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CHAPTER 1. GENERAL

1. PURPOSE: To present test and analysis procedures for subsonic
turbojet airplanes that have been determined by the FAA to be technically
acceptable means for demonstrating compliance under Part 36 of the Federal
Aviation Regulations.

2. BACKGROUND: Airplane noise measurement and analysis technology has
developed considerably since Part 36 was adopted in 1969, Further, Part
36 specifically allows the use of “"approved equivalent procedures.” With
the impetus of noise certification, a body of technically sophisticated
measurement and analysis methods has been developed by certificate
applicants. As & result of this experience, alternative compliance
methods have evolved and have been approved by the FAA. This advisory
circular presents those procedures which are believed to have general

- applicablity to present and future certification actions. However, it
should be noted that some of these procedures were approved on the basis
of the availability of additional data or improved instrumentation beyond
the requirements of Part 36. Prior approval should always be obtained
from the responsible FAA certificating official before initiating any
noise certification action., It should also be noted that the methods
presented in this advisory circular are not the only way to demonstrate
compliance with Part 36 nor the only ones that may be approved in the
future,

3. OBJECTIVE. The objective of a compliance program is to demonstrate
compliance with Part 36 for a specific airplane version. The demonstration
method used to determine noise levels will depend upon a number of factors.
For example, an applicant for a new type design will be required to conduct a
noise demonstration flight test. However, for a change to an existing type
design, depending upon the extent of the data already in existence for the
type design, the applicant may submit for FAA approval a proposal to either
conduct a flight test or conduct supplementary tests and/or analyses, When
supplementary data are used they serve as the basis to adjust noise levels
already approved for an earlier version. Dialogue between the applicant and
the certificating authority at the beginning of an airplane program is
necessary to ldentify anticipated changes in asirplane type design that can
impact noise certification. A noise compliance demonstration plan outlining
the planned tests and/or analyses is submitted ahead of time to the FAA by the
applicant. Because of the unique nature of each nolse demonstration the test
plan is reviewed with the certificating authority before each test and, if
necessary, modified to incorporate future developments as they evolve. Where
possible, a single test plan, submitted to encompass more than the immediate
test, is often advantageous. Guidance on preparation of noise compliance
demonstration plans and certificaticn compliance data reperts is provided in
Appendix 1.

Chap 1
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4, NOISE DEMONSTRATION FLIGHT TESTS. As a supplement to the procedures
detailed in FAR Part 36, as well as those in ICAO0 Anmex 16, guidelines are
presented on methods to acquire noise data from a sufficient number of flights
of a particular airplane to derive the three certificated EPNL levels.
Guidelines are also provided on acquisition and normalization methods such
that a generalized noise data base (a definition of noise-power-distance
relationships) may be developed for an alrplane type. Procedures for
determining the certificated FAR 36 noise levels derived from this generalized
noise data base are also provided., This generalized data base is directly

applicable to changes in type design which retain the same basic noise source
characteristics,

5. SUPPLEMENTAL NOISE DEHONSTRATION METHODS. For those applicants seeking
approval for changes in type design, guldance is also provided on procedures
for determining noise level changes relative to a previously approved version
of the type. These procedures rely on supplementary testing and/or analysis
techniques in conjunction with approved noise data already svailable for the
type. The use of such methods for demonstrating noise compliance is optional,
and subject to FAA approval, and does not preclude an applicant from using a
flight test for each noise certification demonstration,

Ch H
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CHAPTER 2. NOISE DEMONSTRATION FLIGHT TESTS

6. TEST CONDITIONS. The airplane is operated such that ncise values
corresponding to the takeoff, sideline and approach reference conditions
defined in FAR Part 36 can be derived. To meet the test envirommental
requirements prescribed in FAR 36, the following test site and atmospheric
conditions have been approved as providing an acceptable test environment.

a, Test Site Characteristics. The noise measurement stations are placed
such that the reference locations specified i{n FAR 36 can be adequately
simulated. FAR 36 prescribes reference noise measurement stations relative to
a runway brake release or threshold point (e.g., 6500 meters from brake
release for takeoff measurements); however, actual test measurement station
locations may differ for the following reasons:

(1) To minimize the impact of ambient sound on the measurement
of the airplane sound pressure levels. Prior to testing, a comparison of
expected airplane sound pressure levels with the expected test-site ambient
sound will aid in choosing test microphone locations, It is generally
preferable to relocate measurement stations rather than contamirate airplane
noise measurements with amblent sound from sources such as nearby road or air
traffic. See A36.5(d)(3) and A36.11(f).

(2) On takeoff, 1f necessary to increase the airplane
signal~to-noise ratio to ensure adequate measurement of the airplane's
acoustic signature. In such cases, the takeoff measurement station and/or the
airplane flight trajectory is relocated so that the test day sound propagation
path length is less than the reference path length to ensure acquisition of
acceptable data, In the selection of an adequate signal-to-noise ratio,
consideration should be given to limitations on corrections for the influence
of ambient sound (see Appendix 2).

(3) When obstructions near the noise measursment station(s)
will influence sound measurements. Takeoff and approach measurement stations
may be relocated as necessary to avold undesirable obstructions. Sideline
measurement stations (distances) may be relocated by distances which are of
the same order of magnitude as the airplane lateral deviations (or offsets)
relative to the nominal flight path that occur during flight testing.

Note: Flight path intercepts adopted as alternatives to full stop takeoffs
and landings may be adjusted to attain the same performance as would be
observed at the reference distances,

Chap 2 '
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b, Atmospheric Conditions,

(1) Temperature and Relative Humidity Limits. When atmospheric
conditions of amblent temperature and relative humidity result in atmospheric
absorption in the 8 kHz one third octave band at any point along the sound
propagation path exceeding 12 dB/100 m, then instrumentation used to determine
relative humidity should consist of an ambient air temperature and dew point
temperature measurement system accurate to within + 0.5°C. When such
instrumentation is used, the 8 kHz atmospheric absorption may be extended to
14 dB/100 meters and, for approaches only, to 16 decibels per 100 meters .
Relative humidity is required to be between 10 and 95 percent.

(2) Wind Limits, Testing may be conducted when: the wind speed
does not exceed an average value, over the sound measurement period, of 12 kts
and a maximum value of 15 kts; the crosswind component does not exceed an
average value over the sound measurement perilod, of 7 kts and a maximum value
of 10 kts. An averaging period of 30 seconds is used to define average wind
speed, Part 36 requires the wind measurements to be made 10 meters above the
ground.

7. FLIGHT PROCEDURES.

a, Selection of a Flight Test Noise Demonstration Method. An accurate,
reliable definition of the airplane noise characteristics is the primary
objective of the demonstration test. To achieve this goal, at least six sound
measurements are required by FAR A36.5(e) to ensure that a mean noise level
for each of the three certification reference conditfons can be defined with a
90X confidence interval not exceeding 4+ 1.5. EPNdB. This can be achieved by
conducting a series of test flights at or near reference power. After
ad justing each measured noise level to FAR 36 reference conditions, a
certification noise value 1s computed by averaging the adjusted levels (see
paragraph 12)., An alternate method 18 to acquire sufficient measurements {at
least six) to allow the generalized noise characteristics of the airplane to
be developed (a noise-power-distance data base hereafter referred to as an
NPD). {(See paragraph 12(e)(2)). The three certification levels are then
determined by entering the developed data base at the certification reference
distance and power and applying appropriate airplane speed corrections,

(1) When approved data are available to define the engine apool down
characteristics, it may be appropriate to substantiate noise levels for
cutback power without the implementation of a cutback takeoff procedure by
making noise measurements during reduced power operations. Engine spool down
time should be representative of average conditions and should reflect a 1.0
gecond minimum altitude-recognition lag time to account for pilot respounse.
For determination of the reference cutback noise levels, the cutback
initiation should be selected to ensure stabllized cutback power conditions
before the initial 10 PNLT down point,

