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e. A-\Veighted Sound tevell (@B(A)) -- A single event sound |evel which has
been filteed or weidtited to discrimnate against the [ow and high frequency
extrenes to approximate the auditory sensitivity of the human ear.

f oetave Band -- All of the commoeatss, in a sound spectrum whose
frequencies are between two sine wave (pure tone) edaarhis whose ratio of
frequencies exactly two, ie. separated by a octave,

4. DISCUSSTCOM. Today's large, jet-powered, air-transport airplanes present few
speech-interference probllems for flight crews. Hewewess, propel | er or rotor
driven aircraft, regardless of the power plant used, have noisier cockpits for
several reasons. Mich of the prepellller or rotor noise energy lies in [ower
frequencies, which are nuch more difficult to attenuate than high-fr

sounds. In nonpressurized aircraft, constructian permts air leaks that are
both sound transmtters and sound sources; propeller and rotor tips can travel

at or near Mach 1, which neans, in seme flight eenfiguratioss, smal | senie boass
cobstamit]ly bambard t he ai rcraft. In addition, techniques for mnimzing sound
production or sound transmssion require the addition of physical mss to the
system ad where payload determnes the value or utility of the aircraft,

adding enough mass to reduce noise, can cost severely in payload. Streanining
can be very costly in new design costs (to renove air leaks) and it may also
reg.w re major changes in production methods. Sadof these methods require

addi tional weight which reduces utility.

a. Qutside the aircraft, noise spectra vary greatly as a function of
aircraft size and tyﬁe and the variety of powerplant, Bit the interactiiens of
those sFectra with the sound-insul ation properties of the various airframes
gener al Kal ead to strikingly simlar spectra emthe inside. Coikpit noise
studi es hawe shown the spectral shapes of cockpit noises vary only slightly
fromone type of fixed-wing aircraft to another,

bl The primary energy in those noises lies in the |ow frequencies,
raifing tostly from100 t 0300 Ha, with a rapi d decrease as frequency increases.
This spectral canfiguration may peak at different sound levels for different
airplanes. The overall sound intensity varies fromabout 70 dB(A) to nore than
100 dB(AL. Generalllly, the quietest cockpits are found in jet aircraft; the
noisiest are found in open cockpit airplanes such as those used for aerial
a tpI |bcat| oninagriculture and in sot® smaalll aiilliitary j ets that use
arterburners.

e. Wthin a general class of aircraft (for exanple, light, single-engine
airplanes), the variations in cockpit noise |evel among airplanes of a
single the my be abdut- as |arge as the variations found anong all the t)épes
within the class. Age and history seemto be imosttant determ nants of the
cockpit noise level as nmuch as the original design. Therefore, little is to be
gai ned by heekcing at a single sound spectrumfroma single airplane as if it
were typical of its tE®e and would remain typical of its type.

d. The follow ng sections present an overview of a meams to assess the

| evel of cockpit speech interference due to noise and nethods to neasure and
inprove copit eotinirCiathtanss.
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(1) Speech Interference fevell. This A& utilizes a noise interference
netric known as-the petifertediareauentyy speech i nterference | evel (PSKL).. The
PSIIL, i s an average of the unweiighitedd nol se sound pressure |evel of three octave
bands at 500,L000 and 2000 Hz and rel ates to an "A" weiighited deci bel neasurenent
(@B(@N.. The PSEL has been accepted as a suitable predictor for a much nore
carb®x neasure of speech intel|igibility known as the artieulatiian i ndex (Alf).
The Al ranges from0.0 to 1.0 with an increasi n? val ue indicating a more perfect
camnirciatatéan. The Armed Forces maintain that for escmiindahttdss approxi mately
3 feet apart, an Al between 0.2 and 0.3 represents an aceepiatile mindium
intelligibility level. The maxiniun PSIL for Ar=0.2 i s 83 and for X.3 i s 78.
The FAA believes that in cockpits with noise |evel s above 88 dE(A) (PSLL=78)),
efforts shoul d be nade to ai d eentuniieaitiags by use of one or nmore of the
mettheds di scussed inthis AC. The evelutiom of speech intelligibility research
and the ak@anedmett of criteria regarding speech interference is covered in sane
detail in appendix 1.

~(2) Cockpit Noise Measurement. A portable sound lewel xiter (StM)
whi ch indicates the sound output Tn "A™wei ght ed deci bel s (@B(aH i s recsinmded
for the measurement of cockpit noise.

(a) A quick noise survey of the cockpit can be nmade by observin
the sound | evel for approximtely 20 seesdhds while the aircraft is in stabilize
flight. One or two repeat readings are reeammedéd to average the data.

