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kecommended procedures involve recording data on magnetic tape for subsequent
processing. The use of tape-recorder/time-integrating analyzer systems
avoids the need to average by eye the variations associated with manual
readings from sound level meters and octave band ana]yzers and, therefore,
yields more accurate results.
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3.

4.

4,1
f

4.3

4.4

4.5

5.
5.1

(Continued):

This document makes no provision for predicting APU noise from basic engine

characteristics, nor for measuring noise of more than one aircraft operating
at the same time.

No attempt is made to suggest acceptable levels of noise or suitable
subjective criteria for judging acceptability.

GENERAL TEST CONDITIONS:

Meteorological Conditions:

ind Not more than 12 knots (6 m/s); crosswind
7 knots (4 m/s).

Temperature Not less than 35°F (2°C) nor more than’ 95

Humidity Relative humidity not Tess than 20% nor m

Precipitation None,

Barometric Pressure No% }Sszpt?an 800 mbar (80 kPa).nor more
1 al.

measurem
aircraft
results.
flat and
200 ft (
6.2.

No obstructions should be present between aircra
ent positions and no reflecting surfaces (except the gr
) should be near enough to soundpaths to significantly
Surface of the ground surrounding the aircraft should
Tevel at least over an area.Formed by boundaries paral
0 m) beyond the outermost microphone array identified

Ambient Hoise:

Ambient noise of the measurement system and tes

electric

1 noise of the.@acoustic instrumentation) should be det

is, compfsite of the noise-due to environmental background and -

APU Inst

Tlation: Pertinent APU and associated aircraft system

tested f

Aircraft

pr each aircraft model for which acoustic data are requj

Ground.Configuration: Aircraft flight control surface

in the "
in the a

servicing

not more than

’F (35°C).
pre than 95%,

than 1100 mbar

The ground between microphones and“aircraft should be a smooth,

4.2 Test Site:
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influence
be sensibly
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5 should be
red,

E should be

eutral” or "clean" configuration, with gust locks on,
vcraft's approved operating manual for aircraft underg

ing

¥r as stated

2
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INSTRUMENTATION:

aircraft

Aircraft:

instruments and controls,

Operation data identified in 7.4 should be determined from normal
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5.2 Acoustical:

5.2.1 General: Instrumentation and measurement procedures should be consistent
with requirements of tatest applicable issues of appropriate standards
listed in the references (Section 8.). A1l data samples should be at
Teast 2.5 times the data reduction integration period which in no case
should be less than 8 seconds. A1l sound pressure levels should be 1in
decibels to a reference pressure of 20 uPa.

5.2.2 Data Acquisition Systems: Instrumentation systems for recording and

analysis of noise, shown in the block diagram of Fig. 1, should meet the
following specifications:

5.2.2.1 Micriophone System: Over a frequency range of at Teast 45 Hi to
11,200 Hz the system should meet the requirements as outlined under
micrjophone system specifications in the latest issue ofiref¢rence 9.

Microphones should be omnidirectional, vented for pressure ¢qualization
if off condenser type, and should have known ambient pressur¢ and
temperature coefficients. Microphone amplifier ‘specifications should be
compatible with those of the microphone and <tape recorder,

Microphone wind screens should be employed when wind speed s in excess
of 6] knots (3 m/s). Corrections as a function of frequency|should be -
appliied to measured data to account for the presence of micyophone wind
screens.,

5.2.2.2 Tape'Recorder: The tape'recorder may be direct record or F§ and should
havel the following characteriStics:

Dynamic range 50 dB minimum in 1/1 octave or 1/3 octave bands.
Tape speed accuracy within +0.2% of rated speed.
Wow [and flutter (peak\to peak) less than 0.5% of tape speed
Maximum third harmonic distortion less than 2%.

