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MEASUREMENT OF SOUND LEVELS
ASSOCIATED WITH ATRCRAFT, HIGHWAY, AND RAILROAD TRAFFIC

SUMMARY

Data were obtalned concerning sound levels produced at different distancea by
aircraft of various sizes and engine power ratings, and under teke-off, climb, and
crulse condltiona, Sound level readings were cbtained, under controlled flight conditions,
for six sircraft vaerying from e single engine private-owner type of 65 hp to a two-
engine commercial type of 2400 hp totel Additional measurements were made with mis-
cellaneous private, commercial, and military type aircraft in the general mirport traffic
Frequency analyses were made of the sound produced by the controlled aireraft.

Additional sound level measuremente were made with highway truck and pasgenger
cer traffic, and with raillway freight and passenger trains, Resdings were cbtained
at different distences from the traffic path,

The test results ave presented in terms of sound Intenslty levels, corresponding
loudnesas levels, and a8 loudness relative to the epproximate loudness of the average
volce in conversation at e distence of three feet,

Variation of intensity and loudness levels with distance 1s shown for all eireraft
and traffic eound sources and for various test conditions. Loudness level contours,
ghowing location relative to the runway of positions of equel peak loudness level, are
given for the teke-off and climb of each controlled aircreft, Comparative aound intenslty
level values for all aircraft models tested mre presented.

In genersl, the results show tnat the various eircraft models tested produce scund
intensity levels renging from 78 to 103 decibels at m distance of 500 feet from the air-
plane during teke-off., With aircraft in flight, the intemsity level decreases about
6.5 to B.5 decibels for each doubling of distance from the alrplane,

Sound produced by large aircraft in climb reduces to the arbitrery reference loud-
ness level of 70 phona at about 3000 feet distance For small aircraft the corresponding
distance is about 1000 feet, and for traller trucks end railway treffic a similar distance
of about 1000 feet 1s obtained

INTRODUCITON

The problem of ncise levels created by alrcraft in the vicinity of airports has
become increasingly acute during the past several years The importance of this problem
haa grown with increasing number of privete and commercilal aircreft in use and, in particuls
es a result of the esteblishment or expansion of alrports in residential commumities.

The complete solution of this problem ultimately must come through reduction of
propeller and engine nolses in asireraft, if all criticism of alrcraft noise is to be
avoided. Airplene smd propeller manufacturers now are working toward this end in c.-
operation with private and governmental research organizations. However, until a solution
i reached, and as an aid to such solutlon, a knowledge of sound levels actually existent
in airport vicinities is urgently required

A 36639 O(66) +



During June, 1946 the Technical Development Service of the Clvil Aeromautics
Administration conducted sound level tests at a proposed airport at Malvern, Pemnsylvania.
Thege tests were not sufficiently complete for general application of the data cbtained,
In April, 1947 an edditional test progrem was commenced to provide more complete and
fundaemental data, This report covers the results of such tests.

The purpcose of the present tests was to determine sound levels in the vicinity
of alrports assocleted with particular alrcraft, and comparative sound levels produced
by highway and railwey traffic. An additional purpose was to determine reletive sound
levels produced by variour models of alreraft, and to obtain fundemental dats which
may be of incidental use In noise reduction desigm.

The presentation of sound level date In such form as to have technical slgnificance,
and at the seme time to be understood reedily by non-technical readers, is difficult.
For clearer presentation there has been included in thils report a sectlon containing
an elementary discusaion of the properties of sound, methods of sound level memsurements,
and definition of terms. In addition, all final data are given in terma of relative
loudness, which 1s believed to provide & simple and direct indication of the loudness
of sound as heard by the average ear, related to & familiar and recognlzeble value.

Aclmovledgement 1a made to the feronautles Commission of Indiene for the use of
the Stinson eirplene used in the tests, and to the Bob Shank Airport of Indiemnaepolis
where a portion of the tests were conducted,

FROFERTIES OF SOUND AND PRINCIPLES OF SOUND LEVEL MEASUREMENT

The principles of sound level measurements and properties of sound are discussed
In detall in various standard texte. The present brief and elementary reveiw of these
principles is given as a gulde for interpretation of the test results presented in thie
report,

Sounds in air exist se successive waves of compression and rarefactiom, traveling
at a velocity dependent upen the ratlo of the pressure and density of the air. For
dry alr et standard sea-level pressure and O degrees C temperature, the velocity of
sound is approximately 1087 feet per second

The number of sound waves which pass a fixed reference point in the alr per unit
time determines the sound frequency, or pitch The meximum range of sound frequencies
vhich can be heard by the humen eer is from approximately 16 tec 20,000 cycles per seccnd,
All normal sounds, including those types considered in this report, are e complex com-
bination of a large number of sounds of different freaquency.

The characteristics of a particular type of sound which determins its magnitude
end nature are the particular frequencies present in the sound, the relative energies
posessed by each component wave, end the total energy of all component waves.

The sound intensity is a measure of sound wave energy, and is defined as the rate
of flow of sound energy through a unit areas perpendicular to a given direction at a
glven measuring point. Absclute sound intensity le measured in terms of watts per eguare
centimeter




Normelly, sound intemsity ie more conveniently measured by the decibel scale,
wvhich expresses the exlstent sound intensity at a given polnt as a functioh of the
ratio of the ~basolute sound intensity to e reference sound intemsity level More
exactly, the differcnce D in decibels between twe sound intensities I1 and 12 ie
expressed by

D 10 log. I /I
&057 1,

-16
A standard reference level of sound intensity has been chosen as 10 watts
per esquare centimeter, which corresponds aepproximately toc the minimum intensity
audible to the human ear at 1000 cycles per second.

The intensity level of a particular sound is the difference, in decibels, be-
tween the intensity of this scund and the intensity at the standard reference inp-
tenslty level An intensity level of 20 decibels corresponds roughly to that of
a barely audible whisper, and represents an absolute intensity of 100 times the
reference intensity. An intensity level of 60 decibels represents an sbsclute in-
tensity of 1,000,000 times the refeignce intensity An intensity level of 100 declbels
reprepents en absolute intensity 107 times that of the referemce intensity.

The intensity level scale does not correspond, except Iin an approximate manner
to the loudness ms heerd by the average human ear, This variation 1s related to
change in sensitivity of the human ear with the sound frequency and intenslty level.
The average ear is most sensitive at a frequency of 2000 to 3000 cycles per second,
and 18 relatively insensitlve to low intensity sounde at the lowest and highest
audible frequencies,

For example, a tone of 1000 cycles per second with a 70-decibel intemsity level
wlill sound to the average human ear of egual loudness as a sound of TO cycles per
second with en intensity level of 80 decibels Similarly, a sound of 1000 cycles
per second and LO-decibel intensity level will sound of equal loudness as a sound
of 70 cycles per second with an intensity level of 67 decibels.

Various scund intensity levels at different frequencies which eppear of equal
loudness to the average humen ear are, by definition, of equel loudness level
The unit of loudness level is the "phon" For convenience, the loudneas level
scele is taken 80 as to coincide with the intensity level scale for a sound of
1000 cycles per second. Stendard curves showing varlation of loudness level with
intensity level and frequepcy are shown in Figure 1, as gilven in American Standards
Associstion Stendard Z24,2-19%2,

Sound level readinge are, by definition, the reedings given by a standard
pound level meter. As loudness level curves define sounds of equal loudness, as
heard by the ear, it 1s generally desired to interpret sound level readings in terms
of loudness level Such interpretation is complicated by the fact that normel sounds
are ccmposed of many frequency components rather thaenm a single frequency

In order to fecilitate such interpretation, standerd sound level meters are
erranged so that three weighting networks can be used, The three networks provide

different frequency response characteristice which provide, respectively. (1) flat
response, which approximetes the response of the ear at intensity levels of about



100 decibels, (2) & welghted respomse which approximates the response of the ear at
en i1ntensity level of 7O decibels, snd {3) = weighted reeponse vwhich approximates the
reeponge of the ear at an intensity level of L0 decibels

With the selective use of thesge three weighting networks in the sound level meter,
approximate loudness levels may be cobtained by direct remding over a wide range of
intensity levels and for sounds containing various frequency components

The loudness level, as previously menticned, defines only the intensity levels
at which sounds of different frequency appear of equal loudness to the ear, However,
loudness level does not provide a direct measure of relative loudness perceived by the
ear For example, a loudness level of 100 phons appears more than LO times ms loud
to the average ear as a loudness level of 50 phons, rather than twice as loud,

and provides a measure of the relative loudness of e sound of particular loudnese
level compared t¢ a sound with a loudness level of zero phoms A sound with a loud-
ness level of 100 phona will have a loudness of 88,000 loudnese units, and will appeer
to be about 2-1 3 times as loud to the average eer es & sound with 90 phon loudness
level corresponding to 38,000 loudness units A curve relating loudness in loudness
units to the loudness level in phons is shown in Figure 2, as given in American
Standards Assoclation is Stendard 724 2-1g42

For the purposesof this report, the term relative lowdness is further introduced
Thils term is not standard, but expresses the retlo of the loudnese units corresponding
to eny loudness level to the 7950 loudness units obtained at a loudnese level of TO
phons  The relative loudness may be converted to standerd loudness units by multi-
plying by the factor 7350

The 70-phon loudness level waa chosen as the reference level for relative loud-
ness because of its approximate correspondence to the loudness level produced by an
average voice 1n normal conversation at a distence of three feet  The relative loud-
ness, therefore, represents approximately the loudness of a sound heard by the average
ear as compared to the loudness of average conversation at a three-foot distance
On this basis, a sound with loudness level of 100 phons haes a relative loudness of
1l 1, or appears sbout eleven times as loud to the ear as the reference conversation
level

It ig geen that analysis of sound level readings 1s camplex, and that some vari-
ation exists 1n cholce of the most useful and significant form Iin which to present
sound level deta In this report, the data have been presented principally in terms
of intensity level, loudness level, and relative loudness

The degree of annoyance assoclated with a particular sound ie dependent partially
upon the objective characteristice of the sound, such ss its intensity, the magnitude
of particular frequency components, and the sound duration  However, degree of an-
noyance eleo 18 asscociated with numerous pesychologlcal factors dependent upon the
1ndividual listener and hls reaction to the particular sound. Suck psychologicel

factors, other than those average values which are incorporated in determination
of loudnees level and loudness units, camnnot be measured or comsidered in a study
of the present mature,