Readi ngs shoul d be taken in the takeoff, approach, cruise and descent nodes of
flight so that a eonypebksnsive noi se picture i s obtained.

(B) |If the above tests indicate a noise problem or a borderline
noi se ptddlemexi sts, additional noise measurements should be taken and
recorded, as discussed in appendices 2 and 3. Recording noise levels is
desirable as this will allowa nore canpliete noi se analysis to be made. In
addi tion, a sanple calculation of BSIL i s shown in appendix 4.

. (3) Met hods to | nprove/ Al d Cockpit Cepinimi éatiisn. \Wien t he noi se
level in the cockpit, exceeds 88 dB(A) (PSIL=74), the noise will be of
sufficient magnitude as to interfere with normal cockpit eomnirciatatanss, i.e.
voice and radio. Therefore, efforts should be made to aid eermmumicatiienss. The
fol | owi ng nethods are suggested to ingpove the signal (voice)-to-noise ratio,
whi ch wi I'l enhance the intelligibility of cockpit Eommmicatienss. ApPropri ate
FAA approval s nust be obtained for any type design changes resulting trom any of

the fol | owi ng net hods ehsipee :
(a) Decrease the cockpit noise |evel.

(i) Use of door seals
(ii) Acousti cal imswlstion.

. . (B) Increase the voice signal levels or nodify the
signal -to-noi se ratio.

(i) I ncrease the gain of intervening audio anglifiens.
(reference TsO-C80x;, Ai rcraft Audi o and fnterphone Amglliiffl essg)
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. (i) Use of el ectronic headsets, noise eaneellling or bdxm
m crophones and intercom systems. (reference Teb-CHiMy, Aircraft Headsets and
%eakerspd(for fAEi)r) Carrier Aircraft) and TSO<58%q, Ai rcraf t Mictrophones(( f or Ait

rrier Aircra

(iii) Appropriate use of hearing protectors.
(iv) Mve the flight erewmenbers closer together.

e. Appendix 5 discusses in detail the advantages and disadvantages of the
migthieds descri bed above to i nprove cockpit edfmadichbitgs. The eearalll
ebjpettigre Oof the modification shoul d be to inprove theintelligibility of
cammumicatiiong. The nini num goal sheuld be to achieve an articul ation index
(Atljl) of 0.3., identifiable by a PSEL of 78 or a measured noi se | evel of 88 dB(A)
or |ess.

t. Regardless of the methed used to ai d eckmuudceatienss care shoul d be

taiken® assure that aural warnings (i.e. overspesi, stall, and | andi ng gear)
can be heard with or without the eerdmmicatiieiss aid in place.

-

M.C. Beard
Director, Aircraft Certification

Servi ce, AIR-1
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APPENDI X 1
QUENNT i YNNGSPEEQH | NTERFERENCE

Several researchers have contributed | andnark sttdiies of the ways in which noise
can interfere with the understandability or intelligibility of speech.

It has been denonstrated that the frequencies necessary for 100 percent

ig(t)gl ligibility of a speech signal cover the range firexa about 300 Hz to about

7000 Hz.

A nessure of that portion of the speech intelligibility range that is available
ina specific comuniieatiionm Situation i s knowmas the articul ation index (AL).
The Al was devel oped by French and Steinberg and is a nunber falling between 0
and 1.0.* Al accounts for the level and spectra of anbient noise, and describes
the relative ease or difficulty of a particul ar ecimutiicestion situation. An Al
|of 1.0is ?Qnsi dered perfect, wth Lawetr val ues indicating eomumicatiiaiss of
esser quality.

* French, M.R. and Steinberg J.f, "Factors governing the intelligibility of
speech sounds/"' Journal of Acoustical Soclety of mhdrisa, 19,90-11%, 1947.

Researchers have devised a set of relationships between Al and speech
intelligibility for several sorts of speech test materials ranging from nonsense
syllables, in which the content is quite unpredictable, to sentemeess, which

are, conparatively, perceptually redundant--if you hear part of a sentence, you
have a reasonably good chance to guess correctly what the rest of it is.

