NELC/ TR 1762
Zo¢L 41/ D13N

M;g’?ZQ@ >

NOISE LEVELS ON AIRCRAFT-CARRIER FLIGHT DECKS,
AND THEIR EFFECTS

Updated measurements at NATC and aboard USS KITTY HAWK show degradation
of speech communications and risk of deafness to personnel

J.C. Webster Research and Development 30 April 1971
[/
AL TETHNICAL
Yl ‘;"rx F.AE'i‘V!CE

NAVAL ELECTRONICS LABORATORY CENTER
SAN DIEGO. CALIFORNIA 92152




UNCLASSIFIED . ,
Security Classihcation 4
DOCUMENT CONTROL DATA-R&D

(Security classilication of Hile, hody of abslract arsd indexing annotstion nmust he entered when the overal]l report is elassilied)
28, HEPDRT SCCURITY CLASSIFICATION

UNCLASSIFTED

V. ONIGINA TING ACTIVITY (Corporate author)

Naval Electronics Laboratory Center
San Diego., California 92152

b, GHROUS

3 REPORT TiTLE

MEASURED NOISE LEVELS ON AIRCRAFT-CARRIER FLIGHT DECKS,AND THEIR EFEFCTS

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)
Rescarch and Development, |luly - 31 December 1970

3 AU THORS) (First name, middle initial, l1ast names)

J. C. Webster

8. REPORT DATE 78, TOYT AL NO OF RAGES Pho D oF BEFS
30 April 1970 50 27
B CTONTRACT OR GRANT NO Gu, OQOHRIGINATOR'S REFDH T *  toHF IS
SE 14 224 001, Tusk 49506
b PROJECT NO (NELC B503) 1762
<. . OTHER REPQOMT™ nNO(5) (Any other numbery thal may b® assigned
- this report)
d.
10 DISTRIBUTION STATEMENT
Approved for public release: distribution unlimited
11 SUPPRPLEMENTARY NOTES 14 SPOYNSCRING iy 1T Atvyr A7 % g0ty
Naval Ship Svstems Comnuand
12 a@sStmACT

Measurements were made of noise levels produced by four aireratt during pilot gualitication
exercises aboard the flight deek of USS KITTY TIAWK. These measurements, on both the - and -
frequency weighting networks, were augmented by caleulations of speech-interterence levels mude
fater from tape recordings, These data were compared to similar measurements made at the Nuvel
Air Test Center at Patuxent River, Md., and interpreted in terms of deathiess risk and interference
with speech communications. The levels measured on the carrier showed large amounts of tow-
frequency energy Gt octaves centered at 62 and 123 112 not present in the data taken ashore:
this variation is ascribed to the presence of blast detlectors on the carrier and to the effects of
strong wind across the deck and the measuring microphone inits wind-screen. The noise fevels
measured are shown to severely degrade specch communications and 1o present a risk of deatness
to personnel.

Qatafls of jilier

thig daan

re

Inl R IRITN . T
ARIars
PRRCRE M S+ s
wier )

FORM (PAGE 1)

DD '5*.1473

UNCUASSIFIED

DN D10 niNO

Best Available Copy

Security Ulaasitiowtiong



UNCLASSIEFIED

(pact M

Securtty Classiticatioft L
v ) LINK A LINK D LiNe ©
b FY WORDS ROL £ wT ROLE wT \ HOLE A
Adreralt corriers
Auditory defects
Flight decks
Noise reduction
USS KITTY HAWK (CVA 63)
Voice communicition
FORM .
DD 1 NOV 651473 ('HA("K) UN(L/\SS”‘“D

Best Available Copy-

Security Classification




PROBLEM

Measure the noise tevels produced by aireraft fanding on and tuking
oft from tlight decks ol aireral’t carriers. Assess these levels in terms ol
(1) the hearing hazards they present to personnel exposed to them tor
various periods of times with varving degrees ol car protection. and €2y the
extent to which they degrade speech communicution,

RESULTS

1o Pre-launch noise measurements of B4 and A4 aireralt operatinge ot
USSKTTEY AWK cond oF a0 AU AS and Ao aiverattin gronnd tosis at
the Naval Adr Test Center slove leveds al manned positions (30 1ect gt 00
Detween 122 and 137 dBA at military power, and up to 1O AR wreater when
the afterhurner is operating.
2. When noise exposures were predicated ona P 2-hour oy clic ai
aperation, hearing hazards were predicted. even when current car-protection
devices were utilized.

2. Direct observation together with caleulation of specch-interterenee
fevels indicated significant decrement in voice communication undey hizh-
noise conditions,

RECOMMENDATIONS

[oTake immedinte steps to correct the problem. first by acquainting
designers, and administeative and medical and operating personnel, with the
hazards inherent in high noise. Require wider distribution and better
mainteinance ol protective equipment. and conduct annual audiometric
tests on thight-deck personnel.

20 AU the noisier tocations, improve hearing protectors and provide
better noise-cancelling microphones or microphone noise shiclds,

A0 In future airerad’t desien and/or flight-deck operations, consider
noise reduction o major objective.

4. Perform investizations on the offects of wind- and blast-detlectoi-
generated noises on human performance,

ADMINISTRATIVE INFORMATION

Work was performed under SEF T4 223001, Task 4936 (NFLC
B3OS by members of the Hunum Factors Technoloz, bvision during the
period T July 31 December 19700 The report wus approved tor publica-
tion 30 April 1971,
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INTRODUCTION

There is probably no harsher noise environment in whuh people
must perform complex and vital jobs than on the flight deck of an aireraft
carrier operating with multi-engine, high-performance jet aircraft. The high
noise levels not only degrade speech communication but present a risk of
deatness or hearing foss to the personnel exposed to them for various periods
ol time. Precautions against these hazards include heuring-protective
devices for personnel. and specially designed tlight-deck radios.

The primary objective of the study reported hore 'wias to updaete past
noise-level measurements on aircralt to include some of the newer et air-
cralt and to interpret these measured levels and the periods aver which
personnel are exposed to them in terms of speech interference and hearing
damage. v making the measurements. special note was takon of the
proximity of personnel to the noise sources.

A sccondiry objective is to study the discerepancices between the data
produced by measurements made on land and those made aboard CVA's
(where Dlast deflectors and approximately 30 knots of wind across the how
may atfect the sound levels).

-The study involved measurement of noise levels (1) during o
carrier-gualification (CARQUAL) operation on US§ KITTY HAW K and
(2)at the Naval Air Test Center at Patunent River.2=S (See tist of refer-
ences at end of report.) The atreraft involved were an Ad Skyvhawk. an
RAS Vigilante, an A6 Intruder, and an IF4 Phantom. The data obtained
are presented in the following sections.

THE SHIPBOARD ENVIRONMENT

Before presenting and analyzing the measurements. a brief descrip-
tion of the operational situation on a carrier flight deck will be helpful in
understanding the nature of the noise problem it presents, Figures 1
through 6 are photographs of men engaged in representative tasks involved
in launching and recovery of aircraft,

Figure TA shows an A4 being taxicd atong the deck in a slight
cross wind. Note personnel hanging onto tite wing and riding along to help
stabilize the aircraft. Figure 1B shows a crush and salvage crew standing by
an A4 which has just been released from the arresting-gear wire.

Figure 2 shows an RAS (A) being launched with afterburners, and
(B) being recovered. In both cases deck personnel are within very close
range. In the afterburner pass-by., noise levels reach or exceed 145 dB.

Figure 3 shows an A6 being launched from the waist catapults on
the angled deck. Note o Director signaling another pitot to taxi his aircraft
along the deek.

In figure 4, the bridle crew is seen preparing to hook up an Fd to the
catapulty in another view, the Fdis bridled into place and is being handed
over by a Director to the Catapult Officer.

