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1. NO SE MEASUREMENT | NSTRUMENTATI ON

This |l etter report describes aircraft noi se measurenent i nstrunentationto
be used inthe field. It includes guidance on good fiel d-measurenent
practice, general rul es-of-thunb, as well as references to appropriate
nati onal and i nternational standards, sothat nore detailedinformation can

be obt ai ned. It also includes a list of instrunmentation manufacturers.

Figure 1 presents a generi c noi se-neasurenent system Subsequent secti ons
of this letter report address individual conponents of the generic syste

Al'l noi se-neasurenent instrumentation should be calibrated annually by its
manuf acturer, or other certified | aboratory to verify accuracy. Where
applicable, all calibrations shall be traceable tothe National Institute of
St andards and Technol ogy (NI ST).
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Fi gure MPod Generic Noi se- Meassatighiored System
1.1 M crophone System (M crophone and Preamplifier)

A m crophone transforns sound-pressure variations into el ectrical signals,
which are in turn neasured by instrunentati on such as a graphic | evel

recorder (GLR), a sound | evel neter or aone-third octave-band spectrum



anal yzer. These electrical signals are al so often recorded ontape for | ater
of f-l1ine anal ysis. M crophone characteristics are further addressedin | EC
1265, I EC 1094-1, |EC 1094-4, and ANSI S1.4-1983 (R 1990).%234

A conpati bl e preanplifier, if not engi neered as part of the m crophone
system shoul d al so al ways be used. A preanplifier provides high-input
i mpedance and constant, | ow noi se anplification over aw de frequency range.
Al so, dependi ng upon t he type of m crophone bei ng used (See Section 1.1.1),

the preanplifier may provide a polarization voltage to the m crophone.

The m cr ophone syst em(m crophone and preanplifier) shoul d be supported usi ng
atripod, or simlar device, such as an anchored conduit. Care shoul d be
takento isolate the m crophone systemfromthe support, especiallyif the
support is made up of a netal conposite. In certain environnents, the
support can act as an antenna, picking up errant radi o frequency i nterference
whi ch can potentially contam nate data. Comon i sol ati on net hods i ncl ude
encapsul ati ng t he m crophone systemi n non-conducti ve material, e.g., nylon,
prior to fastening it to the support.

Once supported appropriately, the m crophone should be positioned as
di scussed in Section 1.1.3. The m crophone systemshoul d t hen be connect ed
to the nmeasuring/recordinginstrunentation viaan extension cable. At |east
15 m(50 ft) of cableis recommended. Thus, any potential contam nati on of
t he neasur ed data due to operator activity can be reduced to a negligi ble

| evel .

1.1.1 M crophone Type

Condenser (i.e., electrostatic or capacitor) m crophones are reconmended f or
a wi de range of neasurenent purposes because of their high stability,
reasonabl y high sensitivity, excellent response at hi gh frequenci es, and very
| owel ectrical noise characteristics. There are two types of condenser

m crophones: conventional and el ectret.

Conventi onal condenser m crophones characteri ze nmagni t ude changes i n sound
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pressureinterns of variations inelectrical capacitance. Sound pressure
changes i nci dent upon t he di aphragmof a m crophone change t he spaci ng
bet ween t he di aphragmand t he m crophone backpl ate. Thi s dynam ¢ change i n
t he gap bet ween t he di aphragmand backpl ate translates to a change in

el ectrical capacitance.

I nthe case of a conventional condenser m crophone, a pol ari zati on vol t age
must be applied to the backplate. Typically, a polarization voltage of
bet ween 50 and 200 V is applied to the m crophone backplate by the
preanplifier. Duetothe requirenment that a pol ari zation vol tage be supplied
froma source external to the m crophone (i.e., the m crophoneis not a
“cl osed” systen) nmeasurenents nmade wi t h a conventi onal condenser m crophone
are of ten adversely effected by at nospheric conditions, especially high
hum dity. H ghhumdity canresult in condensati on between t he m crophone
di aphragmand backpl ate. Condensation can, in turn cause arcing of the
pol ari zati on vol t age, rendering t he neasured dat a essential ly usel ess. To
m nim ze condensation effects, the use of de-hum difying chanbers,
desi ccants, and non-conductive back coating, such as quartz, can be used.
Sever al manuf acturers provi de devi ces which can helpto mnimzethis often-

over |l ooked potential problem

El ectret condenser m crophones, on the ot her hand, use athin plastic sheet
wi t h a conductive coating on one si de as a backpl ate. This design allows the
m crophonetomaintainits own polarization, i.e., oftenreferredto as a
“pre-polarized” design. "Pre-polarization" allows the el ectret m crophone
to be essentially a “closed” system elimnating the potential for
condensation in high humdity environnments.