EFFECT OF ATMOSPHERIC CCONDITIONS AND TERRAIN UPON SOUND PROPAGATION

The reneral effects of variations 1n atmospheric conditions upon propagation
of sound have been discussed by numerous investigators 1 It has generally been
concluded that the most important atmospheric factore 1m this connection are local
variations or gradients In the wind velocity, humidity, etc , which cause refraction
and bending of sound waveas through variation in the velocity of sound

For example, mir saturated with moilsture at 50 degrees F will propagate sound
at 8 velocity of about 2.5 feet per second faster than dry air Where locel veriaticns
or gradients exiat in the moisture content of the mir, the sound waves will tend to
be refracted or bent generally in the direction of the driest mir strata

Veriation of wind velocity or temperature with altitude causes similar apparent
bending of the sound path For a wind velocity gradient with the velocity increasing
with eltitude, which is a common condition, the sound waves will tend to bend toward
the ground when traveling in a downwind direction, and awey Prom the ground when
traveling in an upwind direction  Under such circumstances, it is possible that
at moderate distances a sound will be heard with greater intemsity upwind than down-
wind

Variation of atmospheric pressure causes no veriation in the sound velocity,
8o long as the ratioc hetween the pressure and density remains constant

During the actual time of conduct of the present teats, covering a total perilod
of about two months, the wind velocity varied from about 5 to 20 miles per houl,
with e few cases of higher velocities with a maximum of 25 miles per hour. The
relative humidity varied from 40 to more than 80 percent, the temperature varied
from 40 to 90 degrees F, the barometric pressure varied from 28 85 to 29 30 inches
of mercury, the sky gonditions varied from clear to overcast with 1000-foot ceilling.
In general, no large local variations or gradients for the various factors were
obtained at one time, except for humidity with the overcast condition

The test results obtained showed no correlation with such variations in atmos-
pheric conditions, and in general were comeistent in spite of such variations It
mey be concluded that, at the relatively short distances invelved in the present
tests (usually less than 6000 feet) normal variations in atmospheric conditions have
1ittle effect At greeter distamces the effecte probably are much more significant

As a simple test of such conclusion, as related to wind velocity, the Beech
C-45 airplane was flown arcund a two-mile aquare pattern with the sound meassuring
egquipment at the center of the square The airplane wms flown four times around
the pattern at a 1500-foot sltitude snd at a 500-foot altitude, with the sound level
recorder cperating continuously The wind velocity at ground level was 12 mph, at
2000-foot altitude ii was 1k mph, and at 5000-foot altitude it wms 27 mph, all in
the same direction

1 Lora Rayleigh - "Theory of Sound”, Vols. 1 end 2



The largest variation 1n average peak sound level readlng, as the airplene
passed the center section of each leg of the pattern, was 2 decibela. The highest
average reeding was obtalned as the airplane was downwind from the sound recerder
The 2-declbel variation obtained was considered about the limit of accuracy for the
test results generally, with all scurces of error included

Varlables other than atmospheric, which can meterlally effect the aound level
are terrain, trees, houses, and other locel obatructionas No general rule can be
glven to correct for these factors, as each cese would itself require a special
application and be variable with the seasons of the year and from day to day  These
factore may sither raise or lower the sound level, and a general quantitative estimate
cennct be made For a pesltion shadowed from the scund source, such as behind foliage,
a bullding, or knoll, attenueted sound waves may reach the observing point, but
gtronger waves maey be reflected from other objects or refracted by atmospheric comditions
to increase the sound level at that point From this it cen be seen thet the sound
level at a given distance may be lower or higher than the normal value, depending
upon the particular shadowing, reflection, end refracted wave conditions

TEST EQUIFPMENT ]
An Electricel Research Products, Inc , Type R A. - 277 Sound Frequency Analyser
and Type R A = 246 Graphic Level Recorder (See Figure 3), later referred to as the
ERPI instrument, was used for these tests In conJunction with a General Radio Company,
Type T759-B Sound Level Meter (See Figure 4), later referred to as the GR imstrument.

The Sound frequemncy analyser was calibrated at the National Bureau of Standarde
and precise corrections were cbtained The analyser passes frequencies of a five-
cycle band width Both Instruments are equipped with nondirectional microphones
The General Radio ingtrument is powered by dry batteries, while the Electrical Research
Products instrument was powered in the field by a 115 volt - 60 cycle a,c , porteble
gasolline-powered generator, A frequency meter wes ueed 1n adjusting the power supply
to & 60-cycle frequency, while a variable transformer wae used to control the voltage
cutput  The power supply unit was located at sufficient distance from the microphones
to avold interference wlth sound levels being measured.

In order to prevent wind interference in the microphones, a "cage”, 15 inches
square end 18 inches high, was bullt around each microphone as shown in Figure 5
These "cages" were comstructed of a light wood frame and covered with a layer of
loosely woven open mesh Calibretion of the microphones with and without these ceages
indiceted no change 1n sound level readings

For the determination of the distance and eltltude of passing aircraft, two transit-
type sights, one of which 1s shown inm Figure 6, were used, Each comsists of a hori-
zontelly revolving heaed with a vernier azimuth circle calibrated to five minutes of
arc, and a crosshead slght rotating in & vertical plane with a vernier quadrent slso
calibrated to five minutes of arc., A bubble level was mounted on the crosshead sight
for leveling the lnstrument.



Stenderd telephone headsets were used to a2i1d in simulteneous reading of each
ingtrument. All units were coordinated by the use of three Army Type BC-322 portable
radioc transceivers

TEST FROCEDURE
A - AIRCRAFT

The alrcraft sound level measurements were obtalned at the Welr Cook Municipal
Alrport at Indjanapolis, and at picked locatione, within eight miles of the Mumicipal
Alrport, which were relatively flat and open and at which relatively low normsl sowumd
levels exlsted. A portion of the smrll asircraft meesurements were obtained at the
Bob Shank Alrport om the outskirts of Indienapolis. The tests were dlvided into two
major thases, (1) controlled tests with the aircraft pilot using definite engine power
settings and following epecified flight paths with relation to the messuring equipment,
(2) uncontrolled tests with sound level messurements obtained with airplanes in the
general airport traffic.

The controlled teets were carried out with six aircraft.

AIRCRAFT H.P RATING
Douglas C-U7 2hoo
Beech C-L5 500
North Americem SHJ-4 600
Stinson 150 150
Cessna 140 85
Aeroncae Champion é5

The uncontrolled tests included aircraft from 65 hp power rating to commercial
and military airecraft of about 5700 hp maximum

Controlled Alrcraft Take-Off Measurements

Sound level measurements of aircraft during teke-off runs were obtained on the
alrport at various memsured diptances to the side and rear of the runway in use One
transverge cross-line along which measurements were taken was established at the ap-
proximate point where the particular aircraft left the ground. A second transverse
crosa-line was estmblished at the starting point of the take-off run A longitudinal
measuring line wae established directly to the rear of the airplane in line with the
runway

Measurements were taken with the two sound level meters placed at altermate locations
along the line upon which the readings were being obtained The location pointe along
the line were spaced so as to provide an approximate 5 to 10-decibel drop between suc-
cesalve locetions 513 to eight measuring polnts were used along each line, with the
furthest point being approximately 6000 feet from the runway

The recorder unit of the ERPI apparatus was used to obtain all resdings with that
instrument  The record obtained provides a time variation of the sound level as well
ag & measurement of the peak sound intemsity. Measurements with the GR instrument
were read directly from the meter



For each instrument location, one teke-off rupn of the airplane wes made in the
controlled tests., In ceses where the reading obtalned waa questicmable due to inter-
fering scund, the teke-off run wes repeated.

For the controlled teste with the Douglas C-47 and Beech C-45 mirplenes, sound
level readings elong the transverse line at the teke-off starting position, and the
longitudinal line to the rear of the alrplane, were obtained with the aircraft engines
belrng run momentarily at full power wlthout the eircraft moving. With all other air-
craft used in the controlled tests, an actual take-off run was made for such instrument
locaticn.

Controlled Aircraft Climb and Crulse Measurerment:c

Sound level measurements of controlled aircraft in climbing end cruilsing phases
of flight were cbtained by plzcing the sound measuring equipment at fixed locations
elong an lsoclated open road removed from the airport, and flying the aircraft in an
upwind direction across & specified point on the romd The airplane was caused to
cross the road with standard rete of climb and climbing power as used after normsl
take-off for the particular airplane, and at altitudes of 200, 400, 600, 800, and 1000
feet  Further level fllghte were made across the roed et crulsing power, and et 400,
€00, and 1200 feet altitude

The two sighting instruments were pleced cn the road 1000 Peet to each side of
the desired alrcraft crossing point, and measurements were made of the angle from the
horizontal to the line of sight to the alrpleme, st esach saighting point, as the air-
plane croassed the rcad

Che series of airplane pmsaes was made for each location of the sound measuring
equipment, and a particular pass wes repeated if the reading cobtained was uncertain.
After each series of asirplane passes, the measuring equipment was moved to a new lecmtion
on the road, until e maximum distance of 6000 feet from the point of airplane crossing
was reached The lecations of the measuring poipte were spaced to glve an spproximate
5 1o 10-decibel difference in scund level at successive points. The two sound level
meters were used at alternmate measuring points along the trameverse rosd line.

Frequency Spectrum Measurements

Frequency analysis of the sound produced by each airplane used in the controlled
teste was made with the airplane operated at spproximetely cruising power. With the
Douglas C-47 and the Beech C-L5, the freguency memsurements were mccomplished by opereting
the aircreft engines on the ground with the airplene stationary, snd placing the messuring
equipment 300 feet to the side of the eirplane in line with the propellers.

With the other ailrcraft used in coptrolled tests, the frequency messurements were
made by flylng the airplane in a continuocus cloese circle at low altitude mround the
measuring equipment, attempting to hold comnstent the diatance between the airplane
and the microphone



During each test an overall scund level record was made, and separate recordings
were made for the fregquency band from 10 to 1000 cycles per second, and for the band
from 100 to 10,000 cycles per second

Sound Levels of Miscelleneous Aircraft Traffic

Sound level measurements of miscellaneous aircraft traffic were obtained in the
alrport vicinity at kmown locations with respect to the runway in use. The sighting
instruments were used for all reedings cbtained with aircraft in flight. In such case,
the sights were located et lmown points relative to the runway and to the sound memsuring
equipment, and st a dletence apart of 2000 feet Azimuth and vertical angle reesdings
were obtalned as the airplane passed the sound measuring equipment, so thaet the alrplane
altitude and ite distance from the sound measuring squipment could be computed.