Occasionally these operations do not go well. Figure SA showsa
whole contingent of plane pushers who have run from positions in catwalks,
around the istand, or from the relative safety of positions midway between
and slightly forward of the catapults (fig. SBY to push a dow ncd RAS from
of f a catapult,

Figure 6 shows a pilot with his flight helmet oft tryving to talk tace-
to-face with a Director,
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Figure 1. The A4 Shyhawh (A) on deck with “pushers™ standing by, one hanging on wing
to help stabilize 1t when taxing, and (B) with crash and salvage crew standing by just after
the plane has been released fram the arresting-gear wire.
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Figuie 2. The RAS Vigiante (A) landing (hemg tapped ) and G Lanching ecig cata
pulted m atterburner). Note the prosmuty ot the aashiand st Cowoand the Book
runner o recovery  and ot the Catapult Othicer and at least ore man i the catwadi on
launch.
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Figure 3. The A6 Intruder being catapulted from the angled deck. The Director is motion-
ing for another aircraft to come into position on the port bow catapult which has just
fired. Note the escaping steam.

These photographs are neither posed nor atypical and show only
a few of the jobs performed by personnel working near operating jet aireraft
on a flight deck. Other tasks include: (1) rolling under the aircraft on the
catapult to check the bridle and hold-back connectors, (2) inspecting once
or both afterburners to see that they are lit off, by looking in from ncar the
blast detlectors. (3) running along beneath the wings of a taxiing. returning
aircraft and replacing safeties on the unused returned ordnance. cte. It
should be immediately obvious that personnel often are within actual
contact with the aircraft and more often within five feet of it - and
therefore exposed to dangerously high sound levels. (Such closeness
presents the additional physical danger that a man may be sucked into, or
blown ofl his feet by, the jet engines. Both of these accidents have
happened., particularly the latter.)



Figure 4. An Fd Phantom (A) being brought mto position an the pore bow catapali and
(B) wath bridle i place on the statbaard bow catapuit, bemg handed-ott trons the iy Qe
Director to dhe Catapult Ofticer.
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Figure 6. Pilot trying to communicate to a Director, who is cquipped with u fhight-deck
radio. beside an idling F4, Note that the pilot has removed his helmet and therefore has
no hearing protection.

NOISE MEASUREMENTS AT NATC

NOISE LEVELS AROUND THE AIRCRAFT

Noise levels around the nose of four aircralt were measured at 30-
degree intervals and at various distances. Results at o 50-foot distance are
presented in figures 7-9. For the A4 and Ao (fig. 7) only the military
power settings are shown. For the AS (fie. 8) and F4 (lig. 9) both military
power and afterburner noise levels are plotted. On all three figures the
measured overall Caweighted levels and culeulated A-weighting and speech-
interference levels Gaverage of the levels in the three octaves from 300 (o
2400 Hyz, called S 3/24) are also plotted.

Figure 10 is a replot of the data for the F4at military power,
detailing (by connecting the data points for cach octave individualiyv)y the
interaction among the frequencey ranges and angle off the nose. Tt can be
observed, for example. that the low-frequency energy (octave T from 32,5
to 75 Hyz, and octave 2 from 75 to 150 ) increases toward the tail (piped
of the aircraft,
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Figure ~. Noisc levels of A4 Skyhawk and A6 [ntruder running at military power. meas-
ured on a $6-foot radius at 30-degree intervais around the nose of the aircraft. C-and A-
weighting and the 300-2400 Hz SIL are plotted. Numbers indicate octave band levels
centered at {1) 53 12,025 106 Hz.(3) 212 Hz, (4) 425 Hz, (5) 850 Hz, (6) 1700 Hz,
{7) 3400 Hz. and (8) 6300 Hz. (Data from refs. 4 and 5; reproduced with permission.)
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Figure 8. Noise levels of AS running (A} afierbumer and (B) at military power, meas:
wied at 50-§t distance at various angles. C-weighting. A-weighting, und SIL 3724 levels wie
alsu plotted. Numbers indicate octave band levels as defined in figure 7. (Daty from

ref. 2; reproduced with permission )
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Figuie 9. Noise levels of F4 runming (A) n afterburner and (B) at military power. meas-

ared at SO distance at various angles. C-weighting,

A-weighting, and SIL 3/24 levels are

also plotted. Numbers mdicate vctave band levels as defined in figure 7. (Data fron B

ref. 3, reproduced with permission.)
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Figure 10 Nowse levels of B4 at mibitay power (two J79-GE-2 engmes) measured w

SO-Tt distance at various atigles. showing ho

woeach octnve band level vones wath angle

The octaves are labelled us i figure 7. (Data from et 3t epraduced with permission )




From figure 7 it can be seen, for example, that the A6 shows an
A-weighted level™ about 10 dB greater than that of the A4, The noise level
ol the A6 increases from about 135 dBA in front (0°) of the aircraft
increasing to 150 dBA. 30 and 60 degrees off the tail (120° and 1507).
1t is also evident that the A6 has relatively more of its noise energy in the
higher octaves, 7 and 8 (above 1200 H2), close to the tail. (Note differences
of about 20 dB between the Ad and A6 levels for octaves 7 and 8 at 150°.)

When comparing figures 7 and 8, note that the C-weighted levels of
the AS at military power are very similar to the A4 levels exceept for a
faster fall-off near the tail, while the A3 in afterburners is very similar to
the A6 at military power. However, since the low-frequency energy is
more predominant in the AS, especially close to the tail, the A-weighted
levels drop oft considerably.

From figure 9 it is evident that the 174 noise levels are quite similar
to the AS levels exceept that the A-weighted levels do not drop off so fast
near the tail. Figure 10 shows how the lower octave levels increase drama- -
tically when measured closer to the tail, while the upper ones increase ac
the same rite as the overall C-weighted level.

SPECTRAL-LEVEL DIFFERENCES WITH DISTANCE

Figures 11-16 show how the octave band levels and the measured
C-weighted. caleulated A-weighted, and 300-2400 Hz speech-interference
fevels change with distance from the aireraft on the 60-degree radial. 1 all
measurement, power-source, and transmitting-medium (air) fuctors were
ideal. a plot of these data would show sets of parallel lines 6 dB apart for
cach distance doubled. This is certainly not the case, although the trends
are apparent. For example, there is on the average about a 24-dB difference
between the closest (12,5 feet) and the furthest (200 feet) measurement
points. (For the AS at military power no measurements were taken at 200
feet and the difference between 12.5 and 100--12.5 X 23 - is about 16 dB
rather than the predicted 18 dB.) However, the difference between 100 and
200 feet exceeds 0 dB while the difference between 12.5 and 25 is usually
(not always) less than 6 dB (for some octaves there is a reversal, i.e., mory
energy at 25 teet than at 12.5).

These discrepuancies between observed and predicted (theoretical)
measurements are certainly more than measurement error but are not
unexpected. There are many reasons for expecting such variations from
theory: (1) the sound source is not a point source nor is it fixed in loca-
tion, {2) the medium is far from homogencous since among other things
the turbulence in the medium is the sound source and the temperature

*Sound-level meters conventionally have three frequency-weighting networks called A,
B and C. An A-weighted measurement corresponds roughly to how the car “hears™
the noise in terms of loudness and/or interference with speech. ‘For convenience the
A-weighted level in decibels (dB) is sometimes called dBA. Whereas A-weighted levels
progressively discount sound energies at frequencies below 1000 Hz. the C-weighted
fevel gives equal weight to energy at ail frequencies. C-weighted levels, often called dB.
or dBC. hear very little relationship to how human beings “bear™ sound and are used
only to relate Tevels to physically oriented and/or_older measurements. B-weighting is
seldom used. See Young.® Webster and K]umpp.7 webster 8 and Webster and Gales?
for more details on how sound level meter weighting network levels and other mure
complex methads of measuring sound (noise) correspond to subjective attributes of
loudness, annoyvance, and speech interterence.
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cradients are Lree, and (3) the power settings are not necessarily completely
repeatable. Time is required to make the measurements and the engine
would overheat it all measurements were made at one setting, cte.. ete.