5.2.3 Calibrlation:

5.2.3.1 Microphone:/Frequency response calibration should be perfopmed prior to
the [test_ series and a subsequent post calibration should be|performed
within ‘ene month of the pre-calibration, with additional ca]ibrations
made_when shock or damage is suspected. Response calibration should
cover the range of at least 45 Hz to 11,200 Hz. Pressure response
characteristics of the microphone shou1d be corrected to obtain random
incidence calibration. ,

5.2.3.2 Recording System: A calibration tape, a recording of broadband noise or
a sweep of sinusoidal signals over a minimum frequency range of 45 Hz to
11,200 Hz should be recorded in the field or in the taboratory at the
beginning and end of each test, The tape should also include signals at
the frequenc1es employed during sound pressure sensitivity checks as
defined in the following paragraph: ,
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5.2.3.2

5.2.3.3

(Continued):

This calibration signal, an insert vo1taae, should be applied to the
input and should include all signal conditioning preamplifiers, networks
and recorder electronics used to record acoustic data, In addition, a
"shorted input" (i.e., microphone pressure sensitive element replaced
with equivalent electrical impedance) recording of at Teast 20 sec.
should be made as a check on system dynamic range and noise floor,

Sound pressure sens1t1v1ty calibrations with the arrangement shown 1in
Fig. 1 should be made in the field for each microphone prior to
beginning and after complet1on of measurements each day. These
calibratio hould be made using a calibrator prod ng a known and
congtant-amplitude sound pressure level at one or more 1/3 octave band
center frequencies, specified in reference 3 or 10 in the fjrequency
range from 45 Hz to 11,200 Hz., A barometric correction should be
appliied as required, Cal1brators employed should be precise at Teast to
within +0.5 dB and should have a calibration obtained according to
refgrence 5 that is traceable to the United States National| Bureau of
Standards, or to a recognized international equivalent.

Eachl reel of tape should have comparable réesponse and background noise
as tYhe calibration tape. A constant amplitude sine wave should be
recorded at the start of each reel of tape, for reel-to-reell sound
pressure sensitivity comparisons. The frequency of this sipe wave
should be within the same frequency range as used for sound pressure
senglitivity checks., A separate.voltage insert device or an acoustic
caliprator may be used for this-purpose., If an acoustic caflibrator is
used, it should be carefully 'seated" and corrections for ambient
presisure should be made so-that effects of pressure on caliprator and
micrpphone response are eliminated.

Battery-driven tape«recorders should be checked at frequent intervals
during a test to ensure good battery condition. Tape recorders should
not pe moved while recording is in progress unless it has bjeen
established that such movements will not change tape recorder
characteristics.

Datal Reduction Equipment: Data reduction equipment should pe calibrated

with e]ectr1ca1 signals of known amp11tude either at a ser1 s of
disclre h1ros 3 svering el frequency
range of 45 Hz to 11, 200 Hz.

5.2.4 Data Reduction: The data reduction system of Fig, 1 should provide 1/3 or

T/T octave band sound pressure levels. Analyzer filters should comply
with requirements of references 8 or 11 (Class II for octave~band filters
and Class III for one-third octave-band filters)., Analyzer amplitude

resolution should be no worse than ¢.5 dB; dynamic range should be a

minimum of 50 dB between full scale and the root-mean-square (rms) value
of the analyzer noise floor in the octave band with the highest noise

floor; and amplitude response over the upper 40 dB range should be Tinear
to within +0.5 d8,
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5.2‘

5.2.

5.3
)

6.
6.1

6.2

4 (Conti

nued) :

Mean square sound pressures should be time averaged by integration of the
squared output of frequency band filters over an integration interval that

should be no less than 8 seconds.
frequency range from 45 Hz to 11,200 Hz,

A1l data should be processed within the
Data should be corrected for all

known or predictable errors, such as deviations of system frequency
response from a flat response.

5 Total

System:

In addition to specifications for component systems,

frequency response of the combined data acquisition and reduction system
should be flat within +3 dB over the frequency range from 45 Hz to 11,200

Hz.

exceed

Amp 17t

floor
respor
frequsg

Meteorol

nimum o7 49

Frequency response gradient anywhere within this range should not

5 dB per octave.

ude reso]utfon should be at least 1.0 dR.

f 45 dBR between -Fu'!'! sC

between f ale and the vms value of the

Lairc Qirtu vt

in the frequency band with the highest noise floor.
ncy band.

ogical:

range o
+1.0 kng
having 3
Temperat
least 3(

(+0.5°C).

of 0 to
Atmospheé
lTeast 8(
+5.0 mbs

TEST PRO(Q

ts (+0.6 r/s).

ure measurements should be made with a device having a
° to 110°F (0° to 40°C) withcan accuracy of at least +1

100 percent with an accuracy of at least +5 percentage
ric pressure should be-measured with a device having a
0 to 1100 mbar (80 #x0-110 kPa) with an accuracy of at 1
r (+0.5 kPa).