The drawback to el ectret m crophones is that they are often | ess sensitive
at high frequencies. In addition, there are currently no electret
nm crophones whi ch provide their flattest response characteristics at grazing

i nci dence, whichis the incidence of choice for aircraft-rel ated noi se



measurenents (See Section 1.1.3).

1.1.2 M crophone Size

The di anet er of a m crophone di aphragmdirectly affects its useabl e frequency
range, dynam c range (or | evel sensitivity), anddirectivity. For exanple,
as the m crophone di anet er becones snal |l er, the useabl e frequency range
i ncreases; however, sensitivity decreases. Thus, the selection of a
m crophone often involves a conpron se of these elenents. Unl ess
measurenents at extrenely | owsound pressure | evel s (SPLs) are required,
e.g., below?20 dB SPL, a ¥ inch di anmeter m crophone (or d-i nch m crophone
as characterized by some manuf acturers) i s suitable for nost situations. For

| ow- SPL nmeasurenments, a 1-inch dianeter m crophone nay be necessary.

1.1.3 M crophone | ncidence

The sensitivity of a m crophone vari es wi th the angl e of i nci dence between
t he sound waves and the m crophone di aphragm Two m crophone system
orientations and their specific applications are di scussed bel ow. nornal and

grazing incidence.

Nor mal i ncidence, alsoreferredto as O degrees i nci dence, occurs when sound
waves i npinge at an angl e perpendi cul ar, or normal, to the m crophone
di aphragm(See Figure 2). This orientationis best used for situations
i nvol vi ng poi nt-source neasurenents, i nwhich the sound bei ng neasured i s
com ng froma stationary, single, knowndirection, e.g., anaircraft engi ne

test stand, a stationary aircraft or an auxiliary power unit (APU).

Grazingincidence, alsoreferredto as 90 degrees i nci dence, occurs when
sound waves i npi nge at an angle that is parallel to, or grazing, the plane
of the m crophone di aphragm(See Figure 2). This orientationis preferred
for noving, or |ine-source neasurenents, sincethe m crophone presents a
constant incidence angle to any source | ocated within the plane of the

m crophone di aphragm



Grazing
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Normail
Incidence (0°)
Figure 2. M crophone Incidence

Grazingincidenceis commonly used for the neasurenent of aircraft noise.
| f ot her than grazingincidenceis used, correction of the measured datain
accordance wi t h manuf act urer - publ i shed response curves isrequired. This
process can be quite conpl ex because the i nci dence angleis continually

changi ng, thus requiring continuously varying corrections.

It is perfectly acceptableto positiona mcrophone for grazingincidence
evenif it hasits flattest frequency response characteristics in a normnal
i nci dence configuration, as | ong as t he appropri at e manuf act ur er - publ i shed
corrections are applied, and as | ong as the required corrections do not
exceed certainlimts. Theselimts are specifiedin Table 1 of | EC1265.1
| f the manuf act urer does not provi de the appropriate incidence corrections,
testing nust be perfornmedinaccordance with | EC1094-2, | EC 1094- 3, ANS|
S1.10-1966(R 1986), and ANSI S1.12-1967(R 1986).5%¢67.8

For t he uni que situation of nmeasuring randomy occurring sounds, such asis
t he case wi t h anbi ent noi se nmeasurenents, or conmuni ty noi se neasurenents
where the | ocation of the sound source can be arbitrary, incidence

corrections should be based on random response curves.

1.2 Recording System

Conponent s of t he nmeasurenent systemare di scussed separately in Section 1.3,



so as to make a di stinction between the actual recorded data, as woul d be
heard by t he human ear, and t he actual sound | evel data conputed as a result
of sonme formof electrical/arithmetic process.

There are two basic types of tape recorders: anal og and digital. Anal og
recorders store signal s as continuous variations inthe nagnetic state of the
particles onthetape. Digital recorders store signals as a conbi nati on of
binary “1s” and “0s.” Most digital recorders represent a continual ly-varying
anal og | evel using nany di screte 16-bit words, i.e., auni que conbi nati on of
16 “1s” and “0s.” The nunber of 16-bit words depends upon the sanpling rate
of the particul ar recorder.

Digital theory requires that the sanplingrate of arecorder be at | east
twice the highest frequency of interest, which in often 20 kHz for
transportation-rel ated neasurenents. Intheory, this means that one second
of continuously varying anal og data is represented by at | east 40, 000
di screte 16-bit conbi nati ons of “1s” and “0s.” However, practically, dueto
the design limtations on anti-alias filters (anti-alias filters are
described |l ater inthis section), asanplingrate of 44,000to0 48,0001 s
conmmon, i.e., 44,000 to 48, 000 di screte 16-bit conbi nations of “1s” and “0s.”