The point s not so muech that the measurements differ from pertectly
predictable measurements but that variations as great as those observed hiere
do actually enist,

1 one ssed recordings ol these noises to simulate typical sound Ticlds
in a Liboratory situation, homogencous snund ficlds would be atypical. '
Simlavly, i using these levels to interpret their ettects on speech or hearing,
an crror of about L3 dB should be aceeptable,

[t should be noted in comparing the noise spectra of the various
maval aireraft that the A4 and F4 have spectral peaks around 1000-2000 Hz.
(AH and 500, 1000, 2000 Tz ¢Fdh, while the AS spectrun is relativels flat
aind the A6 rises to about 1000 Hz and stavs relatively high thereafte: In
afterburner the B4 spectrum has a broad peak between 200 and 3500 1.

NOISE MEASUREMENTS ABOARD USS KITTY HAWK
COMPARISON WITH NATC DATA

The noise data discussed so tar have all been tuken from measue-
ments made at the Naval Air Test Center (NATCY in Patuxent River. =5
Comparisons will now he made between the NATC data and the noise levels
of Adand ¥4 aivcralt making carricr-qualilication hunches, recoveries, and
touch-and-go passes on USS KITTY HAWK. ! [n the KITTY HAWK data.
ciphasis was on finding variations ot level at various communicating posi-
tions on the thight deck and. more particularly, the time variation at the
bow-catapult-amidships-control position on the light deck.

IF'rom recorded steady-state portions of these measurements,
spectra toctave band levels) were plotted in the laboratory for three condi-
tions: (1yan Ad and (2) an P4 during military power (two-finger™)
run-ups on the bow catapults and (3) the ambient noise from A4’s and/or
IS taxiing and idling in the near vicinity of the catapults. These results
are shown in figures 17 and 18, with a comparison of corresponding
measurements made ashore by NATC,

Figure 17 shows octive-bund. C-weighted, A-weighted, and PSIL
(speech-interference levels for octaves centered at S00. 1000, and 2000 )
fevels Tor the A4 in a bow-catapult position during a two-finger run-up on
KITTY HAWK. Also shown are the noise spectra for the ambient (no
run-up) condition, during which the aireraf’t are taxiing but not in military
power. Figure I8 s identical to Tigure 17 exeept that the F4 s the noise
source, In both cases the data were chosen for comparison with those
reported by NATC S because the 30-degree angle and 50-Toot distances
closely correspond to conditions of the NATC measurements.

fe s mmmediatety apparent in comparing the onboard noise levels
with those measured ashore that there is s strong concentration of
Tow Trequency energy mcasured onboard. s possible that in the case of
the ambient noise. the high fevel may include the noise generated by the
prosence of at least 30 knots of wind across the microphone of the sound-
level meter, This effect is well known O but has not heen documented
deceriiely enough to permit suituble corrections. Inany case, the wind
which blows across the microphone of the sound-level meter is gencrating
stihar noise around a person’s cars and around the microphones. earmufts,
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Figure 17. Octave band plus C-, A-. and SIL-
weighted noise levels for the A4 running at
military power. measured on i bow catupult
of USS KITTY HAWK (o). Also shown is
ambicent noise (x) on flight deck of KITTY
HAWK with F4's and/or Ad’s idling or taxiing
(Data from ref. 1) Shuded area encompasses
noise levels measured 30 degrees off the nose
of an A4 at 50 and 100 feet. as reported by
ref. S,

Figure 18. Octave band plus C-. A-, and SIL-
weighted noise levels for F4 running at mili-
tury power, measured on a bow catapult of
USS KITTY HAWK (o). Also shown is am-
bient noise (x) on flight deck of KITTY
HAWK with F4's and/or Ad's idling or taxiing,
(Data from ref. 1.) Shaded arca encompusses
noise levels measured 30 degrees off the nose
of an F4 at 50 and 100 Icet. as reported in

ref. 3.
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and headsets of communication and/or car-protective devices. 1! The
amount of masking introduced by a 30-knot wind is about 52 dB in the
speech ranee and can be reduced by alittle more than 10 dB by using an car
wind-sereen, 'L T the KITTY HAWK measurements nuade by the NELC
team. the exaet amount of “masking”™ introduced by the wind across the
General Ruddio ceramic microphone (which was used in an appropriate
witd-sereen) s not known,

The contribution of wind to ambicnt noise suggests two problems
requiring further investigation: ¢ 1) what wind corrections are required in
the physically measured data and (2Y how much noise is generated by the
wind on acoustic transducers and hearing protectors used as integral parts of
fTight-deck communication equipments,

The presence of excessive low-frequencey energy in the Ad and F4
spectra aannot be explained by wind across the measuring microphone. The
wind does not increase during a two-finger run-up. yet the low-trequency
cinergy inereises T2 dB (fig, 17) or 18 dB (fig. 18). The explanation that
fiest comes to mind points to the presence ol the blast deflector aboard and
the absenee of it ashore, Pure speculation is ( D that low-frequency eneray
is cenerated by the jet blast impinging on the deflector or (2) that the noise-
generating vortices are detlected up oft the deck or to the sides of the
deltector. Fhie hypothiesis is that the noise is generated above or at the
sides o the deflector instea! of behind the tailpipe, thereby actually
bringing the source closer to the measuring microphone Gand men) alicad of
the aireratt, This speculation should be followed up with tests and meastre-
ments to verify or refute it

DETRIMENTAL EFFECTS OF FLIGHT-DECK NOISE
DEAFNESS RISK TO PERSONNEL

Although hearing damage is a medical problem and not the primary
concern of eneineers designing communications equipment, it was never-
theless deemed necessary and desirable in this report to reevaluate deafness
risk in terms of the measured noise levels of current aircraft operating with
toaday ™S schedules. This is cansidered necessary if for no other reason than
to catition communication engineers that their equipment should not be the
Last straw that makes the total noise environment potentially deafening to
the men it

The problem of noise-induced_hearing loss was recognized as soon as
et aireraft were put aboard carriers. | 2 Programs of noise measurement and
hearing monitoring were carricd out with the general conclusions that with
care (primantly wearing carmutts and giving annual audiometric tests), no
danger ot noise-induced. permanent hearing foss existed. Subsequently, o
vroup ol acadeniie, military. and industrial audiologists working under the
auspices of CHABA (Committee on Hearing and Bio-Acoustics) developed
predictive formulas for evaluating exposure to noise as a correlative of
hearing impairment or deatness, (3 An imdustrial safety engineer. J. 11
Botstord. Y refined these formulas, and v 1970 an intersocicty committee!
hrought the predictive methods up to date. Table 1 (from ref. 15) isa
sitmplitied summary of their findings of acceptable exposures to noise as a
tuoction of the number of times such exposures oceur daily.

The noise Tevels to which tlight-deck personnel are exposed varies
Jucordimg to what flicht operations (ops) are scheduled and where the man

‘N



TABLE 1. ACCEPTABLE EXPOSURES TO NOISE IN dBA AS A FUNCTION
OF THE NUMBER OF OCCURRENCES PER DAY.*

Daily
Duration Number of times the noise occurs per day
Hours Min 1 3 7 15 35 75 160 up
8 90 90 90 90 90 90 90
6 91 93 96 98 97 95 94
4 92 95 99 102 104 102 100
2 95 99 102 106 109 114
1 98 103 107 110 115
30 101 106 110 115
15 105 110 115
8 109 115
4 113

To use the table, select the column headed by the number of times the noise occurs per day, read down to the average sound
level of the noise and locate directly to the left in the first column the total duration of noise permitted for any 24 hour period.
It is permissible to interpolate if necessary. Noise levels are in dBA.,

*From ref, 1§, p, 23,

is on the deck. Concerning tlight-ops. two typical casces will be cited:
carrier qualifications (CARQUALS) and cyclic air-ops off Southeast Asia.
In CARQUALS, pilots continually launch and land until they are
“qualified.” Figure 19 shows the A-weighted sound-pressure levels
nmeasured over a 45-minute period of continuous launchings of A4 and F4
aircraft. The ambient noise is produced by the same aircraft taxiing onto
the catapults. The recordings were taken just al't of the instrument panel
which is located between and forward of the bow catapults. Muny men
gather in their assigned locations, waiting to help in case of emergencies.
Muny personnel are in even noisier locations as shown in figures 1-6. The
sequence shown in figure 19 could run in roughly a 45-minute “on™ cvele
(as shown) with an “off™ cycle of 15 minutes to a few hours. for 18 hours
a day. but only tor a 4- to 8-day cvcle.