EDURE :

Test Conditions:

Ambient noise measurements should be made in

number 1
correct?

Acousti

on data-to apply to measured APU noise where necessary

b Aest measurements should be made with the installed A

associat

Dynamicirang

Am
se should be Tinear within +0.5 dB over the upper 35 dB

: The wind speed should be measured with a devic
at least 0 to 15 knots (0 to 8 m/s)-with an accuracy o
The wind direction, should be measured w
range of 0° to 360° with an accurdcy of at least +5.0°

Relative humidity should be measured with a device h

b should be a
Eystem noise
h17tude
in each

b having a

f at least
ith a device
range of at
LO°F

AvVing a range
points.

range of at
rast

sufficient

f0 be representative for all acoustic measurement statiops, providing

(see 6.4).

normal modes of operations required for aircraft ground handling.

Acoustical Measurement Locations:

Except where specified otherwise, noise

measurements should be made with microphones at 5.25 ft + 1.0 1in.

(1.6 m + 0.025 m) above the ground or surface where passengers or servicing
personnel may stand, with the microphone diaphragm parallel to the ground
and facing upwards.

Locations for measuring noise should be as follows:
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6.2.1

6.2.2

6.2.3

6.3

Cargo Door Locations: Measurements should be made at each cargo door
Tocation, with the door open, while the aircraft is in a typical ground
handling configuration. These measurements should be taken at the center
of the opening, in the plane of the fuselage skin.

Passenger Door Locations: Measurements should be made at each passenger
entry door, with the door open, on the vertical centerline of the opening,
in the plane of the fuselage skin.

Servicing Locations: Measurements should he made at all servicing
positions where persons are normally working during aircraft ground
handling operations., These positions to be determined by reference to the
approved aircraft operating and service manuals,

Survey Location: Appropriate measurement positions should'bel chosen from
a rectiilinear gr1d pattern centered on the test airplaneras illlustrated in
Fig. 4. The grid pattern should originate 20 m aft of the aipcraft and
extend at least 20 m forward of and at least 20 m perpendiculpr to the
aircrdft centerline. The length of sides of squares in the grid should be
10 metires. Further subdivision of the grid patiern to accommpdate small
airplanes may be accomplished by progressively halving the dimensions of
grid slquares as appropriate. The grid pattern will allow the[ generation
of equal sound pressure level contours.,  To fulfill specific pequirements
when dontours are not required, special ,adaptations of the regtilinear
grid nlay be created. For example, International Civil Aviatipn
Organization (ICAO) Annex 16, Volume\1, Attachment D, Guidelines for MNoise
Certiflication of Auxiliary Power Un1ts, defines measurement positions
Tocatdd on a 40 m wide rectangle centered on the test aircraft and
extending 20 m forward and aftiof the aircraft centerline,

Yeteoroliogical Measurement Lkocations: Meteorological data shoufld be

6,4
p

measured at a lTocation at the test site within the microphone apray of Fig.
2, but upwind of the aircraft, and at a height of 5.25 ft (1.6 m) above
ground llevel,

Data Prdsentations A-weighted sound levels should be calculatefd by applying

frequendy weighting corrections derived from the standards for precision

sound 1dqvel meters (reference 6 or 9) to 1/3 or 1/1 octave-band| sound
pressurd levels. The 1/1 octave-band sound pressure levels may| be
determined \from a summation of mean- square sound pressures in appropriate
g—ha 2 1g ined from a
summation of’mean square sound pressures in the twenty-four 1/3 octave, or
eight 1/1 octave, frequency bands included in the frequency range from 45 Hz
to 11,200 Hz,

Overall sound pressure levels, A-weighted sound levels and 1/3 octave band
or 1/1 octave band data shou]d be presented to the nearest decibel (dB) in
tabular form, with supplemental graphical presentations as appropriate.