Not all field neasurenent systens will include atape recorder. Arecorder
of fers the uni que capability of repeated pl ayback of the neasured noi se dat a,
t hus al l owm ng for nore detail ed anal yses. The el ectrical characteristics of
a tape recorder shall conformto the guidelines specifiedinlEC1265!and
ANSI| S1.13-1971 (R1976)° for frequency response and si gnal -to-noi se rati o.

The advant ages of nodern di gital over anal og recorders are nunerous. Digital
recorders typically have much w der frequency response characteristics, as

wel |l as a nuch | arger dynam c range. About the only advantage anal og



recorders have is that they typically are | ess expensi ve, although t he cost

difference i s decreasing.

When sel ecting a speci fic nodel of tape recorder, there are three inportant

i ssues and/ or differences associated with the use of digital versus anal og

recorders that require consideration. They are as foll ows:

Anti-Alias Filters: Ananti-aliasfilter isalowpassfilter applied

totheinput of adigital systemprior tothedigitization process.
This filter, unique to digital systens, ensures that spurious signals
(alias signals) resulting fromthe digitization process are not
contri buting conponents of the sanpled signal. Ananti-aliasfilter
nmust have attenuati on characteristics which ensure the contri bution of
al i ased frequency conponents in the output are reduced to a negligible
l evel .

SystemOver| oads: The overl oad point inadigital systemis awell -

defi ned poi nt controll ed by the maxi nrumsi ze of the bit-regi ster used
inthe digitization process. Wen the size of the bit-register is
exceeded, "hard" limting occurs, followed by i nst ant aneous di storti on.
I n nost cases, the dynam c range of adigital recorder is specified
fromthis "hard" limting point, and the overload and full-scal e
indicators are referenced to it.

I n contrast, anal og recorders have no cl early defi ned overl oad poi nt
and general ly "soft" limting (a gradual process) begi ns around 6 dB

above full scale (0 dB) onavolune unit (VU neter, with a subsequent
gradual increase in distortion.

Asafety margi n of at | east 10 dB, and preferably 20 dB, between the
overl oad point and the expected maxi num | evel of the data to be

digitally recorded, including calibration data, should be maintainel



. Dynam c Range: Asignificant advantage of digital recordersis that

they offer an extended dynam c range, resulting in an extended
operating range. Dynam c range is typically specifiedfromthe "hard"
overl oad poi nt, and to guard agai nst overload, a 10 to 20 dB safety
mar gi n i s recomended, thus reducing the effective operating range.
Additionally, the anplitude linearity error of a digital recorder
i ncreases as signal | evels decrease, thus, reducing the effective
operating range of the recorder. These characteristics are al so true

of anal og recorders.
See Appendi x A for a copy of a Vol pe Center menorandum whi ch further
di scusses recordi ng systens, including alist of digital recorders which are

acceptable for certification-related activity.

1.3 ©Measurenent System

There are t hree general noi se neasur enent systens di scussed inthis section:
graphic | evel recorders (GLRs), sound | evel nmeters (SLMs), and one-third

oct ave- band anal yzers.

1.3.1 Graphic Level Recorder
A graphic |l evel recorder (GLR) connected to the anal og output of the

measuring or recordinginstrumentationistypicallyusedinthefieldto
provi de a visual, real-tine history of the neasured noiselevel. AGRplot
varies inlevel at a known, constant pen-speed rate and response ti ne t hat
may be adj ust ed t o appr oxi mat e exponenti al -ti ne-averaging, i.e., fast-scale
and sl ow scal e response characteristics (See Section 1.3.4.4). Such a pl ot
i s val uabl e in visually judgi ng anbi ent | evel s and verifying the acoustic

integrity of individual events.

1.3.2 Sound Level Meter

For the purposes of all neasurenents di scussed herein, sound | evel neters

(SLMs) shoul d performtrue nuneric integration and averagi ng i n accordance



with | EC651, | EC804, and ANSI S1.4-1983 (R 1990). %14 Conponents of an
SLMi ncl ude (See Figure 3): a m crophonew th preanplifier, ananplifier,
frequency wei ghting (See Section 1.3.4.2), input gaincontrol (See Section
1.3.4.3), exponential time-averagi ng (See Section 1.3.4.4), and an out put
i ndi cator or display. Selectionof aspecific nodel of sound | evel neter

shoul d be based upon cost and the | evel of accuracy desired.