Each aircraft, for which a sound level measurement was obtained, was i1dentified
according to ite manufacturer end model. A record was mlso made to indicate whether
the sirplane was in take-off or climb condition. In the case of commercial treneport
aircreft, the particular air line operator was noted

Numerous readings were taken with the sighting instruments, of small eircraft
after they had completed their first turn In the take-off traffic pattern, and of large
aircraft about one minute after take-off from the airport. The purpose of such reedings
was to cbtain s check on the normal take-off path of the various aircraft under existing
wind conditions, and thereby relate altitude of the airplame after take-off with distance
from the teke-off point,

B - BIGHWAY AND RAILRQAD TRAFFIC

Sound level messurements of highway truck and passenger car traffic were obtained
at a flat end open section of U.S, Highwey 40 weat of Indisnapolis.

Memgurements were teken at verious distances from the road, untll a meximum distance
was reached at which the sound level decremssed to a value of 60 to 65 decibels.

Each vehicle with which a sound level reading wes cbtained was identified according
to type, end the vehlcle was timed over s measured distance to determine its velocity
The recorder unit of the ERPI eound measuring equipment wes used to cobtain verietion of
the sound level with time,

During this series of measurements, freguency anelysis tests were made upon a 1939
Model Ford sedan and a 19%1 Model Ford pamel truck The frequency spectra of the two
vehicles were measured with the vehicles atationary and with the engine and resr wheels
running at a speed corresponding to 40 mph. No satisfactory method could be devised
for obtalning such a frequency messurement with the vehlcle in motion and with the availsble
measuring equipment

Sound level measuremente of freight and pasaenger train railway traffic were obtained
in a manner similar to that used in the highway tests. Measurements were taken along
the main route of the Pennsylvenia Railroad gnd the New York Central Rellroed west of
Indianapolis,



The frequency spectrum measurement of raillway traffic was obtalned with long
trains, which took sufficient time in passing to permlt ecamning the necessary fre-
guency bhand.

C - GENERAL

During the teste relating to highway and railway trefflc, and upon the Douglas
C-47 mnd Beech C-45 aircraft, the two sound level meters were used with both the flat
and the 70-decibel welghting networks In general, the flat welghting network was
used where the peak sound intensity was greater than 85 decibels, mnd the TO-decibel
network was used for peak sound intensities between 60 decibels and 85 decibels. For
reasons discussed In the following sectlon of this report, subsequent measurements
obtained with all other aircraft were made with the flat welghting network only.

During all tests, s record was maintsined of the genersl existent atmospheric
conditionse, including wind velocity and direction, barometric pressure, tempersture,
relative humidity, and cloud formations. Such data were obtained from the U.S5. Weather
Buresu at the Indianapclis Municipasl Airport. Nc means were available for measuring
inptantaneous variations of these factors st the time of individusl tests and at the
various airplane altitudes used,

DATA CORRECTION METHODS

A - COBRECTIONS FCR ELECTRICAL RESEARCH FRODUCTS, INC,
SOUND LEVEL METER

In the analyeis of the sound level data, 1t 18 desired to convert all readings
obtained with the sound level meters to equivelent loudness level and loudness umits,
which provide a measgure of the loudness as heard by the average human ear. The sownd
level meter does not provide loudness level wvelues directly, except in an epproximate
manner at only two intensity levels in the range covered by theee teats, The following
method wes used to correct ell readings obteined with the ERPI instrument, amd to convert
such readings to loudness level values.

It was found that a "zero"” correction to the reading obtained with the ERPI recorder
is required for the effect of the wind screen around the microphonme, and for differences
betveen the recorder reading end the meter reading. With proper adjustment of the
recorder stylus, readings within plue or minus 0.5 decibels of the meter reading were
obtalned,

To correct the ERFPI meter readings to true intensity level values, an enalysis of
the frequency epectrum measurement wae first made for each apecific sound source. The
relative sound intensitles determined from such enalyses, for each 100-cycle band in
the sound spectrum, are showvn in Table I for each specific noise source

The method of correction for specific sound sources, es outlined in American Stand-
ards Assoclatlon Standard 224.3 - 194k, was followed to determine the correction to be
applied to reedings obtained with esach sound eource,



In this computation the 100-cycle band intensity values gliven in Table I were used in
conjunction with the calibrated meter frequency response.

Corrections were determined in this manner for reedlngs obtained with the ERPI
instrument using both the flat and 70-decibel welghting networks, correctlng each
reading to the true flat response condition. These corrected readings, therefore,
represent true sound intenesity level values

The correctlon procedure ocutlined in American Stendards Asscciation Standard
Z2h 3 - 1944 was also utilized to determine a correction value for converting readings
from the objectlve true flat response curve toc the objective 70-declbel response gurve
for each apecific sound source. Such correction values then were applied to the standard
70-declbel response curve to determine an effective frequency representing each sound
gource, The effective frequency for each specific sound source, given in Teble I, has
no physicael significance, but represents the single frequency of eound which provides
the same difference in corrected reading betwsen the flat and the TO-decibel weighting
networks as obtalned with the specific sound source used

This effective frequency was used to convert sll scund intensity values for each
source to corresponding loudneas level values. This wes accomplished by coneldering
each sound as composed only of thie one effectlve frequency, and converting intensity
level values to loudnesa level valuee for this frequency as given by standard louwdness
level curves in Figure 1.

The procedure described sbove provides only epproximations to true loudness level
values  However, the degree of approximation is coneldered at least as close as that
obtained by the conventional procedure of utilizing only the stendard welghting networks
incorporated in the sound level meter with no interpolation for intermediste intensity
values  The procedure used alec provides comnsistent curves for the plotted readings,
without an artificisl sharp break at an arbitrary level intermediate to the atandard
loudness levels furnished by the meter welghting networks.

B - CORRECTICNS FOR GENERAL RADIO SOUND LEVEL METER

No accurate callibration of the frequency response of the GR sound level meter
was avallable for these testa. Use of & mlcrophone extension ceble added to the GR
instrument alsc required a large correction to be applied to readings obtalned with
thie meter 811 readings obtalned with this instrument, therefore, were corrected by
comparison to readinge obtained with the calibrated ERPI meter

The procedure used in determining such correction was to plot all readings obtained
with both meters upon the basis of sound level against distance between the microphone
and source for each separate teat condition, The ERPI meter readings were plotted
after correction to true aound intemnsity values and the GR meter readinge were plotted
as read on the meter.

An gverage curve wes drawn through each set of polnts, end the average difference
in decibels between the two curves was taken as the correction to be applied to 1ndi-
vidusl readings obtalned with the GR meter



The correcticns determined in thls manner verled from about plus 11 to plus 22
decibels for different specific sound sourcea  The plus ll-decibel correcticn cor-
responde approximately to the microphone cable correction,

Arter application of this correction to the GR meter readings, these readinges
were coneldered to represent intenslty level values Conversion to loudness level
values then was mede in a manner identical to that used for the ERPYI inatrument.

TEST RESULTS AND DISCUSSION
A - Controlled Sound Level Memgurements with Douglas C-47 Airplane
The Douglems C-U7 airplame used for the controlled tests was powered by two Pratt
and Whitney SIC 3-G engine instellations wlth three-bladed conetant aspeed propellers
The propeller gear reductiom was 0.5625, and the propeller diameter was 138 inches

The operation of the engines and eirplane for the various test conditione was
a8 follows

ENGIRE RATE OF INDICATED PROPELLER
CLIMB AIR SPEED TIP SPEED
Man, Press.
rpm in Hg. hp ft,/min. mph ft./sec.
Take-off Run 2600 ho 1030 -- - 882
Climb after Take-off 2100 30 600 500 120 715
Crulse 2000 27 550 - 150 661

The 1intemeity levels 1n each 100-cycle frequency band, as measured from the fre-
quency analysis record for the Douglas C-%7 mirplane, are shown in Teble I. The relative
intenslty levels for each band, as compared to the intensity for the 1000-cycle band,
are also showvn The sound intenaity 1s concentreted principally in the 100, 200, and
400 cycle bends, which correspond to predominant engine end propeller frequencles, At
frequencies gremster than 1700 cycles per second, the intenalty level ie sc low as to
provide negligible contribution to the overall intensity.

Corrected intensity level readings for teke-off, climbing, and cruising conditions
with the Douglas C-U47 sirplene are plotted ageinst airplane-to-microphone distence
in Figure 7

Figure 7 showe the experamentel pointe determined for the cruising power condition
end the climbing pover comdition, with airplane altitudes varying from 200 feet to
1200 feet end the alrplane-to-microphone diestances verying from 200 feet to about 6000
feet, The average intensity level curve drawn through the points for the climb conditions
shows & definlte upward trend at the lower end of the curve The cause for this upward
trend is not known, but possibly mey be ezplained by ground reflection or stmospheric
effects which are not evident at shorter ground distences.



No systematlc separation of experimentel points for the climbing condition wes
found when separate plots were mede for the different eltitudes of the airplane et
the time of reeding

The slope of the straight line portion of the intensity level curve for both the
crulaing and climbing conditions 1s about 5.5 decibels for each doubling of distance
These figures provide fair egreement with the 6 decibels expected from theory, which
neglects ground, atmospheric, end air attenuation effects,

The loudness level curves corresponding to the intensity level curves for the
climbing apd crulsing conditione alsc are shown in Figure 7. Loudness level values
from thie curve mey be converted to locudness unite by the relatiomship given 1n Figure

[n]
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There further is shown in Figure 7 corresponding data and curves obtained at
various side distances from the runwaey opposite the point where the airplane sterted
the teke-off run, and opposite the point where the alrplane left the ground Data
obtalned directly behind the starting point of the airplane in line with the runwaey
are also shown

The intensity level readings obtained to the side of the airplane ground-run
show higher velues for the shorter airplane-to-microphone distances than for corresponding
distances with the airplane in either climbing or cruising flight. At the grester
distences, a very repid decrease in intensity level is obtained

These observed relationships are probably assoclated with reflection and attemmation
effects of the ground, which are not cbtalned in such degres after the mirplane reaches
an altitude of about 200 feet, and with varistion in engine power settings for the
take-of f and climb conditions

The slopes of the stralght 1ime portion of these curves correspond closely to
the slopes of the curves shown in Figure 7 for the erulsing end climbing conditioms

The intensity level reemdings obtained behind the eirpleme mre much lower in value
than readings obtained at identical distances to the side of the airplame st the start
of the take-off run. The slope of the curve, however, has sbout the same value

Data are plotted in Flgure 13 to show the variation In inteneity level at various
angular positions around the right side of the airplame at a constent distance of 300
feet from a point midway between the two propeller hubs For this test condition en
engine rrm of 2600, end a menifold pressure of 40 inches Hg were used This pattern
is not necessarily symmetricel for both the right end left sides of the esirplane, due
to direction of rotation of the propellers. The right side of the pattern normally
registers higher levels, Maximm inteneity is found at aen angle of 15 to 30 degrees
behind the propeller line, and & large decrease in intemsity 1s found directly behind
the airplene This 18 in sgreement with the measurements made behind the airplene
during the teke-off run as compared to readings taken at the side, A noticeable dif-
ference was observed im the character of the sound at the side and behind the airplane,



but n separate frequency analysis was not made for the latter conmdition. This notice-
able drop in sound intensity directly behind the ajrplane is probably due to the contour
of the sound preassure wave set up by the propeller coupled with a possible shilelding
effect of the alrplane structure,?