Chap 2
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{2) The airplane's source nolse characteristics are measured cver
the operating range in sufficient detail to define the differences between
test and reference day source noise. To aid in obtaining adequate data for
these adjustments it may be necessary to ldentify those airplane/engine
parameters, e.g., N1/A/ B¢, , that are the major controllers of the
airplane's noise level anﬁ appropriately vary these parameters during the
test.,

b. Nominal Conditions for Development of a Reference Noise~Power-
Distance Data Base (NPD). For the development of a generalized NPD, SPL data
are normaiized to the ambient environmental conditions specified in FAR 36 and
to nominal takeoff and approach aerodynamic configurations and performance,
For example, the selected airplane speed should be representative of the range
of speeds for the configurations and weights which are anticipated to be
certified, In addition, takeoff and approach confipurations may be different;
requiring normalizing SPL data to different airplane speeds. Note that
the adjustment procedure requires FAA approval when developing an NPD. (See
paragraph 12 {c) of this advisory circular). An example of a generalized NPD
is shown in Figure 1.

c., Test Day Flight Procedures, Airplane weight and flight trajectory
can be properly simulated by controlling those parameters most directly
related to the airplane/engine noise source strength and directivity. Test
day flight procedures are chosen to provide an adequate definition of the
airplane noise source characteristics. The selection of test day flight
procedures will depend upon the methodology chosen to derive certification
noise levels, i,e,, either by repeating the reference conditions or from an
NPD. In selecting test day flight procedures, it should be noted that flight
test data may be used for airplane type design changes when sufficiently
detailed correction procedures are approved.

(1) Test Day Procedures.

(a) Airplane Signal-to-Noise Ratio. When the airplane is
operated according to the reference procedures (e.g., cutback altitude and
power at the reference takeoff measurement location of 6500 m), the airplane
signal-to-noise ratio may be insufficient to ensure measurement of the
acoustic signel above the ambient sound level, Methods to avoid this
situation are provided in paragraph 6.

(b) Noise Demonstration Methodology. Selection of test day
flight procedures should be compatible with the methodology chosen to derive
certification noise levels. If an applicant chooses to derive certification
noise levels by averaging at least six conditions flown at or near reference
power and distance, then corrections must be applied to account for
differences in airplane source noise between test and reference airplane power
settings. To quantify these corrections, testing at other operating
conditions may be required to define in sufficient detail the airplane aource
noise levels. This testing may be in addition to the number of measurements
at or near reference power necessary to achieve a 902 confidence interval not
exceeding + 1.5 EPNdB. The applicant may, however, choose to derive the
certification noise level directly from a generalized NPD. The NPD is

Chap 2
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FIGURE 1
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developed by conducting a sufficient number of sound measurements over a range
of airplane operating conditions so that the 90% confidence interval about a
mean line does not exceed 1.5 EPNdB. To describe a power line requires
conducting a minimum of eix flights, each at a different power setting, at a
common target altitude. To attain the required confidence interval, more than
six flights may be necessary, Typically, the power-related parameter which
governs nolse generation is the corrected low pressure rotor speed,

N)/v/@¢,  or corrected net thrust Fn/j,,,. '

(2) Simulated Takeoffs and Approaches. Where shown by the applicant
to be equivalent to the procedures specified in Part 36, simulated takeoffs
and approaches, consisting of flight path intercepts may be used in lieu of
starting and ending each flight from a full stop. For takeoff, flight path
intercepts consist of intercepting and following the desired c¢limb profile,
beginning at a target distance above ground level. Approach intercepts
maintain the approach path over the measurement location without actually
landing. In elther case, the airplane is stabilized and following the target
trajectory throughout the sound measurement period. (The sound measurement
period includes levels within 1) PNdB below the maximum), Test airplane
weights, speeds and aerodynamic configurations should be selected to allow
achieving target test conditions for those performance parameters having the
major effect on noise generation,

d. Target Test Conditions. Target test conditions can be established
for each sound measurement. These target test conditions will define the
selected aerodynamic configuration, airplane weight, flight procedure (such as
takeoff flight path intercept), altitude, power and airspeed at the closest
point of approach to the measurement location. For example, a takeoff
aerodynamic configuration may be defined by the climb gradient and flap
setting. Note: The airplane angle of attack will remain approximately
constant for all weights if the tests are conducted at a constant flap setting
and the airplane speeds correspond to the reference speed, Vp + 10 kts for
each weight, The aerodynamic configuration, e.g., flap setting, should remain
constant during the sound measurement period. In execution of the flight for
purposes of obtaining sound measurements the pilot "sets up” the airplane with
the selected confipuration in order to pass by the measurement location at the
target altitude, power and airspeed.

8. MEASUREMENTS. This section provides guidelines on how to obtain sound
measurements, relevant airplane position and performance data necessary for
normalizing the measured sound data to conditions differing from the actual
test day conditions. All of these are synchronized.

a. Sound Measurements,

(1) All sound measurements are made with equipment meeting the
specification in FAR 36. The measurements are made such that, when processed,
they will provide one-third octave band sound pressure levels as a function of
time for the calculation of Effective Perceived Noise level (EPNL).

Chap 2
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(2) Microphones are located at the certification reference height of
1.2 m (4 ft) above the ground surface. In some cases, such as for pseudotone
identification, it may be desirable to obtain additional data exhibiting
free-field spectral shapes by selecting a microphone location to minimize the
Interference effects of ground reflections on the measured sound spectra (see
Appendix 3 of this advisory circular), Free field spectral shapes can be
obtained by:

(a) mounting the microphone high above the ground so that the
firet interference frequency falls below the range of interest. A height of
10 m (33 ft) is generally adequate,

(b) wounting the microphone diaphragm in the plane of, or very
cloge to, a large, acoustically hard (reflective) ground-plane surface so that
the direct and reflected waves arrive in phase causing a doubling of the scund
pressure.

{3) Orientation of the microphone will depend on the wmicrophone
type. Most commonly used are grazing incidence microphones which are designed
so that nearly a flat frequency response is maintailned at grazing incidence to
the microphone; the microphone is oriented to maintain near grazing incidence
throughout the airplane flyover. Perpendicular incidence microphones are
designed so that wmaximum sensitivity occurs when they are oriented so that the
sound impinges upon the diaphragm in a perpendicular direction when the
airplane is at the closest point of approach, Data obtained using
perpendicular incidence microphones are acceptable provided that the data are
corrvected for directivity and frequency response effects and the maximum noy
value for the corrected data is located in the 5000 Hz one-third octave band
or less,

+4) 1If the airplane sound pressure levels within the sound
measurement period do not exceed the background sound pressure levels by at
least 10 dB in each one-third octave band, they may be adjusted to eliminate
the additive influence of the background sound. When the airplane sound is
less than 10, but more than 5 dB above the background, the corrected airplane
sound levels are obtained by logarithmically subtracting the background sound
levels. For those situations where the airplane levels are less than 5 dB
above the background, this influence may be avoided by obtaining measurements
at distances closer to the airplane and then adjuasting the measuremeant to the
desired distance or by adjusting the measured sound pressure levels using
technically supported analytical shaping methods (see Appendix 2 of this
advisory). NOTE: If the measurements are not adjusted to delete background
noise, the resultant EPNL values will be higher than if measured in the
absence of background noise.

Chap 2
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\5) Maxinmum sideline noise may be determined by positioning several
measyrement stations parallel to the airplane flight track as prescribed in
FAR 36. An alternative to this method may be to use two measurement stations,
symmetrically positioned about the nominal flight track, and fly the airplane
at several altitudes and thus simulate the data that would have been acquired
during a "climb-out” using a series of measurement stations, Experience
suggests that the maximum noise level will occur at an elevation angle near 34
degrees (approximately 1000 ft altitude) and the levels will be rather
insensitive within several degrees of this value. When the two-gtation method
is used, the confidence level is calculated using the method in Appendix S
(paragraph 2).

b. Airplane Position and Performance,

(1) The airplane height and lateral position relative to a fixed
location (the nominal flight track along the extended centerline of the
runway) is determined by a method independent of normal flight deck
instrumentation., Methods found to be acceptable include radar tracking,
theodolite triangulation, laser trajectography, microwave positioning and
photographic scaling techniques. Care must be taken when the photographic
scaling technique 1s used to ensure that the airplane position can be reliably
related to the sound measurement positions, In the past, inaccuracies in
space positioning have been introduced by using hand-held cameras to take
single photographs supposedly at overhead and with the aircraft often
off-center from the reference flight path, Firm mounting on a fixed tripod
can eliminate some of the sources of possible error and should improve the
acceptability of the results.