M crophone
W/ Prazmp i‘ier

\|/

o N Fregeensy LN irput Gain Tirre % DLt
AR 14 We htirn [ ] Gontral % Avaragir g Indicater

Fi gure 3.
Components of a Sound Level Meter

The accuracy of an SLMi s characterized by its "type." There are three types
of sound | evel neters avail able: Types 0, 1, and 2. Type 0 sound | evel
meters are used for | aboratory reference purposes, where the highest
precisionisrequired. Type 1 sound | evel neters are desi gned for precision
measur enment s and research, and arethe preferred type for useinthefield.
Infact Type 1 sound | evel neters arerequired for certification-rel ated
nmeasurenents. Type 2 sound | evel neters nay be used for applications where

hi gh precision is not needed.

1.3.3 One-Third Cctave-Band Analyzer
When t he frequency characteristics of the sound source bei ng neasured ar e of

concern, a one-third octave-band anal yzer shoul d be enpl oyed. |n nost cases,
such a unit woul d not be enployed directly inthe field, but woul d be used
subsequent to field nmeasurenments intandemw th tape-recorded data (See
Section 1.2). Such units can be enpl oyed t o det er mi ne noi se spectra, as wel |
as conput e vari ous noi se descriptors, such as sound exposure | evel (SEL),
denot ed by t he synbol L ., and equi val ent sound | evel (TEQ), denoted by the
symbol L pegr.



| f consistency with previously nmeasured datais desired, asis the casewth
certification-rel ated nmeasurenents, one-third octave-band filters nust be
shown to comply with a Type 1-DButterworth filter, as defined by ANSI S1.11-
1986 (R 1993) .12 The Type 1-D Butterworth filter design has existed in
anal yzers for decades. However, at | east one manufacturer i s nowproviding
filter-shape al gorithns which depart fromthe traditional Butterworth design,
and nore closely resenble “ideal” filters, which all owessentially no energy

out si de of the pass-band.

To further ensure consi stency with previously neasured data, certification
regul ations requirethat afilter bandw dth error correction be appliedto
all one-third octave-band data. This correction accounts for small
di fferences associated with the shape of eachfilter relative tothat of an
i deal band pass filter. The bandw dth error correction shoul d be determ ned
i naccordance with | EC 1260. *® Typically the correctionisless than 0.1 dB

for any given one-third octave-band filter.

1.3.4 Characteristics of the Measurenent System
1.3.4.1 Bandwi dth

The bandwi dt h of a measurenment systemrefers to its frequency range of

operation. Most Instrunentation of interest for readers of thisletter
report will accurately neasure | evel s inthe frequency range 20 Hz to 20 kHz,
t he audi bl e range for humans. Measurenent of one-third octave-band dat a
bet ween 50 Hz and 10 kHz are al| that’ s required for certification-rel ated
activity. However, it should be kept innm ndthat to meet certification
requi renments, nost digital neasurenent systens, as well as nost digital
recordi ng systens, nust be configuredto operate over a 20 kHz bandwi dth to
reliably obtainone-third octave-band datato 10 kHz. This requirenent is

due to the design limtations associated with anti-alias filters.

1.3.4.2 Frequency Weighting
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Di fferent wei ghting schenes are used to account for changes in sensitivity
of the human ear as a function of frequency. Three standard wei ghting
net wor ks, A, B, and C, are used to account for different responses to sound
pressure | evel s (See Figure 4 and Tabl e 1) Note: The absence of frequency

wei ghting is referred to as "flat" response.
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Figure 4. Fr &GRS YR8l ghti ng

Cweightingisessentiallylinear. B-weightingreflects the ear's response
t o sounds of noderate pressure level. A-weighting reflects the ear's
response to sounds of | ower pressure level. A-weightingis the nost widely
used systemfor assessing transportation-rel ated noi se, including aircraft
noi se. Infact, unless ot herw se stated, noise descriptors are assuned to
be A-wei ghted. Mst SLMs and one-third octave-band anal yzers offer A- and
C-wei ghting options. B-weighting has essentially becone obsolete. It is
al soinportant to notethat the response for the A-, B-, and C-wei ghti ng
curves are all referenced to a frequency of 1 kHz. In other words, the
wei ghting at 1 kHz for all three curves is zero.