The loudnens level curves for the take-off and climb ¢onditions, shown in Figure
7, are combined and plotted im Figure 14 as loudness level contours around the airplene
take-off path end the c¢limb path after take-off, These contours show locations of
equal peak loudness level durlng the airplane teke-off and climb,

For this contour arrangement, a straight take-off path was asoumed, together with
a rate of climb of 500 feet per minute, an elr speed of 120 mph, and zerc wind welocity.
Correctlion of the conmtoure for different climb or wind conditicns may be readily made
if the eircraft engine power and rpm remain constant. For example, & 20 mph wind ve-
locity will cause the airplene to reach an altltude of 1000 feet at a distance, from
the take-off starting point, sbout 3530 feet lese than that Indicated. An expansion
of the distance scale along the take-off and climb path, so that the 1000-foot altitude
Point colncldea with thls decreased distance, will provide a satisfactorily accurate
corrected contour plen.

A variation of engine power or rpm will cause varlation of the loudness level
contours for wvhich no eimple correction can be made.

in abrupt chemge In position of the lower loudness level contour lines is evident
as the alrplane leaves the ground on take-off and ¢limba to about 200-foot altitude
The exact shape of the contour limes in this region has not been closely defined by
the present data, The experimental pointe oppoailte the take-off point and the point
corresponding to an alrplene altitude of 200 feet were Joined in what appeared to be
the most reasonable manner.

The cbserved changes in contour shape in this transition pericd from take-off to
¢limb conditions are assoclated with the ground effects, and the variations in power
settings, already mentioned in conmection with the corresponding varietione in the basic
curves shown in Figure 7.

The relative loudneas, corresponding to each loudnese level contour line 1s shown
In a table assoclated with the contour plot These flgures indicate directly the loud-
ness, a8 heerd by the humen ear, relastive tc the TO-phon loudness level.

The data given in Figure T for cruising conditioms 1s replotted in Figure 20 to
show variation in loudness level wlth altitude of the eirplasne and wath ground dilstence
Corresponding relative loudness i1s shown in a table on the figure. It 1s seen that

2 Theodore Theodorsen and Arthur A. Reglser - "The Problem of Hoise Reduction With Ref-
erence to Light Airplamee”, National Advisory Committee for Aeronautice Technical
Rote No. 1145.
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the Douglas C-47 wath crulsing power will sound ebout 2-1/2 times as loud with the
eirplane directly overhead at 1000-foot altitude es it will sound when flying at the
same altitude, but over a point on the ground one-half mile from the observer.

B - Controlled Sound Level Measurements with Beech C-U45 Airplene

The Beech C-45 eirplene used in the comtrolled teste was powered by two 450 hp
Pratt and Whitney Model B5 Wasp Junior engines with direct-drive Hemilton two-bladed
constant speed propellera. The diameter of these propellers wae 39 Inches The eir-
plane and engine operating conditions for various test conditions were as follows

ENGINE RATE OF INDICATED PROPELLER
CLIMB ATR SPEED TIP SPEED
Man, Press
Tpm in Hg. bp fi./min. mph ft /sec.
Take-off Run 2300 34 Loo -- -- 1000
Climb after Teke-off 2300 30 330 SO0 125 1000
Cruise 1500 26 210 -- 165 21

The measured intemsity level, in decibels, for each 100-cycle per second fre-
guency band, 13 shown in Table I The intensarty level for each band reletive to the
1000-cycle per second band 13 alao shown, The greatest intensity readinge were obtalned
in the 100, 200, and L40Q-cycle bands, similar to that shown for the Douglas C-47.

The corrected intenslty level curves for the take-off, climbing, and cruising
conditions, and aasociated loudness level curves, showing the variation in sound
level with airplene-microphone distance, are shown in Figure 8. It can be seen that,
with distance plotted on a logarithmic scale, the Intensity level relationship for
the climbing condition is a straight line with the Intensity decreasing with increased
distance. The rate of decrease 18 about 6 5 decibels for each doubling of distance
from the airplane. The loudness level, which 18 related to the loudness ms perceived
by the average human ear, does not exectly follow this straight line variation, but
showe a progressively greater decrease helow the stralght line ss the intensity level
decrenses.

For the cruising condition, the Intensity level relationship again is s straight
line, but with less slope than that for the climbing conditiom  Lower sound level
readings for the shorter airplane-to-microphone distances are obtained for cruising
condition as compared to the climbing condition, These lower readings can be attributed
principally to the higher engine power used in climbing The loudness level for the
cruising condition elso shows a more gradual but greester deviation from the intemnsity
level curve.

The i1ntensity and loudness level curves for points opposite the start of take-off,
copposite the airplane when i1t firat becomes airborne, and directly behind the airplane
1n line with the runway, ere mlso shown in Figure 8. The intensity level curves for



these three teat conditions do not rorlow the straight line variatiom that is found
for the climbing condition. This can be esttributed to ground effects, which apparently
cause the sound level to drop rapidly at the greater distances

For pointe directly behind the alrplane, the intensilty and loudneas levels are
much less than for points at right angles to the ailrplane path. The intensity and
loudness levels for points opposite the start of take-off are one to two decibels lower
than at points opposite the airplane as it becomes airborme., For both of these conditions,
however, the levels are mppreclably less for the greaster distance then with the take-off
end crulse conditiona,

The semi-circular pattern of the inteneity level around the right side of the
Beech C-U5 airplane, at a copstant distance of 300 feet, is shown in Figure 13, For
this test & constent engine rpm of 2300, end menifold pressure of 34 inches Heg were
used, This pattern shows that the intensity level i1s the greatest at an angle of 15
to 45 degrees behind the propeller line, compared with & maximum et about 15 to 30
degrees for the Douglas C-47.

Loudness level contours arocund the Beech C-45 alrplane take-off and climb paths
are plotted in Figure 15 As in the case of the Nouglas C-47, & straight take-off
path was mssumed, with s rate of climb of 500 feet per minute, am alr speed of 120
mph, and a zero wind veloclty.

The loudness level curve for the cruising condition, shown in Figure 8, is replotted
in Figure 21 to show the variation in loudness level with altitude mnd with distance
to the slde of the cruisling path.

C - Controlled Sound Level Measurements with North American SNJ-L Alrplane

The North Americen SNJ-L4 eirplane used for the controlled tests was powered by
a 600 hp Pratt end Whitney Wasp Junior engine with a direct drive two-bladed constant-
speed propeller of 108 inches diameter

The airplane and engine operation dete for the various test condition were as
follows

ENGINE RATE OF INDICATED PROPELLER
CLIMB AIR SPEED TIP SPEED
Man. Pres.
rpm in Hg. hp ft./min mph £t /sec
Take-off Run 2300 33 600 -- -- 1084
Climb after Teke-off 2300 32 580 600 125 1084

Cruise 1850 26 Loo - 155 8712



From the frequency analysis test on the SNJ-4, the measured levels for each 100-
cycle band are shown in Table I, together with the relative intensity levels for each
band as compared to the 1000-cycle band These data show that tne frequencies between
50 and 500 cycles per second make the greatest comtribution to the overall intensity.
However, frequencies between 50 and 150 cycles per second show the highest peak of
intensity. The contribution of frequencies ebove 1000 cycles per second to the overall
level is practically negligible

The intensity and loudness level curves for the take-off, ¢limbing, and crulsing
conditions are shown in Pigure 9. The intensity level curve has a falrly uniform rate
of change in the slope, with practically no straight line portion. The single-engine
SNJ-4 ajrplane has an intensity level of 108 decibels during the climb for a straight
line distence of 250 feet, as compared to 102 declbels intensity level reading for the
twin-engined Beech C-45 at the same distance. The loudness level curve coincides with
the intensity level curve for measurements at distances from 650 to 1500 feet, while
at leaser and greater distances there 1s a gradusl divergence.

For the cruising condition, also shown in Figure G, a plot of the intensity level
values produces an approximate straight line. The slope of this line causes & decrease
of ebout 5 5 decibels for each doubling of distence. The loudness level curve hase a
gradual downward divergence from the intensity level curve as would be expected, and
the divergence 1a accelerated only slightly for the latter portion of the curve

Curves are also shown 1in Figure 9 for corresponding deta obtained at various dis-
tances at right angles to the runway opposite the polnt when the airplane starts 1ts
take-off run, and elso opposite the point where i1t becomes airborne, In this figure,
likewise, 1s the plotted curve for data measured directly behind the alrcraft at the
start of take-off  Somewhat simllar curves were obtained for the two groups of points
to the side of the airplane, with the greatest intensity aud loudness levels observed
opposite the point at which the alrcraft becomes airborne for airplane-microphone dias-
tances greater than 1000 feet For the poimts directly behind the SNJ-4 airplane on
take-off, the levels are about 20 units lower at a distance of 500 feet than for either
of the side limes, and decrease rapidly for distances over 1000 feet

To obtain the comstant loudness level contour pattern for the take-off and climb
condition, the curves from Figure 9 have been combined and replotted in Figure 16 It
is shown in Figure 16 that relatively high loudness level values are found as far away
es one mile while the airplane is taking off, with slightly higher wvalues ohtained as
it elimbs to 200 feet altitude A loudness level of 60 phons is obtained for the SNJ-4
airplane for a distance of 8300 feet, compared to 50 phons at sbout 6000 feet for the
Douglas C-L7T

As will be shown later, it appears that the test SNJ-L mirplane gave five to eight
vhons higher loudness level values than the uncontrolled AT-6 aircraft (identical air-
plane) for the same distances This may be attributed to individual characteristics
of the test model, as well as different techniques of operation  The exceptionally
high sound levels produced by this model airplane may partially be due to the high
propaller tip speed (1084 feet per second) obteined with the direct drive engine-propeller
arrangement,



The loudness levele for the crulsing condition at variocus side ground distences
are shown in Figure 22. The SKRJ-L loudneass level curves for this conditian approximate
the twin-engined Beech C-h45 curves

D - Controlled Sound Level Measurements with Stinson 150 Airplane
The Stimson 150 airplene used for the controlled testa was powered by a Franklin
150 hp engine with two-bladed fixed-pitch propeller. The propeller diameter was Th

inches, The engine exheust system incorporated a muffler,

The operation of the engine for the various test conditions was as follows:®

ENGINE RATE OF INDICATED PROPELLER
CLIMB ATR SPEED TIP SPEED
rom hp ft./min mph ft./sec.
Take-off Run 2450 140 - -- 792
Climb after Teke-off 2450 140 500 85 792
Cruise 2300 135 -- 120 743

The measured and relative lntensity levels, for each 100-cycle bend which contained
significant components, are shown in Table I. The maximum energy is seen to be In the
100-cycle band, with most remaining energy between 150 and 350 cycles per second. At
Ffrequencies above 2200 cycles per second the energy contribution becomes Insignificant.