| n 1947, Beranek published a report that serves as a further basis

for determ ning noise interferes with speech.* The speech interference
levell (@) i s an average of the octave-band noise |evels at 86k presel ected set
of center frequencies. In his original proposal, Beranek used the three
octaves runni ng frem 6004800 Hz. Later work, Pri marily by Webster and by
Kiwapp and \Webster, showed that the inclusion of different frequency bands in
the averages leads to Al predictions that are accurate for different
commindahtdon eendiitiiens.**  Thus, an average of the octave band |evel s at 500,
1000, and 2000 Hz seems wel| suited for predicting an Al of 0.2; i.e. a mniml
ceniinmicatiioh emdMiroaeht. An average of 500, 1000, 2000, and 4000 Hz
corresponds fairly well with an Al of 0.5 and an average of 1000, 2000, and 4000
Hz seems to go with an Al of 0.8. The 500, 100@, and 2000 Hz SLL has ecihe to be
known as the preferred-frequency StL (PSLL), and it is often closely related to
a dB((4) measueenent of the sag noi se, though the relationshipis not perfect.

it. L. Beranek, "The design of speech eamunicatiiensystens, " Preceeditgs of the
Institute of Radio Bnghessss, 35, 880 1947.

*%j. C. \Webster, "Relations between speech-interference contours and idealized
articul ation-in&xetnteurs,™ Journal of the Acoustical Society of America,

36, 1662, 1964; J. C. \ebster, "Noi se and Cennunieaftiem,™ | n D. Jones and T.
Chapman (editors), Noise and Society, Ladémi: Wley in preparation; R. @.
Klumyp and J.€. Vebster, "Physical messusmatitss of equal speech-interfering navy
noi ses," Journal of the Acoustical Society of mtdriea, 35, 1328, 1963.




AC 20-133 3122189
Appendi x 1

The maxi num BSEL for eenimunicationss approxi mately 3 feet apart for an Al of 0.2
is 83, The maximumfor an Al of 0.3 1s 78. As wi || be showm bellew, t hese two
A% represent the range of acceptable mninumintelligibility |evels.
Therefore, when a cockpit has a noise |evel above a PSEL | evel of 78, tal kers
and | i steners can ' be expected t o have swme voi e-cfminh Cedtian probl ens.  This
prediction can be ®ddf f&edl slightl?f by the fact that, in many cockpits, the
pilot and copilot can 'be tére or [ess than 3 feet apart. Howeer, in the
co&pits of aircraft Likdly to be relatively noisy, i.e. small aircraft,
ereestipsss woul d probably be seated at distances between 2 and 3 feet apart.

The nessages that are expected to be transmitted in aviati on conmuniications i
froma prescribed vocakhbanyz. However, even when that voecadilary is ignored,

the nis are spoken in context, which usually means that they are nore
intelligible. The xamek Forces have set acceptabl e | evel s of perffeteance for
conmuniicaitions equiprent, and those performance |evel s can be trassbarsd into

Al values: they range from0.25 to 0.3. The Air Force, for exavpde, defines an
80 percent score en a rhyme test as passing and a 70 percent score as

condi tismdllly passing. In figure 1, it can 'be seen that the 80 percent

criterion is alnost exactly 0.3 and that the 70 percent criterion is very close
to 0.25.

Navy and Amg limts of acceptability are approximately the same as the Air
Force% \ebster and Allen specified an 80 percent rhpge test score as (the
Navy fence) the lamsdt acceptabl e val ue*. hey reasoned that "95 percent of
standard test sentences will be understood over a systemthat wll pass 80
percent** of rhyme test words. Followng identical reasoning, the FAA believes
that, short of neasurdingy human performance on rhyme tests in cockpit-noise
enviironimenttss, t he choi ce of Ar=0.3is both reasonabl e and acceptable. This A
equates to a BSIL of approximdtelly 78 at a di stance of 3 feet.

%j. €. Webster and €. R. Allen, "Speech intelligibility in naval aircraft
radios,** Naval Electronics Laboratory Center Report, TR 1830, 1972.
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The follawing table al so corroborates the relationship betwsm the various test
results and Articulation Index:

Tabl e 1. Expected Wrd or Sentence Scores for Various Articulation

| ndi ces (&f)
PERCENT| NTELLI G BI LI TY
Articulation Phoneti cal | y* Modi fied** Saese e
| ndex Bal anced Test Rbyyen Tests Test
032 22 54 77
0.3 41 72 92
0.35 50 78 95
0.40 62 86 9%
0.50 77 91 98
0.60 85 94 98
0.8 92 98 99

*Pran Kryter and Wi t man $1963;)
**Fram \\ebst er and allen (1972)

Assuriing t hat pilots can eommndedte visual ly with each other, an Al of 0.3
a(lcft.uallyzgzan be elevated to 0.47 as indicated by the follow ng chart
igure 2).
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Relation betweem calculated Al and
effectiive Al for a communication system
wherein the listener can see the lips and
face of the talker (Sumby and Pollack,
1954).

