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'This report is one of a series describing the research program 
undertaken by the Aerospace Medical Research Laboratory to 
develop procedures for predicting community noise exposure re- 
sulting from aircraft operations.  This report outlines the ac- 
oustic measurement test conditions, the acoustic datH reduction 
and interpretation procedures, and the type of aircraft perfor- 
mance information needed to obtain a noise data file for pre- 
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dieting the noise produced by aircraft operations. The 
procedures result in the descriptions of the noise of an 
aircraft in terms of the effective perceived noise level, 
the sound exposure level and several other noise measures. 
Level flight measurements and static engine noise tests are 
described, which are applicable to conventional fixed wing 
aircraft and helicopters. 

The noise data are to be acquired under controlled conditions 
with accuracy requirements generally similar to that required 
for civil aircraft noise certification. Primary Interest is 
in predicting aircraft noise levels at distances greater 
than 150 feet from the aircraft. The test procedures do not 
assume or require elaborate ground or aircraft test instru- 
mentation. However, where convenient, the test procedures 
may be modified to take advantage of these refinements. 
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DEFINITIONS OF SYMBOLS AND TERMINOLOGY 

Symbols appearing throughout the test plan are consistent 

tfith those described In Section A36.M of Part 36, Federal Avia- 

tion Regulations. A number of additional symbols have been 

used to assist in the analysis. To differentiate amorg quan- 

tities, events, locations, or averages, various subscripts 

and primes have been used.  In the following definitions these 

modifiers to symbols have been suppressed when the meaning 

would be obvious. 

The structure for subscripts is as follows: 

1. An Arabic numeral identifies an event in time or 

a linear dimension associated with -hat event. 

2. A Ljbscript "f" indicates a noise measurement ob- 

tained in the field without adjustment to refer- 

ence conditions. 

3. A subscript "J" indicates a running index asso- 

ciated with measurements on specific flights, 

where "j" indicates the flight number. 

4. The subscript "1" Is a running in^ex associated 

with any one band in the set, of one-third octave 

frequency bands. 

5. A variable with a superscript apostrophe (read as 

•'prime") Identifies a value of the variable Inter- 

mediate in the process of determining the final 

value adjusted to reference conditions. 

6. A subscript "ref" indicates the value of a vari- 

able at its reference condition; subscripts "c", 

"o", and "r" also indicate reference conditions. 

-6 - 
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AT time increment between noise measurements of the same fly- 

over at two different locations. 

Geometry 

K  point on ground directly below flight path where a noise 

measurement is performed. 

Q point on flight profile at time of PNLM. 

L point on ground to one side of flight track. 

X point on flight profile at time of PNLM. 

d perpendicular distarce from point L to flight track. 

h height of air-raft above ground. 

x arbitrary distance 

S  slant distance from L to flight profile — "distance of 

closest approach". 

9  directivity angle for PNLM. 

$  polar angle about aircraft, on the ground, measured from the 

forward direction of the aircraft. 

Y climb angle of aircraft. 

Creeds 

v  aircraft speed in feet per second. 

V aircraft speed in knots, 

c  speed of sound in air. 

Acoustical 

AL        A-weighted sound level, in dBA, as acef'fled In TEC 

Publication No. 179. 

ALM      Maximum A-level occurring during a noise event. 

f 
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Acoustical (Continued) 

ll.LT 

c 

D 

dB 

D-J.evel 

EPIJL 

f 

k 

Tone-corrected A-weighted sound level in dB, defined 
as: 

ALT a AL + C 
(or ALT = AL + PNLT - PNL) 

Maximum tone-corrected A-level occurring during a 

noise event. 

Tone correction, in dB, calculated in accordance 

with ISO recor~endation R507, June 1970 or later 
revision. 

Duration correction, in dB, defined as: 

D ,. EPNL - P!JLTN 

Decibel. 

D-weighted sound level, in dBD, as specified in SAE 

ARP lOcO. (For-many flyover signals., the following 

approximation holds: PNLM = D-level + 7). 

Effec~ive perceived noise level, i~ EPNdB, calculated 

in accordance with FAR Part 36. 

Frequency in hertz. 

A running integer identifying the noise levels deter

mined at the k-th interval of time from an arbitrary 

ref~rence time zero of the flyover signal. 

Perceived noise level in PNdB. 

CompositP. perceiv~d noise level, computed from the 

maximum levels rea~hed in each one-third octave fre

quency bands during a flyover. 

~axi~um perceived noise level &s defined in FAR Part 
? r.. _,v. 

-8 -



Acoustical (Contlnued) 

PNL'r 

PNL':;H 

SEL 

Tone-corrected perceived noise level, where 

PNLT = PNL + C 

Max:!mum PNLT occurt•ing during a noise event. 

Sound power level in dB re lo-12 watts. 

Sound exposure level, in dB, as deflned in "Draft 

Report on Impact Characterization of Noise Including 
Implications of Identifying and Achieving Levels 

of Cumulative Noise Exposure", prepared by Task 

Group 3, H.E. Van Gierke, Chairman, for the En

vlroninental Protection Agency Aircraft/Airport Noise 
Report Study, June 1973. The sound exposure level 

is the level of the time-integrated mean square A
weighted sound pressure for an event, with a ref-
ere~ce time of one second: 

+oc AL 

SEL = 10 log J TO 
10 dt 

For purposes of aircraft noise evaluation, SEL is 

computed from A-lev~ls ~ampled at discrete intervals 

of 0.5 seconds or less. Thus the working expression 
for SEL become~: 

1.,. - d 
"' - t.t 

= :o log :.2: 
k = 0 

AL(k) 
lO-

ll) + lG lor;~t 

'..:here d is the t lme interva J during which /\L ( lc) 1 s 

·,ri::hin 10 dB or the maximum A-level, and ~t is the 

tir:1e interval tetwe"-.:n nois<: i ~v,:l :;ample:;:;. 

-9-
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Acoustical (Continued) 

SEL 

SELT 

(Continued) 

Note that the SEL .is Identical to the single event 

noise exposure levei (SENEL), In dB, as defined in 

"Noise Standards, Title 4, Subchapter 6, California 

Administration Code", 1970, except that the SENEL 

is defined in terms of integration (summation) from 

a threshold noise level approximately 30 dB below 

the maximum level, while, in this report, SEL is 

defined in terms of integration over noise levels 

within 10 dB of the maximum value. However, integra- 

tion over only the upper 10 dB yields acceptable 

values that typically differ by 0.3 dB or less from 

values based on In tegratlon over 30 dB. 

Tone-corrected sound exposure level, In dB, defined 

for a noise event as: 

SELT - 10 log 

ALT 

i^dt 

L 

For purposes of aircraft noise evaluation, SELT is 

computed from tone-corrected A-levels sampled at dis- 

crete time Intervals of 0.5 seconds or less, as 

follows: 

At  ALT(k) 

SELT = 10 log 2 
10 

10 + 10 log At 

-10- 
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Acoustical (Continued) 

SELT 

SPL 

a 

A 

(continued) 

where d is the time interval during which ALT (k) is 

within 10 dB of ALTM, and At is the time interval 

between noise level samples. 

Sound pressure level in dB. 

Sound attenuation coefficient in air. 

Excess sound attenuation near the ground. 

Adjustment factors to reduce test conditions to 

reference conditions, 

Engine Performance 

F        Net thrust in pounds. 

s        Standard deviation using unbiased degrees of freedom. 

t -2(n-l) t statistic used in determining confidence intervals. 

n        Number of events or samples. 