Corrected intensity level readings for the take-off, climblng, and cruising con-
diticons of the Stinson 150 alrplane are shown in Flgore 10, plotted against alrplane-
to-microphone distence Also shown are the corresponding loudness level curves.

The intensity level curve for the climbing condition eppears to be & straight line,
altkhough some dispersion of experimental points was obtained. The corresponding curve
for the crulsing condltion appears to curve slightly, although a straight line would
provide a reasonable fit for all points except at the low intensity emd. The slope
of the straight line for the climbing condition is about 6.6 declbels for each doubling
of distance, and the correspcnding slope for the cruising ccocndition is about 7.0 decibels,

In Figure 10 are also shown the intensity level end loudness level wvalues for
locations behind the aircraft starting point, and to the side of the runwey copposite
the starting point and the take-off point. The intensity level curves show a definite
gradually decreasing slope. The intensity levels obtaimed for the runway side positlons
correspond approximstely to values obtgined for the climb condlition for equivelent
distancesa, but the levels behind the aircraft on take-off are lower im value.

The changing slope of the intensity level curves agein may be explained by the
reflecting and attenuating effects of the ground In this case 1t sppears that at
ghort distances the additional energy reflected from the ground resulte in an apparent



low rate of attenuation, but at large distances energy 1ls reflected to grester heights,
or 1s lost during the reflection process, so thet a raplid apparent attenuation ls ob-
tained,

Loudness level contours for the Stimson 150 alrplane are plotted in Flgure 17,
aes obtained from the take-off and climb date given in Figure 10,

For the plotting of these curves, & rate of climb of 500 feet per minute, and an
air speed during climb of 85 mph, were mssumed. As in the case of the Douglas C-47
elrplane previously discussed, correction may be made to the assumed take-off and climb
path for wind velocity, air speed, or rate of cliimb, without changing the contour shape,
but correction for different power settings would be complex

Changes 1n shape of the loudness level contours egain are observed as the airplane
progresses along the take-off run and starts to c¢limb, Probable reasone for such vari-
ation have been discussed in connection wlth other aircraft.

The loudness level curve for the crulsing conditiom, as shown in Figure 10, is re-
plotted in Figure 23 to show variation in loudness level for varlous distances to the
side of the aircraft path and for different aircraft altitudes. Corresponding relative
loudness ia also indicated

E - Controlled Sound Level Measureme-.s with Cessna 140 Airplane

Controlled tests were carried out on a 1946 unmuffled Cessme Model 140 eirplane
The powerplant was a four-cylinder 85 hp Continental engine, with a Th-inch two-blade
propeller. The airplane and engine operating conditions for the various test conditions
were a8 follows.

ENGINE RATE OF INDICATED PROPELLER

CLIMB AIR SPEED TIP SPEED
rpm hp ft./min, mph ft /sec
Take-off Run 2200 75 -- - 712
Climb after Teke-off 2850 76 500 75 728
Cruise 2050 76 - 100 728

The intensity leveles for the cruise condition, as measured for each 100-cycle
per second bend, are shown in Teble I The intensity level for each band relative
to the 1000-cycle per second band is also shown in the seme table. The sound intensity
for thie airplane is concentrated principally in the S0 to 250-cycle frequency range,
This 18 a alightly lower hamd than for the Douglas C-I7 and Beech C-45 eirplanes,
Above 1100 cycles per second the intemsity is very low, and contributes 1little to
the overall intensity level.



For the teke-off, c¢limb, and cruise condition, the corrected intensity level
readinge for the Cessna 140 airplane are plotted egainst the microphone-to-eirplene
distance in Figure 1l. The loudness levels for these conditions are likewlse shown
The intenslty level curve for the climbing condition 1s a straight line until the
alrplaene-microphone distance is 1700 feet, where the curve begins to slope upward
in 2 manmer similar to that of the Douglas C-47 Again the reasom for this 1s unknown,
unless 1t can be attributed to ground effecte which are not i1nfluential at the shorter
distences The slope of the straight line portion of the intenslty level curve for
the climb comdition corresponds to a decrease of 6.7 decibels for each doubling of
distance,

For the cruising comditiom, shown in Figure 11, the intensity level curve is a
straight line to 1300 feet distemce, beyond which it bends downward as in the case of
the Beech C-L45. For the atraight line portion of the curve, the slope 1s less than
for the climbing copdition, and at no point does the cruising intensity level become
as high as for the climbing condition The cruising loudness level curve follows the
crulsing intensity curve with elightly more downwerd displacement thanm for the climbing
condition.

Data and curves are also shown in Figure 1l for readinge cobtained at various side
bointe opposlte the start of take-off, and opposite the point where the alrplane becomes
alrborne The date for various points directly behind the starting point of the air-
Plane, and 1o line with the runwey, are alsoc shown For a distance of gbout 200 feet,
the intensity and loudness curves all correspond for both of the slde locations  For
the longer distences, the intemslty level and loudness level curves for the pointa op-
Posite the position where the plane becomes alrborne bend down very rapidly in a diverg-
ing memmer, with the lcudness curve dropping at a high rate For points opposite the
start of take-off, the downward curvature of the intensity and loudmess level curves
is even greater, particularly beyond 1000 feet.

For the line directly behind the aircraft on take-off, the intemsity level curve
hes the seme elope as the straight line portion of the climbing intensity level curve,
but the level is ebout 6 decibels lower. The loudness level curve has a 8light down-
ward curvature with more oversll divergence from the intensity level curve than for
81l other conditions

The variation in Intensity level at verious angular directioms eround the right
8ide of the Cessna 140 ailrplame is ghown in Figure 13. The maximum intensity level
Tfor thle airplane is at an engle of 15 degrees back from the propeller line. The levels
for this airplane, however, do not very widely with angular direction. The intensity
level in front of the pleme at 300 feet 1e only three decibels more then directly be-
hind the airplane, while opposite the propeller it is 11 decibels more than behind the
alrplene,

Contour patterns for loudness levels of 60, 70, 80, and 90 phons ere shown in
Figure 18. This contour pattern varies coneiderably from the patterns for the other
aircraft The meximum loudness levels for the Cessna 140 appear to be opposite the
teke-off starting point For all other airplanes tested, the meximum is reached op-
poeite s point 2000 to 6000 Peet from the atart of teke-off Inmsmuch as this test
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wae run cn the same day and under the same conditions as for the Aeronca airplane,

1t 1s believed this variastion is ceused by an inherent characteristic of the airplane

It was noted above that relatively little variation in loudness level exists for angular
locations around the airplane at a distance of 300 feet. Inesmuch as the scund waves
are of a more uniform intemsity for all directions than ie evident with the other air-
craft, it 1s possalble that after the airplane take-off the ground effects diminish,

and the sound emergies mre more evenly dispersed in all directions with less energy

in any one direction at a particulsr instant.

The cruising condition deta given in Figure 11 are replotted in Figure 24 to show
the variation of loudness level with ground distance to the side of the mirplane psth,
and for different ailrplane altitudes.

F - Controlled Scund Measurements with Aeronce Champlon Airplane
The two-place Aeronce Champion airplene used in the tests wes powered by a 65 hp
Continental engine with two-bladed propeller. The propeller diameter was 72 inches.

Ne exhaust muffler was incorporated

The operation of the engine and airplane for the various test conditions was as
follows '

ENGINE RATE OF INDICATED FROPELLER
CLIMB ATR SPEED TIP SPEED
rrm hp ft /min mph £t [sec.
Take-of f Run 2300 65 -- -- 723
Climb after take-off 2300 65 Loo 65 723
Cruise 2150 60 - 85 675

The measured and relative intensity levels for each 100-cycle frequenecy band, as
determined from the frequency analysis record for thils ailrplane, are glven in Teble I
The sound energy 1s seen to Le concentrated in the 100-cycle band, wlth most of the re-
malning energy in the range from 150 to 350 cycles No significant sound intensity 1s
Present at frequenciee greater than 2200 cycles per seccnd.

In Figure 12 are shown the intensity level dete for the take-off, climbing, and
crulseing conditions plotted against airplene-to-microphone distance,

The average curve for intensity level in climb is close to a straight line, but
shows a slight decremse in slope with distance. The corresponding curve for the cruising
condition shows a similar tendency Some dispersion of points is obtained at the mod-
erate distances, but reasonsbly good curves are defined



The average slope of the intensity level curve for both the climbing and cruilsing
conditione 1s mbout 6.3 decibels for each doubling of distance.