(2) The airplane position along the flight path is related to
‘the sound pressure levels recorded at the measurement locations by using
synchronized signals. Airplane position is recorded during the sound
measurement perilod.

{3) Measurements of airplane/engine performance parameters for
calculation of test day performance are recorded throughout the sound
measurement period. These measurements are time~related to the airplane
position along the flight path, Examples of parameters for measurement are
alrplane attitude, engine power setting, climb angle, and airpiane speed.
Flap position and gear position should be fixed and noted for each test
condition.

9., SOUND MEASUREMENT SYSTEM SPECIFICATIONS, The use of a quality sound
measurement system 1s required for noise certification tests, OQutput is in
the form ¢f one-third octave band sound presure levels covering the frequency
range from 45 Hz to 11,200 Hz for each one-half second over the sound
measurenent period. Included in the measurement system are components that
perform the following functions: transform sound pressure waves to electrical
signals (microphones), condition the signals, store signals for later
analysis, and retrieve and analyze the signals in terms of one-third octave
band levels as a function of time.

Chap 2
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a. Corrections to compensate for instrumentation nonuniform frequency
response characteristics are determined and applied to the sound pressure
level data. These should include response characteristics of (a) microphone
free field and directivity, (b) windscreen insertion loss and directivity, (c)
preemphasis, (d) signal conditioning equipment, (e) data storage and retrieval

system, and (f) analysis system. All corrections need to be identified,
documented and FAA approved.

b. When selecting sound measurement system components, compliance with
requirements may be determined from manufacturers' specifications, user
calibrations, or a combination of both, When multiple systems of the same
type are used, demonstration of compliance of at least one system is
satisfactory., However, this does not preclude the need to perform the system
calibrations and checks described in FAR 36 and paragraph 11 of this advisory
circular. Analysis systems that meet the specifications defined in the
following paragraphs have been approved.

10. ANALYSIS SYSTEM. The analysis system may be either analog or digital and
provides a root mean square (RMS) sound pressure level in one-half second
increments in each of the 24 one-third octave bands having geometric mean
frequencies from 50 Hz to 10 kHz., The averaging properties of the integrator
may correspond to one of the following:

a, For instruments with exponential averaging characteristics, the

requirements for Type 1 sound level meter with "slow" response as defined in
IEC 651,

b. For true integrating instruments compliance with the "slow” response
as defined in IEC 651 may be demonstrated by combining successive readouts
from the data processor. This combination of readouts i1s required since the
effective "slow" response averaging time is greater than the sampling
interval. When a true integration system 1s used, an acceptable alternative
to combining succesaful readouts is to set the integration time equal to the

sampling interval. The use of this type of data reduction system has required
the use of the integrated EPNL method.

c, Alternate instrumentation and/or procedures require approval by the
certificating authority,

11. SOUND MEASUREMENT EQUIPMENT CALIBRATIONS AND SYSTEM CHECKS. FAR 36
requires calibration of the sound measurement system. ~ This section describes
approved procedures to calibrate and check the complete measurement system.
These procedures are needed to ensure proper equipment performance over the
frequency range from 45 Hz to 1li.2 kHz.

a. Freguency Response,

{1} The free-field frequency response characteristics of each
microphone 1s determined by a pressure response calibration (which may be
obtained from an electrostatic calibrator) in combination with manufacturer
provided corrections or by a free-field calibration in an anechoic facility.
The directivity response characteristics of the microphone needs to be defined

and cover a sufficient angular range to encompass the sound measurement
period,

' Chap 2
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(2) Within 5 days of test the electrical response characteristics of
each measurement system, excluding the microphone and windscreen, is
determined at a level within 10 dB of the full-scale reading used during the
tests, using one of the following input signals: sine waves at the center
frequency of each one third octave band, or pink noise, Sufficient
determinations are made to ensure that the overall calibration of the system
is known for each test. The calibration signal generator should have been
checked within six months of the test series with instruments traceable to the
National Bureau of Standards.

b. Amplitude.

(1) An acoustic calibration of the system, including the amicrophone,
should be performed in the field at least once every 5 days. The acoustie
calibration should contain a reference signal of known amplitude and frequency
in order to provide cotrrelation with the calibrated sound presure level. A
pistonphone operating at a2 nominal 124 dB (re: 20 pa) and 250 Hz is generally
used, In addition, immediately before and after each days testing, a recorded
calibration of the system can be made in the field by injecting a 250 Hz sine
wave signal into each microphone preamplifier.

(2) Each magnetic tape reel will contain a reference signal of known
amplitude and frequency in order to provide correlation with the calibrated
sound pressure level. The reference signal (which represents a known sound
pressure level) is generated when the acoustic calibrator is in the proper
position over the microphone or anm electrical signal of known amplitude is
inserted into the tape recorder.

12. COMPUTATION OF EFFECTIVE PERCEIVED NOISE LEVEL (EPNL)., SPL data used in
compliance demonstrations are corrected to the airplane and environmental
reference conditions prescribed in FAR 36, Methods to determine a corrected
EPNL at each measurement location for evaluating compliance with FAR 36 noise
level requirements are provided in this section,

a. Data Processing. Before computing an EPNL, the measured SPL,
meteorological, and airplane position and performance data acquired as
described in paragraph 8 should be reviewed to ensure there are no anomzalous
data. However, it should be noted that Part 36 requires that no data may be
onitted without specific FAA approval, Measured data are processed in
accordance with the guidelines provided below.

(1) Sound Pressure Level Data., Sound pressure levels for each of
the one-third octave bands covering the frequency range from 45 Hz to 11200 Hz
are provided for each one-half second over the sound measurement period by
analyzing measured signals with equipment that is consistent with the
performance specifications defined in paragraph 9. Corrections for instrument
responses, as described in paragraph 11 (such as frequency response), are
taken into account during the data processing. Measured SPL data may be
ad justed to account for the presence of the fallowing undesirable data
contamination. (NOTE: If the measurements are not adjusted to delete the
presence of contamination the resultant levels will be higher than if measured
in the absence of such contamination,)

Chap 2
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(a) Extraneous Sound Sources. Contamination of the measured
airplane-generated signal may occur occasionally due to the presence of
extraneous sound sources. Examples of such sound sources include birds
chirping in the vicinity of the microphone, or tape anomalies (tape anomalies
can be caused by an infrequent, temporary loss of the FM carrier signal). The
measured SPL's may be adjusted to reflect the SPL which would have been
measured in the absence of the extraneous source. Where appropriate, spurious
1/3 octave band spectrum levels may be replaced by linear interpolation of
adjacent, uncontaminated spectral levels,

(b) Background Noise Corrections. The resultant airplane sound
pressure level values, after adjustment, should correspond to the sound
pressure levels which would have been measured under test conditions in the
absence of any background noise. As discussed in paragraph 8(a)(4), sound
pressure levels recorded during the ailrplane flyover and which do not exceed
the mean background noise sound pressure levels by at least 5 dB, or the
analyzer floor by 1 dB, may be adjusted using a technically supported
analytical shaping method. Acceptable methods are provided in Appendix 2.

(¢) Pseudotone/Fictitious Tone Identification., Spectral
irregularities resulting from ground plane reflections, known as pseudotones,
or any spectral irregularities other than those resulting from airplane sound,
known as fictitious tones, may be excluded from the tone correction evaluation
in the EPNL calculation. Acceptable methods for identifying
pseudotones/fictitious tones are provided in Appendix 3 of this advisory
circular.

(2) Airplane Position and Performance Data. Representative airplane
position and performance data for the sound measurement period are computed
for each measurement location. The pertinent airplane parameters recorded at
the closest point of approach to the measurement location may be used as a
basis for defining the test day flight profile and engine operating
conditions.