Table 1. Frequency Weighting
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1.3.4.3

One-Third Cct ave- Band

Cent er Frequency

20 -50.4 -24.2 -6.2
25 -44.8 -20.5 -4.4
31.5 -39.5 -17.1 -3.0
40 -34.5 -14.1 -2.0
50 -30.3 -11.6 -1.3
63 -26.2 -9.4 -0.8
80 -22.4 -7.3 -0.5
100 -19.1 -5.6 -0.3
125 -16. 2 -4.2 -0.2
160 -13.2 -2.9 -0.1
200 -10. 8 -2.0 0
250 -8.7 -1.4 0
315 -6.6 -0.9 0
400 -4.8 -0.5 0
500 -3.2 -0.3 0
630 -1.9 -0.1 0
800 -0.8 0 0
1000 0 0 0
1250 0.6 0 0
1600 1.0 0 -0.1
2000 1.2 -0.1 -0.2
2500 1.3 -0.2 -0.3
3150 1.2 -0.4 -0.5
4000 1.0 -0.7 -0.8
5000 0.6 -1.2 -1.3
6300 -0.1 -1.9 -2.0
8000 -1.1 -2.9 -3.0
10000 -2.5 -4.3 -4.4
12500 -4.3 -6.1 -6.2
16000 -6.7 -8.5 -8.6
20000 -9.3 -11.2 -11.3

| nput Gain Control

12




The i nput gai n of a measurenent systemshoul d be adj usted to provi de for
maxi numdynam ¢ range whil e preservi ng a nodest safety factor to avoid
overload. Dynamcrangeis the difference, indecibels, between the maxi nrum
and m nimum| evel s that can be accurately measured. To avoid system
overload, it is recomended that the gain be set, such that the expected
maxi mum | evel of the noise source being neasured be 10 to 20 dB bel ow
overload. It is recomended that the |inear operating range of the

nmeasur ement systembe i n accordance with tol erances specifiedin | EC1265.1

1.3.4.4 Exponential Tine-Averaging

Exponential time-averaging is a nmethod of stabilizing instrunmentation
response to signals with changi ng anplitudes over tine using al ow pass
filter possessing a known, electrical tinme constant. Thetinme constant is
defined as thetinme required for the output | evel toreach 67 percent of the
i nput, assum ng a step-function input. Also, the output |evel wll
typically reach 100 percent of an input-step-function after approxi mately

five tim constants.

The exponenti al tine-averaged out put produced by the lowpassfilter is a
runni ng average dom nat ed by t he nost recent val ue but snoot hed out by the
contri bution of the precedi ng values. Two exponential time-averaging,
response settings are conmonl y used: fast and slow, withtinme constants ( J)

of 0.125 and 1 second, respectively (See Figure 5).

1 :
1 Fast
I ma :
Slow 1 ;

Low-Pass

Input Filter

Output
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Figure 5. Exponential Time-Averaging

Sl owresponse is typically used for neasurenents of sound source | evel s whi ch
vary slowmy as a function of time, suchasis the case for nost aircraft.
Infact, for certification-related activities sl owexponential response
characteristics shoul d be assuned. Fast responseis primarily used for
measuri ng nost hi ghway-rel at ed noi se, but i s bei ng consi dered for neasur enent

of noi se associated with propeller-driven aircraft.

For certification-related activity it isfairly commonpl ace for applicants
toinitially process data w t hout exponential tinme-averaging, i.e., as
| i nearly averaged data, and t han to si nul at e exponenti al tinme-averagi ng

mat hematically, within their conputer process.

1.3.4.5 Tenperature and Hum dity Effects

Tenperature and hum dity can affect the sensitivity of many types of
i nstrumentation, including mcrophones and spectrumanal yzers. For exanpl e,
nost current-generation digital audiotape (DAT) recorders have a built-in
dew sensor whi ch nonitors condensati on, and wi | | prevent operation under
hi gh-hum dity situations. As discussedin Section1l.1.1, non-electret
condenser m crophones are subj ect to arci ng under hi gh-humdity conditions.
Al so, battery lifeis significantly shortened when subject to prol onged | ow

t enper at ures.

Manuf act urers' recomrendat i ons for accept abl e t enper at ure and hum dity ranges
for equi pment operation shoul d be foll owed. Typically, these ranges are from
-10°C to 50°C (14°F to 122°F) and from5 to 90 percent relative humdity

1.4 Calibrator
An acoustic calibrator provides a nmeans of checking the entire noise

nmeasurenent systemis (i.e., mcrophone, cables, and recording

instrunmentation) sensitivity by produci ng a known sound pressure | evel (SPL)
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at a known frequency. Cal i brators used for certification-rel ated
measurenents shall neet the Type 1L performance requirenents of | EC 942.

It shoul d be kept inm nd that for certainnodel calibrators acorrectionto
t he out put SPL i s required when anbi ent at nospheric pressure devi ates from
a sea-| evel pressure of 29.92 in-Hg. This pressure correctionis conmonpl ace

for pistonphone calibrators.

Cal i bration of acoustic instrunmentation nust be perforned at | east at the
begi nni ng and end of each neasurenent session, and before and after any
changes are made t o systemconfi gurati on or conponents. Inaddition, it is
strongly recommended t hat cal i brati on be performed at hourly intervals,

t hr oughout the neasurenents.

