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FOREWORD

This Aerospace| Recommended Practice (ARP) recommends instruments and |procedures
for the measurement and reporting of sound pressure levels:in the intierior of
passenger airpflanes for the purpose of providing a general descriptign of the
acoustical envfironment during stabilized cruise conditions. The prodedures are
recommended tol ensure uniformity when conducting tests“to determine dompliance
with noise level goals or contractual requirements:

1. SCOPE:

1.1 The primary measurement procedure recommended in this ARP includes. the
recordingl of sound pressure signal® in the interior of an airpldane during
steady stpte cruise conditions with analysis after the flight into octave
band (or jpne-third octave band)-sound pressure levels.

1.2 Alternatijvely, spectral analyses of the sound pressure signals may be
performed directly on board an airplane. Though less flexible than the
primary measurement procedure, the alternative procedure offers |the
advantage| of immediate availability of frequency band or frequency weighted
sound pressure levels that are consistent with those measured in accordance
with the jprocedures in ISO 5129 (Reference 2.1),

1.3 In view the range of possible measurement systems, this ARP pgrovides
electroacoustical performance requirements for a complete system from a
microphone to the readout device. Various individual components of a
measurement system may be selected so long as the total measurement system
complies with the requirements.
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Recommendations of this ARP are not intended to satisfy the stringent
requirements for airplane design or development. Also, they may not be
dirvectly applicable to measurements of sound pressure levels in the interior
of helicopters or general aviation airplanes where special constraints on
measurement locations and test procedures may-exist. Specific
recommendations for measurement of interior sound pressure levels in
helicopters are given in 2,2.

REFERENCES:

The following standards and recommended pract1ces contain provisions which,
through reference cons provisions o At the
time of puplication, the ed1t1ons 1nd1cated were valid., A1l standards and
recommende pract1ces are subject to revision, and parties to lagrpements
based on this ARP are encouraged to 1nvest1gate the possibiltty of applying

the most rpcent editions of the documents 1isted, or equivalent nptional
standards.| - - .
IS0 5129:1967, Aceust1cs - ‘Measurement of Noise'Inside Aircraft

SAE ARP19p4, Measurement of Rotorcraft Inter1or*Sound Pressure Lpvels
IEC 651:1979, Sound Level Meters

a2§§r§1.4-1983. American Nat1ona1‘Standard Spec1f1cat1on for Sound Level

IEC 804:1p85, Integrat1ng Averag1ng Sound Leve] Meters

IEC XXXX:[99X, Random-Inc1dence and D1ffuse F1e1d Calibration of Sound Level

Meters!

IEC 225: X(XX Octave Band and Fract1ona1—0ctave Band F11ters [REvision of
IEC 225:1p66. 12 : - S

ANSI S1.1
and Fract

ISO 266:1p9D,
of IS0 266.]

ANSI S1.6~1984(R1990), American National Standard Preferred Frequencies,
Frequency Levels, and Band Numbers for Acoustical Measurements

-1986, American National Standard Spec1f1cat1oh for Octave-Band
onal-Octave-Band Analog and Digital Filters

tRevision

Acoustics - Preferred Frequenc1es for Measurements|

IEC 942:1988, Sound Caiibrators

ANSI S1.40-1984(R1990),
Acoustical Calibrators

ANSI S1.10-1966¢(R1986), Amer1can‘Nat{ona1 Standard Method for the
Calibration of Microphones

American National Standard Specification for

present, at the stage of draft.
Footnote 1.
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EASUREMENT SYSTEM PERFORMANCE REQUIREMENTS:

General:

Systems for measurement of sound pressure levels in the interior of
airplanes include an acoustical calibrator, microphone, microphone
preamplifier and power supply, microphone holding device and extension
cables, and signal conditioning and recording devices. Frequency band
sound pressure levels are determined by playing the recorded signals
through a single or multichannel spectrum analyzer with a readout device.
Requirements in this section apply to each channel of a measurement and
analysip system.