-11 • 
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1.   INTROLÜCTION 

The measurement and analysis procedures described in this 

test plan are designed to obtain the information necessary to 

describe the noise produced on the ground by an aircraft in the 

vicinity of an airport.  The noise exposure forecast (NEF) pro- 

cedure methodology requires a description of the noise of an 

aircraft in terms of EPNL as a function of slant distance to 

the aircraft for different engine power settings, and a descrip- 

tion of the takeoff ana landing profiles used by the aircraft 

under different operational conditions.  In a similar manner, 
it 

computation of the day/night average level (DNAL) requires air- 

craft noise descriptions in terms of the SnL noise measure. 

The test procedures are specified to obtain this information 

for both air-to-ground sound propagation and for ground-to- 

ground sound propagation. 

This plan outlines the test conditions, acoustic data reduc- 

tion and interpretation procedures, and also describes the type 

of aircraft performance information needed.  Aircraft performance 

information is assumed to be available, or derivable, from air- 

craft performance data given in flight manuals or obtainable from 

the airframe manufacturer. 

Two basic types of noise measurement tests are described: 

1. Flyover noise tests, for acnuiring noise informa- 

tion for aircraft in flight (takeoff, landing, 

etc.). 

2. Static engine runup tests to provide information 

on noise levels during ground maintenance opera- 

tions. 

• As defined in Public Health and Welfare Criteria for Noi.se, EPA report 

550/9-73-002 dated 27 July 1973. 

12- 
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A third basic type of noise measurement, runway sideline 

measurements during aircraft takeoffs or landings, may also 

be required to fully describe the noise of aircraft operations. 

However, the interpretive procedures for handling sideline 

noise data to produce reliable noise procedures are still under 

investigation.  Hence, sideline test procedures have been omitted 

from this report. 

Flyover noise test data will be needed for al] aircraft of 

concern.  Engine runup tests may be omitted for some aircraft, 

depending upon the aircraft noise characteristics and modes 

of operation.  Table I lists the suggested priority of testing 

for Air Force a'.rcraft. 

The tests are detailed to apply to conventional fixed-wing 

aircraft and to helicopters.  Modification in test procedures 

and measurement locations may be needed for measurement of some 

types of V/STOL or non-conventional aircraft. 

The noise tests are to be conducted only under a restricted 

range of weather conditions, and normalized to standard day 

condition (59° F, 70* relative humidity). Sufficient noise and 

aircraft performance data are to be obtained to permit estimation 

of noise and performance characteristics under varied weather 

conditions and airbase altitudes. 

The noise data are to be acquired under controlled condition 

with accuracy requirements generally similar to that required for 

civil noise certification.  However overall accuracy requirements 

do not necessarily coincide with that required under FAR 36, and 

somewhat lessened accuracy in terms of repeatability in data is 

acceptable.  This relaxation results from the intended use of 

the information, that of estimating noise levels for ranges of 

operations where precise weather conditions and operational pro- 

cedures and configurations are not known. 

13 
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SUGGESTED PRIORITY FOR AIR FORCE NOISE MEASUREMENTS 

AIRCRAFT FLIGHT TESTS 

Jet Aircraft; 

F1CC, F101, F102 
Fill 
T38 
T33 
T37, A37 
KC135A 
F10JSD, F106 
B52C, F, G 
C141 
C5A 
F104 
B57 
A7D 
B52H 

Propeller Aircraft: 

C123, C123K, L C119, C121 
C130 
C97, C124 
C7, C54 
C131, CllB, T29 
OV10 

Helicopter.. 

H-l 
H-^3 
H-34 
H-3 
H-53 

NOTES 

Priority listing for the aircraft was determined by the number 

of each type (or similar type) in Air Force service In July 1971, 

and consideration of noise characteristics. 

Aircraft with the same or similar engines and performance have 

been grouped together, and in most cases, any aircraft in 

the same group may be measured as convenient.  The several 

exceptions are underlined.  Thus, the F105D is preferred 

because it is the only model with water injection, and the 

C123K is preferred because it has auxiliary Jet engines. 

Expected service life, projected changes In Inventory, and 

noise characteristics may influence the aircraft measurement 

priority.  For example, the T-33 nay have reduced significance 

due to its relatively low noise output, and perhaps the C5A 

should be assigned a higher priority because of its expected 

future service life. 

-14 
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Noise data are to be acquired on magnetic tape with sut- 

sequent analysis in terms of one-third octave band noise spectra. 

Effective perceived noise levels (EPNL) and tone-corrected per- 

ceived noise levels (PNLT) are to be calculated from the one- 

third octave band date: as appropriate.  Other noise measures 

also may be calculated,  "^ise measures of particular interest 

include the perceived noise level (PNL), A-level and the sound 

exposure level (SEL). 

The primary interest is in predicting noise levels at dis- 

tances greater than about 150 feet from the aircraft,  Generally, 

the noise measurements will be in the "far field" of the source. 

Thus, the measurements will not supply the information needed 

for predicting hearing damage hazards for pers mel near the 

aircraft. 

These procedures do not assume nor require elaborate or 

special ground and aircraft test instrumentation.  Thus the 

tests do not assume the availability of special flight test instru- 

mentation in the aircraft, continuous ground tracking facilities 

(tracking camera or radar) or availability cf continuous time 

signals.  Where convenient, the test procedures may be p.oaified 

to take advantage of these refinements, thus adding to test- ac- 

curacy and possibly allowing some simplification in test planning. 

The several appendices to this test plan discuss the back- 

ground for certain measurement and calculation approaches adopted 

in the test plan or pro^ld^ derivations for some of the calcula- 

tion steps.  Appendix A, for example, discusses the rationale for 

reliance n level flyover tests for obtaining noise information 

for takeoff and landing operations.  Several of the appendices 

discuss recommendations given in this test plan, which are based 

upon analysis of noise data acquired in accord with Initial 

draft, of this test plan. 

-15- 
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2.  ACOUSTIC MEASUREMENT EQUIPMENT 

Measurement equipment should meet the application require- 

ments of PAR Part 36, Section A36.2 (b) and (c). Acoustic data 

processing equipment should meet the requirements of FAR 36, 

Section A36.2(d), with the exception of changes in sampling 

intervals and integration times noted in Section 6 of this test 

-Ian. 

I 

! 

■ 
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3.  METEOROLOGICAL CONDITIONS AND MEASUREMENTS 

Test? should be conducted under meteorological conditions 

meeting the requirements of FAR Part 36, Section A36.I (b) (3) 

as follows: 

a. No rain or other precipitation. 

b. Relative humidity not higher than 90? or lower 

than 30*. 

c. Ambient temperatures not above 86° F and not 

below ill0 F at 10 meters above ground. 

d. Airport reported winds not above 10 knots and 

crosswind component not above 5 knots at 10 meters 

above ground. 

e. No temperature inversions or anomalous wind condi- 

tions that would significantly affect the noise 

level of the aircraft at the noise measurement 

positions. 

Generally, we anticipate that the tests would be conducted 

in the vicinity of a permanent meteorological facility that 

would provide hourly sequence data representative of conditions 

near the geographical area in which the noise measurements are 

made.  The minimum hourly sequence data to be reported Include 

the temperature» relative humidity, barometric pressure, wind 

direction and magnitude.  In addition, the wind magnitude, temper- 

ature and relative humidity should be measured near the microphone 

at each measurement position at hourly intervals, or more fre- 

quently during the test periods. 

The minimum check for determining possible inversions or 

anomalous wind conditions should consist of inspection of avail- 

able radiosonde data and comparison of surface temperatures with 

an outside air temperature measurement acquired by the flight 

test airplane. 