The foll owi ng procedure should be used to determ ne calibration (CAL)

adjustnents prior to data anal ysis:

I f the final calibration of the acoustic instrunentationdiffers from
theinitial calibrationby 0.5 dBor | ess, all data neasured with that
systemduring t he peri od bet ween cal i brati ons shoul d be adj ust ed by
arithnmetically adding to the data the foll ow ng CAL adj ustnent:

CAL adjustnment = reference level - [(CALgeroretCALper) /2]

If the final calibration of the acoustic instrunentationdiffers from
theinitial calibrationby greater than 0.5 dB, all data neasured with
t hat systemduring the period between cali brations shoul d be di scarded
and repeated; and the instrunentation should be thoroughly checked.

1.5 Mcrophone Sinmul ator
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I n accordance with ANSI S1.13-1971 (R1976),°the el ectronic noi se fl oor of
the entire acoustic instrunmentati on systemshoul d be establi shed onadaily
basi s by substituting the neasurenent m crophone wi th a passi ve nm crophone
si mul at or (dumy m crophone) and recordi ng the noi se fl oor for a peri od of
at | east 30 seconds.

A dummy m crophone el ectrical ly simnmul ates the actual m crophone by provi di ng
a known fixed (i.e., passive) capacitance. This allows for valid neasurenent

of the systenmis electronic noise floor.

Wth the m crophone renoved and t he simul ator insertedinits place, all
i nput channel s of the instrunentati on systemshoul d be nonitored using
headphones. Extraneous signals, suchasradiointerference or hum can
result when the systemi s | ocat ed near ant ennae, power |ines, transforners,
or power generators. The systemcan be especially susceptible to such
i nterference when usi ng | ong cabl es whi ch essentially act as ant ennae for
such signal s. Extraneous signals detected nust be elimnated, or reducedto
anegligiblelevel, i.e., at | east 40 dB bel owt he expect ed maxi numl evel of
t he noi se source bei ng neasured. This can usually be acconpli shed by re-
orientingtheinstrunentation and/ or cabl es, using shorter cabl e, checki ng
and cl eani ng groundi ng contacts, or inaworst-case scenari o, novingthe
i nstrument ati on systemaway fromthe source of theinterference, if the

position of the source is known.

1.6 Pink Noise Generator

The frequency response characteristics of the entire acoustic instrunentation

systemshoul d be est abl i shed on a daily basi s by neasuri ng and storing 30
seconds of pi nk noi se. Pink noiseis arandomsignal for which the spectrum
density, i.e., narrow band signal, varies as theinverse of frequency. In

ot her words, one-third octave-band spectral anal ysis of pink noiseyields a
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flat response across all frequency bands.

1.7 W ndscreen

W ndscreens should be placed atop all mcrophones used in outdoor
nmeasurenents. Aw ndscreen i s a porous sphere pl aced at op a m crophone whi ch
reduces the effects of w nd-generat ed noi se on t he m crophone di aphragm The
W ndscreen shoul d be cl ean, dry, and i n good condition. Aneww ndscreenis
preferred.

| n many cases, the effect onthe nmeasured sound | evel duetotheinsertion
of a wi ndscreen i nto a noi se neasurenent systemcan be negl ected. However,
for certification-related activity in whichthe highest possi bl e precision

is required w ndscreen corrections are al nost always applied.

As an exanpl e, Tabl e 2 shows typical corrections to be added t o neasur ed dat a
to account for theinsertionof aBriel &Kja Mdel 0237 wi ndscreeninto a
noi se measur enent system( The Model 0237 i s t he nost commonl y used wi ndscr een
for noi se measurenents). These corrections shoul d not be consi dered typi cal
for ot her nodel w ndscreens. |f a manufacturer does not provide corrections,
and hi gh precision measurenents (i.e., certification measurenents) are being

performed, tests in an anechoic chanmber would be required.

Table 2. Typical Corrections to be Added to Measured
Noi se Data to Account for a Briuel & Kja Mdel 0237 W ndscreen

FREQ
Incidence |500 |[630 |800 |1000 |1250 |1600 |2000 |[2500 |3150 |4000 |5000 6130 |8000 |10000
Angle (°)

0 -0.1[-0.2 -0.2| -0.3| -0.3| -0.5| -0.6| -0.6| -0.5 0 o| 0.1]| 0.2 0.5
30 -0.2| -0.3| -0.3| -0.4| -0.4| -0.5| -0.5| -0.8| -0.6 ol 02| o01| o5 0.6
60 o| -0.1] -0.2| -0.3| -0.3| -0.4| -0.6| -0.9| -0.8| -0.2| 0.4 o01| 0.4 0.6
90 -0.1| -0.2| -o0.3| -0.4| -0.5| -0.6| -0.7| -0.8| -0.8| -0.3| o0.5| 0.6 0.5 1
120 0 ol -0.1| -0.2| -0.3| -0.3| -0.5| -0.7| -0.6 ol 07| os5| 0.9 1.2
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FREQ