(3) Meteorological Data. The ambient air temperature and relative
humidity values which are used for the computation of the atmospheric
absorption of sound, are those which are representative of the atmospheric
conditions over the sound propagation path at the time of each sound
measurement, An absorption value determined from the meteorological data
acquired at 10 m (33 feet) provides an adequate representation of the
atmospheric conditions, if the absorption coefficient in the 3150 Hz one-third
octave band does not vary more than + 0.5 dB/100 m over the sound propagation
path corresponding to the maximum PNLT. When the atmospheric absorption
coefficient in the 3150 Hz one-third octave band, over the sound propagation
path relative to the PNLTM varies more than + 0.5 dB/100 m then "layered"
sections of the atmosphere are used to compute equivalent weighted sound
attenuations in each one-third octave band. The arithmetic average of values
of the atmospheric absorption coefficients at the top and bottom of each layer
is used to represent the sound path atmospheric absorption rate for each

layer.
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CHAPTER 3. SUPPLEMENTAL NDISE DEMONSTRATION METHODS

13. ALTERNATIVE METHODS. This chapter provides guidance on alternative
methods for deriving noise levels in support of FAR 36 compliance
demonstration for airplanes that result from a change in type design. The
methods addressed herein are ground static engine testing, supplemental flight
teating, analytical ad justment and component testing, Although emphasis is
placed on deriving nolse increments suitable for adjustment of a
Nolse-Power-Distance (NPD) data base derived according to the methods outlined
in Chapter 2, the guidance provided is also applicable to adjustment of
singular noise levels at any of the three FAR 36 reference locations, For
each application the FAA will review the technical validity of the existing
certification noise levels/NPD to ensure the data base is sufficient for
derivation of certification noise levels for airplanes resulting from a change
in type design.

a., To satisfy the acoustical change requirements of FAR 21.93(b), noise
compliance for an airplane resulting from a change in type design, in many
instances, has been approved based on compliance demonstration by methods that
did not require conducting a noise demonstration £light test. 1In these
instances noise level increments between two airplane versions were derived
using supplemental test and/or analysis techniques, The results of these
analyses were used to demonstrate elther no acoustical change, or to establish
certification nolse levels for the changed airplane version, Certification
nolse levels for a derived version are determined by applying the appropriate
nolse increments to noise levels already approved for the airplane prior to
the design change provided that the data atre within the required confidence
iaterval, This adjustment of previously approved noise levels wmay be made
either at the specific FAR 36 reference points or, more generally, to an
approved NPD for the type design from which FAR 36 noise levels may be
derived.

b. Noise increments for certain changes in type design can be
established by a specific supplementary demonstration method; for example,
noise increments due to airplane performance changes may be assessed using an
approved NPD analysis. The avallable supplementary demonstration methods
should be reviewed for the most appropriate method based on the guidelines 1in
this advisory circular, The use of these methods for demonstrating noise
compliance is discretionary and does not preclude an applicant from conducting
a nolse demonstration flight test for a noise certification demonstration.

14. TECHNICAL CONSIDERATIONS. Selection of a supplementary noise
demonstration method for a specific change of type design depends upon a
number of general technical considerations, The technical items common to
each demonstration method are discussed in this section; technical items
associated with a particular type of supplementary demonstration method are
provided in the respective sectiouns.
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a. Examples of Demonstration Applications, The nature of the change in
type design may limit the selection of appropriate supplementary nolse
demonstration method(s). Examples of the application of supplementary wethods
are provided in Figure 2, The list is not comprehensive, and, for a specific
type change, more than one method may be technically valid.

b. Noise Source Characteristics.

(1) For type changes which retain the same basic nolse source
characteristics as the approved version, certification noise levels may be
derived directly from the approved NPD; for example, noise increments
resulting from airplane aerodynamic performance differences can be obtained
directly from the NPD by using analytical methods described in Section 18(a).

(2) The nature of some type changes may or may not constitute a
change in the basic airplane noise source characteristics., In such cases, the
approved NPD may be acceptable for deriving noise increments if supporting
data or analyses are provided which demonstrate that the noilse source
characteristics remain unchanged. For a power rating extension, a
certification noise level may be directly derived from a NPD, which has been
extended using approved analytical techniques,

(3) For type changes which may result in changes to the basic noise
source characteristics, modifications to the approved NPD may be incorporated
through use of one of the supplementary methods described in this AC. Noise
level increments representative of the differences between the reference and
changed version are algebraically added to the approved NPD values. A new
engine type or nacelle are examples of changes in type design which may change
the basic noise source characteristics.

(4) For some type changes which may result in altering the basic
noise source characteristics, adjustments may be made directly to the approved
flight levels. These adjustments reflect the nolse difference between two
nacelle and/or engine configurations and may be applied to the approved flight
levels as one~third octave band adjustments or as EPNL ad}ustments.
Application of this method follows the same procedures as defined for
ad justing an NPD data base, except it is applicable only to a discrete
airplane flight condition,

c. Nolse Increment Derivation Using Common Demonstration Methods. To
insure derivation of the correct noise increment between two different
airplane configurations, the supplemental test and analysis methods used for
both the previously approved and changed version should be of the same type.
This avoids discrepancies that can occur from merging differing methods. The
demonstration method is designed to provide noise levels representative of
those occurring with production hardware (e.g., engine and nacelle).
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FIGURE 2
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EXAMPLE OF CHANGES IN TYPE DESIGN

ATRPLANE AERO=-PERFORMANCE CHANGES
(e.g., Gross Weight, Flap,
Fuselage, etc.,)

ENGINE THRUST AND/OR RATING CHANGES

MINOR MODIFICATIONS TO ENGINE

MINOR MODIFICATIONS TO ENGINE

B NACELLE

[~ ENGINE COMPONENTS (e.g., Jet, Fan,
etc.)

| ACOUSTIC TREATMENT CHANGES
" ENGINE REDESICN (e.g., New Fan
Design) -

NEW ENGINE OF COMPARABLE
TECHNOLOGY

NEW ENGINE NACELLE

NOISE SUPPRESSION DEVICE (e.g.,
Exhaust Gas Mixer)

ACOUSTIC TREATMENT CHANGES

THIS LIST IS NOT COMPREHENSIVE AND
FOR A SPECIFIC TYPE CHANGE, MORE
THAN ONE DEMONSTRATION METHOD

MAY BE TECHNICALLY VALID,
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d. Supplemental Test Data Compatibility. The application of a noise
demonstration method depends upon the compatibility with data previously
acquired. Items to be considered include test hardware, test and analysis
procedures, test site and configuration,

e. Component Noise Sources. The airplane nolse source components
affected by the change should be considered in determination of the best
method for the evaluation of changes to the total airplane source noise

' characteristics. Parameters controlling the component noise source generation
mechanisms and directional characteristics should be identified in order to
‘absess the nolse sensitivity of each component source. For example, when the
total airplane noise characteristics are dominated by one source, such as the

low speed rotor, the use of component test results, in combination with a

component noise source analysis, may be an appropriate method to demonstrate
* roise’ increments. R

-

f. Noise Increments Caused by Nacelle Acoustic Treatment Changes. Noise
increments caused by nacelle acoustic treatment changes made to noise
certified aircraft can be empirically derived by coupling data from static
engine noise tests with data from certification flyover noise tests, The
noise increments, in EPNdB, are determined by applying the difference in
measured spectra between the two nacelle treatments to measured one-third
octave band sound pressure levels in flight at the same directivity angle. If
the modified nacelle treatment produces levels lower than the existing nacelle
: *treatment, noise generated by the airframe should be considered in determining
the dominant noise source,

.- I N

15. STATIC ENGINE TESTS. Data acquired from static tests of engines
incorporating similar designs to those thet were flight tested may be
projected, where appropriate, to flight conditions and, after FAA approval,
uged to supplement an approved NPD for the purpose of demonatrating compliance
with FAR 36 in support of a change in type design. This section provides
guidelines on static engine test data acquisition, analysis and normalization
techniques. The information provided is used in conjunction with the
technical considerations in paragraph 14 and the general guidelines for test
site, measurement and analysis instrumentation, and test procedures provided
in SAE AIR 1846, "Measurement of Noise from Gas Turbine Engines During Static
Operation,” The engine designs and the test and analysis techniques to be
used should ‘be presented in the test plan and submitted to the FAA for
concurrence prior to test conduct. It should be noted that test restrictions
defined for flight testing in conformity with FAR 36 are not necessarily
appropriate for static testing. For example, the distances associated with
atmospheric absorpton for static tests are substantially less than those’
"_encoﬁnteted in flight testing and thus may require different criteria,

