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PREFACE

This document is the Technical Manual for the FAA's Integrated Noise Model (INM) Version 7.0
computer software, which is designed to predict noise impact in the vicinity of airports. Thisisa
full revision to the INM Version 6.0 Technical Manua . In addition to the algorithms for
modeling helicopter noise, the INM Version 7.0 Technical Manual presents the methodol ogy
employed to design aircraft flight paths and to compute noise-level and time-based metrics based
upon the finite flight-segment data. Those technical updates not only made INM Version 7.0
more compliant with the new international standards, but also prepared INM for integrated
modeling of both noise and emission — the FAA’ s ongoing development of Aviation
Environmental Design Tool (AEDT).

The ATAC Corporation, the John A. Volpe National Transportation Systems Center Acoustics
Facility (Volpe Center), and the Federal Aviation Administration (FAA) Office of Environment
and Energy Noise Division (FAA AEE-100) have jointly prepared this document

DISCLAIMER

This document was produced by ATAC Corporation and the John A. Vol pe National
Transportation Systems Center Acoustics Facility staff, who are responsible for the facts and
accuracy of the material presented herein. The contents do not necessarily reflect the official
views or policy of the U.S. Department of Transportation or the Federal Aviation Administration.
ThisINM Technical Manual does not constitute a standard, specification, or regulation.
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1 INTRODUCTION

Since 1978, the FAA’ s standard methodol ogy for noise assessments has been the Integrated
Noise Model (INM). INM isacomputer program used by over 1000 organizations in over 65
countries, with the user base increasing every year. The program can be used directly to assess
noise impact with different metrics for various scenarios such as: (1) new or extended runways or
runway configurations; (2) new traffic demand and fleet mix; (3) revised routings and local
airspace structures; (4) aternative flight profiles; and (5) modifications to other operational
procedures. INM is aso used as a noise engine or add-on in many other models, both within and
outside FAA. FAA models such as the Area Equivalent Method (AEM), the Noise Integrated
Routing System (NIRS), and the Model for Assessing Global Exposure to the Noise of Transport
Aircraft (MAGENTA) all use INM as their noise engine. The methodologies employed in INM
constitute key components for FAA’ s future integrated noise and emission model —the Aviation
Environmental Design Tool (AEDT)'.

The guidance and underlying database/noise cal culation methodology for INM are given in three
related documents. These include the Society of Automotive Engineers (SAE) Aerospace
Information Report (AIR), SAE-AIR-1845, titled “Procedure for the Calculation of Airplane
Noisein the Vicinity of Airports’ * This document shares similar material with European Civil
Aviation Conference (ECAC) Doc 29° and the to be published replacement International Civil
Aviation Organization (ICAO) Circular 205>,

Therelease of INM Version 7.0 in April 2007* represents a significant step forward in the
capability to model potential noise impacts due to aviation sources. INM Version 7.0, devel oped
jointly by the FAA's Office of Environment and Energy (AEE-100), the U.S. Department of
Transportation, John A. Volpe Nationa Transportation Systems Center (Volpe Center) Acoustics
Facility, and the ATAC Corporation, includes several enhancementsto its core capabilities. The
capabilities previously in FAA’s Heliport Noise Model (HNM) Version 2.2° are now directly
integrated into INM. The integration of HNM adds helicopter noise computation methodol ogies
to INM, including more comprehensive directivity and operational modeling functionality,
improving upon the helicopter modeling capabilities introduced in INM Version 6.0c.

The noise, aircraft flight profile and flight path computation methodol ogies implemented in INM
Version 7.0 are compliant with European Civil Aviation Conference (ECAC) Doc 29 (3rd
Edition) “Report on Standard Method of Computing Noise Contours around Civil Airports’?;
which includes the new SAE-AIR-5662 “Method for Predicting Lateral Attenuation of Airplane

* AEDT isacomprehensive suite of software tools that will allow for thorough assessment of the environmental
effects of aviation. The main goal of the effort isto develop a new capability to assess the interdependencies between
aviation-related noise and emissions effects, and to provide comprehensive impact and benefit-cost analyses of
aviation environmental policy options. More information on al of the FAA noise models may be found at:
http://www.faa.gov/about/office_org/headquarters offices/agp/models/

T In February 2007, ICAO/CAEP agreed to publish a new manual containing the "Recommended Method for
Computing Noise Contours around Airports', which would replace the present Circular 205. This agreement is
documented in CAEP/7-WP/68, Committee on Aviation Environmental Protection (CAEP), Seventh Meeting,
Montreal, 5 to 16 February 2007.
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Noise”®, updated thrust reverser implementation, bank angle implementation, updated flight path
segmentation, and additional procedural profile step types. Other computational enhancements
since the INM Version 6.0 Technical Manual include supplemental noise metrics in support of
noise modeling in National Parks, ambient screening analysis, and the ability to account for line-
of-sight blockage between the noise source and receiver.

The Windows-based graphical user interface that was developed for INM Version 6.0 has been
extended to support the functionsin INM Version 7.0, including helicopter noise modeling
capabilities. A new INM study format was also introduced in INM Version 7.0. The “Study-
Scenario-Case” format allows for amore detailed categorization of an INM study, and allows for
annualization, where a user may adjust noise contributions of individual Casesin a Scenario by a
scale factor and/or an annualization percentage. The methods for computing aircraft flight
profiles and constructing flight paths have also been updated. Other performance and user
interface related enhancements since INM Version 6.0 include the ability to implement a
boundary and/or distance-based analysis cutoff distance, as well as extensive database updates.

Following asimilar content structure in the INM Version 6.0 Technical Manual, thisrevision
describes in Chapter 1 the metric types available for computation, in Chapter 2 the flight-path
segmentation methodology, and in Chapter 3 the methodology employed to compute metrics at
an evenly spaced regular grid of observer positions. Chapter 4 describes the methodology used
to develop the recursively-subdivided irregular grid required for computing noise contours. The
Appendices present the derivation of INM agorithms and the development of spectral classes.

1.1 Terminology

This section presents pertinent terminology used throughout the document. The terms are
arranged alphabetically. Bold text indicates that aterm is defined within this section.

A-Weighted. A-weighted noise levels emphasize sound components in the frequency range
where most speech information resides; yielding higher levels in the mid-frequency (2000 to
6000 Hz) range and lower levelsin both low frequency and high frequency ranges. A-weighted
noise level is used extensively for measuring and predicting community and transportation noise.
The A-weighted and C-weighted adjustment curves are presented in Figure 1-1: .
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Figure 1-1: A-weighted and C-weighted Adjustment Curves

Above Field Elevation. Altitude relative to the elevation of the runway end or helipad used for a
given flight operation.

Acoustically Hard Surface. Any highly reflective surface where the phase of the incident sound
is essentially preserved upon reflection; example surfaces include water, asphalt, and concrete.

Acoustic Impedance Adjustment. An acoustic impedance adjustment, computed as afunction
of observer temperature, pressure, and elevation, is applied to noise-power -distance (NPD)
noise levels. Specific acoustic impedance is the product of the density of air and the speed of
sound, and is related to the propagation of sound wavesin an acoustic medium.

Acoustically Soft Surface. Any highly absorptive surface where the phase of the incident sound
is changed substantially upon reflection; example surfaces include ground covered with dense
vegetation or freshly-fallen snow.

Advancing Tip Mach Number. Therelative airspeed (in Mach) of the advancing blade tip of a
helicopter's main rotor, accounting for airspeed, temperature and/or rotor RPM.

Advancing Tip Mach Number Adjustment. See Source Noise Adjustment Due to Advancing
Tip Mach Number .

Air-to-Ground Attenuation. See Refraction-Scattering Effects.




Airport Pattern. A defined flight path (ground track and altitude above the airport) used by
aircraft for touch-and-go operations.

Aircraft Speed Adjustment. An adjustment made to exposure-based noise levels when aircraft
speed differs from 160 knots, the r efer ence speed for the INM NPDs.

Ambient. The composite, all-inclusive sound associated with a given environment, excluding
the analysis system’ s electrical noise and the sound source of interest. Severa definitions of
ambient noise have been adopted by different organizations depending on their application; such
as natural ambient (natural sound condition in an area, excluding all human and mechanical
sounds), existing ambient without aircraft (all-inclusive sound associated with a given
environment, excluding the analysis system’s electrical noise and the sound source of interest;
aircraft), etc. Ambient dataimplementation in INM utilizes different formats specific to different
metrics.

Approach. A flight operation that beginsin the terminal control area, descends, and lands on
an airport runway, possibly exerts reverse thrust, and decel erates to taxi speed at some location
on the runway.

Atmospheric Absorption. The change of acoustic energy into another form of energy (heat)
when sound passes through the atmosphere. Several parameters such as temperature, pressure,
and humidity are needed to specify the amount of atmospheric absorption, which is dependent
upon the frequency of the sound aswell. NPD data are corrected for atmospheric absorption in
accordance with the Society of Automotive Engineers (SAE) Aerospace Recommended Practice
(ARP) 866A " and SAE Aerospace Information Report (AIR) 1845,

Audibility. The measure of ability for an attentive listener to hear a particular acoustic event
such as aircraft noise. Audibility is based on detectability from signal detection theory, and
depends on both the actual aircraft sound level (“signa”) and the ambient sound level (or
“noise”). The metric associated with audibility in INM is Time Audible.

Average Annual Day. The user-defined best representation of the typical long-term (or annual)
conditions for the case airport. These conditions include the number and type of operations,
runway usage, the routing structure, the temperature, and the atmospheric pressure etc.

Bank Angle. The angle between an aircraft’ s lift vector and a vector in the vertical plane. Inthe
INM two assumptions are applied to banking aircraft: level flight and coordinated turns where
the aircraft velocity vector is aligned with the aircraft fuselage. Under these assumptions the
bank angle is determined entirely from the aircraft speed and the turn radius. By convention a
left turn has a positive bank angle and aright turn has a negative bank angle. Bank angleis
presented in Figure 3-6.

C-Weighted. C-weighted noise levels, as compared with A-weighted noise levels, emphasize
sound components between 100 Hz and 2 kHz. C-weighting is intended to simulate the
sensitivity of the human ear to sound at levels above about 90 dB. C-weighted noise levels are




commonly used for assessing scenarios dominated by low-frequency sound, e.g., locations
behind start-of-takeoff roll. The A-weighted and C-weighted adjustment curves are presented in
Figure 1-1: .

Calibrated Airspeed (CAS). Theindicated airspeed of an aircraft (as read from a standard
airspeed indicator), corrected for position and instrument error. Calibrated airspeed is equal to
true air speed in standard atmosphere at sea level.

Change in Exposure (Delta Dose or DDOSE). The difference between the cumulative, A-
weighted, sound exposurelevel (Lag ) dueto aircraft noise and the user-specified A-weighted
ambient level at agiven receiver location over a user-specified time period*.

Circuit Flight. A flight operation that combines a departur e from and an approach to the
same runway, with level-flight and/or varying-altitude segments in between.

Contour. Ananaysisof an areain the vicinity of an airport encompassed by a graphical plot
consisting of asmooth curve, statistically regressed through points of equal noise level or time
duration.

Corrected Net Thrust Per Engine. The net thrust per engine divided by the ratio of the
ambient air pressure at aircraft altitude to the I nter national Standard Atmosphere (1SA) air
pressure at mean sealevel.

Cutoff Levels. A test that determines when to end noise level (or time) computations during a
contour analysis. The point at which computations are stopped is based on user-defined lowest
and highest noise level (or time) contours. Similar to the tolerance and refinement level tests,
the reason for performing thistest isto reduce runtime during a contour analysis.

Decibel (dB). A unit of measure for defining anoise level or anoise exposurelevel. The
number of decibelsis calculated as ten times the base-10 logarithm of the ratio of mean-square
pressure or noise exposure. The reference root-mean-square pressure is 20 pPa, the threshold of
human hearing.

Departure. A flight operation that begins on arunway, proceeds down the runway, and climbs
and accelerates to altitudes at specified distances.

Depression Angle. The angle between aline along the span of the aircraft’swing and aline
paralel to the ground plane, which isacombination of the aircraft bank angle and elevation
angle. Depression angleis presented in Figure 3-6.

Detectability. The ability to detect asignal in the presence of noise, based on signal detection
theory. For the purposes of INM modeling the terms “audibility” and “ detectability” are used

* |t isimportant to note that in INM, Change in Exposure uses a default time period of 12 hours. In addition,
Change in Exposure levels below the specified threshold level will be reported as 0.0 dB, and levels are capped at
150 dB.




interchangeably.

Directivity Adjustment. A noiselevel adjustment resulting from the normalized noise pattern
defined by a 360-degree areain the horizontal plane around a noise source. InINM,
measurement-based directivity is accounted for in takeoff ground roll and runup operations for
fixed wing aircraft with the Ground-Based Directivity Adjustment (DIRapy). Itisaso
accounted for in all static helicopter operating modes with the Static Directivity Adjustment
(DIRHELI_ADY)-

Distance Duration. An empirically-derived effect, expressed as afunction of distance, which
relates exposure-based noise levels to maximum-based noise levels. This effect istaken into
account in the INM NPD data only for data corrected using the ssmplified data adjustment
procedure in SAE-AIR-1845".

Duration Adjustment. A noiselevel adjustment to exposure-based metrics to account for the
effect of time-varying aircraft speed other than 160 knots (the NPD reference speed). Both
acceleration and deceleration are accounted for with the Duration Adjustment (DURapy). Itis
not applied to maximum noise level metrics since they are mostly independent of speed.
Helicopters also utilize duration adjustments, however they are based on a helicopter-specific
reference speeds. In addition, helicopters have a specific Static Operation Duration
Adjustment (thewr saic) to account for duration effects due to static oper ations such as Hover,
Ground Idle, and Flight I1dle.

Elevation Angle. The angle between the line representing the propagation path between the
aircraft source and receiver (at the aircraft’s closest point of approach) and the line from the
receiver to the projection of the flight path on the ground. Elevation angleis presented in Figure
3-6.

Engine Breakpoint Temperature. The ambient air temperature (degrees F) above which the
thrust output from a flat-rated engine begins to decrease.

Enginelnstallation Effect. A component of the lateral attenuation adjustment that takes into
account the directivity of the sound from an aircraft as a function of engine/aircraft type (jet,
prop, helicopter), engine mounting location (fuselage or wing), and depression angle.

Extended Flight-Path Segment. A mathematical extension from either end of a geometrical
flight-path segment to infinity.

Flight Idle. A static helicopter operation, where the helicopter is on the ground and operating at
ahigh power setting, that is approximately the same power setting used for hover operations.
Flight idle is also used for modeling taxi operations for helicopters with wheels.

Flight Operation. A moving (or dynamic) aircraft operation. There are five kinds of flight
operations for fixed-wing aircraft in INM: approach, departure, touch-and-go, circuit flight,




and overflight. There are three kinds of flight operations for helicoptersin INM: appr oach,
departure, and taxi.

Flight Path. A set of flight path segments describing geometrical and physical parameters used
to model the movement of an aircraft in three-dimensional space. Each flight path point
contains: (1) the geographical location (x- and y-value) relative to the origin of the airport, (2) the
aircraft atitude above field elevation, (3) the aircraft speed relative to the ground (true air speed
without wind), (4) the corrected net thrust per engine or equivaent parameter used to access
the NPD curves, (5) duration (seconds) of the flight path segment following the point, and (6)
aircraft bank anglefor the flight path segment following the point (if applicable).

Flight Path Segment. A directed straight line in three-dimensional space, which includes the
aircraft speed and corrected net thrust per engine at the beginning point of the line, and change
in speed and thrust along the line to the end point.

Flight Profile. A set of points that models the geometrical and physical characteristics of an
aircraft flight operation in the vertical plane. Each profile point contains: (1) the ground
distance (x-value) relative to the origin of the operation, (2) the aircraft altitude above field
elevation, (3) the aircraft true air speed, and (4) the corrected net thrust per engine or
equivalent parameter used to access the NPD curves. Profile points representing static operating
modes within a helicopter profile aso include the duration of time spent at the defined profile
point.

Ground-Based Directivity Adjustment. See Directivity Adjustment.

Ground Effects (or Ground-to-Ground Attenuation). A component of the lateral
attenuation adjustment that takes into account the effects of sound propagating along the
ground surface considered to be “acoustically soft” (such as grass) as afunction of lateral
distance.

Ground Idle. A static helicopter operation, where the helicopter is on the ground and operating
at alow power setting.

Ground Plane. Without terrain elevation processing, the ground plane is the geometric,
horizontal plane at the elevation of the airport. With terrain elevation processing, the elevation
of the ground plane is determined using the user-sel ected elevation data for the area surrounding
the airport.

Ground Speed. That component of aircraft speed obtained by projecting the aircraft velocity
vector on the horizontal plane.

Ground-to-Ground Attenuation. See Ground Effects.




Ground Track. Thetrace of theflight path on the horizontal plane. Flight tracks are described
as vector-type tracks consisting of one or more straight or curved segments, or point-type tracks
consisting of an array of x,y points.

Hover in Ground Effect (HIGE). A static helicopter operation, where the helicopter is
hovering with the skids 5 feet above ground level, where the ground effects may still have a
dramatic impact on noise levels. HIGE is also used for modeling taxi operations for helicopters
without wheels.

Hover out of Ground Effect (HOGE). A static helicopter operation, where the helicopter is
hovering with the skids at an altitude above ground level equal to or greater than 2.5 times the
helicopter’s main rotor diameter, where the ground effects will have aless pronounced impact
on noise levels.

Integrated Adjustment Procedure. The preferred adjustment procedure used for devel oping
INM NPD data from measured noise level data. It isbased on noise level data measured over
the full spectral time history of an event. In the integrated procedure, off-reference aircraft speed,
atmospheric absor ption effects, and spherical divergence are considered. This adjustment
procedure provides data consistent with Type 1 quality, as defined in SAE-AIR-1845." Seethe
definition of the Simplified Adjustment Procedure for comparison.

International Standard Atmosphere (ISA). Internationally standardized functions of air
temperature, pressure, and density versus aircraft altitude above mean sealevel. ThelSA is
intended for usein calculationsin the design of aircraft, in presenting test results of aircraft and
their components under identical conditions, and to facilitate standardization in the devel opment
and calibration of instruments.®

Irregular Grid. See Recursively Subdivided Irregular Grid.

Lateral Attenuation Adjustment. An adjustment that results from the attenuation of noise at
grid points laterally displaced from the ground projection of an aircraft flight path. Itisa
combination of attenuation due to ground effects, attenuation due to r efr action-scattering
effects and engine installation effects, as defined in SAE-AIR-5662.°

L ateral Directivity Adjustment. An adjustment that results from the linear interpolation
between two of the three sets of helicopter NPDs (left, center and right), to account for helicopter
in-flight directivity effects at areceiver location where the elevation angle is between -45° and
45°,

Lateral Distance. The perpendicular distance from an aircraft’s ground track to areceiver.

Line-of-Sight Blockage Adjustment. An adjustment that results from the attenuation due to
line-of-sight (LOS) blockage from terrain features, and is based on the difference in propagation
path length between the direct path and propagation path over the top of terrain features, known
as path length difference.




Maximum Noise Level. The maximum of a series of modeled sound pressure levels from a
singleflight.

Mean-squar e Sound Pressure. A running time-average of frequency-weighted, squared
instantaneous acoustic pressure. For example:

t T
PO’ = [P, ()& G 1-1
—o0 0
where
p(H)as A-weighted mean-square pressure using slow exponential time,
P’ A-weighted mean-square pressure,
T time, and
to initial time = 1 second.

M ean-Squar e Sound Pressure Ratio. The mean-sguare sound-pressure ratio is theratio of the
mean-squar e sound pressure divided by the square of the reference pressure 20 pPa. It is
equivalent to 105 /2% where SPL is the sound pressure level.

Metric Family. A set of noise-level and time-based metrics differentiated by frequency
weighting, either A-weighted, C-weighted, or tone-corrected perceived.

Metric Type. A metric belongsto one of three types: exposure-based, maximum-level-based, or
time-based.

Noise. Any unwanted sound. “Noise” and “sound” are used interchangeably in this document.

Noise Fraction. Theratio of noise exposure at agrid point due to aflight segment, and the
noise exposur e at the same grid point due to a straight, infinite flight path extended in both
directions from the segment. The noise fraction methodology is based upon a fourth-power 90-
degree dipole model of sound radiation.

Noise Fraction Adjustment. An adjustment that is a function of the ratio of the noise exposure
at agrid point due to aflight-path segment, and the noise exposur e at the same grid point due to
astraight, infinite flight path, extended in both directions from the segment. The application of
the noise fraction adjustment to the NPD data facilitates the modeling of athree-dimensional
flight path, using straight flight-path segments.

Noise-Level Threshold. A noiselevel specified by the user that is the boundary value above
which time-above calculations are performed.

Noise-Power -Distance (NPD) Data. A set of noise levels, expressed as a function of: (1) engine
power, usualy the corrected net thrust per engine; and (2) distance. The INM NPD data are
corrected for aircraft speed, atmospheric absor ption, distance duration, and divergence. For
helicopters, noise levels are presented as a function of: (1) operation mode; and (2) distance.




Noise Significance Tests. Tests performed by INM to determineif aflight operation is
acoustically significant. Two types of tests are used: the relative noise-level/time test and the
segment proximity test. The reason for performing these tests is to decrease runtime during a
contour analysis. They are only performed when irregularly spaced grids are used.

Observer. A receiver or grid point at which noise or time values are computed.

One-Third Octave-Bands. A method of characterizing the audio spectrum according to a
series of frequency bands with constant-percentage-bandwidths, as described in ANSI S1.6-1984
(R2006) “Preferred Fregquencies, Frequency Levels and Band Numbers for Acoustical
Measurements’ ° and ANSI S1.11-2004 “ Specification for Octave-Band and Fractional-Octave-
Band Analog and Digital Filters.”'® The standard one-third octave-bands used in INM are
presented in Table 1-1.

Table 1-1: Definition of One-Third Octave-Bands

One-Third Nominal Center
Octave-Band Number | Frequency (H2)
17 50
18 63
19 80
20 100
21 125
22 160
23 200
24 250
25 315
26 400
27 500
28 630
29 800
30 1000
31 1250
32 1600
33 2000
34 2500
35 3150
36 4000
37 5000
38 6300
39 8000
40 10000

Overflight. A flight operation that beginsin the air, and remainsin the air, in the vicinity of the
airport, with optional user-specified changesin atitude and speed during the flight.

Percent Time-Above. The percentage of time that atime-varying sound level is above a given
sound level threshold.
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Procedure Steps. A prescription for flying aprofile. Procedures include climbing at constant
calibrated air speed to a given atitude, accelerating to a given airspeed while climbing at a
given vertica rate, etc.

Profile Points. The set of points that make up aFlight Profile. Profile Points can be input
directly into the INM or can calculated by the INM from a set of Procedure Steps.

Recursively-Subdivided Irregular Grid. A grid of observer points created by one or more
subdivisions of an existing regular or irregular grid, based on the user-specified r efinement
level and tolerance.

Refinement Level. The number of levels of subdivision of aregular grid making up a
recursively-subdivided irregular grid. Each successive refinement level beyond level three
represents one level of subdivision.

Reference Day Conditions. The atmospheric conditions corresponding to 77 degrees
Fahrenheit (25 degrees Celsius), 70 percent relative humidity, and 29.92 in-Hg (760 mm-Hg).
These are the atmospheric conditions to which aircraft noise certification data are corrected in
accordance with Federal Aviation Regulation Part 36.™* These conditions are commonly referred
to as | SA plus 10 degrees Celsius (I SA+10).

Reference Speed. The noise-exposure reference speed in INM is 160 knots. Thus, Lag and Lepy
valuesin the NPD database are referenced to 160 knots. The Lasmx, Lcsmx @d Lpntsmx vValues
are assumed to be independent of aircraft speed.

Refraction. Change in the direction of sound propagation as aresult in spatial changesin the
speed of sound in amedium.

Refraction-Scattering Effects (or Air-to-Ground Attenuation). A component of the lateral
attenuation adjustment that takes into account the effects of refraction and scattering as
sound propagates through the air to the receiver as afunction of elevation angle.

Regular Grid. A noiseanalysisof one or more noise-level and/or time-based metrics, for a set
of observer points spaced at fixed intervals, over a specified areain the vicinity of the case
airport.

Relative Noise-Level/Time Test. A noise significance test in which all flight segments of all
operations are sorted high-to-low according to the noise (time) contribution of each segment at a
regular grid point. Segments considered significant are those whose cumulative noise (time)
first equals or exceeds 97 percent of the total mean-square sound-pressure ratio (total time) at the
grid point.

Runup. An activity in which an aircraft isin a stationary position on the ground, with aircraft
thrust held constant for a time period.
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Scattering. Irregular reflection or diffraction of sound in many directions.

Scenario AnalysisWindow. The user-defined rectangular area around an airport within which a
contour analysisis performed.

Segment Proximity Test. A noise significance test in which aflight segment, which isfirst
determined to be insignificant by the flight segment noise test, is further tested based on its
distanceto aregular grid point. If it isdetermined that the flight segment is within acertain
distance of the grid point, the flight segment regains its significance status. Thisdistanceis
based on the diagonal distance between base grid points (one times the diagonal distance for
most metrics) as an acceptance criterion.

Simplified Adjustment Procedure. An adjustment procedure used for developing INM data
from measured noise level data. In contrast to the integrated adjustment procedure, the
simplified adjustment procedure is based on noise-level data measured at the time of the
maximum noise level only. In the simplified adjustment procedure, off-reference aircraft speed,
atmospheric absor ption, distance duration effects, and spherical diver gence are considered.
This zidj ustment procedure provides data consistent with Type 2 quality as defined in SAE-AIR-
1845.

Slant Range Distance. The line-of-sight distance between areceiver and aflight path segment.
Sound PressureLevel (SPL). Tentimesthe base-10 logarithm of the ratio of the mean-square

sound pressure, in astated frequency band, to the square of the reference sound pressure of 20
MPa, which is the threshold of human hearing.

p2
SPL =10-log,, [—2} Eqg. 1-2
0
where
p°  mean-square pressure (P&f), and
Po 20 pPa.

Sound Exposure (Noise Exposure). Theintegral over agiventimeinterva (t; —t;) of the
instantaneous, frequency-weighted, squared sound pressure:

t,
E, = [ p* ()t Eq. 1-3
t

where
Ei,  sound exposure (Pa’s) over the timeinterval (t, —ty).

Sound Exposure Level. Ten times the base-10 logarithm of the sound exposur e divided by a
reference sound exposure.
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L. =10- Iogl{i} Eq. 1-4
EO
where
E sound exposur e (P&’s),
E, (20 uPa)’(1s) for A-weighted and C-weighted sound exposure, and
E, (20 pPa)?(10 s) for tone-corrected perceived sound exposure.

Sound Exposure Ratio. Commonly called “energy”. Theratio of sound exposure over a
reference sound exposur e, or ten raised to power of one tenth the sound exposure level:

LE
E 10w Eq. 1-5
EO
where
E sound exposur e (P&’s),

E reference sound exposur e (Pa’s), and
Le sound exposure level (dB).

Sour ce Noise Adjustment Dueto Advancing Tip Mach Number. A noise adjustment based
upon the change in Mach number of the advancing rotor blade of a helicopter. This adjustment is
only applied during level flight segments, and accounts for airspeed, temperature and/or rotor
RPM which deviate from helicopter-specific reference values.

Spectrum. A set of sound pressure levelsin component frequency bands, usually one-third
octave bands.

Spectral Class. A set of aircraft spectrawhich are grouped together based on similar spectral
characteristics for similar operational modes.

Spherical Divergence. Spherical divergence, which istaken into account in the INM NPD data,
is defined as the transmission loss of mean-squar e sound pressur e, which varies inversely with
the square of the distance from a point source. In contrast, cylindrical divergenceisthe
transmission loss of mean-squar e sound pressur e, which variesinversely with distance from a
line source.

Standard Day Conditions. The atmospheric conditions corresponding to 59 degrees Fahrenheit
(15 degrees Celsius), 70 % relative humidity, and 29.92 in-Hg (760 mm-Hg). The values for
temperature and atmospheric pressure are sea-level conditions for the I nternational Standard
Atmosphere (I1SA).

Static Directivity Adjustment. See Directivity Adjustment.
Static Operation. A stationary aircraft operation. Runup operations are the only kind of

static operations available for fixed-wing aircraft in INM. There are four kinds of static
operational modes for helicoptersin INM: flight idle, ground idle, hover in ground effect, and
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hover out of ground effect. Static helicopter operations are utilized in conjunction with a static
directivity adjustment.

Static Operation Duration Adjustment. See Duration Adjustment.

Static Thrust. Maximum thrust (Ibs) produced by a stationary engine at sea-level,
International Standard Atmosphere (I SA) conditions.

Thrust Reverser Adjustment. An empirically-derived noise adjustment to account for noise
from thrust reverser deployment during the landing ground roll.

Time-Above. The duration that atime-varying sound level is above a given sound level
threshold.

Time Audible (TAUD). The duration that atime-varying sound level may be detected in the
presence of ambient noise as audible by a human observer with normal hearing, who is actively
listening for aircraft noise.

Time-Averaging Constant. A constant decibel value that is ten times the base-10 |ogarithm of
the time interval associated with the metric divided by areference timeinterval, which is usually
one second. The time-averaging constant is equal to:

Time-Averaging Constant — 1010g,,[N; ] Eq. 1-6
where
T
N, =— Eq. 1-7
Tref
T time interval associated with a particular metric (s), and

Trer reference timeinterval ().
Using Lg, as an example, T; is 86400 seconds in 24 hours, T, 1S1 second, and the time-averaging
constant is 49.37 dB. The time-averaging constant is subtracted from the sound exposur e level
to compute an equivalent or average sound level.

Tolerance. The alowable maximum differencein dB or minutes between computed noise or
time values and linearly-interpolated noise levels or time values at a given observer point.

Tone-Corrected Perceived. Tone-corrected perceived noise levels are used to estimate human-
perceived noise from broadband sound sources, such as aircraft, which contain pure tones or
other major irregularitiesin their frequency spectra. It is calculated by applying an adjustment to
the noise level that isrelated to the degree of irregularity that may occur among contiguous one-
third octave band sound pressure levels of aircraft noise, as described in Federal Aviation
Regulation Part 36.*

Touch-and-Go. A flight operation that begins with alevel flight in the terminal control area,
descends and lands on an airport runway, and then takes off immediately after landing and
returnsto level flight.
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TrueAirspeed (TAS). The speed of an aircraft relative to the undisturbed air mass.

Weighting Factor. A numeric value that multiplies the sound exposureratio associated with a
time period for agiven metric. For the exposure-based metrics, the weighting factor acts as a
penalty for operations that occur during a specific time period. Usually larger pendties are
applied during the night-time period when people are most sensitive to noise. For the maximum-
level and time-based metrics, the weighting factors are either zero or unity. Assuch, they act asa
binary switch allowing the user to select specific time periods for computation.

1.2 Grid-Point Computations

INM can compute noise-level or time-based metricsin the vicinity of an airport. Each metricis
presented as numeric values at aregular grid of observer points, or as contour levels. Contours
may be based on values from either aregular or irregular grid, which are described as follows:

Regular grid observer locations are arranged in the form of a user-defined rectangular grid of
points, with fixed distances between the points. A regular grid can be rotated with respect to the
coordinate system aslong asit is not being used specifically for contour calculations.

Irregular grid observer locations are arranged in the form of arecursively-subdivided grid of
points, with varying distances between points. Irregular grids may only be utilized for contour
computations. The density of grid pointsis afunction of a user-specified level of subdivision
(called refinement), accuracy (called tolerance), and the lowest and highest contour levels desired
(called cutoff levels). In general, contour accuracy increases as grid density increases. Irregular
grids are typically used for contour calculations to reduce run times by decreasing the number of
grid points computed in geographic areas which experience very little variation in noise levels.

The basic noise computation process used for the development of a recursively-subdivided
irregular grid is similar to the process used for the devel opment of aregular grid. In generating
theirregular grid, aregular grid isfirst generated such that the distance between grid pointsis no
greater than one nautical mile. User-specified refinement, tolerance, and program-generated
knowledge about noise-significant flights, directs the process of subdividing the regular grid to
improve contour accuracy.

1.3 Metric Families

The noise-level and time-based metrics computed by INM are associated with three fundamental
groups or metric families. 12,13,14,15,16

The first family of metricsis based on A-weighted sound levels, denoted by the symbol La.
A-weighted sound levels de-emphasize the low and high frequency portions of the spectrum.
This weighting provides a good approximation of the response of the human ear, and correlates
well with an average person’s judgment of the relative loudness of a noise event.
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The second family of metricsis based on C-weighted sound levels, denoted by the symbol Lc.
Thisweighting is intended to provide a means of simulating human perception of the loudness of
sounds above 90 decibels, and is more prominent at low frequencies than A-weighting.

The third family of metricsis based on tone-corrected perceived noise levels, denoted by the
symbol Lpyt. Tone-corrected perceived noise levels are used to estimate perceived noise from
broadband sound sources, such as aircraft, which can have significant tonal qualities.

1.4 Metric Types

Within the three metric families, INM computes three types of metrics: (1) exposure-based
metrics, including change in exposure, (2) maximum noise-level metrics, and (3) time-based
metrics, which includes time above, percent time-above and time audible metrics. The noise
metrics supported by INM Version 7.0 are shown in Table 1-2, which includes the corresponding
American National Standards Institute (ANSI) metric names™, and Table 1-3, which summarizes
associated weightings and averaging times. For the maximum-level and time-based metrics, the
weighting factors are either zero or unity. Assuch, they act as abinary switch allowing the user
to select specific time periods for computation.
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Table 1-2: Summary of INM Noise Metric Abbreviations and Definitions

MetricType | INMName | ANSI Name | Definition/Full Name
A-Weighted Noise Metrics
SEL Lag A-Weighted Sound Exposure Level
DNL L an Day Night Average Sound Level
Exposure Based CNEL L gen Community Noise Equivalent Level
LAEQ L peqr Equivaent Sound Level
DDOSE AL Change in Exposure
Maximum Level LAMAX L asmx A-Weighted Maximum Sound Level

Time-Above Based

TALA %TALA

TALA %TA A

Time-Above/ Percent Time-Above

Time Audible TAUD %TAUD TAud %TAud | Time Audible/ Percent Time Audible
C-Weighted Noise Metrics

Exposure Based CEXP Lce C-Weighted Sound Exposure Level

Maximum Level LCMAX L camx C-Weighted Maximum Sound Level

Time-Above Based

TALC %TALC

TA c %TA c

Time-Above / Percent Time-Above

Tone-Corrected Perceived Noise M etrics

EPNL Lepn Effective Perceived Noise Level
Exposure Based NEF L e Noise Exposure Forecast _
WECPNL L Weighted Equivalent Continuous
WECN Perceived Noise Level
Maximum Level PNLTM Lenrsm: Tone-Corrected Maximum Perceived

Noise Level

Time-Above Based

TAPNL %TAPNL

TApne %TARL

Time-Above/ Percent Time-Above
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Table 1-3: INM Noise Metrics - Weighting and Averaging Factors

Noise Metric Noise Flight Multiplier Averaging
Family Type Metric Day Evening Night Time (hr)
SEL 1 1 1 --
DNL 1 1 10 24
A-Weighted Exposure CNEL 1 3* 10 24
Based LAEQ 1 1 1 24
LAEQD 1 1 0 15
LAEQN 0 0 1 9
DDOSE 1 1 1 12,0or T
User-defined A B C T
Maximum LAMAX 1 1 1 -
Level User-defined A B C -
TALA 1 1 1 -
Time-Based %TALA 1 1 1 --
TAUD 1 1 1 --
%TAUD 1 1 1 -
User-defined A B C -
Exposure CEXP 1 1 1 --
C-Weighted Based User-defined A B C T
Maximum LCMAX 1 1 1 -
Level User-defined A B C --
TALC 1 1 1 --
Time-Based %TALC 1 1 1 -
User-defined A B C -
EPNL 1 1 1 -
Tone- Exposure NEF 1 1 16. 24
Corrected Based WECPNL 1 3* 10 24
Perceived User-defined A B C T
Maximum PNLTM 1 1 1 -
Level User-defined A B C --
TAPNL 1 1 1 --
Time-Based %TAPNL 1 1 1 -
User-defined A B C -

1.4.1 Exposure-Based Metrics

The exposure-based metrics represent the total sound exposure for a given time period, often 24
hours, at an observer location based upon average annual day conditions at an airport.

* |n accordance with the technical definition, a5 dB penalty is added to evening operations when computing the L gen
noise metric. The 5 dB penalty, expressed in terms of aweighting factor, is equivalent to 3.16, not 3. However, in
Title 21, Subchapter 6, 85001 of California state law afactor of 3isused. Since the state of Californiaisthe primary
user of the Lg4e, metric, it was decided that INM would be consistent with state law, rather than the traditional
technical definition. The evening weighting factor in the Lyecpy metric was changed to 3 for consistency. Itis
anticipated that this small difference will be of no practical consequence in the computations.
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INM standard sound exposure metrics are:
Lae  A-weighted sound exposure level (SEL),
Lce  C-weighted sound exposure level (CEXP), and
Lepny  Effective tone-corrected perceived noise level (EPNL).

These standard sound exposure metrics are used by INM to generate average noise metrics by
applying associated time-averaging constants and/or day, evening, and night-time weighting
factors.

INM standard average-level metricsin the A-weighted family are:

Lan Day-night average noise level (DNL),

L gen Community noise equivalent level (CNEL),

L Aegoan 24-hour average noise level (LAEQ),

Lqg 15-hour (0700-2200) day-average noise level (LAEQD),

Ln 9-hour (2200-0700) night-average noise level (LAEQN), and

AL Change in exposure level over a user-specified time period (DDOSE),

default of 12 hours.

INM standard average-level metrics for the tone-corrected perceived family are:
Lner Noise exposure forecast (NEF), and
Lwecen Weighted equivalent continuous perceived noise level (WECPNL).

The day, evening, and nighttime weighting factors and the time-averaging periods for these
metrics are shown in Table 1-3.

In addition to INM standard sound exposure and average sound level metrics, user-defined
metrics for the three families are available. A user specifies the time-averaging constant and the
day, evening, and nighttime weighting factors. Although there are no standard average-level
metrics in the C-weighted family because such metrics are not commonplace, the user has the
ability to define user-specific C-weighted metrics.

1.4.2 Maximum Noise Level Metrics

The maximum noise level metrics represent the maximum noise level at an observer location,
taking into account a particular set of aircraft operations

INM standard maximum noise level metrics are;

L asmx Maximum A-weighted sound level with slow-scale exponential weighting
characteristics (LAMAX),

L csmx Maximum C-weighted sound level with slow-scale exponential weighting
characteristics (LCMAX), and

LenTsmx Maximum tone-corrected perceived noise level with slow-scale,

exponential weighting characteristics (PNLTM).

In addition to INM standard maximum noise level metrics, user-defined metrics are available. A
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user specifies the set of aircraft operations to be used for determining the maximum level.

1.4.3 Time-Based Metrics

The time-based metrics represent the time (minutes) or percentage of time that the noise level is
above a specified threshold, taking into account aircraft operations for a particular time period
(e.g., 24 hours).

INM standard time-based metrics are;

TALA Time that the A-weighted noise level is above a user-specified sound level
during the time period (TALA),

TALc Time that the C-weighted noise level is above a user-specified sound level
during the time period (TALC),

TApNL Time that the tone-corrected perceived noise level is above a user-
specified noise level during the time period (TAPNL),

%TA LA Percent of time that the A-weighted noise level is above a user-specified
sound level during the time period (%TALA),

%TALc Percent of time that the C-weighted noise level is above a user-specified
sound level during the time period (%TALC), and

%TAPNL Percent of time that the tone-corrected perceived noise level is above a

user-specified noise level during the time period (%TAPNL).