With this eirplane the intenslty levels messured cpposite the starting point
colnclde closely to those obtelned opposlte the take-cff point. The average curve
for both conditions shows a decreasing slope from 100 to 400 feet distance, and a
constant decrease of about 7 decibels for each doubling cf distance at distances
greater than 400 feet This curve falls slightly below the curve chtained for the
climbing condition

The intensity level curve for locations behind the airplane on take-off shows
relatively low intensity values, as was found with most of the other aircraft teeted

Data plotted in Figure 13 show the variation in intensity level at different
angular poesitions around the mirplane, The data were obtalpned at a conetant distance
of 200 feet from the propeller hub, and with the engine running at full throttle, or
ebout 2200 rpm, A maximum intensity 18 ohbserved at an angle of sbout 15 degrees behind
the plane of the propeller, A minimum level agaln is found to the rear of the air-
rlanse

The loudness level curves for the takeé-off and climb conditions, given in Figure
12, are replotted in Figure 19 as loudness level contours, and show locations at which
Peak loudness levels of the values indicated are obtained during the take-off run and
climb of the airplane. The essumed straight climb path of the eirplene, as shown on
the contour plot, ie based upon a rate of climb of L0OO feet per minute and an airspeed
in climb of 65 mph,

The loudneas level contours for this airplame are relatively smooth and free from
rapid variations in slope, 23 compered to those cbtmined for most of the other airplanes
tested,

The relative loudness, corresponding to each loudness level contour line, is shown
In Figure 19. These values indlcate directly the relative loudness as heard by the
human ear, and as compared to loudnese of normal conversation at a three-foot distance,

The data given In Flgure 12 for the crulsing condition are replotted in Figure
25 to show the variatiom in loudness level with distence to the side of the airplane
path, with the alrplane at different altitudes. It is seen that for practically ell
cruising conditiona, except when the airplene is at very low altitude and almost over-
head, the loudnesa level on the ground is less than the 70-phon reference level,



G - Sound Level Measurements with Uncontrolled Aircraft in General Alrport Traffic

Sound level date were cbtained with various miscellaneous aircrafit during take-off
and climb procedures i1n the general airport traffic, For each sound level measurement,
the airplane altitude and ite distance from the microphone plck-up were measured., All
data were obtalned with the aircraft on the take-off rum or at relatively low altitude
in the climb after take-off.

The sound level data obtained in this manner for different alrcraft are plotted
against sirplesne-to-microphone distance in Figure 27. Only a few measurements were
obtained with certain aircraft, and considershle dispersion of pointe is observed with
some aircraft where numerous readings were secured, In most cases reasonably good re-
lationships are obteined., In order to simplify the plotting of the data for cases where
two or more aircraft models appear to heve the same average curve within the limits of
estimation, the individual sets of data are combined and plotted as for one airplane,

A general description of the powerplant instemllation for each of the alrcraft in-
cluded in Figure 27 is given in Table II  Horsepower and propeller speed values given
are for rated conditions, and may not correspond ezactly to actusl conditions when the
gound level readings were obtained.

A8 the curves showm iIn Figure 27 are based upon data obtalned with a variety of
individual pilots and eircraft for each airplane model, each curve represents an ap-
proximate average conditlon Individusl aircraft intemnsity level readings vary from
this average by a maximum of two to three decibels for the large aircraft, and by seven
to eight declbels for the emaller alrcraft.

The data obtained for the Douglas DC-3 mirplane are of particular interest. Al-
though ineufficient data were obtained to provide accurate average curves and definite
conclusions, a difference appears to exist between sound levels produced by airplanes
of this model according to the model of engine used. The airplanes with Wright imstal-
lations appesr to produce intensity level values about five decibels greater than with
the Pratt and Whitney installetion., This variation in level may be msaociated with
difference in engine power used durlng take-off.

The relatively large varistion in individual test results cbtained with the Aeronca
and Taylorcraft airplanes might be associated partly with variation in student pilet
technique More dlspersion in individual sound level readings was obtained with these
aircraft tham with any of the other aircraft tested.

The slopes of the various curves ghown in Figure 27 are reasonably uniform, epd
have an average value of about 6.0 decibels drop for each doubling of distance. This
average value 18 1n general agreement with that cbtained for the take-off condition
in the controlled testa.

A conseiderable variation was noted in the cheracteristics of the sound emitted by
the various aircraft, as heard by the ear. The multi-engine aircraft generally appear
to produce a fairly uniform sound, but with low frequency pulsations or beats which are
more discernible as dietance from the airplane incremses Such beats are observable up-
on the recorda obtalned by the sound level recorder.
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The military tralning eircraft, such as the BT-13 and the AT-6, produce a very
sharp and rapid pulsing effect during take-off which effects the ear strongly but which
1s not elways distinguishable upon the sound record. The unusual effect upon the ear
appears to be associated with the nature of the sound rather than 1ts intensity,

The small low-powered msircraft generslly produce a feirly wmiform sound to the esr,
without prominent pulsea.

H - Geperal Discussion of Aircraft Sound Level Data

Included in Table IIT, with the intensity level data for miscellameous eircraft
at a 500-foot distance during take-off, are the corresponding values for the alrcraft
used In the controlled teste. The values given for the controlled aircraft
are the average of the values for the take-off and climb conditions. The comparisomn
between ldentical aircreft in the comtrolled tests and the uncontrolled teata 1e close
in moet cases. The principal exception is the intemsity value for the SNJ-4 ailrplane
compared to the AT-6 airplame, in which cese the mound levsls for the SNJ-4 appear ap-
preciably greater. This difference may be sssocilated with variatlons 1n engine power
used.

The intensity level date given in Table III are plotted in Figure 28 against the
logarithm of the rated englne horsepower, or actual horsepower when kmown. A reascnebly
good etraight line relationship i1s cbialned except for ons experimental point, which
representa the SNJ-4 airplane used in the controlled tests. A1l other pointe fall with-
in 3.5 decibels of the average curve shown.

The plotted points are dlstinguished im Figure 28 according to propeller tip speed,
but not according to other factors which are lknmown toc influence intensity of generated
gound. However, no conslstent effect of propeller tip speed is cbeervsble in the plotted
data

The relatively cleose relationship between sound lntensity and total engine power,
as shown in Figure 28, 1s comsidered surprising However, ms pointed out previously,
the exect power values apnd tip speeda were not known in the case of the miscellaneous
traffic data, and could be computed only approximately from standard engine end eir-
plane descriptions. It may posesibly be concluded that ip moat normal eircraft design
the different factors effecting sound production vary together in such manmer as to
maintein a simple relationship between sound intensity produced and gize of the power
plants, The total engine power apparently is the predominant factor,

The slope of the curve shown in Figure 28 corresponda to an inmcreasse of 3 6 decibels
for each doubling of power Thie approximates the 3,0-decibel increase thecretically
obtained by doubling the sound intensity of any acund source.

The relative loudness, or loudness relative to the 70-phon conversational level
as previcusly definmed, 1s glven for all tested aircraft im Table III, It is shown
that the smell aircraft of less than 100 hp are ebout twice as loud as this reference



loudness level, For aircraft with total engine power less than 300 hp, the relative
loudness is 3 4 or less The maximum loudness was obtalned for the Douglas DC-L air-
plene, with a value of 14.6 times the reference conversation loudness.

Five of the aircraft listed in Tuble IIT, with intensity levels also plotted in
Figure 28, utilized engine exhaust mufflers. These aircraft were the North fmerican
Ravion, Beech Bonanza, Stinson 150, Bellanca, snd the Piper Cub Ko significant 4if-
ference in sound level gemerelly is noted between the muffled and unmuffled alrcraft,
the largest difference belng measured for the Piper Cub with a decreaee in intensity
level of about three decibels It may be concluded thet engine exhaust muffling has
little effect upon sound intensity, =s the sound is produced principally by the propeller.2

The duration of eilrcraft sound 1s difficult to express, as the sound level 13 con-
tinuelly chenging and the shape of the sound level vs time curve varies with distance
from the airplane and with airplamne velocity. In general the duration of alrcraft sound
above a T0-phon loudness level, and at distances from the alrcraft less than 1000 feet,
varies from 10 to 30 seconds. The duration of aircraft sound above the TO-phon level
generally tends to increase with distsnce, with the peak loudness decreesing

I - Sound Level Measurements with Highway eand Rallway Traffic

The measured intensity level data obtained with reilway traffic involving steem
locomotives are glven in Figure 29, as plotted againet the logarithm of the distance
from the track. Also shown l1s the loudness level curve corresponding to the aversge
intensity level curve,

This conversion of intemeity level to loudness level 18 based upon the measured
frequency distribution date given for rallway traffic in Table I.

The data plotted in Figure 29 include both pessenger and freight trains pulled by
ateam locomotives, and travelling at different velocitles. No systematic variation was
noted for type or speed of train

The sound level produced by treins appears to be falrly uniform as the treln passes
the measuring point No attempt was made to measure peak intensitles mssociated with
whistles or particular locomotive nolse, although such short duration peaks sometimes
are of high intensity.

It ie seen from Figure 29 that an epproximete straight line relationship between
intensity level and logarithm of distance 18 obtained for distences less than about 200 feet.
The slope of this line correeponds to s decrease of about 2.5 declbels for each doubling
of distance Beyond 200 feet distence the curve drops with lncreasing rapidlity. The
nature of this curve 1s very similar to that obtained with aircraft on the ground, and
probably is similerly explained by ground effects.

If compariscn is made of the railway train intensity level, given in Figure 29
For a 500-foot distance, to intemsity level produced by alrcraft at a eimilar distance,
as glven in Tsble III, it will be seen that the trein traffic produces about the same
level aa small aircraft types.

2 1pia



The results of sound level measurements on highway truck and passenger cer traffic
are shown in Figuress 30 and 31. The frequency distribution date for a typical light
pragenger car and panel truck ars glven in Table I

The varistion in individual readinge for highwey traffic sound levels is very large.
Such variation appears to be dependent upon differences ln individuel vehicles of each
general class, and to some extent upon the veloclty of %travel. However, cnly a general
tendency could be seen for incresse of sound intensity with vehicle velocity, and no
specific separation of points could be made

The curves given in Figures 30 and 31 represent the approximate maximum and minimum
intensity levels, end corresponding loudnmess levela, for each clamg of vehicle., The
difference between meximum and minimum envelope curves is 15 to 20 decibels, amnd 15
to more then 30 phons

If the maximum curves only are congldered, it ie observed thet a shape and slope
generally similar to that found with aircraft is obtaimned The slope is of such value
ng to cause a 3.0 to 3.5 decibel decrease in intensity for each doubling of distance,

A definite difference in sound levels produced by the different classes of trucks
and the passenger cers is observed The smeller trucks produce loudneee levels about
four phons less than the large seml-traller trucks, and the passenger cars produce
levels ebout seven phoma less than the large trucks.