Alternatively, a conventional or integrating-averaging sound ipvel meter
meeting| the Type 1 (Class 1) accuracy requirements of 2.3, 2.4{, or 2.5, as
approprfiate, may be employed in conjunction with an attached set of
bandpasp filters for direct measurement of frequency band sound pressure
Tevels. : .

The intgnt of this ARP is to describe a measurement system thaft Will
provide| time averaged, frequency band sound-pressure levels, U £T in
decibels, in accordance with the following equation: P
T
Lper = 10 1g{LC1/T) Jopfz(t) dt1/p 2} (Eq.1)

where:

T [is the averaging time
t fis the time variable of integration
p

2(t) is the square of the instantaneous sound pressure |signal at the
output of a bandpass filter of nominal midband frequency [f
po2 is thelsqyuare of the reference sound pressure of 20 yPa
19| represents base-10 (common) logarithms

This ARP-specifies tolerances on the deviation of the frequendy and level
linearity—responses—of a—complete——sound—measurement—system—Tolerances on
frequency response are relative to deviations from a "flat" frequency
response. Tolerances on level linearity are relative to the deviation
from an ideal linear relationship between the level of output signals and
the level of corresponding steady sinusoidal electrical input signals over
a specified minimum total measurement range. The total measurement range
maytinglude separate operating/display ranges selected by a level range
control.
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3.2 Reference

Conditions:

Measurement system performance requirements in this ARP apply for reference
environmental conditions that include an air temperature of 20°C, an air

pressure of 1013 hPa, and a relative humidity of 65%.

Measurements made to

demonstrate compliance with the electroacoustical performance requirements
of this ARP shall account for the effects, if any, on the indicated sound
pressure levels if the air temperature, atmospheric pressure, and relative
humidity prevailing at the time of a demonstration test differ from the

reference

conditions.,
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Microphonp:

erred microphone is an air capacitor (e.g., condenser)
tive to the pressure of a sound wave with known-variat
ity with changes in atmospheric pressure and air tempe

d diameter of the microphone is not greater“than 13.5 .

ne should be vented to equalize the air pressure on ea
hragm.

ophone system includes any microphone: extension rods o
th a windscreen, if placed around the microphone for p
suring airplane interior sound pressure levels.

e Requirements:

ne Operating Range: For'steady sinusoidal signals at
tes of 63, 1000, and 8000 Hz, the manufacturer specifi

level at the microphone, which causes the total harmo
oh of the signal at—the output of the microphone pream
%, shall be not ‘less than 130 dB re 20 wPa. The micro
hall be able to, measure frequency band sound pressure .

low as 30 dB without introducing significant electric
nd noise at any frequency of interest; see 6.5.
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The operating/display ranges shall overlap such that
ents may be made on the linear portion of each range.

Reference Range and Reference Level: One of the operating/display ranges

shall be specified as the reference range for calibration and for

recording the acoustical sensitivity check.

A reference level

“on the

reference range shall be specified as the reference for determining
frequency response and level linearity.
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3.4.4 Frequency Response: Over the nominal frequency range from 40 Hz to
12 kHz, the random incidence (diffuse field) frequency response level of a
complete measurement system shall be within the Class 1 (Type 1
tolerances given in 2.3 and 2.4 for frequency weighting characteristics.
NOTES: 1. In accordance with 2.6, random incidence frequency response
Tevel, in decibels, of a sound level meter, for a given
frequency or frequency band centered on that frequency, is the
time average sound pressure level indicated by the instrument
due to a random incidence sound field, minus the time average
sound pressure level due to sound waves from the same source
Tn the absence of the instrument.

2. Random incidence frequency response levels for la mﬁtrophone
may be determined by applying appropriate manufactprer provided
directivity corrections to the pressure response of the

microphone as measured in a closed coupler or equi
device. _

valent

The frequency response level of adcomplete measurement system
may be determined by arithmetic :summation of the rpndom
incidence frequency response level of the microphope system
and the electrical frequency‘response level of the| other

components of a measurement-system, with both freguency
response levels relative to the response at the nominal
frequency of the acoustical sensitivity check.