-17- 
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4.  GENERAL TEST CONDITIONS 

The general test conditions are similar to that specified 

in PAR Part 36, Section A36.1 (b) (2). Measurements should be 

conducted over a relatively flat terrain having no excessive 

sound absorption characteristics such as might be caused by 

thick, matted or tail grasst  shrubs, or wooded areas. 

&c    For flight test, no obstructions that would 

significantly influence the sound 'leid should 

exist within a conical space above the measure- 

ment position, the cone being defined by an axis 

normal to the ground and by a half angle of 75° 

from this axis« 

b. For ground tests, no obstructions that would 

significantly influence the sound field should 

exist between the microphone and the aircraft 

within a horizontal angle extending 60° to either 

side of a horizontal line between the microphone 

and the aircraft or to either side of a horizontal 

line perpendicular to the aircraft ground track 

and the microphone. 

The ground surfaces should be similar within a 15 foot 

radius about each measurement station.  Hard surface is preferred, 

-18. 
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5.  CONVENTIONAL AIRCRAFT FLIGHT TESTS 

Aircraft flight tests are planned so that all needed noise 

information for predicting noise levels for all normal flight 

operations can be obtained from a set of controlled level flight 

flyovers.  Supplemental noise level measurements during actual 

approach and takeoff operations may be added but are not felt 

to be essential for conventional aircraft.  Appendix A discusses 

the rationale for relying on level flight flyovers. 

The noise data are to be acquired during level aircraft 

flights for a range of engine thrust conditions.  The flights 

are to be conducted at either 400 feet AGL (above ground level) 

for low power runs or 1000 feet AGL for high engine power runs. 

Two runs are to be made at each test condition. The runs may be 

in alternate (180°) directions if air traffic conditions permit; 

or, the two runs may be made in the same direction, if more con- 

venient from air traffic control considerations. 

Aircraft altitudes (up to a maximum height of 1000 feet AGL) 

and airspeeds should be selected so that the duration of the 

flyover signal* is In excess of five seconds.  Figure C-l of 

Appendix C provides estimates of signal duration as a function 

of the ratio of flight height AGL to fllrht speed, as based on 

recent flight test measurements.  Should It not be feasible to 

obtain fyover signal durations of five seconds or more, data 

processing sampling Intervals and Integration, tines must be 

shortened (see 5.2). 

The aircraft should fly directly over two ground microphone 

positions located underneath the flight path, approximately 1000 

feet apart.  in addition to the two microphone positions directly 

'Duration is defined as the time, in second:-., that the flyovoj 
noise signal is within 10 dB of PNLTM or ALTM. 

f 
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underneath the fUpht path, one microphon~ r.:tr'luld be placed on 
each side of the centerline at a distance of 500 feet.• The 

aircraft is to maintain a constant heading and constant altjtude 

over the two microphone positions, and for djstances of 1.5 n 

miles both prr.ceding and following passage over the microphone 
loca t::!ons. 

The tests should be conducted at a constant engine thrust 

(power), altitude and airspeed. Under some conditions it m:=ty 

not be possible to hold thes~_conditions for· leve~flight alone 

the entire fl t r:h t track. In such cases thrn:~ t and altitude 
should be maintained, and airspeed varied a~ necessary. The 

flights should be conducted at airspeeds aprl'·oximating those 

encountered for the appropriate takeoff, lanr!lng, or climb opera

tion. The aircraft may use drag-producin~ (:lcMents (i.e., land

ing gear, flap, spoilers, etc.) as needed to help maintain a 
constant speed. 

Selection of thrust conditions should b,. roverned by con

sideration of the engine thrust and aircraft operations likely 

to be employed wlthin 15 to 20 miles of an ntr base. Test con

ditions shou1d cover the range of engine th!'ust conditions typi

cally employeti, with overlap, if necessary, to permit extrapola

tion to cover hot day conditions, or takeoff:; and landings at 

5000 feet pre::sur~ altitudes. As a minimuM~ t~st engine thrust 
conditions st:•mld includt.· four conditiong: 

a. Takecff at full thrust. 

b. Takec~f at thrust equivalent to that of 100° F day. 

c. Land.i :1g thrust at near minimum (str'oJ'~tu!'al) \'Tei~ht. 

IAppendix B discusses the reasons for omittin~ noise measui·e
ments at lar~e slant distances. 
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d. Landing at maximum landing weight. 

For lno:it aircraft, tests at repr~s ~nta.ti ve climb power thrust 
should be :tncluded. , 

5.1 Alrcraft Information 

It will be as~mmed that only the standard _g_ircraft cockpit 

instrumentation is available during the field tests. Basic air

craft information, exclusive of engine information, needed for 
each run will include: 

indicated airs,eed 

pressure altitude 

outside air temperature 

flap, spoiler and landing gear confiRuration 
operating ~ross weight 

The en~ine information to he observed and reported may vary 

with type of engine and available instrumentation. Prior to 

each test, a review of available flight manuals and engine~ring 
data should be undertaken to determine the procedures for utiliz

ing and corree:tinf: co~kptt inst:r~u:1entation to estimate the net 

thrust (in case of a turbojet aircraft) with appropriate en~ine 
or shaft RFM infor~ation. For a strai~ht turbojet en~inn, the 

needed infor~ation will typically Include: enrinc RPM, engine 

exhaust pressure ratio, engine exhaust gas temperature, and 

en~ine fuel flow. For fan cn~ines, fan speed ~hould be noted. 

Continuous recording of aircraft information durinr the 

level flights, while desirahlr~; is not essential. 'fr~=~t repor·t-

:t n~: procedures 0 hrnld be worked out t-11 th the fJ 1 ;rht (' PE'W ~~ o thn t 

the needed inforrnatior: can--be noted by the pi.Tot ur ob~ecv~r 

after stabilization prior to he~innin~ the run, nnd immedintely 
fo1low:!.ng the run. 

\ 
\ 



5.2 Radio Com~unications 

Two-way radio communication is needed between the aircraft 

.:md the twc microphone stations under the flight track. Radio 

receiv0rs only are required at each of the two microphone sta
~ions ~c the side of the flight track. 

5.3 'Ti~::n Sy:-1chronization 

T~12 aircraft position must be related to the noise recorded 

at the ~round ~Pasurernent locations by means of time synchroniza

tian 3ignals. Synchronization signals will be used primarily 

to deter~ine the time as the aircraft passes overhead (or nearest) 

the ~~ound ~easurereent position and to establish the angles of 

mazi~um sound radiation from the aircraft. 

Satlsfactory ti~e synchronization can be established by use 

of voice synchronization signals transmitted from one "master" 

~~TC'>U~Jd station to the aircraft and to other stations prior to 

<>e.c:; rur:. T!le procedure might follow this sequence: 

a. ~he airc~aft would notify the ground stations 

~ever~l rnile2 before reachin~ the start of the 

~he ~aster ground station transmits a "standby" 

sl~nal to aircraft and oth~r stations; tape re

corder:; 2.r-e act:: va 've~ on thi::: signal and personnel 

si~~a: which is recorded on tape at all stations. 

?tc.p'l:: ,~~:e:: also are activated on th-l_s signal. 

'.l.'rlis :; l2;nal also serves to alert thP. alrcraft for 

-22-
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d. Just pri0r to the aircraft overhead the ground 

~:;tation transmits "standby to mark." Then, when 

the aJrcraft is overhe~d, "mark" is transmitted. 

(These voice ~ignals are not recorded on tepe.) 