The maximum i1ntensity level curves for the passenger car end truck date were not
extended tc a distance which lowered the value to 60 or 65 decibela TUpon the basis
of the alrcreft and rallway treffic curves, similerly cbtained with the sound source
on the ground, it is probsble that the curves for highway traffic may be extrapolated
to a distamce of 1000 to 2000 feet without serious error

The duration of highwey traffic loudness levels above the 70-phon level 18 ebout
four seconds for passenger cers, end sbout 10 to 20 seconde for trucks, at a dletance
of 100 feet TFor rallway treffic the duration variee greatly with length and veloceity
of traln In all cases a tendency exlets for duration to increase with distance from
the traffic lane, but with decreasing peak intensity

METHODS OF APPLICATTON OF DATA

The data given in this report for loudness level of mircraft are presented 1in a
form which may not alwaye be applicable for direct use in perticular cases The fol-
lowing discugsion is intended to indicate the method by which the data may be applied
to individual cases, and the manner in vhich consideratlon mey be given to other var-
iables not included in the tests

The tests involving mircraft teke-off and climb, for wnich the highest sound levels
normelly are obtained as compered to other flight comditions, were carried out with straight
climb paths The tests alsc were carriled out in flat country, end at picked locaticns
where interference of treses, houses, and cother obstructions wes & minimum. Where eimilar
condltions exist, direct application of the data mey be made.



Traffic of small alrcraft around airports normally does not follow a stralght-
line climb path, but rather a pattern which requires a 90-degree left turn when the
eirplane reaches a specified altitude in the climb path after take-off After further
climb, the alrcraft normally makes a 45-degree right turn to leave the traffic patterm
The specified direction and altitude of patterm turms vary according to different air-
port requirements.

The data glven Iin thls report may he applied to eny particular traffic arrangement
if the specified flight path of the aircraft is known. As en example, a &5 hp Aercnca,
followlng a take-off flight pattern as stated ebove, with pattern turne at 400 and 600-
foot altitude, will produce a loudness level contour pattern as shown in Figure 26.

These contonrs were obtelned by locating the airplane turn points upon the streight
take-off path shown in Figure 19, and replotting the actual eirplene path to comelder
such turns. The appropriate sectioms of the sound level contours then were rotated

to match the revised airplane path. An estimate was mede at each turning polnt regarding
coonectlon of contour limes te obtain continuity.

The solid contour lines shown in Figure 26 represent the condition with mo wind,
and are obtained directly from Figure 19. The dotted contour lines represent the con-
ditlon vheres the alrplane is taking off into a 25 mph wind. This l1s epproximately the
maximum wind velocity with which an eirpleame of this type would he flowm

The marimum loudness level at any fixed point on the ground, assoclated with take-
off =nd climb of the 65 hp Aeronca, 1s indicated by the maxzimum level shown at the point
as the 801id curves ars moved to the position of the dotted curves.

The loudness level contours for each eircraft tested may be epplied to other dif-
ferent flight paths in s similar manner

To obtain loudness level contours for aircraft of mcdels different from those for
which contours are shown, some knowledge of the sound level produced by the apecific
alrplane must be obtained, A knowledge of the loudnees level produced by the ailrcraft
at climbing power, and at one dlstance from the alrplane, 1s sufficlent to provide a
reasonably accurate contour patterm. Such loudness level values for a dlstence of 500
feet are shown for a number of miscelleneous eirplane models in Table III,

With the loudneae level at a definite distance being known, comparison may be made
to one of the tested alrcraft for which loudness level contours are given, end which
most ¢losely resembles the alrcraft being considered. The difference in loudness level
for the two aircraft at the same diatance provides a correction value which may be applied
to the contour curves for the kmown tested eircraft to obtain the correeponding curves
for the untested amircraft.

For example, 1% is shown in Teble III that the louwdness level for the Douglas DC-h
airplane 1s about seven phons greater tham for the Douglas C-47 aircreft tested, Thias
difference of plus seven phons maey be applied to all loudness level contours for the
Douglas C-47 airplame to cbtain the comtours for the Douglas DC-L4 mirplsne, with proper
correction being made for differences in flight path. This method i1s not precise, but
will provide a reasonably accurate contour patterm,



The effect of terrain upon the loudness level contours may be very great, as dle-
cussed in a previous section of this report. Genperally, no correction c¢an be made for
thie factor except in en approxzimste qualitetive menner However, the loudness level
values determined for the aircraft under climbing or cruieing conditioms probably may
be applied to particular cmses of variable terrain with reasomeble accuracy if the im-
mediate location where the loudness level value is desired is reasonsbly open in nature,
within sight of the girplane, has no cleose steep hllls or other poasible reflecting
surfacea} and where proper correction to the airplene-to-microphone dietance 1s mede
to conaider locel variations in ground elevationm.

The effect of trees, houses, or other local cbstructions in the viclnity of a par-
ticular location elso may be large, but again may be considered only qualitatively.
The same conditions hold for sound levels within bulldings produced by aircraft or other
outside sources In all such cases, the actual existent loudness levels may be higher
or lower than that shown by the contour curves for the particular location, depending
upon whether attenuation and shadowing effects of cbestructions are greater or lese than
reflection and resonance effects. In general, a location thickly covered by high trees,
or inside of a2 house with closed and tight-fitting windows, mey be expected to have ap-
preciably lower loudness levels than those shown by the contours for the particuler
relative location

The applicetion of loudnese level data for paseenger cars, trucks, and raiivey
traina may be made directly if the type of treffic and the distence from the road are
known, The effect of terrain and other varisbles will be similar %o that obtained
with aireraft

For the interpretation and application of ell data the intensity level in decibels,
the loudness level in phons, the loudnese in loudneas units, or the reletive loudness,
may be used. These various units provide, respectively, & measure of the sound energy,
the energy levels heard with equal loudness by the average ear, the perceived loudness
relative to the spproximate lower threshold of hearlng, and the perceived loudness rel-
ative to the loudness of normel conversational volce at m three-foot distance.

CONCLUSTONS

1 The sound intensity asscciated with conventionsl aircraft ie dependent prin-
cipally upon the total power being delivered by the aircraft engine or engines. Propeller
tip speed is known to influence substantially the level of sound produced, and it has
been shown by other investigators that very low tips speeds, in comblnation with intensive
exhaust muffling, will result 1n greatly decremsed sound intenmsity  The number of
propeller blades, the propeller tip clearance, the airplame velocity, and other factors
also are known to influence the sound level produced. It may be concluded from the
present data thaet, 1n conventional aircraft with no exhaust muffling, and with mnderate
varietion in propeller tip speed end other factors influencing sound production, no
syetematic effect of these miscellaneous variables cen be readily observed, and the
sound level aszsociated with the aircraft is determined principally by the delivered
englne power

2 The intensity level of aircraft nolse, at a distance of 500 feet from the air-
plane during take-off, vaeries from about T8 decibele for emall sircraft to 103 decibels



for the Dougles DC-4 airplene. These intensity values correspond, respectively, to
about 1.4 and 14 6 times the loudness of the average veice in comversation at a distance
of three feet

3. Adirplane sound intensity level varies approximately inversely as a power of
the dletance from the airplane, For most alrcraft this relationship is such as to cause
a 6.0 to 8 5 decibel increase in intensity level for each doubling of distence.

L., The effect of the ground upon the rate of decrease of sound intensity with
distance 1s not observable when the airplene altitude is greater than sbout 200 feet.
With lower aireraft altitude, end with the eirplane on the ground duripng the take-off
run, the sound apparently is reenforced by ground reflectioms at short distances, and
13 rapldly attenuated by ground effects at greater distances,

5. The intensity level directly behind the airplane during the ground take-off
run is relatively low in magnitude, snd 1s attenusted rapidly with distance.

6. The effect of engine exhaust mufflers upon sound intemsity of aircraft appears
to be smaell.

T. Automotive highway traffic produces sound intensity levels which vary wldely
for individual vehicles. Maximum intensity level for semi-traller trucks is about 89
decibels at a 50-foot distance, and 76 decibels at a 4OO-foot distance, Maximum values
for lighter trucks are about four decibels less, and for passenger caers are about seven
decibels leasa

8. Railwey traffic produces asound intensity levels of about 96 decibels at 50-foot
distance end 84 decibels at 400-foot distance No comsistent variation was noted between
passenger and freight trains, or between trains of different wvelocity.

9. Automotive and aircraft sound scurces have all principel frequency components
with aignificant energy at frequencies of 500 cycles per second or less

10 Nermal variations in wind velocity, relative humidity, cloud conditioms, and
other atmospheric factors apparently have little effect upon progatetion of sound at
dietances less then about one mile. At greater distances atmospheric wvarlaticns probably
have much larger effect

11, Effect of verlstion in terrain is important in connection with sound propagation
In general, obstacles such as hille, bulldings, or foliage directly between the obeserver
and the sound source may have some attenuating cor shedowlng effect. Such cbstacles to
the side or rear of the observer may have a strengthening effect due to scund reflections.
However, no generally applicable quantitative correcticns can be made for such condationms.



TARLE I - INTENSITY LEVELS IN LECIBELS FOR 100 CYCLE FER SECOND FREQUENCY BANDS OF ALL SCQUND SQURCES USED IN CONTROLLED TESTS

ATRCRAFT IAUTOMOBILE PANEL TRUCK FREIGHT TRAIN
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1600 &40 |-152 501 | -97 | 43 [-55 | 338 (-1613 6 |-k5]573 [-121 | &6 -7 b
1700 682 |-11 0O 51 6 82 e |-42 34 0 [-16 1 Ls 2 hols9h |-105 60 8 -11 2
1600 502 | ~96 | W5 |-64 e [-63)555 |-143 [s56.1 |-159
1900 506 | -8a | W7 |-k2 47 8 33576 |-122 [ 567 -15 3
2000 518 [ B0 | 452 |57 5 | -k7 (560 1390 | 558 -16 2
2100 o (kg 138 |-73
2200 435 -7k 5 o0 -6 1
Overall
Intensity [|102 3 al 5 79 5 74 5 67 2 73 5 89 2 891 85 9
Computed
Overall
Intens1ty
Measured 102 96 77 75 67 72 85 a7 85
Effective
Freguency 180 120 155 160 1ko 155 175 190 180
CPS