4. An electrical frequency response level is the sounfd pressure
level indicated by the readout device from the spejctrum
analyzer, for the frequency band of any bandpass flilter used
for data analysis, minus the indicated sound pressure level
for the freguency band containing the nominal frequency of the
acoustical sensit1v1ty check, see 3.5,

3.4.5 Level Ljinearity Range:
3.4.5.1 The lpvel FMnearity range for steady sinusoidal signals on any
operaking/display range of a complete measurement system, exiclusive of
the mjcrophone, shall be at least 50 dB over which the deviation from a
Tinear veTationship between the levels of the input and ouput signals
shall not exceed +0.5 dB relative to the linearity of the specified
reference level on the specified reference range. Tolerances on level

Tinearity include the errors, relative to the nominal gain or
attenuation, introduced by level range controls, if present.

3.4.5.2 For the purpose of this ARP, the minimum level linearity range of 50 dB,
within tolerances of +0.5 dB, applies at least for nominal midband
frequencies of 63, 1000, and 8000 Hz, along with the frequency of the

acoustical sensitivity check if it is not 1000 Hz.
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3.4.6 Spectrum Analyzer:

3.4.6.1 The spectrum analyzer shall comply with the requirements of 2.7 and 2.8,
as appropriate, for a Type 1 (Class 1) instrument. The functions of
squaring and time averaging the filtered signal shall follow the
principle of Equation 1.

3.4.6.2 The nominal band center frequencies (see 2.9 and 2.10) of the octave
band filters shall be in the range from 63 Hz to 8 kHz; nominal band
center frequencies of one~third octave band filters shall be in the
range from 50 Hz to 10 kHz. The frequency range may be extended to
lower[or higher Trequency bands 1T appropriate ror the spectium of the
sound| in the airplane.

3,4.7 Resolutjon of Readout Device: The resolution of the readout device shall
be not greater than 0.2 dB.

3.5 *Acoustical Calibrator:

The sound|pressure level in the cavity of the acoustical calibrator used to
check the|acoustical sensitivity of each channel of a measurement system, at
a nomtnal|frequency of 250 or 1000 Hz, shall*“be known, under reference
conditiong, within x0.3 dB. Additionally,-the calibrator shall heet the
applicable Class 1 (Type 1) requirements of 2.11 and 2.12. The yariation of
the level|of the sound pressure in thescavity of the calibrator with
atmospherjc pressure and air temperatire shall be knhown.

3.6 System Stability:
After a specified period of time for "warm-up," but not to exceed¢ 15 min,
the output level from the measurement system in response: to the §ignal from
an acoustical calibrator-shall be constant within 0.3 dB.

4. VERIFICATION OF ELECTROACOUSTICAL CHARACTERISTICS:

4,1 General:

The electroacoustical characteristics of all components of a meagurement
system shaThe measured before the start of a test to ensure compliance
with the requirements of Section 3. ETectrical signals appTied through the
input to a microphone preampiifier shall utilize a device such as a dummy
microphone or input adapter having an electrical 1mpedance equ1va1ent to
that of the microphone.

4,2 Frequency Response and Level Linearity:

4,2,1 The frequency response of the measurement system shall be measured within
three months prior to the start of an atrplane interior noise test. The
absolute acoustical sensitivity of each microphone shall be established
before the start of a test, and within one week after completion of the
test, by the procedures of 2,13, or equivalent.
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4,2,2 1In addition, the level Tinearity of the system shall be measured within
three months before the start of an airplane interior noise test. The
electrical performance characteristics of the spectrum analyzer (filters)
shall also be checked within three months before the start of the test.

4.2.3 If the recording system includes a magnetic tape recorder, a frequency
response calibration shall be made using at least 10-s duration sinusoidal
signals at the nominal midband frequencies of the filters to be used for
data analysis, or at least a 30-s duration of a broadband "pink noise"
signal. Additionally, a check of the electrical system noise floor shall
be obtai - " i ignal from

phone with a device placed around it to reduce the contribution

t noise.