Each measured 1/1 or 1/3 octave band sound pressure level that is 3 dB to

10 dB above its corresponding ambient noise level should be corrected for
ambient noise contamination by subtracting the mean-square sound pressure of
the ambient noise from the corresponding measured mean-square sound pressure
indicated for the corbination of ambient noise and APU noise, see Table 4 of
Reference 4, Mo correction is needed if the measured 1/1 or 1/3 octave band
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7.2.1

6.4

(Continued):

sound pressure level is at least 10 dB above its correspond1ng ambient noise

Tevel.

corresponding ambient noise level,
these data should not be reported

If the measured sound pressure level is less than-3 dB.
no correction should be atte

above its
mpted and

Acoustical data need not be norma11zed for atmospher1c absorpt1on losses.
Test results should be reported under the actual test-day meteorological
~ conditions.

7.

DATA REPORTING:

7.1 Identif1

cation Informatfon'

7.1.1 Test 1

7.1.2 Manufs

7.1.3 Aircra

lTocati
equipn

7.2 Testu51t

ocat1on date and t1me of test.

cturer and model of the APU and pert1nent associated eq
ft type manufacturer model and air'registry'number.
nd e]evat1on views, as appropr1ate af< the aircraft out
on of the APU (1nc1ud1ng inTet & exhaust ports), all as
ent, and all acoustical measurement stations.

e Descr1pt1on'

Type 3

7.2.2 Locati
buildj
precat

7.3 Meteoro1

nd location of ground surfaces.
ngs or other aireraft, that might have been present in
tions noted in 4.2,

Qgiga]‘pata: For'each5test condition*;

7.3.1 Wind s

center

7.3.2 Ambie

11ne (farward - Q°),

£ témperature, °F (°C).

7.3.3 Relat

on and extent of any. above ground-Tevel reflective surf]

peed, knots (m/s) and,d1rect1on, degrees, relative to ¢

ipment.

line showing
sociated

pces, such as
spite of the

vircraft

7.3.4

7.4 0perat1ona1 Pata:

vl humidity nav-r\nn'l-
¥ TEVALT F ET \IJ’ r T A~ S EvE

Barometric pressure, mbar- (kPa).

For each test cond1t10n

7.4.1

7.4.2 APU shaft speed(s),

rpm or percent of normal rated

7.4.3 APU normal rated shaft speed, rpm.

Number of’a1r conditioning packs operated and their lTocations.
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7.4.4 APU shaft load, horsepower (W), and/or electrical power output, KVA.
7.4.5 Pneumatic load, 1b/min (ka/min) delivered by APU to all pneumatically
operated aircraft systems during the test (calculated as required).
7.4.6 Temperature of APU exhaust gas at location specified in aircraft's
approved operations manual, °F (°C).
7.4.7 Operating mode of environmental control system, cooling or heating.
7.4.8 Air conditioning distribution system supply duct temperature, °F (°C).
7.4.9 Events occuring during the test which may have influenced the measurements.
7.5 Instrumeptation:
7.5.1 A compflete description (including manufacturer and type “or mofel numbers)
of the|acoustical and meteorological measuring instruménts,
7.5.2 A compflete description (including manufacturer and type or mogel numbers)
of the|data acquisition and data processing systems.
7.6 Acousticpl Data:
7.6.1 Ambienft noise.
7.6.2 Acoustfical data per 6.4 with a des¢ription of corresponding microphone
locatipns.,
7.6.3 List of standards used and description and reason for any devjations.
8. REFERENCEP:
g ,
RELATED STANDARDS-FOR INSTRUMENTS AND MEASUREMENT PROCEDURE[]S
1. Amerfican National Standard Acoustical Terminology, American| National
Standards Institute, ANSI S$1,1-1960.
2. Mmerficandational Standard Preferred Reference Quantities fpr Acoustical
Lever, American National Standards Institute, ANSI S1,8-19p9.
3, American National Standard Preferred Frequencies and Band Numbers for
Acoustical Measurements, American National Standards Institute,
S] 06“] 9840
4, Armerican National Standard Methods for Measurement of Sound Pressure
Levels, American National Standards Institute, AMSI S$1.13-1971,
5. American National Standard Specifications for Laboratory Standard
Microphones, American National Standards Institute, ANSI §1.12-1967.
6., American National Standard Specification for Sound Level Meters,

American National Standards Institute, ANSI S1.4-1983.
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