The aircraft conditions are to be noted by flight 

crew at this point and each ground stntion stops 

its watch on the "mark" signal. 

Only the first "mark" voice signal is recorded on tape. 

Time intervals determined from the stopwatches are used to de

termine the time at which the aircraft is overhead. 

5.4 Height Determination 

The height of the aircraft above the ground as it passes 

over each of the stations under the flir,ht path is to be estab

lis};ed by photographic scaling of aircraft from photographs 

taken at the two stations as the aircraft passe~ closest to the 
stations. 

5. 5 RepLat of Flir;ht;, 

Aircraft flights should be r~peated if there is a SU8picion 

of faulty recording of data, lack of time synchronization at 

stations, or noticeable deviation of aircraft flir,ht track, 

altitude or intended operatin~ conrlit!on~. 

5.6 Noise Data Ta.bulat.ior, 

The followinr: data are to be obtained and tabul<'lted for each 

station and run: 

b. One-third octave band noise sr,~ctrnrn at the time of PNLM, 

:;rL(e);+-· 
~.L 
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f.  Surface temperature and relative humidity. 

24- 
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c. The  following quantities  calculated  from SPL(8)lf: 

PNLT(6)f and  ALT(6)f.     Note  that  ALT(9)f  =  AL(6)f + 

C(6)f and  C(6){.  =   PNLT(6)f -   PNLMf). 

d. Time   interval between the  time at which  the  aircraft 

was  overhead   (or  time  of  nearest  approach)   and  time 

at  which  PNLM was  observed. 

e. Distance to aircraft at time of closest approach. 

n .iiiin 



6.  NOISE DATA PROCESSING 

Noise data processing should utilize equipment which meets 

the requirements of FAR 36, Section A36.2(d), with the modifica- 

tions discussed in this section. Data processing procedures 

may utilize either analog or digital tejhniques. 

6.1 Missing Spectrum Level Information 

The processing of recorded noise data often results In one- 

third octave band spectra with one or more "missing" band levels. 

This occurs most frequently at the higher frequencies.  The miss- 

ing noise information can result in errors In calculating values 

of PNLr PNLT, A-levels, EPNL, etc. 

T'ased on the Investigation summarized in Appendix C, we 

recommend  that noise spectra be handled In the following manner: 

a. Do not calculate or report PNL, PNLT, A-levels or 

other measures for spectra where less than 10 one- 

third octave frequency band levels are measured. 

b. Where more than 10 band levels were measured, 

supply missing band levels as follows: 

(1)  For missing high frequency band levels, gen- 

erate valuer: by extrapolating the slope of 

the two preceeding (lower) bands, provided 

the change in slope is 6 dB per third octave 

frequency band or greater.  If the slope is 

less than 6 dB, assume a decrease of 6 dB 

per one-third octave frequency band. 

(?)     For missing middle frequency bands, renerate 

missing band levels by linear interpolation 

between the nearest adjacent band levels. 
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(3) For missing low frequency band levels, assume 

levels that are equal to the nearest measured 

band level. 

c.  On time history plots or noise level tabulations, 

identify, by some easily recognizable symbol, the 

cases where spectra having less than 20 band levels 

were measured. 

6.2 Flyover Sampling Intervals and Integration Times 

For flyover noise signals having durations of the order of 

10 seconds or greater, a sampling interval of 0.5 second, and a 

signal integration time of 0.5 second, is generally entirely 

adequate for measuring the noise signal with little distortion. 

However, for shorter duration flyovers, particularly those having 

durations of less than 5 seconds, errors and distortions may be 

introduced by the relatively long 0.5 second sampling interval 

and integration time.  A long sampling interval introduces in- 

creased probability for error in sampling the noise signal at 

the time of maximum level.  This error may, in turn, introduce 

errors in measured spectrum levels and the selection of the angle 

of maximum radiation.  The long integration time results in an 

underestimate of maximum noise levels, but introduces relatively 

little error in time-integrated measures such as EPNL and SEL. 

Appendix C discusses these errors in more detail and presents 

examples of such errors based on analysis of several flyover noise 

signals. 

To reduce the magnitude of errors in measuring maximum noise 

levels, the following sampling intervals and signal integration 

times should be uced In processing flyover noise data. 
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Duration, 
In seconds 

d > b 

5 > d > 2 

d < 2 

Sampling Interval 
and Integration Time, 
 In seconds  

Ü.5 

0.2r; 

0.125 

The duration curves given in Figure C-l may be used an a 

guide in estimating durations and in selecting sampling intervals 

and duration times in data processing. 
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7.  CONVENTIONAL AIRCRAFT GROUND RUN-UP NOISE MEASUREMENTS 

Noise measurements to define PNLT value:; for static engine 

operations should be obtained at the engine thrust settings 

typically employed in engine checkout and maintenance opera- 

tions and should include operations at nominal takeoff thru;-,!.. 

Noise should be measured at positions alonr a circular arc 

about the aircraft with the arc having a radius of either ISO 

feet or 250 feet.  Choi co of the radius is dependent upon the 

physical size of the aircraft, distance between engines in 

multi-engine aircraft am' the noise output of the aircraft. 

In most cases the aircraft may be assumed to be symmetric 

about its longitudinal axis; hence measurements visually need 

be taken only on one side of the aircraft alon.' a semi-circular 

path fron: 0  to lBr:" (with 0° taken as the forward end of  the 

aircraft).  For mult: ■•■nrinr aircraft, the urVin of the semi- 

circle may he taken as a point on the lonri tod i rial axis of the 

aircraft at the mid-point of a line connectir:.- the exhausts of 

■-he Inboard engi tier . 

I  :< 

noise  should   i i.   measured  at   ar:rles   n ore 1 han 1 

apart.  At each posit ion, noise levels should he :•>-corded for 

a period of a*. least l seconds. 

Engine operation should to :-t abi 11 ■/.><■]   pri< :■ to start In»' the 

noise measurements.  hn-nne moasuromonts  t.^m ; H maintained 

tarourhout ttie period of r,easu:••->•:<->nts , and si i ni fl f'tnt. fluctua- 

t 1 m.", or changes no' < d. 

/ I reraft   Information 

;"v    •:.■■■' t!'•   I nf'osma'. i iri   1 '    hi    • \ :• "ivo I   • ad 

with   tyr <    of   enrlrv   :n:l   avo'lahle   Ins' rumen' a' 

(.i>'t,   te.-.t,   a   review   of  available   flight   mann,*'1 

data   should   he   undertaken   l"  determine   the  pr< 

in."   uid   " orrec 1.1 mr   "ookplt    instrumentation  to 

'o. id i d   rvav   v. r 

;:.        I'Vl fil"    I o 

aad   f ngl '■• i rl' 

■d ,:•- .•   for   'if 1 ! 

■1.   ii   •■'   -       tll<        |l<   1 

.2H- 

iaa 



«ü j*n*m   -i'[iü 

thrust (in case of a turbojet engine) or shaft horse power (in 

case of turboprop aircraft) with appropriate engine or shaft 

RPM information.  For a straight turbojet engine, the needed 

information will typically include: ambient a.ir  temperature, 

engine RPM, engine exhaust pressure ratio, engine exhaust gas 

temperature, and engine fuel flow.  For fan engine, fan speed 

should be noted. 