Another representative case is that ol the cyclic air-ops schedules
carricd on at Yankece (Dixic) station in WESTPAC. Figure 20 is an estimate
of the time sequence of noise levels during a 12-hour cyclic-air-ops schedule.
It is bused on:

1. Adreraft noise levels shown in figures 7 through 18,

2. Changing noise levels during launching sequences similar to
tigure 19,

.-

3. Resting noise levels (non-air aps) tyvpical of interior .\'p;lccs.““ L

FFurther assumptions applied to the data in Tigures 7-19 that lead to
figure 20 are:

4. The A3 and A6 aireraft operating on WESTPAC CVA's are about
S dB nosier than the F4and A4



(o paYRL) ) go soysuney paeadar dunin uonsad journd-juatinnsur ndeies-woy 18 pansedy (g

b 1o0en

mp poLdd JINUIU-Cp © 130 PANSTA S]] amnssaud-punos paiydom-y ol andly

(3LNNIW | - Www0g) 3wWiL

. s 00
s i
i

) ot

Q

(%)

TAR

-

m

. 0EL

p

vy g

ot %

_ -~ ost
-
. -
- NIW L
~ -
~
-
T~

~ -~ (FLANIR L wwg) INIL
0ol
o
ot
ot
ovl
05t

I3A37 3ISION

1y8ap;




7]
w
232241 2 3 4 5 6 7 8 9 101112 13 14----20 22 >
140 v Il 1T | S L SR | RN SR G mENE | ) S LI AN A T 130 6 z
© 3
130 - 1 ACTUAL LEVELS £
AFTER AIC ENGINES | 150 & 2
| START gz
C o
_1or ESTIMATED LEVELS WS
< UNDER EAR 1'%
@ PROTECTORS -s
S 105 1 (R] N (8] RV [[Fuiontoeck | 0@ %
5 = X BEFORE AC z 2
] G N ENGINES START: - w
w 100 /== N NOISEDUETO | LG
e 2 N GROUND 50 iz
z 50 I ps | N SUPPORT € E’
3 ~
g < § EQUIPMENT | o = 3
o o § / MESSING, =<
3 so ) D SHOP, OR =3
OFFICE . 70 o o
AREAS &::, z
70 |- Ei NOISE EXPOSURE PER DAY FOR FLIGHT DECK /\ “ g
'ERSONNEL DURING CYCLIC AIR OPERATIONS 760 = g
=2
60 [~ % 4
3 e 2 sy e o hiacy — 50 g S
11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2---8--10 E g

HOUR OF THE DAY IF ON MIDNIGHT TO NOON CYCLE

HOUR OF THE DAY IF ON NOON TO MIDNIGHT CYCLE

Figure 20. Estimated daily noise exposures for men working on flight
deck during 12-hr cycle air operations. 1t is assumed that (1) the men
will not wear hearing protection until the aircraft engines are started
that is, when ground-support equipment is producing noise levels
averaging around 80 dBA und (2) they will wear eurmufts or plugs once
the engines have started.

5. The noise fevels at the Bow Catapult Officer’s Tocation are typical
ol the noise levels from this position all the way aft on the flizht deek (and
the arca forward ol his position is quicter and not covered by fieure 20y, It
is apparent (Higs. T-63) that many personnel are at noisier focations (closer to

the tailpipe and/or noise-generating vortex). Muny are at less noisy positions
(distances bevond 100 feet),

6. The 30-sceond-on. 30-10-60-second-ofT duty cyvele shown in figare 19
as lasting 45 minutes for CARQUALS Lasts Tor roughly 15 miinutes during a
cyelic air-ops launch. The 1S minutes prior to the faunch and the 13 minutes
of recovery after the launch are at the ambient fevel shown as the hase Jevel
in figures 17, 18, and 19, )

7. The 3-second roll-by peaks trising to 140 dBA as shown in the
detailed time trace of figure 19 that accompany cach faunch occur roughlh
30 times in the TS-minvte launch eyvele tor for a total of 1.5 minutes),



8. The passive or flight-deck radio “Mickey Mouse™ carmuffs provide
an average ol 20-dB attenuation® when worn.

9. The mufts are worn only when the jet aircraft engines have started

that is. when the levels in figure 20 exceed 80 dBA.

10. The exposure to levels between 65 and 80 dBA are intermittent
because the ground-support equipment moves around over the deck exposing
different people for different amounts of time (estimated 50-percent duty
cycle).

1. The exposure levels between 90 and 110 dBA (peaks to 125) with
the men wearing carmuffs are intermittent with a duty cycle of 50 percent
because on the average during cyclic air-ops two aircraft per minute are
launched for roughly 15 minutes.

Assuming these cleven conditions. the shaded arcas in figure 20 really
represent the noise-exposure contour because (1) at levels less than 80 dBA
(betore aircraf’t engines are started) no one wears carmuffs and (2) at levels
above 80 dBA (once the engines have started) everyone on the flight deck
wears mults. Daily exposures would, therefore. be roughly (1) between 110
and 125 dBA (call it 115 dBA). 1.5 minutes X 8 cycles or 12 minutes/12
hours: (2) at 110 dBA. 7.5 minutes X 8 cycles or 60 minutes /12 hours:

(3) at 90 dBA. 30 minutes X 8 cycles or 240 minutes /12 hours. Interpreting
these exposures in terms of the 1970 intersociety committec’s concensus
report, table 1 shows that for 8 cycles per day {use the 7 column):

1. 115 dBA could be tolerated for 15 minutes instead of the 12-
minute exposure cilculated above,

2. 110 dBA could be tolerated for 30 minutes but the calculated
exposure is 60 minutes, and

3. 90 dBA could be tolerated for 8 hours and its exposure is
calculated at 4 hours, .

The implication is that unless the launch-recovery cycles are
reduced by onc-half, or unless the muffs attenuate 23 dB rather than 20 dB,
a deatness hazard exists. 1f nothing more, the calculations show that the
¢xposures are at or near the damage-risk arca. This should indicate the need
for a continual scarch for better carmutTs, and measurement of noise levels
and hearing losses on a continuing basis.

In addition to shortening the air-ops cycle and providing the best
possible car protection, two steps should be taken immediately to minimize
deafness risk: (D) the liguid-fitled sealing pads for the “Mickey Mouse™
mutls and/or radios (SRC-22(V)) should be replaced whencever the scal is
broken and at least once a year. and (2) as part of the routine announcement
over the flight-deck announcing system (5 MC) prior to starting engines, a
stutement should be added to the effect. ** ... . all people without hearing
protectors leave the flight deck, all others don your carmufls - stand by to
start engines,”

*Based on the fact that the sealing rings on muffs found on CVA's are in notoriously bad
condition  hard, brittle. torn, missing. repaired with masking tape. ete. - and tht
even with new devices., average attenuation on most mulfs is on the order of 20 dB.
Scerell 18,



DEGRADATION OF SPEECH COMMUNICATIONS

A primary concern in designing communications equipment 1o func-
tion in the noise levels found abouard CVA's is the speech-interference levels
(SIL)* of such noises. Figure 21 plots the caleulated STL of typical aircraft
noises measured on a CVA flight deck. Although a comprehensive study at
NELC7 showed that the SIL and/or PSIL provides the best means for pre-
dicting the speech-interfering aspects of noise. an A-weighted reading of the
sound-kevel meter was shown to be adequate. Tt offers the advantage of casy
measurement and interpretation and is probably the best single measure of
noise, as it involves human perception. Therefore. the right-hand ordinate
of figure 21 is a scale of comparative A-levels for the same measarements.