A subset of the time-based metricsistime audible. Time audible (or audibility) is computed
based on a comparison of aircraft noise against ambient noise to determine the time duration (or
percentage of time duration) that the noise may be audible to a human observer. For these
calculations, the observer is assumed to have normal hearing and to be actively listening for
aircraft noise. Time audible also takes into account aircraft operations for a particular time
period (e.g., 24 hours). The processis based on detectability theory and is supplemented with
research that has assessed human auditory detectability in different environments. In order to
represent these different environments, the time audible metrics require highly detailed inputs,
including an FAA AEE-approved ambient noise file. More details on ambient noisefile
requirements can be obtained by contacting FAA AEE.

Appendix E provides additional specifics on the theory and background of the time audible
computation. A detailed discussion of audibility calculationsis aso presented in the
“ Assessment of Tools for Modeling Aircraft Noise in the National Parks’. '

INM standard time audible metrics are:

TAud Time that aircraft are audible given study specific ambient noise (TAUD),
and
%TAud Percent of time that aircraft are audible given study specific ambient noise

during the time period (%TAUD).

In addition to standard time-based metrics, user-defined metrics are availablein INM. A user
specifies the time period for determining the metric value.
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15 Abbreviations

This section presents various abbreviations and acronyms used in the document.

AEDT Aviation Environmental Design Tool

AFE above field elevation (aircraft altitude)

AIR Aerospace Information Report (SAE-AIR)

ARP Aerospace Research Report (SAE-ARP)

C degrees Celsius (temperature)

CAS calibrated airspeed (corrected indicated airspeed)

CPA closest point of approach to aline segment

dB decibel (unit of sound level or sound exposure level)

ECAC European Civil Aviation Conference

F degrees Fahrenheit (temperature)

F/o corrected net thrust per engine (pounds)

ft feet

HNM Heliport Noise Model

ICAO International Civil Aviation Organization

in-Hg inches of mercury (barometric pressure)

INM Integrated Noise Model

km kilometers

kt knots (international nautical miles per hour)

Ib pounds force or weight

AL Change in exposure level over agiven time period

Lae A-weighted sound exposure level, dB re (20 pPa)*(1 s)

L Aeq2an 24-hour average noise level, dB re (20 pPa)%(1 s)

Lasmx maximum A-weighted sound level, dB re (20 pPa)?

Lce C-weighted sound exposure level, dB re (20 pPa)%(1 s)

L camx maximum C-weighted sound level, dB re (20 pPa)?

Lg 15-hour (0700-2200) day-average noise level, dB re (20 pPa)’(1s)
L gen Community noise equivalent level, dB re (20 uPa)*(1 9)

Len Day-night average noise level, dB re (20 pPa)’(1s)

Ln 9-hour (2200-0700) night-average noise level, dB re (20 uPa)*(1 9)
Lner Noise exposure forecast, dB re (20 pPa)*(10 s)

LenTsmx maximum tone-corrected perceived noise level, dB re (20 pPa)?
Lepn effective tone-corrected perceived noise level, dB re (20 uPa)*(10 s)
Lwecen Weighted equivalent continuous perceived noise level, dB re (20 uPa)%(10 s)
m meters

MSL mean sea level (atitude above mean sealevel, feet)

nmi international nautical miles (1852 m)

NPD Noise-Power-Distance

Pa Pascal (unit of pressure, one Newton per square meter)

PCPA perpendicular closest point of approach to an extended line segment
re relative to

S, Sec second (time duration)

SAE Society of Automotive Engineers
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SLR
TALA
TALc
TAPNL
%TA A
%TA ¢
%TAPNL
TAS
TAUD

Slant Range Distance

Time above an A-weighted noise level (sec)

Time above a C-weighted noise level (sec)

Time above atone-corrected perceived noise level (sec)
Percent of time above an A-weighted noise level

Percent of time above a C-weighted noise |level

Percent of time above atone-corrected perceived noise level
true airspeed (kt)

time audible
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2 FLIGHT-PATH COMPUTATION METHODOLOGY

The fundamental components for computing noise in INM are aflight path segment and an
observer. For agiven observer location, noise computations are performed on a flight-segment
by flight-segment basis. This Chapter presents the methods used to compute flight path
segments, and Chapter 3 presents the methods used to compute noise at an observer position.

Chapter 2 contains the following sections:

Section # Description

Section 2.1 Summarizes all the input data that are required for noise computation

Section 2.2 Describes the input database used in conjunction with aflight path or runup
position to compute noise at an observer position.

Section 2.3 Describes flight profiles and a so methods used to cal cul ate them based on
profile procedure steps.

Section 2.4 Describes helicopter flight profiles and a so methods used to cal culate them
based on profile procedure steps.

Section 2.5 Describes methods used to merge ground tracks with flight profilesto
produce three-dimensional flight path segments.

Section 2.6 Describes methods used to calculate aircraft bank angle.

Section 2.7 Describes the effects of bank angle on aircraft performance.

The aircraft performance equations in this chapter are based the equations presented in SAE-
AIR-1845. In anticipation of an update to SAE-AIR-1845, these equations have been modified
to comply with both ICAO Circular 205 ® and ECAC Doc 292, where applicable.

2.1 Summary of Input Data for Noise Computation

The noise computation process requires case information about airport conditions, aircraft types,
operational parameters, geometry between the observer/flight-segment pair, and noise metric
information. Appendix A presents an example file of these data.

2.1.1  Airport/Heliport Information

The following airport/heliport information is required for noise computations:
e Latitude and longitude of the airport/heliport reference point (decimal degrees);
¢ Runway end-point and/or helipad center point positionsin x,y relative to the reference
point (feet), or in latitude and longitude (decimal degrees);
e Airport/heliport elevation (feet MSL);
e Airport/heliport average annual day temperature (degrees Fahrenheit);
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e Airport/heliport average annual day relative humidity (percent), when the atmospheric
absorption correction isinvoked; and
e Airport/heliport average annual barometric pressure (inches of mercury re MSL).

As an option, terrain data can be used in the noise computations. Terrain elevation dataare
provided in one of severa possible formats including 3CD, Nationa Elevation Dataset (NED)
GridFloat, and Digita Elevation Model (DEM)*. The different formats can provide different
resolutions of terrain data, and require a different number of filesto cover a desired geographical
area. For example, 3CD terrain elevations are given in meters three arc-seconds apart. A single
3CD file covers one degreein latitude by one degree in longitude (1201 x 1201 points). NED
GridFloat datais available in 1/3 arc-second resolution and the area covered by asingle file can
vary. The spacing between points depends on the specific location. For example, the three arc-
second spacing in the Boston areais about 224 feet in the x (east-west) direction by 304 feet in
the y (north-south) direction, while the three arc-second spacing in the San Francisco areais
about 241 feet by 303 feet. The accuracy of U.S. terrain datais typically within 10 feet of actual
elevation. However, inaccuracies of alarge as 70 feet have been documented. Nevertheless, in
areas of varying elevations, improvementsin INM computational accuracy are obtained when the
terrain enhancement isinvoked.

2.1.2 Aircraft Information

The following aircraft information is required for noise computations:

e Aircraft flight operation type: approach, departure, touch-and-go, circuit flight,
overflight, taxi, or runup.

e Number of flight operations for each of three time periods (day, evening, and night)
during an average annual day.

e For aflight operation, the three-dimensional flight path of the aircraft, as represented by a
series of straight-line flight path segments containing position, direction, length, speed,
and either thrust information (for fixed wing aircraft) or operational mode information
(for helicopters). Sections 2.3, 2.4 and 2.5 present details of how athree-dimensional
flight path is constructed.

e For arunup operation, the position of the aircraft on the runup pad (x,y values in feet), the
aircraft heading (degrees clockwise from true north), the corrected net thrust per engine
(pounds or percent), and the duration of the runup operation (seconds).

e NPD and spectral class data, as presented below in Section 2.2.

2.1.3 Observer Information

Information about observer locationsis required for noise computations. INM observer locations
are expressed in the form aregular grid of points or arecursively-subdivided irregular grid of

* 3CD terrain datais available for purchase from the Micropath Corporation, for more information go to
http://www.micropath.com. NED Gridfloat datais available from the United States Geological Survey (USGS)
website at http://seaml ess.usgs.gov/website/seamless/products/3arc.asp. USGS has stopped offering DEM data as of
November 14, 2006 however INM continues to support the DEM format. Information about DEM datais available
from the USGS website at http://edc.usgs.gov/products/el evation/dem.html.
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points.

Observer locations for aregular grid are defined by the location of the lower-left corner of the
grid (feet), the distance between grid points in the two directions (feet), the number of grid points
in the two directions, and the angle that the grid is rotated relative to the x,y axes (degrees
counter-clockwise). Unlike other types, regular grids used for contour calculations cannot be
rotated.

A special case of aregular grid isagrid consisting of a single observer location, in which the
starting point for the grid is given, the distance between grid pointsis zero, and the size of the
grid is one-by-one. These types of regular grids may be used to assess points of interest that may
be considered noise-sensitive.

The computation of "population points" and "locations points' are also performed by using the
single-grid-points method. The number of single pointsis an input parameter and their X,y
values are listed in the input file.

Recursively-subdivided irregular grid points are generated by an algorithm that is based on a
regular grid, as explained later in Chapter 4. The observer locations for the grid are determined
by four corner points of the scenario anaysis window and by a grid spacing of one nautical mile
that is recursively subdivided into smaller grids.

2.1.4 Noise Metric Information

The following noise metric information is required for noise computations for regular grid points
and/or contours:

e Meltricidentifier (DNL, SEL, etc.);
Metric type (exposure-based, max-level, time-above);
Metric weighting factors (day, evening, night);
For an exposure-based metric, the averaging time constant (dB);
For atime-above metric, the threshold level(s) (dB); and
For time audible, a study-specific, FAA-approved binary ambient file, as described in the
INM Version 7.0 User’s Guide (if computing time audible with arelative threshold, the
threshold level (dB) is also required).

Anindicator (yes or no) that contours are to be generated. If contours are to be generated, the
following parameters are required:
e Recursive or regular grid selection;
e Boundary file selection (if selected, aboundary fileis aso required, as described in the
INM Version 7.0 User’s Guide);
Refinement level (1-14) or fixed-spacing value (ft);
Tolerance value (dB or minutes);
Low cutoff contour level (dB or minutes); and
High cutoff contour level (dB or minutes).
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2.2 Input Database

INM contains an acoustic database of noise vs. power (or operational mode for helicopters) vs.
distance (NPD) values, augmented by a database of spectral characteristics. While the
underlying databases for both fixed-wing aircraft and helicopters are based on the same data
format (noise in conjunction with spectral data), there are several key differences between the
fixed wing aircraft and helicopter datain the INM database that warrant a more detailed
description.

The NPD datafor afixed-wing aircraft, which is usually obtained from the INM database but can
be user-defined, consists of a set of decibel levels for various combinations of aircraft engine
power states and slant distances from observer to aircraft. An underlying assumption isthat the
NPD data represent an aircraft proceeding along a straight flight path of infinite length and
parale to the ground.

Although helicopter noise-distance data are (1) delineated according to operational mode instead
of thrust/power setting, (2) not interpolated on between multiple operational modes, and (3)
come in sets of three curves for the dynamic operational modes, they are referred to as NPD
curvesin order to maintain consistency with the fixed-wing aircraft noise-distance data.

The noise-distance data for a helicopter, either from the INM database or user-defined, is
organized according to dynamic and static operational modes. For dynamic operational modes,
three sets of noise levels for various combinations of helicopter operational modes (instead of
thrust levels) and slant distances from observer to helicopter. This set of three NPD curvesis
used to account for the asymmetrical directivity associated with helicopter noise. For static
operational modes, asingle set of noise levels for various combinations of helicopter operational
modes and slant distances from observer to helicopter. Thissingle set of NPD curvesisused in
conjunction with a helicopter-specific directivity adjustment to account for static operational
mode directivity. Aswith fixed-wing aircraft, an underlying assumption is that the NPD data
represent an aircraft proceeding along a straight flight path of infinite length, paralle to the
ground.

The spectral data consist of a set of sound pressure level vs. one-third octave-band frequency (50
Hz to 10 kHz) values measured at the time of Lasnx and corrected to a reference distance of 1000
feet (305 meters) using the SAE AIR-1845 atmospheric absorption coefficients'. These spectral
data are used to compute the following:

1. actual atmospheric absorption adjustment based on airport temperature and relative

humidity;

2. C-weighted noise metrics,

3. timeaudible; and

4. line-of-sight blockage adjustment due to terrain.

221 Noise-Power-Distance Data Sets

Four kinds of NPD input data sets are available:
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Lae A-weighted sound exposure level,

L asmx Maximum A-weighted sound level with slow-scale exponential time weighting,

Lepn Effective tone-corrected perceived noise level, and

Lentsmx Maximum tone-corrected perceived noise level with slow-scale exponential time
weighting.

All metricsin INM, including C-weighted, time-above and time audible metrics, are computed
using these four basic noise-level metrics.

For fixed-wing aircraft, NPD data consist of two or more noise curves for each operational mode,
such as departure or approach. A noise curveis associated with an engine power parameter (in
units of pounds or percent corrected net thrust or some other power state parameter), an
operational mode, and noise levels at the following ten INM distances: 200, 400, 630, 1000,
2000, 4000, 6300, 10000, 16000, and 25000 feet.

To obtain noise levels that lie between thrust values or between distance values, linear
interpolation on thrust and logarithmic interpolation on distance are used. Extrapolation is used
to obtain levels outside of the bounding thrust or distances values, as presented in Section 3.3.

Afterburner NPD data are also available for some NOISEMAP*® aircraft.

For helicopters, NPD data consist of a set of three noise curves for dynamic modes and asingle
noise curve for static modes. A noise curve is associated with a helicopter operational mode for
either dynamic modes (depart, approach, level flight, accelerate, decelerate, etc.) or static modes
(ground idle, flight idle, aswell as hover, vertical ascent, and vertical descent in or out of ground
effect), and contains noise levels at the ten INM distances. The sets of three NPD curves for
dynamic helicopter modes represent the asymmietric directivity associated with helicopter noise,
and correspond to noise levels at locations directly below the helicopter (center) and at
approximately 45 degreesto either side (left/right) of the centerline.

The noise levelsin the NPD data (for all aircraft types) have been adjusted for time-varying
aircraft speed (exposure-based noise levels only), atmospheric absorption, distance-duration
effects (if the ssmplified adjustment processis used for exposure-based noise levels), and
spherical divergence in accordance with the methodology presented in Reference 1 and
summarized in Reference 19.

For NOISEMAP military aircraft, NPD data were developed using the simplified data adjustment
procedure, and distance duration effects were computed using an empirically-derived

6.0 logio[d/di«] relationship. In contrast, NPD datafor civilian aircraft that were corrected using
the ssmplified procedure were adjusted using an empirically-derived 7.5 l0g;o[ d/dr«]

relationship. It was decided that the 6-1og relationship would be maintained for the military
aircraft in INM, since it represents a best-fit empirical relationship for those aircraft.

2.2.2  Spectral Data Sets

A spectral classis used to represent the spectrum at time of maximum sound level for agroup of
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aircraft deemed to have similar spectral characteristics. The starting point in any empirical
model such asINM is areference database. In Version 5.2 and earlier, the reference noise
database consisted of noise level data expressed as a function of aircraft power and aircraft-to-
receiver distance, i.e., noise-power-distance data. Beginning with INM Version 6.0, the data and
noise computation algorithms moved to a system that considers the spectral shape of the noise
produced by the aircraft. This change alowed INM to incorporate noise propagation algorithms
that more accurately account for frequency-dependent effects, namely non-standard atmospheric
conditions (Versions 6.0 and higher), and attenuation due to line-of-sight blockage caused by
undulating terrain (Versions 6.2 and higher). Spectral classes also give auser the ability to
compute C-weighted and time audible noise metrics. The spectral shape of the noise produced by
the aircraft was incorporated into INM by assigning a spectral classto each aircraft. A spectral
classisagroup of aircraft which share similar spectral characteristics. Each group of aircraft is
represented in the INM by asingle, ‘representative’ one-third octave-band spectrum.

Reference 19, which is the source for most NPD curves developed prior to INM Version 6.0, also
contains one-third octave-band spectra (50 Hz to 10 kHz) measured at the time of Lasnx and
corrected to a distance of 1000 feet (305 meters) using the SAE AIR-1845 atmospheric
absorption coefficients. Spectral classes are not frequency-weighted in INM. For aircraft
developed for INM Version 6.0 and later, the INM database request form (See Appendix G) has
been updated to request the one-third octave band data necessary for determining a spectral class.

Similar spectral datafor military aircraft were taken from the Noisefile Database in the United
States Air Force NOISEMAP computer program. NOISEMAP is used for computing noise
exposure at facilities dominated by military operations. The military data also exist in the form
of one-third octave-band spectra measured at the time of Lasnk. These data were corrected to a
distance of 1000 feet (305 meters) using the SAE AIR-1845 atmospheric absorption coefficients
to maintain similarity with Reference 19.

Although the above references included spectral datafor the majority of INM aircraft, it is not
considered necessary to support a separate spectrum for each INM aircraft. Based on validation
tests, it was determined that maintaining separate spectral data for each aircraft would result in a
negligible improvement in computationa accuracy, whereas grouping similar spectra offers the
desired enhancement for more advanced acoustical agorithms®. Based on the above sources,
Reference 21 provides the spectral class assignments for INM aircraft devel oped before Version
6.0. Aircraft added to INM since the release of Version 6.0 have been found to fit within spectral
classes developed for Reference 21. Appendix D presents an overview of the development of the
spectral classes.

Sensitivity and validation tests were conducted to identify spectrathat could be grouped together,
referred to herein as a“spectral class’. During theinitial development process, aircraft were
grouped together by engine type and/or number of engines (i.e., low-bypass ratio jet, high-bypass
ratio jet, four engine jet, turboprop, piston, etc.), and then the groups were broken down further
by spectral shape. Some groups were partitioned further to eliminate the presence of widely used
aircraft in the same group. For instance, the 737300 and the MD80 were placed in separate
groups, even though their spectral shapes are similar. Aircraft added since theinitial
development were assigned to a spectral class based on a series of tests to determine the class
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which provided the best fit. The best fit was based on spectral shape and similaritiesin
atmospheric absorption and line-of-sight blockage calculations, rather than on aircraft type
(although in the majority of cases, the best fit spectral class proved to contain aircraft of similar
typeg,). This process is documented in the soon to be published replacement to ICAO Circular
205.

Once the spectra were grouped together, a representative spectrum was determined for the group.
The spectrum was calcul ated from a departure-weighted arithmetic average of the individual
aircraft spectrain the group for commercial aircraft. For military aircraft, aircraft inventory data
were collected and each spectral class was represented by the single military aircraft which had
the highest number in inventory. Some single- and twin-engine turboprops and turbojets (i.e.,
business jets) have commercial, military, and private usages. For these aircraft, the
representative spectrum was cal culated using an equally weighted arithmetic average of all of the
individual aircraft spectra. Reference 21 summarizes the aircraft included within each spectral
class and their weighting towards the representative spectrum.

INM Version 7.0 contains 81 unique spectral classes. 34 classes for departure (classes 101-134);
34 classes for approach (classes 201-234); and 7 classes for level flyover (classes 301-307,
applicable to helicopters only). All spectral class datain INM are normalized to 70 dB at 1000
Hz

2.2.3 Maximum Noise Level Approximation

For several aircraft in the INM database, measured L asmx and Lpntsmy NPD data do not exist, and
they are approximated using empirical equations expressed as a function of distance and sound
exposure. These equations were developed from a statistical analysis of NPD datafor aircraft in
which all four base noise-level metrics exist in the INM database. The equations are as follows:

For INM aircraft:

Lq. =L, —7.19-7.73:l0g Lo Eq. 2-1
ASTX AE ' ' 10 1000 '
3R,
LPNTS‘nx = LEPN +1.12-9.34. loglO W Eq 2-2
For NOISEMAP aircraft:
Lo, =L, —7.84-6.06-10g LR Eg. 2-3
ASTX AE ' ' 10 1000 '
3Ry,
LPNTSnx = LEPN +251-584. |Oglo W Eq 2-4
where
SLRuih slant range (feet) to the closest-point-of-approach of an aircraft on a
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straight and level flight path.

2.2.4 C-Weighted Metric Approximation

The introduction of a spectral database into INM allows a user to calculate noise exposurein
terms of C-weighted metrics. C-weighted metrics are calculated using a ssimplified adjustment
procedure, consistent with FAR Part 36 ™ and ICAO Annex 16 %, asfollows:

1

2.

3.

2.2.5

The aircraft spectral class is used to create two weighted spectral classes: A-weighted and
C-weighted.

Both weighted spectral classes are corrected back to the source (from the 1000 feet
reference) using SAE-AIR-1845." These are the two weighted source spectra.

Each weighted source spectrum is corrected to the ten standard INM NPD distances using
the standard INM atmosphere (in SAE-AIR-1845). Thisyieldsten A-weighted spectra
and ten C-weighted spectra.

The 24 one-third octave band values of each spectrum are logarithmically summed at
each INM distance, yielding a distance-specific, weighted sound pressure level (La, ¢ and
Lc, g). Theselevelsarethen arithmetically subtracted for each INM distance (La, 4 - Lc, d)-
This delta represents the difference between an A-weighted metric and a C-weighted
metric at each distance.

Each distance-specific deltais applied to the appropriate A-weighted NPD values (NPDa,
d+ (La d- Lc g)) @ the corresponding INM distance, resulting in a C-weighted NPD.

NPD Data Development Criteria

For fixed-wing aircraft, criteriafor development of NPD data for use by INM include the
following:®

Acoustically soft ground under the measurement microphone, similar to the terrain
around the microphone during aircraft noise certification tests.*: %

For Lag and Lepy Values, an integrated adjustment procedure (involving time integration
over the full spectral time history) as compared with asimplified adjustment procedure
(involving the spectrum measured at the time of maximum noise level only) for airplanes
where adequate field data are available.

Reference-day air attenuation coefficients as specified by SAE-ARR-866A". Note that
standard-day conditions of 59 degrees Fahrenheit and 70 percent relative humidity were
used prior to INM Version 3.9.

Lae and Lepy Values time-integrated over the upper 10 dB of the noise event as prescribed
by FAA'™ and SAE". (Thetimeinterval from t; to t, designates the time in seconds, from
the beginning to the end of the integration period for the sound produced by an airplane.
The duration [t; — t;] should be long enough to include all significant contributions to the
total noise exposure. Sufficient accuracy is usually achieved by integration over the time
interval during which the frequency-weighted sound level iswithin ten dB of its
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maximum value.)
e Laeand Lgpy Values normalized to reference aircraft speed of 160 knots.
e Noiselevels specified as afunction of power, usually corrected net thrust per engine.

In addition, criteriafor development of helicopter NPD datafor use by INM also include the
following:

e LaeandLgpy Values normalized to helicopter- and operation-specific reference speeds.

e Noiselevels specified as afunction of helicopter mode at the three microphone locations
for dynamic modes. A single microphone location may be utilized for static modes.
Noise levels may also be specified as a function of angle around the helicopter for static
modes, in order establish helicopter directivity during this configuration (see Section
3.6.3).

It isimportant to note that the civil aircraft noise and performance data that make up the INM
database are also included in ICAO’s Aircraft Noise and Performance (ANP) database. The
ANP database is maintained by EUROCONTROL, and may be accessed viathe internet at:
http://www.ai rcraftnoisemodel .org.

The FAA position is to adhere closely to the above criteria both for the development and
validation of the INM NPD data. Diligent complianceis needed to ensure confidence in having
consistent and comparable aircraft NPD and performance data. More information on the INM
data validation is presented in the forthcoming replacement to International Civil Aviation
Organization (ICAO) Circular 205.3

The complete INM Database Submittal Forms may be found in Appendix G.

2.3 Civil and Military Fixed-Wing Aircraft Flight Profiles

INM supports two kinds of flight profile input data: (1) an ordered set of profile points, and (2)
an ordered set of procedure steps. Civil fixed-wing aircraft may use either profile type; military
fixed-wing aircraft use profile points exclusively. Thefirst section below presents the structure
of profile point data, and the remaining sections discuss how profile points are calculated from
procedure steps.

2.3.1  Profile Point Input Data

An ordered set of profile points specifies atwo-dimensional trgjectory. For each point, the
following data are given:

d horizontal coordinate (feet) relative to an origin,

z altitude of the aircraft above the airport (feet AFE),

VT aircraft true airspeed at the point (knots), and
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F/6  corrected net thrust per engine (Ib, %, or other units) at the point.

The origin is where the d-coordinate is equal to zero, and it depends on the kind of flight
operation:
e Anapproach originis at the touchdown point, and d-values are negative during descent
and positive during rollout on the runway.
e A departureoriginis at the start-roll point on arunway, and d-values are positive.
e A touch-and-go originis similar to an approach; the origin is where the aircraft touches
down on the runway.
e A circuit flight origin is similar to adeparture; the origin is at the start-roll point.
e Anoverflight originisat thefirst point, and d-values are positive.
e A taxi originisthe start-roll point on arunway or the center of a helipad, and d-values are
positive. Taxi operations are only available for helicopters.

For al types of operations, d-values increase as an airplane flies along its profile.

Profile speed is the speed at the profile point; it is the magnitude of the aircraft velocity vector. It
is the same as true airspeed with no wind, and the sections below refer to profile speed astrue
airspeed (TAS). Profile speed is approximately equal to ground speed, except when climbing or
descending at steep angles.

The corrected net thrust per engine is described in units of pounds, percent, or some other unit
that is consistent with the noise curves. If the aircraft NPD curves are in percent, thrust-setting is
a percentage of the aircraft static thrust value. In the sections that follow, corrected net thrust
(Fv/d) isin pounds, but for some aircraft, the pounds are changed to percent before writing out
the flight data.

When profile-point input data are used, INM does not correct for non-standard temperature and
pressure. This meansthat the input values of F./ are directly used in the noise tables.

2.3.2 Procedure Step Input Data

When aflight profile is specified in terms of procedure steps, INM processes the steps one at a
time to calculate profile points, putting them in the same format as presented above.

Procedure steps are prescriptions for how to fly aprofile. For example, the following set of
procedure steps describes how to fly ajet departure profile:

1. Takeoff using 15-deg flaps and max-takeoff thrust.

2. Climb to 1000 feet AFE, using 15-deg flaps and max-takeoff thrust.

3. Accelerateto 175 knots CAS, while climbing at 2000 fpm (feet-per-minute) and using

15-deg flaps after cutting back to max-climb thrust.

4. Accelerateto 195 knots CAS, while climbing at 1000 fpm and using 5-deg flaps and
using max-climb thrust.
Climb to 3000 feet AFE, using zero flaps and max-climb thrust.
Accelerate to 250 knots CAS, while climbing at 1000 fpm and using zero flaps and max-

o u
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climb thrust.
7. Climb to 5500 feet AFE, using zero flaps and max-climb thrust.
8. Climb to 7500 feet AFE, using zero flaps and max-climb thrust.
9. Climb to 10000 feet AFE, using zero flaps and max-climb thrust.

Each procedure step is of a specific type (takeoff, climb, accelerate), and contains parameters
relative to its type (15-deg flaps, 1000 feet AFE, 2000 fpm, max-climb thrust, etc.). The sections
below show how each type of procedure step is processed to compute segment end-point values
of altitude, speed, and thrust. Also, methods are presented to compute the segment horizontal
distance, which is used to devel op the d-coordinates for the set of profile points.

In general, one procedure step produces one profile point, but there are several exceptions. For
example, atakeoff step produces two points (start-roll and takeoff rotation). Also, whenever
thereis achangein thrust setting (for example, going from max-takeoff to max-climb), an extra
profile point is created so that thrust changes continuously over a small distance (1000 ft), rather
than discontinuously at a point.

Sometimes, datafrom a current procedure step are combined with data from the previous step
before a profile point can be computed. For example, a user inputs the starting descent altitude,
speed, and angle. INM processes the next descent step to find its starting atitude, which isthe
ending altitude for thefirst step. In the development of procedure step methods that follow, these
algorithmic details are not described. Instead, the production of profile pointsis presented in
terms of "initial" and "final" points that define a profile segment.

Before detailing the individual procedure step methods, the following two sections present
equations that are used throughout.

2.3.3  Non-ISA Model for Atmospheric Ratios

This section presents the INM equations for cal culating atmospheric ratios of temperature,
pressure, and density. “Non-ISA” means that the atmospheric ratios are different than those
specified in the International Standard Atmosphere (ISA) model, as specified by the INM user.®
These user-specified, atmospheric parameters are used to calculate aircraft performance, and
atmospheric absorption coefficients. Thelater is discussed in Section 3.4.1. In general, the use
of "Non-ISA™ atmospheric conditions is recommended for studies where there are significant
variations from the default atmospheric conditions (~70-80°F, ~70% RH).

The input parameters for the INM atmospheric ratio equations are:
T airport temperature (°F),
P airport pressure (inches-Hg) MSL,
E airport elevation (feet) MSL, and
A aircraft altitude (feet) MSL.

Ambient temperature at the aircraft is calculated using input airport temperature and a constant
temperature gradient above the airport, which is assumed to be the same as the ISA |lapse rate of
—0.003566°F per foot. INM calculates the absolute temperature ratio (0) at aircraft altitude by
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the equation:
. [459.67+T - 0.003566- (A- E)]

518.67

Eq. 2-5

where
0 ISA temperature ratio when the input airport temperature T = 59°F and the airport
elevation E = 0 feet MSL. (A-E) represents AFE — Above Field Elevation.

INM calculates the pressure ratio (9) at aircraft altitude by the equation:
5.256

5o P _( 0.003566A Eq. 2-6
29.92 518.67
where
d ISA pressure ratio when the input airport pressure P = 29.92 inches of mercury

relative to mean sea level.

INM calculatesthe air density ratio (Sigma) at aircraft altitude by the Ideal Gas Law:
o
=_ Eq. 2-7
o ) q
where

c ISA air density ratio when both ¢ and care ISA values.

2.3.4  Corrected Net Thrust Per Engine

This section describes the calculations for two types of thrust utilized in INM: Jet aircraft
corrected net thrust per engine and Propeller-driven aircraft corrected net thrust per engine.

Jet aircraft corrected net thrust per engine
Jet aircraft corrected net thrust per engine is calculated by using a modified version of SAE-AIR-
1845* equation (A1):

%:E+(F-v)+(GA~h)+(GB-h2)+(H T.) Eq. 2-8
where
F/6  corrected net thrust per engine (pounds),
v equivaent/calibrated airspeed (knots),
h pressure atitude (feet) MSL,
Tc temperature (°C) at the aircraft, and
E, F, Ga, Gg, H
regression coefficients that depend on power state (max-takeoff or max-climb
power) and temperature state (below or above engine breakpoint temperature).

INM uses a quadratic estimate for the altitude term (Ga-h + Gg-h?), rather than the linear estimate
(G-h) specified in SAE-AIR-1845.
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Calibrated airspeed is assumed to equal equivalent airspeed (SAE-AIR-1845).

Pressure atitude is defined as ISA altitude at a given pressure ratio. INM calcul ates pressure
altitude at the aircraft by the equation:

1
h=| 1867 ) T sem Eq. 2-9
0.003566
where
h pressure atitude (feet) MSL, and
) pressure ratio at aircraft altitude.

When the input airport pressure is 29.92 inches-Hg MSL, pressure altitude is equal to aircraft
dtitude (h=A).

The INM H-coefficient isin units of pounds per degree Celsius. Temperature at the aircraft in
Fahrenheit is calculated by the equation:

T. =T-0003566-(A-E) Eq. 2-10
and converted to Celsius by:

Te = [g) (T- -32) Eq. 2-11
where

Tc temperature (°C) at the aircraft,
Tk temperature (°F) at the aircraft,
T airport temperature (°F),

E airport elevation (feet) MSL, and
A aircraft altitude (feet) MSL.

INM models ajet engine by using sets of coefficients that are tailored for specific profile steps,
such as takeoff, climb or idle steps. Many aircraft have two sets of coefficients for max-takeoff
power and two sets for max-climb power. For agiven power state, INM models the effect of jet
engine breakpoint temperature by using coefficients (E, F, Ga, Gg, H)ow fOr ambient
temperatures below the breakpoint temperature and coefficients (E, F, Ga, Gg, H)nign above
breakpoint. INM calculates both (Fy/8)iow and (Fr/d)nigh and then uses the smaller of the two
values as the corrected net thrust for a given power state.

If the high-temperature coefficients do not exist in the database, INM cal culates high-temperature
corrected net thrust by the equation:**

[Ej = Fou ’V+(E|ow +Hiow 'TBC) (- 0.003.TF)
high

TP e Eq. 2-12
(1-0.003-T,. )

)
where
(Fv d)nigh high-temperature corrected net thrust (pounds),
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Eiow, Flow, Hiow regression coefficients for the low-temperature equation,
v calibrated airspeed (knots),

Tk temperature (°F) at the aircraft, and

Tse, Ter breakpoint temperature, Tgc = 30°C, Tgr = 86°F.

Propeller-driven aircraft corrected net thrust per engine
Propeller-driven aircraft corrected net thrust per engine is calculated by using SAE-AIR-1845
equation (A4):

325.87-17-P
= vy

— = Eq. 2-13
o 1)
where
FJ/ o corrected net thrust per engine (pounds),
325.87 units conversion: horsepower/knots to pounds,
n propeller efficiency, which depends on the power state,
P net power per engine (horsepower, MSL standard day), which depends on the
power state (max-takeoff or max-climb),
VT true airspeed (knots), and
d pressure ratio at aircraft altitude.
True airspeed is calculated by using SAE-AIR-1845 equation (A5):
v, =V-c " Eq. 2-14

where
VT true airspeed (knots),
v calibrated airspeed (knots), and
o air density ratio at aircraft altitude.

Corrected net thrust per engine is used as an input parameter for calculating noise level using
NPD curves, and it also appearsin severa SAE-AIR-1845 flight profile equations.

2.3.5 Takeoff Ground Roll Segment

For the takeoff ground roll segment, the initial and final values of aircraft atitude are given (the
runway-end elevation), the initial and final values of speed and thrust are calculated, and the
horizontal distanceis calculated.

For jets, the corrected net thrust per engine (F./0): at the start-roll point is calculated by using the
departure thrust equation with vi = 0 knots. For props, the corrected net thrust per engine (F/0)1
at the start-roll point is set equal to the corrected net thrust per engine (F/d); at the takeoff
rotation point.

For jets and props, the corrected net thrust per engine (F/6), at the takeoff rotation point is
calculated by using the departure thrust equations presented above. The calibrated airspeed at the
rotation point, which is used in the thrust equation, is calculated by using SAE-AIR-1845
equation (A7):
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v,=C, -W”* Eq. 2-15
where
Vs calibrated airspeed (knots) at takeoff rotation,
C takeoff speed coefficient that depends on flaps setting, and
W departure profile weight (Ib); weight is assumed to remain constant for the entire
departure profile.

For jets or props, (F/d)1 can be a user-input value. If so, (F/d), is set equal to thisvalue.

Takeoff ground-roll distanceis calculated by using SAE-AIR-1845 equation (A6):

2
ot
S == T Eq. 2-16
N-| -
(%))

Sy ground-roll distance (feet),

Br ground-roll coefficient, which depends on the flaps setting,
0

W

where

temperature ratio at the airport elevation,
departure profile weight (Ib),
d pressure ratio at the airport,
N number of engines, and
(F/d)2 corrected net thrust per engine (1b) at takeoff rotation.

The takeoff ground-roll distanceis corrected for headwind, which may be different than the
standard 8 knots per user input, by using SAE-AIR-1845 equation (A 16):
S, - (v, —w)?

> (Vz - 8) ?

Eq. 2-17

where
Syw  ground-roll distance (feet) corrected for headwind,
Sy ground-roll distance (feet) uncorrected,
Vo calibrated speed (knots) at takeoff rotation, and
w headwind (knots).

The takeoff ground-roll distanceis also corrected for runway gradient by using the equations:
S, ‘a

Se="——r Eq. 2-18
(a-32.17-G)
_1/2 2
_ % Eq. 2-19
" Pgw
G= @ Eq. 2-20
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where
Sec  ground-roll distance (feet) corrected for headwind and runway gradient,
Sew  ground-roll distance (feet) corrected for headwind,
a average acceleration (feet/s?) along the runway,
Vs calibrated speed (knots) at takeoff rotation,
G runway gradient; G is positive when taking-off uphill,
E;,E; runway end elevations (feet) MSL, and
L runway length (feet).

In INM Version 7.0, the corrected ground-roll distance Sy is divided into sub-segments with
variable lengths, each segment covering an aircraft speed change of 20 knots. The number of
sub-segments N for the ground roll is calculated as:

Ny = int(1+ \zl_é)j Eq. 2-21

where
Nsegs  NumMber of sub-segments,
Vo calibrated speed (knots) at takeoff rotation, and
int(x) function that returns the integer part of x.

Acceleration is assumed to be constant, and each segment is calculated to cover an equal time
period. Thetimet on each segment is calculated as:

fo S % Eq. 2-22

where
t time (sec) spent on each sub-segment,
See  ground-roll distance (feet) corrected for headwind and runway gradient,
Vo calibrated speed (feet/s) at takeoff rotation, and
Nsgs  NumMber of sub-segments.

The distance, speed, and thrust values at the Nss Segment end points are calcul ated by linear
interpolation on time. .

2.3.6  Touch-and-Go Power-On Ground Roll Segment

For that portion of atouch-and-go ground roll segment when an aircraft is accel erating to takeoff,
theinitial and final atitudes are given (the airport elevation), theinitial calibrated speed vr1 is
given (auser-defined value), and the final speed, initial and final thrusts, and horizontal distance
are calculated.

The takeoff rotation speed v+, is calculated by:

v,,=C, -W*.¢™ Eq. 2-23

38



where
Ct takeoff speed coefficient that depends on flaps setting,
W touch-and-go profile weight, and
o density ratio at the airport.

The thrusts (F/d)1 and (Fv/9), are calculated by using the departure thrust equations at the airport
elevation and for calibrated speeds v; and va.

The power-on ground-roll distanceis calculated by:

2 2
S = M Eq. 2-24
’ (2-a)
C.2-N (Fnj
f
a= 0/, Eq. 2-25

2o, [

Sy distance (feet) of that portion of the touch-and-go ground-roll that begins when
accelerating power is applied and ends when takeoff rotation occurs,

vr1  initia true speed (knots),

vz fina true speed (knots),

= average acceleration (feet/s?) along the runway, which is assumed to be the same
acceleration as available for takeoff,

C takeoff speed coefficient that depends on flaps setting,

where

N number of engines,
(Fv/0), corrected takeoff thrust (Ib),
d pressure ratio at the airport,

Bs ground-roll coefficient that depends on flaps setting, and
W touch-and-go profile weight (Ib).

For the touch-and-go case, corrections for headwind, runway gradient, and segment subdivision
are similar to those for the takeoff case.

2.3.7 Climb Segment

For aclimb segment, the initial and final atitudes are given (A1 isfrom the previous segment and
A, isuser input), theinitial and final speeds are calculated using the final calibrated airspeed on
the previous segment, the initial thrust (F./d)1 is given from the previous segment, the final thrust
is calculated, and the horizontal distance is cal culated.

A climb segment is flown at constant calibrated airspeed v, climbing from atitude A; to altitude
A,. Even though a climb segment uses constant calibrated airspeed, the true airspeeds vr1 and
VT2 at the segment end points are different because the air densities o3 and o, are different. The
speeds are calculated by:

Vy, =V-0, Eq. 2-26

39



.1/2
Vi, =V-0,

Eq. 2-27
The nominal corrected net thrust per engine F./d is usually calculated by using the departure
thrust equations at the mid-point altitude A, =% A1 + A2 ). Likewise, anominal vaue of the
pressure ratio 6 is usually calculated at the mid-point altitude An,.