7 .2 Noise Data Tabulation 

The following data arj to be obtained and tabulated for each 

position for each run:* 

a. PNLTf , PNLf, ALf, ALTf . 

b. One-third octave-band noise spectrum. 

c. Surface temperature and relative humidity. 
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8. HELICOPTER FLYOVER MEASUREMENTS 

Helicopter noise tests are planned so that all needed noise 

information for predicting noise levels for normal flight opera- 

tions can be obtained from a set of controlled level flyovers 

(discussed in this section) and from sets of ground and hover 

measurements (see Section 9).  Supplemental noise level meas- 

urements during actual approach and takeoff operations may be 

added to the test program but are not felt to be essential. 

Level flight noise data are to be acquired over a range of 

engine power conditions.  Flights are to be conducted at two 

altitudes — 200 feet AGL and 400 feet AGL or 400 feet and 800 

feet AGL. Two runs are to be made at each test condition, with 

runs to be in alternate (l8o degrees) direction. 

Helicopter altitudes and flight speeds should be selected 

so that the duration of the flyover signal is in excess of five 

seconds.  Figure C-l of Appendix C provides estimates of signal 

durations for fixed wing aircraft which may be helpful in initial 

flight planning. 

The helicopter should fly directly over two ground microphone 

positions, located approximately 1000 feet apart.  In addition to 

the two microphone positions directly underneath the flight path, 

microphones should be placed on either side of the centerline at 

a distance of 300 feet.  The helicopter is to maintain a constant 

heading and constant altitude over the two microphone positions 

and for distances of 1.0 n miles both preeeedJng and following 

passage over the microphone. 

The tests should be conducted at constant engine power, alti- 

tude and air speed.  The flight should be conducted at airspeeds 

approximating those encountered at appropriate takeoff, landing 

and cruise operations.  Selection of flight conditions should be 

governed by consideration of the helicopter operations likely to 

be employed within IS to ?0 rr.lles of the air base. 
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Teat conditions should cover the range of flight conditions 

typically encountered, with overlap, if necessary, to permit 

extrapolation to cover hot day conditions, or takeoffs and land- 

ings at 5000 feet pressure altitude. For most helicopters, tests 

at representative cruise speed and power should be included. 

8.1  Aircraft Information 

Section 5.1 is applicable, with the addition of rotor RPM 

information. 

8.2 Radio Communications 

See Section 5.2, 

6.3 Time Synchronization 

See Section 5.3. 

8.4 Height Determination 

See Section 5.4. 

8.5 Repeat of Flights 

Set. Section 5,5. 

8.6 Noise Data Tabulation 

See Section5.6» 
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9.  HELICOPTER HOVER AND GROUND MEASUREMENTS 

Noise measurements to define AL, PNL or other noise 

measure values for ground operations should be obtained at 

engine power settings typically employed at engine check-up 

and maintenance operations, and ground idle conditions. Hover 

measurements include measurements with the helicopter hovering 

in-aid-out of ground effect. 

For the hover and ground measurements, the ncise should be 

measured along a circular arc having a radius of either 150 

feet or 250 feet. Choice of the radius is dependent upon the 

physical size and the noise output of the helicopter. 

In most cases, the helicopter noise characteristics will 

not be symmetric about its longitudal axis; hence measurements 

should be taken along an entire 360° arc around the aircraft. 

Preferably, nwj.se should be recorded on magnetic tape continuously, 

as the microphone i3 slowly moved around the helicopter (with 

suitable time synchronization provided to permit correlation of 

angular positions with the noise data). Angular positions for 

one-third octave band spectrum analysis can be selected by 

inspecting graphic level traces of the recorded noise signals 

passed through an A- or D-weighting network. One-third octave 

band spectrum should be measured at angles not more than 30° 

apart. 

Alternatively, noise may be measured at fixed angles from 

0° to 360° at angular intervals not more than 15° apart.  At 

each position noise levels should be recorded for a period c ' at 

least 5 seconds. 

Engine and aircraft conditions should be stabilized prior 

to the noise measurements.  Engine measurements should be main- 

tained throughout the period of noise measurements, ar I significant 

fluctuations noted. 
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For hover measurements, In ground effect, the aircraft should 

be at a stabilized condition, at a height between 0 to 5 feet 

above ground.  For hover,, out of ground effect, the hover alti- 

tude should be approximately equal to one rotor diameter. 

9.1  Aircraft Information 

Section 7.1 is applicable with the addition of rotor RPM 

data. 

9.2  Noise Data Tabulation 

See Section 7.2. 
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1Ü.    COMPUTATION OF EPNL VEKSUS DISTANCE CURVES FROM LEVEL 
FLYOVER NOISE MEASUREMENTS 

It is assumed that 2PNL is the sum of PNLTM + D, and that, 

for a given aircraft co dition, the EPNL varies with distance 

due to: 

a. Changes in PNLT due to inverse square changes in SPL's 

and changes in SPL's due to air absorption. 

b. Changes in D which are directly proportional to air 

speed and inversely proportional to distance. 

It is further assumed that PNLTM is generated by the aircraft 

at a maximum directivity angle, 6. Therefore, if the EPNL is 

known at a given distance, air speed, engine power setting and 

maximum directivity angle, it can be computed at any other dis- 

tance. 

To reduce the possibility of significantly underestimating 

noise levels at large distances, the maximum directivity angle, 

9, and corresponding noise spectra is chosen on the basis of 

PNLM, rather than PNLTM.  Appendix E discusses, in some detail, 

the reasons for this choice, and provides sotie examples of errors 

incurred by use of PNLTM rather than PNLM as the criteria for 

choosing e. 

Appendices F and G outline the derivation of equations for 

directivity angle and slant distance utilized in this section. 

All sub-sections, except 10.7, assume air-to-ground propaga- 

tion.  Sub-section 10.7 is concerned with computation of noise 

levels for ground-to-ground propagation. 

10.1 Computation of SEL and SELT Versus Distance Curves 

In a manner parallel to the calculation of EPNL, SEL and 

SELT values can also be calculated for any distance.  For such 

calculations It is assumed that GELT is the sum of the A-level 

maximum (ALM) plus a duration correction D(AL).  Similarily, 

it is assumed that SELT is the sum of the tone-corrected A-level 
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maximum (ALTM) plus a duration correction, D(ALT).  It is further 

assumed that SEL and SELT vary with distance due to: 

a. Changes in ALM and ALTM which are due to inverse 

square changes in SPL's and changes in SPL's due 

to air absorption. 

b. Changes in D(AL) and D(ALT) which ire directly pro- 

portional to air speed and inversely proportional 

to distance. 

It is also assumed that ALM ant. ALTM are generated at an angle 

of maximum radiation, 9. As in the calculation of EPNL, 6 is 

choBen on the basis of PNLM. As discussed in Appendix E, there 

will generally be little or no error introduced by use of PNLMj 

rather than ALM or ALTM, as a basis for choosing 9. 

10.2 Normalization of Level Flyover Data to Standard Day Condi- 
tions 

Develop basic description of noise levels as a function of 

engine performance from level flyovers.  Normalize all flyover 

data to 1000 feet distance, reference acoustical day conditions. 

Data for low engine powers should be normalized to approach speed, 

high power data, to climbout speed.  Utilize the following steps, 

referring to Figure 1 for geometry.  In the notation, "J" indi- 

cates the "j-th" flight for a specified power setting; "f" 

indicates measured noise data for which only record/playback sys- 

tem corrections have been applied. 

a. List test height above ground, n. (ft) 

b. List time interval, At. (sec) 

c.  List true airspeed, V. (kt) 

d. Obtain v. - 1.69 V, (ft/sec) 
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FIGURE   1.        LEVEL   FLYOVER   GLOMETRY 
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Obtain sin 0.   - (--£) 
[.,■(.. ij).,., At)' 

1/2 vAt 

f.  Obtain slant distance KQl 

g. Obtain W' 
o 

sin 0, 

-A- »in 0. (ft) 

(ft) 

h.  Compute a.KQJ for all i 

i.  Compute a.  KQ', for all i (where a.  refers to 

sound attenuation coefficients for 59° F, 70? 

relative humidity). 