T T4, ' Test Site Requirements, The test site should meet at least the
criteria Bpecified in SAE AIR 1846. Different test sites may be selected for
testing the subject configurations provided the test sites approved by the FAA
are acoustically similar, See paragraph 15(d) for criteria concerning data
acquisition and analysis systems. Depending upon test objectives and unique
test stand and test site characteristics, wind speed and direction limits
should be considered,
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b. Microphone Locations., Microphones should be located at sufficient
angular locations and at a height to provide adequate definition of the engine
noise source characteristice. More specific guidance 1s given in SAE AIR
1846, The objective is to obtain measurements which can be corrected to a
common reference condition, One method is to obtain or correct data to free
field conditions (see paragraph 15(e). Certification experience has been
primarily limited to microphone installations near the ground or at centerline
height, Because of the difficulties associated with extrapolating to flight
conditions, the FAA suggests using near-ground plane microphone installations.
However, the choice of microphone installations is dependent upon the specific
test objectives and FAA approval of methods to be used for data normalization,
It is currently required to use consistent microphone locations, heights,
etc,, for noise measurements of both the prior approved and changed version.
1f ground plane microphones are used the applicant should demonstrate by an
approved method that acoustic shadowing (thermal gradients or wind) is not a
influencing factor. Previous data or data from the supplemental test may be
used to demonstrate that testing within the weather restrictions adhered to by
the applicant at a particular test site results in no evidence of shadowing.
In lieu of this evidence, the supplemental noise demonstration test should
include an approved method to indicate the presence of shadowing effects. Ome
method that has previously been used 1s to compare sound pressure levels from
reference pairs of adjacent microphones; one a pole mounted microphone located
at engine centerline height, or higher, and the other a ground plane
microphone, When the differences between the instantaneous values of the
time-averaged microphone data are outside 3.0 + 1.5 dB in one or more of the
one~third octave bands centered at 5000, 6300 or 8000 Hz, shadowing effects
are findicated., (Note: it may be necessary to remove the influence of
dominating tones, if occurring within this frequency range, to examine the
data against this criterion). Analysis and verification by the FAA will be
required to permit the use of data if shadowing effects are indicated.

c. Engine Power Test Conditions. A range of static engine operating
conditions should be selected to correspond to the expected maximum range of
in-flight engine operating conditions. A sufficieat number of engine power
settings should be tested to ensure that the 90% confidence intervals in EPNL
can be established.

d. Data Analysis System Compatibility., 1If more than one data analysis
system is used for the acquisition of static data, compatibility of the two
analysis systems is necessary, This can be accomplished by analyzing the same
tape on both systems. The systems are considered compatible if the resulting
differences in the projected in~flight EPNL values are no greater than 0.5
EPNdB. Evaluation should be conducted at flight conditions repreasentative of
those for certification.

e. Data Acquisition, Analysis and Normalization. For each of the power
settings designated in the test plan, the engine performance, meteorological
and sound pressure level data are acquired and analyzed using the
instrumentation and test procedures described in SAE AIR 1846. Sound
measurepente are normalized to consistent conditions (generally free field)
and consist of 24 one-third octave band RMS sound pressure levels between 45
and 11,200 Hz for each measurement (microphone) station, Before projecting
the static engine data to flight conditions, the sound pressure level data are
normalized for the following effects:
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(1) Frequency response characteristics of the data acquisition and
analysis system.

(2) Spherical divergence over the sound propagation path,

(3) Atmospheric absorption over the sound propagation path due to
the differences in test and FAR 36 reference ambient conditions of temperature
and relative humidity,

(4) Spectral distortions resulting from ground reflections (methods
to account for spectral distortions are referred to in SAE AIR 1672B).

(5) Contamination by ambient noise.

16, PROJECTION QF STATIC ENGINE DATA TO AIRPLANE FLIGHT CONDITIONS. The
static engine sound pressure level data acquired at each angular location are
analyzed, and normalized to account for the effects identified in paragraph
15(e) and are projected to the same airplane flight conditions used in the
development of the approved NPD. As appropriate, the projection procedure
includes the effects of source motion, number of engines and shielding, flight
geometry and atmospheric propagation. To account for these effects, the
measured data which correspond to the total static nolse are separated into
individual noise source contributors. After projecting the one-third octave
band SPL data to flight conditions, EPNL values to be used in developing the
revised NPD are calculated. Guidelines on the elements of an acceptable
projection procedure are provided in this section., This process is also
illustrated in Figure 3. Note: Statle-to-flight projection procedure
approvals of installations or engine types that are not similar to those that
have been previously approved may require flight validation.

a. Engine Component Noise Source Separation., Unless dominated by just
one noise source (e.g., fan noise from a turbofan engine), the total static
engine SPL data measured at each angular location should be separated into
each of the noise sources that may provide significant contributions to the
total. This separation is performed in terms of one~third octave band level
and the total noise is separated into jet and turbomachinery noise components,
A further separation of components may be necessary in some 1nstances.

(1) Normally, jet noise dominates the low frequency range of the
total noise gpectrum and the peak jet noise one-third octave band can readily
be discerned. In the mid-frequency range the contribution of jet noise
relative to turbomachinery ncise sources may not be as apparent. Predictions
of jet noise spectral characteristics may be obtained from procedures in SAE"
ARP 876C “Gas Turbine Jet Exhaust Noise Prediction” or from other approved
methods such as component tests of comparable configurations. These spectral
shapes are generally defined as a function of angle and operating condition.
The predicted jet nolse spectral shape derived for the relevant position and
operating condition should be adjusted to match the measured jet noise level
in the low frequency range. The logarithmic sum of the jet and “"other" noise
sources should be reviewed to ensure the summation for the mid frequency range
is consistent with the total meagured nolse,
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FIGURE 3
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(2) Turbomachinery noilse sources produce both tones and broadband
nolse. Methods for identifying one-third octave bands containing tones
include use of either narrowband analysis or analytical procedures that
consider the slopes between adjacent one-third octave bands (analogous to the
tone identification procedure in the computation of EPNL).

(3) After separating the total noise into the contributions from
each source, the summation, on an energy basis, of the source contributions in
each one-third octave band should equal the total noise,

b. Projection of Source Noise Levels to Flight. The effects of several
factors are considered in the projection of the static source noise levels to
a flight condition. These factors include the following:

(1) Relative velocity effects on jet nolse - information in SAE ARP
876C or approved methods such as model tests may be used to provide guidance
on adjusting the jet noise cowponent for this effect.

{2) Doppler effect -~ frequency shifting that results from motion of

the source (airplane) relative to a microphone is accounted for by using the
following equation:

frircur = foratic
(1-M cos ©)

where fpyyoyr = flight frequency
fSTATI.C = gtatic frequency
M = airplane Mach number
8 = angle between the flight path and the
sound path connecting the alrplane and
the microphone

It should be anoted that for those one-third octave bands
dominated by a turbomachinery tone, the Doppler shift mey move the tone into
an adjacent band,

(3) Number of engines and engine shielding - having more than one
engine on an airplane is taken into account by adding the factor 10 log N,
where N 18 the number of engines, to the static data. 1If it is appropriate
(e.g., for the sideline case) it may be necessary to account for shielding
effects. NASA CR-114649, "Aircraft Noise Source and Contour Estimation,” July
1973, provides guidance on engilne shielding effects.

(4) Spherical divergence - this effect results in a lowering of
SPL's when moving further away from the noise source. The amount subtracted
from the static data is 20 log DFLIGHT/DSTATIC where D represents the
distance from the source to the microphone.

Chap
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(5) Atmospheric absorption - adjustments to account for reference
day atmospheric absorption are defined in SAE ARP 866A revised 3-15-75. In
the event that minor differences in absorption values exist in SAE ARP 8664
between equations, tables, or graphs, the equations should be used.