The final corrected net thrust per engine (F/d). is usually calculated by using the departure thrust
equations at calibrated airspeed v and altitude A,. However, there are three cases when this
method is not used:

1. When a'user-value" thrust is specified, the nominal value of corrected net thrust per
engineis set to the specified value, F/6 = user-vaue thrust. The nomina value of the
pressure ratio § is calculated at the mid-point altitude.

The calculated initial corrected net thrust per engine (F./0): is retained from the previous
step, but the final corrected net thrust per engineis also set to the user-value thrust.

2. When "user-cutback" thrust is specified, the nominal value of corrected net thrust per
engineis set to the specified value, F/6 = user-cutback thrust. The nominal value of the
pressure ratio 6 is calculated at the mid-point atitude.

The climb segment is calculated and then it is broken into two sub-segments, both having
the same climb angle. The first sub-segment is assigned a 1000-foot ground distance, and
the corrected net thrust per engine at the end of 1000 feet is set equal to the user-cutback
value. (If the original horizontal distance is|essthan 2000 feet, one half of the segment is
used to cutback thrust.) Thefinal thrust on the second sub-segment is also set equal to
the user-cutback thrust. Thus, the second sub-segment is flown at constant thrust.

Another 1000-foot sub-segment restores the thrust from the user-cutback value to the
calculated value (F/d), at altitude A, but this sub-segment is created in the next climb or
accel eration segment.

3. When engine-out "minimum-thrust” is specified, the nominal value of corrected net thrust
per engine Fy/§ is calculated by using the engine-out procedure below. The nominal
value of the pressure ratio 6 is set to the final value calculated at altitude Ao.

Two 1000-foot sub-segments are introduced in a manner similar to the user-cutback case.
The constant engine-out reduced thrust used for the cutback sub-segment is calculated by:

) o (i) +R

K f

Do Eq. 2-28
(N-J)

.9
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R¢
N

corrected net thrust per engine (Ib) for an engine-out procedure,

departure profile weight (Ib),

pressure ratio at altitude Ao,

engine-out percentage climb gradient from FAR Part 25%:

G =0% for aircraft with Automatic Thrust Restoration Systems; or if not,

G =1.2% for 2-engine aircraft,

G =1.5% for 3-engine aircraft,

G =1.7% for 4-engine aircraft,

Speed-dependent constant:

K =1.01 when climb speed < 200 knots, and

K =0.95 otherwise,

This constant accounts for the effects on climb gradient of climbing into an 8-knot
headwind and the acceleration inherent in climbing at constant calibrated airspeed
(true speed increases as air density diminishes with height),

drag-over-lift coefficient that depends on the flaps setting, and

number of engines (N>1).

The average climb angle is calculated by using SAE-AIR-1845 equation (A8):

Eqg. 2-29

average climb angle,

speed-dependent constant,

K =1.01 when climb speed < 200 knots, and K = 0.95 otherwise,
number of engines,

nominal value of corrected net thrust per engine (Ib),

nominal value of the pressure ratio,

departure profile weight (Ib), and

drag-over-lift coefficient that depends on the flaps setting.

The above method of setting the constant K is slightly different than specified in SAE-AIR-1845,
where theinitial climb segment uses K = 1.01, and climb segments after acceleration and flaps-
retraction use K = 0.95. The INM method is more useful for handling flight profiles where the
order of climb and acceleration segments is mixed.

The climb angleis corrected for headwind by using SAE-AIR-1845 equation (A17):

Yw=

where

Yw
Y

_ % Eq. 2-30

average climb angle corrected for headwind,
average climb angle, uncorrected
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v calibrated airspeed (knots) on the climb segment, and
w headwind (knots).

Finally, the horizontal distance for the climb segment is calculated by using SAE-AIR-1845
equation (A9):

s - (B=-A) Eq. 2-31
tan(y,,)
where
S horizontal distance (feet) for the climb segment,
A initial altitude (feet) MSL,
Az final altitude (feet) MSL, and
Yw average climb angle corrected for headwind.

2.3.8  Acceleration Segment

For an acceleration segment, the initial altitude A4, initial true airspeed vr1, and initial thrust
(F/d)1 are given from the previous segment. Thefinal calibrated airspeed v, and the average
climb rate v, are user inputs. Thefina atitude, final true airspeed, final thrust, and horizontal
flying distance are calcul ated.

Altitude, speed, thrust, and distance are calculated by using an iterative method. Thefina
altitude A, = A1+ 250 feet isused for thefirst iteration, and then A, is recalculated until the
absolute difference between the current and next iteration A, valuesis less than one foot.

The horizontal distance is calculated by using SAE-AIR-1845 equation (A10):
095K (v," = vy, ")

S, Eq. 2-32

(Gm - G)
where

Sa current iteration horizontal distance (feet),

k constant:
1 '[101.2686 2
2 60

k:T:o.ommg (feet/knots?), Eq. 2-33

vr1  inputinitial true airspeed (knots),
vrz  fina true airspeed (knots) at current iteration o:
Vi, =V,-0," Eq. 2-34
Vo input final calibrated airspeed (knots),
o2 air density ratio at current iteration final atitude A,
Gm  maximum acceleration available (g's) for current iteration:
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S
G, =——-’-R, Eq. 2-35

N number of engines,
F/6  average corrected net thrust per engine (1b) at the current iteration:

2G5

(Fv/0d)1 input initial corrected net thrust per engine (1b),
(F/d), final corrected net thrust per engine (Ib) at current iteration altitude Ao,
W departure profile weight (Ib),

0 pressure ratio at current iteration mid-point altitude, Y2 A + A,)

R¢ drag-over-lift coefficient that depends on the flaps setting,

G climb gradient for the current iteration value of vr,:
v
G= L Eq. 2-37
[101.2686 Y2-(Vq, + Vi)

vtz input climb rate (feet/min).

The next-iteration final altitude A7 is calculated by using SAE-AIR-1845 equation (A11):
' S, -G
=A+=2 Eq. 2-38
A=A 0.95 a
When |A, — A,| < 1 foot, the current iteration values of final atitude A,, final true airspeed vy,
final corrected net thrust per engine (F./3)2, and horizontal distance S, are used for the
accel eration segment.

If during the iteration process (G, — G) < 0.02, the acceleration is considered to be too small to
achieve the desired v, in areasonable distance. INM issues a warning message and then limits
the climb gradient to G = G, — 0.02. In effect, the desired climb rate is reduced so that the
airplane can maintain a minimum acceleration. 1f G < 0.01, INM issues an error message and
stops computing the profile. Thisis because thereis not enough thrust to both accelerate and
climb, as required by the segment parameters.

The acceleration segment distance is corrected for headwind by using SAE-AIR-1845 equation
(A18):

- Sa (i —w) Eq. 2-39
(VT - 8)
where
Saw  horizonta distance (feet) corrected for headwind,
Sa horizontal distance (feet) for the accel eration segment, uncorrected,

VT average true airspeed (knots) on the segment:

43



1
V= > (Vyy +Vpy) Eq. 2-40
w headwind (knots).

2.3.9 Accel-Percent Segment

For an acceleration percent (accel-percent) segment, theinitial altitude A, initial true airspeed
vr1, and initial thrust (F,/0), are given from the previous segment. The final calibrated airspeed
v, and the energy-share percentage value A, are user inputs. Thefinal altitude, final true
airspeed, final thrust, and horizontal flying distance are cal cul ated.

Acceleration percent (accel-percent) segments are calculated in asimilar manner to acceleration
segments (see section 2.3.8 above). The key difference isthat accel-percent segments utilize an
input energy-share percentage value while accel eration segments use an input average climb rate.
The energy-share percentage value defines the division of aircraft thrust between use for
climbing vs. use for accelerating. The climb gradient in Eq. 2-37 is replaced with aclimb
gradient calculated using the input acceleration percent value. At an acceleration percent value
of 100% all thrust is dedicated to increasing airspeed and the climb rate will be zero. AsApis
decreased to 0% more thrust is dedicated to climbing and less to acceleration. Acceleration for
climbing is calculated as follows:

G=G,(1- Ap) Eq. 2-41
where

G acceleration available for climbing, also called the climb gradient,

Gn  maximum available acceleration, see Eq. 2-35 and

Ap percentage of thrust applied to acceleration.
Thus Eq. 2-41 isused instead of Eq. 2-37; otherwise the processisidentical to the acceleration
segment.

2.3.10 Descent Segment

For a descent segment, the initial altitude, true airspeed, and thrust are given from the previous
segment. Thefina atitude A,, final calibrated airspeed v,, and descent angle y are user inputs,
with the final altitude and final calibrated airspeed being input on the following segment. The
final true airspeed, final thrust, and horizontal distance are calculated.

In INM, theinitial atitude and speed appear to be user inputs; however, a descent segment is not
actually calculated until the next segment is processed. This procedureis necessary so that an
approach profile can start with a descent segment.

Thefinal true airspeed is:

Vo, =V, -0, Eq. 2-42
where

V2 input final calibrated airspeed, and

02 density ratio at atitude A..




The final corrected net thrust per engineis calculated by using by using SAE-AIR-1845 equation

(A15);

[WMR _sn(y)}
(EJ &)L " 108 Eq. 2-43

o N
where
(F/d)2 corrected net thrust per engine (Ib) at altitude A,
w profile weight (1b),
32 pressureratio at altitude A,
Rs drag-over-lift coefficient that depends on flaps and gear setting,
Y average descent angle (a positive value), and
N number of engines.

The final corrected net thrust per engineis corrected for headwind by using SAE-AIR-1845
equation (A19):

j l.OB-{W]-sin(y) -(W—8)

[ij = [5 % Eq. 2-44
6 2w o ( N - Vv, )
where
(Fn/d)2w corrected net thrust per engine (Ib) for headwind w,
(F/d), corrected net thrust per engine (Ib) at altitude A,
W profile weight (Ib),
d2 pressure ratio at altitude Ao,
Y average descent angle (a positive value),
w headwind (knots),
N number of engines, and
Vo calibrated airspeed (knots) at altitude A..
The horizontal distanceis calculated by:
g = A=A) Eq. 2-45

tan(y)

Sy horizontal distance (feet) for the descent segment,
A initia altitude (feet) MSL,

Az final altitude (feet) MSL (A1 > A»), and

Y average descent angle (a positive value).

45



2.3.11 Descend-Decel Segment

For adescend-decel segment, the initial altitude, true airspeed, and thrust are given from the

previous segment. The final altitude A, fina calibrated airspeed v,, and descent angle y are user
inputs, with the final altitude and final calibrated airspeed being input on the following segment.
Thefina true airspeed, fina thrust, and horizontal distance are calculated.

In INM, theinitial atitude and speed appear to be user inputs; however, a descend-decel segment
isnot actually calculated until the next segment is processed. This procedure is necessary so that

an approach profile can start with a descend-decel segment.

The process for calculating Descend _Decel segmentsin the INM is similar but not identical to
the process described in Section B-10 of ECAC Doc 29.? The INM assumes that the procedural
profile using the descend-decel segment was defined for ISA reference conditions at a sea-level
airport. The deceleration that results over the segment given sea-level ISA conditionsis assumed
to remain constant even under non-sea level, non-1SA conditions, and other segment parameters
are therefore modified for consistency under these conditions. Deceleration over the descend-

decel segment for ISA conditionsis calculated as.

(bree”

- (W2 ‘sin(;/)z))% —w- cos(;/))2 —((VT“SL\2 - (W2 -sin(;/)z)yz —w- cos(;/))2

A5 2-s,
where
asn  acceleration for ISA conditions (feet/s?),
Vrusa initial true airspeed (feet/s) for ISA conditions oysa:
vy = 07 )_(101.2686]

T1USA 1 1A 60

vrasa fina true airspeed (feet/s) for ISA conditions 62sa:
- (v ok )_[101.2686J

T2ISA 2 21A 60
V1 input initial calibrated airspeed (knots),
Vo input final calibrated airspeed (knots),
ousa ar density ratio at initial altitude A1 (for ISA conditions),
oasa ar density ratio at fina atitude A, (for ISA conditions),
w headwind (ft/s),
Y average descent angle (apositive value),
S horizontal distance (feet) for the descent segment:

d .

sin(y)

A initial altitude (feet) MSL, and
A, fina altitude (feet) MSL (A1 > A»).

Eq. 2-46

Eq. 2-47

Eq. 2-48

Eq. 2-49

For non-1SA conditions, the segment’s ISA deceleration and the input descent angle are held
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constant and either the final true airspeed or the segment length (and therefore final atitude) are
adjusted.

When the segment following the descend-decel segment isalevel, level-decel, level-idle, or land
segment the input final altitude is maintained and the final true airspeed is adjusted to account for
non-1SA conditions. The new final true airspeed (feet/s) is calculated as:

2 %
Vi 2adjusted = [[((VMZ - (Wz 'Sin(V)Z))yz —-w Cos(?’)jz +2-5 "3‘|3Aj}/2 +W‘COS(7’)] +w’-sin(y)?

Eq. 2-50
where
Vroadusted  CalCulated final true airspeed for actual airport atmospheric conditions (feet/s),
and
V11 input initial true airspeed for actual airport atmospheric conditions (feet/s).

When the segment following the descend-decel segment is a descend, descend-decel, or descend-
idle segment the input final true airspeed is maintained and the segment length and final altitude
are adjusted for non-ISA conditions. The new segment length is calculated as:

2

((VTZZ - osin(;/)z)% —w- cos(y))2 - ((lez —W osin(;/)z)% —w- cos(y))

Sadjusted = 2.,
Eq. 2-51

where

Sadused  SEgMent length adjusted for non-ISA conditions (feet),

V11 input initial true airspeed for actual airport atmospheric conditions (feet/s),

and

V12 input final true airspeed for actual airport atmospheric conditions (feet/s),
The segment’s new final atitude Azagusied IS Calcul ated as:

Avauset = A ~ Saguses 'Sin(?’ ) Eq. 2-52
where

Aoajused  Calculated final atitude (feet) MSL, and

A input initial altitude (feet) MSL.

Descend-decel segment thrust values account for deceleration effects on thrust, unlike descent
segments described in Section 2.3.10. Thrust is calculated with a force balance derived from
SAE-AIR-1845 equation (A15) with an additional acceleration term:
F w . a
—L=——| R-cogly)-sin(y)+— Eq. 2-53
e Reouty)-sn() 2 :
where
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Fn/ 6 corrected net thrust per engine,

aircraft weight,

pressure ratio at segment’ s altitude,

number of engines,

drag over lift coefficient that depends on flaps and gear setting,
aircraft acceleration along the velocity vector,

acceleration due to gravity, and

descent angle (positive by convention).

~<©m;uzc>n§

2.3.12 Descend-Idle Segment

For adescend-idle segment, the initial atitude, true airspeed, and thrust are given from the
previous segment. Thefinal atitude A,, final calibrated airspeed v,, and descent angle y are user
inputs, with the final altitude and final calibrated airspeed being input on the following segment.
The final true airspeed, final thrust, and horizontal distance are calculated.

In INM, theinitial atitude and speed appear to be user inputs; however, a descend-idle segment
isnot actually calculated until the next segment is processed. This procedure is hecessary so that
an approach profile can start with a descend-idle segment.

Descend-idle segments are calculated in the same manner as descend-decel segments described
in Section 2.3.11 with the exception of thrust. Idlethrust valuesfor level-idle segments are
calculated using SAE-AIR-1854 equation (A1) using idle thrust coefficients, which are unique to
each aircraft type (see EQ. 2-8 in Section 2.3.4). Theinitial and final idle thrust values are
calculated using the initial and final altitude and speed val ues as appropriate.

2.3.13 Level Segment

For alevel segment, theinitial altitude, true airspeed, and thrust are given from the previous
segment. Thefinal atitude A,, fina calibrated airspeed v,, and distance flown S, are user inputs
(the final altitude and speed must be the same asthe initia values). Thefinal thrust is calcul ated.

If theinitial thrust is not the same as the final thrust (for example, the previous segment was a
climb segment), then a 1000-ft transition segment is created so that the major portion of the level
segment is flown at constant thrust.

The corrected net thrust per engine is calculated by using by using SAE-AIR-1845 equation
(A15) with zero descent angle:

oy Lo)®
[_HJ — Eq. 2-54
o ), N

(Fv/d), fina corrected net thrust per engine (1b) at altitude A, = Ay,
W profile weight (Ib),
) pressure ratio at altitude Ay = A,

where
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R¢ drag-over-lift coefficient that depends on flaps and gear setting, and
N number of engines.

2.3.14 Level-Decel Segment

For alevel-decel segment the segment length, initia true airspeed, and segment altitude are user
inputs. Theinitial true airspeed and segment altitude must match the final values from the
previous segment. The final true airspeed is defined by the following segment, and the constant
segment thrust is calculated.

The level-decel segment is calculated and then broken into two sub-segments. The first sub-
segment is assigned a 1000-foot ground distance. The corrected net thrust at the beginning of
this segment is equal to the final value from the previous segment, and the corrected net thrust at
the end of 1000 feet is set equal to the level-decel thrust. (If the original horizontal distanceis
less than 2000 feet, one half of the segment distance is used to transition the thrust.) The final
thrust on the second sub-segment is also set to the level-decel thrust. Thus, the second segment
isflown at constant thrust.

Another 1000-foot sub-segment restores the thrust from the level-decel value to the appropriate
initial thrust for the following segment, but this sub-segment is created in the following segment.

The INM assumes that the procedural profile using the level-decel segment was defined for ISA
reference conditions at a sea-level airport. The deceleration that results over the segment given
sea-level ISA conditionsis assumed to remain constant even under non-sea level, non-ISA
conditions, and other segment parameters are therefore modified for consistency under these
conditions. Deceleration over the level-decel segment for ISA conditionsis calculated as:

2 2
v, _|101.2688| ([ v | 1012686
ol 60 ol 60
- Eq. 2-55

2-s,

asn  acceleration for ISA conditions (feet/s?),

V1 input initial calibrated airspeed (knots),

Vo input final calibrated airspeed (knots),

oisa  ar density ratio at segment altitude (for ISA conditions),
w headwind (feet/s), and

S input horizontal distance (feet) for the segment.

For non-1SA conditions, the segment’s |SA deceleration is held constant and the segment length
isadjusted. The new segment length (horizontal distance) is calculated as.
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2 2
v, W ‘101.2686 ~ v, W '101.2686
O-zi(/zztual 60 Ga}lgtual 60 Eq. 2 56
Q. £

2

Stadjusted =

where
Sujused SEOMENt length (feet),
V1 input initial calibrated airspeed (knots),
Vo input final calibrated airspeed (knots),
oawa Al density ratio at segment altitude (for actual airport conditions),
w headwind (feet/s), and
asn  acceleration for ISA conditions (feet/s?).

The level-decel segment thrust is calculated with SAE-AIR-1845 equation (A15) with an
additional acceleration term and zero climb angle:

. (ng(Rf +aj
= g Eq. 2-57

Fn/ & corrected net thrust per engine,

aircraft weight,

pressure ratio at segment’ s altitude,

number of engines,

drag over lift coefficient that depends on flaps and gear setting,
aircraft acceleration along the velocity vector, and

acceleration due to gravity.

@ ymz>s

2.3.15 Level-ldle Segment

For alevel-idle segment the segment length, initial true airspeed, and segment altitude are user
inputs. Theinitial true airspeed and segment atitude must match the final values from the
previous segment. Thefinal atitude is set equal to theinitial value, the final true airspeed is set
equal to theinitia true airspeed of the following segment, and the segment’sidle thrust values
are calculated.

The level-idle segment is calculated and then it is broken into two sub-segments. The first sub-
segment is assigned a 1000-foot ground distance. The corrected net thrust at the beginning of
this segment is equal to the final value from the previous segment, and the corrected net thrust at
the end of 1000 feet is set equal to the calculated initial idle thrust value. (If the original
horizontal distance is less than 2000 feet, one half of the segment distance is used to transition
thethrust.) Thefinal thrust on the second sub-segment is set to the calculated final idle thrust
value.

Another 1000-foot sub-segment restores the thrust from the final idle thrust value to the
appropriate initial thrust for the following segment, but this sub-segment is created in the
following segment.

50



Asfor level-decel segments, the INM assumes that the procedural profile using the level-idle
segment was defined for ISA reference conditions at a sea-level airport. The deceleration that
results over the segment given sea-level ISA conditionsis assumed to remain constant even
under non-sea level, non-ISA conditions, and other segment parameters are therefore modified
for consistency under these conditions. The segment length for level-idle segments flown under
non-1SA conditionsis calculated using Eq. 2-56 and 2-57 from Section 2.3.14.

Idle thrust values for level-idle segments are calculated using SAE-AIR-1854 equation (A1)
using idle thrust coefficients, which are unique to each aircraft type (see EQ. 2-8 in Section
2.3.4). Theinitial and final idle thrust values are calculated using the constant segment altitude
and theinitial and final speed values as appropriate.

2.3.16 Cruise-Climb Segment

For acruise-climb segment, the initial altitude, true airspeed, and thrust are given from the
previous segment. Thefinal altitude A,, final calibrated airspeed v,, and climb angle y are user
inputs (theinitial and final calibrated airspeeds must be the same). The final true airspeed, fina
thrust, and horizontal distance are calculated. Cruise-climb thrust is less than "maximum-
takeoff" or "maximum-climb" departure thrust.

The final corrected net thrust per engineis calculated by using by using SAE-AIR-1845 equation
(A15) with an additive term for climb thrust:

Bl
( F, j 0, 0.95
_n| = Eqg. 2-58
o), N
where
(F/d)2 corrected net thrust per engine (Ib) at altitude A,
W profile weight (Ib),
32 pressureratio at altitude A,
R¢ drag-over-lift coefficient that depends on flaps and gear setting,
Y average climb angle (a positive value), and
N number of engines.
The horizontal distance is calculated by:
s - (B-A) Eq. 2-59

7 tan(y)
where

Sec horizontal distance (feet) for the cruise-climb segment, and
A initial altitude (feet) MSL, and
A, final altitude (feet) MSL (A1 <A»).
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2.3.17 Landing Segment

For alanding segment, the initial and final altitudes are given (the airport elevation), the initial
(landing) speed is calculated, the final roll-out true speed is calculated from user-input calibrated
speed v, theinitial (landing) thrust is calculated, the final thrust is cal culated from a user-input
percentage value P, and the ground-roll distance S, is user input.

The landing calibrated airspeed is calculated by using SAE-AIR-1845 equation (A13):
v, =D, -W* Eq. 2-60
where
V1 calibrated airspeed (knots) just before landing,
D¢ landing coefficient that depends on the flaps and gear setting, and
W approach profile weight (Ib); weight is assumed to remain constant for the entire
approach profile.

Theinitial and final true speeds are calculated by:
Vy, =V, 07 Eq. 2-61
Vp, =V, 07 Eq. 2-62

where
o density ratio at airport altitude.

Theinitia thrust (F/d)1 is calculated using the descent thrust equation with the landing descent
angle, landing calibrated airspeed v,, and airport elevation (see Section 2.3.9).

The user-input percentage of thrust may also be used to calculate the final thrust for the landing
segment represents the level of reverse thrust, if supplied by the user. Thefinal thrust (Fy/d),is
calculated by:

)
M =Fg | — Eq. 2-63
o), 100

where
(F/d). corrected net thrust per engine (Ib) at end of landing roll-out,
Fs static corrected net thrust per engine (an input parameter), and
P percentage of thrust (an input parameter).

If the aircraft NPD curves are in percent, the value of "thrust” that is actually assigned to the
flight segment is the percentage value P; it is used to directly access the noise tables.

2.3.18 Decelerate Segment

For a deceleration segment, theinitial and fina altitudes are given (the airport el evation), the
initial speed is given from the previous step, and the final speed is calculated from user-input
calibrated speed and density ratio. The initial thrust is given from the previous step, the final
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thrust is calculated from user-input percentage of thrust (see Section 2.3.17), and the ground-roll
distance is user input.

2.4 Helicopter Flight Profiles

INM supports only one kind of flight profile input datafor helicopters. an ordered set of
procedure steps. Compared to fixed-wing aircraft, helicopter procedure steps are more similar to
fixed-wing profile points than fixed-wing procedure steps. Like fixed-wing profile points,
helicopter procedure steps explicitly define the flight profile, do not involve any flight
performance cal culations within the INM, and are not modified by the INM to account for non-
standard atmospheric conditions. Unlike fixed-wing profile points, helicopter procedure steps
are modal; they are defined as a set of procedure steps that each represents a helicopter flight
operational mode.

The NPD datafor helicopters used by the INM references operational modes and not thrust
values. Each helicopter operational mode has its own NPD curve that defines the source noise
for that mode. Thereisonly one NPD curve per mode, therefore there is no interpolation or
extrapolation across helicopter NPD curvesin the INM. Thrust is not included in helicopter
flight profiles.

2.4.1 Helicopter Procedure Steps

Helicopter flight profiles can only be specified in terms of procedure steps. INM processes the
steps one at atime to calculate profile points, putting them in aformat that differs slightly from
the fixed-wing aircraft profile point format described in Section 2.3.1.

An ordered set of helicopter procedure steps specifies atwo-dimensional trajectory. For each
point, the following data are given:

d horizontal coordinate (feet) relative to an origin,

z altitude of the helicopter above the helipad (feet AFE),

VT helicopter true airspeed at the point (knots),

Mode helicopter operational mode, and

teg  timespent at alocation for static operational modes (sec).

The origin is where the d-coordinate is equal to zero, and it depends on the kind of flight
operation:
An approach origin is at the touchdown point, and d-values are negative during descent.
A departure origin is at the starting point on a helipad, and d-values are positive.
A taxi originis at the starting point on a helipad, and d-values are positive al the way to the
end-point on the same or different helipad.
An overflight originis at the first point, and d-values are positive.

For all types of operations, d-values increase as a helicopter flies along its profile.

Profile speed is the speed at the profile point; it is the magnitude of the helicopter velocity vector.
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It is the same as true airspeed with no wind, and the sections below refer to profile speed as true
airspeed (TAS). Profile speed is approximately equal to ground speed, except when climbing or
descending at steep angles.

The helicopter operational mode for each profile segment is used to specify which helicopter
NPD curveto use for that segment. Each helicopter operational mode has a single corresponding

NPD curve.

Helicopter procedure steps explicitly define a helicopter’ s flight profile.  There are no thrust,
altitude, or speed calculations for helicopter flight profiles as there are for fixed-wing aircraft.
The four types of helicopter flight operations (APP, DEP, TAX, OVF) are created by using 14
types of procedure steps:

1

2.

Start Altitude: This step is used to start aprofile at agiven altitude and speed. The
starting altitude and speed are inputs.

Level Fly: This step is used to maintain altitude and speed for agiven distance. The
track distance covered by the step isthe only input. Altitude and speed are defined
by the previous step.

App Const Speed: This step is used to descend at constant speed to a given atitude
over agiven distance. Thetrack distance covered by the step and the final atitude
areinputs. Theinitial atitude and speed are defined by the previous step.

App Desc Decel: This step is used to descend and decelerate to afinal altitude and
speed over agiven distance. Thetrack distance covered by the step, the final
altitude, and the final speed areinputs. The initial altitude and speed are defined by
the previous step.

App Horiz Decel: This step is used to decelerate to afinal speed at constant altitude
over agiven distance. Thetrack distance covered by the step and the final speed are
inputs. The atitude and initial speed are defined by the previous step.

App Vertical: Thisstep isused to maintain horizontal position while descending to
afinal altitude over agiven duration. The duration of the step and the final atitude
areinputs. The horizontal position of the step is calculated from the previous step
and the horizontal speed is zero.

Hover: This step is used to maintain altitude and horizontal position for agiven
duration. The duration of the step isthe only input. The altitude is defined by the
previous step, the horizontal position of the step is calculated from the previous
step, and the horizontal speed is zero.

Ground Idle: This step is used to maintain ground idle for agiven duration. The
duration of the step isthe only input. The atitude is zero, the horizontal position of
the step is calculated from the previous step, and the horizontal speed is zero.

Flight Idle: This step isused to maintain flight idle for a given duration. The
duration of the step isthe only input. The dtitude is zero, the horizontal position of
the step is calculated from the previous step, and the horizontal speed is zero.

10. Dep Vertical: This step is used to maintain horizontal position while ascending to a

final atitude over agiven duration. The duration of the step and the fina atitude
areinputs. The horizontal position of the step is calculated from the previous step
and the horizontal speed is zero.




11. Dep Horiz Accel: This step is used to accelerate to afinal speed over agiven
distance. Thetrack distance covered by the step and the final speed areinputs. The
altitude and initial speed are defined by the previous step.

12. Dep Climb Accel: This step is used to climb and accelerate to afinal altitude and
speed over agiven distance. Thetrack distance covered by the step, the final
atitude, and the final speed are inputs. Theinitia atitude and speed are defined by
the previous step.

13. Dep Const Speed: This step isused to climb at constant speed to agiven altitude
over agiven distance. Thetrack distance covered by the step and the final atitude
areinputs. Theinitial atitude and speed are defined by the previous step.

14. Taxi: Thisstep isused to taxi at a given constant speed. The speed isthe only
input. The track distance is calculated based on the assigned taxi ground track, and
the altitude is defined by the previous step. INM allows helicopters defined as
having wheelsto taxi at zero altitude. Helicopters defined as not having wheels
must taxi at an altitude greater than zero.

Some helicopter procedure steps correlate with different helicopter flight operational modes (and
therefore different NPD and directivity data) depending on their atitude. When constructing
flight paths with the Hover, Dep Vertical, and App Vertical procedure steps, the INM calculates a
ground effect altitude as follows:

Ace :1-5'(DMR) Eq' 2-64
where

Ace ground effect altitude (feet above field elevation), and

Dur mainrotor diameter (eeft, an input parameter),

If the procedure step stays below the ground effect altitude, the procedure step correlates with the
corresponding In Ground Effect flight operational mode. If the step stays at or above the ground
effect altitude the procedure correlates with the corresponding Out of Ground Effect flight
operational mode. If agiven Dep Vertical or App Vertical procedure step crosses the ground
effect altitude, the INM automatically divides the step into two at the ground effect altitude and
assigns flight operational modes to the two steps as appropriate.

INM does not correct for non-standard temperature and pressure when generating helicopter
flight profiles. This means that the input values of altitude, speed, and duration are used exactly
as specified regardless of the atmosphere defined.

2.5 Flight Path Calculation

An INM flight path is an ordered set of flight path segments. Each segment contains the
following data:

X1, Y1, Z1 starting coordinates for the segment (feet, feet, feet),

Uy, Uy, Uy unit vector directed along the segment,

L length of the segment (feet),

V11 speed (knots) at the starting point, relative to x,y,z coordinates,
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Av change in speed (knots) along the segment:

AV=V;, =V, Eq. 2-65
(Fv/d)1 corrected net thrust per engine (Ib, %, or other) at the starting point, and
AF change in corrected net thrust per engine (Ib, %, or other) along the
segment:
AF = (F_j (F_j Eq, 2465
5 2 5 1

The starting velocity vector (vr1 u) isdirected along the segment, and the aircraft is assumed to
continue to fly along the segment as speed and thrust change. Segment true airspeed and length
are used in the noise module to cal cul ate the segment flying-time duration that a ground-based
observer would experience.

Corrected net thrust per engine isin units of pounds, percent of static thrust, or other units,
depending on the units defining the NPD curves.

Three-dimensional flight path segments are constructed by using ground track data and flight
profile data, as presented in the sections below.

2.5.1 Ground Track Processing

INM supports two kinds of ground tracks: (1) an ordered set of x,y points, and (2) an ordered set
of vectoring commands (for example, fly straight 5.5 nmi, turn left 90° using radius 2.0 nmi).

INM transforms the vectoring commands into a set of X,y points. To do this, INM converts
circular segments into multiple straight lines, processes approach tracks so that they line up with
the runway, adds leader lines to approach tracks, and adds follower lines to departure tracks.

The details of circular arc conversion are presented in Section 2.5.2 below.

When processing an approach vector track, INM starts the track at the origin and heads north.
After al of the x,y points are calculated, the entire set of track pointsis rotated and translated to
line-up with the approach end of the runway. INM makes the last track point coincide with the
displaced approach threshold point on the runway. Then, a 200-nmi leader lineis added to the
beginning of the approach track (anew first point is added), so that the ground track is always
longer than a profile.

When processing a departure vector track, INM makes the first track point coincide with the
displaced takeoff threshold point on the runway. A 200-nmi follower line is added to the end of
adeparture or overflight track, so that the ground track is always longer than a profile. Touch-
and-go ground tracks are not extended.

252 Circular Arc Conversion

INM approximates a circular-arc ground track with two or more straight-line segments. The
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method of Reference 26 isused. First, the number of sub-arcs contained in the circular arcis
computed:

N = int(l+ AJ Eq. 2-67
40
where
N number of sub-arcs,
A given circular arc (degrees), and

int(x) function that returns the integer part of x.

Then, the angular size of each sub-arc is computed:
o= A Eq. 2-68
N

For each sub-arc, three X,y points are computed. These three points define two line segments.
Thefirst point is at the start of the sub-arc, and the third point is at the end of the sub-arc. The
second point is half-way along the sub-arc, but not located on it. The distance from the center of
the sub-arc to the second point, instead of being the arc radius, is computed by:

Ya
r,=r- COS[E-aJ+ 1-(Jtz—sinz(l-ozj Eq. 2-69
2 4 2

where
r distance from the center of the sub-arc to the second point,
r radius of the sub-arc, and
a magnitude of the sub-arc (radians).

This method ensures that a line segment replaces not more than 20 degrees of turn angle. Also,
the sum of the lengths of the line segments equals the distance along the arc, so that the flying
time along the line segments is the same as the time that would be flown aong the circular arc.

2.5.3 3-D Flight Path Construction

A three-dimensional flight path is constructed by merging atwo-dimensional profile (a set of
distance vs. dtitude points) with atwo-dimensional ground track (a set of x,y points). Wherever
thereisatrack point, a z-value is computed by interpolating between two points on the profile.
Wherever thereis aprofile point, X,y values are computed on the ground-track segment under the
profile point. The result of this construction is an ordered set of x,y,z points and associated speed
and thrust data that describe the flight path.

When atrack point lies between two profile points, alinear interpolation method is used to
calculate the altitude, speed, and thrust at that point:
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z=z2+f-(z,-2) Eq. 2-70

Ve =V + (v, = V) Eq. 2-71
Rl (b +f- Rl (5 Eq. 2-72
0 o ), o), \o0);
where
z altitude at the interpolated point (ft AFE),
f fraction of the distance from profile point 1 to the interpolated point divided by

the distance from profile point 1 to point 2,
z1,Z, initial and final profile altitudes (ft AFE),
VT speed at the interpolated point (knots),
V11,12 initial and final profile point speeds (knots),
F/6  corrected net thrust per engine (Ibs) at the interpolated point, and
(Fv/d)1, (F/3)2
initial and final profile point corrected net thrust per engine (Ibs).

2.5.4 Displaced Thresholds and Threshold Crossing Heights

A departure flight path starts at a given distance from the departure end of the runway:

D =Dy, + Ay Eq. 2-73
where

D start-rol| distance (feet) from the end of the runway,

Duep  displaced departure threshold (feet) for the runway (user input), and

Agx  deltadistance (feet) for the departure ground track (user input).

An approach or touch-and-go flight touches down on the runway a given distance from the
approach end of the runway:

htc '|d—1|

-1

D=Dgp +Au + Eq. 2-74
where
D touch-down distance (feet) from the end of the runway,
Dap  displaced approach threshold (feet) for the runway (user input),
Agk  deltadistance (feet) for the approach ground track (user input),
hie threshold crossing height (feet) for the runway (user input),
d, coordinate value (feet) of the profile point immediately before the touch-down
point (it is a negative number), and
Z altitude (feet AFE) of the profile point immediately before the touch-down point
(the touch-down point has coordinates: d, =0, z,=0).

2.5.5 Touch-and-Go and Circuit Flight Path Methods
INM uses special processing to construct touch-and-go and circuit flight paths.

A user-defined touch-and-go profile startsin level flight at airport pattern altitude, descends,
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touches down on the runway, rolls out, takes off, climbs, and ends somewhere after leveling off
at pattern atitude. After associating a touch-and-go profile with a touch-and-go track, but before
calculating flight path points, INM reorders and modifies the set of profile points so that the
profile starts and ends at the touchdown point. While reordering the points, INM inserts an extra
level segment in the downwind portion of the profile (between the last departure point and first
approach point), so that the profile distance is the same as the track distance. Also, afinal
touchdown point is added at the end. When finished, the new profile starts at touchdown, ends at
touchdown, and has horizontal coordinate distance equal to the touch-and-go ground track
distance.

A user-defined circuit profile starts on the runway as a standard departure, takes off, climbs to
pattern altitude, levels out, descends from pattern altitude, lands, and decel erates to taxi speed.
After associating a circuit profile with atouch-and-go track (there are no circuit tracks), INM
inserts an extralevel segment in the downwind portion of the profile, so that the profile distance
isthe same as the track distance. The place where the extra segment is inserted is determined by
the “level-stretch” procedure step, which is provided by the user.

After modifying atouch-and-go or circuit profile, INM merges the new profile points and the
ground track points to compute athree-dimensional flight path.

2.5.6 Segments Too Short and Too Long

After INM constructs the ordered set of flight path points, they are processed to remove points
that are too close together. If two (x,y,z) points are closer than 10 feet, and if the speed and
thrust data are the same, one of the points is removed from the set of points.

Thelast step in constructing aflight path is to insert points into segments that aretoo long. A
path segment is subdivided if itslength multiplied by the change in speed is greater than 100000
foot-knots. The number of sub-segmentsis calculated by:

; (VT2 'VTl) L *
N=int| 14|12 — Eq. 2-75
100000
where
N number of equal-distance sub-segments,

int(x) function that returns the integer part of a number x,
vr1  initial speed (knot),

vrz  fina speed (knot), and

L length of the segment (feet).

If the flight path segment is subdivided, the speed and thrust values at the end points of the equal -
distance sub-segments are linearly interpolated by using the initial and final end-point values.

2.6 Bank Angle Calculation

INM bank angle calcul ation methods are based on the guidance provided in the European Civil
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Aviation Conference (ECAC) Doc 292 (B-8):

o[ 285-v,°
e=tan"| ——— Eq. 2-76
r-g
where
€ bank angle (positive in aleft turn and negative in aright turn),
Vg ground speed (knots),
r turn radius (feet), and

g accel eration due to gravity (feet/s?).

Two important assumptions inherent in the equation are: 1) that the aircraft isin a coordinated
turn where the velocity vector is always aligned with the aircraft roll axis, and 2) that speed and
acceleration in the vertical planeisinsignificant. The flight procedurestypically used in close
proximity to airports do not result in large speed and accel eration values in the vertical plane.

Another important consideration is that bank depends on both the flight profile (because speed
appears in the equation) and the flight track (because turn radius appears in the equation). The
turn radius » is obtained from the flight track. INM supports two types of flight tracks: points-
type tracks and vector-type tracks. Vector-type tracks have a user-defined turn radius for each
turn segment, so the radius at any point on the track is a known quantity. Turn radius can be
obtained from points-type tracks, but the calculations are sensitive to fluctuations in the track
data and ambiguity around where turns begin and end. The INM method for calculating turn
radius from a points-type track is described in the next section.

2.6.1 Calculating Turn Radius From a Points-Type Track

Deriving aturn radius from “clean” points-type track datais straightforward, but complications
arise when there are fluctuations in the data or points are spaced unevenly. The radius
calculation method in INM Version 7.0 makes tradeoffs between ease-of-use, assumptions about
track data quality, and cal culation complexity.

INM uses aradius cal culation method that was designed to meet three objectives:

1. Automated: user interaction should not be required.

2. Flexible: the method must accommodate points-type tracks from a variety of sources,
including radar data, user inputs through the INM interface, and computer-generated
points.