To aid in interpreting the SIL and A-weighted aireraft noises in
terms of limitations on speech communications, some pertinent tubles and
figures developed at NELC and the Western Electro-Acoustic Luboratories in
Los Angeles will be presented here.

Consider first figure 22 which shows the general ranges ol noise
levels in which face-to-face. SPP. and umplified specch communications
are possible. This figure was adapted from an carlier study (reft. 20) by
relabeling (recalibrating) the abscissa. The original abscissa was based on i
particular jet-aircralt noise that had distinet tonal components around 3000
Hz and that gave high octave-band noise-level readings in the octaves cen-
tered at 2000 and 4000 Hz (see fig. 16 inref. 21). Itis evident from the
results of reference 21 that these high-level. high-frequency tonal compon-
ents added to measured C-weighted. A-weighted. and speech-interference
levels but did not cause a proportional umount of speech musking, The
ambivnt jet noise measured on KITTY HAWK did not contain discernible
tonal components because. among other things, it consisted ot melded
levels of more than one aircraft. However, unlike the jet noise of reference
21, the ambient level on KITTY HAWK contained neither discernible tonal
components nor high amounts of dispersed energy at 2000 (and 4000) Hz.
Conscquently, its A-weighted level s relatively Tower than the jet noise of
reference 21, In licu of running new intelligibility tests. it is assumed that
the A-weighted level would be 15 dB (instead of 21 dB as for the old jet
nois¢) above the equivalent PSIL for the reference standard noise of -6 dB
per octave used in the original f'igzurc.zo

Also added to figure 22 are the results of some intelligibility tests of

. . . . Rl
the newer dynamic noisc-canceling microphones (M87 and M101).-~- con-
ducted by the Aerospace Medical Rescarch Laboratorics. In plotting the AMRL
and NELC data it was assumed that the rhyme words used by NELC in the

*At present there iscand will beo some conlusion between acronyms and delinitions
of speech-interference Tevels. The original and aceepted use of “speech interference
fevel™ (STLY was based on average dB Tevels of notse in the octaves 600-1 200,71 200.
2400, aud 2400-4800 cps (liz), Secrel. 19, In the meantime. internationad and UL S,
standardization groups have aeeepted octaves hased on center frequencies of 31,63,
25,250,500, 1000, 2000, . .. Tz as preferred octiaves ol noise measuremient. A new
American Nuational Standards Tnstitute (ANSD definition of speech-interierence level
based on the actaves centered at S00. 1000, and 2000 Hy isin the process o adoption,
The new SHL is oftenelerred to as PSHLPreterred Joctaves| SEEL by dhis copont the
measures [rom NATC were made in the 300-600, 600-1200, . . . octaves and those on
KITTY HAWK. in the 250, 500, . .. octaves: consequent iy the speech-interterence
levels of the NATC data are S and the newer onesare PSTHL T aeneral, PSIH e
JdB areater than SILs (see Appendix).
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Figure 21, Speech-interference levels (SIL) in the 300-2400 Hz band
al 50 feet and various angles from typical naval jet aireraft operating
at military power (at right) and in afterburner (at left).

tests were 10 percent more intclligihch in uny given fixed speech-to-noise
differential than the phonetically batunced (PB) words used by AMRL. The
relative speech-intertering propertics of the two dilfferent samples of jet noise
wore interpreted in terms ol the data in reference 7. The et that the AMRL
data lie between the no-noise shield (et and noise shield (richt) boundaries
ot the NEL(C)Y data contirm that the M87 and M101 microphones are as
cood as but not spectacularly better than the M33 microphone used for the
NEL(C) tests.

Inointerpreting tigure 22 note that within any specch listening mode,
word inteHigibility decreases as noise fevels inerease. This poses the question
of what word score is “adequate™ as a system criterion. In general. it has
beon Tound that an articulation index (A1 of 0.4 will vield sentence scores
inexeess of 95 pereent, which is generally adequate for military communi-
cation systems, An Al of 0.4 corresponds to a PB word score of 63 pereent
which. according to ;\lnnt;ng_mc.z3 is the cquivalent of a rhivime-word score
of 75 pereent. This s the “eriterion™ score that will be used in the remain-
der of this report when referring to adequate or satisfactory communications.
over military systems. However, when referring to face-to-face LOITHHUH]_’L,J-
tions, an Al ol 0.3 (umu]mmhn" to u rhyme-word score of 85 pereenty--
will be the eriterion. =7 to provide compatibility within the extensive work
done by Lo L. Beranek on aceeptable noise levels for workers in office

. N
SprIces. =
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Figure 22, Rhyme-word intelligibility scores for face-to-fuce. sound-
powered phone, and amplified speech conditions as a funciion of
ambient jet-aircraft (idling) noise. Adapted from ref. 20,

Figure 23 hreaks down the “face-to-face™ portion ol ficure 20
more detailo and in particular takes into account the very relevant parameter
of the speaker’s voice level, The speaker who generated the data on face-to-
face mteligibility in figure 22 spoke at a level commensurate with his task
namely. to get listeners sitting in front of him to understand his words. e
raised his voice at least as much as the “expected voice Tevel™ fne in ficure
23 and »robably approached the “communicating voice™ level.

Both figures 22 and 23 can be interpreted to show that when the
Jet-aireraft engines have started and noise fevels average around 110 dBA.
Face-to-face communications are severely limited. In fact, when the talker
is shouting. (fig. 63, often with cupped hands Between his mouth and the
listener™s car. only rudimentary and or CmMergency messiges are even
attempted. During evelic air operations, levels ol 110 dBAL or higher, oceur
roughly half of the time.

Table 20 adapted from veference 20, summarizes the imitations on
voice communications imposed by ~is stratifications of noise. This is i gross
classification: more details are shown in figures 22 through 230 Note.
nowever, that the Night-deck announcing svstem. the 3 MCL cannot by
expected to communicate to all personnel once the jet enaines e started
and noise tevels average out ot 1TTOUDAL

..
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CHOICE OF COMMUNICATIONS TRANSDUGERS
Comparative chirts like table 20 and figures 24 and 25 (adapted
from ret. 26), permit the desiener o communication cquipment to consider
factors other than noise levels in choosing acoustic clements for the system
he s devetoping, Not only must the noise levels be catevorized into one of
N

the sincdivistans shhown in table 20 but the time pattern of the noise Jevel

must e known, In particular, the desiener must know how likely it is that

aospeech message will necd to be trunsmitted or received in the highest
levels of noise. Forexample, before i new flight-deck radio is developed.
“the probability of requiring communications doring the two-finger run-up

should be ascertained,

Reter to figures 24 and 25 and note that in noise levels below 90 dBa.
car-insert microphones (doubling as carphones) or bone-contact transducers
tlor transmitting und receiving) can be used. This wouold allow a single
transducer (with g multiplexing schenie For duplex operationy to be worn
and this s not in front of the mouth.

An carmutt or helmet over sueh a transducer would extend its use
up to 11O dBA, Other transducers adequate in fevels up to 110 dBA incluae
devices that pick up speech from the teeth, the throat. any bony structure
ol the head. and treim an carphone over. or in, the ear.

