify which type and which paths.
2, Both finally radiated to ear by air paths.

3, In general, sound from a machine can be “heard" at lower
levels than vibration can be "felt", Therefore, reduce
vibration till it can't be 'felt', maybe even more, depending

upon envirenment, ..

.
iy

B, Aflr Sources and Solid Sources of Sound

1. Air Sources (pressure fluctuations in air due to air
movement) ,

(a) Jet action of air stream produces turbulence (air
cleaning, air conveying, ventilation, ete,)

5-8
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Reduction of Noise and Vibration

(b) Periodic interrupted flew produces discrete frequencies
(fans, motor vents).

{c) Alr movement around cbstacles (turbulence).

{d) Sccondary air sources:
cracks, openings in covers, open ends of ducts,
.close-coupling by alr of structural parts.

S50lid sources of sound

{a) Any solid member of a system that moveé or is contacted
by any other moving solid member,

(b} Solid member may oscillate, expand and contract, deform,
bend, slide, rotate, hit or be hit, accelerate or
decelerate from uniform motion,

{(c} Solid member can be ser into vibratlon Ly aly coupling
and then transmit vibration to other members or re-radlate
it as sound encrgy.

1,
2,
3.
4,

Reduction of air source noisc at the source,
Reduction of airborne noise and vibration.
Reduction of selid source nolse at the source,

Reduction of structure-borne noise and vibration.

Reductlon of Air Source Noise

ll
2,

Reduce air fleow velocity,

Diffuse air exhaust stream to reduce turbulence at edge and
in surroundings.

Reduce or eliminate periodic interrupted.air flew (cooling
vanes on motors, less air flow through rotating part of
motor; vary fan blade cutoff).

Smooth flow in ducts or in necessary alr streams; streamline
obstacles in air streams,

Sccondary air sources:
cover holes, treat necessary open holes or ducts, break up
close air coupling.

Reduction of Airborne Noise and Vibration

1.
2,

‘.

4,

Reduce vibration amplitude of radiating member. . -
Reduce area of radiating member,

Reduce air coupling of radiating member (even drill holes
to allow free flow of air to reduce pressure build-up).

Remove moving parts from large radlating surfaces (actual
separation or by use of vibration isolation mountings),



It . 5. Bhift frequency of nolse to lower frequency reglon (lower
frequency noise less efficlently radiated from small sources,
r? and people more tolevant at low frequencies),

6, Contrel the direction of vadiation of sound away from the
listener (good for high frequency only; barriers, baffles).

7. Provide mufflers for all required openings that can radiate
nolse.

8. Enclosc or partially enclose the neoise or noise radiator
(as massive as necessary consistent with rest of system) ;
cover all holes or cracks for air escape; gasket access doors;

”'r? must have no rigid connections between neise source or

radiator and the enclosure structure; consider relative stiff-
nass of isplation mount for frequenecy to be contvolled., For
undamped enclosures, apply surface damping to reduce resonances,

3

H 9, Use acoustic absorption (glass fiber, etc.) to absorb contailned
! . sound (on inside surface of a wall or box, not on outside;
P31 porous material absorbs bouncing sound waves, does not take out
[j much energy transmitted through the material).

iﬂ ; 10, Effectively increase distance from noilse radiater to listerncr,
' give chance for sound to spread out; same energy in the room but
less intense 1f further away (baffles, lined ducts, directivity),

F. Reduction of Solid Source Noise

1, Change mode of operation to produce less foree on the system;
. look for and avold hasic designs that serve as sound amplifiers,

2, Seck other ways of accomplishing the end objective or movement
(clectric vs, magnetic, mechanical vs, hydraulic, etc.),

3. Provide smooth finishes for sliding contacts and relling
parts (includes cams and cam fellowers, linkages on common
shafts, pears, sliding parts); adequate lubrvication to reduce
stick-slip motion,

4. For rotating parts, provide maximum balance to insure uniform
speed and minimum acceleration and deceleration; provida
minimum clearances in shafts and mating bearings to prevent
vibration,

5. Tor non-uniform motion, provide minimum acceleration to do the
job properly but have uniform acceleration (avoid "jerk': rate
of change of acceleration); use maximum available time to
produce the necessary velocity change, avoid peak acceleration,

6. Reduce weight of accelerated parts, including rotating unbal-
anced parts; surface dampen remaining light weight surfaces.

7. Reduce accumulated backlash or clearances in a string of
- linkages to reduce "jerkiness" to the final action; provide
spring ‘loading to final action to give constant force to resist

jerkiness,




3

N

——

G,

1o.