3. Redigtic: “Clean” input tracks should result in realistic radius calculations, and “ bad”
data with gaps or noise should result in feasible bank output, with warnings.

These objectives are met through athree step process. First, track points are interpolated to a
regular point spacing. Second, turn radius and bank are calculated, smoothed, and filtered.
Third, path points are interpolated back to the original point spacing.

The first interpolation step is designed to reduce fluctuations in the track data, fill in gaps, and
provide evenly-spaced points for smoothing. The track isinterpolated at 0.5 nautical mile
intervals with cubic splines. A cubic spline is analogous to stretching a flexible piece of plastic
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so that it contacts all the track points. The interpolated track is smooth and continuous in the first
derivative, and continuous in the second derivative, which eliminates sharp cornersin the flight
track that would be impossible for an aircraft to follow. Curvature derivatives are undefined at
the track endpoints, so the second derivatives are set to zero, which is called the “ natural”
endpoint condition.

The next step isto calculate turn radius at each point by considering three consecutive track

pointsat atime. Theturnradiusis equal to the radius of acircle passing through the three points.

Thecircleradius r is calculated as follows:
S b-c

Eq. 2-77
4-K a

where
a, b, ¢ distances between three consecutive points in the track, and
K area of atriangle formed by the points.

The calculated radius is assigned to the middle point, and the process is repeated for each set of
three consecutive track points. The first and last points have an undefined radius, so the bank at
these pointsis set to zero.

2.6.2 Bank Smoothing and Filtering

Once the turn radius is determined then the bank is easily calculated with speed and the
gravitational acceleration. However, the turn radius calculation is sensitive to fluctuations in the
aircraft position and speed, which will cause the calculated bank to have unredistic spikes. INM
attempts to remove fluctuations in the bank angle through exponential smoothing. Exponential
smoothing is similar to a moving average except that points are weighted exponentially. The
smoothed valueis calculated recursively as follows:

e =(@0-b)-g +b-sg , Eq. 2-78
where

Eq smoothed bank value,

b smoothing parameter,

€ unsmoothed bank value, and

€s-1  previous smoothed value.

Thisformulation requires datathat is evenly spaced, a condition that was enforced with the first

interpolation step. The smoothing parameter k can have arange of values between O and 1. At
b = 0 thereis no smoothing, and at b =1 all of the smoothed values are equal to theinitial value.
Between b values of 0 and 1, there are varying degrees of smoothing.

Ideally the smoothing parameter k will be high enough to remove noise, yet low enough to retain
banking during turns. The parameter is selected automatically in INM by using a variant of the
signal to noiseratio on the calculated bank. The fluctuation magnitude I\ is defined as:

N = med;ta(;‘e(!l\‘j(i:‘;(‘gl) Eq. 2-79

where
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stdev standard deviation, and
diff  point-by-point difference:

diff(s,)=&,,, — & Eg. 2-80
Once noiseis calculated, the smoothing parameter is set to the smaller of two values:
b=min(0.25-N, 0.5) Eqg. 2-81

This step limits the smoothing value to be between 0 and 0.5 no matter how high the fluctuation
magnitudeis.

The smoothing process is repeated ten times, forward and backward. The backward step
removes biases introduced in the forward step. Repeated smoothing with alower k value tends
to rgject high-frequency fluctuations more effectively than smoothing once with ahigher k
value.

After smoothing, the bank angles are filtered to ensure that data are compatible with typical flight
operations. If the bank changes sign twice within a 30 second window then the bank is set to
zero over the entire window. This step removes high-frequency oscillations caused by
fluctuating data, while it tends to preserve actual aircraft banking.

At the beginning of the process the profile points were interpolated to have a consistent 0.5
nautical mile spacing. In the next step the bank angle is re-interpolated back to the original path
points.

The final step isto cut off extreme bank values. If the bank angle exceeds alimit (+/— 30
degrees) the bank is set to the limit value and a single warning is written to the INM warning file.
Warnings may indicate aflight path with unrealistic combinations of turn radii and airspeed. If
the flight path uses a points-type track then fluctuations in the track data may result in unrealistic
turn radii and extreme bank angles. Fluctuations may be eliminated by replacing the points-type

track with a vector track.

2.7 Bank Angle Performance Effects

Aircraft banking affects flight performance because a portion of the aircraft’ s lift is directed
horizontally instead of vertically. Aircraft performanceis calculated under the assumption that
the aircraft is not banking, so the calculated aircraft flight path must be adjusted to be consistent
with banking.

2.7.1 Approach

To account for the effects of bank angle on approach flight paths, INM increases thrust so that
forces (thrust, drag, lift, and weight) arein balance. The final thrust for each flight path segment
Fn/d2 is recalculated using the following force balance equation:

R, -u
(EJ _Wa Mty Eq. 2-82
5), 5-Nlg code)

where
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F./ 6 fina corrected net thrust per engine (Ib),

d pressure ratio at aircraft altitude,

N number of engines,

W aircraft weight (1b),

a aircraft acceleration along the velocity vector (feet/s?),

g acceleration due to gravity (feet/s?),

Ry drag over lift coefficient that depends on flaps and gear setting,
Uy vertical component of the aircraft unit speed vector,

m

aircraft bank angle, and
U horizontal component of the unit speed vector, so

u, =(-uz)* Eq. 2-83

2.7.2 Departure

To account for the effects of bank angle on departure flight paths, INM reduces the climb angle
and speed in order to balance the forces. Thrust and acceleration are not altered. However,
reduced speed resultsin areduced bank angle because bank is afunction of speed. Thiscircular
relationship is resolved with an iterative solution to the following equation:

R0072) | gin(y,) - R-cosly,)+ sinly,) Eq. 2-84

cos(s, )

€1 aircraft bank angle at start of segment after smoothing and filtering,
Y1 climb angle at start of segment, and
Y2 climb angle at end of segment.

where

Note that sin(;, )can be rewritten in terms of cos(,-, ) With the following substitution:
sin(y, ) = [1- cos?(y, ))* Eqg. 2-85

After the substitution only cos(;, ) isunknown. Thevalue of ;- isiterated by requiring that it is
lessthan or equal to y-::
N ify,>n

= _ Eq. 2-86
7, Otherwise

)

Since 3. must be less than or equal to 5. then the original segment length L must decrease or
remain unchanged. The new segment length L is calculated as follows:

L —p.oosln) Eq. 2-87
005(72)

Acceleration is held constant, so the new segment length must coincide with a changein
endpoint speed to maintain consistency:
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v, = (vl2 +2-a- Lnewyz Eq. 2-88

where
a aircraft acceleration along the velocity vector,
V1 aircraft true airspeed at start of segment, and
Vo aircraft true airspeed at end of segment.

The segment speed along the horizontal planeisthen
Vo = (COS(7/ 2 ))(Vl +V, )/ 2 Eqg. 2-89

The segment speed can be used with Equation 2-77 to calculate a new bank angle at the end of
the segment &..

Iteration continues until the thrust error falls within an acceptable threshold, which is 100 Ibsin
INM. Thrust error is the difference between the pre-adjustment thrust and the recal culated thrust
derived from the adjusted bank and speed values. Thrust error is calculated as follows:

a R-cody,) .
F.o=W.|—+ +sn(y,)|-F Eq. 2-90
arror [ g o S(Ez ) (7 2 ) segment
where
a aircraft acceleration along the velocity vector,
g acceleration due to gravity,

Faror  UNcorrected thrust error for all engines, and
Fsegment UNcorrected average thrust over the segment for all engines.

The segment average thrust is cal culated with the uncorrected total thrust for all engines at the
start and end of the segment:

N F F
F =— |5 "] +4. |0 Eq. 2-91
segment 2 ( 1 (5 )1 2 (5 jzj q

N number of engines,

d1, 02 pressureratios at beginning and end of the segment,

(F/d)1 corrected net thrust per engine at beginning of the segment, and
(F/d). corrected net thrust per engine at end of the segment.

where




3 ACOUSTIC COMPUTATION METHODOLOGY

Chapter 3 describes the acoustic computation methodology employed by INM. The starting point
for these calculations is a noise database that provides aircraft source noise characteristics. The
INM noise database includes noi se-power-distance data (see Section 2.2.1) and aircraft spectral
class data (see Section 2.2.2). The following sections describe the generation of noise-level and
time-based metrics at a single observer, or at an evenly-spaced regular grid of observers,
including the regular grid of observersthat is used in the development of the recursively-
subdivided irregular grid for noise contour analysis. Much of the discussion presented hereinis
based on information given in Reference 1.

Chapter 3 contains the following sections:

Section # Description

Section 3.1 Gives an overview of the INM reference data.

Section 3.2 Describes the computation of the flight path segment geometric and
physical parameters.

Section 3.3 Describes the flight path segment noise interpol ation/extrapol ation process.

Section 3.4 Describes genera adjustments applicableto all aircraft.

Section 3.4.1  Describes the atmospheric absorption adjustment of NPD data, based on

user-supplied local temperature and relative humidity.

Section 3.4.2  Describes atemperature/pressure dependent NPD acoustic impedance
adjustment.

Section 3.4.3  Describes the computation of the flight-segment noise fraction adjustment
for exposure-based noise level metrics.

Section 3.4.4  Describes the computation of the aircraft speed duration adjustment for
exposure-based noise level metrics.

Section 3.4.5  Describes the computation of the lateral attenuation adjustment.

Section 3.4.6  Describes the computation of the line-of-sight blockage adjustment.

Section 3.5 Describes adjustments applicable only to fixed-wing aircraft.

Section 3.5.1  Describes the computation of the thrust reverser adjustment during the
landing ground roll.

Section 3.5.2  Describes the ground-based directivity adjustment behind the start-
of-takeoff roll, and the computations of metrics for runup operations.

Section 3.6 Describes adjustments applicable only to helicopters.

Section 3.6.1  Describes the source noise adjustment for in-flight helicopter operations.

Section 3.6.2  Describes the Lateral Directivity adjustment for in-flight helicopter

operations.
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Section #
Section 3.6.3

Section 3.6.4
Section 3.7
Section 3.7.1

Section 3.7.2

Section 3.7.3

Section 3.7.4

Section 3.7.5

Section 3.8
Section 3.9

Description

Describes the idle and hover directivity adjustments for static helicopter
operations.

Describes the duration adjustment for static helicopter operations.
Describes the computation of exposure-based noise level metrics.

Describes the computation of system/study level adjustments used to
compute the exposure-based noise level metrics

Describes how the flight-segment computations of Sections 3.2 through 3.5
are used to compute the exposure-based noise level metrics for fixed-wing
arcraft.

Describes the computation of the exposure-based noise level metrics for
fixed-wing aircraft during runup operations.

Describes how the flight-segment computations of Sections 3.2 through 3.4
and 3.6 are used to compute the exposure-based noise level metrics for
helicopters.

Describes the computation of the exposure-based noise level metrics for
helicopters during static operations.

Describes the computation of maximum noise level metrics.

Describes the computation of time-based metrics.

Figure 3-1 graphically summarizes the acoustic computation process employed in INM Version

7.0.
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Figure 3-1: INM Version 7.0 Acoustic Computation Process
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3.1 INM Reference Data

As aprerequisite to noise level computations, INM computes several geometric and physical
parameters associated with an aircraft flight path. Section 3.2 describes the computation of these
parameters.

INM contains an acoustic database of noise-power-distance values for fixed-wing aircraft and
noise-operational mode-distance values for helicopters (both referred to as NPDs), augmented by
adatabase of spectral characteristics. The sets of three NPD curves for dynamic helicopter
operations are used to model the asymmetrica helicopter directivity, in conjunction with the
Lateral Directivity Adjustment (see Section 3.6.2). Helicopter static operations are modeled with
asingle set of NPD curves, and directivity is accounted for with a Static Directivity Adjustment
presented in Section 3.6.3.

INM provides separate NPD/Spectral class data sets for approach, departure, leve flight and
afterburner conditions, to model additional changes in aircraft state not captured by power setting
alone.

Theinput datafor al acoustic calculationsin the INM include both the reference NPD data sets
(Section 2.2.1) and Spectral Class data sets (Section 2.2.2).

3.2 Flight Path Segment Parameters

As aprerequisite to noise level computations, INM computes several geometric and physical
parameters associated with an aircraft flight path. This section describes the computation of
these parameters.

Computation of the following flight-segment geometric parametersis presented in Section 3.2.1:
(2) the closest point of approach on the flight-path segment, or the extended flight-path segment,
to the observer; and (2) the slant range from the observer location to the closest point of
approach.

Computation of the following flight-segment geometric and physical parametersis presented in
Section 3.2.2: (1) the speed along the flight-path segment; (2) the altitude associated with the
flight-path segment; (3) the over-ground, sideline distance from the observer location to the
ground-projection of the closest point of approach; and (4) the engine power associated with the
flight-path segment.

Figure 3-2 through Figure 3-3 present, respectively, the observer/flight-segment geometry for the
three general INM cases:. (1) the observer is behind the flight-path segment; (2) the observer is
astride the flight-path segment; and (3) the observer is ahead of the flight-path segment.
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The variables shown in these figures are defined as follows:

P
P1
P2

Ps

PP

PP

P,P

PsP

SLRyn

CPA

SLRyy

observer point.
start-point of the flight-path segment.
end-point of the flight-path segment.

PCPA, the point on the flight-path segment, or the extended flight-path segment,
which isthe perpendicular closest point of approach to the observer, as defined in
detail in Section 3.2.1, below. The specific definition depends on the position of
the observer relative to the flight-path segment.

vector from the start of the flight-path segment to the end of the flight-path
segment. It has a minimum length of 10 feet.

vector from the start of the flight-path segment to the observer. It has a minimum
length of 1 foot.

vector from the end of the flight-path segment to the observer. It has aminimum
length of 1 foot.

perpendicular vector from the observer to PCPA on the flight-path segment, or the
extended flight-path segment, as defined in detail in Section 3.2.1. It hasa
minimum length of 1 foot.

|PsP|, the length of the perpendicular vector from the observer to PCPA on the
flight-path segment, or the extended flight-path segment, as defined in detail in
Section 3.2.1. It has aminimum vaue of 1 foot.

length of the flight-path segment. It has a minimum value of 10 feet.

point on the flight-path segment, not the extended flight-path segment, whichis
the closest point of approach to the observer, as defined in detail in Section 3.2.1,
below. The specific definition depends on the position of the observer relative to
the flight-path segment.

length of the vector from the observer to CPA on the flight-path segment, not the
extended flight-path segment, as defined in detail in Section 3.2.1. It hasa
minimum value of 1 foot.

relative distance along the flight-path segment, or the extended flight-path
segment, from P, to Ps (feet). The value of qis used to determine the position of
the observer relative to the flight-path segment, as shown in Table 3-1.
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das  distance aong the flight-path segment from the start of the segment at P,, to CPA.
Depending on the value of q, i.e., the relative geometry between the observer and
the flight-path segment, das takes on the values shown in Table 3-1.

Table 3-1: Position of the Observer Relativeto the Flight-Path Segment

Vaueof g Vaue of dag Position of observer relative to flight path segment
g<o0 0 Observer is behind segment

0<qg<L q Observer is astride segment
g>L L Observer is ahead of segment

3.2.1 Closest Point of Approach and Slant Range

The closest point of approach and slant range parameters are fundamental parametersto INM
computations. The slant range is used for noise-level interpolation of the NPD data (see Section
3.3). Inaddition, the computation of the closest point of approach and slant range parametersis a
prerequisite to the noise fraction algorithm used for exposure-based metrics (see Section 3.4.3)
and for lateral attenuation (see Section 3.4.5).

The slant range from the observer location to the closest point of approach on the flight path,
SLRun, is defined as the distance from the perpendicular closest point of approach (PCPA), on
the flight-path segment, or the extended flight-path segment, to the observer. SLRh is used for
exposure-based metrics, because NPDs represent aircraft data on infinitely long flight paths, and
the time-based nature of the exposure-based metrics makes the difference between finite flight-
path segments (as modeled in INM) and infinite flight paths significant. To obtain the noise
exposure level due to an aircraft proceeding along a finite flight-path segment in INM, the
exposure-based noise-level data must be adjusted by the noise fraction adjustment, which
accounts for the geometry difference between SLRy and SLRsy. The specific definition of
PCPA depends upon the position of the observer location relative to the flight-path segment. If
the observer is behind or ahead of the flight-path segment, then PCPA is the intersection point of
the perpendicular from the observer to the extended segment. If the observer is astride the flight-
path segment, then PCPA is the intersection point of the perpendicular from the observer to the
segment.

The exceptions to the above definition for slant range occur: (1) when the observer is behind a
takeoff ground-roll segment (see Section 3.5.2); (2) for runup operations; and (3) when
performing computations involving Lasmx, Lentsmx, OF time-based metrics. In these cases, the
slant range, designated SL Ry, IS defined as the distance from the observer location to the closest
point of approach on the flight-path segment (CPA), not the extended flight-path segment. The
specific definition of CPA depends on the position of the observer location relative to the flight-
path segment. If the observer is behind the flight-path segment, CPA isthe start point of the
segment. If the observer is astride the flight-path segment, CPA is equivaent to PCPA. If the
observer is ahead of the flight-path segment, CPA is the end point of the flight-path segment.
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3.2.2 Speed, Altitude, Distance, and Power

Computations of the following four parameters, associated with each flight-path segment, are
described: (1) the speed at CPA; (2) the altitude at CPA; (3) the horizontal sideline distance from
the observer location to the vertical projection of CPA; and (4) the engine power setting at CPA.
These computation methodologies are identical for fixed wing aircraft and helicopters, except for
the computation of engine power setting. Engine power setting is fixed for helicoptersin INM.
Therefore, the following engine power setting computation methodology is only applicable to
fixed wing aircraft.

The aircraft speed, ASsg, at CPA is computed vialinear interpolation as follows:

d
AS,, = AS,, + {f} -AAS Eq. 3-1

where
ASe;  speed at the start of the flight-path segment (knots),
das  defined in Section 3.2,
L defined in Section 3.2, and
AAS changein speed along the flight-path segment (knots).

ASsyq is used to compute the duration adjustment for exposure-based noise-level metrics as
presented in Section 3.4.4.

The altitude, dsyg, in feet at CPA is computed vialinear interpolation:
(PR,),
dseg :[F)l]z+dAS -2 +hterr _haprt Eqg. 3-2

L

where

[P1], dtitude at the start of the flight path segment, given by the z-component of the
vector from the origin of coordinates to the start of the flight-path segment (feet
above airport elevation),

das  defined in Section 3.2,

(P1P2), changein altitude along the flight-path segment (feet),

L defined in Section 3.2,

her  terrain elevation (feet MSL); when the terrain option is not invoked, hier = hapr,
and

haot  a@rport elevation (feet MSL).

The sideline distance from the flight-path segment to the observer, |y, defined as the distancein
the horizontal plane from the observer location on the ground to the vertical projection of CPA,
is computed as follows:
—_ 2 — 2 1/2 -
g =(SLRy, —dg,) Eq. 3-3
where

SLRsy defined in Section 3.2, and
dwy  ascomputed above.
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The sideline distance, |y, is used to compute the ground-to-ground component of the lateral
attenuation adjustment as presented in Section 3.4.5.

For fixed wing aircraft, the engine power setting*, Py, a CPA is computed vialinear
interpolation:

d
Py = Pr J{f]AP Eq. 34

where
Prpi  engine power at the start of the flight-path segment,
das  defined in Section 3.2,
L defined in Section 3.2, and
AP changein power aong the flight-path segment.

Psg is used in performing noise level interpolation as presented in Section 3.37.

3.3 Noise Level Interpolation (Lp q)

The NPD data are used to either interpolate or extrapol ate an associated noise-level value. The
interpolation/extrapolation is a piece-wise linear process between the engine power setting and
the base-10 logarithm of the distance. An expanded processis utilized for helicopter noise
interpol ation/extrapolation (Section 3.3.3).

Interpolation or extrapolation of NPD data for departure operations is performed using the NPD
curves designated as departure curves. Similarly, interpolation or extrapolation of NPD data for
approach operations, with one exception, is performed using the NPD curves designated as
approach curves. The one exception occurs for the thrust reverse segment after aircraft
touchdown. For this segment interpolation/extrapolation is performed using the departure NPD
curves because of the higher noise levels associated with both departure and reverse thrust.

For each aircraft flight operation, NPD data are available for the four fundamental noise-level
metrics, Lag, Lepn, Lasmx, @nd Lentsmx- The appropriate metric is selected for interpolation or
extrapolation based upon the user-specified noise metric, or family of metrics to be computed at
the observer. The specific distance and power value used in the interpol ation/extrapol ation
process is dependent on the type of base metric selected. Section 3.2.1 and 3.2.2 discuss the
distance and power values for exposure-based noise-level metrics and maximum noise-level
metrics, respectively.

* Engine power setting, also known as thrust-setting, is expressed on a per engine basisin avariety of units,
including pounds, percent, engine-pressure-ratio (EPR), aswell as other units. The specific unit designation can be
found in the THRSET_TYP field in the NOIS_GRP.DBF database file.

T For helicopters, the engine power setting is an arbitrarily assigned number in INM, because the helicopter NPDs
are dependant on operational mode, instead of thrust setting. Therefore, the helicopter engine power setting is
determined by Psg = Pe1.
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Following is a generalized description of the noise interpolation for an engine power P* and
distance d. For thisinterpolation, the engine power is bounded by NPD curves with engine
power P; and P,. Within these NPD curves, the distance d is bounded by the NPD distances of
d; and d,. For extrapolation, P; and P, and d; and d, are chosen to be the core database values
“closest” to the desired power P or distance d.

The noise level in decibels at engine power, P;, and distance, d, is given by:

Loy = Loyy + (Lpraz = Lprar) (IOglo[d]_ logy, [dl]) Eq. 3-5
' ' (IOglo[dz]_ Ioglo[dl])

where
P P, engine power values for which noise data are available in the NPD database,
d;, d, distance values for which noise data are available in the NPD database,
Lpig1 hoiselevel at power P; and distance d; (dB),
Lroq1 Noiselevel at power P, and distance d; (dB),
Lp1gz noiselevel at power P; and distance d, (dB), and
Lrpg2 noiselevel a power P, and distance d, (dB).

The noise level in decibels at engine power P, and distance d is given by:

Loyy = Loy + (Lpzaz = Lpoa) - (109, [d]_ IOglo[dl]) Eq. 3-6
' Y (|091o[d2]_ Iogm[dl])

Finally, the interpolated/extrapolated noise level in decibels at engine power P and distance d is

given by:

(Lpz,d - LPl,d) ’ (P_ Pl)
(Pz - Pl)

Log =Lpra + Eq. 3-7

The above methodology is utilized when: (1) the engine power and/or distance associated with
the observer/segment pair lies between existing valuesin the NPD data (i.e., interpolation); (2)
the power and/or distance associated with the observer/segment pair islarger than existing values
in the NPD data (i.e., extrapolation); or (3) the power associated with the observer/segment pair
issmaller than existing valuesin the NPD data (i.e., extrapolation). When noise levels are
extrapolated to power settings below those represented by the NPD curves, the extrapolation is
limited to 5 dB below the lowest noise curve.

When the distance associated with the observer/segment pair is smaller than the smallest distance
inthe NPD data (i.e., 200 feet) a special case applies. This special case is presented separately
for exposure-based noise-level metrics (Section 3.3.1), maximum noise-level metrics (Section
3.3.2) and noise levels generated by helicopters (Section 3.3.3).

* Several of the NOISEMAP aircraft, which were included in the INM database beginning with Version 5.1, contain
NPD data for afterburner operations (NOISEMAP equivalent of “FIXED” interpolation). These data are identified
inthe CURVE_TYPE field in the NPD_CURV.DBF database file with an “X” for Afterburner, as compared to an “A”
for Approach or “D” for Depart. |f aparticular flight path segment is identified as an afterburner segment,
interpolation or extrapolation is only performed with regard to distance, not power.
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3.3.1 Exposure-Based Noise Level Metrics

The general noise interpolation/extrapolation process described in Section 3.3 is applicable for
the four fundamental noise-level metrics, Lag, Lepn, Lasmx, and Lentsmx. HOwever, the specific
engine power and distance value used in the interpol ation/extrapol ation process is different for
exposure-based noise-level metrics as compared with maximum noise-level metrics.

If the end points of aflight-path segment are defined by P; at the start of the segment, and P at
the end of the segment, then the exposure-based noise level, either Lag or Lepy interpolated or

extrapolated for an observer/segment pair, is given by:
L, ar, observer behind or ahead of segment

L = observer agtride segment

Eqg. 3-8
|‘P5€gvd:S.Rseg
where
Lpsegd=sirpth  INterpolated noise level (dB) based upon engine power associated with the
flight-path segment, Psyg, as defined in Section 3.2.2, and the distance to
PCPA on the extended flight-path segment, as defined in Section 3.2.1,
and
Lesego=sireeg  INterpolated noise level (dB) based upon engine power associated with the
flight path segment, Psg, and the distance to CPA=PCPA on the flight-
path segment.

For the special case in which SLRin or SLRsyq is smaller than 200 feet, i.e., the smallest value in
the distance portion of the NPD data, cylindrical divergence (i.e., line-source) is assumed and a
10 logyo[di/d] relationship is used for the Lag-based and Lepy-based noise-level metrics. For
example, if Lag at 200 feet and for a given power setting in the NPD datais 95.6 dB, the
extrapolated L ag at 100 feet and at the same power setting is (95.6 + 10 log;0[200/100]) = 98.6
dB.

3.3.2 Maximum Noise Level Metrics

The general noise interpolation/extrapolation process described in Section 3.3 is applicable for
the four fundamental noise-level metrics, Lag, Lepn, Lasmx, @d Lentsmy. HOwever, the specific
distance and power value used in the interpol ation/extrapol ation process is different for
maximum noise-level metrics as compared with exposure-based metrics.

If the end points of aflight-path segment are defined by P; at the start of the segment, and P, at
the end of the segment, then the maximum noise level, either Lasmx OF Lentsmx, @S @ppropriate,
interpol ated/extrapol ated for an observer/segment pair, is given by:

MaX L s guer+ Lo o) observer behind / ahead of segment
" | MBQL s Lo pcon s o] observer astridesegment
Eg. 3-9
where
Max] ] function that returns the maximum of two or three noise level values,
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LpgsrarT interpolated noise level (dB) based upon the distance and engine power
values associated with the start of the flight-path segment,

LpgenD interpolated noise level (dB) based upon the distance and engine power
values associated with the end of the flight-path segment, and
Lpapcea interpolated noise level (dB) based upon the distance and engine power

values associated with PCPA = CPA on the flight path segment.

As with exposure-based metrics, a special case applies for maximum noise level metrics when
the distance is smaller than 200 feet. For the Lasmx-based and Lpntsmx-based noise metrics,
spherical divergence (i.e., a point-source) is assumed and a 20 logso[di/d;] relationship is used.
For example, if Lasmx a 200 feet and for given power setting in the NPD database is 95.6 dB,
then the extrapolated Lasmx a 100 feet at the same power setting is 95.6 + 20 10g;0[200/100] =
101.6 dB.

3.3.3 Noise Level Interpolation/Extrapolation for Helicopters

Interpolation or extrapolation of Helicopter NPD data involves more steps than the general NPD
interpolation and extrapol ation process described in Section 3.3. Besides the three standard
dynamic operational modes (approach, departure and level flyover), there are aso helicopter
noise data for four stationary modes (ground idle, flight idle, hover-in-ground-effect, and hover-
out-of-ground-effect).

For the four stationary operational modes associated with helicopters interpolation and
extrapolation on the Helicopter NPD curves are performed in the same manner as standard
aircraft interpolation and extrapolation presented in Section 3.3.

However, interpolation and extrapolation for the three dynamic operational modes are handled a
little differently, because each operational mode data set consists of three noise curves. These
noise curves take into account in-flight directivity, and are labeled Left, Center and Right. For
these dynamic operational modes, interpolation and extrapol ation between power and distance
valuesis handled according to Section 3.3, and interpolation and extrapol ation between the Left,
Center and Right NPD curves are handled using the Lateral Directivity Adjustment (see Section
3.6.2).

3.4 General INM Adjustments

The sound level adjustments presented in Section 3.4 are applicable to all aircraft in INM. These
adjustments include atmospheric absorption (AAapy), acoustic impedance (Alapj), hoise fraction
(NFapy), duration (DURApy), lateral attenuation (LAapy) and line-of-sight blockage (LOSapy).

3.4.1 Atmospheric Absorption Adjustment (AAapy)

The introduction of a spectral database into INM allows a user to take into account atmospheric
absorption due to the effects of temperature and relative humidity on an airport-specific basis.
Sound levelstend to be lower in low humidity environments as compared to high humidity ones
due to the increased atmospheric absorption associated with the lower humidity.”
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The spectral datain INM has been corrected to reference day conditions, using the SAE-
AIR-1845" standard atmosphere, at a distance of 1000 feet (305 meters). The following steps,
which are consistent with the simplified procedure of FAR Part 36 **, are used to correct the data
to the user-specified temperature and relative humidity:

1. Theaircraft spectrum is A-weighted (or C-weighted, as appropriate*) and corrected back
to the source (from the 1000 foot reference), effectively removing the SAE-AIR-1845
atmosphere. Thisis the weighted source spectrum.

2. Theweighted source spectrum is then corrected to the ten standard INM distances
assuming two conditions: the INM standard atmosphere based on SAE-AIR-1845" and a
user-supplied atmosphere generated with SAE-ARP-866A ”. These are spectrumigss,
and spectrumggsa, ¢ respectively.

3. The 24 one-third octave band values of each spectrum are logarithmically summed at
each INM NPD distance, yielding a distance-specific, atmosphere-specific sound pressure
level (Lisss, g @nd Lggsa, g). These levels are then arithmetically subtracted for each INM
distance (L1sss o - Lsssa, d)- This distance-specific delta represents the difference between
the metric propagated through the SAE-AIR-1845 atmosphere and the metric propagated
through the user-supplied atmosphere generated with SAE-ARP-866A at each distance.

4. The distance-specific deltais the atmospheric absorption adjustment (AAapy), which
takes into account the user-defined temperature and humidity. It is applied to the
appropriate NPD values (NPDgy + (L1sss, ¢ — Lsssa, ¢) ) @ the corresponding INM distance.

An example of the atmospheric absorption adjustment derivation is presented in Appendix F.

The atmospheric absorption correction for the C-weighted family of noise metricsis calculated
similar to the process outlined above using C-weighting in place of A-weighting. The
atmospheric absorption adjustment for tone-corrected percelved noise metricsis based on A-
weighted spectral data. This process is considered to be a reasonable approximation for these
metrics.

3.4.2 Acoustic Impedance Adjustment (Alap,)

Before the interpol ated/extrapol ated noise level data, Lpg, is utilized for computations, an
acoustic impedance adjustment, designated by the symbol Alapy, isapplied. Acoustic impedance
isrelated to the propagation of sound waves in an acoustic medium, and is defined as the product
of the density of air and the speed of sound. It isafunction of temperature, atmospheric
pressure, and indirectly altitude.

The noise-levelsin the INM NPD database are corrected to reference-day conditions. temperature
77 °F, pressure 29.92 inches of mercury, and atitude mean sealevel.™* The noiselevels can be
adjusted to airport temperature and pressure by:***4#"2

* The weighting on the spectral classis unimportant, aslong asit is consistent with the desired metric resulting from
the calculations.
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Al o, =10-log,, [”—C} Eq. 3-10

409.81
p-C= 416.86(;1/2} Eg. 3-11
where

Alap; acoustic impedance adjustment to be added to noise level datain the INM NPD
data base (dB),

pc specific acoustic impedance at observer atitude and pressure (newton-
seconds/m’),

0 ratio of absolute temperature at the observer to standard-day absolute temperature
at sealevel, and

) ratio of atmospheric pressure at the observer to standard-day pressure at sealevel.

See Appendix B for aderivation of the Alap; equation.

When the terrain elevation enhancement isinvoked, Alap; is computed and applied to the NPD
data on an observer-by-observer basis, according to the observer altitude, temperature, and
pressure. Otherwise, the airport elevation and the observer altitude are equivalent, and asingle
value of Alap;iscomputed and applied, regardless of the observation point.

When terrain elevation is not invoked, and when airport temperature, pressure, and altitude are
equal to 77°F, 29.92 in-Hg, and 0 feet MSL, respectively, then Alap; is zero.

3.4.3 Noise Fraction Adjustment for Exposure Metrics (NFADJ)

The exposure-based noise level datainterpolated/extrapolated from the INM NPD data, Lp g,
represents the noise exposure level associated with aflight path of infinite length. However, the
aircraft flight path in INM Version 7.0 is described by a set of finite-length segments, each
contributing varying amounts of exposure to the overall noise metric computed at an observer.

The noise fraction algorithm, used exclusively for computation of the exposure-based metrics
(LAE, Ldn, I—dena I—Aeq24h; Ld, L, LCE! Lepn, LNeER, LWECPN; and AL), and indirectlyfor Computation
of the time-based metrics (TALA, TALc, TApNT, TAUd, %TAA, %TALc, %TApnT, and %TAUd),
computes the fraction of noise exposure associated with a finite-length flight path segment. This
fraction of noise exposure is computed relative to the noise associated with aflight path of
infinite length. It is based upon afourth-power, 90-degree dipole model of sound radiation
and its derivation is presented in Appendix C.

26,29,30

Computation of the noise fraction is necessary because the Lag, Lcg, and Lepn-based noise levels
in the NPD database are computed assuming that an aircraft proceeds along a straight flight path,
parallel to the ground, and of infinite length. To obtain the noise exposure level or time-above at
an observer location due to an aircraft proceeding along afinite flight-path segment, the
exposure-based noise-level data, interpolated/extrapolated from the INM NPD data, must be
adjusted by afractional component, which is associated with the geometry of the observer/flight-
segment pair.
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3.4.3.1 Noise Fraction Adjustment for Flight Segments

For an arbitrary segment, the fourth-power time-history model computes noise exposure fraction,
F1o, asfollows:

1 a a
F,=|—| 2_ttanta,)-———tan(a Eq. 3-12
()] gt )
where
o =—% Eq. 3-13
s,
2:(_Ou+ L) Eq. 3-14
S
[Le,p,d-Lamx,P,d]
s =s,-10 Eq. 3-15

O1 relative distance (feet) from segment start point to point Ps,

L length of segment (feet),

S 171.92 feet (52.4 m) for Lag and Lcg, or 1719.2 feet (524.0 m) for Lep,

Lepq unadjusted interpolated NPD noise exposure level (dB) at 160 knots (Lag, Lce,
Lern), and

L smx.p.q Unadjusted interpolated NPD maximum noise level (dB) (Lasmx, Lcsmxs LenTsmx)-

Both Lepg and Lsmx pq @re interpolated from NPD data at a given engine power setting and at a
distance SLRyn, which is the distance from the observer to the perpendicular closest point of
approach (PCPA) on the extended segment.

The noise fraction is then converted to adB adjustment:
NF 5, =10-log,,[F,] Eqg. 3-16

3.4.3.2 Noise Fraction Adjustment for Behind Start-of-Takeoff Roll

For an observer behind the start-of-takeoff ground roll, a special case of the noise fraction
equation applies. This specia case noise fraction, denoted by the symbol F;,’, ensures
consistency of computed exposure levels that are on aline at azimuth angle of 90° measured
from the nose of the aircraft at start of takeoff roll.

DIRyp;
Flz'z(lj- %2 —+tan(a,)|-10 © Eq. 3-17
7) | (+a,)
where
L
a,=— Eq. 3-18
Y

L and 5. are defined in the above section and DIRap, 1S the ground based directivity adjustment
(see Section 3.5.2).
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The noise fraction for the special case of observers behind the start-of-takeoff roll isthen
converted to a dB adjustment:

NF 5, =10-l0g,,[Fy,'] Eq. 3-19
A similar equation is used for observersin front of the end point of the last approach segment.

3.4.4  Duration Adjustment for Exposure-Based Metrics (DURapj)

For exposure-based metrics, consistent with SAE-AIR-1845*, NPDs are derived for areference
speed of 160 knots. For aircraft speeds other than 160 knots, the duration adjustment is applied
to account for the effect of time-varying aircraft speed, both acceleration and deceleration. Itis
not applied to maximum noise level metrics since they are mostly independent of speed. In
addition, since runup operations are stationary operations and they do not have associated speeds,
the duration adjustment is not applied.

For fixed-wing aircraft, the Lag and Lepy Values in the NPD database are referenced to an aircraft
speed of 160 knots. For other aircraft speeds, the aircraft speed adjustment in decibels, DURAp,,
isgiven by:

AS
DURADJ =10|Oglo F Eq 3-20

g

where
ASe« referencesaircraft speed (160 knots for fixed-wing aircraft),
ASsy arcraft speed at the closest point of approach (CPA) for the segment, as presented
in Section 3.2.2.

Helicoptersin the INM database are referenced to NPD-specific reference speeds based on
measurement-specific information when the data were collected. These helicopter-specific
reference speeds are applied to Equation 3-20, when cal culating the aircraft speed adjustment,
DURAp;, for helicopters.

3.4.5 Lateral Attenuation Adjustment (LAap,)

The differencein level between the sound directly under the aircraft’ s flight path and at a
location to the side of the aircraft at the time of closest approach is termed “lateral attenuation.”
The lateral attenuation adjustment takes into account the following effects on aircraft sound due
to over-ground propagation:* (1) ground reflection effects; (2) refraction effects; and (3) airplane
shielding effects, as well as other ground and engine/aircraft installation effects. It is computed
as afunction of two empirical parameters, the sideline distance from the flight-path segment to
the observer, |sg, givenin Section 3.2.2, and the elevation angle, B, formed by SLRsg and the
horizontal plane of the observer location (see Figure 3-5). The ground beneath the observer is

* The lateral attenuation adjustment in INM was derived from field measurements made over grass-covered,
acoustically soft terrain. Consequently, when source-to-receiver propagation occurs primarily over an acoustically
hard surface (e.g., water), and the hard surface dominates the study environment, it is possible that INM could under
predict the actual noise level.
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defined by aflat plane, regardiess of whether the terrain enhancement isinvoked or not.

The specific algorithms used for computing lateral attenuation in INM Version 7.0 depend on
whether the model type associated with a particular aircraft istype INM or type NOISEMAP.
Aircraft types are identified in the MODEL_ TYPE field of the INM Version 7.0 NOIS GRP.DBF
database file, with an “N” for NOISEMAP, and an “1” for INM.

3.4.5.1 INM Aircraft

Since the release of INM Version 6.0, the lateral attenuation adjustment for INM has undergone
numerous updates. In INM Version 6.0, the lateral attenuation adjustment was defined by SAE-
AIR-1751%, which did not differentiate aircraft types. In anticipation of an update to SAE-AIR-
1751 that would differentiate between aircraft types, the latera attenuation adjustment was
updated in INM Version 6.1. The source noise data was reorganized to differentiate between
fuselage-mounted, wing-mounted, and propeller aircraft categories, and the existing SAE-AIR-
1751 framework within INM was adapted to more closely correlate with measurements that have
been collected both in the United States and internationally. Instead of applying lateral
attenuation across all aircraft types for elevation angle 0-60 degrees, INM Version 6.1 applied
lateral attenuation for wing-mounted jets and propeller aircraft only up to elevation angles of 30
degrees. This agorithm change increased the predicted noise impact for these aircraft. 1n 2006,
SAE-AIR-5662 “Method for Predicting Lateral Attenuation of Airplane Noise™ was published to
supersede SAE-AIR-1751, with further updated methodology. The methodology in SAE-AIR-
5662 was implemented in INM Version 7.0.
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In INM Version 7.0, computation of the lateral attenuation adjustment for “INM” aircraft
depends upon the following parameters:

1. Thesideline distance from the flight-path segment to the observer, |y, given in Section

3.2.2
2. Theelevation angle, B, formed by SLR«y and the horizontal plane of the observer
location, given by the following equation:

d
p= Sin{—seg ] Eq. 3-21
R,
where
IR, =(d2, +12,)? Eq. 3-22

3. Theaircraft bank angle, €, given in Section 2.6; and
4. The depression angle, ¢, which is defined by B and ¢ in the following equation:
p=¢c+ ﬂ Eq. 3-23
These parameters are presented in Figure 3-5 and Figure 3-6.