J.  Obtain A 5J 20 log 
KQ' 

10  KQ7 
L 
oj 

(ft) 

(ft) 

(dB) 

k.  Obtain A.-, 
oj 

PWLre, - PWLj 

where Ag is the difference between the aircraft sound 

power level at reference thrust conditions and at the 

field thrust conditions.  See Appendix I for an outline 

of one method for determining A,-. 

Calculate A», where 

°7j 

where 

P.       rrrrnr ?.      /T +273 
10 log —J— VTVSTI 

= 10 log p     V^n 

T, - surface temperature in °C during field measurements 

T ■ surface temperature (1[,0C) for standard day 

p. ■ air density during field measurements 

p ■ air density for standard day 

P ■ surface barometric pressure during field measure- 
J 

ments 

P • surface barometric iressure for standard day. 

-37- 



•^mmmmm^mi—^i^^***™*^* KflPI*]!** I- ■ » I *»■! WWW .' PI • «■. .< ■ »W>J»J1WWW.I"-MHWÜPPPW» P'!».i"i**pii. ,I.I ipj im 

I 

Note that A_. is an adjustment for the variation of 

the acoustic characteristic impedance (pc) during 

the measurements from the characteristic air impedance 

for a standard day at sea level. 

m Obtain and list 

SPLJ « SPLO)1(J + at  KQj - alr KQ^ + A5J + A6j - A7 

(where SPL (0)j_J is the one-third octave 

band SPJ for PNLMj). 

n.  Compute ALj, ALTj, PNLj, and PNLTj from SPL«j< 

(Note that ALTj - ALj + Cj and PNLTj - PNLj + Cj) 

Oo  Obtain 

Ag     =  PNLTj   -  PNLT   (9)j 

A9J   =  ALj   -  AL(0)J 

A10J   -  ALTj   -  ALT(G)J 

<°*.   A10J   =A9J   +CJ   ■C(0)J) 

Obtain A 2J 
-10 

KQj 
1Og10     KQ^J 

V, 
logio C? 

7.1 

(dB) 

(PNdB) 

(dB) 

(dB) 

(dB) 

r . 

List  SELfJ,   SELTf,   and EPNLfJ 

Obtain SELj   -  SELfJ   +   AgJ   +  A2J 

SELTj   =  SELTfJ   +   A1QJ l2j 

EPNL, EPNLfJ   +   A8j   +   A2J 

(dB) 

(dB) 

(EPNdB) 
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s. Compute the average values and standard deviations 

for the following quantities for a specified power 

setting airspeed: 

SEL and BSEL 

SECT and s SEL'7, 

E™ and SEPNL 

OTi and S
5PL' 

(dB) 

(dB) 

(EPNdB) 

CdB) 

where i designates the individual one-third octave 

bands. 

t. Compute 5T, ACT, TNT and PNLT from SPL^ 

u. Obtain 0, from sin" (sin 0,). 

v. Compute the average value and standard deviation for 

the directivity angle, 0,, for a specified power 

setting and airspeed: 

S and sQ 

In Step s the 90Ü confidence intervals implied by the 

standard deviations may be estimated from Figure 2. 

Noise measurements at positions to one side of the flight 

track may be used to supplement overhead measurements by 
2   2 1/2 replacing h,  in the above expressions with s. ■ (h,  + d )  . 

Sideline data should only be used for this purpose if h. and d 

are selected such that h,/d is greater than 0.15. 
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10.3 Adjustment of EPNL, SEL or SELT to Any Slant Distance 

At Reference Conditions 

Refer to Figure 3 for geometry. The EPNL at any point, 

L, on the ground, perpendicular to the ground projection of 

the flight path, Is given by: 

EPNL  ■ EPNL,  + PNLT  - PNLT (o).  + A x      nQ      x nQ   dx 

where 

A 2x 10 log LX sin O 
10 

LX' 
h,  cos v + d^ 

sln20 

o 

1/2 2   2 
0  

sin 0 

-.1/2 

h * h, cos Y o   1    ' 

In a similar manner, SEL and SELT at any point, L, on the 

ground perpendicular to the ground projection of the flight 

path are given by: 

SEL  - SEL,,  + AL  - AL(O).  + A 
x     ho    X       ho 

2x 

and 

SELT - SELT,  ♦ ALT - ALT(O).  + A x      nQ     x       nQ   dx 

PNLT . AL and ALT are obtained from the one-third octave 
X*   X        x 

SPL spectrum, SPL. , where individual one-third octave band levels 

are computed as follows: 

h 

.0   h 3PLlx - SPLlh 
/ r v    "o \ on i    LX sin 

0 ~ 
air y LX - sTn-(5)- ^  l0ßl- 

and SPLJV_ are the one-third octave band levels from which PNLT(O). , in n 
AL(0).   §nd ALT(O).  are computed. 

o o 
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10.4 Calculation of Averaged Level Plight EPNL, SEL and SELT 

at Any Slant Distance At Reference Conditions 

For ths averaged level flight data obtained under Section 

10.2, compute EPNL, SEL and SELT values at various distances in 

accord with tha following steps: 

■*ÄJ 

a, Compute SPL, at the slant distance S 

SPL,_ - SPL\ - a 'ix »- -Mnfrl- 201°^ 
Compute PNLT , PNL , AL and ALT from SPL. , 

A A A A JLA 

S 
c.     Compute  A»    - 10 

Obtain EPNLX where 

106io K; 

EPNLX- EPNL + PNLTx - FfiTT + A2x 

SELV - SEL + ALr - AL + A3v A A C. A 

SELTX - SECT + ALTx - ATT + A2x 

(dB) 

(PNdB.dB) 

(dB) 

(EPNdB) 

(dB) 

(dB) 
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10.5 Adjustment of SELT, SEL, and EPNL at Reference Conditions 

to Other Speed, Weather or Engine Power Conditions 

For relatively small changes from reference speed, weather 

or engine power conditions (changes of the order of 5 dB or 

less), adjusted SELT, SEL or EPNL quantities may be obtained 

from the quantities at reference conditions at the same slant 

distance S , obtained from either Section 10.3 or 10.4, by 

the following expressions: 

SELT' 

SELJ- 

SELT -10 log j£ 
ref 

SEL. - 10 log JL 
ref 

- A6y + A7y 

" %  + &7y 

(dB) 

(dB) 

EPNL^ EPNL„ - 10 log **■  
y vref - % * S (EPNdB) 

where 

-y denotes the noise level at slant distance S under 

new conditions y, and   

under reference conditions. 

-x, the noise levels at S. 

>6y * PWLref " PWLy 
(dB) 

where 

and 

A, is the difference between the aircraft sound power level 

at the reference thrust conditions and at the desired thrust 

condition. Appendix I outlines one method for determining 

A, 6y* 

7y 
10 log 

'ref 
vTref+;>73 

(dB) 

or 
7y 

10 log p 
ref v: Tref * 2?3 

„  + 273 
(dB) 
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10.6  Calculation of Smoothed PNLT, EPNL, ALT, SELT Valaes 

At Any Slant Distance 

Graphs of tone-corrected noise levels versus distance, 

using values computed in accordance with Section 10.4,, may 

show occasional irregularities at one or more distances due 

to tone-corrected adjustments that may reflect false (pseudo) 

tones. This section provides for the calculation of smoothed 

noise level versus distance data that will not contain such 

irregularities. 