11,

Apply acceleration forces only as rapldly as parts can
follew to reduce impact, overshoot, undue flexing or
deformation,

Reduce impact force to minimum necessary; look for other
ways to transmit force or information to a system than by
impact, '

Use "soft" surfaces where possible to reduce impact (cams,
cam followers, hammers, pears); use soft inserts under
impact surfaces when possible; reduce mass and ‘area of
impact parts; use damping material on impact parts,

Apply damping materials to eliminate resonances of rods,
panels, linkages, gecars,

Reduction of Structure-borne Nolss and Vibration

1.

Provide vibration iselation for mountlng of a nolse or
vibration source to its base; have no short-civcuilking
rigld connections (flexible connection in pipes or wiring,
free coil turn in wiring connecedon). If rigid connec-
tions required, isolate next larger asscmbly that includes
the rigid copnections, Isolation mounting stiff enough to
transmit performance requirement or provide functional
oparation, soft enough to prevent transmission of high
frequency vibrational forces, Cautlon that springs, as
stecl bars, transmit some hiph frequency nreise, Use
rubber pads with springs, Use rubber-in-shear 'or felc,
cork or rubber pads for high frequency isolation,

Reduce the weight of a vibration assembly, attach it to
heavy-weight base with isolation mounts. Always try to
support a vibration source from a massive “ipertia block"
(with use of isolation mounts; design curves on transmissi-
bility assume infinite mass and rigidity for base). Avoid
vibration isolation of a heavy source on a light-weight
flexible base; base may be as flexible as isolation mount.

Avold resonance of isolation mount with driving frequency.
Desipgn mount resonance frequency at least 2 to 4 times
above lowest driving frequency.

Reduce the radiafiqg area of structural. paths (drill holes).

Add vibration damping materials teo structure paths that will
transmit vibration to another peint in the system or to

parts that can vibrate at various resonances, Surface

damping, "spaced damping', Effect of temperature and .
frequency. Effectiveness somewhat proportional to thickness.
Most effective on thin stock and at regions of maximum bending.

Provide area, weight, and impedance "mismatches’ at junctions
of different parts., (Impedance mismateh: materials with
large differences in valucs of densiky x velocity of sound)
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7. Avoeld close alr coupling between large surfaces {air a
good spring econnection for large areas at close spacing;
example Thermopane glass not mueh better acoustically than
single glass of same total weight),

8. Avoid structural connections that amplify force (illustrate
with "I connection; slight flexing of base will amplify to
large motion of top).

5. CONCLUSION

It would be dishonest to imply that noise reduction comes simply and at no
cost, The treatment may not be simple to execute even though it may be

simple in concept. The cost may involve changes in attitude by the user, the
operator, or the shop foreman., Some compromises in machine speed, perfor-
mance, accessibility, or convenience may be required. If noise reduction is a
controlling requirement, some of these compromiscs may have to be made,

Most of the examples described here relate to noise reduction steps added to a
machine without actually changing the "internal workings” of the machine, If
design engincers can adapt some of these guide lines into their original de~
signs, possibly some noise reduction can be built into a machine without having
to add it on later. This, of course, is the real objective, There is no
"magic' in acoustics. If nolse reduction is wanted, noise reduction must bo
designed into a machine, not added onto it as an after-thought. Some of the
basiec nolse reduction principles have been given in this discussion, but the
real need faeing all of us is the motivatlion to do something .about it,. Many
of the methods, materials and knowledge are available.

i
i
1
f
'

j
|
|
;

AR 2

EETHEEY



€1-S

~
.

T
IMPACT OR RECIPROCATING
ACCELERATION ACTION
. ’-.“
o N |
- ROTARY , ENERGY
UNBALANCE . TRANSFER

FIGURE 1
MECHANICAL NOISE EXCITATION




FIGURE 2

TURBULENCE

ASSOCIATED

WITH

MOV ING
~AIR

X
N

—~

e e e e P v R

Amrerriree .
——eeege

JET




"
o
t

FIGURE 3

‘ELECTRO-MAGNETiC

INDUCTION

TR TS



RESONANCE

-'LF
&

"THE SOUNDING BOARD"

FIGURE 4



. {10 =
=
< C = CONVENTIONAL STOCK TUBES ‘
o . S = "SILENT" STOCK TUBES @)
x 100
O O =z ROUND STOCK -
f. O =HEX STOCK
o)
8 920
o
L
o
. Lln o
3 T 8o
. fan
=
<L
m
Z 0
wd
&
€0 \(3"