These parameters are applied to the following equations for calculating lateral attenuation for

“INM” aircraft that take into account engine-installation effects, Eencine(®), attenuation due to
ground effects, G(lsg), and attenuation due to refraction-scattering effects, A(p). These effects
are calculated differently for each aircraft engine-installation (wing-mounted, fuselage-mounted

or propeller-driven engines) and for each of the following different sets of aircraft position
criteriarelative to the receiver:

1. Aircraft ison the ground or the elevation angle associated with the aircraft/receiver pair is

less than O degrees,
2. Aircraft isarborne, the elevation angle is greater than 0 degrees, and the lateral (or
sideline) distance is greater than 3000 feet (914 meters); or

3. Aircraft isairborne, the elevation angle is greater than O degrees, and the lateral distance

isless than or equal to 3000 feet (914 meters).®
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elevation angle: flight path segment
B = SN Y(Cheg / SLRey)
right triangle:
e i
SL
ey Rees
. observer elevation
airport elevation lseg ™8
sealevel terrain P observer
elevation
airport elevation
sealevel |

Figure 3-5: Lateral Attenuation Geometry
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M
e
—
Receiver P ;])

e £

Ground Plan

Figure 3-6: Illustration of bank angle g, elevation angle B, depression angle ¢, and lateral

distance £*

* Source: SAE-AIR-5662 “Method for Predicting Lateral Attenuation of Airplane Noise®.”
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The engine-installation effect component of the lateral attenuation adjustment, Eencine(), 1S
computed with the following equations, which are dependent on engine mounting location
(fuselage or wing) and depression angle.

The engineinstallation effect (in decibels) for an airplane with fuselage-mounted jets enginesis.

Erus(¢) =10-10g,,([0.1225-cos? (p) +sin* (p)] %)~ for ~180° < p <180°
Eqg. 3-24
where
[0) depression angle (degrees).

The engine installation effect (dB) for an airplane with wing-mounted jets enginesis:
[0.0039- cos? () + sin® ()] ***
[0.8786-sin”(2- ) +C0s*(2: )]
-1.49 for 0°> ¢ > -180°

10-log,,

B (0) = J for 0° < ¢ <180°
NG -

Eq. 3-25

The engine installation effect (dB) for an airplane with propeller-driven enginesis:
Eprop ((0) =0.00 Eq. 3-26

Since helicopter directional effects are represented by the left-center-right NPD curves (see
Section 2.2.1) and the directivity adjustments (see Section 3.6), their engine installation effects
are already taken into account and therefore are represented by:

Ervew ((0) = Eprop ((0) =0.00 Eq. 3-27




The engine installation effects for jet-powered airplanes are illustrated in Figure 3-7.

+-180°

0dB Jets with wing-mounted

engines

Jets with fuselage-mounted
engines

907

Figure 3-7: lllustration of Engine-Installation Effects for Jet-Powered Airplanes

The ground effect, or ground-to-ground, component of the lateral attenuation adjustment, G(lsy),
is computed as follows:

—0. -
oy 1188 e o= | for 0<1,, <914m(3000 ft) Eq. 3-28
= 10.86 for 1, > 914m(3000 ft)
where
lsg  Sideline distance (meters) in the horizontal plane from the observer to the

projection of CPA.

* Source: SAE-AIR-5662 “Method for Predicting Lateral Attenuation of Airplane Noise®.”
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The ground-to-ground component of the lateral attenuation adjustment isillustrated in Figure
3-8.
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Figure 3-8: Illustration of Ground-to-Ground Component of Lateral Attenuation

The refraction-scattering, or air-to-ground, component of the lateral attenuation adjustment, A(p),
is computed as follows:

10.86 for f<0°
A(,B) =41.137-0.0229. 5 +9.72. ¢ **/ for 0" < § <50° Eq. 3-29
0.0 for 50° < <90
where
B elevation angle (degrees); if p < 0° or the aircraft is on the ground, B is reset to 0°.
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The air-to-ground component of the lateral attenuation adjustment isillustrated in Figure 3-9.
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Figure 3-9: Illustration of Air-to-Ground Component of Lateral Attenuation

The overal lateral attenuation adjustment, LA ap; (in decibels)*, which takes into account the
engine-installation effect component, Eencine(o), the ground-to-ground component, G(lsg), and
the air-to-ground component, A(B), is then computed as follows:

Gllgy) - A(S)

Eq. 3-30
10.86

LAADJ(INM) = —{ Egnane (9) —

It isimportant to note that the depression angle in Fig. 3-6 is general enough to include the bank
angle. Therefore the bank angle effect on lateral attenuation is already considered. If bank angle
is not zero, the lateral attenuation will be non-symmetric from one side of the aircraft to another.

3.4.5.2 NOISEMAP Aircraft

The INM database includes al of the aircraft from the United States Air Force NOISEMAP suite
of programs'®, as of March 2001. If the model type in the NPD database is categorized as
“NOISEMAP’, computation of the lateral attenuation adjustment depends upon the elevation

* For “INM” Aircraft in INM 7.0, the sign of LAap;ynm) IS Mmade negative (see Eq. 3-30), in order to fit INM
calculation conventions.
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angle, B. If the elevation angle is less than 2 degrees, the adjustment has a ground-to-ground
component only. If the elevation angle is greater than or equal to 2 degrees, it has both a ground-
to-ground and an air-to-ground component. In the latter case, the two components are computed
separately and then combined.

The ground-to-ground component of the lateral attenuation adjustment (in decibels) is computed
asfollows:*

Gl - 150 et for 0<, <401m(1316 ft) Eq. 3-31
%7 110.06 for |, >401m(1316 ft)
where

lseg  Sideline distance (meters) in the horizontal plane from the observer to the
projection of CPA.

The ground-to-ground component of the lateral attenuation adjustment for NOISEMAP aircraft is
illustrated in Figure 3-10.
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Figure 3-10: Illustration of Ground-to-Ground Component of L ateral Attenuation for
NOISEMAP Aircraft

The air-to-ground component of the lateral attenuation adjustment (in decibels) is computed as

* The ground-to-ground component of the lateral attenuation adjustment actually computed by the NOISEMAP
program depends on the one-third octave-band frequency characteristics of the noise source. Due to this fact, small
differences are expected when comparing INM and NOISEMAP results directly, especially in the immediate vicinity
of the airport runways.
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follows:

21.056
= |- °< p<45°
A(f) = [ 5 J 0.468 for2° < <45 Eq. 3-32
0 for 45° < f<90°
where
B elevation angle (degrees); if p <0, B is reset to 0°.

The air-to-ground component of the lateral attenuation adjustment for NOISEMAP aircraft is
illustrated in Figure 3-11.
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Figure 3-11: lllustration of Air-to-Ground Component of Lateral Attenuation for
NOISEMAP Aircraft

The overal lateral attenuation adjustment, LA ap; (in decibels), which takes into account both the
ground-to-ground component, G(lsyg), and the air-to-ground component, A(p), for 2° < B, is then
computed as follows:

G(ley) - A(B)
LAADJ(NOISEMAP) = ?OT Eqg. 3-33
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3.4.6 Line-of-Sight Blockage Adjustment (LOSap;)

The line-of-sight blockage adjustment, LOSap,, accounts for the attenuation due to line-of-sight
(LOS) blockage from terrain features. The LOS blockage calculation is based on the difference
in propagation path length between the direct path and propagation path over the top of terrain
features, known as path length difference. This methodology has been extensively used and
validated by the Federal Highway Administration and others®

Figure 3-12 illustrates LOS blockage due to aterrain feature.

Receiver

Figure 3-12: Line-of-Sight (L OS) Blockage Concept

Path length difference in INM is determined aong the path defined by a particular source-barrier-
receiver geometry, and is calculated and the following equation (see Figure 3-12):

5, =(A+B)-C Eq. 3-34
where

A length of path from the noise source to the diffraction point (or barrier),

B length of path from the diffraction point to the receiver, and

C length of direct path from the noise source to the receiver.

The path length difference is used to compute:

1. Fresnel Number (Ng), which is adimensionless value used in predicting the attenuation
provided by anoise barrier positioned between a source and areceiver; whichinturnis
used to compute

2. Barrier Effect, which is the sound level attenuation on a one-third octave-band basis at a
receiver dueto line-of-sight blockage; which in turn is used to compute

3. Line-of-sight blockage adjustment (LOSapy).

An example illustrating the relationship between path length difference and barrier attenuation is
presented in Appendix F.
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The adjustment for line-of-sight blockage (LOSap,) is based on the theoretical barrier effect
(assuming a barrier of infinite length), which is calculated with the following equation:

(2 T ~|N0 )%
5+ 20-log,, 7 N, <O
_ tan((2-7z~|N0)2)
Barrier Effect = Eqg. 3-35
5+ 20-log (27N N, >0
“ltanhl(2- 7 N))7))
where
No Fresnel Number determined along the path defined by a particular source-
barrier-receiver geometry*, which is computed as follows:
Noziz-(ﬁjziz.[f'%j Eq. 3-36
A c
where
+ positive in the case where the line of sight between the source and receiver is

lower than the diffraction point, and negative when the line of sight is higher than
the diffraction point,

do path length difference determined aong the path defined by a particular source-
barrier-receiver geometry (see Eq. 3-34),

A wavelength of the sound radiated by the source,

f frequency of the sound radiated by the source, and

c speed of sound.

LOSap, iscomputed by (1) calculating the Barrier Effect for each of the one-third octave-band
center frequencies, (2) summing the acoustic energy in each one-third octave-band, and (3)
converting that sum to decibels.

40  Barrier Effects
LOS,, =10- Ioglo[Zm 10 ] Eq. 3-37
i=17
where
Barrier Effect; sound level attenuation at areceiver due to line-of-sight blockage
for the i-th one-third octave-band (ranging from one-third octave-

bands 17 through 40).

It isimportant to note that, if line-of-sight blockage isinvoked as arun option, LOSap;is
compared to lateral attenuation adjustment (LA apj, See Section 3.4.5) on a segment-receiver
calculation-by-calculation basis, and the larger of the two values is applied to the calculations.

* In INM, Ng islimited to —0.1916 on the low end. Furthermore, the Barrier Effects are set to 23.1 for values of Ny
greater than 10.
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For each segment-receiver-based noise calculation, either LOSap; or LAap; are implemented, but
not both. This allows for a seamless transition between LOSap; or LAap, athough it does not
handle their interaction. As stated in the Federal Interagency Committee on Aviation Noise
(FICAN) report “ Assessment of Tools for Modeling Aircraft Noise in the National Parks’", this
approach has been validated for distances up to 1000 feet, beyond which a practical limit
between 18 and 25 dB of attenuation can be expected due to refraction and scattering effects™.
Therefore, an 18 dB attenuation cap isimplemented for LOSap;in the INM, as a practical upper
[imit on barrier attenuation.

3.5 Fixed-Wing Aircraft Adjustments

The sound level adjustments presented in this section are applicable only to fixed-wing aircraft in
INM Version 7.0. These adjustmentsinclude thrust reverser (TRap;) and ground-based
directivity (DIRapy). Sound level adjustments applicable only to helicopters are presented in
Section 3.6.

3.5.1 Thrust Reverser Adjustment (TRapy)

For the specia case of computing noise during thrust reverser deployment as part of the landing
ground roll, an empirically-derived thrust reverser adjustment is employed in INM Version 7.0.
In previous versions of INM, thrust reverser was applied to all STANDARD approach profilesin
INM as 60% of the max rated thrust for jets and 40% for props over adistance of 90% of the
total roll-out distance after touchdown. In addition, thrust reverser thrust levels referenced
Departure NPDs, instead of Approach NPDs. These thrust values during ground roll in INM
were used to ensure good agreement between measured and model ed noise, but were not
considered representative of actual thrust levels during thrust reverser deployment. Sincethereis
aneed to utilize realistic fuel burn values for integrated noise and emission modeling in AEDT
and those fuel burn values are to be based on redlistic thrust levels, the thrust reverser
assumptions were updated in INM Version 7.0. The updated thrust reverser noise assumptions in
INM Version 7.0 better represent reverse thrust levelsin typical aircraft operations, while
maintaining agreement between measured and model ed noise generated during landing ground
roll.

As highlighted in Section 1, INM Version 7.0 is compliant with ECAC Doc 292, Doc 29
specifies amore complex implementation of reverse thrust than existed in previous versions of
INM, citing atypical reverse thrust power level of 20% of static thrust coupled with an additional
noise-power-distance adjustment (in decibels) that varies according to distance traveled from
touchdown. Even though thisimplementation is more representative of actual thrust reverser
deployment, the Doc 29 development team noted, that thereis still need to investigate the issue.

The thrust reverser adjustment methodology used in INM Version 7.0 is presented in “ Thrust
Reverser Analysis for Implementation in the Aviation Environmental Design Tool (AEDT),**
which is based on the Doc 29 approach in conjunction with supplemental analysis of empirical
thrust reverser deployment data for avariety of aircraft®**"*, These analyses were
coordinated directly with the lead author of Doc 29 and are being considered for possible future
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enhancement of that document. INM models peak thrust reverser engine power levels at 10% of
max rated thrust for widebody aircraft, and 40% of max rated thrust for narrowbody aircraft,
decreasing linearly to 10% of max rated thrust over a distance of 90% of the total roll-out
distance after touchdown, all of which reference Approach NPDs*. To account for the change in
engine power settings during thrust reverser deployment between previous versions of INM and
INM Version 7.0, without atering the resulting sound levels, the thrust reverser adjustment is
applied asaNPD dB adjustment that varies according to distance traveled from touchdown on
the landing ground roll.

The thrust reverser adjustment for a given segment is cal culated with the following equation:

O E—_— for narrowbody aircraft
TRy =1Ls s ~ Luice_sg for widebody aircraft Eq. 3-38
0 for propeller and military aircraft
where
Lold segT noise level at Poq seq based on Departure NPDs when Pog seg > Prinal,
noise level at Pyg soq based on Approach NPDs when Poigseg< Pinals
L narrow_seg noise level a Prarow seg based on Approach NPDs, and
Lwide seg noise level at Puige sog Dased on Approach NPDs.
The engine power level during reverse thrust for a given segment is derived according to:
drev
Pold_seg = {d—_seg ’ (PGOO/ - Pm% )} + PlO% EQ- 3-39
drev
Prarow_seg = d—_seg : (P40% — Py, )} + Py Eq. 3-40
P = dfe‘“—seg.(P ~Py. )|+ P,
wide_seg — d 10% 10% 10% Eq 3_41
= Py
where

Psovs 60% Max Thrust, which is the previous reverse thrust implementation,

Paww 40% Max Thrust, which is the new reverse thrust implementation for narrow-body
aircraft,

Piowe 10% Max Thrust, which isthe new reverse thrust implementation for wide-body
aircraft,

de  thedistance aong the runway from the point of thrust reverser deployment to the
end of the landing ground roll, where:

d, =-09: Sep Eq. 3-42
Stop  thelocation on the runway where the landing ground roll ends,
drey sy the distance along the runway from the aircraft position to the end of the landing

ground roll, where:
d 300+ s, -d) - Eq. 3-43

rev_seg _(

* Thereis no thrust reverser adjustment for propeller-driven aircraft in INM 7.0.
T Lod_seg IS the sound level during reverse thrust operations used prior to INM 7.0.
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Engine power, aircraft speed and reverse thrust levels for a standard landing ground roll are
presented in Figure 3-13.

TRA N.] sen

TRADJ_max ' /

T
¢ reversethrust level increment

odB

engine power

T air cr aft speed

e — P

! ! : “— d. - —
s= 0 -300  -(300+0.1-Syqp) & -(300+Sy4p) ~Srwy
i | Ty | e g |
L )+ /|
landing threshold touchdown thrust reverser deployment end of runway

Figure 3-13: Modéeling of thrust reverser deployment during landing ground roll

The thrust reverser adjustment in INM Version 7.0 better represents thrust reverser engine power
levels used in the derivation of noise levels than previous versions of INM. Additional data
collection and research efforts are on-going and may result in future refinements.

3.5.2 Ground-Based Directivity Adjustment (DIRapj)

For the special case of computing noise behind the start-of-takeoff ground roll, aswell as for

computing metrics associated with runup operations, afield-measurement-based diresthity - - - - — - — - -
adjustment is employed. Thisdirectivity adjustment is expressed as a function of azimuth angle,

0, defined as the angle formed by the direction of the nose of the aircraft and the line connecting

the aircraft to the observer.?®

To account for the effect of slight variations in the heading of the aircraft just prior to takeoff
ground roll, among other effects, a directivity smoothing adjustment, computed as a function of
slant range from the observer location to the aircraft, is also applied.

94



The azimuth angle, 6 (in degrees), used in computing the directivity adjustment is given by:

0= cos‘llﬂj Eq. 3-44
r1
where
q relative distance between points P;, and Ps (feet). By definition, the value of g is
negative (see Figure 3-2 through Figure 3-4), and
r SLRsy, the dant range from the observer to the start of takeoff roll (feet).

Sincethe value of q is negative, and the value of SLRyy is positive, the value of 0 is greater than
90° when the observer is behind start of takeoff.

The directivity adjustment, DIRap; (in decibels), is computed as a function of azimuth angle.
For 6 between 90° and 148.4°,

DIRy, =5L44- 1253 (051474 - 00T Eq. 3-45
For 6 between 148.4° and 180°,
DIRy, = 8018- 256020)- 00055656 - 000 Eq. 3-46

Equations 3-45 and 3-46 are plotted in Figure 3-14. The directivity adjustment is symmetric
along the longitudinal axis of the aircraft in INM.
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Figure 3-14: Ground-Based Directivity Adjustment
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The directivity adjustment, DIRapy, is modified by a smoothing equation that is computed as a
function of slant range from the observer location to start of takeoff, SLRsg. The smoothing
function is activated when SLR«y is greater than 2500 feet. The function, which reduces the
directivity by afactor of one-half per doubling of distance, is given by:

2500 ] Eq. 3-47

SRy,

DIR,p; = DIR,y, [

for SLRsg > 2500 feet.

3.6 Helicopter Adjustments

The sound level adjustments presented in this section are applicable only to helicopters. These
adjustments include source noise due to advancing tip Mach Number (MNap,;), Latera
Directivity (LDapy), static directivity (DIRneL_apg), and static operation duration (DURyeL_apy)-
These adjustments are based on the corresponding adjustment implemented in the Heliport Noise
Model.

3.6.1 Source Noise Adjustment Due to Advancing Tip Mach Number (MNapy,
Level Flyover only)

The helicopter-specific source noise adjustment due to advancing tip mach number account for
airspeed, temperature and/or rotor RPM which deviate from helicopter-specific reference val ues.
A detailed description of advancing tip mach number is presented in FAR Part 36 Appendix H™.
The adjustment is calculated using stored constants from a polynomial regression using the
following equation:

MNADJ = Bo + Bl ’ (M AV, T M ADVg )+ Bz '(M ADV; M ADVig )2 Eq 3-48
where
Bo, B1, B2 helicopter specific coefficients, and
Mapv advancing tip Mach Number, as defined by:
(1.688-V )+ [”DRPMJ
Moy = c Eq. 3-49
where

\% airspeed (feet/s),

V1 operational airspeed (feet/s),

Vg reference airspeed for the noise curve (feet/s),
D blade diameter (ft),

RPM blade rotations per minute, and

C speed of sound in air (feet/s), as defined by:
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C = 49.018-(459.63+ T )" Eqg. 3-50

where
T temperature (F).

An example of the derivation of advancing tip mach number adjustment from measured data may
be found in the 1993 report “Noise Measurement Flight Test of Five Light Helicopters.>”

3.6.2 Lateral Directivity Adjustment (LDapj;)

Helicopters are significantly more directive noise sources than fixed-wing aircraft. Helicopter in-
flight directivity isimplemented by using three sets of NPDs; left, center and right (see Sections
3.1and 3.3.3). Theleft and right data are representative of the acoustic characteristics at a
horizontal (to the side) elevation angle of 45°; the center data are representative of the
characteristics directly below the helicopter, or at 90°. In cases where the elevation angleis
between -45° and 45°, alinear interpolation is performed on the observed elevation angle
between the center NPD value and the left or right 45° NPD value for all distances, whichis
reflected in the Lateral Directivity Adjustment (LDapy). The Lateral Directivity Adjustment is
calculated according to the following equation:

LD, = (L Lews - Eq. 3-51
ADJ — \“Leftor Right — “Center ) m g. o-
where
I—Lefta I—Centeh I—Righ‘c
Left, Center or Right NPD data, and
B observed elevation angle between 90 and 45 degrees on either side of the

helicopter (see Figure 3-15).
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Right

Figure 3-15: Elevation Anglefor Helicopter Lateral Directivity Adjustment

For observed elevation angle less than 45 degrees on either side of the helicopter, no |ateral
directivity adjustment is applied, and the corresponding left or right NPD is used to determine the
helicopter noise level. An example of the helicopter lateral directivity adjustment
implementation is presented in Figure 3-16.
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Figure 3-16: Example Helicopter Sound Pressure L evels According to Elevation Angle
(including Helicopter Lateral Directivity Adjustment)

3.6.3  Static Directivity Adjustment (DIRueLi_apy)

The static directivity adjustment accounts for changes to the sound level as a function of the
helicopter azimuth angle, which is measured clockwise from the nose. These adjustments are
based on empirical data, and account for relative differences in sound level at different angles
around the helicopter. DIRye apsiS0ONly applied during static helicopter operations (Flight Idle,
Ground Idle, HIGE and HOGE), as described in Section 3.3.3.. Depending on data availability,
different adjustments may be available for each of the four types of static helicopter operations
(Flight I1dle, Ground Idle, HIGE and HOGE).

3.6.4  Static Operation Duration Adjustment (tew_static)

Helicopters can perform static operations along aflight track, and as such the duration of time
spent on a segment during a static operation can not be determined as a function of aircraft speed
and segment length. Instead, the duration of a static event becomes a multiplier to the overall
acoustical energy, and is applied as the static operation duration adjustment once all the other
general and helicopter adjustments have been applied (see Section 3.7.5).

99



3.7 Computation of Exposure-Based Noise Level Metrics

This section presents the computation of exposure-based noise level metrics for both fixed wing
aircraft flight operations (Section 3.7.2), including runup operations (Section 3.7.3), and
helicopter flight operations (Section 3.7.4), including static operations (Section 3.7.5). To obtain
the total noise exposure at an observer location, the contributions from fixed wing flight
operations and runup operations, and helicopter flight and static operations are combined.

For the computation of exposure-based metrics at multiple observersin aregular grid, including
the base regular grid used in a contour analysis, the methodology described in Sections 3.2
through 3.7 isrepeated iteratively. If terrain processing is not invoked, the step of computing the
acoustic impedance adjustment (Section 3.4.2) and the line-of-sight blockage adjustment
(Section 3.4.6) for each observer iteration are skipped. It is not necessary to repeat these steps if
the terrain is inactive because the observer's elevation, temperature, and pressure are the same as
at the airport, and the effects of terrain blockage are ignored. Furthermore, if the INM study only
contains fixed wing aircraft, then the helicopter-specific adjustments (Section 3.6) are skipped.
Likewise, the fixed wing aircraft-specific adjustments (Section 3.5) are skipped for studies only
containing helicopters.

3.7.1  System Adjustments

Prior to the calculation of noise metrics for flight and runup/static operations, described in
Sections 3.7.2 through 3.7.5, INM applies study-wide adjustments to the interpolated NPD data.
These adjustments include atmospheric absorption (AAapj, Section 3.4.1) and acoustic
impedance (Alapj, Section 3.4.2). When terrain processing is utilized, only the atmospheric
absorption adjustment is applied study-wide.

Study-wide atmospheric absorption (AAap;) and acoustic impedance (Alap;) adjustments

Prior to application of the segment adjustments highlighted in Sections 3.4.3 through 3.6.4,
study-wide atmospheric absorption and acoustic impedance adjustments are applied to the NPD
values that are used for noise level interpolation (Section 3.3). In effect, noise level interpolation
is undertaken utilizing adjusted NPD curves per the following:

Le -0 = Lepg T 1A + A il vie Eqg. 3-52

Laep d-100 = Lomepd A +A ADJ]study—wide Eq. 3-53

Study-wide atmospheric absorption (AAap;) and observer-based acoustic impedance
(Alapy) adjustments

For studies that utilize terrain processing, the acoustic impedance adjustment is applied
separately for each observer, using the terrain elevation at the observer’ s location instead of the
airport elevation. For studies with terrain processing, noise level interpolation is undertaken by
first adjusting NPD curves using study-wide atmospheric absorption, and then the observer
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location-specific acoustic impedance adjustment is added to the sound levels after noise level
interpolation:

LE,pyd—ADJ B LE‘P‘d +[AAADJ]§udy—vw‘de+[A| ADJ]pa—obsaver Eq. 3-54

Lowp 00 = Lowos * [AAy, ]auuy-vw‘de HA g e -t Eq. 3-55

3.7.2  Fixed Wing Aircraft Flight Operations

For the exposure-based noise metrics, the sound exposure ratio due to a single flight-path
segment of aflight operation for afixed wing aircraft, denoted by the symbol Esyg, is computed as
follows:

[Le,p,g-apo + NFap + DURp; ~LAyp; +TRap; +DIRyps ]

E,, =10 10 Eq. 3-56

where

Lepa-aps Lag Lcg, OF Lepy, in dB, resulting from the noise interpolation process using
NPD data (Section 3.3) and atmospheric absorption, acoustic impedance and
line-of-sight blockage adjustments (Section 3.7.1),

NFaps hoise fraction adjustment, in dB (see Section 3.4.3),

DURAap; arcraft speed duration adjustment, in dB (see Section 3.4.4),

LAap; latera attenuation adjustment, in dB (see Section 3.4.4),

TRaps  thrust reverser adjustment, in dB, which is applied only if the flight-path
segment is part of the landing ground roll during thrust reverser deployment (see
Section 3.5.1), and

DIRaps directivity adjustment, in dB, which is applied only if the flight-path segment is
part of takeoff ground roll (see Section 3.5.2).

Asnoted in Section 3.4.6, if line-of-sight blockage is invoked as arun option, LAap; iS compared
to line-of-sight blockage adjustment (LOSapg, See Section 3.4.6) on a segment-receiver
calculation-by-calculation basis, and the larger of the two valuesis applied to the calculations (in
place of LAapy). If line-of-sight blockage is invoked, Equation 3-56 can be rewritten as:

[Le pd-aps + NFapy + DURypy ~Max[LAyp;5,LOSp; [+ TRap; +DIRyp; ]

E, =10 10 Eq. 3-57

where
LOSaps line-of-sight blockage adjustment, in dB (see Section 3.4.6).

Each flight in the study case has associated with it a given number of operations for the day,
evening, and night-time periods. Also, depending upon the user-specified metric, each time
period may have aweighting factor, i.e., anoise penalty, associated with it. The weighting
factors for the standard exposure-based metrics, along with their associated time-averaging
constants N+, which are presented later in this section, are summarized in Table 3-2.

INM users also have the option to define their own weighting factors and averaging constants
through the use of a user-specified exposure-based metric.
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The number of operations associated with each time period, coupled with the weighting factors,
is used to compute the weighted sound exposure ratio, denoted by the symbol Eu.sg, fOr asingle
flight-path segment and operation.

Ewt,seg = [Wday ' Nday +Weve ' Neve +ant ' Nng{] ) Eseg Eq. 3-58
where

Naay —Number of user-specified operations between 0700 and 1900 hours local time,

Nee Number of user-specified operations between 1900 and 2200 hours local time,

Nng  number of user-specified operations between 2200 and 0700 hours local time,

Wy day-time weighting factor, either standard or user-defined (see Table 3-2 for the
standard weighting factors associated with a particular exposure-based noise level
metric),

Wee evening weighting factor, either standard or user-defined,

Wng  night-time weighting factor, either standard or user-defined, and

Esg  sound exposureratio at an observer location due to a single flight-path segment of
aflight operation.
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Table 3-2: Weighting Factors and Time-Averaging Constantsfor the Standard Exposure-

Based Metrics
Metric W gay Wove W gt Nt 10 logio[N1] (dB)
Lae 1 1 1 1 0
Lan 1 1 10 86400 49.37
L gen 1 3 10 86400 49.37
L Aeqan 1 1 1 86400 49.37
Lg 1 1 0 54000 47.32
L, 0 0 1 32400 4511
Lee 1 1 1 1 0
Lepn 1 1 1 1 0
Lnes 1 1 16.67 | 630957345 88.0t
Lwecen 1 3 10 86401 39.37

The weighted sound exposure ratio for each segment, Eu: o), 1S cOmputed iteratively and
preserved.

The weighted sound exposure ratio due to an entire flight operation is obtained by summing the
ratios associated with each segment in the flight path. The weighted sound exposure ratio for a
flight operation, E,st, IS computed as follows:

Bt e = Z E e, s Eq. 3-59
=

where
Nseg  NuUMber of segmentsin the three-dimensional flight path.

* |n accordance with the technical definition, a5 dB penalty is added to evening operations when computing the L gen
noise metric. The 5 dB penalty, expressed in terms of aweighting factor, is equivalent to 3.16, not 3. However, in
Title 21, Subchapter 6, 85001 of California state law afactor of 3 isused. Since the state of Californiais the primary
user of the Lye, Metric, it was decided that INM would be consistent with state law, rather than the traditional
technical definition. The evening weighting factor in the Lyecpy metric was changed to 3 for consistency. Itis
anticipated that this small difference will be of no practical consequence in the computations.

T The 88.0 dB value is an arbitrarily chosen scaling constant inherent in the definition of the Lygr metric. A 24-hour
period is used to compute the metric.

T The 8640 value is the number of 10-second intervalsin a 24-hour period. Unlike Lag and Lcg, which are
normalized to a duration of t, = 1 second, Lgpy iSnormalized to a duration of t, = 10 seconds.
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The weighted sound exposure ratio for al flight operations in the entire study case is obtained by
summing the ratios associated with each flight operation. The weighted sound exposure ratio for
all flight operations in the study case, Ewt.apt, IS computed as follows:

N

E\Nt,arpt = Z Ewt flt (k) Eqg. 3-60
k=1
where
Ny number of flight operationsin the study case.

The mean-sguare sound-pressure ratio associated with a specific exposure-based noise level
metric is computed by dividing the weighted sound exposure ratio for the related base metric,
Ewtaort, Dy @atime-averaging constant N+, either standard or user-specified. The time-averaging
constants for the standard exposure-based metrics were summarized in Table 3-2. Note that
three of the exposure-base metrics (Lag, Lcg, and Lepy) are true sound exposure levels, and they
are not divided by atime-averaging constant (or, equivaently, they are divided by 1).

The average or equivalent mean-square sound-pressure ratio, P, associated with an exposure-
based metric, is given by:

P _ Ewt,arpt

wt,arpt — N
T

Eq. 3-61

Thefinal step in the processis to convert Pytapt to its equivalent dB value. The dB value for a
user-specified, exposure-based metric dueto all flight operationsin an airport case is computed
asfollows:

LE,va,arpt =10 loglO[P\M,arpt] Eq. 3-62

Lewtapt IS @ standard exposure-based noise level metric or a user-specified exposure-based
metric, depending upon the specific weighting factors and time-averaging constants sel ected.

In addition to the above cal culations, the single-event, un-weighted sound exposure level, Lgst,
for each flight operation is computed iteratively and saved for use in the time-above calcul ation
(see Section 3.9.1).

n

Le ¢ =10- |ogm[2 Eseg(i)} Eq. 3-63

i=1
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3.7.3  Fixed Wing Aircraft Runup Operations

For the exposure-based noise metrics, the mean-square sound-pressure ratio due to a single runup
operation for afixed wing aircraft, denoted by the symbol Py, iS computed as follows:

[ Ln,p d-ans ~LAnpy +DIRsp; |

10 10 Eqg. 3-64

P

runup =
where
Lsmx.pd-abs  Lasmx, Lesmx, OF Lentsmx, 1N dB, resulting from noise interpolation
(Sections 3.3) and adjustment process (Section 3.7.1),
DIRAp; directivity adjustment, in dB (Section 3.5.2), and
LAADJ lateral attenuation adjustment, in dB (see Section 3.4.5).

Asnoted in Section 3.4.6, if line-of-sight blockage isinvoked as arun option, LAap; IS compared
to line-of-sight blockage adjustment (LOSapj) on a segment-receiver calcul ation-by-cal culation
basis, and the larger of the two valuesis applied to the calculations (Max[ LAaps, LOSap;] in
place of LAADJ).

Asisthe case with flight operations, each runup in the study case has associated with it a given
number of operations for the day, evening, and night-time periods. Depending upon the user-
specified metric, each time period may have aweighting factor associated with it. The main
difference in computing an exposure-based metric for aflight operation, as compared with a
runup operation, is that the runup aso has atime duration associated with it.

The number of operations associated with each time period, coupled with the weighting factors
and the runup duration, are used to compute the weighted sound exposure ratio, Eut.runup, fOr a
single runup operation:

trunu
Evvt,runup = Mday ' I\Iday +Weve ’ Neve +ant ’ Nngt (t_pj I:)runup Eq. 3-65

0
where
trunup  FUNUP duration (seconds),
to 1 second for Lasmy, Or 10 seconds for Lpntsmy,
and all other variables are defined in Section 3.7.2.

All subsequent steps required for computing exposure-based noise levels for runup operations are
identical to those described in Section 3.7.2 for aflight operation. Specifically, the weighted
sound exposure ratio for each runup operation is computed iteratively and preserved. Each ratio
is then arithmetically summed for al runup operations in the airport case, atime averaging
constant is applied and the ratio is converted to a decibel value.
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3.7.4  Helicopter Flight Operations

For the exposure-based noise metrics, the sound exposure ratio due to a single flight-path
segment of aflight operation for a helicopter, denoted by the symbol Eqy HeL, iS computed as
follows:

[Le,p,a-a0s +NFapy + DURxpy —LAup; +MN ;LD ]

Eyy v =10 I Eq. 3-66

where

Lepdaps Lag, Lcg, Or Lepy, 1N dB, resulting from the noise interpolation process using
NPD data (Section 3.3) and atmospheric absorption, acoustic impedance and
line-of-sight blockage adjustments (see Section 3.7.1),

NFaps hoise fraction adjustment, in dB (see Section 3.4.3),

DURAap; aircraft speed duration adjustment, in dB (see Section 3.4.4),

LAap; lateral attenuation adjustment, in dB (see Section 3.4.5),

MNapjs helicopter source noise adjustment, in dB (see Section 3.6.1), and

LDap; latera directivity adjustment for helicopters, in dB (see Section 3.6.2).

Asnoted in Section 3.4.6, if line-of-sight blockage isinvoked as arun option, LAap; is compared
to line-of-sight blockage adjustment (LOSapj) on a segment-receiver cal cul ation-by-cal culation
basis, and the larger of the two valuesis applied to the calculations (Max[ LAaps, LOSap;] in
place of LAADJ).

All subsequent steps required for computing exposure-based noise levels for helicopter flight
operations are identical to those described in Section 3.7.2 for fixed wing aircraft flight
operations.

3.7.5 Helicopter Static Operations

For the exposure-based noise metrics, the sound exposure ratio due to a static operation for a
helicopter, denoted by the symbol Esy HewLl staic, 1S computed as follows:

[Le,p -0y tNFapy ~LArpy + DRy aoo]

10 Eqg. 3-67

Eseg_HELI datic — U _ gatic 10
where
Lepdapy Lag, Lcg, Or Lepy, in dB, resulting from the noise interpolation process
using NPD data (Section 3.3) and atmospheric absorption, acoustic
impedance and line-of-sight blockage adjustments (Section 3.7.1),
DIRueL aps  helicopter directivity adjustment for static operations, in dB (Section
3.6.3),
tHEL static helicopter duration adjustment for static operations, in seconds (Section
3.6.4),
and all other variables are defined in Section 3.7.2 and 3.7.4. Asnoted in Section 3.4.6, if line-
of-sight blockage isinvoked as arun option, LAap; is compared to line-of-sight blockage
adjustment (LOSapJ) 0N a segment-receiver calculation-by-calculation basis, and the larger of the
two values is applied to the calculations (Max[ LAaps, LOSap;] in place of LAapy).
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All subsequent steps required for computing exposure-based noise levels for helicopter static
operations are identical to those described in Section 3.7.2 for fixed wing aircraft flight
operation.

3.8 Computation of Maximum Noise Level Metrics

This section presents separately the computation of maximum noise level metrics for flight
operations (Section 3.8.1), including runup operations (Section 3.8.2), and helicopter flight
operations (Section 3.8.3), including static operations (Section 3.8.4). To obtain the maximum
noise level at an observer location, the contributions from fixed wing flight operations and runup
operations, and helicopter flight and static operations are combined.

For the computation of maximum noise level metrics at multiple observersin aregular grid,
including the base regular grid used in a contour analysis, the methodology described in Sections
3.2through 3.6, aswell asthat described in Section 3.7, is repeated iteratively. If terrain
processing is not invoked, the step of computing the acoustic impedance adjustment (Section
3.4.2) and the line-of-sight blockage adjustment (Section 3.4.6) for each observer iteration are
skipped. It is not necessary to repeat these steps if the terrain is inactive because the observer's
elevation, temperature, and pressure are the same as at the airport, and the effects of terrain
blockage areignored. Furthermore, if the INM study only contains fixed wing aircraft, then the
helicopter-specific adjustments (Section 3.6) are skipped. Likewise, the fixed wing aircraft-
specific adjustments (Section 3.5) are skipped for studies only containing helicopters.

3.8.1 Fixed Wing Aircraft Flight Operations

The maximum noise level due to asingle flight-path segment for a fixed wing aircraft, Lsmy seg, IS
computed asfollows:

Lﬂnx,seg = LSm,P,d + AAADJ A A~ LAADJ +TRADJ + DlRADJ Eq. 3-68
where

Lsmxpd Unadjusted, Lasmx, Lcsmx, OF Lentsmx, 1N dB, resulting from the noise
interpolation process (see Section 3.3), where the maximum noise level is
computed at each segment end and the closest point of approach (CPA), and the
maximum of the three levelsis used,

AAap; amospheric absorption adjustment, in dB (see Section 3.4.1),

Alap;  acoustic impedance adjustment, in dB (see Section 3.4.2),

LAap; latera attenuation adjustment, in dB (see Section 3.4.5),

TRaps thrust reverser adjustment, in dB, which is applied only if the flight-path
segment is part of the landing ground roll during thrust reverser deployment (see
Section 3.5.1), and

DIRap; directivity adjustment, in dB, which is applied only if the flight-path segment is
part of takeoff ground roll (see Section 3.5.2).
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Asnoted in Section 3.4.6, if line-of-sight blockage isinvoked as arun option, LAap; iS compared
to line-of-sight blockage adjustment (LOSap;) on a segment-receiver calculation-by-calculation
basis, and the larger of the two valuesis applied to the calculations (Max| LAaps, LOSap;] in
place of LAapy). Therefore, if line-of-sight blockage is invoked, Equation 3-68 can be rewritten
as.

LST]X,SGJ = LSTIX,P,d t AAADJ u Al AD) MaX[LAADJ ' |'OSADJ ]+TRADJ u DlRADJ Eq 3-69
where
LOSap; line-of-sight blockage adjustment, in dB (see Section 3.4.6).