The basis for the procedure outlined in this section lies 

in the following two assumptions which are based upon inspection 

of noise level versus distance data for a number of military and 

civil aircraft: 

(a) The tone correction values typically do not vary much 

in magnitude for noise spectra calculated at distances 

ranging from 200 ft. to about 3,000 ft. 

(b) At very large distances (10,000 ft. or greater) any 

tone adjustment should be negligible. 

The smoothing steps outlined below assume computation of 

noise level values in accordance with Section 10.4, 

(a) Determine the tone corrections at the reference distance,h 

cQ - PNLT - PNL 

- ALT - AL 

c' - SELT - SEL o 

(b) For distances, x, from 200 to 3500 ft., set 

PNLTX - PNLx + co 

ALT AL  + c x    o 

EPNL - EPHLh  + PNLx - PNLh 
o o 

+ c'  + A., o    2x 

SELT.. - SEL.. + c» 
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(c) For distances greater than 3bOQ  ft., use expressions as in 

(b) above, but with the following values for c and c': 

distance, x cr/x^ co ^ 

4,000 ft.      0.8 c 0.8 c' * 0 0 

5,000 ft.      0.6 c0        0.6 c£ 

6,300 ft.      0.4 -o 0.4 c£ 

8,000 ft.      0.2 c 0.2 c* * o o 

10,000 ft.       0 0 

and greater 

10.7  Calculation of Noise Jata Obtained from Flight Measurements 

for Ground-to-Oround Sound Propagation 

As discussed in Appendix J, aircraft noise levels measured at 

the sideline during aircraft takeoffs, or at very small grazing 

angle during aircraft in flipht, show significantly lower noise 

levels than would be estimated using the air-to-ground propaga- 

tion procedures of the previous sub-sections. This sub-section 

develops noise levels for ground-to-ground propagation to provide 

a conservative estimate of sideline noise levels or noise levels 

observed at low grazing incidence. The procedure follows that 

of Section 10.4 with the addition of an excess ground attenuation 

term that is a function of frequency and distance from the air- 

craft, and a separate adjustment A . This adjustment, A , allows 

for the typical sideline attenuation provided by intervening 

obstacles (typically, buildings»terrain, or trees and shrubs). 

The procedures are applicable to data obtained from flight 

tests and which has been adjusted to standard day conditions 

according to Section 10.2. 

-46 

■•:i 

MtaMtiMfe£UStaKh, 



For the averaged level flight data obtained under Section 10.2, 

compute EPNL, SEL and SE" T values at various distances as follows: 

(a) Compute SPL.  a^ the slant distance S : 

SPL ix SPL1 - 
a   h x - o 

ir  sin 5 
>0 log 

- e  (x) - A, (dB) 

where: e,   (x) is the excess ground attenuation in the "i-th" 

freque icy band at distance x as obtained from Figure 4, and 

A is a ground loss factor, taken as 5 dB. 

(b) Compute PNLT , PNL . AL and ALT  from SPL. . 
A A       A A -*-A 

S " 
(c) Compute A2x» 10  

l0Glc fT 

(d) Obtain EPNL where x 

(PNdB,   dB) 

(dB) 

EPriL  =  EPTTL  +  FNLT     -  P~NLT +  A0 x x 2x 
(EPNdB) 

SEL = SEL + AL - AL + A0 x x        2x 
(dB) 

JELT = SEI.T + ALT  - ALT + A^ x x 2x 
(dB) 

Apply procedure of Section 10.6 to smooth irregularities present 

in the tone corrected measures. 

■MMMMMIMMa 
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11.  COMPUTATION OF PNLTM VERSUS DISTANCE CURVES FROM GROUND 
RUN-UP OR HOVER NOISE MEASUREMENTS 

From noise spectra measured along a 250 foot arc and 

corrected to standard day conditions, noise spectra a~e estimated 

at other distances, applying inverse square corrections, and 

corrections for air absorption and for exc'os ground attentuation. 

No spectrum adjustments art made for ground reflection effects. 

Appendix H reviews the reasons for currently omitting ground 

reflection adjustments. 

11.1 Basic Noise Description at 250 Feet 

Develop basic descriptions of noise levels as a function of 

engine performance from ground run-up or hover operations. Nor- 

malize all data to obtain pclar plots of PNLT and ALT at a radius 

of 250 feet from the aircraft for reference acoustical conditions. 

In the following description "<J>" indicates the polar angle in a 

horizontal plane parallel to the ground, measured from the for- 

ward direction of the aircraft and "f" indicates measured noise 

data for which only microphone/record/play*-ack systems corrections 

have been applied. 

a.  Determine a.x - a,  250, where x is the radius of the  (dB) 

field measurements. 

b.  Determine A where 

A7 * 10 log —i- 
I D ref 

V Tr +  273 
(dB) 

or 

^ - 10 log —? 

ref v; T„ _ + 273 ref  
Tf + 273 

(dB) 

— 48- 
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i 
Obtain A- PWLref " PWLf A6 is the differ- (dB) 

ence between the aircraft sound power level of ref- 

erence thrust conditions and at the observed field 

thrust conditions.  Appendix I describes one method 

for determining Ar. 0 

Obtain SPLCU, 250),  where 

SPL(#, 250)io = SPL(*)1 + 20 log öfö + ^ x 
'ir ■250 

+ A6 - A7 (dB) 

e.  Compute ALT($) , AL(<(>)  'rid PNLT($)  from SPLU, 250), 

(dB.PNdB) 

11.2 Calculation of ALT(j>), AL(tfr) and PNLT((fr) at Any Distance 

at Reference Conditions 

TV>e ALT, AL and PIIL at any angle 4> and any distance x 

greater than 250 feet is computed from SPL(<J>, 250),  by: 

SPL(*,x)1 - SPLU)lo - 20 log1Qx - aio(x-2
r-N   i±(x)   + 48 (dB) 

where £,(x) is the excess ground attenuation in the "1-th" 

frequency band at distance x as obtained from Figure 4. 

11.3 Adjustment of ALT, AL and PNL at Reference Conditions to 

Other Weather or Thrust Conditions 

For relatively small changes from reference weather or thrust 

conditions (of the order of 5 dB or less), adjusted ALT, AL 

or PNLT quantities may be obtained from the quantities at 

reference conditions at the same angle (4») and distance, x, 

by the following expressions: 

-49- 
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r 
ALT (<f>, x)  - ALT (<J>, x) - Ag  + A?,. 

where Agy - PWLrgf - PWLy 

and p 
A   - 10 log —*—  v T 

'y pref   iref 

73 
171 

or 10 log 
ref 

VTref *  ä7 
v T   +"27 

Simllarlly, 

AL(*,x)y - ALU, x) - A6y * A?y 

PNLT U, x)  - PNLT U, x) - Agy + A?y 

11.4 Calculation of SELT, SEL and EPNL at any Distance and 

Angle 

At any angle ($), and distance x 

SELTU,x)y = ALT U, x)  + 10 log1Q D 

SELU, x)  - ALU, X)    10 log10 D 

EPNLU, x)  - PNLTU, x)  + 10 l0g,n D -10 j y j.u 

where D is the duration in seconds. 