32 63 125 250 500 . 1000 2000 4000. 8000
OCTAVE BAND CENTER FREQUENCY (CPS)

FIGURE 5
NOISE LEVELS 5 FT FROM VARIOUS STOCK TUBE
ARRANGEMENTS OF AUTOMATIC SCREW MACHINE




90 — -
- | I —I ' - - -\
o | DISCHARGE DIRECTED ——\ /] ~
@ i |-AGAINST SMALL OBSTACLE /
o (FINGER AT 6 IN. DISTANCE) |\, : P
X g0 -
© / /
= p '
ol
8 "?o 4/ K :
S ;
3 7 " \-LNORMAL DISCHARGE
w. & 7/ | |
v o
5 8. d :
- Q
~ e 4 —— PROVIDED WITH
2 ‘ SIMPLE MUFFLER
=
Z 50 — P el ~——
E.J r’/ T
[72]
4
° 32 683. 125 250 500 1000 2000 4000 8000

OO A | fa Con e L Talde) T e g . . . :
; B Y TR T S S SR L VI U T TP Py

- OCTAVE BAND CENTER FREQUENCY (CPS)

FIGURE 6
NOISE LEVELS 3 FT FROM SHOP AIR NOZZLE
DISCHARGING AIR FROM 130-160 PS| LINE




Bt ‘1.4“““_' PR

L S TGN L R SR L B e A T . e Y e D e B e B

CUTTING TOOLX

BI-S

CUT-OFF EDGE

PELLETIZED STOCK—/

o

FIGURE 7
SCHEMATIC OF PELLETIZING MACHINE

-

L
T A il ALY, SRR

L] e T

e S L g



N
o

romn g e

SPL IN BAND {dB RE 06002 MICROBAR)

BTG

1o

100

@
O

-3
<

)]
o

e e s . p— : s :

L]
o

FIGURE 8

OCTAVE BAND CENTER FREQUENCY (CPS)

NOISE LEVELS IN AISLE POSITION
BESIDE PELLETIZING MACHINE

WITH NO ENCLOSURE—\
' 4_-—--—-" :
/ \\'\\ -
P#-‘
WITH ACQUSTIC ENCLOSURE —
a2z . 63 125 250 500 1000 2000 4QOO 8000




ST L
10
*
<
‘é’ - - WITHOUT ENCLOSURE
1
[ 8]
(> ]
o 90
o. -—‘-——_.""\.
Ll-' hh.—--
L S ~
v s ~
‘ 2 80 \
o | }\
= ™
< ‘ \
o WITH ENCLOSURE — ~
= 70 <
el
A
W
60 32 63 125 250 500 1000 2000 4000 8000

OCTAVE BAND CENTER FREQUENCY (CPS)

. FIGURE ¢
NOISE LEVELS IN FACTORY SPACE DUE TO
SEVERAL NEARBY MOTOR-GEAR DRIVES

, G h o e C _
L._.Lzlt_i_i. L ‘. : . — W



— “ -t S - e e L ‘ ) '

e

b DESIGN GOAL RANG
LCHABA (NARROW BAN

j

LUNTREATED

'\-

TREATED-

L[]
. O

NC-75—

«©
O

‘2z-¢

7
YA

SPL IN BAND (dB RE 0.0002 MICROBAR) -
—q
QO

60—33 63 25 250 5061000 2000 4000 3000
OCTAVE BAND CENTER FREQUENCY (CPS)
FIGURE 10
NOISE LEVELS AT OPERATOR'S CONSOLE OF PUNCH PRESS

e ’ s
. . l ‘
. e i i 5L e s e e e e i 3 o T



PR

€z-S

SPL IN BAND (dB RE 00002 MICROBAR)

s “L Lo
R e

120

110

100

90

80

70

'
L ]

b}
L.- e % Lo e
— i T

v

/—-UNMOD

IFIED" MACHINE

e

DESIGN GOAL -

32 63

EXISTING AND DéSIRED N

125 250 500

1000

2000

OCTAVE BAND CENTER FREQUENCY (CPS)

FIGURE 11

4000

8000

QISE LEVELS AT OPERATOR POSITION

OF HIGH-SPEED AUTOMATIC IMPACT-TYPE MACHINE

S

b o LTI i W1 aihs T AT er T e e . .
oo AR s N i R e T
N IS