The maximum noise level associated with each flight-path segment in aflight operation,
Lsmx.seg), 1S CcOmMputed iteratively and preserved.

The maximum noise level associated with each flight operation, Lsmy 11, 1S then determined by
performing aflight-segment by flight-segment comparison of Lsmx sy Values, and preserving the
largest value associated with each flight. Lsmy st IS computed as follows:

Lan ot = ng[LSm’seg(i)] Eq. 3-70

where
Nsg  NuUMber of segmentsin the three-dimensional flight path.

The maximum noise level associated with each flight operation in the airport case, Lsmy k), IS
computed iteratively and saved.

The Lsmx sty Values are grouped according to the time period within which they occur, day,
evening, or night.

The maximum noise level associated with each time period, t, is computed as follows:

Nt (t)
Ly = I\{Lalx[l‘srrmﬂt(k)] Eq. 3-71
where
Ny umber of flight operations in the study case for a given time period, t.

Given three Lsmyy) values, one for each time period, day, evening and night, the user is given the
option to select atime period, either day, evening, or night, or any combination thereof, for which
the maximum noise level isto be determined.

LSnx = MaX[LSmx(day) 'Wday! LSnx(e/e) 'Wa/e! LSnx(ngt) 'ant] Eq 3-72
where
Max] ] function that returns the maximum of three noise level values,
L smx(day) maximum noise level for the time period between 0700 and 1900 hours
local time,
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L smx(eve) maximum noise level for the time period between 1900 and 2200 hours

local time,
L smx(ngt) noise level for the time period between 2200 and 0700 hours local time,
Way day-time weighting factor, either zero or one, depending on whether that
time period should be considered by the Max function,
Weve evening weighting factor, either zero or one, and
Wigt night-time weighting factor, either zero or one.

Lsmx IS equivalent to either the maximum A-weighted sound level, with slow-scale exponential
weighting characteristics (Lasmx), the maximum C-weighted sound level, with slow-scale
exponential weighting characteristics (Lcsmx), Of the tone-corrected maximum perceived noise
level, with slow-scale exponential weighting characteristics (Lpntsmx)- Lsmx 1S expressed in dB.

3.8.2  Fixed Wing Aircraft Runup Operations

The maximum noise level due to a single runup operation for a fixed wing aircraft, denoted by
the symbol L smy runup, 1S cOMputed as follows:

LSnx,runup = LSnx,P,d t AAADJ A )~ LAADJ +DI RADJ Eq. 3-73
where

DIRapy directivity adjustment, in dB (Section 3.5.2),
and all other variables are defined in Section 3.8.1.

Asnoted in Section 3.4.6, if line-of-sight blockage isinvoked as a run option, LAap; iS compared
to line-of-sight blockage adjustment (LOSap;) on a segment-receiver calculation-by-calculation
basis, and the larger of the two valuesis applied to the calculations (Max| LAaps, LOSap;] in
place of LAapy).

Asisthe case with flight operations, the maximum noise level associated with each runup
operation is computed iteratively and preserved.

All subsequent steps required for computing maximum noise levels for runup operations are the
same as those described in Section 3.8.1 for fixed wing aircraft flight operations. Specificaly,
the Lsmx.runup Values are grouped according to the time period within which they occur, the
maximum value for each time period is determined, and the specific time period or combination
of periodsis selected for determining the maximum level associated with runup operations.

3.8.3  Helicopter Flight Operations

Asisthe case with fixed wing aircraft (see Section 3.8.1), the maximum noise level dueto a
single flight-path segment for a helicopter, Lsmy seg HeLl, 1S computed as follows:

LSTlx,seg_HELI = LSmx,P,d + AAADJ +Al AT LAADJ + MNADJ + LDADJ Eq. 3-74
where
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Lsmxpd Unadjusted, Lasmx, Lcsmx, OF Lentsmx, 1N dB, resulting from the noise
interpolation process (see Section 3.3), where the maximum noise level is
computed at each segment end and the closest point of approach (CPA), and the
maximum of the three levelsis used,

AAap; amospheric absorption adjustment, in dB (Section 3.4.1),

Alap;  acoustic impedance adjustment, in dB (Section 3.4.2),

LAap; latera attenuation adjustment, in dB (see Section 3.4.5),

MNapys helicopter source noise adjustment, in dB (see Section 3.6.1), and

LDapy; latera directivity adjustment for helicopters, in dB (see Section 3.6.2).

Asnoted in Section 3.4.6, if line-of-sight blockage isinvoked as arun option, LAap; is compared
to line-of-sight blockage adjustment (LOSap;) on a segment-receiver calculation-by-calculation
basis, and the larger of the two valuesis applied to the calculations (Max| LAaps, LOSap;] in
place of LAapy).

All subsequent steps required for computing maximum noise levels for helicopter flight
operations are the same as those described in Section 3.8.1 for fixed wing aircraft flight
operations.

3.8.4  Helicopter Static Operations

The maximum noise level due to a static operation for a helicopter, denoted by the symbol
L smx.HELI_staiic, 1S computed as follows:

LSnx‘HELI_staIic = LSnx,Rd t AAADJ A I~ LAADJ t DIRHELI_ADJ Eq.3-75
where
DIRuew aps  helicopter directivity adjustment for static operations, in dB (Section
3.6.3),
and all other variables are defined in Sections 3.8.1 and 3.8.3.

Asnoted in Section 3.4.6, if line-of-sight blockage is invoked as arun option, LAap; iS compared
to line-of-sight blockage adjustment (LOSap;) on a segment-receiver calculation-by-calculation
basis, and the larger of the two valuesis applied to the calculations (Max| LAaps, LOSap;] in
place of LAapy).

All subsequent steps required for computing maximum noise levels for helicopter static
operations are the same as those described in Section 3.8.1 for fixed wing aircraft flight
operations.
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3.9 Computation of Time-based metrics

This section presents separately the computation of the time-based metrics for flight operations
(Section 3.9.1), aswell as for ground operations (Section 3.9.2); which include both runup
operations for fixed wing aircraft and static operations for helicopters. To obtain time-based
metrics at an observer location, the contribution from both flight operations and ground
operations are combined. Although time audible takes into account adjusted noise levels for the
flight and ground operations and a user-specified noise-level threshold like the other time-based
metrics, the computation of time audible differs significantly from the other time-based metrics
and is therefore presented separately (Section 3.9.3).

For the computation of time-based metrics at multiple observersin aregular grid, the
methodology described in Sections 3.2 through 3.6, as well as that described in Section 3.7, is
repeated iteratively. When computing time-based metrics at multiple grid points the user is given
the option to define the threshold level for each unique point. All time-based metrics
computationsin INM are referenced to anoise level threshold: either afixed threshold level or a
file of threshold or ambient values that may vary in noise level according to receiver location.
The only cavesat isfor time audible, which may only be computed with a user-specified ambient
file including both noise levels and spectra according to receiver location.

If terrain processing is not invoked, the steps of computing the acoustic impedance adjustment
(Section 3.4.2) and the line-of-sight blockage adjustment (Section 3.4.6) for each observer
iteration are skipped. It isnot necessary to repeat these steps if the terrain processing is not
invoked because the observer's elevation, temperature, and pressure are the same as at the airport,
and the effects of terrain blockage are ignored. Furthermore, if the INM study only contains
fixed wing aircraft, then the helicopter-specific adjustments (Section 3.6) are skipped. Likewise,
the fixed wing aircraft-specific adjustments (Section 3.5) are skipped for studies only containing
helicopters.

An important assumption inherent in time-above and percent time-above computations, including
time audible computations, is that operations do not overlap in time, i.e., user-specified
operations occur in aserial fashion. However, if a study includes operations occurring
simultaneously (e.g., modeling an airport with parallel runways), the computed time-above
metric may be larger than what would be measured at the airport. In such instances, a user could
define operations in terms of equivalent numbers of serial operations, as compared with average-
annual day operations.

3.9.1 Flight Operations

The time-above metric (in minutes) due to a single flight operation is computed by the equation:

4 [LE,m*Lsmx‘fn] [Lsfm,ﬂr'-o] e 1
TA,, =(—j~t0« 10 © ||10 » —1] .= Eq. 3-76
n 60
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where

to 1 second for Lag and Lcg, or 10 seconds for Lgpy,

Lest adjusted noise exposure level for the flight (dB), Lag, Lce, Lepn (Section 3.7.2 for
fixed wing aircraft and Section 3.7.4 for helicopters),

Lsmxfit adjusted maximum noise level for the flight (dB), Lasmx, Lesmx, Lentsmx (Lsmxfit
must be larger than L), and

Lo user-specified noise-level threshold (dB), expressed as A-weighted noise level,
C-weighted noise level, or tone-corrected perceived noise level.

See Appendix C for aderivation of the time-above equation.

Each flight in the study case has associated with it a set number of operations for the day,
evening, and night-time periods, along with weighting factors. In the case of the TA metric, the
weighting factors act as binary switches, allowing the user to select/desel ect specific time periods
over which to compute TA. The number of operations associated with each time period, coupled
with the weighting factors, are used to compute the weighted time-above value associated with a
specific flight operation:

TAM,fIt = Mday ’ Nday +WE‘JE : Ne\/e +ant : Nngt]'TAfIt Eq- 3'77

where
Naay Number of user-specified operations between 0700 and 1900 hours local time,
Neve Number of user-specified operations between 1900 and 2200 hours local time,
Nng  number of user-specified operations between 2200 and 0700 hours local time,
Wya day-time weighting factor, either zero or one, depending on whether that time
period should be considered,
Wee evening weighting factor, either zero or one, and
Wngt  night-time weighting factor, either zero or one.

The weighted TA for each flight operation in the study case is computed iteratively and
preserved.

The time-above metric for al flight operationsin the entire study case is then obtained by
summing the TAw s Values associated with each operation. The time above for al flight
operations in the study case, TAwt.aor, IS computed as follows:

N

TANI,arpt = ZTAwt,ﬂt(k) Eqg. 3-78
k=1
where
Ny number of flight operationsin the airport case.

TA is equivalent to either the time above an A-weighted sound level (TAL»), the time-above a
C-weighted sound level (TAc), or the time above atone-corrected perceived noise level
(TALpnT), depending on the metric family selected, either the A-weighted, C-weighted, or the
tone-corrected perceived. TA isexpressed in minutes.
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For percent time-above metrics (%TALa, %0TA ¢, and %TA pnT), the total timein minutesis
divided by the user-defined time period of interest (in minutes) and multiplied by 100 percent.

3.9.2 Ground Operations

The time-above metric due to a single ground operation (either a runup operation for fixed wing
aircraft or a static operation for helicopters) is the portion of the ground operation time during
which the user-specified noise level threshold is exceeded by the ground operation noise. The
time-above for aground operation is computed as follows:

whenlg, > L,

T
TA\]round =J oo Eq. 3-79
0 whenlg, <L,

where

Tgound time-above duration (minutes) of the ground operation event,

Lsmx Oneof three types of adjusted maximum noise levelsfor a ground operation
(Sections 3.8.1 and 3.8.2 for fixed wing aircraft and Section 3.8.4 for helicopters),
and

Lo time-above noise threshold level.

All subsequent steps required for computing time above for ground operations are identical to
those described in Section 3.9.1 for aflight operation. Specifically, the weighted TA for each
ground operation is computed iteratively and preserved. Each TA vaueisthen arithmetically
summed for all ground operations in the study case.

In the case of percent TA metrics the summed timeis divided by the user-defined time period of
interest (in minutes) and multiplied by 100 percent.

3.9.3 Time Audible Computations

The time audible metric (in minutes) due to asingle aircraft operation is based on the
computation of the total detectability level of that operation:

D’ Ltotal =10 |Oglo [dltotal ] Eq 3-80
where
D’ Liota the total detectability level of an aircraft operation,
d'wa thesguareroot of the sum of squares of detectability over all frequency bands, as
given by:

40 , 7
d'a :{ Z(dlband) } Eq. 3-81

band=17
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d'hang  the detectability for each one-third octave frequency band:
D'Lyang
d' =10 Eqg. 3-82
D’ Lyangthe detectability level for each one-third octave frequency band:

D' (L L) 101031+ 0510 g ]

Eqg. 3-83
10log[nwang] ~ ONe-third octave band specific constant,
bandwidth the bandwidth of the one-third octave band, and
L noiseband the addition of the un-weighted, measured one-third octave band ambient
levels and the appropriate Equivalent Auditory System Noise (EASN)®

level.

Specific constants utilized in the detectability equation are presented in Appendix E (see
Table E-4-3 and Table E-4-4).

Once the tota detectability level has been determined, it is compared to the following
detectability criteria
D'Lya 27 the aircraft operation is det ectable.

_ o Eqg. 3-84
D'l <7 the aircraft operation is not det ectable.

For each segment of the aircraft operation that is detectable, the time it takes aircraft to travel

through that flight path segment is computed:

seglength

segtime:( -#of operations Eq. 3-85
sgepeed

where
seglength length (in feet) of contributing flight path segment,
segspeed average speed (in feet/s) during contributing flight path segment, and
segtime time passed during contributing flight path segment (s).

Time audible is a cumulative metric, and as such it is the summation of all of the segtime values

of an aircraft operation that are flagged as detectable. Therefore, time audible is computed
according to:

Thud = TAud + stime Eq. 3-86

Once time audible has been computed iteratively with Eq. 3-86 for all detectable segmentsin the
study case, the time audible (in minutes) for atime period will be:
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TAud =AM Eq. 3-87
( 60 secondsj

minute

For percent time audible, the total time in minutesis divided by the user-defined time period of
interest (in minutes) and multiplied by 100 percent.

See Appendix E for a complete description of the time audible computation process.
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4 RECURSIVELY-SUBDIVIDED IRREGULAR GRID
DEVELOPMENT

As presented in Chapter 1, INM Version 7.0 computes noise-level or time-based metricsin the
vicinity of an airport and presents the results in one of two formats. (1) noise-level or time-above
values at observer positions; or (2) aplot of contours of user-specified noise levels or time-above
values. The basic methodology presented in Chapter 3 describes the computation of noise
metrics at asingle point or for an evenly-spaced regular grid of points (or Fixed Grid). The
development of the recursively-subdivided irregular grid of points (or Recursive Grid), which is
only available for contour analysis, requires additional discussion.

When performing a contour analysis using arecursively-subdivided irregular grid, INM Version
7.0 computes noise-level or time-above values for each observer location in aregular base grid,
using the methodol ogy described in Chapter 3. The size of the base grid depends on a user-
specified scenario analysis window. The number of pointsin the base grid is dynamically scaled
up or down to provide a grid point spacing of one nautical mile or less. INM creates a
recursively-subdivided irregular grid of observersinside the base grid. The density of pointsin
theirregular grid depends on user-specified contour accuracy. Noise levels or time-above values
are calculated at each grid point.

Noise-level or time-above contours are developed from the recursively-subdivided irregular grid
noise data using a modul e derived from the United States Air Force NMPLOT Version 4.6
computer program.** NMPLOT constructs a contour by (1) computing the Delaunay
Triangulation of the grid points, (2) finding arough contour by drawing straight contour
segments through each triangle in the triangulation, and (3) smoothing the rough contour by
using cubic splines under tension.*

NMPLOT isan integral component of the NOISEMAP model that is used to predict noisein the
vicinity of airports dominated by military operations.”® To a certain extent, NMPLOT has
become the standard contouring program in the transportation-rel ated noise modeling industry.
In addition to INM and NOISEMAP, NMPLOT is also used to compute sound level contours for
the Federal Highway Administration's Traffic Noise Model (FHWA TNM®), which is used for
predicting noise in the vicinity of highways and for designing highway noise barriers.*

4.1 Determination of Noise/Time Significant Flight Segments

After computing the regular base grid, the first step in the process of devel oping the recursively-
subdivided grid is to determine which flight segmentsin a study case are noise- or time-
significant at each observer location in the base grid. The purpose of determining significant
flight segmentsis to help reduce the run-time associated with an INM contour computation.

* The NMPlot Version 4.6 User's Guide is available from Wasmer Consulting at http://www.wasmerconsulting.com.
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In versions previous to INM Version 7.0, noise/time significance was performed on a per flight
path basis. If an INM study case had 1000 flight paths, there might be 50000 flight path
segments. Rather than evaluating 1000 flight paths for noise significant contributions, INM
Version 7.0 evaluates the 50000 flight path segments. Even though there are overhead
calculations associated with this new segment-based approach, a small increase in calculation
precision and a modest decrease in overal runtime are obtained.

Two separate tests are performed by INM to determine if aflight segment is noise significant: (1)
arelative noise-level/time test, and (2) aflight segment proximity test. These tests are performed
at each observer location making up the base grid. The significance information is then used to
guide the process of sub-dividing the base grid to improve contour precision.

411 Relative Noise-Level/Time Test

In the relative noise-level/time test, all flight segments are sorted, high-to-low, on the basis of
their relative noise/time contribution to an observer in the base grid. If auser specifiesthat a
contour analysis be computed, the sorted list takes into account the weighted segment associated
with the specific metric. If auser specifiesthat afamily of metrics (A-weighted, C-weighted, or
tone-corrected perceived noise) contour analysis be computed, the sorted list cannot take into
account weighted segments, since they are not yet known. Instead, three sorted lists are
developed, one for each of the three time periods (day, evening, and night).

Thetotal noise (or time) value at a base-grid observer location is computed by summing the
sound exposure ratios (or time-above values) over al flight operations. A running total noise
valueis also computed from the sorted list of segments, beginning with the flight segment having
the largest contribution to the noise, and proceeding through the ordered list. The running noise
valueis continually compared to the total noise value at a base-grid observer location. When the
running value exceeds 97 percent of the total value, the running value is considered compl ete,
and all subsequent flight segmentsin the sorted list are marked insignificant.

In the case of the exposure-based and time-based metrics, the 97 percent criterion guarantees that
the significant-segment noise level iswithin 0.1 dB and that the time-above is within three
percent of the total noise/time computed using al the flight segments.

For maximum noise-level metrics, the 97 percent criterion is not used, since the summeation of
maximum noise-level metricsis not meaningful. In the relative noise-level test for maximum
noise-level metrics only one flight segment is considered significant, the one representing the
maximum sound level at an observer location.

4.1.2 Segment Proximity Test

In addition to the relative noise-level/time test, a flight segment proximity test is performed on all
segments that are marked noise-insignificant. This test uses acceptance criterion based on the
diagonal distance between base grid points. For most metrics, this criterion is the diagonal
distance, but several metrics also require adistance multiplier. These metrics are: TALA (three
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times the diagonal distance), TALC (four times the diagonal distance), PNLTM (two timesthe
diagonal distance), and TAPNL (four timesthe diagonal distance). If any part of aflight segment
iswithin this criterion based on diagonal distance of the base grid point being tested, then the
flight segment is re-instated as being significant.

4.2 Grid Development

To generate arecursively-subdivided grid, INM first organizes the base grid into grid working
areas, each containing nine observer locations (see Figure 4-1). The number of grid working
areas depends on the size of the user-defined scenario analysiswindow. Thebase grid is
dynamically scaled up or down to provide spacing between base grid points of approximately one
nautical mile. For a scenario analysis window that is 16 x 16 nautical miles, there will be 64
working areas.

4.2.1 Low/High Contour Cutoff Splitting Test

A low/high cutoff contour test is performed on all working areas in the base grid for contour
analyses. Similar to the two noise significance tests, the primary purpose of thistest is to speed
up the grid-development process.

If all nine noise-level or time-above values within a given working area are sufficiently
bel ow/above user-defined minimum/maximum contour levels, further computations are
unnecessary, and splitting of the working areais not performed.

4.2.2 Tolerance and Refinement Splitting Tests

A tolerance/refinement splitting test is used to iteratively develop arecursively subdivided
irregular grid. The splitting test compares known grid-point valuesin a nine-point working area
to linearly interpolated values. If the interpolated values are within a user-specified tolerance of
the known values, or if the user-specified refinement level has been reached, then no splitting is
performed.

Thetolerance value is a user-specified value number greater than 0.1 dB or 0.1 minutes. The
INM default tolerance value is 0.25 (dB or minutes).

The refinement level is a user-specified integer between 4 and 18, where 4 represents one
level of subdivision of the base grid, and each subsequent refinement level represents an
additional level of subdivision. The INM default refinement level is 8, i.e., five levels of
subdivision.

For a contour analysis, the comparison between known values and linearly interpolated values
takes into account the weighted operations associated with the specific metric.

For the example nine-point working area shown in Figure 4-1 (points A through 1), the splitting
test proceeds by linearly interpolating values at B, D, E, F, H using thevalues at A, C, G, I. For
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example, theinterpolated value at B is¥A(A + C). Then, eight comparisons are made: calculated
B versusinterpolated B, calculated E versus interpolated E, etc. There are three horizontal, three
vertical, and two diagonal comparisons. If any one of the eight comparisons produces an

absol ute difference between interpolated and computed values greater than the user-specified
tolerance, then the rectangle formed by points A, C, G, and | is subdivided into four new nine-
point working areas.

For example, new points (V, W, X, Y, Z) are created in the upper-left quadrant, forming a new
nine-point working area. Point V is halfway between points A and B, point W is halfway
between points A and D, etc. The noise-levels or time-above values at pointsV, W, X, Y and Z
are then computed using the methodology of Chapter 3, taking into account only noise significant
flight operations that are associated with the closest base grid points. For example, since point V
is halfway in between points A and B, the noise-significant flights associated with both points are
used in the computation.

The above computation iteratively continues until either the user-specified tolerance level or
refinement level is achieved.

When the contour analysisis complete for all base grid working areas, point locations and
associated noise-level or time-above values are saved in apair of binary files, GRID and
CONTOUR. Thesefiles are further processed to produce the NMPLOT.GRD binary file, which
the NMPLOT module uses to generate the actual contours.
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64 Grid Working Area

Figure4-1: Example Grid Area Used for the Generation of Contours
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INM 7.0 Technical Manual

APPENDIX A: EXAMPLE FLIGHT PATH FILE

The following example file shows data that are passed from the flight path cal culation module to the noise calculation module. Thisis atext
version of the INM Version 7.0 FLIGHT.PTH file. More detailed descriptions for the parameters that define the actual flight paths are
presented in Table A-1 below.

INM 7.0
HEADER DATA
case_id D: \ I NMSTUDY\ v70\ t est 411\ CASE1
aprt_|at 39. 870431 deg
aprt_|ong -75. 245183 deg
aprt_el ev 2500. 00 feet MSL
aprt_tenp 59. 00 degF
aprt_press 29.92 in-Hg
aprt_humdity 70.0 %
rs_refine 6
rs_toler 1 dB or mnutes
mn_| evel 55.0 dB or minutes
max_| evel 85.0 dB or minutes
run_type S (Singl e, Arbi ent Scr eeni ng, Audi bi lity)
metric_id LAMAX
fqg_type A (A-wei ght ed, C- wei ght ed, Per cei ved)

metric_type M ( Exposur e, MaxLevel , Ti neAbove)

LI 1 = N 1 I 1 1 A I A O O O VI 1

met ri c_wei ght 1.00, 1.00, 1.00 (flight nmultipliers)
metric_tine 0.00 dB

nmodi fy_npd 0 (0=no, 1=yes)

do_terrain N

nodata terrain_elev = -9999

ground_type S (Soft, Hard, Fi | e, None)
terrain_dir D: \ I NMSTUDY\ SFOL RWN Ter r ai n3CD
ground _file

anbient file

spectra_file

boundary file

do_contours N

do_standard_grids 0 (0=no, 1=yes)

do_detailed grids 1 (0=no, 1=yes)
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do_100_percent 1 (0=no, 1=yes)

use_boundary file = N
do_metrics =0, 0 0 0 0 0 0 0 0 O O O 0, O, O, 0
nunb_ngroup = 12
nunb_noi se = 124
nunb_apl n_ops =79
nunb_hel o =2
nunb_hel o_ops =1
nunb_grid =1
nunb_pop_pts =0
nunb_| oc_pts =0
nunb_scr_pts =0

Al RPLANE NO SE (index, id, fq_ type, thrust, op_type, 10 SEL/EPNL @ 160 kt, 10 LAVMAX/ PNLTM
. 86 81.

0 3JT8DQ A 3000.0 A 96.6 92.8 89.8 . 8 8 75.4 71.0 65.6 59.2 52.2
96.9 90.2 85.6 80.6 72.8 64.3 58.1 51.2 43.3 34.8
1 3JT8DQ A 6000.0 A 101.8 98.0 95.1 92.0 87.0 80.9 76.2 70.8 64.4 57.4
101.1 94.4 89.8 84.8 77.0 68.5 62.3 55.4 47.5 39.0
2 3JT8DQ A 8000.0 D 106.3 102.6 99.7 96.7 91.7 85.7 81.1 75.8 69.6 62.8
106.1 99.4 94.8 89.8 82.0 73.6 67.5 60.6 52.9 44.6
3 3JT8DQ A 10000.0 D 111.0 107.2 104.5 101.5 96.6 90.6 86.1 81.0 74.9 68.3
111.2 104.5 99.9 95.0 87.2 78.8 72.8 66.1 58.5 50.5
4 3JT8DQ A 12000.0 D 115.8 112.1 109.4 106.5 101.6 95.8 91.3 86.2 80.4 74.1
116.6 109.9 105.3 100.4 92.5 84.3 78.4 71.7 64.4 56.6
5 3JT8DQ A 14000.0 D 121.1 117.4 114.8 112.0 107.1 101.4 97.0 92.1 86.4 80.4
122.1 115.4 110.8 106.0 98.1 89.9 84.1 77.6 70.4 62.9
6 3JT8DQ P 3000.0 A 100.6 96.4 93.1 89.4 83.4 76.4 71.1 65.0 57.5 48.8
108.2 101.2 96.1 90.5 81.7 71.9 64.8 56.8 47.4 36.9
7 3JT8DQ P 6000.0 A 106.4 102.2 98.9 95.2 89.2 82.2 76.9 70.8 63.3 54.6
114.0 107.0 101.9 96.3 87.5 77.7 70.6 62.6 53.2 42.7
8 3JT8DQ P 8000.0 D 110.7 106.5 103.3 99.7 93.8 87.1 82.0 76.3 69.3 61.1
118.3 111.3 106.3 100.8 92.1 82.6 75.7 68.1 59.2 49.2
9 3JT8DQ P 10000.0 D 115.2 111.2 108.0 104.5 98.8 92.2 87.5 82.1 75.6 68.0
122.8 116.0 111.0 105.6 97.1 87.7 81.2 73.9 65.5 56.1
10 3JT8DQ P 12000.0 D 119.4 115.8 112.7 109.3 103.7 97.4 93.0 88.0 82.0 75.0
127.0 120.6 115.7 110.4 102.0 92.9 86.7 79.8 71.9 63.1
11 3JT8DQ P 14000.0 D 124.8 120.9 117.9 114.6 109.2 103.1 99.0 94.4 89.0 82.6
132.4 125.7 120.9 115.7 107.5 98.6 92.7 86.2 78.9 70.7
(etc.)

Al RPLANE OPERATI ONS
0
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acft _id
eng_type
stat _thrust
thrust _type
owner _cat
op_type
nunb_ops
frst_a nois
nunb_a nois
frst _p_nois
nunb_p nois
nodel _type
spect _nuns
runup_id
poi nt
headi ng

t hr ust
duration

acft _id
eng_type
stat _thrust
thrust _type
owner _cat
op_type
nunb_ops

747200

J (Jet, Tur boprop, Pi ston)

45500 ( Pounds)

L (P=Percent, L=Pounds, X=Q her)

C (Commerci al , GenAvi ation,MIlitary)

R ( A=appr, D=dep, T=t ouch&go, F=ci rcui t, V=overfl i ght, R=runup)
10. 0000, 0.0000, 0.0000 (day, eve, ngt)

24

5

29

5

I (1 nm Noi sermap)

207, 107, O (approach, depart, afterburner)
A0l

0.0, 0.0

93.0

41971.0

1.0

727Q15

J (Jet, Tur boprop, Pi ston)

15500 (Pounds)

L (P=Percent, L=Pounds, X=Q her)

C (Commerci al , GenAvi ation,MIlitary)

A (A=appr, D=dep, T=t ouch&go, F=ci rcui t, V=overfl i ght, R=runup)
19. 6000, 0.0000, 2.8000 (day, eve, ngt)

frst_a nois 52

nunb_a nois 6

frst _p_nois 58

nunb_p nois 6

nodel _type I (I nm Noi sermap)

spect _nuns 201, 132, 0 (approach, depart, afterburner)

flt_path A- 09R- TR9- 0- USER- 1

nunb_segs 21

seg start-x start-y start-z unit-x unit-y unit-z I ength speed d.spd t hrust d.thr op flaps bank duration
0 -127253.4 -13322.5 6000. 0 0.9834 0.1754 -0.0454 12171.2 273.4 -17.7 2495. 2 0.0 A - NONE- 0.0 27.3
1 -115283.7 -11187.5 5446. 9 0.9834 0.1754 -0.0454 11357.6 255.7 -17.7 2495, 2 0.0 A - NONE- 0.0 27. 3
2 -104114.1 -9195.2 4930. 8 0.9834 0.1754 -0.0454 10544.1 238.0 -17.7 2495. 2 0.0 A - NONE- 0.0 27.3
3 -93744.5 -7345.6 4451. 6 0.9834 0.1754 -0.0454 9730. 6 220.4 -17.7 2495. 2 0.0 A - NONE- 0.0 27.3
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©C0000000000000000

9834
9834
9831
9899
9986
9981
9981
9981
9981
9981
9995
9995
9995
9995
9995
9995

. 9995

COOOOOOOOLLOL0000

COOOCOOOOO0OO0O00000

)]

-

N

(&
O~NPFRPUIORORLRNOORNNOOIO

60.0, 60.0, 116.0 knots (approach, depart, | evel)

217, 115, 301 (approach, depart, | evel)
side_t

4 -84175.1 -5638.7 4009.5
5 -75405.6 -4074.5 3604. 2
6 -67436.3 -2653.1 3236.0
7 -51330.3 219.7 2378.7
8 -50384.2 345.6 2328.7
9 -49429.8 356. 4 2278.7
10 -37324.9 -42.3 1644.0
11 -25179.2 -442. 4 1007.0
12 -13033.6 -842.5 370.0
13 -6920. 1 -1043.9 50.0
14 -5964. 8 -1075.3 0.0
15 -5084.5 -1104. 3 0.0
16 -4327.5 -1129.3 0.0
17 -3693.9 -1150.1 0.0
18 -3183.7 -1167.0 0.0
19 -2796.8 -1179.7 0.0
20 -2533. 2 -1188.4 0.0
(etc.)
HELI COPTER NO SE
0
helo_id = A109
helo_index =0
rotor _diam = 36.1 feet
rotor_rpm = 385 rpm
ref _weight = 5730 pounds
ref _speeds =
b_left = -0.10, 46.30, 249.37
b _center = 0.10, 53.26, 318.98
b_right = 0.65, 53.98, 746.90
nodel _type = (I nm Noi semap)
spect _nunms =
nunb_npd a = 32 (fqg_type=A
A OL 93.0 89.5 87.1
91.3 85.4 81.5
A 0C 0952 91.9 89.5
93.5 87.8 83.9
A OR 94.2 90.8 88.4
92.5 86.7 82.8
A 1L 92.0 885 86.0
90.3 84.4 80.4
A 1C 89.4 858 83.3
87.7 81.7 77.7
A 1R 90.8 87.3 84.7
89.1 83.2 79.1

npd_i ndex,
84.3 79.
77.2 70.
87.0 82.
79.9 73.
85.8 81.
78.7 72.
83.3 78.
76.2 69.
80.5 75.
73.4 66.
82.0 77.
74.9 67

ORAPFPONNOUOINNNSN

PORFRORMNONNOIOTWI|

ype,

ANFRPBRA~NOBRARNNOOION

10 S

EL

OCOP_P,WOOWOO~NONO

@ 160

ORPRPOOPMPFRPLPOOOWOOW

OWNOWNORFRPROWOWOWWWWO-N

17.7 2495
17.7 2495
-7.5 2495
0.5 2862
0.5 2882
5.9 2902
3.2 3143
2.2 4854
6.5 4682
1.1 8818
18.3 9300
18.3 8008
18.3 6716
18. 3 5425
18.3 4133
18.3 2841

0.0 1550
10 LAMAX)
9

9

6

6

0

0

5

5

6

6

6
.6

ONWO~NWODhWOOOINNDNNN

ONNNNNNOPRPWORrOwoOuUIoOo

>>r>>>>>>>>>>>>>P>>

COOOOO0OO0O0OO0O000000
0000000000000 O0OO
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(etc.)

nunb_ npd p =0 (fqg_type=P
nunb_direc = 8 (ground_type,
H G 0.0 00 0.0
0.0 0.0 0.0 0.0
H H 0.0 00 0.0
0.0 0.0 0.0 0.0
H I -2.6 -1.1 0.9
-0.9 -2.4 -3.1 -2.2
H J 0.0 0.0 0.0
0.0 0.0 0.0 0.0
S G 0.0 00 0.0
0.0 0.0 0.0 0.0
S H 0.0 00 0.0
0.0 0.0 0.0 ©0.0
S |l -3.8 -5.1 -4.0
-1.0 1.7 2.2 -0.1
S J 0.0 0.0 0.0
0.0 0.0 0.0 0.0

(etc.)

HELI COPTER OPERATI ONS

0

helo_id

hel o_i ndex
op_type

wei ght
nunb_ops
flt_path
use_direc
nunb_segs
seg start-

COURWNRO
Cooco0oo0o
coocoooox

A109

0

D (A=app, D=dep, T=t axi , V=ovf)

5730 pounds
2.0000, 0.0000, 0.0000 (day, eve, ngt)
D- HELO- DEPHELO- 0- STANDARD- 1

(0=no, 1=yes)
4

1
1

start

25.
100.

coo00o
Oo0o0O0O0OO

-y

start

npd_i ndex,
op_node,

-Z

[oleololooNeNe]

0.
0.0
0.
0.0
2
0.0
0.
0.0
0.
0.0
0.
0.0
-1.
3.3
0.
0.0

0
0
6
0
0
0

9
0

[eleololoNoNo o)

0.0
0.0
0.0
0.0
3.3
2.2
0.0
0.0
0.0
0.0
0.0
0.0
-0.1
-4.8
0.0
0.0

nit-x
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000

u
1
1
0
1.
1
1
0

si de_type,

0.0
0.0
0.0

1.1
3.2

0.0
0.0

nit-y
. 0000
. 0000
. 0000
0000
. 0000
. 0000
. 9996

0.
0.0
0.
0.0
0.
2.0
0.
0.0
0.
0.0
0.
0.0
1.
0.2
0.
0.0

n

cooorooc

0 0.0
0.0
0 0.0
0.0
5 -2.0
-0.1
0 0.0
0.0
0 0.0
0.0
0 0.0
0.0
9 2.4
2.7
0 0.0
0.0

it-z
0000
0000
0000
0000

. 0000

0000
0300

0.
0.0
0.
0.0
-3.
-2.1
0.
0.0
0.
0.0
0.
0.0
2.
2.2
0.
0.0

| engt

15.
25,
208.

10 EPNL @ 160 kt,
dB @-180 to +180 deg in 15-deg increnments)
0.

0
0
6
0
0
0
1
0

0.
0.0
0.
0.0
-3.
-3.1
0.
0.0
0.
0.0
0.
0.0
0.
-0.7
0.
0.0

0
0
6
0
0
0
5
0

n
©
(9]
D
o

WP

Swooooo
[eeololololoNe]

0.
0.0
0.
0.0
- 2.
2.6
0.
0.0
0.
0.0
0.
0.0
- 2.
3.8
0.
0.0

10 PNLTM

0
0
2
0
0
0
1
0

[ el
TOUO000w

[eleololooNoNaoNoX

© w o © © o ©

o © O O o o o o

t
3
3

wWNORROOT
WOoOOoOuUITUuTo O

© w © © © o © ©

o O O o o o

(6]

000
000
000
000
000
000
000

me head npd

3
4
7
7
13
13
14
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7 0.0 308.3 21.3 0.0000
8 0.0 600. 0 30.0 0.0000
9 0.0 4100.0 1000. 0 0.0000
10 0.0 4835.4 1000.0 0.0000
11 0.0 5768. 7 1000. 0 0.0000
12 0.0 6900.0 1000. 0 0.0000
13 0.0 100000.0 1000.0 0.0000
(etc.)
GRI D PO NTS
0
grid_id = D01
grid _type =
origin = 11000. 2, 2999.8 feet
angl e = 0.0 deg, counterclockw se fromx axis
delta i,j = 3038.1, 3038.1 feet
nunb_i, j =2, 2
ta thresh = 85.0 dB
do_anbient = 0 (0=no, 1=yes)
delta_anb = 3.0 dB
do_percent = 0 (0=no, 1=yes)
ref tinme = 24.00 hours
i j x (ft) y (ft)
0 O 11000. 2 2999. 8
0 1 11000. 2 6037. 8
1 o0 14038. 2 2999. 8
1 1 14038. 2 6037. 8

POPULATI ON PO NTS
LOCATI ON PO NTS
SCREENI NG PO NTS

RPRRRPRROO

. 9996
. 9637
. 0000
. 0000
. 0000
. 0000
. 0000

cooooo0o

0300
2671

. 0000

0000
0000
0000
0000

291.
3631.
735.
933.
1131.
93100.

D (Cont our, St andard, Det ai | ed, Popul ati on, Locati on)

QO WWhAOO

QO W~NOOOo

15.
18.
18.

OQO~N~N~NOO

QUITWWWOW

000
000
000
000
000
000
000

14
13
13
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Table A-1: Flight Path Parameter Descriptions

Flight Path Parameter

Description

seg segment number, each point in the list defines the starting point of a flight path segment
start-x X-position in feet relative to the study’s origin

start-y y-position in feet relative to the study’ s origin

start-z z-position in feet relative to the study’s origin

unit-x unit vector representing the x component of the segment’ s direction

unit-y unit vector representing the y component of the segment’ s direction

unit-z unit vector representing the z component of the segment’ s direction

length length of the segment in feet

speed starting speed of the segment in knots

d.spd change in speed over the segment in knots

thrust® starting thrust for the segment, units dependent upon aircraft type

d.thrt change in thrust over the segment, units dependent upon aircraft type

op" NPD curve operation type (A =approach, D = Departure, X = Afterburner)

flaps’ flap setting used for the segment

bank™ bank angle at the beginning of the segment in degrees, positive in aleft turn and negative in aright turn
duration® time spent on the segment in seconds

time® time spent on the segment in seconds

head” heading of a helicopter while on the ground or in hover relative to its ground track in degrees
npd” helicopter operational mode index, see Table A-2

1 — For fixed-wing aircraft only

2 — For helicopters only
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Table A-2: Helicopter Operational M ode I ndices

2
2

Operational Mode

Approach

Departure

LevelFly

Gndidle

Fltidle

HovInGE

HovOutGE

DepVertinGE

DepV ertOutGE

OO IN|O|OA~|W|IN|FL|O

AppVertinGE

[EY
o

AppVertOutGE

=
=

AppHorDec

=
N

AppDesDec

=
w

DepHorAcc

H
~

DepCimAcc

=
a1

Taxi
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APPENDIX B: ACOUSTIC IMPEDANCE ADJUSTMENT

The mgjority of noise level datain the INM database were derived from data originally measured
during aircraft noise certification tests conducted in accordance with Federal Aviation
Regulation, Part 36, "Noise Standards: Aircraft Type and Airworthiness Certification" (FAR Part
36).M Section 36.5(c)(1) of FAR Part 36 states that the noise measurements must be corrected to
the following [homogeneous] noise certification reference atmospheric conditions:

1. Sealevel pressure of 2116 psf (76 cm mercury),

2. Ambient temperature of 77 degrees Fahrenheit (25 degrees Celsius),

3. Relative humidity of 70 percent, and

4. Zerowind.

The concept of acoustic impedance (denoted by the symbol p-C) isused in INM to correct the
reference-day NPD datato the off-reference, non-sealevel conditions associated with the user-
specified case airport. Acoustic impedance is the product of the density of air and the speed of
sound, and it is afunction of temperature, atmospheric pressure, and indirectly altitude. An
acoustic impedance of 409.81 newton-seconds/m® corresponds to the reference atmospheric
conditions as defined by FAR Part 36. Acoustic impedance adjustments are made to move from
reference-day sea-level conditions to airport-specific temperature and atitude.