It always should be kept in mind that to guarantee a satisfactory
speech-to-noise differential at the audio input to any speech-commaumication

T
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Figure 24. Capabilitics of vinious microphones 1o operate (transmit speech) in given steady-
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svstem, the voree signal must be picked up relatively free of the surrounding
ambient none. Speech is obviously most intense directly in front of and
almost touching the ips. Theretore, in noise levels above 110 dBA L a
noie-vancehnyg microphone just touching the lips should be used. In noise
fevels above T30 dBA o noise shicld must surround the noise-canceling
microphone.

T he catapult officers, for example, might wear such a shicld on their
wrntand coaple it over the microphone when talking. A more claborate
arrangement micht even have a press-to-talk pressure switch on the shield
that would activate onlv when the shicld was in firm contact with the chin.




1. Exposure times of many flight-deck personnel to high-tevel noise are
at or near the damage-risk level. Continuing efforts must be made to main-
tain and supply hearing protectors as good as or better than those presently
in use.

2. The speech-interference level of flight-deck noises drastically
reduces effective tace-to-face communications for roughly half the time
during the 12-hour air operations cvele.

3. Voice announcements over the 5 MC will not be heard by all tlight
deck personnel when noise levels exceed 110 dB (about 8 percent of the
time).

4. Talking and listening on the tlight deck over the flight-deck radio
during military-power (two-finger) run-ups is severely limited by personnel
within 50 fect of the offending aircraft. i.e.. when the noise levels exceed
about 125 dBA.

S. Data are summarized in charts and figures which show communica-
tion designers the capabilitics of various acoustic trunsducers in noise.

AREAS FOR FURTHER INVESTIGATION
The study reported here indicated certain arcas where additional
work is required, as follows.

1. The effects of wind (knots across the deck) on sound-level meter
microphones.

2. The effects of wind-gencraied noise at the cars and at
communication-equipment transducers (aftecting the speech intelligibility
as transmitted and received).

3. The effects of the jet-blast deflector on the generation, distribution,
and directional characteristics of noise on the flight deck.

4. The attenuation actually achicved by the hearing protectors as
they are used (or misused) aboard CVA's.

S. Similur noise measurements on A3, FR. E2. and A7 aireraft.

6. More details on noise levels at waist-catapult launching positions
(in addition to the bow-catapult positions measured in the work reported
here).

RECOMMENDATIONS

1. Insure that scaling rings for the sound-attenuating carmuffy are on
bourd in adequate number to allow prompt replacement of damaged seals
and routine replacement at least once a vear (or at the start of cach
deployment).

(%)
(%]




2. Add. or continue using. o warning phrase to be announced over the
S MC system before jet engines start, to the eftect, . .. don carmufts  all
personnel not wearing car protectors leave the flight deek .7

3. Assign to some DOD activity the permanent task of continually
saarching for and evaluating better hearing protectors,

4. Institute or continue annual audiometric tests ot all Might deck
personnel (and pilots),

5. Update the data on the capabilities of current airborne acoustic
transducers (microphones and carphones) to give adequate speech-
intelligibility scores (75 percent rhyme words correct) in levels of 90, 110,
and 130 dBa of jet aircraft noise.

6. Provide a microphone shickl for anvone who must talk out when
surrounded by noise levels in excess of 125 dBA.

7. Consider issuing “receive only™ radios to a large number of flight
deck personnel who cannot now hear announcements over the 5 MC thght
deck announcing system and who are not equipped with SRC-22(V) light-
deck radios.

8. Either insure that new naval aircraft do not generate noise levels
greater than those currently in use. or provide better hearing protection
and/or less exposure time for tlight-deck personnel.

9. Encourage any study or engineering effort that will reduce the
number of personnel required on the flight deck after engines have started.

10. Provide “quict™ crew shelters for tlight deck personned to use
between tours of duty on the flight deck and insure that the shelters
remain quict (no high levels ot rock and roll music).

11. Conduct programs to pursue the problems listed under **Areas for
Further Investigation.” in the preceding section.

12. Acquaint designers, administrators. and medical personnel with the
hazards inherent in high noise levels during carrier aircraft operations.
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SIL—PAST, PRESENT, AND
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FUTURE

John C. Webster, Naval Electronics Laboratory Center, San Diego, California

The speech-interfering aspects of noise can he speci-
fied in terms of the level and spectrum of speech
and noise at the listener’s car, A recommended pro-
cedure is based on the PSIL (average of the octave-
band levels centered at 500, 1000, and 2000 Hz) or
A-weighted sound level and the distance between
communicators. A nomograph simplifies the appli-
cation of the technique.

Tie MEASURE OF Noist known as the speech-inter-
ference level (S1L) has been, and still is, a useful
engineering  tool for noise control. As  originally
conceived by Beranek! and applied to sound control
in airplanes by Beranck and Rudmose,® the measure
was based on the concepts developed by French and
Steinberg® for the articulation index (Al). As stated
by Beranek,t . . . il we desire to divide the fre-
queney seale into three hands of equal contribution
to speech intelligibility, using available analyzing
equipment, we should divide it into the frequency
ranges 300 to 1200 cps, 1200 to 2400 cps, and
2400 to {4800 ¢ps. However, beeause the articulation-
index frequeney scale is more nearly linear helow
1000 cps than logarithmic . . ., an intensity average
in the 300- to 1200-cps band is not correct. More-
over, usual available analvzing equipment includes
the bands 300 to 600, 600 to 1200, 1200 to 2400
and 2400 to 4800 cps.

“To a sulliciently close approximation, we can, il
the level in the 300. to 600-¢ps band is not more
than 10 dB above that in the 600- 1o 1200-¢ps band,
nse the 600 to 1200-¢cps band as the first band and
then define the speech-interference level as  the
arithmetic average of the sound pressnre levels in
the three bands 600 to 1200, 1200 to 2400, and
2400 ta 4500 cps. However, il the levels in the 300-
to 60O-cps band are more than 10 dB above those
in the 60O- to 1200-¢ps band, the average of the
levels in the four bands between 300 and 4800 eps
should be used instead.”

He coniinnes: "I the levels of L,
Known . . .,

. speech are also
an estimate can be made of the artien-
fation index. . .7

If the exact levels of speech are not known. bt
facing cach other in [the
masinum speech-interference

ctwo men oare L
same] noise field, th
levels that just permit relinble communnication at
various voice levels and distances are shown
in {a] Tuable In making up this table. average
male voices and good hearing are assumed, as well
as unespected word materviall I the vocabnlory s
limited or i sentences only are spoken, the per-
missible speech-interference levels may he inereased
by abont 5 dBL 1 aowonum is speaking, the permissi-
ble levels should be decreased by about 3 dB

The ST must have been a good engineering tool
from the beginming, becanse Beranek (as originally
published by Beranek o al3 soon devised ways of
estimating it from sets of frequencv-weighted speech
communication (SC) contonrs, These contonrs were
subsequently modificd 1o the more familiar noise
eriteria (NC) and alternate NC (NCA) contours, 57

Beranek then validated the SHL measure, supple-
mented by loudness level (L) measures (originally
developed by Stevens® und modified by him at the
present time throngh six revisions"), to establish
criteria for rating accepiable noise levels for offices.

At about this same time Young! started pro-
pounding the virtues of the A-weighting seale of the
sonnd level meter as measure of noise relating to
the subjective responses of people to noise. In his
first Toravs, Young noted that the A-weighted level
gave good approximations to loudness level, as well
it should., since the A-weighting network  was
modeled on the 40-phon loudness Tevel contour.
Young!! Luter pointed ont that the average decibel
reading at ectaves centered at 500, 1000, and 2000
Hv is well estimated by the A-weighted level funless
there is a preponderance of noise energy in the
octaves above 2000 Hz, and this is not characteristic
of most office ar industrial noises]. Obviously to the
extent that the  A-weighted level approaches an
average reading for three octaves of noise centered
around 1000 Hy, it wonld estimate SIL.