FIGURE 2
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Thus, an Al of 0.3, if aided by visual cues, canraisethe intelligibillity

| evel to approximately 98 percent (as shown figures 1 & 2).. Hoewesr, vi sual
conmuniication, Whil e it can ingtove intel ligibility, requires the personsto

l ook directly at each other. This full-face orientation in the cockpit 'between
the pilot and eepilatt is an unusual occurrence. Cockpit noise |evels in many
rotorcraft and propeller-driven airplanes, especially the piston-engine types,
can possi bl y ex t he mazifnom practi cal PSIL val ues noted above.

| f one considers the distance between the heads of a pilot and copilot to be 3
feet, then in a noise field whose intensity exceeds a PSIL of about 90§about 97
dB((A)),, vocal effort cannot oxeerae the intelligibility problemcreated by the
noise. First, shouted speech is not as intelligible as Sﬁeech produced with
less effort (see figure 3).. Second, in that nuch noise, human vocal systens
are, an the average, just about at the limt of their loudness. (Reflexively,
tal kers raise thelir voices in order to be heard above the bldtgsund noise. In
this instance tttovadh, where noi se |evels are quite high, the reflex cannot |ead
to tgre i ntense speaking levels: the vocal system has al ready reached its

physi ol ogi cal end EOI nt.) \Wen PSIL = 90, Al approaches zero as does
intelligrbility--that PSIL condition is unacceptable at a 3-feet di stance.

FROM Piiekeitlt,, J.M.: Limts of Direct Speech Camiuniieation i n Noi se. J.
Acoustt. Sek. Anerdicss, vol . 30, no. 4, Apr. 1958, pp. 278-28l1.
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APPENDI X 2

COCKPIT NOISE MEASUREMENT

TESTSEETUP

Measurenent in the cockpit should be made at the typical head |ocation of each
flight eremnenidesr. The microppeee shoul d be placed at the representative ear
position en the side where speech cemmunieatian i S normal |y received and

around sl ghtllg to obtain a spatial average of noise at the head pesitimn.
Wkaeatedr possi bl e, t he meesanamant shal | be made with the crewnmf&lr absent fireun
his location so as to mnimze interference and shielding effects. During the
fBasuAemnitss care shoul d be tdlsn not to hol d the mcrophone close to a
sound-reflecting or sound-refracting surface. A cdnindin reomedation is to
s(tjay at |east one foot away; in practical use, a 6-ineh distance i s probably
adequat e,

TESTCCIRDITAGHS

The aircraft interior should be ina fully furnished ebifjiguattioon for its
intended use (passenger, cargo, other) with tie dows, carpets, seats, curtains,
interior trimpanels } etc., installed. Systens us&d for providing conditioned
air (i.e., pressurizatiom, cooling, heating, ) should be operational. Cabin
Bressure shoul d be noted so that adfjustmeritss for differences in air pressure my
e mde, if nepessar%. Cabin pressure can affect noise measurenents taken on
the ground or inflight. Thedifference between these neasurammitssis abeut
0.25 dB(Ad. On sane aircraft, windows can be gss during flight and coul d
adversely affect the noise level in the cockpit. If this case exists this
eondiitien shoul d al so be tested.

If a tape recorder is used, the acoustic sensitivity calibration can be recorded
during flight to establish the reference asahstic levell for subsequent data
processing and for egavarsasm with the preflight recording of
acoustic-sensitivity signals. Recorded noise |evels shoul'd be measured cm the
ground and inflighit t o establish the proper gain to be used for recording above
t he backgranmd noi se | evel s. At |east nme reel of tape used during the test
shoul d have a recording of acoustic-sensitivity calibration signals.

Where possi bl e nessurengaits shoul d be made when al | aircraft egeatiting
condi tions (such as altitude, ansBeed and engine power setti ngs% are stabilized.
The aircraft cockpit noise should be tested in take-off, approach, [anding,
cruise, and descent at high speed.

On nulti-engine aircraft the use of engine synchronization is optional depending

em the test objectives. Installation and operation of engine synchronizers or

propel | er synehrophasers i s frequently desirable for i ncreased passenger ecafort.
eratiom of such devices during acomdtiicall testing is advisable if the test

obj ective is to measure the optimumcabi n envirammeit, Ho@mesdi nperfect

synchroni zer operation ny introduce very |ow frequency beats which econpramise
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the data, so that intentional operation out of sync may be necessary. |n such
cases, the engines should be set to produce a knewm beat frequency high enough
to, allhew reasonabl e | ength data records and m ni m ze anplitude ef fects.