TABLE II - SFECIFICATIONS OF ATRCRAFT FOR WHICH SOUND MEASUREMENTS WERE MADE

INDICATED ATR SPEED

AIRPLANE MODEL POIER PLANT PROPELLER PROPELLER (FROFELLFR TROFELLER TIF SPEEDS
¥o | MANUF FFP TYPE EXHAUST ELATE TYFPL NO RATTIO DIAMFTFR TAEE -OFF CLIMB CRUISE CLIMB CRUIL%F
Inchen Ft Per tec | Ft Per Sec |Ft Per Sec MPE MPH
Aercnca 1 |Comti- 65 No Muffler Fized ] DD T2 723 723 879 55 90
Champlcn TAC mental Pitch
Luecoabe 1 |Conti- &5 No Muffler Fixed 2 DD 72 739 739 879 65 105
Silvaire 8A nental Fitch
Piper Cub 1 | Comti- 65 Muffler Faxed 2 DD T2 139 739 675 85 75
Fic-65 nentel Pitch
Teyloreraft 1 | conti- €5 | No Muffler| Faxzed 2 DD 72 739 739 675 65 ]
BC-12D nental Fitch
Ceapna 140 1 | Conti- 85 No Muffler Fixed a Db h 800 192 792 70 105
nentel Pitch
Bellanca 1 | Framklin| 150 Muffler Fiwed 2 DD 7h 663 792 792 70 150
Cruiseir Semior Pitch
gtinsan 1 | Franklin| 150 Murfler Fixed 2 DD 7h 792 792 43 70 120
Voyager 150 Pitch
Beech 1 | Conti- 155 Muffler | AdJustsble | 2 oD S0 925 883 8ol 100 175
Fonanza 35 nental Pltch
Fairchild 1 | Rengsr 175 No Muffler Fized 2 oD 86 890 752 678 s} 160
PT-19 Pltch
Navion NA-1LS 1 | Conti- 185 Muffler | Adjuetable |2 DD a6 T35 828 92 100 150
nental Piteh
S5tinean 1 | Lycoming| 260 No Muffler| AdJustable 2 DD 92 5 1000 T77 T89 70 G0
Detroiter Fitch
Vultee BT-13 1 | Pratt & | 450 No Muffler| Controllable 2 ] 108 lo84 1010 vea 100 135
Whitney Pitch
North American | 1 |Pratt & | 600 No Muffler| Comstant |2 DD 108 1084 1084 o72 125 155
SNT-4 Vhitoey Speed
Cesana T-50 2| Jacchs | 225 No Muffler| Conestant 2 DD 93 213 g1a 752 110 150
Speed
Beech C-U45 2 |Pratt & | 450 No Muffler | Constant a Db 99 1000 1000 821 125 165
¥hitney Speed
Douglas 2 | Pratt & |1200 Ko Muffler | Fydromatic |3 3625 1 138 282 715 &8 120 150
DC-3 & C-47 Whitney
Douglee DC-3 | 2 |[Wright [1b2s No Muffler | Hydromatic |3 5625 1 130 Bg2 705 661 120 150
Forth American | 2 | Wripght [1900 Jet Stacks | Hydromatic |3 4375 1 150 19 575 575 185 225
B-25
Douglas DC-4 | b |Prett & | 1450 No Muffler| Hydromatic |3 50 1 197 930 752 683 135 190
VWhitney




TABLE III - CCMPARATIVE SOURD LEVEL MEASUREMENTS OF AIRCRAFT RECORDED DURING TAEE-OFF
AT A DISTANCE OF 500 FEET

APPROXTMATE
INTENSITY | LOUDRESS LOUDNESS RELATIVE
ATRPLARE LEVEL LEVEL LOUDNESS TO TO PHON
MODEL DB PHONS L.U. X 107 LOUDNESS LEVEL
Douglas DC-4 103 103 116 14.6
Douglas DC-3 (Aver.) 100 100 88 11.1
Douglas DC-3 (P & W) 98 98 Th 9.3
Douglas DC-3 (Wright) 102 102 106 13.2
* Douglas C-LU7 96 96 62 7.7
North American B-25 98 98 Th 9.3
Rorth American AT-6 g5 95 57 T.2
# North American SNJ-4 101 101 o7 12,2
Beech C-45 ok gl 53 6.7
# Beech C-45 =1 ok 53 6.7
Cesana T-50 (ZENG) ol 9k 53 6.7
Vultee BT-13 o1 91 ko 5.3
Fairchild PT-19 Bg 88 32 4.0
Navion NA-145 87 a6 27 3.k
Bellanca &7 86 27 3.k
Beech Ponenza 8s 84 23 2.9
Stinson Detroiter 85 8L 23 2.9
Stinecn 150 85 84 23 2.9
% Stinson 150 86 85 25 3.1
Cessna 14O g1 79 16 2.0
# Cessne 1L B3 82 20 2.5
Luscombe 8A 81 79 16 2.0
Aeronca 81 79 16 2.0
* Aeronce Chemplom 81 79 16 2.0
Taylorcraft 81 79 16 2.0
Piper Cub 78 L 11 1.4

* Controlled Tests
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FIGURE 3. ELECTRICAL RESEARCH PRODUCTS, INC. SOUND MEASURING EQUIPMENT

FIGURE 4. GENERAL RADIO CO, SOUND LEVEL METER



FIGURE 5.

FIELD SET-UP OF SOUND MEASURING EQUIPMENT

1“9
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FIGURE 6. SIGHTING INSTRUMENT FOR MEASUREMENT OF AIRCRAFT POSITION AND ALTITUDE
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APFERDIX T

FEAE SOURD LEVELS FRODUCED BY
RATLWAY TRAINS AND HIGHEWAY TRUCKS

In sddition to the data given in Figures 29 and 31 of this report concerning sound
levels produced by raillwey and highway truck traffic under normal flat, open roed conditions,

further dats wers gsscured with regard to pesk sound levels produced by such sources,

The peak levels measured wers obteined under the followlng conditions:
(1) Highwvay trucke climbing hille in low gear.
(2) EHighvey trucke eccelerating in low gear,
(3) Rallway traine whistling for crossing.

These conditions were chosen ae being representative of relatively common sounds
produced by these sources, bui which are higher in level than the sound levels given
in Figursa 29 and 31 for flat, open road conditionms.

The date secured for these peak conditioms are given In Figure 32. The data are
plotted in terms of intensity level, in decibels, end alsc approximate loudness level,
in phons, where possible, No loudness level velues are given for the trailn whietle date,
as n¢ accurate sound frequency measurements could be made for this condition and no con-
version to loudness level could be carried out.

It 15 seen from Figures 31 and 32 that semi-trailer trucks climbing or accelerating
in low gear produce sound intensity levele Lt to 15 decibels gremter then for the level
erulge condition, end that the corresponding increase for small trucks is 1.5 to 1l.5
decibels., The average velues are increased approximately 10 aml 4.5 decibels, respectively.

Similar comperison bekween sound levels shown In Figure 32 as produced by rallway
treins vhistling, end the data of Figure 29 for trains in level crulse c¢onditlon, show
an incresse in sound intemslty level of 10 to 20 decibels, with an average Ilncreese of
ebout 14 decibels,

The genersal nature of the curves given in Figure 32 is simllar to the correspanding
curves of Figures 29 and 31, but a lesser disperslon of measured data le obaerved for
the former case.
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APPENDIX II

COMPARTSON OF LOUDNESS OF SOUND PRODUCED BY
HIGHWAY, RAILWAY, AND ATRCRAFT TRAFFIC

DIRECT COMPARISON OF SCOUND LEVELS FRODUCED BY VARIOUS SCUND SOURCES, SUCH AS AIR-
CRAFT, RAILWAY, AND HIGHWAY TRAFFIC, CANNOT BE MADE EXCEPT WITH CONSIDERATION OF THE
RELATIVE DISTANRCES INVOLVED IN PARTICULAR CASES  Aircraft commonly do not pass as closely
to ground observers as does surface vehicular traffic, which tends to compensate for
higher aound levels produced by mast alrcraft when compared at equel distance

Variation of loudness of sound with distance from sound source for alrcraft, highway,
and reilwey traffic is 1lluastrated in Figures 33 and 34. The loudness values given are
average values for each particular condition.

The acale of sound loudness, given in the illustrations shown, 1s based upon tne
perceived loudness of sound heard by the average ear relative to the loudness of the normal
converaational voice at e three-foot distance  Thus, a relatlve loudness with value of
unity is the seme approzimate loudness as the reference conversational level, and a rel-
ative loudness with value of two 18 approximately twice as loud as the reference level

THE LOUDNESS RELATIVE TO THE REFERENCE CONVERSATICNAL LEVEL CHOSEN HaS NO DIRECT
RELATIONSHIP TO MASKING OF CONVERSATIONAL VOICE, Such masking is dependent upon the
frequencies present in the sound The reference conversational level 1s used only to
provide a commonly recognizable basis for the relative loudness scale.

Addlitional data for ailrcraft, in the form of directly applicable loudnesa level
contour plots, are given in the masin text of the report in Figuree 14 to 19 inclusive

Comparison of loudness of airceraft sound with that produced by highwey or reilway
traffic may be made in particuler cases by consildering

(1) The type of eircraft imvolved

{2) The distance of nearest point of approamch of the aircraft to the groumd location
where comparison 18 desgired

(3} The engine power condition of the aircraft, such as whether it is using cruilsing
cr climbing power.

(4) The distence and type of traffic on nearby highways end reilroads.

Comparlson of three typical cases is given in the following Figure 35. This illus-
tration shows, for each typical case, the distence at which each type of sound source
will produce equal definite lcudneas of sound at the obeerving point.

Simllar comparison msy be mede In a simple menner for other typea of aircraft, and
for vericus kmown and apecific distances from any of the types of sound sources consldered,
by means of the date given in the previcus two figures,
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IN GENERAL, AWNOYANCE CAUSED BY SOUND IS ASSOICATED WITH

(1)
(2)
(3)
(%)
(5)
(6)

THE APPARENT LOUDNESS OF SOUND

THE PARTICULAR FREQUENCY COMPONENTS PRESENT IN THE SOUND.

THE PREVAILING BACEGROUND S0UND LEVEL

THE DURATION OF THE SOQUND

THE LENGTE OF TIME BETWEEN OCCURRENCES OF THE SOUND

INDIVIDUAL PSYCHCLOGICAL FACTORS WHICH CANNOT BE EVALUATED, SUCH AS DEGREE
OF FAMILIARITY WITH THE SOUND,

In the present report it has been consildered that relastive loudness of sound less
than the reference conversational level probably cannot be consldered normally of serious

annoyence,

With loudness of sound greater than the reference conversational level, degree of
annoyance probably increases gradually with the loudness velue  However, in each Individu=al
case, all of the above factors listed should be considered