I nci dence 500 630 800 1000 1250 (1600 2000 2500 | 3150 |[4000 |5000 6130 8000 ] 10000
Angle (°)

150 0 0 -0.1] -0.2 -0.3 -0.4| -0.3 0.8 0.7 0.6 1.
180 -0.1] -0.2 -0.3] -0.4 -0.5 -0.5| -0.4 0.5 0.9 0.8 1.
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2.  MANUFACTURERS AND VENDORS
The followingis asuggested|list of sources for theinstrunmentation
di scussed in Section 1. It is not an endorsenent by the FAA nor isit

meant to be conplete, but is intended solely as a guide for readers.

2.1 Noise Measurenent I nstrunentation

2.1.1 M crophone System

. ACO Pacific, Inc., 2604 Read Avenue, Belnmont, CA 94002, (415) 595-8588

. Briel & Kjag Instrunments, Inc., 2364 Park Central Blvd., Decatur, GA 30035,
(800) 332-2040

. G rrus Research p/c, Acoustic House, Bridlington Road, Hunmanby, Y014 CPH UK,
44-1723- 891655

. Hewl ett-Packard Conpany, P.QO Box 95052-8059, Santa O ara, CA 95052, (800)
333-1917

. I vie Technol ogi es, Inc., 1366 West Center Street, Orem UT 84043, (801) 224-
1800

. Larson Davis Laboratories, 1681 Wst 820 North, Provo, UT 84601, (801) 375-
0177

. Lucas CEL I nstruments, 1 Westchester Drive, MIford, NH 03055, (800) 366-2966

. Metrosonics, Inc., P.O Box 23075, Rochester, NY 14692, (716) 334-7300

. Ono Sokki Technol ogy, Inc., 2171 Executive Drive, Suite 400, Addison, IL
60101, (708) 627-9700

. Quest Technol ogi es, 510 Sout h Wort hi ngton Street, Cconomowoc, W 53066, (414)
567-9157

. Scantek, Inc., 916 G st Avenue, Silver Spring, MD 20910, (301) 495-7738

. Zoni ¢ Corporation, 50 Wst Technecenter Drive, MIford, OH 45150, (513) 248-
1911

2.1.2 Recording System

. Briel & Kjax Instruments, Inc., 2364 Park Central Blvd., Decatur, GA 30035,
(800) 332-2040
. Hewl ett-Packard Conpany, P.QO Box 95052-8059, Santa O ara, CA 95052, (800)
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1.3

333-1917

JVC Company of America, 41 Slater Drive, El mwood Park, NJ 07407, (201) 794-
3900

Larson Davis Laboratories, 1681 Wst 820 North, Provo, UT 84601, (801) 375-
0177

Lucas CEL Instrunents, 1 Westchester Drive, MIford, NH 03055, (800) 366-2966
Metrosonics, Inc., P.O Box 23075, Rochester, NY 14692, (716) 334-7300
Quest Technol ogi es, 510 Sout h Wrt hi ngton Street, Ccononmowoc, W 53066, (800)
245-0779

Racal Recorders, Inc., 15375 Barranca Parkway, Suite H 101, Irvine, CA 92718,
(714) 727-3444

Scantek, Inc., 916 G st Avenue, Silver Spring, M 20910, (301) 495-7738
Sony El ectronics Inc., 3300 Zanker Road, San Jose, CA 95134, (408) 432-1600
TEAC, 7733 Tel egraph Road, Montebell o, CA 90640, (213) 726-0303

Techni cs, Panasoni ¢ East, 50 Meadow ands Par kway, Secaucus, NJ 07094, (201)
348- 7250

Tritek, Inc., 155 Mddl esex Turnpi ke, Burlington, NMA 01803, (617) 272-4550
Zoni ¢ Corporation, 50 West Technecenter Drive, MIford, OH 45150, (513) 248-
1911

Measur enent Syst em

N

1.3.

1 Gaphic Level Recorder

1.3.

Briel & Kja¥ Instruments, Inc., 2364 Park Central Blvd., Decatur, GA 30035,
(800) 332-2040

Hew ett - Packard Company, P.Q Box 95052-8059, Santa O ara, CA 95052, (800)
333- 1917

2 Sound Level Meter

AQO Pacific, Inc., 2604 Read Avenue, Belmont, CA 94002, (415) 595-8588
Briel & Kja¥ Instruments, Inc., 2364 Park Central Blvd., Decatur, GA 30035,
(800) 332-2040

G rrus Research p/c, Acoustic House, Bridlington Road, Hunmanby, Y014 CPH UK,
44-1723- 891655

Hewl ett - Packard Conmpany, P.Q Box 95052-8059, Santa O ara, CA 95052, (800)
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.1.3.