The fol | ow n% flight data should be observed and noted while the
acoustic data is being obtained:

a. Flight Regine - takeoff, cruise, approach, |anding, descent etc.
bl Arplane pressure altitude.
¢c. Arplane indicated airspeed and/or Mach nunber.
d. Propeller RPM (if applicable).
e. Engine power settings.
f1  Synchroni zer or synchrophaset operati on.
g. External anbient air teniperatungs.
hi Cabin pressure and tegesadtine.,
i. Cabin system operation nodes.
DATA ACOUITSITTEN

|f tape recording is used, the record length at each |ocation should be at |east
2 )2 times the data reduction integration period, kit in no case less'than 20
seconds.  TF audible beats are present the record shall ineflude at |east

3 conpllete beats. Sufficient precautiass shoul d be taken to ensure the data
signal s are not eofpedhized by |nap|propr| ate tape recorded gain setti n%i. Dat a
shoul d be recorded with the sound | evel maBa¢ In the flat mode (umwzighted),.

W¥n portabl e sound | evel neters are used for direct mssasusmnat of sound
pressure levels, (use the A-weighting network with SSmwnresponse setting) the
data to be reported shal | be the maxi numreadi ng netsd on the teter. Whkh

audi bl e beats are present the méedr shoul d be obserwedt for a period of time [ong
enough to include at |east three beats, and the maximum neter reading noted
shal | be reported. If the sound |evel neter has integrating capability where
thetim periodis geeahboreoottobl ke, the time period used shall be at |east
10-20 secands. |f audible beats are present, the tinme period shall be
sufficient to include at |east 3 edpddte beats, but not |ess than 20 seconds.

DATA REDUGT TGN

Data reduction, fromthe recording, when enployed, shoul d be perfoonsd by tine
averagi ng dat a samgples of at | east 8 seecends duration. Wen audible beats are
present, the integration period should be extended to inefllile at |east a
three-beat peri od.
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Sound pressure |evels shoul d be obtained for the eight-octave bands center
frequencies from 63 Hz to 8 KHz.  overalll ssard pressur es sheulld be &eaired by
sufiing antilogarithmcally the octave band data. Preferred SEeech interference
| evel &@$ 1M shoul d be cal cul ated by al gebrai cal Ig averagi ng the unwelighited

| evel s in the 500, 1,000, and 2,000 Hz octave bands.

Freguency weiightiing may be added to octave band sound pressure |evel data. The
wei ght i ng fumeticmshoul d correspend t o t hat ref erenced i n Interedt opall
Electramcbhan bl Camiissiam UEX§ 651. Frequency weiighted overal | sound
pressure | evel s are ebtained by antillegariitimiesllly summdmgttheoct ave- band data

af t er weddtitimgy i s appl i ed.

Presentation of the acoustical data shoul d inedrude at |east the fol | ow ng
i nformat i on:

10 Overal | Aewdbhted sound pressure | evel s at each messurenanit | ocat i on.

2. Preferred speech interference | evel s at each fesssurensat: | ocation.
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APPENTIIXX3
MEASUREMENT SYSTEM

Aportabl e sound | evel meter ($iM) and a pertablle batttieeyspower= FMrecor der
ar e reeam@hésl t 0 measure cockpit noi se. The StMi ncl udes t he niier ,
amplifier, rectifier and a metier whi ch grves a seumd output directly in decibels.
A eormetting jack i s provided so the anplifier output can also be recorded on a
magnetic recorder for further study.

Mest sound | evel megers al so include weighting networks selected by a panel
switch. The "flat" pesitian suns all frequencies evenly. The "€" positionis
almost the same as "flat" and one or the other nay be onitited on cheaper
instruments. The "A" and "B" weiighitiingss are desi gned to approximte the ear's
response and to give a truer approach to Letdiness of econpllex sounds. (The “B"
scale is little used today, while the "A" weighting is used extensiwély. The
designation "dB(A)™ @, | ess properly, "dB#", indicates the reading with the "A"

weiight-ing.)

Mare expensi ve megers i ncl ude, either as an attachnent or internally, a series
of band pass filters, usually of one octave width. E|?_ht such bands will cover
the usual meassuesrentt range of 50 to 10,000 Hz. Such filters provide a

conv(;eni ent feearss for a quick evaluation of the frequency structure of a ecmiplex
sound.

In order that sound level neters made by different manufacturers wll agree
adequatel y when measuring various sources, their characteristics are specified
by the International Standards Organization (180) and Aferdedn Nationa
Standards Institute (ANSI). This-includes the characteristics of the weighting
net wor ks and t he metler damiping, as well as t he everalll accuracy. Sawmd | evel
meters are divided by ANSI standards into several groups: m%

or "Precision" neters; Type 2, or "General Purpose,” gy@_d,;, or "Survey,*' and
Type S ar "Special Purpose.™ Type 1 neters meet the T1gid tolerances for

reci si on méesrs and provi de fTTTering and i mpul se measiiding optiass, A Type 1
nétedy | S recommendizd f or eval uating cockpit noi se.