4.3 Acousticall Sensitivity Checks:
4.3.1 For each
recorded
equivale
pressure
similar

microphone, the signal from the acoustical calibrator [shall bhe
at least once on every reel of magnetic £ecording tapg, or

t recording medium, as an "end-to-end"<discrete frequegncy sound
sensitivity check for each channel of @ measurement system. A
ensitivity check shall be made for.an alternative meagurement
at does not include a recording device.

the acoustical sensitivity of the measurement system |[shall be
performed on the ground before takeoff and again after landing,) An
adjustment shall be applied for the-effect of differences betwden the
prevailing atmospheric pressure and air temperature and the reflerence
pressurel and temperature. If Ah=flight checks of acoustical sgnsitivity
are made, an adjustment shall be included for the influence of [the
prevailing cabin pressure and temperature on the sound pressurg level in
the cavifty of the calibrator.

4.3.3 The acoustical calibrator shall be calibrated within six monthg prior to
the testls. Its calibration shall be traceable by verification [from a
national| standards organization.

5. MEASUREMENT PROCEDURES:

5.1 Measuremeni-tocations:

5.1.1 Passenger Compartments: Sound pressure levels shall be measured at the
typical head position of a seated passenger, with the passenger not
present. The microphone shall be located on the seat centerline, with the
axis vertical and pointed up, a distance of 150 m + 25 mm from the
headrest and 1 m + 50 mm from the floor. The microphone shall be held in
a bracket attached to the seat back or at the end of a rod to minimize
shielding effects. Seat number, or distance from cabin sidewall and
fuselage station, shall be noted for each measurement location. The
distribution of measurement locations in a passenger cabin will depend on
the airplane's seating arrangements and specific test objectives.
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5.1.2

Crew Stations: Sound pressure Tevels shall be measured at typical head
positions of the crew. 1In the cockpit, the microphone shall be placed at
a representative seated head height and within 100 mm of the typical ear
position where speech communication is normally.-received. When
measurements are made at a crew standing location, the microphone shall be
1.65 m + 100 mm above the floor.

5.2 Test Conditions:

5.2.1

5.2.2

5.2.3

.3 Data Rec

5.3.1

503.2

5.3.3

The interior of the airplane shall be fully furnished with carpets, seats,
curtains, etc. Seat backrests shall be set to their normal upright -
positign. Pressurization and air-conditioning shall be operating in a
steady |state mode typical of normal cruise operation. Sound“gressure
levels [shall be measured with all individual passenger or-crey air outlets
closed| The public address system shall be not operating when sound
pressune levels are measured. The configuration of the: interfor of the
airplane at the time of the measurements shall be noted.

ber of persons in the passenger cabin dunthg measurements of

e interior sound pressure levels shall<bhé kept to the minimum

d to conduct the tests. With the exception of the cocKpit crew, no
shall be located such that they significantly affect the sound

t a measurement location. MWhen.séund pressure levels gre measured

ssenger seat-or crew location,\no person shall be seatdd or

g within 1 m of the microphone.. For measurements in the cockpit,
1t1ons of all persons shall be noted. : o

ressure levels shall belmeasured under specified cruise conditions
straight and Tevel flight when altitude, a1rp1ane Mach number, and
power settings are stabilized. '

rding:

ation of each recording of sound pressure signals shall be at least
20 s. [Suitableiprecautions shall be taken to ensure that the |[signals
being rlecorded.are neither distorted or masked by an improper |setting of a
recordijng level range control. If audible beats are present, |[the
recordiing \interval shall be extended as required to ensure the recording
of the maXimum and minimum sound pressure levels.

The‘dd

For measurements by the alternative procedure, an integrating-averaging
sound level meter (2.5) is preferred with an averaging time of at least

10 s at each measurement Tocation. . If audible beats are present, measure
the maximum and minimum fast-time-weighted sound pressure levels occurring
within an appropriate time interval.

Battery driven tape recorders shall be checked at frequent intervals
during a test to ensure good battery condition. The tape recorder shall
not be moved while recording is in progress, unless it is previously
established that such movements do not affect the quality of the
recordings. The tape recorder shall be maintained in its preferred
position (e.g., horizontal) while a recording is in progress.

e
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