Harris™ and Beranek™ both contain empirical curves showing acoustic impedance adjustment as
afunction of temperature and atmospheric pressure (see Figure B-1 and Figure B-2). These
curves can be used to obtain a general sense for the magnitude and direction of the adjustment.
However they are not appropriate for correcting INM NPD data because the curves are
referenced to an acoustic impedance of 406 and 400 newton-seconds/m?, respectively, not the
409.81 newton-seconds/m® associated with NPD reference-day conditions.
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Figure B-2: Acoustic |mpedance Adjustment re. 400 newton-second/m®

The acoustic impedance adjustment is relatively small, usually less than afew tenths of a dB.
However, when there is a significant variation in temperature and atmospheric pressure relative
to reference-day conditions, the adjustment can be fairly substantial. For example, Denver
International Airport isat an elevation of approximately 5000 feet, and assuming a temperature
of 70°F and an atmospheric pressure of 29.92 in-Hg, an acoustic impedance adjustment of —0.77
dB is added to NPD noise curves.

The acoustic impedance adjustment is computed by:
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p-C
Al .. =10-log,,| —— Eq. B-1
- g1°[409.81} q
where
Alap; acoustic impedance adjustment to be added to noise level datain the INM NPD
database (dB),
p-C acoustic impedance at observer altitude and pressure (newton-seconds/m3),
o
p-C=416.86- PR Eg. B-2
) ratio of atmospheric pressure at observer altitude to standard-day pressure at sea
level,
1 5.256
52 P 526 B 0.003566A Eq. B-3
29.92 518.67

0 ratio of absolute temperature at observer atitude to standard-day temperature at
sealevel,
oo [459.67 + T —0.003566- (A E )] Eq. B-4
518.67

observer elevation MSL (feet),

airport elevation MSL (feet),

temperature at airport (°F), and

atmospheric pressure at airport relativeto MSL (in-Hg).

o-Hm>

Reference 13 and Reference 14 explain the acoustic impedance adjustment in terms of sound
intensity and sound pressure. In afreefield for plane waves or spherical waves, the sound
pressure and particle velocity are in phase, and the magnitude of the intensity (power per unit
area) in the direction of propagation of the sound wavesis related to the mean-square sound
pressure by:

=P Eq. B-5

I sound intensity (power per unit areq),
p mean-square sound pressure,
p-c  acoustic impedance.
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Two sound intensities at a given distance from a given acoustical power source, one measured
under actual conditions (no subscript), and the other measured under reference-day conditions
(“ref” subscript), are equivalent:

p’ _ P’re Eq. B-6
pC p-Cy

By rearranging terms and dividing by a constant p, = 20 uPa, the equation becomes:

p’ :( P’ } p-C Eq. B-7
p02 p02 P Cre
Converting to decibels,
p? e -C
10-l0g,, {—2} =10-log,, !—rZ] +10-log,| £ Eq. B-8
0 o P Cre

and substituting symbols, produces the noise level adjustment equation (in decibels):

L=L, +10.Iogm[ p-C } Eq. B-9
P Crg
where
L corrected NPD level at an airport,
Lres NPD level in the INM database for reference-day conditions,

-C . : . .
10-log,, {p_} acoustic impedance adjustment, Alapy, as seen in Equation B-1.
PGy
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APPENDIX C: DERIVATION OF NOISE EXPOSURE FRACTION AND
TIME-ABOVE EQUATIONS

This Appendix presents a derivation of the noise exposure fraction and time-above equations
used in INM Version 7.0. The assumptions are that the aircraft is on a straight and level flight
path flying at constant speed. The equations are based upon a fourth-power, 90-degree dipole
model of sound radiation. The geometry for the derivation is shown in Figure C-1.

g=-vi — >

T:tr_ts

~0 Py (arcraft) P (PCPA) 0
0 - flight path
r S

Figure C-1: Observer/Flight-Path Geometry

distance from the observer at point P to the aircraft at point P; (feet),

perpendicular distance from the observer at point P to PCPA at point Ps (feet),

distance along the flight path relative to PCPA (feet),

speed of the aircraft (feet/s),

time at which the aircraft islocated at point P, (seconds),

time at which the aircraft is located at point Ps (seconds),

time difference, t, minus ts (seconds),

0 angle formed by the flight path and a connecting segment from the aircraft at point
P; to the observer at point P,

Pr root-mean-square sound pressure generated by the aircraft at point Py, and

Ps root-mean-square sound pressure generated by the aircraft at point Ps.

<o n =

a o+

Therelative distance, g, along the flight path from point P, to point Ps is computed from the

scalar product of two vectors: P;P, from the aircraft to the observer; and the unit vector, u, in the
direction of the flight path.

133



PP-PP
-PP.u=—"_"s Eg. C-1
q r |Pr Ps|
Thevalue of qis positiveif the aircraft islocated behind PCPA (as pictured in Figure C-1), and
the value of qisnegativeif the aircraft is ahead of PCPA. Interms of speed and time,

q =—V-7T Eq. C'2
The negative sign is because 1 is negative when the aircraft is behind PCPA.

The noise fraction algorithm is derived from afourth-power, 90-degree dipole time history
model. Inthis model, p? is the mean-square sound pressure at the observer due to the aircraft,
located at point P;; and ps? is the mean-square sound pressure at the observer when the aircraft is
located at PCPA at point Ps. The mean-square pressure, p%, at the observer is expressed in terms

p52 by

2
P’ = pf‘[S—zJ-s'nz(G) Eq. C-3
r
which becomes
S4
P =p Eq. C-4

r

In this equation, the mean-square sound pressure for an aircraft flying along a straight path is
determined by r® spherical spreading loss and by a sin?0 “90-degree dipole” term that accounts
for avariety of physica phenomena. These phenomenainclude atmospheric absorption, whichis
accentuated in front of the airplane due to Doppler shift, sound refraction away from the hot
gases behind the airplane, and ground attenuation. The purpose of the dipole term is to shape the
sides of the time-history curveto fit empirical data®® When the sinf term is replaced by s/r, the
mean-square sound pressure is seen to vary inversely as r*; therefore, another name for the model
isthe “fourth-power” time-history model.

The Pythagorean theorem can be used to solve for r?

= +q° Eq. C-5
Which can be rewritten as follows, given Equation C-2:
1’ = "+ (vr)° Eq. C-6

r 2 V-T ?
() ()
S S

Equation C-7 can then be substituted into Equation C-4, in order to derive the mean-sgquare
pressure as afunction of time:

Ps

()]

P (z) = Eq. C-8
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The integral of the mean-square pressure, from time t; to t,, is the segment noise exposure Ej,

E,=[ p’()ds Eq. C-9
By using the substitution
g =Lz Eq. C-10
S

the segment noise exposure integral becomes

S
Ep, = p52 [;)

and its solution is

e 23] H(l_)m()H(l_)tan()” g 12

The total noise exposure from 1, = —coto T, =0 is

[ R Eq. C-11
a (1+a”)

£ -l p2.S Eq. C-13
2 v

The noise exposure fraction, F;», is the noise exposure between time t; and 1, divided by the total
Noise exposure:

Eq. C-14

1 a,

Fo=[ 2] tan "z, )= — 22— —tant Eq. C-15
12 (”j [M"' an (O‘z) 1+0£12 an (0‘1)} q

The next part of the derivation shows how to calculate o4 and a.

The INM NPD database contains noise exposure level data referenced to 160 knots, Lg 160, and
maximum noise level data, Lsnx. These noiselevel data are related to the parametersin the
above equations by

LE‘m:lO.IoglO[[l]- . ] Eq. C-16
Vo) {po” -t

0 0’t
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2
L., =10-log,, {p—z} Eq. C-17
0
where
Po 20 pPa,
to 1 secfor Lag and Lcg, or 10 sec for Lgpy, and
Vo 270.05 feet/s (160 knots).

To ensure that the total exposure obtained from the fourth-power time-history model in Equation
C-13isconsistent with INM NPD data, the following relationship must hold:

1 5 S
v 27 Py p,’
Le 160 — Lo =10-10g,, [—J 5 -10. Iogl{ 52} Eqg. C-18
Vo po 'to 0
Therefore
[LE,1607LSr1><]
1 S _10 © Eqg. C-19
2 (Vo 'to)
and the distance, s, is scaled to fit the NPD data:
2 [LE,lBO_LS‘nx]
s— (—j-vo 4,10 . Eq. C-20
T

Using the symbol s to indicated a scaled distance, rather than the actual distance, the NPD-
consistency requirement becomes

[Le 160-Lam]
S =510 Eqg. C-21
where
S a constant dependant on the type of noise exposure level:

So = 171.92 feet (52.4 meters) for Lag and Lcg, and
So = 1719.2 feet (524.0 meters) for Lepy.

Using the scaled distance, s, and Equations C-2 and C-10, the two a-numbers that are needed to
calculate the noise exposure fraction, Fi,, are determined by g = q; at the start of a segment:
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1 Eq. C-22
s,
o, =R Eq. C-23
S

where
(o1 relative distance (feet) from segment start point to point Ps, and
L length of segment (feet).

The next part of the derivation shows how to cal cul ate time-above.

Using the previously developed time-history equation and substituting s = 5, the mean-square
pressure is written as a function of time, t, and speed, v, using Equation C-8:

P = N2 Eqg. C-24
[1+(V'Tj ]
SL

The time-history equation is solved for t as a function of p;:

7]
= [S_Lj . (p_J Eq. C-25
v)\p -1

Given anoise threshold level, Ly, of root-mean-square pressure, py,

2
0

the time duration (in seconds) during which the noise level exceeds Ly, Aty, is twice the t-value at
Pr = Px-

2
L =10-log,, {p—} Eq. C-26

Ya

2 23
At, = 2-(S—Lj- (p—ZJ -1 Eq. C-27
\Y P,

which can be written as
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S [Lsr\x,adj 7LX] 5
2-(—0{10 2 —1] L, < Lonag

At =17 v Eq. C-28
0.0 L, = Lanag
where
L smxadj the adjusted maximum noise level at the observer.
Note that
2 t [LE,leo,adj —Lomad ]
S_L:(_j.(L"Oj.lom Eq. C-29
v \rz v
and that
Y
Leag = Leasoag +10- |0910{70} Eq. C-30
where
L E.160.a adjusted noise exposure level referenced to 160 knots,
LEad adjusted noise exposure level at the observer, and
L smx.ad adjusted maximum noise level at the observer.

Equation C-27 can be written to express time-above duration (in minutes) in terms of adjusted
exposure and maximum levels:

1 4 [LE.adJ _LS‘ﬂx,adJ ] [LST'D(.adJ _Lx] 1/2
At, = (_j(_j 1,110 10 110 = -1 Eq. C-31
60) \x
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APPENDIX D: OVERVIEW OF SPECTRAL CLASS DEVELOPMENT

This appendix provides an example of the derivation of a spectral class for the INM database.
Departure spectral class#104 is used in thisexample. The class originally consisted of the
Fokker F28-2000, the McDonnell-Douglas MD80 series aircraft (i.e.,, MD81, MD82 and MD83),
and the Gulfstream GIIB and GllII twin-engine, high bypass ratio turbofan aircraft. The original
development and assignment of spectral classes was performed in 1999 and documented in
Reference 21.

The hushkit retrofitted B737N17, B737N19 and B737700 have NPD curves referenced to
spectral class 104. They were added to the INM database after the original derivations were
performed and were found to agree with an aready devel oped class based on the criteria
described in Step 1 through Step 4 below and Reference 3.

Step 1: Group Similar Aircraft/Engine Combinations

Thefirst step in deriving a spectral classis the grouping of aircraft considered similar based on
the combination of the aircraft and engine types. Considerations for grouping aircraft include the
airframe, type of engine, number of engines, location of engine, and bypass ratio.

Step 2: Visual Inspection of Potential Spectral Class Data

After having grouped the aircraft by similar aircraft/engine types, the maximum-level spectraare
compared. Specifically, each spectrum at the time of A-weighted Maximum Sound Level
(Lasmx) is graphed on asingle chart and visually inspected for similarity. Similarity isbased on
the shape of the spectrum and the relative location of any tones below 1000 Hz. The spectrafor
class 104 are presented in Figure D-1.
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One-Thrid Octave-Band Center Frequency (Hz)

‘_’_FZS " ciB MD80 737N17 / 737N19 ‘

Figure D-1: Departure Class 104

To aid in the visua inspection of the spectra, each oneis normalized to avalue of 70 dB at 1000
Hz. Figure D-2 presents the normalized spectra along with the proposed spectrum that would
represent this spectral class. The representative spectrum for this spectral classisthe weighted
arithmetic average of the individual one-third octave-band spectral data. The weighting was
based on arecent annual survey of the number of departures for each aircraft type.

o RS

{\\
\

a0 B3 B0 100 125 160 200 260 315 400 600 B30 800 1000 1280 1800 2000 2500 3160 4000 5000 6300 BOOO 10000
Frequency (Hz)

‘—e—FQBJ’GHE hDB0 FITMIT F 7I7N18 —s—"Weighted Average - Departure Spectral Class 104 |

Figure D-2: Normalized Spectral Class 104 Data
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Step 3: Verification of Proposed Spectral Class

In order to verify the appropriateness of the proposed spectral class, the individual spectraand
the representative spectrum are used in a series of acoustical calculations that require third-octave
band spectradata. One example isthe algorithm that calcul ates the theoretical ground effect for

a source-to-receiver separation distance of 1000 meters. The EPD Model (see References 45, 46,
47), which was originally documented by Tony Embleton, Joe Piercy and Giles Daigle of the
National Research Council in Canada, was used. This model employs spectral datato calculate
the ground effect for propagation over ground with different effective flow resistivities. A flow
resistivity of 150 cgs rayls (essentially soft ground cover) was used for this validation.

Figure D-3 presents the calculated ground effects as afunction of source-to- receiver elevation
angle for the proposed representative spectrum and the individual aircraft spectra. Additionally,
limit curves are drawn £1 dB from the proposed representative spectrum ground effect. The
proposed representative spectrum is considered appropriate to represent the spectral classif the
ground effect curves for each aircraft generally fall within the proposed representative spectrum
limit curves for al elevation angles.

0.1 100

Ground Effect (dB(A))

-25 °

Elevation Angle (deg)

\
Figure D-3: Spectral Class 104 Ground Effect

F28/GlIB MD80 737N17/737N19 Weighted Average

Step 4: Final Spectral Class

Given that the ground effect curves for each individual aircraft spectrum fall within the £1-dB
limit curves for al elevation angles, the proposed representative spectrum is considered to
adequately represent the individual spectra used to derive the spectral class. Figure D-4 presents
the final spectral class.
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Figure D-4: Departure Spectral Class 104
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APPENDIX E: CALCULATING AUDIBILITY

This appendix provides a description of the computation of the Time Audible (TAud) metricin
INM.

Audibility is defined as the ability for an attentive listener to hear aircraft noise. Detectability is
based on signal detection theory****, and depends on both the actual aircraft sound level
(“signa”) and the ambient sound level (or “noise”). Assuch, audibility is based on many factors
including the listening environment in which oneislocated. Conversely, detectability isa
theoretical formulation based on asignificant body of research. For the purposes of INM
modeling the terms “audibility” and “detectability” are used interchangeably. The detectability
level (d') calculated in INM is based on the signal-to-noise ratio within one-third octave band
spectrafor both the signal and noise, using a 10log(d’) value of 7 dB.

There are three parts to the calculation of audibility in INM:
1. Cadculatethe detectability level (D’Lpang) fOr each one-third octave band of the signal for
asingle contributing flight path segment;
2. Calculate the detectability level (D'Lioa) for the overall signal for a single contributing
flight path segment; and
3. Calculate absolute or percentage of time asignal is audible (detectable by a human) for a
flight path (TAud or %TAud).

Definitions
L signal, band sound level of the signal (aircraft) for a particular frequency band
L noise,band sound level of the ambient noise for a particular frequency band
Nband efficiency of the detector (a scalar value known for each frequency
band)
bandwidth one-third octave bandwidth
D’Lpang detectability level for a particular frequency band
D'Liota total detectability level
d'band detectability for a particular frequency band
d'total sum of squares of detectability over all frequency bands
TAud absolute amount of time asignal is audible by humans
%TAud percentage of atime period that asignal isaudible

Note that values of Lggna,band @Nd Lnsisepand are calculated for each segment-receiver pair and then
the total audibility for a given flight track is summed from the individual segments.
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Part | of Calculations

Calculate the detectability level for each one-third octave frequency band, and then determine if
the signal for that frequency band is detectable.

The theory of detectability level is based on the following equation:
signal
noise

D'L,., :10-Iogm{nband (bandicth)* Eq. E-1

The following one-third octave band filter characteristics are used in the calculation of
detectability:

Table E-4-3: One-Third Octave Band Char acteristics

Nominal Center | Bandwidth
ANSI Band # Frequency (H2) (H2) 10109[#a0q ]
17 50 11 -6.96
18 63 15 -6.26
19 80 19 -5.56
20 100 22 -5.06
21 125 28 -4.66
22 160 40 -4.36
23 200 44 -4.16
24 250 56 -3.96
25 315 75 -3.76
26 400 95 -3.56
27 500 110 -3.56
28 630 150 -3.56
29 800 190 -3.56
30 1000 220 -3.56
31 1250 280 -3.76
32 1600 400 -3.96
33 2000 440 -4.16
34 2500 560 -4.36
35 3150 750 -4.56
36 4000 950 -4.96
37 5000 1100 -5.36
38 6300 1500 -5.76
39 8000 1900 -6.26
40 10000 2200 -6.86

1) Cadculate the detectability level for each one-third octave frequency band.

D=Ly~ 01010510 it
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Eq. E-2
where
10log[nwang] ~ ONe-third octave band specific constant (see Table E-4-3), and

L oiseband the addition of the un-weighted, measured one-third octave band
ambient levels and the appropriate EASN level (see Table E-4-4).

Figure E-1 and Table E-4-4 below present the Equivalent Auditory System Noise (EASN)*
levels derived for modeling audibility using one-third octave band data.

One-Third Octave Band
Equivalent Auditory System Noise (EASN) Floor

50

40 A

30 A

20

Sound Pressure Level (dB)

10 1

-10

10 100 1000 10000 100000
One-Third Octave Band Nominal Center Frequency (Hz)

FigureE-1: EASN Threshold
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Table E-4-4: EASN Threshold

One-Third Octave Band Nominal EASN
Center Frequency (Hz) Threshold (dB)
50 40.2
63 35.0
80 29.8
100 25.8
125 22.2
160 19.0
200 16.2
250 134
315 11.6
400 9.3
500 7.8
630 6.3
800 6.3
1000 6.3
1250 6.1
1600 54
2000 5.2
2500 40
3150 2.8
4000 2.4
5000 4.0
6300 8.1
8000 13.1
10000 17.0

2) Determineif the signal for that frequency band is detectable.
If D'l >7 , thesigna isflagged as detectable for that frequency band.

Part Il of Calculations
Determine if the overall signal is detectable.

1) Cadculate the detectability for each one-third octave frequency band using the band
detectability levels from Part I.
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2)

3)

4)

D'Lpan

dlband -10 Eq E-3
Calculate the square root of the sum of squares of detectability over all frequency bands.
40 , %
d' o :{ Z(dlband) } Eq. E-4
band=17
Calculate the total detectability level.
D'Liga =10- loglo [dltotal] Eq E-S
Determine if the overall signal is detectable.
1 > o H
D'l 27 the overall ggnal fsdetectable Eq E-6
D'L,, <7 the overall signal is not det ectable.

Part Il of Calculations

Calculate the absolute or percentage of time asignal is audible by a human; thetime for asingle
contributing flight path segment is first calculated, then the absolute or percent time is calculated
for an overall event or larger period of time (multiple flights for an average day or other time
period).

1)

Calculate the time audible (in seconds) for asingle flight path.

For each segment, calculate time it takes aircraft to travel through flight path segment

seglength

Segtime=
segspeed

]-#of operations Eq. E-7

where
seglength length (in feet) of contributing flight path segment,
segspeed average speed (in feet/s) during contributing flight path segment,
and
segtime time passed during contributing flight path segment (s).

If segment is flagged as detectable, then
Thud = TAud + stime Eqg. E-8

Once segtime has been totaled for al segments, the percent Time Audible over the user-
specified time period will be:
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%TAud = % Eqg. E-9

where
T the user-specified time period (s).

2) Caculate the time audible (in minutes) for atime period.

TAud
TAUd =—""— Eqg. E-10
! (GOSecondsj a

minute
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APPENDIX F: ATMOSPHERIC ABSORPTION AND LINE-OF-SIGHT
BLOCKAGE ADJUSTMENT EXAMPLE CALCULATIONS

This appendix provides two example calculations: atmospheric absorptions adjustment (AAapy)
and line-of-sight blockage adjustment (LOSapj) in INM, presented in Sections 3.4.1 and 3.4.6
respectively.

Atmospheric Absorption Adjustment Example

For example, the following illustrates the derivation of the atmospheric absorption correction for
INM departure spectral class #103, using the absorption associated with atemperature of 59°F
(15°C) and relative humidity equal to 70%. First, the values for spectral class #103 are presented
below. Thisisaflat (un-weighted) spectrum, corrected using SAE-AIR-18452 to 1000 feet (305
meters) and normalized to 70 dB at 1000 Hz.

Table F-4-5: INM Departure Class #103

F“iqﬁze)”cy 50 | 63 | 8 | 100 | 125 | 160 | 200 | 250 | 315 | 400 | 500 | 630

Normalized | 567 | 661 | 701 | 728 | 766 | 730 | 745 | 770 | 753 | 722 | 722 | 712

Level (dB)

F“zqﬁze)”cy 800 | 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | 6300 | 8000 | 10000
Normalized | 265 | 700 | 69.6 | 711 | 706 | 67.1 | 634 | 635 | 582 | 515 | 423 | 377

Level (dB)

The following data represent the A-weighted spectral class data corrected to the source (a
theoretical distance of O feet) for atmospheric absorption.

Table F-4-6: A-weighted Spectral Class Corrected to Source

F“?A‘Ze)”cy 50 | 63 | 8 | 100 | 125 | 160 | 200 | 250 | 315 | 400 | 500 | 630
Normalized | 566 | 400 | 477 | 539 | 607 | 59.9 | 640 | 688 | 69.3 | 68.1 | 69.9 | 704
Level (dB)

Fre(qﬁze)”cy 800 | 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | 6300 | 8000 | 10000

Normalized

Level (dB) 708 | 718 | 725 | 751 | 758 | 736 | 716 | 740 | 69.7 | 674 | 63.2 65.2
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The following data represent the “source” spectral class corrected to a distance of 1000 feet.

Table F-4-7: Source Spectrum Corrected to Distance of 1000 Feet using SAE-866A

F“zqg‘ze)”cy 50 | 63 | 80 | 100 | 125 | 160 | 200 | 250 | 315 | 400 | 500 | 630
Normalized | 55 | 399 | 476 | 538 | 605 | 59.7 | 637 | 684 | 689 | 67.5 | 692 | 695
Level (dB)

Fre(qﬁze)”cy 800 | 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | 6300 | 8000 | 10000

Normalized
Level (dB)

696 | 703 | 70.7 | 727 | 728 | 696 | 66.1 | 664 | 60.6 | 546 | 44.6 37.8

Table F-4-8: Source Spectrum Corrected to Distance of 1000 Feet using SAE-AIR-1845

F“?A‘Ze)”cy 50 | 63 | 80 | 100 | 125 | 160 | 200 | 250 | 315 | 400 | 500 | 630
Normalized | 955 | 399 | 475 | 537 | 605 | 59.6 | 636 | 684 | 687 | 67.4 | 69.0 | 693
Level (dB)

Fre(qﬁze)”cy 800 | 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | 6300 | 8000 | 10000

Normalized
Level (dB)

694 | 700 | 702 | 721 | 718 | 684 | 646 | 645 | 58.7 | 514 | 412 35.2

This exampleillustrated the process for developing a spectrum at 1000 feet. The same processis
repeated for al 10 INM NPD distances.

The mean-sguare pressure associated with the spectral data corrected to 1000 feet above (for al 24
one-third octave bands) is then summed and converted to decibels to produce the
values of 81.1 (for Table F-4-7) and 80.6 (for Table F-4-8). Thisisinturn
repeated for all 10 INM NPD distances. Table F-4-9 below showsthe final step of
the process with the delta dB differences computed. This difference, calculated
for each of the ten standard INM NPD distances, represents the atmospheric
adjustment (AAapJ) Which is applied to the NPD curves.
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Table F-4-9: Calculated Difference between Corrected Sound Pressure Levelsusing SAE-
ARP-866A and SAE-AIR-1845 (ALL INM Distances)

. A-Weighted A-Weighted .

Distance | »pp.aon (15°C 70%) | SAE-AIR-1845 | Differenceds
200 83.2 83.1 0.1
400 82,6 82.3 03
630 82.0 816 04
1000 811 80.6 05
2000 79.3 785 0.8
4000 76.7 75.7 10
6300 745 734 11
10000 72.0 70.7 13
16000 68.9 67.3 16
25000 65.2 63.3 19

The A-Weighted levels calcul ated above are for a normalized spectral class, assuming 70 dB at
the 1000 Hz one-third octave-band. The deltas in this example are then applied across all power
settings and all A-weighted NPD curves (SEL and LAMAX).

Line-of-Sight Blockage Adjustment Example

Given the relationship between the variables in Equations 3-34 through 3-36 for calculating LOSap;
(see Section 3.4.6), an increase in the path length difference will result in an increase in the Fresnel
number and, thus, an increasein barrier attenuation. If the frequency increases, barrier attenuation
increases aswell. For illustrative purposes, Figure F-1 shows the relationship between path length
difference and barrier effect for four different one-third octave-bands: 50 Hz, 550 Hz, 1000 Hz
and 5000 Hz.
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Barrier Effect (dB)
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Figure F-1: Barrier Effect Versus Path Length Difference
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APPENDIX G: INM DATABASE SUBMITTAL FORM

The INM database submittal form implements the data requirements for a noise model as given in
the following documents: Society of Automotive Engineers (SAE), Airspace Information Report
(AIR), SAE-AIR-1845 “Procedure for the Calculation of Airplane Noise in the Vicinity of
Airports’®; European Civil Aviation Conference, “ECAC.CEAC Doc 29, Report on Standard
Method of Computing Noise Contours around Civil Airports’? and International Civil Aviation
Organization (ICAQ), “Recommended Method for Computing Noise Contours around Airports,
Circular 205”2 and “Environmental Protection, Annex 16, Volume 1, Aircraft Noise’?. The
following describes the aircraft performance (SAE-AIR-1845 Appendix A) and noise data
(Appendix B) required for aircraft to be included in the database of the Federal Aviation
Administration'sINM. Someitemsin this request form include enhancements to these documents,
which are currently under review.

The fixed-wing aircraft portion of the INM database is harmonized with ICAO’ s Aircraft Noise and
Performance (ANP) database, which accompanies ECAC's Doc 29 2. All fixed-wing aircraft
submittals to the INM database will likewise be considered for implementation in the ANP
database. ICAO’'s ANP database islocated at: http://www.aircraftnoisemodel.org/ .

The following describes the performance and noise data required for aircraft to be included in the
FAA’sINM database. Theformin Appendix G.1isintended for the submittal of fixed wing
aircraft noise and performance data for the INM database. Although propeller aircraft data may
also be submitted with Appendix G.1, asmplified submittal form for propeller aircraft is provided
in Appendix G.2. Theformin Appendix G.3 isavailable for helicopter noise and performance
data submittals.
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APPENDIX G.1: INM DATABASE SUBMITTAL FORM FOR FIXED-WING
AIRCRAFT

1. REFERENCE CONDITIONS FOR PERFORMANCE DATA

Table G-4-10: Reference Conditions for Perfor mance Data

Wind 4 r_n/s (8 knots) headwind, constant with
height above ground

Runway elevation Mean SealLevel (MSL)

Runway gradient None

Surface Air temperature 15°C (59°F)

Number of engines supplying thrust All

Atmosphere International Standard Atmosphere (1SA)

The Jet thrust coefficients of Section 4, may be validated for conditions other than 15°C, sealevel.
For these equations, it has been shown that coefficients may be devel oped for temperatures of 15°C
to temperatures up to the engine break point and for takeoff altitudes of sealevel up until 5000 feet
above sealevd.

Other SAE parameters such as rate-of-climb are not as flexible in their use and should be developed
for agpecific atmosphere. As per SAE-AIR-1845, the default operating procedures described in
Section 5 will be provided for airports at 15°C, sealevel condition assuming the International
Standard Atmosphere. As an example, the parameters for rate-of-climb, target speed, and cutback
height for a procedure will be developed specifically for sealevel 1SA.
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2. AIRCRAFT AND ENGINE DATA

Where there are variations in certification weights and engine thrusts for a given model, provide
datafor the heaviest aircraft in terms of maximum gross takeoff weight in the model classification.
NOTE: Aircraft should reference a certification equivalent. Where there are variations in weight
and engine thrusts for agiven model, datafor the heaviest aircraft that has been delivered in the
model classification should be provided.

Aircraft model
Engine model

Number of engines

Engine type (j€et, turboprop, piston)

Engine Ingtallation (tail- or wing-
mounted)

Noise stage number (2, 3, 4)

Maximum static thrust (Ib/engine)

Automated thrust restoration (yes, no)

Weight class (small, large, heavy)

Maximum gross takeoff weight (1b)

Maximum gross landing weight (1b)

Maximum landing distance (ft)

Reference Certification Levels TO: SL: AP:

3. GUIDANCE FOR DEFAULT WEIGHTS AND PROCEDURES

Default procedures should be developed for ranges suitable for representing the normal operating
range of the aircraft. In thisway, users may interpolate to other weights provided they have
justification or other data. In the absence of more detailed data, users will resort to default
weights corresponding to the trip length of the aircraft. Takeoff weights should be developed so
asto increase with an increase in mission trip length. Weight assumptions should use industry
planning assumptions for load factor, average passenger weight, excess cargo beyond passenger
weight, and fuel required to complete mission trip length. Weights should be devel oped for the
trip length ranges using the default mission planning rules below.
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Departure Takeoff Weights

Stagenumber | Trip length (nmi) geprwta“"e Weight (Ib)
ange
1 0-500 350 Ib
2 500-1000 850 Ib
3 1000-1500 1350 Ib
4 1500-2500 2200 Ib
5 2500-3500 3200 Ib
6 3500-4500 4200 Ib
7 4500-5500 5200 Ib
8 5500-6500 6200 Ib
9 >6500 Ib

The following guidance has been established to provide common mission planning rules for
determining default weights to the stage lengths given in the table above.

Table G-4-11: Guidancefor Determining Departure Takeoff Weights

Parameter Planning Rule
Representative Trip Length Min Range + 0.70* (Max Range — Min Range)
Load Factor 65% Total Payload.
Fuel Load Fuel Required for Representative Trip Length + ATA

Domestic up to 3000 nm and International Reserves for
trip length > 3000 nm.

As an example, typical domestics reserves include 5%
contingency fuel, 200 nm alternate landing with 30
minutes of holding.

Cargo No additional cargo over and above the assumed
payload percentage

Not al ninetrip lengths will be required for every aircraft as not al aircraft will be able to fly the
higher trip length ranges. In addition to providing the trip length ranges for which an aircraft is
ableto fly, weights and procedures should a so be devel oped for the aircraft maximum takeoff
weight. If relevant, alower bound weight may also be provided that would be more
representative of operations that would occur at weights below trip lengths of 350 nautical miles
using the mission planning rules above.

4. AERODYNAMIC COEFFICIENTS

Aerodynamic coefficients for use with the SAE-AIR-1845 equations are required for available flap
settings. The flap settings may be identified in degrees and abbreviations. Please provide data for
all flap settings specified in Sections 6 and 7, and include separate coefficients per flap setting for
cases with landing gear up and with landing gear down as appropriate.
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Flap Configuration Operr]a“o Gear | Takeoff | Takeoff | Land | DraglLift
Identifier (A, D)1 B (ft/lb) | C (kt/NIb) | D (kt/NIb) R
D down
D down
D up 2
D up
D up
A up
A up
A down
A down
A down

L A = Approach, D = Depart
% Not applicable

5. ENGINE COEFFICIENTS

For jet aircraft, engine coefficients in accordance with SAE-AIR-1845 equations are required for
maximum takeoff, maximum climb, and genera thrust in terms of EPR or N1. The Max-Takeoff
coefficients should be vaid to 6000 feet MSL, the Max-Climb and Genera Thrust coefficients
should be valid to 16000 feet MSL. Thisis necessary so that the INM accurately models operations
at high atitude airports such as Denver and Salt Lake City.

In addition, high temperature coefficients are required for operations above the thrust break
temperature. INM uses the Max-Takeoff and Max-Climb coefficients below the breakpoint
temperature and uses the Hi-Temp coefficients above the breakpoint temperature. The breakpoint
temperatureis at the intersection of the two curves. An example of Max-Takeoff and Hi-Temp
Max-Takeoff curvesis shown in Figure G-1.
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E F Ga Gb H

Thrust Type (Ib) (Ib/kt) (Ib/ft) (Ib/ft?) (Ib/°C)

Max-Takeoff
Hi-Temp Max-Takeoff
Max-Climb
Hi-Temp Max-Climb

Genera Thrust
Hi-Temp Generd Thrust

K3

Kla K1b K2 Ib/(N1/6)
2

(IL/EPR) | (IL/EPRY) or Ib/(N /)

General Thrust

Hi-Temp Genera Thrust

For propeller-driven aircraft, engine coefficients in accordance with SAE-AIR-1845 equations are
required for propeller efficiency and installed net propulsive power. Note that turboprop engine
performance may be better modeled with the jet engine coefficients given above.

Propeller Installed net propulsive
VT ES Efficiency horsepower (hp)
Max-Takeoff
Max-Climb

6. DEPARTURE PROCEDURES

Departure procedures consist of atakeoff segment, and a combination of climb and acceleration
segments up to an altitude of 10000 feet AFE. A climb segment is defined by its endpoint altitude.
An acceleration segment is defined by its rate-of-climb and the calibrated airspeed at its endpoint.
The flap settings are indicated for endpoints of segments. These flap settings should coincide with
those given in Section 4 above. Please provide procedural datafor each stage length givenin

Section 3 above.

Default takeoff proceduresinclude an ICAO A, an ICAO B, and aBBN/AAAI reference*
procedure. Guidelinesfor the al three procedures are included below. In developing these
procedures, manufactures should use best judgment based on experience with their customersin
determining a default takeoff flap setting and an appropriate power cutback point. Manufacturers of
propeller-driven aircraft should use their own recommended procedures.

* Higtorically, the BBN/AAAI reference procedure is known asthe “STANDARD” procedure.
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Table G-4-12: Default Takeoff Procedures

Standard Procedure* ICAO A ICAOB
M odified BBN/AAAI Procedure
Takeoff at MaxToPower and Takeoff MaxToPower Takeoff at MaxToPower

Climb to 1000 feet dtitude

Pitch over and cutback to climb Climb at constant KCAS to Climb to 1000 feet and
power. Accelerate to zero flaps 1500 feet pitch-over to accelerate at
retracting flaps on schedulet. full power to clean
configuration

Climb at constant speed to 3000 | Reduce thrust to Climb Power | At Clean Configuration,
feet atitude. cutback top climb power

Climb at KCASto 3000 feet | Climb at constant speed to

3000 feet
Upon achieving 3000 feet Accelerate while retracting Upon achieving 3000 feet
dtitude, accelerate to 250 knots . | flapsto Zero. AFE, accelerate to 250
knots

Continue accelerating to 250
knots.

Upon achieving 250 knots, climb | Upon achieving 250 knots, Upon achieving 250 knots,
out to 10000 feet. climb to 10000 feet climb to 10000 feet

The table below should be completed for each submitted procedure (ICAO A, BBN/AAAL, €etc)
over each takeoff weight given in section 3.0. The number and sequence of the SAE/Doc 29
procedure steps given below is for example purposes only and will vary depending on the aircraft
and operating procedure. Additional information on CLIMB and ACCELERATION procedures
stepsis provided in SAE-AIR-1845.

* |n manner cases, the “STANDARD” procedure is the same as the ICAO B procedure. Manufacturers of propeller-
driven aircraft should use their own recommended procedures.

T .During acceleration steps, flaps are retracted on scheduled according to the published guidance for the airplane.
Power is distributed between climb and acceleration according to the flight management system for the aircraft. This
distribution between climb and acceleration should be provided as part of the data submission. Asan example, a
parameter of 55/45 would signify that 55% power would be for climb and 45% would be for acceleration .
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Stage
Number

Repeat table for each takeoff stage number (takeoff weight) listed in Section 2

S%r:gt -'Il:gggrt Confli:glji?ati on ir:(tj:?l?(ljr: Rglt ;Og Eggzgtljnt ThruStstagt (Ib)
(T/IC) Identifiert (ft AFE) (ft/min) (KCAS)
Takeoff Ib
Climb ft Ib
Climb ft lb
Accderate fpm kt Ib
Accdlerate fpm kt Ib
Climb ft Ib
Climb ft Ib
Accdlerate fpm kt Ib
Accderate fpm kt Ib
Climb 10000 Ib

* Add, delete, and sequence the segments as necessary to represent a takeoff procedure.
T T = Max-Takeoff, C = Max-Climb, as defined in Section 4.

¥ Usetheidentifiersin Section 3.
8§ These data are used to compare to INM-computed thrust values.
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7. APPROACH PROCEDURES

A landing profile should be calculated for a starting altitude of 10000 feet above field elevation
(AFE). Theflap-setting identifiers should coincide with those given in Section 4.0 above. Reverse
thrust distance is nominally 10% of ground roll distance, which is 90% of the stop distance (FAR
Part 25 field length required for maximum gross landing weight) minus 954 feet. Theidle/taxi
distanceis 90% of the stop distance minus 954 feet. Stop distance can be smaller than the maximum
landing distance reported in Section 2.0 above. Reverse corrected net thrust is nominally 40% of
maximum static thrust for narrow-body aircraft and 10% of maximum static thrust for wide-body
aircraft. Taxi/idle corrected net thrust is nominally 10% of maximum static thrust reported in
Section 2 above.

The table below should be completed for each submitted landing procedure. The number and
sequence of the SAE/Doc 29 procedure steps given below is for example purposes only and will
vary depending on the aircraft and operating procedure. Additional information on landing
procedures stepsis provided in SAE-AIR-1845.

Landing weight (1b) Ib
Stopping distance* (ft) ft

Starting | Decent Start UiEEs Start Thrust | Start

Altitude | Angle | Speedf | D' | o of qatic | Thrusts

(AFE) | (deg) |(KTAS) (Lﬁgtﬁ)m(tf?) thrus) (Ib)

Profile . Starting Flap
Point Operation Configurationt

Descend

Descend

Descend

Levd-
Decd

Descend

Land

Decelerate

OIN|O|O| D | W[IN|F

Decderate 0ft

* FAR Part 25 field length required for maximum gross landing weight.

T Useidentifiersin Section 4.

T Landing speed is for reference only; INM calculates landing speed using the D coefficient (Section 3) and landing
weight.