{(6) Ground reflection — In those instances where the noise tests for
both the reference and changed versions have been conducted over the same type
of surface, it may not be necessary to adjust the measured data for test
surface effects, Any adjustment for ground reflection should correspond to
the difference between the static measurements and flight measurements made
l.2m (4 ft) above the ground surface, Examples of methods for obtaining
free~field sound pressure levels are described in SAE AIR 1672B.
Alternatively, free field sound pressure levels may be derived from other
approved analytical or empirically derived models or a combination of both.

c. Airframe Noise Component. To account for the possible contribution
of alrframe noise, measured alrframe noise or an approved airframe nolse
analytical model is used to develop an airframe noise data base. The alrframe
generated noise is normalized to the same conditions as those of the adjusted
static engine conditions: 1i.e., sound propagaticn distances, and the approved
NPD airgpeed. In normalizing to these conditions, the following effects are
accounted for:

spherical divergence

atmospheric absorption, and

airspeed. Alrframe nolse for a given configuration varies with
velocity as follows:

zxspLairframe = 50 og Vnpp
VTEST

where: Vrpgp is model or measured airspeed
Vypp 18 approved NPD airspeed

This equation is also valid for adjustments to EPNL where an empirically
derived coefficient replaces the coefficient 50 since this value may be
somewhat configuration 'dependent. However, FAA approval will be required for
values other than 50.

d. Total Noise Spectra. The adjusted static engine noise components
and, where appropriate, the airframe noise component are summed on an energy
basis to construct the total airplane nolse spectra., This process is repeated
for each measurement location and for each power setting.

e, EPNL Computations. For EPNL calculation, a time is associated with
each extrapolated spectrum along the flight path by adjusting the measured
data to the approved NPD reference conditions and the distance to the flight
path., (NOTE: A time is derived from each measurement location with respect
to engine centerline.) For each power setting and array of minimum distances,
an EPNL is computed from the projected time history using the methods
described in FAR 36, Appendix B. To reduce the influence of random spectral
irregularities the tone corrections provided in Appendix 4 may be used to meet
the requirements of FAR 36, Appendix B.
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f. Noise Increment Computations. A NPD can be constructed from the
projected static data for both the original and changed versions. Comparisons
of the nolse vs power relationships for the two configurations at equivalent
ninimum distances, will determine whether or not the changed configuration
resulted in an acoustic change. If there 1s an acoustic change or if a new
NPD is requested, the data applicable to the changed configuration are
developed from the static data projected to flight conditions plus the
approved residual. This residual is developed from the difference between
flight data and static datea for the flight configuration projected to flight,

17. SUPPLEMENTAL FLIGHT TESTS. Supplemental flight testing has been found
adequate for some type changes, An acceptable compliance plan may be
developed by considering the technical items of paragraph 14 in conjunction
with the flight test procedures outlined in Chapter 2, Additionally,
consideration should be given to the effects the change in type design will
have on the noise level at each of the FAR 36 reference locations, Data are
acquired, analyzed, and normalized using the procedures described in

Chapter 2, Noise Demonstration Flight Tests, The computation of noise
increments, the development of the changed version NPD, computation of
confidence intervals, and evaluation of the changed version noise levels can
be made using procedures similar to those outlined in paragraph 16(f) of this
AC for static tests.

18. SUPPLEMENTAL ANALYSES, Analytical procedures may be acceptable for
demonstrating compliance with FAR 36 for alrplanes resulting from a change in
type design. Depending upon the effect the change in type design will have on
the hasic airplane noise source characteristics, certification noise levels
may be derived directly from the existing NPD, or from an analytical extension
of the existing NPD, or by supplementing the existing NPD with noise data
derived by analytical modeling of the noise components.

a. Noise Increments Derived from an Approved NPD. For type changes
which retain the same basic noise sources characteristics, certification noise
levels may be derived directly from the approved NPD using the methods in
paragraph 12{e)(2).

(1) Example Applications

(a) Weight increase or decrease from the originally
certificated airplane weight, for both takeoff and approach.

(b) Engine power increase or decrease,

(c) Airplane changes that could indirectly affect noise levels
because of an Impact on airplane performance (increased drag for example).
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(2) Extension of the Approved NPD., For the type change examples
above, certification noise levels may be derived from the approved NPD
provided the reference aerodynamic performance is within the limits of the
approved NPD. For cases where the reference aerodynamic performance (e.g.,
engine power) is beyond the limits of the approved NPD, the NPD may be
extended within approved limitations. Among the items to be considered in
extension of the NPD are:

(a) the 90% confidence interval at the extended power;
(b) airplane noise source characteristics and behavior; and
(c) engine cycle changes.

b. Analytical Modeling of Noise Components. Analytical procedures may
be considered when validated by test data to demonstrate limited changes to
the basic airplane noise source characteristics or to demonstrate no
acoustical change, For type design changes such as engine or nacelle redesign
and acoustic lining changes, a validated analytical noise model may be used to
derive predictions of noise increments within approved limitations. The
analysis consists of modeling each airplane component noise source and
projecting these to flight conditions in a manner similar to the static test
procedures described in paragraph 16.

(1) Airplane Noise Components. A model of detailed spectral and
directivity characteristics for each alrplane noise component may be developed
by theoretical and/or empirical analysis. Each noise component 1is correlated
to the parameter(s) which relates to the physical behavior of the source
mechanisms. The source mechanisms, and subsequently the correlating
parameters, are identified through use of other supplemental tests such as
engine or component tests.

(2) Projection of Airplane Component Noise Sources to Fiight
Conditions., As described in paragraph 16, an EPNL representative of flight
conditions is computed by adjusting the airplane component noise sources for
motion, number of engines and shielding, reconstructing the total noise
spectra and projecting the total noise spectra to flight conditions by
accounting for propagation effects., In some cases adjustments for additionsal
effects on the component noise sources may be required. For example, the
effect of changes in acoustic treatment, such as nacelle 1lining, may be
modeled and applied to the appropriate component noise sources,

(3) Noise Increment Computations. The computation of noise
increments, the development of the changed version NPD, and evaluation of the
changed version certification nolse levels are made using the procedures in
paragraph 16(f). The validity of the resulting data base is determined using
an approved methodology. Guidance on confidence interval computations is
provided in Appendix 5 of this advisory circular.
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19. SUPPLEMENTAL COMPONENT TESTS. Full scale or scale models of components
of production hardware can be acoustically tested in a controlled laboratory
environment such as a fiow duct transmission loss facility, an anechoic
chamber or a wind tunnel, Results from scale model component tests must be
adjusted to full scale conditions using approved procedures. An example use
of approved laboratory facilities is the determination of noise increments,
resulting from changes in nacelle acoustic lining, in flow duct transmission
loss facilities., These noise increments are determined by applying the

laboratory measured attenuation spectral differences to the measured 1/3
octave band flight levels,

20. METHODS FOR DEMONSTRATING NO ACOUSTICAL CHANGE. Several noise
denonstration methods have previously been limited to use in demonstration of
no acoustical change (defined in FAR 21,93(b)). These methods include
analytical noise component models and component tests, Approval of these
methods has previously been confined to no acoustical change demonstrations,
For demonstration of no acoustical change, the applicant is not precluded from
uge of either a noise demonstration flight test or other supplemental noise
demonstration methods described in this advisory circular.

Chap 3
Page 30 Par 19



10/27/83 AC 36-4-
Appendix 1

APPENDIX 1, OUTLINES FOR NOISE COMPLIANCE DEM)NSTRATION
PLAN AND REPORT

1., NOISE COMPLIANCE DEMONSTRATION PLAN. At a aminimum, a typical noise
certification compliance demonstration plan should contain the information
shown in the outline below, While the outline covers all types of noise
demonstration methods described in the advisory circular, a particular plan
should address only those items of interest to an applicant. The plan should
list equivalencies anticipated to be needed along with supporting
documentation. '

8. Introduction. Addresses planned certification action.

b. Test Item., Airplane, complete with engine and nacelle description,
welights, flaps, etc.

¢+ Type of Noise Demonstration Method.

(1) Noise Demonstration Flight Test,
(2) Supplemental Methods.