A high quality B tape recorder should be used to record the noise in

the cockpit. CGood results can be obtained froma portable battery-p-red
system Several manufacturers now advertise high quality cassette recorders for
imstunnaht ause.

The sound |evel madter or the recording system if recordings are made should

be cal i brated using a PISHMW-PPEONE, or ot her calibration instranesits, bef ore and
after the test data is recorded. These calibration devices are availabl e fram
manuf acturers of sound |evel nmeters and neasurenent mcrophones. It is designed
to fit tightly en the nicrophone, with adapters for various microphone sizes,
and it produces a tone of accurately kssm sound pressure at the niier

di aphragm at one or mewe standard frequencies, A set-screw is usually provided
in the sound |evel meteer to standardize its output.
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A calibration signal is particularly necessary when the mcrophone is used wth
amplliifiiers other than a standard sound | evel neter or when a recorder is used.
This "end-to-endi" cal i bration shoul d be nmade both at the beginning and end of a
test run, and at anK other tiime where there is a possibility that the system
gaimmay teave been changed.

It is important in all test geyrations to maintain an accurate log of all
conditions: mcrophone placenent) weather conditions 7T outdoors, system
channel connections (if more than one channel), all attenuator and calibkated
anplliifiier gai n settings, tine of day and date, source and distance from source

t 0 microphane, et c. Wken a tape recorder is used, the log information should be
recorded vocal |y on the tape.

Wi [ e the PISTON-PHONE cal i brator is an essential part of any acoustic o
meRssexiBRit pr ogram it does not give an adequate check of microphone, anplifier
and recorder frequency characteristics. The imsirumehaatdsh and procedures
required for full calibration are beyond the &Gpe of this discussion, but s
provi sion shoul d be nmade for periodic recalibration of syst emcmmgments by the
manufacturer or by a reliable and well-equi p@standardization |aboratory.

CALTERATICN

A preflight sensitivity check shoul d be used to adjust the gain ef the sound

| evel meter to match the output of the acoustic calibrator as adjusted for
atnospheric pressure. A Wwasm-ap”time of at |east 1 minute shoul d be allswed
before checking the sensitivity of the sound level meter. If a tape recorder is
used, the sensitivity checks shall also be recorded.

If an in-flight acoustic sensitivity check is used, it should be taken when the
aircraft has reached the desired cruise altitude and the aircraft's internal
pressure is at the desired value. The indicated sound pressure |evel of the
output of the acoustic calibrator should be noted; tHe gain of the sound |evel
agtetr shoul d not be adjusted in flight if the indicated |evel is not the same as
the acoustic calibration |evel obtained before takeoff. TE necessary, cabin
gressgre shoul d be noted so that adijusitesants for differences in air pressure may
e nmade.
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PSIL = Lsgg + Lngog + Logog *
3

T.0. Poer Nama& Cr ui se Pewer | Approach Power
(ctave Band Avg. Meas. Avg. Meas. Avgél\lm.
Caitir. Frear. Dat a Dat a ta
63 106.2 103.0 102.8
125 114.5 111.6 110.0
250 110.0 109.2 100.5
500 99.1 95.8 86.5
1000 84.6 80.1 73.9
2000 8l.2 78.4 73.2
4000 76.9 73.8 74.8
8000 76.1 74.1 73.7
db.(C). 116.2 113.8 110.9
dbﬁ)) 104.3 102.7 96.6
BS 88.3 84.7 77.9

Fromthe above it can be seen that the takeoff and nomall cruise power noi'se
| evel s exceed a PSIL of 78 and speech interference can be expected in the
edkRpitt i n those flight regimess- The db(A) in all three flight regines al so

exerd t he recommndis | evel of 88.

%* | is the noise lewl (flat) at the specified octave band center

frequency.
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APPINDIIX 5
MODITFICATIICNS OF SIrGhA.-TOANGISFRAM OGS

An easy speech intelligibility eesleept to grasp is that the louder the speech is
in conparison to the background noise, the easier it is to understand.

obviously, there are practical limts to the concept, hit through most of the
range of audi bl e sound pressuress, this statenent about the speech-to-noise or
the signal -to-noise ratio (§/M) is true. \Were both speech and noise are
extiemglly qui et or extremdly i nt ense, nonllinearitdiies ari se.  For the
cockpit-noise situation, ene may confront a degree of high-intensity
nonlinearity.)