8§ These data are used to compare to INM-computed thrust values.
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8. NOISE DATA

Noise Power Distance data are requested for noise exposure levels (Sound Exposure Level and
Effective Perceived Noise Level) and maximum noise levels (Maximum A-weighted Sound Level
and Maximum Tone-Corrected Perceived Noise Level). Specific guidelines for developing Noise
Power Distance (NPD) data are provided in SAE-AIR-1845. NPDs should be provided for
representative corrected net thrust values that span the procedures given in Section 6 and Section
7. In general, noise measurements are collected under certification-like conditions and then are
adjusted to different distances based on spherical divergence, atitude duration, time-varying
aircraft speed, and atmospheric absorption. Where applicable, be sure to differentiate between
approach and takeoff configuration noise data. For example, "6000-A" would be 6000 Ib. of
corrected net thrust under approach configuration.

Noise data for approach conditions should use the final approach landing speed as the reference
speed for the noise data.

All exposure based metrics such as EPNL and SEL should be further normalized to 160 knots
using the duration correction equation in SAE-AIR-1845.

Sound exposure levels should be calculated for the distances given on the tables, below which
range from 200 feet to 25000 feet. SEL values lessthan 75 dB may require additional
extrapolation and may not be consistently derived or accessed for accuracy across al aircraft

types.

Unweighted one-third octave-band spectral data corresponding to the time of Lpytsmx @nd the
time of Lasmx Should be provided for each thrust level represented in the NPDs. The spectral data
should be measured at areference distance of 1000 ft, and span the one-third octave-bands from 50
to 10000 Hz. Where applicable, be sure to differentiate between approach and takeoff
configuration noise data.
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Noise Type*

Operationt

Repest table for each combination of noise type and operation (8 tables)

Corrected Net Thrust per Engine (Ib)

Di%%“ce Ib Ib Ib Ib Ib Ib
200 dB daB daB daB dB dB
400 dB dB dB dB daB daB
630 dB dB dB dB dB dB
1000 dB daB dB daB dB dB
2000 dB daB dB daB daB daB
4000 dB dB dp| dB dB dB
6300 dB daB dB daB dB dB

10000 dB dB dB dB dB dB
16000 dB dB dB dB dB dB
25000 dB dB dB dB dB daB

* NOISE TYPES

Lae = Sound Exposure Level (reference speed 160 knots)
Lepy = Effective Perceived Noise Level (reference speed 160 knots)
Lasmx = Maximum A-weighted Sound Level (at speed close to 160 knots)

Lentsx = Maximum Tone-Corrected Perceived Noise Leve (at speed close to 160 knots)

T OPERATIONS
A = Approach
D = Depart
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Noise Type

Operation

Repest table for each combination of noise type and operation (8 tables)

Corrected Net Thrust per Engine (Ib)

Distance

() Ib Ib Ib Ib Ib Ib
200 dB dB dB| dB dB dB
400 dB dB dB| dB dB dB
630 dB dB dB dB dB dB
1000 dB dB dB| dB dB dB
2000 dB dB dB| dB dB dB
4000 dB dB dB| dB dB dB
6300 dB dB dB dB dB dB
10000 dB dB dB dB dB dB
16000 dB dB dB| dB dB dB
25000 dB dB dB dB dB dB

In addition, tables of third-octave band spectral data are requested, two tables at the time of

Maximum A-weighted Sound Level for approach and departure operations, and two tables at the

time of Maximum Tone-Corrected Perceived Noise Level for both approach and departure

operations. The spectrashould be at the same corrected net thrust values as provided in the noise
exposure and maximum noise tables. The spectra should be measured at a speed close to 160 knots

and adjusted to a reference distance of 1000 feet using the atmospheric absorption table in SAE-

AlIR-1845.
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Third-octave band spectra at time*

Operationt

Repeat table for each combination of time and operation (4 tables)

Corrected Net Thrust per Engine (Ib)

Band (Hz) Ib Ib Ib Ib Ib Ib
50 dB dB dB dB dB dB
63 dB daB dB daB daB dB
80 dB daB dB daB daB daB
100 dB daB dB daB daB dB
125 dB dB dB dB dB dB
160 dB daB daB daB daB daB
200 dB dB dB dB dB dB
250 dB daB dB daB daB dB
315 dB dB dB dB dB dB
400 dB dB dB dB dB dB
500 dB daB daB daB daB daB
630 dB dB dB dB dB dB
800 dB daB dB daB daB dB

1000 dB dB dB dB dB dB
1250 dB daB dB daB daB dB
1600 dB daB daB daB daB daB
2000 dB dB dB dB dB dB
2500 dB daB dB daB daB dB
3150 dB dB dB dB dB dB
4000 dB daB dB daB dB dB
5000 dB daB daB daB daB daB
6300 dB daB dB daB dB dB
8000 dB daB dB daB daB dB
10000 dB dB dB dB dB dB

* At time of LASmx and LPNTSmx
T Operation A = Approach and D = Depart
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Corrected Net Trust per Engine (Ib)

22000 I
21000 :
20000 :
19000 :
18000 :
17000 :

16000

Example of MAX and HI TEMP curves

Modern Jet Aircraft
Sea Level
Max Takeoff

160 Kcas

MAX TAKEOFF Break Point

\

Y

HITEMP TAKEOFF \

10 20 30 40 50 60 70 80 90
Airport Temperature (F)

Figure G-1: Example Maximum Takeoff Thrust vs. Temperature
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APPENDIX G.2: INM DATABASE SUBMITTAL FORM FOR PROPELLOR-
DRIVEN, FIXED-WING AIRCRAFT

Sincethe form in Appendix G.1 may be used for either jet or propeller fixed-wing aircraft, itis
formatted to allow for the entry of information that may be extraneous for propeller aircraft.
Therefore, an abbreviated version of that form specific to propeller-driven aircraft is presented in
Appendix G.2. Itisintended for the submittal of propeller-driven, fixed-wing aircraft noise and
performance data for the INM database.

1. REFERENCE CONDITIONS FOR PERFORMANCE DATA

Table G-4-13: Reference Conditionsfor Performance Data

wind 4 m/s (8 kts) headwind, constant with

height above ground
Runway elevation Mean SealLevel (MSL)
Runway gradient None
Surface Air temperature 15°C (59°F)

Number of engines supplying thrust All

Atmosphere International Standard Atmosphere (1SA)

As per SAE-AIR-1845, the default operating procedures described in Section 5 will be provided for
airports at 15°C, sealevel condition assuming the International Standard Atmosphere. Asan
example, the parameters for rate-of-climb, target speed, and cutback height for a procedure will be
developed specificaly for sealevel 1SA.

2. AIRCRAFT AND ENGINE DATA

Where there are variations in certification weights and engine thrusts for a given model, provide
datafor the heaviest aircraft in terms of maximum gross takeoff weight in the model classification.
NOTE: Aircraft should reference a certification equivalent. Where there are variations in weight
and engine power settings for a given model, data for the heaviest aircraft that has been delivered in
the model classification should be provided. Furthermore, power should be presented in the form
of horsepower.
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Aircraft model
Engine model

Number of engines

Engine type (jet, turboprop, piston)

Engine Ingtdlation (tail- or wing-
mounted)

Noise stage number (2, 3, 4)
Sea L evel rated HP (per engine)
Automated thrust restoration (yes, no)

Weight class (small, large, heavy)

Maximum gross takeoff weight (1b)

Maximum gross landing weight (1b)

Maximum landing distance (ft)
FAR Part 36 Reference Certification

Levels, dither:
(& Appendix B, or TO: SL: AP:
(b) Appendix G TO:

3. GUIDANCE FOR DEFAULT WEIGHTS AND PROCEDURES

Default procedures should be developed for ranges suitable for representing the normal operating
range of the aircraft. Inthisway, users may interpolate to other weights provided they have
justification or other data. In the absence of more detailed data, users will resort to default
weights corresponding to the trip length of the aircraft. Takeoff weights should be developed so
asto increase with an increase in mission trip length. Weight assumptions should use industry
planning assumptions for load factor, average passenger weight, excess cargo beyond passenger
weight, and fuel required to complete mission trip length. Weights should be devel oped for the
trip length ranges using the default mission planning rules below.

* TO = takeoff; SL = sideline; and AP = Approach.
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Departure Takeoff Weights

Stagenumber | Trip length (nmi) gepr@mta“"e Weight (Ib)
ange
1 0-500 350 Ib
2 500-1000 850 Ib
3 1000-1500 1350 Ib
4 1500-2500 2200 Ib
5 2500-3500 3200 Ib
6 3500-4500 4200 Ib
7 4500-5500 5200 Ib
8 5500-6500 6200 b
9 >6500 Ib

The following guidance has been established to provide common mission planning rules for
determining default weights to the stage lengths given in the table above.

Table G-4-14: Guidance for Determining Departure Takeoff Weights

Parameter Planning Rule
Representative Trip Length Min Range + 0.70* (Max Range — Min Range)
Load Factor 65% Total Payload.
Fuel Load Fuel Required for Representative Trip Length + ATA

Domestic up to 3000 nm and International Reserves for
trip length > 3000 nm.

As an example, typical domestics reserves include 5%
contingency fuel, 200 nm alternate landing with 30
minutes of holding.

Cargo No additional cargo over and above the assumed
payload percentage

Not al ninetrip lengths will be required for every aircraft as not al aircraft will be able to fly the
higher trip length ranges. In addition to providing the trip length ranges for which an aircraft is
ableto fly, weights and procedures should a so be devel oped for the aircraft maximum takeoff
weight. If relevant, alower bound weight may also be provided that would be more
representative of operations that would occur at weights below trip lengths of 350 nautical miles
using the mission planning rules above.

4. AERODYNAMIC COEFFICIENTS

Aerodynamic coefficients for use with the SAE-AIR-1845 equations are required for available flap
settings. The flap settings may be identified in degrees and/or abbreviations. Please provide data
for al flap settings specified in Sections 6 and 7, and include separate coefficients per flap setting
for cases with landing gear up and with landing gear down as appropriate. Fixed gear aircraft do not
require gear position information.
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Flap Configuration
Identifier

Operation
(A, D)

Gear Takeoff Takeoff Land
B (ft/lb) | C (ktAb) | D (kt/NIb)

Drag/Lift
R

down

down

up

up

up

up

up

down

down

>|>|>|(>»|(>»|0|0|0|0C|0

down

5. ENGINE COEFFICIENTS

For propdler-driven aircraft, engine coefficients in accordance with SAE-AIR-1845 equations are
required for propeller efficiency and installed net propulsive power. In many cases, turboprop
engine performance may be better modeled with the jet engine coefficients given in the Appendix

G.1

Note that the current version of the INM uses the Max-Climb power setting from the thrust
reduction point up to 10000 feet AFE. If the aircraft engineisflat-rated, no changeisrequired. If
the engineis normally aspirated, the average power in the climb should be used. Propeller
efficiencies should also be averaged over the conditions when the different power settings are used.

. Propeller Installed net propulsive
FalliEr SEHlg Efficiency horsepower (hp)
Max-T akeoff
Max-Climb

* A = Approach, D = Depart
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6. DEPARTURE PROCEDURES

Departure procedures consist of atakeoff segment, and a combination of climb and acceleration
segments up to an dtitude of 10000 feet AFE. A climb segment is defined by its endpoint atitude.
An acceleration segment is defined by its rate-of-climb and the calibrated airspeed at its endpoint.
Theflap settings are indicated for endpoints of segments. These flap settings should coincide with
those given in Section 4 above. Please provide procedural datafor each stage length givenin
Section 3 above.

The table below should be completed for each submitted procedure over each takeoff weight
given in Section 3. The number and sequence of the SAE/Doc 29 procedure steps given below is
for example purposes only and will vary depending on the aircraft and operating procedure.
Database submittals should comply with manufacturer’ s recommended departure procedures.
Additional information on CLIMB and ACCELERATION procedures stepsis provided in SAE-
AIR-1845. Note, certain SAE parameters such as rate-of-climb are not flexible in their use and
should be developed for a specific atmosphere.

Stage
Number
Repeat table for each takeoff stage number (takeoff weight) listed in Section 2
S%r;?t Smeg} Conf%??ati Pn EAr:g?S(Ijr: Rglt iF;LT;)tI- Eggzgjnt Start(;ll')f;rusﬁ
(T/C) | dentifier (ft AFE) (ft/min) (KCAS)

Takeoff Ib
Climb Ib
Climb Ib

Accelerate Ib
Accelerate Ib
Climb Ib
Climb Ib
Accelerate Ib
Accderate Ib
Climb Ib

* Add, delete, and sequence the segments as necessary to represent a takeoff procedure.
T T = Max-Takeoff, C = Max-Climb, as defined in Section 4.

¥ Usetheidentifiersin Section 3.

8§ These data are used to compare to INM-computed thrust values.
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7. APPROACH PROCEDURES

A landing profile should be calculated for a starting altitude of 6000 feet above field elevation
(AFE) and a3-degree glide Slope. The flap-setting identifiers should coincide with those given in
Section 4 above. Theidle/taxi distance is 90% of the stop distance (FAR Part 25 field length
required for maximum gross landing weight) minus 954 feet. Stop distance can be smaller than the
maximum landing distance reported in Section 2 above. Taxi/idle power setting is nominally 10%
of SeaLevel rated horsepower reported in Section 2 above.

The table below should be completed for each submitted landing procedure. The number and
sequence of the SAE/Doc 29 procedure steps given below is for example purposes only and will
vary depending on the aircraft and operating procedure. Additional information on landing
procedures stepsis provided in SAE-AIR-1845.

Landing weight (1b) Ib
Stopping distance’ (ft) ft

Track
+ | Distance | Taxi/idle Start
(Horizontal |power settingThrust® (Ib)
Length) (ft

Starting | Decent Start
Altitude | Angle
(ft AFE) (deg) | (KTAS

Profile . Starting Flap
point | OPeraion Configuration’

Descend

Descend

Descend

Level-
Deced

Descend
Land
Decelerate
Decelerate

(N |jo| D | W|IN|F

* FAR Part 25 field length required for maximum gross landing weight.

T Useidentifiersin Section 4.

T Landing speed is for reference only; INM calculates landing speed using the D coefficient (Section 3) and landing
weight.

8§ These data are used to compare to INM-computed thrust values.
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8. NOISE DATA

Noise Power Distance data are requested for noise exposure levels (Sound Exposure Level and
Effective Perceived Noise Level) and maximum noise levels (Maximum A-weighted Sound Level
and Maximum Tone-Corrected Perceived Noise Level). Specific guidelines for devel oping Noise
Power Distance (NPD) data are provided in SAE-AIR-1845. NPDs should be provided for
representative corrected net thrust values that span the procedures given in Section 6 and Section
7. Corrected net thrust for propeller-driven aircraft should be calculated using the SAE-AIR-1845
equations (or equation 2-13 in the INM 7.0 Technical manual) and the coefficients provided in
this data submittal. In general, noise measurements are collected under certification-like
conditions and then are adjusted to different distances based on spherical divergence, atitude
duration, time-varying aircraft speed, and atmospheric absorption. Where applicable, be sureto
differentiate between approach and takeoff configuration noise data. For example, "200-A"
would be 200 Ib. of corrected net thrust per engine under approach configuration.

Noise data for approach conditions should use the final approach landing speed as the reference
speed for the noise data.

All exposure based metrics such as EPNL and SEL should be further normalized to 160 knots
using the duration correction equation in SAE-AIR-1845.

Sound exposure levels should be calculated for the distances given on the tables, below which
range from 200 feet to 25000 feet.

Unweighted one-third octave-band spectral data corresponding to the time of Lpytsmx @nd the
time of Lasmx Should be provided for each thrust level represented in the NPDs. The spectral data
should be measured at areference distance of 1000 ft, and span the one-third octave-bands from 50
to 10000 Hz. Where applicable, be sure to differentiate between approach and takeoff
configuration noise data.
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Noise Type

Operation’

Repest table for each combination of noise type and operation (8 tables)

Corrected Net Thrust per Engine (Ib)

Di%%“ce Ib Ib Ib Ib Ib Ib
200 dB dB dB dB dB dB
400 dB dB dB dB dB dB
630 dB dB dB dB dB dB
1000 dB dB dB dB dB dB
2000 dB dB dB dB dB dB
4000 dB dB dB dB dB dB
6300 dB dB dB dB dB dB

10000 dB dB dB dB dB dB
16000 dB dB dB dB dB dB
25000 dB dB dB dB dB dB

* NOISE TYPES

Lae = Sound Exposure Level (reference speed 160 kt)
Lepy = Effective Perceived Noise Level (reference speed 160 kt)
Lasmx = Maximum A-weighted Sound Level (at speed closeto 160 kt)

Lentsx = Maximum Tone-Corrected Perceived Noise Leve (at speed close to 160 kt)

T OPERATIONS
A = Approach
D = Depart
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Noise Type

Operation
Repeat table for each combination of noise type and operation (8 tables)

Corrected Net Thrust per Engine (Ib)

Dis(’;";‘)”ce Ib Ib Ib Ib Ib Ib
200 dB dB dB dB dB dB
400 dB dB dB dB dB dB
630 dB dB dB dB dB dB
1000 dB dB dB dB dB dB
2000 dB dB dB dB dB dB
4000 dB dB dB dB dB dB
6300 dB dB dB dB dB dB

10000 dB dB dB dB dB dB
16000 dB dB dB dB dB dB
25000 dB dB dB dB dB dB

In addition, tables of third-octave band spectral data are requested, two tables at the time of
Maximum A-weighted Sound Leve for approach and departure operations, and two tables at the
time of Maximum Tone-Corrected Percelved Noise Leve for both approach and departure
operations. The spectra should be at the same corrected net thrust values as provided in the noise
exposure and maximum noise tables. The spectra should be measured at a speed close to 160 knots
(if the aircraft is capable) and adjusted to areference distance of 1000 feet using the atmospheric
absorption table in SAE-AIR-1845.
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Third-octave band spectraat time

Operation’

Repeat table for each combination of time and operation (4 tables)

Corrected Net Thrust per Engine (Ib)

Band (Hz) Ib Ib Ib Ib Ib Ib
50 dB dB dB dB dB dB
63 dB daB dB daB daB dB
80 dB daB dB daB daB daB
100 dB daB dB daB daB dB
125 dB dB dB dB dB dB
160 dB daB daB daB daB daB
200 dB dB dB dB dB dB
250 dB daB dB daB daB dB
315 dB dB dB dB dB dB
400 dB dB dB dB dB dB
500 dB daB daB daB daB daB
630 dB dB dB dB dB dB
800 dB daB dB daB daB dB

1000 dB dB dB dB dB dB
1250 dB daB dB daB daB dB
1600 dB daB daB daB daB daB
2000 dB dB dB dB dB dB
2500 dB daB dB daB daB dB
3150 dB dB dB dB dB dB
4000 dB daB dB daB dB dB
5000 dB daB daB daB daB daB
6300 dB daB dB daB dB dB
8000 dB daB dB daB daB dB
10000 dB dB dB dB dB dB

* At time of LASmx and LPNTSmx

T Operation A = Approach and D = Departure/
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APPENDIX G.3: INM DATABASE SUBMITTAL FORM FOR
HELICOPTERS

The following describes the performance and noise data required for helicoptersto beincluded in
the FAA’sINM database.

1. REFERENCE CONDITIONS FOR PERFORMANCE DATA

Helicopter noise data required for use in the INM should be corrected for the conditions contained
in the following table.

Table G-4-15: Reference Conditionsfor Performance Data

Wind Zero
Runway/helipad elevation Mean SealLevel (MSL)
Atmosphere SAE-AIR-1845, Appendix B

Number of engines supplying thrust All

Atmosphere International Standard Atmosphere (1SA)

2. AIRCRAFT AND ENGINE DATA

NOTE: Aircraft should reference a certification equivalent. Where there are variations in weight

for agiven model, datafor the heaviest aircraft that has been delivered in the model classification
should be provided.
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Helicopter model

Description

Owner category’

Engine type (‘ turboshaft’, ‘ piston’)

Number of main rotor blades

Main rotor diameter (ft)
Rotor speed (RPM)

Maximum gross takeoff weight (1b)
Whedls (‘yes or ‘no’)
Engine model

Number of rotors (main plustail)

Maximum Speed in Level Flight w/
Maximum Continuous Power, V; (kt)

Speed for Best Rate of Climb, Vy (kt)
Never Exceed Speed, Ve (kt)
FAR Part 36 Reference Cetification

Levels', either:
(8 Appendix H, or TO: SL: AP: LF:
(b) Appendix J TO:

3. SPEED COEFFICIENTS

Bo, By and B, are regression coefficients used in the cal culation of a source-noise correction for
leve flight only. The correction accounts for changes in sound level associated with the deviation
of advancing blade Mach number from that associated with the source data reference conditions
(see Section 3.6.1). The coefficients are derived using aleast-squares, 2™ order regression through
measured Lpntsmx data as afunction of test speed.

Bo
B1
B2

* COM = commercial aviation, and GA = genera aviation.
T TO =takeoff; SL = sideline; AP = approach; and LF = level flyover.
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4. DEPARTURE PROCEDURES

Departure procedures consist of ground and flight idle segments, a combination of vertical and
horizontal movement segments, and ending in alevel flight segment. Anidle segment is defined by
itsduration. A climb segment is defined by its endpoint altitude. An acceleration segment is
defined by its calibrated airspeed at its endpoint. Please provide procedural datafor each stage
length given in Section 2 above.

The table below should be completed for each submitted procedure. The number and sequence
of procedure steps given below is for example purposes only and will vary depending on the
aircraft and operating procedure. In general Taxi profiles, are modeled separately from departure
profiles. Database submittals should comply with manufacturer’ s recommended departure
procedures.

Stage
Number
Repeat table for each takeoff stage number (takeoff weight) listed in Section 2

Endpoint
Altitude
(ft AFE)

Endpoint
Speed
(KCAYS)

Segment Duration
Type (sec)

Ground Idle
Flight Idle

Departure Vertica

Departure Horizontal
Accderate
Departure Climb
Accelerate
Departure Constant
Speed
Departure Horizonta
Accelerate

Levd Fly

* Add, delete, and sequence the segments as necessary to represent a takeoff procedure.
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5. APPROACH PROCEDURES

A landing profile should be calculated for a helicopter starting with alevel flight segment, followed
by a combination of vertical and horizontal movement segments (corresponding with a6 degree
approach, when appropriate) with , and ending with flight and ground idle segments.

The table below should be completed for each submitted procedure. The number and sequence
of procedure steps given below is for example purposes only and will vary depending on the
aircraft and operating procedure. In general Taxi profiles, are modeled separately from approach
profiles. Database submittals should comply with manufacturer’ s recommended approach
procedures.

Endpoint Track Endpoint
Altitude Digtance Speed
(ft AFE) (ft) (KCAS)

ft

Duration
(sec)

Segment
Type

Start Altitude’

Leve Fly
Approach Horizontal
Decderate
Approach Constant
Speed
Approach Descend
Accelerate

Approach Vertica sec

kt

ft ft kt

Flight Idle sec

Ground Idle sec

6. NOISE DATA

For helicopters, NPDdata consist of a set of three noise curves for dynamic operations and a
single noise curve for static operations. Noise data are required for noise exposure levels (Sound
Exposure Level [SEL] and Effective Perceived Noise Level [EPNL]) and maximum noise levels
(Maximum A-weighted Sound Level [LAMAX] and Maximum Tone-Corrected Perceived Noise
Level [PNLTM]). Noiselevels should be adjusted for spherica spreading, distance duration, time-
varying aircraft speed, and atmospheric absorption in accordance with the methodol ogy presented
in SAE-AIR-1845.

The following two tables present the noise type and operation mode used to define each noise-

* Add, delete, and sequence the segments as necessary to represent a takeoff procedure.
T Since there are no track distance and duration information associated with a*“ Start Altitude” segment, the endpoint
speed and dtitude correspond to the starting speed and altitude.
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distance data set.

Table G-4-16: Noise Typefor Each Helicopter NPD Data Set

Noise Type Description
Lae Sound Exposure Level (note reference speed)
Lepy Effective Perceived Noise Level (note reference speed)
L asmx Maximum A-weighted Sound Level (near reference speed)
L enramx Maximum Tone-Corrected Perceived Noise Level (near
reference speed)
Table G-4-17: Operation Mode for Each Helicopter NPD Data Set
Oﬁoﬁfn Procedure Step Description lélc\)lcllvelz
A Approach at constant speed APPR
D Depart at constant speed TO
X Level flyover at constant speed LFLO
G Groundidle GIDLE
H Flight idle FIDLE
I Hover in ground effect HIGE
J Hover out of ground effect HOGE
\% Vertical ascent in ground effect VASC
w Vertical ascent out of ground effect VASC
B Approach with horizontal deceleration DCLH
C Approach with descending deceleration DCLD
E Depart with horizontal acceleration ACLH
F Depart with climbing acceleration ACLC
T Taxi at constant speed TAXI

Where available, level flyover NPD data may be provided which are representative of different
reference flight speeds. Similarly, approach data may be provided which are representative of

different reference flight angles (i.e., 3-, 6-, 9- and 12-degree approaches).

6.1 Minimum Required Noise Data

A minimum of nine SEL NPD curves for dynamic operations and two LAMAX curvesfor static
operations are required to model ahelicopter in INM. Specifically, three (left, center and right)

SEL curves are required for approach, departure and level flyover operations. Additionaly, one
HIGE or HOGE, see‘ Operation Types' table above for definitions)

hover LAMAX curve (either

and oneidle LAMAX curve (either GIDLE or FIDLE) are required.
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6.2 Noise Data Tables for Dynamic Operations

NPD data should be provided for each dynamic operations (departure, approach and level flight),

including left, center and right curves, representative of 45, 90 and 45 degree el evation angles,

respectively.

Repeat the following table for each combination of noise type and dynamic operation.

Noise Type
Operation
Type of Operation
Dis(tf??ce noise descriptor @ _xx_kts
L eft Center Right
200 dB dB dB
400 dB dB dB
630 dB dB dB
1000 dB dB dB
2000 dB dB dB
4000 dB dB dB
6300 dB dB dB
10000 dB dB dB
16000 dB dB dB
25000 dB dB dB
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6.3 Noise Data Tables for Static Operations

A single curve should be provided for each static operation (ground idle, flight idle, hover in
ground effect, and hover out of ground effect) collected directly in front of the helicopter (0
degrees) at anominal distance of approximately 200 feet. These data should be adjusted out to the
10 NPD distances for spherical spreading, distance duration, time-varying aircraft speed, and
atmospheric absorption in accordance with the methodol ogy presented in SAE-AIR-18458,
Instead of the three noise curves representing helicopter directivity in dynamic operations (see
Section 6.2), directivity for static operations is represented by the single noise curve plusa
directivity adjustment (see Section 8).

Repeat the following table for each combination of noise type and static operation.

Noise Type
Operation
Distance Type of
(ft) Operation
200 dB
400 dB
630 dB
1000 dB
2000 dB
4000 dB
6300 dB
10000 dB
16000 dB
25000 dB

6.4 NPD Adjustments

Asdiscussed in Section 6.1, many helicopter data submittals may not consist of acomprehensive
data set covering all operational modes. Therefore, the INM can perform noise cal culations even
if noise datais not available for every flight operational mode. When aflight profile usesa
particular operating mode for which noise data are not available, the INM substitutes noise data
from asimilar operating mode. It also adds any dB offsets specified in the helicopter noise data
set. The INM makes substitutions for missing NPD data sets as follows:
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Table G-4-18: Noise Data Substitutes for Missing Operational Modes

Ogﬂelr?irtl)%glhl\%lrgde Use Available Operational M ode
Gndidle Fltidle
Fltidle Gndidle
HovInGE HovOutGE
HovOutGE HovInGE
DepVertinGE HovInGE + Vert Asc Adjustment
DepVert.OutGE HovOutGE + Vert Asc Adjustment
AppVertinGE HovInGE + Vert Des Adjustment
AppVert. OutGE HovOutGE + Vert Des Adjustment
AppHorDec Approach + Decel Hor Adjustment
AppDesDec Approach + Decel Des Adjustment
DepHorAcc Depart + Accd Hor Adjustment
DepClmAcc Depart + Accel Clm Adjustment
Taxi Fltldle (has wheels)
HovInGE (no wheels)

The NPD Adjustments supplied below will only be applied to the corresponding helicopter NPD
data. These NPD adjustments are typically manufacturer supplied, fixed noise level adjustments

for operational modes that are not directly represented in the INM/AEDT NPD database.
Historically, these adjustments are based on empirical data, and it is up to the data supplier's
discretion on how to develop these adjustments. These adjustments are always superseded by
operation-specific helicopter NPDs, when available. If adjustments are not provided, then

default values of 0.0 dB are used.

Type of Operation

NPD Adjustment NPD Adjustment
Level (dB)

Departure Vertica (In
Ground Effect and Out of
Ground Effect)

Vert Asc Adjustment

Approach Vertical (In
Ground Effect and Out of
Ground Effect)

Vert Des Adjustment

Approach Horizontal
Decelerate

Decel Hor Adjustment

Approach Descend
Decelerate

Decel Des Adjustment

Departure Horizontal
Accelerate

Accel Hor Adjustment

Departure Climb
Accelerate

Acce Clm Adjustment
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7. Spectral Data

In addition to NPD data, six tables of one-third octave-band spectral data are requested:
maximum A-weighted sound level for approach, maximum A-weighted sound level for
departure, maximum A-weighted sound level for level flight, maximum tone-corrected perceived
noise level for approach, maximum tone-corrected perceived noise level for departure, and
maximum tone-corrected perceived noise level for level flight. All of these data should be
collected at the center microphone at the time of the corresponding maximum noise level. The
spectra should be for the same operational conditions provided in the noise exposure and
maximum noise tables, and based off of the data collected at the center microphone position.
The spectra should be measured at a speed close to the indicated reference speed and adjusted to
areference distance of 1000 feet using the atmospheric absorption table in SAE-AIR-1845.
Repeat table for each combination of noise type and operation (6 tables).

Noise Type
Operation’
Reference
Speed
One-Third Octave-
Band Nominal Center _ kt
Frequency (H2)
20 dB
25 dB
315 dB
40 dB
50 dB
63 dB
80 dB
100 dB
125 dB
160 dB
200 dB
250 dB
315 dB
400 dB
500 dB
630 dB
800 dB

* Noise type represents the third-octave band spectra at time of max (Lasn and Lpnrsmy)-
T Operations are abbreviated asfollows: A = Approach, D = Depart and L = Level Flight
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1000 dB
1250 dB
1600 dB
2000 dB
2500 dB
3150 dB
4000 dB
5000 dB
6300 dB
8000 dB
10000 dB

8. Directivity Data for Static Operations

Directivity datafor static operations (HIGE, HOGE, GIDLE and FIDLE) shall be collected for

modeling purposes, providing relative differencesin sound level as afunction of angle around the
craft. Datafor these operations shall be collected at |ocations representative of multiple directivity

angles around the helicopter. Microphones should be placed around the helicopter at a nomina

radial distance of approximately 200 feet. INM accommodates datain 15-degree increments, but

will linearly interpolated to fill in missing data. At a minimum data should be collected at 45-
degree increments around the helicopter.

Relative directivity adjustment data should be provided for static operations. If possible, directivity
adjustments should be supplied for both hard ground (e.g., pavement) and soft ground (e.g., grass).
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Helicopter Directivity ’:ﬂ l:tmem (d;)?t
e Grglrmd Ground

180 (L) dB aB
165 (L) dB aB
150 (L) dB aB
135(L) dB aB
120 (L) dsl dB
105 (L) dB aB
90 (L) dB aB
75 (L) dB aB
60 (L) dB aB
45 (L) dB dB
30(L) dB aB
15(L) dB aB

0 dB dB
15(R) dB dB
30 (R) = =
45 (R) dB aB
60 (R) = =

75 (R) dB aB
0 (R) dB dB
105 (R) dB aB
120 (R) dB aB
135(R) dB aB
150 (R) dB aB
165 (R) dB aB
180 (R) = 180 (L) dsl dB
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%TALA, 4,9, 89

%TALC, 4,9, 89

%TAPNL, 5,9

3CD, 28

3-D Flight Path Construction, 64

abovefield elevation, 15, 24

acceleration segment, 48, 174, 195

Accel-Percent Segment, 49

Acoustic Computation Process, 74

acoustic energy, 12, 104

acoustic impedance, 1, 11, 72, 87, 88, 89,
112, 113, 119, 120, 121, 123, 125, 142,
143, 144, 145

Acoustic impedance, 88, 142

Acoustically Hard Surface, 11

Acoustically Soft Surface, 12

Advancing Tip Mach Number, 12, 109

AEDT, 1, 24, 105, 209

Aircraft Speed Adjustment, 12

Airport Pattern, 12

Air-to-Ground Attenuation, 12, 19

ambient noisg, 9, 10, 158

ambient screening, 2

annualization, 2

ANP, 36, 169

ANSI, 3, 4, 160

App Const Speed, 60

App Desc Decdl, 60

App Horiz Decdl, 60

App Vertical, 61, 62

Approach, 12, 69, 81, 84, 104, 105, 106,
173, 179, 181, 184, 186, 190, 192, 197,
199, 202, 203

AppVert. OutGE step, 202

atmospheric, 12, 16, 18, 19, 20, 22, 28, 30,
31, 32, 33, 38, 53, 59, 87, 88, 89, 112,
113, 119, 120, 121, 123, 142, 143, 144,
148, 165, 166, 178, 180, 189, 191, 198,
203

atmospheric absorption, 12, 16, 18, 20, 28,
30, 31, 32, 33, 87, 88, 112, 113, 119, 120,

INDEX

121, 123, 148, 165, 178, 180, 189, 191,
198, 203

atmospheric pressure, 12, 22, 88, 89, 142,
143, 144

attenuation, 17, 32, 35, 92, 93, 94, 99, 102,
103, 104, 148, 167

audibility, 9, 10, 12, 14, 136, 158, 161

average annual day, 7, 12, 27, 28

average climb angle, 46, 47, 57

average noise, 8

A-weighted, 3,7, 8,9, 11, 13, 17, 18, 21, 24,
31, 34, 35, 88, 122, 126, 127, 131, 136,
153, 165, 167, 178, 179, 180, 189, 190,
191, 198, 203

bank angle, 2, 13, 66, 68, 69, 70, 94, 95, 99

bank angle calculation, 66

Bank Angle Performance Effects, 69

Bank Smoothing and Filtering, 68

Barrier Effect, 103, 104, 167, 168

boundary, 2, 18, 29, 136

Calculating Turn Radius From a Points-
Type Track, 67

calibrated airspeed, 13, 19, 24, 39, 40, 41,
42, 45, 46, 47, 48, 49, 50, 51, 52, 54, 55,
56, 57, 58, 174, 187, 195

CAS, 13, 24, 37

CEXP, 4,6, 7

change in exposure, 4, 13

circuit flight, 13, 65

circuit profile, 65, 66

Circular Arc Conversion, 63

Climb Segment, 45, 57

closest point of approach), 15

CNEL, 4,6, 8

constant engine-out reduced thrust, 46

contour, 2, 3, 13, 14, 18, 20, 29, 72, 112,
120, 130, 131, 132, 133, 141

corrected net thrust, 13, 39, 41, 45, 55, 56,
177,178, 189

CPA, 24, 80, 81, 82, 83, 85, 86, 91, 97, 100,
121,123
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Cutoff Levels, 14

C-weighted, 3,4, 6, 7, 8,9, 11, 13, 18, 21,
24, 30, 31, 32, 34, 35, 88, 122, 126, 127,
131, 136

DDOSE, 4, 6, 8, 13

Decelerate Segment, 59

Deceleration, 52, 55

Decibel, 14

DEM, 28

Dep Climb Accdl, 61

Dep Const Speed, 61

Dep Horiz Accel, 61

Dep Vertical, 61, 62

Departure, 14, 70, 104, 105, 153, 154, 156,
165, 172, 174, 185, 187, 192, 195, 202,
203

Depression Angle, 14

DepVert.OutGE step, 202

Descend-Decel Segment, 51

Descend-Idle Segment, 54

descent angle, 50, 51, 52, 54, 58

Descent Segment, 50

detectability, 9, 12, 14, 127, 128, 158, 160,
162, 163

diffraction point, 102, 103

Digital Elevation Model, 28

directivity, 1, 14, 15, 17, 22, 30, 31, 36, 61,
76, 87, 91, 96, 104, 107, 108, 109, 110,
111, 114, 118, 119, 120, 121, 123, 124,
201, 204

Directivity Adjustment, 14, 15, 17, 76, 87,
91, 104, 107, 108, 110, 111, 114, 118,
121, 123

DIRueL Dy, 14, 109, 111, 120, 124

Displaced Thresholds and Threshold
Crossing Heights, 64

Distance Duration, 14

DNL, 4, 6, 8, 29

drag, 46, 47, 49, 51, 54, 55, 56, 57, 69, 70

duration, 9, 13, 14, 15, 18, 20, 22, 25, 28,
31, 32, 35, 61, 62, 82, 87, 91, 109, 112,
113, 116, 118, 119, 120, 127, 138, 151,
152, 178, 189, 195, 197, 198

Duration Adjustment, 14, 22, 91, 112

dynamic modes, 31, 36

ECAC Doc 29, 27, 105

elevation angle, 14, 15, 17, 19, 92, 93, 94,
95, 98, 100, 101, 110, 111, 155

energy-share, 49, 50

engine installation effect, 15, 94, 96, 97

engine power, 18, 30, 31, 76, 82, 83, 84, 85,
105, 106

EPNL, 4, 7, 8, 137, 139, 178, 189, 198

EUROCONTROL, 36

exponential smoothing, 68

exposure-based, 3, 7, 12, 14, 18, 23, 29, 31,
81, 82, 84, 85, 86, 89, 90, 91, 112, 113,
114,117,118, 119, 120, 131

Extended Flight-Path Segment, 15

extrapolation, 31, 59, 83, 84, 85, 86, 87, 178

FAA,I, 1,9, 29, 36, 169, 193, 206, 207,
208, 209

FAR Part 36, 34, 109, 142, 184, 194

Flight Idle, 15, 61, 111, 195, 197

Flight Operation, 15

flight path, 1, 12, 15, 16, 17, 18, 20, 27, 28,
30, 34, 62, 64, 65, 66, 69, 76, 81, 82, 84,
85, 86, 89, 90, 92, 116, 122, 128, 131,
136, 147, 148, 158, 163

flight profile, 1, 15, 19, 27, 36, 37, 41, 59,
60, 62, 67, 201

flight track, 67, 112, 158

flight-path segment, 2, 15, 18, 76, 80, 81,
82, 83, 85, 86, 90, 92, 94, 113, 114, 115,
119, 121, 123

Flight—-Segment Geometry, 76, 78

force balance, 53, 69

Fresnel Number, 103

ground effect altitude, 61, 62

ground effects, 16, 17, 22, 31, 61, 62, 94, 97,
155, 199, 201

Ground Idle, 16, 61, 111, 195, 197

ground plane, 14, 16

ground speed, 16, 37, 60, 66

ground track, 12, 16, 17, 61, 62, 63, 64, 65,
66

Ground Track Processing, 63

Ground-Based Directivity Adjustment, 14,
15

Ground-to-Ground Attenuation, 16

headwind, 42, 43, 44, 46, 47, 49, 51, 52, 55,
56, 170, 183
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helicopter, 2, 15, 16, 17, 22, 30, 31, 35, 36,
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118

procedure steps, 19, 27, 36, 37, 59, 60, 61,
175, 177, 187, 188, 195, 197

profile points, 19, 36, 37, 38, 59, 64, 65, 66,
69

receiver, 2, 13, 15, 17, 18, 19, 20, 32, 92, 94,
102, 103, 104, 114, 118, 119, 120, 121,
123, 124, 125, 155, 158

recursively-subdivided irregular grid, 2, 3,
19, 28, 72, 130

Reference Day, 19

Reference Speed, 19, 203

refinement level, 14, 19, 132, 133

Refinement Level, 19

Refraction-Scattering Effects, 12, 19

regular grid, 2, 19
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