(a) Static Test

{b) Flight Test

(c) Analysis

{d) Component Test

d. Test Description., Highlights of the planned test should be noted and
any deviations from the procedures described in Part 36 should be identified.

e. Data Acquisition Systems. Type and model of hardware and any
deviations from the hardware and procedures described in FAR Part 36 and this
advisory circular should be noted.

f. Data Analyses and Normalization Procedures, Highlights of the
hardware and methods to be used should be noted. Also any deviations from the
procedures described in FAR Part 36 and this advisory circular should be
identified, The applicant’s reference conditions alsoc should be identified,

g+ Equivalencies. All "equivalent procedures” to be considered in this
certification should be identified. Any new equivalencies submitted for FAA
approval must be supported with adequate engineering analyses and/or test
data. Requeets for approvals of equivalencies should be submitted in a timely
manner to provide for review by both regional and AEE personnel. Generally,
this takes 30 to 60 days, depending upon the engineering complexity of the
proposal,
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2. NOISE CERTIFICATION COMPLIANCE REPORT. At a winimum, typical noise
certification reports should contain the fnformation shown in the outline
below (as applicable to the configuration being certiffed). It is likely that
there will be more than one report for a basic airplane with several
derivative configurations.

a. Introduction. Define applicable requirements of FAR 36 under which
nolse certification is requested,

b. Airplane, Engine, and Nacelle Descriptions. Provide the gross
dimensions of the airplane (including the engine locations), descriptions of
the engine and nacelle acoustic treatments, landing and takeoff weights,
thrusts, and flap settings.

c. Airplane Performance at Reference Conditions. For the reference
aerodynamic configuration (e.g., airplane weight, flap setting, etc.) provide
the aerodynamic performance necessary to derfve the certification noise
levels, At a minimum, this includes power, height, and airspeed.

d. Certification Noise Levels., For the reference aerodynamic
configuration, provide the certification noise levelas and the applicable noise
limite for each of the three FAR 36 measurement locations,

e. Noise Certification Test Results., Provide details on the results of
tests and analyses which demonstrate compliance with the applicable
requirements of FAR 36, The following information should be reported:

(1) Noise Demonstration Method ~ Provide a description of the type
of noise certification demonstration method used,

(2) Test Airplane, Engine and Nacelle Descriptions -~ The type, model
and serial numbers of the airplane and engine used in the test should be
provided.

(3) Test Description and Resultant Measurements -~ A summary of the
conduct of test, the type of equipment used for measurement and analysis of
the noise, airplane position and performance, and meteorological data, and
representative examples of the acquired data should be provided.

(a) Test Site Description - The test site location, terrain and
ground cover description, microphone lacations, and any events interfering
with sound measurements.

(b) Meteorological Data - Wind speed and profiles of ambient
alr temperature and relative humidity.

{¢) Airplane Position and Performance - Airplane configuration,
gross weight, airspeed, power, and the position over the test range.
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(d) Engine Performance - Engine power settings and thrust,
rotor speeds, and engine spool down characteristics (if appropriate),

(4) Analysis Procedure - A summary of the procedures used in the
normalization of the measured data to reference conditions for each of the
~ three measurement locations should be reported.

(5) Airplane Flight Manual page (example).
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APPENDIX 2. GUIDANCE MATERIAL ON METHODS TO ACCOUNT FOR THE EFFECTS
OF BACKGROUND NOISE ON AIRPLANE RECORDED NOISE DATA

1. INTRODUCTION.

a. The following information on methods for removing the effect of
background noise on measured recorded airplane sound pressure level data is
provided as guidance material for the certificate applicant,

b. Sound measurement and analysis system dynamic range performance
limitations can result in measured sound pressure levels that are influenced
by the presence of background noise. This problem occurs primarily at high
frequencies where airplane noise source characteristics and atmospheric
absorption result in low one-third octave band sound pressure levels relative
to those of the lower frequency portion of the spectrum.

¢s The influence of background noise on recorded sound pressure level
data may be unavoidable and, in scme instances, correction of recorded sound
pressure level data is required,

d. The application of the data correction methods presented in this
guidance material will provide an acceptable estimate of sound pressure level
data that would have been measured in the absence of background noise.
Approval for the use of other correction procedures may be requested by
certificate applicants, and approval for the use of any procedure remains with
the certificating authority.

2. BACKGROUND NOISE.

a. The lowest level of true airplane sound pressure levels measured
during & flyover test may be limfted by background noise. Background noise is
established by the test site ambient sound and electrical noise of
the measurement system {predetecticn noise). The predetection ambient sound
will add, on an energy basis, to the true aircraft noise. In addition, the
dynamic raunge of the analysis equipment may establish the lowest poseible
read-out value for any one-third octave band level (post detection background
noise),

b. The background noise level is defined as the mean predetection level
or the post detection level, whichever is the greater. Hereafter, for the
purposee of the corrections described in this appendix the background noise
level is defined as the wean predetection level plus 5 dB, or the post
detection level plus 1 dB, whichever is greater.

c. The ambient sound and electrical noise of the measurement system is

determined in accordance with requirements of FAR 36 and this advisory
circular,
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3. CORRECTION PROCEDURES. _ S

a., Where the airplane sound pressure level is greater than the
background noise level the true airplane sound pressure level may be estimated
by subtracting, on an energy basis, the predetection level from the total
neasured sound pressure level, No correction for post detection noise is
required if measured sound pregsure levels exceed the post detection noiae
level,

b, Where measured sound pressure levels are equal to or less than the
background noise level the airplane sound pressure levels are defined as being
masked,

¢. If no more than the four highest frequency one-third octave bands are
masked, the Noy value for these bands may be set equal to zero,

d. 1If more than the four highest frequency one-third octave bands are
masked, then the sound pressure levels for the masked bands may be determined
by applying one or more of the correction procedures described below.

e, Time Extrapolation.

(1) This procedure is applicable to measured data where one-~third
octave bands are masked during only a portion of the sound measurement
period.

(2) Corrections in the time domain are made by taking into account
propagation distance (spherical divergence and atmospheric absorption)
relative to the first (approaching) or last (receding) ummasked sound pressure
level measurement in the one-third octave band requiring correction, Source
directional characteristics in each madked frequency band are assumeg to be:

{a) Directional, as supported by test data, or
(b) Omnidirectional,
Note: Preference should be given to test data,

f. Frequency Extrapolation.

(1) Sound pressure levels in each of the masked high frequency
one~third octave bands are estimated by extrapolating the highest unmasked
frequency band by an amount equal to the sum of source spectrum siope. and the
atmospheric absorption in each frequenecy band along the sound propagation path
from source to measurement location. The source high frequency spectrum slope
is defined by: '
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(a) a slope supported by test data, acquired from closer-in
nicrophones or static engine noise measurements; or

(b) 1in the absence of test data, a slope of -9 dB/octave may be
assumed.

Note: Preference should be given to test data.

(2) No more than four one-third octave bands in any spectrum should

be corrected using frequency extrapolation if an assumed source spectrum slope
is used,

g. In those cases where masked band(s) occur between unmasked bands, the
measured sound pressure levels in the masked band{s) shall be used, or other
values as supported by applicants' data. In the case where one masked band is
located between two unmasked bands, the mean value of the adjacent unmasked
bands may be ascribed to the masked band if this mean value is lower than the
measured level in the masked band.

h. No penalty for spectral irregularities resulting from the correction
procedure is ascribed to those masked frequency bands that have been corrected
for the effects of ambient noise,
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APPENDIX 3. GUIDANCE MATERIAL ON METHODS TO IDENTIFY PSEUDOTONES/
FICTITIOUS TONES IN AIRPLANE RECORDED NOISE DATA

1. INTRODUCTION.

a. The following information on methods for identifying pseudotones/
fictitious tonmes in airplane sound measurements is provided as guidance
material for the certificate applicant.

b. Airplane sound measured at 1.2 m (4 ft) above the ground will be
composed of broadband noise superimposed with spectral irregularities., The
spectral irregularities may be caused by actual airplane/engine tones, ground
plane reflections or atmospheric propagation effects. In addition, spectral
irregularities may be artifically created by data processing techniques which
account for ambient sound and atmospheric absorption corrections.

c¢. The application of a tone correction factor in the computation of
EPNL accounts for the subjective response due to the presence of promounced
spectral irregularities., Tones generated by airplane noise sources constitute
the spectral irregularities requiring application of tone correction factors.

d., The application of pseudotone/fictitious tone identification methods
presented in this guidance material will provide an acceptable means of
identifying spectral irregularities not requiring application of tone
correction factors. Approval for the use of other correction procedures may
be requested by certificate applicants, and approval for the use of any
procedure remains with the certificating authority.