& inppoveierit in S/N, then, will serve to inprove the intelligibility of
speech.

The nost direct approaches call for an increase in absolute signal |evel or a
decrease in absolute noise level. One may also try to create relative
differences between the signal and the noise |evels.

The diffi cultgl with trying to decrease CockBit noi se levels at the source has
al ready been discussed. However, it shoul d be noted that noi se attentuafiich
materials are available for light aircraft. The use of inflatable door seals
and acoustic blankets can reduce interior noise levels. Nevertheless, the npst
effective option may be to increase signal levels @& mdify the relationship
bet ween signal and noi se.

Signal levels can be increased by increasing the gain of an intervening
anplifier (for electronically transmtted ecomunlieatiions )|, or by movi ng the
tal ker and |istener closer together. Research has shown a deterioration of
intelligibility with an extreesly weak or strong vocal force.

Hearin%] protectors for aviators can provide protection against hearing

| oss that results fraan noi se ekgpssure and inproves speech intelligibility. They
performthe intelligibility ingpropamsdt task in two ways. The |esser of these
Is that they lower the overall intensity of the sound that enters the human
auditory systeminto a mddle range of sound pressures where the system operates
optimally. (Note that hearing protectors do not remove sound; they only
decrease its intensity). The other way is selective filtering which can be
effestii®? i n some noi se enviramnmits.

Sane precautions are necessary, though, before eife el ects to use hearing
protectors for the puref)ose of inproving voi ce camtumicaitdon. First, a
welll-sealled , wAl 1 {fitited prot ect or i s necessary. Second, s audi torK
functions are changed by the introduction of hearing protectors into the .
transmssion system = For exanple, sawn pesdle report a decrease in the ability
to make fine pitch discrimnations, many people report a decrease in the abilit
to judge the azinuth of a sound source, Howeeer, t he human aifiitery syst em
rapi dly acecenmbdates itself to environnental change of all sorts, so one can
&same that with a bit of practice these functions can be brought back into the
mammdllr ange.  Third, because one adj usts emeds vocal effort to ewetme the

y



R

i



Q Advisory

U.S. Department

of Transportation CI rC u | ar
Federal Aviation

Administration
subject:  COCKPI T NOI SE RND SPEECH Bhes: %/22//89 AC No: 20-133
YRR FENCEFBRETTRER EIREARENRESS Initiated by: ALR-120 Change:

1. PURPCSE. This advisory circular (AC) provides information about the

rel ationship between flight exew cockpit voice eennunicatiion and cockpit noise
levels. Guidsues, en speech interference | evel s, noi se nEasuemsmt and
measuenatit systemss, and net hods to i nprove cockpit camimmbdation, i S provi ded
for those manufacturers, Owners or operators who believe cockpit noise may be a
problemantheir aircraft. This guidance material is relevant to the opeiraitich
of all types of civil aircraft.

2. BACHKGERONMD.

a.  Many nodemaircraft provide ebmfsdt, conveni ence, and excellent
performance. At the same tine that the manufacturers have devel oped mare
peetfulengi nes, they have tried to give the occupants better noise protection
and eentr@l, so that many of today's aircraft are newre powerful, yet quieter
than ever. Still, the l'evels of sound associated with paweed fl1ght are high
enough in sane aircraft to raise concern about the effect these noise |evels my
have an di rect voi ce eemaunicatiion bet ween flight crew iminbsrs.

b The National Transportation Safety Board (WESB) i nvestigation of an
acci dent invol vi n% a twin-engine, small airplane, concluded that the cockpit
noise levels of that particular airplane wete |oud enough to interfere wth
di rect voi ce eermmmmicatiiom. | n the opinion of the NISR, t hi s eomindaht bon
interference could have affected crew coordination and contributed to the
accident. The NTSB al so bel i eves that poor crew eexnmication, because of high
cockpit noise |evels, my have contriliteh t 0 ot her accidents.

3. DEFINTTIaiS.

a. Noise - may sound which is undesirable because it interferes with
speech and heari ng.

b. Noi se Spectra — The description of noise sound waves by resolution of
thde| rhea:n’gxmmss, each of different frequency and (usually) different amiglitude
and phase.

é:. Prequency((Hz) -- The nunmber of oscillations per second of a sine-wave of
sound.

d. DeciibellidB) -- The unit in which the relative levels of intensity of
acousddieal quantities, such as sound pressure | evels, noise |evel s and pawer
levels, are expressed on a scale frean zero for the average |east
perceptible level to about 130 for the average pain |evel.
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noi se one hears, haarihgppodestosr wearers (Since they hear | ess noi se) usually
den"t speak | oudly enough. Persons who e&dr hearing-protectors nust train
themsel ves to speak nore lLesidly.