333-1917

I vie Technol ogies, Inc., 1366 Wst Center Street, Orem UT 84043, (801) 224-
1800

Larson Davis Laboratories, 1681 Wst 820 North, Provo, UT 84601, (801) 375-
0177

Lucas CEL Instrunents, 1 Westchester Drive, MIford, NH 03055, (800) 366-2966
Metrosonics, Inc., P.O Box 23075, Rochester, NY 14692, (716) 334-7300
Ono Sokki Technol ogy, Inc., 2171 Executive Drive, Suite 400, Addison, IL
60101, (708) 627-9700

Quest Technol ogi es, 510 Sout h Wort hi ngt on Street, Cconomowoc, W 53066, (800)
245- 0779

Scantek, Inc., 916 G st Avenue, Silver Spring, M 20910, (301) 495-7738
Tritek, Inc., 155 Mddl esex Turnpike, Burlington, NMA 01803, (617) 272-4550
Zoni ¢ Corporation, 50 Wst Technecenter Drive, MIford, OH 45150, (513) 248-
1911

3 ne-Third Octave-Band Anal yzer

ACO Pacific, Inc., 2604 Read Avenue, Belnmont, CA 94002, (415) 595-8588
Briel & Kjax Instruments, Inc., 2364 Park Central Blvd., Decatur, GA 30035,
(800) 332-2040

G rrus Research p/c, Acoustic House, Bridlington Road, Hunmanby, Y014 CPH UK,
44-1723- 891655

Conput ati onal Systens, Inc., 835 Innovation Drive, Knoxville, TN 37932, (423)
675- 2400

GNlInstrunments, 35 Medford Street, Sonerville, MA 02143, (617) 625-4096
Hewl et t - Packard Company, P.Q Box 95052-8059, Santa O ara, CA 95052, (800)
333-1917

I vie Technol ogi es, Inc., 1366 West Center Street, Orem UT 84043, (801) 224-
1800

Larson Davis Laboratories, 1681 West 820 North, Provo, UT 84601, (801) 375-
0177

Lucas CEL I nstruments, 1 Westchester Drive, MIford, NH 03055, (800) 366-2966
Metrosonics, Inc., P.O Box 23075, Rochester, NY 14692, (716) 334-7300
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Ono Sokki Technol ogy, Inc., 2171 Executive Drive, Suite 400, Addison, IL
60101, (708) 627-9700

Quest Technol ogi es, 510 Sout h Wort hi ngt on Street, Cconomowoc, W 53066, (800)
245-0779

Scantek, Inc., 916 G st Avenue, Silver Spring, MD 20910, (301) 495-7738
Tektronix, Inc., P.O Box 500, Beaverton, OR 97077, (503) 627-7111

Tritek, Inc., 155 Mddl esex Turnpi ke, Burlington, NMA 01803, (617) 272-4550
Zoni ¢ Corporation, 50 Wst Technecenter Drive, MIford, OH 45150, (513) 248-
1911

Cal i brat or

Briel & Kjax Instrunments, Inc., 2364 Park Central Blvd., Decatur, GA 30035,
(800) 332-2040

G rrus Research p/c, Acoustic House, Bridlington Road, Hunmanby, Y014 CPH UK,
44-1723- 891655

Larson Davis Laboratories, 1681 Wst 820 North, Provo, UT 84601, (801) 375-
0177

Metrosonics, Inc., P.O Box 23075, Rochester, NY 14692, (716) 334-7300
Scantek, Inc., 916 G st Avenue, Silver Spring, M 20910, (301) 495-7738

M cr ophone Si nul at or

Briel & Kjax Instruments, Inc., 2364 Park Central Blvd., Decatur, GA 30035,
(800) 332-2040

Larson Davis Laboratories, 1681 Wst 820 North, Provo, UT 84601, (801) 375-
0177

Pi nk Noi se Gener at or

Briel & Kja¥ Instruments, Inc., 2364 Park Central Blvd., Decatur, GA 30035,
(800) 332-2040

I vie Technol ogies, Inc., 1366 Wst Center Street, Oem UT 84043, (801) 224-
1800

W ndscr een

Briel & Kja¥ Instruments, Inc., 2364 Park Central Blvd., Decatur, GA 30035,
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(800) 332-2040
Larson Davis Laboratories, 1681 Wst 820 North, Provo, UT 84601, (801) 375-
0177
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