2. SPECTRAL IRREGULARITIES.

a, Discrete frequency tones generated by airplane noise sources are
the measured spectral irregularities requiring application of tone correction
factors.

b. Spectrel irregularities occur in data measured at 1.2 m (4 ft) due to
interference effects caused by the reflection of sound from the ground
surface. These ground reflection effects, known as pseudotones, are most
pronounced at low frequencies. Any other spectral irregularity not related to
aircraft noise sources, such as those caused by atmospheric propagation
effects, are termed fictitious tones. Spectral irregularities producing
fictitious tone correction factors may result from corrections applied to the
measured sound pressure level data due to:

(1) masking of sound pressure levels, or
{2) differences between test and reference sound attenuation in the
4.0 kHz and 5 kHz one-third octave bands (as prescribed in ARP 866A). Neither

fictitious tones or pseudotones are related to aircraft noise sources and as
such need to be fdentified so that tone correction factors are not applied.
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¢. Pseudotones in the 800 Hz and lower one~third octave bands way be
excluded from the calculation of corrections for spectral irregularities., To
qualify for this exclusion, the pseudotones should be clearly ideantified using
one of the methods outlined below. Pseudotones at frequencies above 800 Hz
generally should not yleld significant tone corrections. However, for
consistency, each tone correction value should be included in the computation
for spectral irregularities.

d. If fictitious tones are identified (using one of the methods outlined
in paragraph 3), a revised value for the background sound pressure level
should be determined and used to compute a revised tone correction factor for
that particular one-third octave band.

3. METHODS FOR IDENTIFICATION OF PSEUDOTONES/FICTITIOUS TONES.

a, Narrowband Analysis. By analyzing the measured data using a filter
with a bandwidth narrower than ocne-third of an octave, the presence or absence
of airplane or engine generated discrete frequency tones may be determined..

b. Frequency Tracking of Spectral Irregularities During the Flyover.
The observed frequencies of airplane noise sources progressively increases
prior to the point of airplane acoustic overhead and then progressively
decreases after overhead due to the Doppler shift,

£ Doppler shifted = fgource
1l -~ Mcos 8

where

f = frequency

M = Mach number

® = angle between the flight path and a line connecting the source and
observer at the time of noise emission,

In contrast to the Doppler shift effect, ground reflection effects in the
spectra decrease in frequency prior to, and increase in frequency after, the.
point of airplane acoustic overhead. These differing characteristics can be
used to separate source and reflection effects,

c¢. Microphone Arrangement, Pseudotones may be identified by comparing
measurements from the 1.2 meter (4 ft) microphone with corresponding data from
an adjacent microphone which is:

(1) mounted near (within one-half microphone diameter) a hard
reflecting ground surface, or

(2) raised to a height above the ground surface so that the first
interference dip falls below the range of interest (50 Hz). Microphones at 10
meters (33 ft) have been used.

Using either microphone arrangement eliminates the interference
irregularities from the low frequency range of the measured spectra and when a
comparison is made between the two data sets, airplane source tones can be
separated from any pseudotones that may be present,
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d. Inspection of Noise Time Histories. Spectral irregularities which
produce fictitious tone correction factors will usually accur in the 1 kHz to
10 kHz frequency range. Depending upon the variation with frequency of the
tone correction calculation procedure, the magnitude of these tone corrections
typically ranges from 0.2 to 0.6 dB. PNL and PNLT time histories with
constant level differences indicates invalid fictitious tone corrections.

This analysis may be supplemented by narrowband analysis to demonstrate that
these characteristics do not result from the Doppler shift effect.
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APPENDIX 4. COMPUTATION OF EFFECTIVE PERCEIVED NOISE LEVEL (EPNL)

1. EPNL is computed by the methods prescribed in FAR 36, Appendix B. In the
computation, noise having pronounced spectral irregularities is adjusted by a
tone correction factor (see B36.5). An approved tone correction factor may be
determined from the sound pressure level differences (f(i,k)) and Table 1.

All other procedures in the computation of EPNL are the same as FAR 36,
Appendix B.
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TABLE 1 - TONE CORRECTION PACTORS
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LEVEL DIFFERENCE F (dB)

PREAUENCY ¢ (Hz)

LEVEL DIFFERENCE

TONE CORRECTION

F (d8] ¢ (d8)
50€ f < 500 G<F<1.5 0
or

5000 < 10000 1.54F«g 3.0 (F -1.5)/3
3.0<F <20.0 F/6
20.0€F 31/3

500 € f g 5000 0<F<K1.5 0
1.54 P& 3.0 (2F - 3)/3
3.0<F <20.0 F/3
200 F 6 2/3
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APPENDIX 5. GUIDANCE MATERIAL ON METHODS TO CALCULATE
CONFIDENCE INTERVALS

1. INTRODUCTION. The use of NPD maps requires confidence intervals to be
determined using a more general formulation than used for a cluster of data

points. For this more general case confidence intervals must be calculated
about a regression line for:

a. flight test data;

b. a combination of flight test and static test data; and

c. analytic data results,.

The latter two are of particular significance for family certifications.

2. CONFIDENCE INTERVAL ABOUT FLIGHT TEST DATA.

a. Ninety percent confidence interval for clustered flight conditions is
defined as:

Confidence Interval = + “-E%
n

8
n

k3
b. Ninety percent confidence interval for a least squares fit
polynominal regression of flight test data is defined as:

standard deviation of the mean EPHNL
number of data points
student t distribution

Confidence Interval = ttx 9v/POWER' A~ POWER
and is calculated as follows: -

For the point (power, EPNL,) on the following regression
EPNL = A, + A) POWER + Ap POWERZ

the confidence limits are obtained as follows:

CcI = if_%‘s v EOWER', A~ BOVER,

EPNL = A, + A; POWER + Ap POWERZ + ... A, POWERK
POWER' is the transpose of the POWER vector

POWER' = [ 1 POWER, POWER,... POWER }
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H
[ 1
POWER, = | POWER,

POWER,,
N ’

5§ = Lg (EPNLy - EPNL)Z N = Number of data points
N-3

$2a-1 tg the variance-covariance matyix for the A
values estimated with S2 , A~l results from the solution of the normal
equations used for obtaining the least squares solution,

3. CONFIDENCE INTERVAL FOR STATIC TEST DERIVED NPD MAPS.

a. VWhen static test data is uped in family certifications, NPD maps are
formed by the linear combination of bageline flight regressioms, baseline

projected static regressions, and derivative projected static regressions in
the form

EPNL(Derivative Flight) ™ EPNL (Bageline Flight) -
EPNL{Baseline Static) * EPNL(perivative Static):

Confidence intervals for the derivative flight NPD curves are
obtained by pooling the three data sets.

Confidence Interval = + T' JXBF + Xpg + Xpg

Xgr =]Spr.[POWER' A~l POWER

— BFO  BFO
Xps =]Sps./POWER' A"l POWER

— BSO ~BSO

Xps =[Sps.[POWER' 4"l POWER
DSO — DSO
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Xpr tpr + Xas tas + Xpg tps
T =

Xpr + Xps + Xps
tpr = tee > (Npp - 3)
tgs = tee, g » (N = 3)

tps = tegs » {(Npg - 3)

where N = number of data polnts in the corresponding sets
K = order of corresponding curve fit

4. CONFIDENCE INTERVAL FOR ANALYTICALLY DERIVED NPD MAPS.

a. Analysis may be used to determine the effect of changes in noise
source components on certificated levels. This 1s accomplished by
analytically determining the effect of a hardware change on the noise
component it generates., The resultant delta is applied to the original
configuration and new noise levels are computed. The changes may occur on the
baseline configuration or on subsequent derivative configurations. The
confidence intervals for this case are computed using the appropriate method
from above. The term

SJ POWER' A~l POWER

for the altered configuration is adjusted to account for the uncertainty in
the analysis. The adjustment necegsary will be unique to each situation,

The new term is then substituted into the equation and the confidence interval
for the new configuration is calculated.

b. Reference: "Probability and Statistics for Engineers and Scientists"”
by R. E., Walpole and R. H. Meyer (1972).
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