In most cockpits where noise is a problem the noise spectrumtends to have the
same shape as the average speech spectrum As aresult, one cannot count on
selective filtering to 1nprove speech intelligi b|||t¥1. Wat ever changes are
made in one spectrumwll be made simlarly in the other. The S/N stays about
the same. Thus, in cockpits with simlar noise and speech spegttruns,

the inprovenent in speech intelligibility for pilots and copilots who -wear
hearing protectors is probably limted to the smal| ameott that arises from
bringing signal intensities into the linear, mddle frequency range where the
atditery syst emwor ks better.

A microphone may hel p &&he, because if it is held close to the nouth, it is
semahiigdt | i ke reducing the distance to the ear. Considerabl ynor e impprowanent
i n 8N can be obt ai ned by usi ng noi se eaneellllihg fiictaitnes | N edmitindakt bh
systems.  The foise- luing niicrogtesme i S bui [t to accept sound fromthe
front, the back, or the top. Inafairly hsegeeos sound field, .
approximately the same anbient-noise wave formenters from both sides, serving
to cancel nuch of the effect of the noise on the mcrophone diaphragm .A

tal ker, though, directs his or her speech to one side only, so the eancelllaitien
effect for speech is far less than for noise--if the user understands the
proper way to use the micnegtome=. Covering the rear vents with the hand

di mnishes the cancellation effect. Holding the front of the m crophone more
than a few inches fruan the lips of the talker permts the speech to enter the
back with nearly as nuch intensity as eatirs the front, thus cancelling

as wdll as noise. Another potential |oss of SN ingprovwmatt results fromthe
reflex that leadsatal ker to speak with enough effort to be heard above the
noise: if the talker expects to be heard (bi the mcrophone) at a distance of
sinches rather than sfeet, he or she is [ikely to reduce vocal effort
accordingly.

M niature headsets have e into use amag pilots in recent years.

The headsets, which are worn over the ear, conduct sound to the m crophone

di aphragmvia a hard, plastic tube that is hinged so that it can be moved about
at wll. Althou%h these headsets are not noise-cancelling devices in the usual
sense, the tip of the plastic tube can be mjwed so close to the tallkk®s |ips as
to make a significant irpreveethenit i n S over face-to-face eaffunieations i n the
sae Noi Se enviiremmesit. Again, the |ikelihood of improvesenit i s a direct
function of how nuch vocal effort is exerted and of haw close the tube is to the
mouithi; i f the tube has been noved out of the vvaY (as it needs to be for eating
or drinking), any §/N improvemsntwi | | be markedl y di m ni shed.

Setue headsetsar e equi p@wi t h elinteunzairall nuffs which attenuate the cockpit
noi se and enhance the S/N for el ectroni c cesimunieaittghs. This tyFe of ear nuff
furni shes st hearing protection and acts semaktait |i ke an ear plug in nornal
cockpi t voi ce eommirciztatdoss. Headsets equijyped with the better designed
eliireumurall muffs may attenuatecockpit nol se fwpre that 20dB. These headsets
used wi t h noi se caneellliing or beam miefo?sﬁm and an intereom syst emcan
substantial |y enhance t he §/N and markedly i nprove cr ew eerimm?i cationss.

L]
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Proper use requires holding the noise-cancelling mcrophone so that the vents
are not blocked, holding it close to the mouth, and speaking as loudly as if the
listener were a few feet away. When them crophone is used properly, it can
make a significant difference in SN

It should be noted that increasing the gain of an anﬁlifier or trying to do
selective electronic filtering will make no useful change in the SIN it wll
st a?/. the sag as it was at the face of the mcrophone whose sounds are bei n%
anplified or filtered. If the §Mis poor to begin wth, whp]ﬁyym%; both the
speech and the noise cannot nmake the situation any better. Also, electronic
filtering is no different in its effect than the acoustic filtering that a
hearing protector does: if the spectrum of the noise and the spectrum of the
speech are sinilar, selective filtering will not help.

Adidlitionall i nformation @naircraft abiie systemcharacteristics and standards
can be feund i n Radi o Techni cal Caidssiion for Aereratids (R¥EA), Document
No. Do~170, “Atdiie Systems Characteristics and M ninmum Performnce Standards,
Aircraft M crophones (Exegpt Carbon), Aircraft Headsets and Speakers, Aircraft
Audiie Sel ect or Panel s and kpbiif Bsss,™ January, 1980.