On another tuck, Kryter.!® using matching tech-
niques, developed a0 Uperceived” noise level that
correlated with the annoving properties of. in par-
ticular, jet aireralt noise, Like loudness level (LLJ,
to which perceived noise Tevel (PNL)Y closely cor-
responds, many revisions in calenlation procedures
and applications followed. These have resulted in
an updated summary paper on PNL by Krvter!®
which relates SHL (as estimated by NC contours),
the A-weighted level, and effective PNL os limiting
noise levels for various types of rooms,

Any one of the measures of noise discussed above,
and variations of them. can and have been used to
predict the speech-interfering aspeets of noise. For
example, Kevter and Willlams'™ correlated  intelli-
gibility: scores on madified rhvme words (developed
by Honse of al¥) against six noise measurements
of Tourteen different aireraft noises (six different air-
craft, some performing as many as three evoliutions:
run-ups, Tandings, and takeolfs), All hut two of these
noises had velatively Hat spectra over the speech
range (300 o J4S00 ez and only five had any
greater amonnts of eneruy below 3000 11z, They
fotmd that the “diferences hetween dB(AY, NC.
ST and PNAB e probably not sienilicant.”

Williims of al )7 also using modified rhyme words,

Reprinted from SOUND AND VIBRATION, Vol. 3, No. 8, 22-26 {1969



Contonrs SLAM .
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ISOCR) IDIREAY Loy
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PNdAB : SIIL PSIL Al

2005.2)°1 (GOO-1200, 16.6(4.8)*°
1200-2.100,
2.400-4500
Hz octaves)

IS.3-L7 e { 300-604), 0.7(2.5)

GO0-1200,
1200-2400
1z octaves)

: | 100300 { 500, 1000, 10.5(2.8)1

2000 112,
octives)

Al 8.1(2.4)

* Rester amd Willions U0 Seasanes not diflercnt, ST (3006000 600-1200, 1200-2.400 Hz octaves) not measured.

Willins, of Al Measnres oot ditferent, ST (300609, 60021200, 1200-2.400 Iz octaves) not measured.

FYoune U Correlation 001, STL 086G 16001200, 120022400, 24001800 Hz octaves),

P Snguested nesw reasires,

Table 4 Summnrny of maior experimental resalts i terms of range and standard deviation in dB,

aireralt noise iHyover, not steady staded ] and mea-
sures of JdBAD PN AL and ST found aeain that
“the dilerences among the varions earrelations are
probably not significant.”

Youne!'' found  correlations of OU1 or greater
hetween dBAL PN SHL 0300 1o 2400 T12), and
the noise rating oviginally arrived at by Beranek® for
his seventeen nffice noises, The poise rding woe net
hised entively on speech interference, but office
noise acceptability certainly inclades the ability to
CONNVETSS,

The most comprehensive study in terms of diverse
noises spectra and the variety of noice measures used
was bo Klumpp and Webstert They Tad cight
listeners adjust the Tevels of sisteen gnasi-steady-
state noises to mask ont 307 of Fairbanks™ '™ rhyme

words plaved to them vine o lend acaker 73 fe-

divectlv in fromt oF vheac atacdever oy 0 L They
then measnred the level of each noise by thirteen
ditterent methods and calentated the standard devia-
tion o cach of the thirteen measures over each of
the sivteen cequadly speech-interfering) neises, Ohyi-
sl the measure with the smallest standard devia-
tion wis the best measnre of the speech-interlering
asprects ob the sinteen noises, Table T shows a siun-
many ot the range and standurd deviations of some
of the hetter and or more common noise measure-
raent methods, Fonr elasses ol measurement methaods
are shown: the se based on matehing octave band
Bolse speciva to noise-rating “contonrs” [p(".lk fittinge
methodo s sonnd Tevel meter (SEAD readings Cinte-
ciation method & perecived noise level in dB (PN AR,

andd averaging methods, ST (hased on the different
octaves shown) and the articulation index (Al Note
that the measires considered to be equivalent by
Krvter and Williams,'' Williams ¢t al, % and
Yosmg!'' are marked. The suggested new measures in-
chnde a new set of speech interference (ST) contours
(Webster™ 2 g new  speech-interference  (ST)
weighting network .2t 22 und an SIL based on
cetives centered at 500, 1000, und 2000 Iz (the
so-called preferred frequency STL, or PSIL),

The results summarized in Table T show that, for
aireraft noises. STL, PNL. dBAMY and AT give
generally equivalent measures of speech interference.
For office noises, ST 2, dBA, NC, ond LL give
ceneraly eqeivalent evaduations of acceptability, 1
For diverse spectra noises, the preferreld frequency
SHL (BSTED s probably the best compromise, simple
measure of speech imterference wid: 28A0 S1L {000
to {4800 H2), NCA, and PNL being generally equiv-
alent but showing greater variability with spectra,

It is important to note that, although any one of
the above measnres gives a fair approximation to the
speech-interfering properties of noise, the actual
valnes for each measure averaged over many noise
spectrie are considerablv different, Table 11 shows
how these absolite values differ for cach of five
noise measures over four different samplings of noise,
Naote that PNL olwin t has the greatest numerieal
value, followed by Caweighting, A-weighting, PSIL,
and SHL The colimn Tubeled Ay is the average
difterence over all onoise samples and s the Dbest
uness wl present for how to estimate what all other



measures are if you know just one. The last column
(S.12.) is the value of the standard deviation, taken
from Table 1. Tt shows the variation of the partienlar
measure over sixteen noises with very diverse spectra.
On any sample of similar noises—office, industrial,
traffic, or aireraft—the variation would be less.

A New Procedure .

Since PSIL shows the smallest expected variability
over diverse spectra noise and the A-weighted level
is the simplest to measure, these are the recom-
mended measures for assessing the speech-interfer-
ing aspects of noise. Figure 1 shows how to interpret
these levels of noise in terms of voice level and
distance between a talker and a listener, This figure
is merely a graphical elaboration of the table first
introduced by Beranek! to interpret distance and
required voice level for given levels of SIL. See
the limitations listed above in the quotation from
Beranek,? so they apply here as well. There are
two innovations wlich should make this graph more
useful than the old Berunck table—the “expected
voice level” and the “communicating voice level”
lines. These lines result from the fact that in noise
people tend to increase their vocal effort or raise
their voice level (called the Lombard voice reflex).
Kryter,® Korn®' and Pickett®® agree that male
talkers, at least, raise their voices 3 dB for each
10-dB increase in the surrounding noise level at
levels starting at about 30 dB PSIL. This is the
amount of increase in vocal effort when there is o
feedback to the tulker of how effective his com-
munications are. It is his “expected voice level”
increase in noise.

Webster and Klumpp®* made their talkers really
communicate (93% word scores with positive and
instantancous feedback of success or failure). Their

“communicating” talkers raised their voice level 5
dB for every 10 dB increase in noise.

Pickett2? and « Western Electro-Aconstic Labora-
tory Repurt=~ show that the total vocal effort ranae
is -+ dB (WEALD) to 30 dB (Pickett), but the useful
range is closer to 33 dBC That s, the lust 10 dB ol
effort dees not result ju o increased  intelligibility.
These are the data used to divide the “diffienlt™ from
the “impossible” region on the right of the ficure.

To interpret the figure, note that to converse in a
normal voice at 6 feet a PSIL of about 33 dB or
an A-weighted Tevel of 60 dBA conld he tolerated.
(This correspands to an old STL of 30 dB.) Above
this noise Jevel a normal voice level wonld never
be expected of normal-hearing peoples they wonld
raise their voice level aceording to the “expected
voice level” line,

As another example, et us say we wish to know
how noisy a space can he o allow people to con-
verse at 3 feet. An extension of the 3-foot distance
line to the “expected voice level” line dictates an
upper noise level limit of aboul 65 dB PSIL or
72 dBA.

In general, this “homan engineering nomograph”
can be used only if the same noise strrounds both
the talker and the listener. However, Jet ns say that
an §0-dB PSIL noise swrronnds only the talker. At
this Tevel his vocal effort would be expected to be
between “raised” and “very loud” and uas such he
could be heard by a listener in the same noise,
SG B ESIL, at }ofoca. bt by listener in 70 dB
PSIL at over 2 feet, or ot S feet if the listener were
in 60 dB PSIL of noise.

Summary
To summurize the past and present of specifving
the speech-interfering aspects of noise: Speech com-

1 2 3 4 Av .0,
ey, 0 0 0 0 0 28
SIL —4 —2 A —2 —3 4.8
L, 6 9 4 10 T 47
PNL 19 22 16 2 20 5.2
Le 17 16 8 13 14 T

1. Beranek. sevemteen office noises,
2, Krvter and Williams 14 fourteen aireraft noises,

3. Williums ot al, 1% aincteen flyover noises.

4. Klumpp and Webstor27 sisteen cqually diverse speech-interlerine noises,

Table 11 — Relative noise levels among carious nicaseeenient methods for different noise samples.,
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It is proposed that PSIL (and estimates of it by
A-weighted Jevel) replace S as the best method
of estimating, by means of Fignre 1, the speech-
interfering aspects of noise. Other estimates of PSIHL
in Ineling SUL. PNL. and C-weighting are listed in
Table I, along with an estimate of expected error
over diverse spectri noises.

The future of PSHL will depend on how well it
aids engineers, architects, and designers in speciiy-
ing limiting noise levels for varions spaces. The
older specifications  developed by Beranek™ * are
not invilidated by the newer PSIL. To convert from
SIL to PSIL, just add 3 dB 1o the old SlLs and
call them PSiLs. This correction will be adequate
il office noises of the future wre like the seventeen
usedd by Beranek to establish the existing tables—
that is. il the level of noise in the 300- to 600-H2
octave is b or 5 dB wreater than the Tevel in the
GO0 to 1200-117 octave.

Based on the PSIL nomograph (Figure 1) and
the assumption that communication at 3 feet s
aceeptable for communicating areas in ships, a spec-
ication of G4 to 65 JdB PSIL or 71 to 72 dBA has
heen proposed. Webster and Lepor® have shown
that SO0 ol the peaple on USN ships do edeed feel
that levels up to 3 dB greater than the 64 1o 63 dB
PSIL specification is “acceptable”™ and that “pormal
speech”™ is nat affected.

The slope of the “expected™ and “commmnicating”
voice level lines and the boundary between “diffienit”
aned Timpossible™ commmications {now  developed
tromy kiboratory studies) mayv have to be modified
slightly from e applied or field vesults. As of
this dite, however, Fignre 1 s proposed as a simple
method of evalnating the speech-imterfering aspects
of noise.

References
1. L. L Beranek, Airplane Onicting TI—Specification of

Acceptable Noise Levels, Trany ASME, 69, 96-100
BUIYEN

200 L Beranck, ad 1AW Rudmose, Sonnmd Control
e Nirphanes, [0 Avonsts Socs e 190 337361 14T
AN R French, aned BC0 Steinhery Factors G

ing the Totellicibilite oF Speech Someds 10 Aeonnt. So
RYREE L) RRTA RS CYR IVS b
A T N  PRFUFFTVIE N U ST

Pty New Yorho TUS

NG e B L o

S | Beranek, L I\'u-_\|mM~_ and K Wialaon,
Apparatns aned Procodine o Lo oo nns Ventilatoon
Sustbom Nonses | Aot N A 250 5150321 0 1asas
b 1L Boroe kD Coteorna bor O%ce ity Basd on
O stron e Batiee Stadies 00 Sest, N (TR
NAo N2 L TanG,

Tl Bevane ks Bevreed Ot Yo Noas s B

s Nese Conteod 35 NG U T 2T 19y

SN S Stvene Coalintation of the Tondne s of Complos
Nivtwe b Ve Soe Ve 28 80T S50 1osa

BN N St v oy Procc e te Ot o s
Y SRTE N N DU DU VIPFPIN S OO VIR B S B D D N T SN0

221

100 W, Yorne, Dan't Fareot the Sunple Sound-Level-

Meoter, Noise Controf 40 Noo 5032 15 0 1058,

T 1’ W Youne, Suech Nuanber Cotena for Roomn
Naise, JooAeezist, Soes A 360 290.2900% 0 Jah ),

12 K. DL Revters Sealaer T Beaotionsy to the
Sonnd from Aireralt, [ Vot Sooo b 30 EHID-1E20
(1YnYy

13, KD Kevter, Conoopte o Poonc D Saness The i

Daplementation and Apphoation. [0 Londs S e
430 3LE361 (1465,
LKD) Rt b O
by Nireratt Noweo Joo et Soe
{1066+,

15, AL S Honse, Co B Walleone, MR T Hocker o
K. D. Knvter. Articnlatmn Testing Methodsy Consonantal
Differentiation with o Closwed Response Sets [0 Noonst,
Soc. Am 370 IDN-166 ¢ TU65)Y,

165, C. E Willhoos, KoOND Stevens, MU HD L Hedker,
and KOSo Pearsons, The Specch Tnterter nee Bllects of
Aircraft. Noise, Federal Aviation Adunnistiation Report
DS-6T.19 (1967,

17. R G Klumpp and 1 COWebhators Fiwsieal Measae-
ments of  Fogually Speech-Interdering Navy Noises, [
Aconst, Soc, Am, 330 1328158 19630

IS, G Fairbanks, Test of Phonenuc Diflorentintion: Thee
Rbnae Test, f. Ar, 30, DU6GAGIH L TYSS
19. 1 CoWelister, Generabizcd Speceh Interference Con-
tomrs, Jo Specch & Hywring Roso 70 135110 0 TuG
200 1 Co Webder, Relitune betwern Speech-Tuterfer-
cnce Contonrs & Tdealized Articuldtion Tidex Contours,
J.o Acunst, Soes A 36, TOGH2.166H (190,

21, 10 G0 Wehater, and RO G Klampp, Specch Inter-
fering Aspects of Ny Nodees, 37080 Nasy Blectrona:
Loboratary Report 130 (1963, - Nee especially section

Vil

Wallms Moasbie of Speech
A 390 155150

Moot Sor.

Webster, Frequency Weighting Contours for’
Predicting the Speech Interfenme Aspocts of Noiwe Phil-
osaphical Transactions of the Hoval Socety of Londdon,
A Vol 2630 315523 < JubS .

250 K. DL Keyter, Latcare o Bog Proleching
the [nh-”l:i‘.)ilit} ot Speceh in N L
A IS0 13417 10460

20 S, Rorne Fltect of Padholow ol Foedbadh on
Comversational Noise Bedaction i Wocms, J0 Neonst.
Soecs A 36, T93-T9 195

25 ) ML Pickett, Linnts of Divect Speedds Commernica
tion in Noise, , Acanust, So, A 300 275251 1aasy,
26, 10 COWebater, and R G Kbiopp, Eeote of s
hicnt Naise aned Neaby Talkerc o o 3V ace to-Face Come

Fhvigce~ on
Necennst, N,

mnnicetion Fashe [0 Neonsts Sec A B 03600
pana
27 10N Puketts DHledis of Vaodd Porce o e e

el ity of Spocche Sonnde T L s A 28
02005 4 LY5E

I8 ooy b bt el \l"\lthl'tl] 1l trees

N i s S Vonee Commene Tt

Pl Neonste o Db ey Hep ;o

[ PR ERTE EERENAN P T

oKD S O N T P TS FRRRT L A |

[BEER s v roy \ RETREA

o '

nob ) vier N T R ERETIN

[ ~ \r G3Y 0hos 1T ithel

! W P e [ LR SO

T Y [y v N s

P H { : L PN [ITRLN

| o ~ tl 1 \ by b H

; N

b AN N [t ot

1 \ o - e

Best Available Copy