(dB) 

(dB) 

(dB) 

(dB) 

(dB) 

(PNdB) 

(dB) 

(dB) 

(EPNdB 
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11.5  Calculation of Smoothed PNLT or ALT Values at any 

Slant Distance 

Graphs of tone-corrected noise levels versus distance using 

values computed in accordance with Section 11.2 may show occasional 

irregularities at one or more distances due to tone-corrected 

adjustments that may reflect false (pseudo) tones.  This section 

provides for the calculation of smoothed noise level versus 

distance data that will not contain such irregularities. 

(a) Determine the tone corrections at the reference distance 

of 250 feet. 

c  - PNLT - PNL o 

= ALT - AL 

(b) For distances, x, from 200 to 3500 ft., set 

PNLT U,x)= PNL U,X)+ cQ U) 

ALT (<J>,x)= AL U,x)+ co (4>) 

(c) For distances greater than 3500 ft., use expressions as 

in (b) above, but with the following values for c (<J>): 

distance, x c0U»x) 

4,000 ft. 

5,000 ft. 

6,300 ft. 

8,000 ft. 

10,000 ft. 

and greater 

ü.8 c ($) 

0.6 c0(4») 

0.4 c (0) 

0.2  c (4») () 
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12.  AIRCRAFT PERFORMANCE INFORMATION 

This section outlines the aircraft performance Information 

needed frr the development of aircraft profile and EPNL data to 

be used in NEF calculations. 

The performance information requested is generally available 

directly from (or can be calculated from data contained within) 

the various application curves given In the Performance Section 

of ths specified Aircraft Handbooks. 

12.1  Specified Airport Conditions 

Generally the information described under the following sub- 

jections (12.2 and 1?.3) will be required for three airport condi- 

tions : 

Airport Altitude Temperature        Wind 

Sea Level       59° F (Std. day) 0 
Sea Level       100° F 0 
5000 feet        ^1° F (Std. atmos)       0 

12.2 Takeoff Information 

Takeoff performance Information will be needed for a distance/ 

altitude range extending either to 12 nautical miles from start 

of takeoff roll, or 10,000 feet above the runway.  This takeoff 

information, as described below, should be reported for maximum 

gross takeoff weight and for the typical minimum operating gross 

weight (this weight may be specified in terms of percent of maxi- 

mum gross weight). 

a. tyn  altitud- profile graph depicting the height of 

the aircraft above the runway an a fund-Ion of dis- 

tance from brake release.  (The profile fan begin at 

tie "clear 50 foot obstacle" distance.)  The profile 
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should reflect typical mission procedures and may 

be segmented to reflect changes in power settings. 

b. A true air speed profile to accompany the takeoff 

profile described in a above.  This profile should 

provide the TAS, beginning at the "clear 50 foot 

obstacle" distance. 

c. Appropriate information to determine approximate 

engine power settings (EPR, % rpm, etc) for each 

segment of the takeoff profile. 

Figure 5 summarizes the performance information described 

above. 

12.3 Landing Performance Information 

A three degree landing profile will be assumed unless a dif- 

ferent landing profile ic normally used for the basic aircraft 

mission.  Tables and/or graphs should provide the TAS and the 

engine power settings (EPn, %  rpm, etc.) typically employed for 

landing at the maximum landing weight, and at a typical minimum 

operating landing weight. 
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APPENDIX A 

TEST PROCEDURE RATIONALE 

One of the basic premises In this test plan Is that the 

noise produced at any point on the ground by an aircraft In 

flight is defined solely by the engine power setting, the slant 

distance to the aircraft, and the directivity pattern of the 

noise field described in ISO recommendation R507, "Procedure for 

Describing Aircraft Noise Around An Airport", second edition, 

June 1970c These procedures specify measurements of the noise 

produced during level flyovers of the aircraft at different power 

settings and at different heights.  The measurement and analysis 

equipment and acoustical data analysis techniques are generally 

consistent with both R507 and FAR Part 36. 

There are significant differences between the choice of 

measurement points and aircraft operating conditions between 

FAR Part 36 and this test plan.  Part 36 is concerned only with 

th'^ EPNL value obtained at three fixed locations, 3.5 n mile 

from brake release on takeoff, 1.0 n mile from runway threshold 

on approach, and the maximum sideline EPNL at 0.25 or 0.35 n mile, 

depending upon aircraft size.  Further, these values are obtained 

only for engine power settings at maximum gross takeoff and landinp, 

weights. 

To compute EPNL at any distance for a full range of operating 

weights and procedures, It is necessary to know considerably 

more about the aircraft a3 a noise source.  In fact, even to comply 

with the adjustments of Part 36 test data to reference day con- 

ditions it is necessary to know more about the aircraft than is 

specifically identified in Part 36. 

A-l 
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Th« basic technique for adjusting acoustical measurement 

data for certification purposes to reference day conditions 

utilizes level flyover data at various engine power settings 

to define the aircraft as a noise source. This technique has 

been used by the authors to adjust Part 36 test data to refer- 

ence day conditions, over a wide range of test conditions, in 

a number of separate certification programs approved by PAA. 

Under a proposed change* in Part 36, this approach is specified 

in lieu of different procedures now schematically indicated in 

the regulation.  In its comment on the proposed change, Docket 

No. 11*412, Notice 71-26, the Aerospace Industries Association 

notes that in all of its certification efforts, the level fly- 

over technique has been used. 

The accuracy of predicting takeoff or approach noise to 

slant distances of up to 1*000 feet from level flyover data at 

500 feet have been examined for three aircraft, the Gulfstream 

II, the Sabrel'ner, and the Jet Commander. Agreement of approach 

noise levels calculated from level flyovers, with actual approach 

noise levels is within a few tenths of decibels. Takeoff compari- 

sons range from 0.1 to about one decibel for these cases. This 

is of the same magnitude as the standard deviation of the meas- 

urements, which-varied from 0.7 to 1.3 dB. 

An alternate approach to the procedure described herein is 

to make many more measurements at a number of positions under the 

takeoff and approach path of the aircraft at various power set- 

tings and gross weights. Acquisition of an adequate set of data 

on this basis would require from three to four times the number 

of micropnone positions and on the order of twice the test flight 

hours with no improvement in acoustical accuracy. Further, radar 

or photo-theodolite flight path tracking would be essential in 

such a program; In this test plan it may be helpful, but is not 

■FAA Notice of Proposed Rule Making, Noise Type Certification and 
Acoustical Change Approvals, FAA Docket 11412, Notice 71-26. 
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essential. This point is highly significant in determining the 

suitability of test sites since only a few tracking facilities 

are available in this country. 

In summary, the test plan specified obtains the required 

data with the desired accuracy, a minimum of data acquisition 

and test flight time, and provides wide flexibility in test sitej;. 
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APPENDIX   B 
Reproduced  from 
bgtt »v«il»bU copy. 

FLYOVER NOISE MEASUREMENTS AT LARGE DISTANCES 

In applying NEE procedures, one may wish to estimate EPNL 

values over distances ranging from several hundred feet to tens 

of thousands of feet (20,000 feet or beyond) depending on volume 

of operations and other factors.  The procedures outlined in 

this test plan predict EPNL values from measurements made at 

moderate slant distances (order of 400 feet to 1000 feet), and 

do not utilize measurements at much larger distances from the 

aircraft, on a routine basis. 

While the estimation procedures outlined in this test plan 

do involve errors due to basic assumptions (primarily In estimat- 

ing D, the duration correction, and in applying atmospheric ab- 

sorption coefficients) It is believed that these errors would 

not be substantially reduced by Introducing measurements at large 

distances, or aircraft flights at higher altitudes.  While further 

experimental test programs involving measurements at small and 

large slant distances are extremely desirable, current data indi- 

cate that measurements at large distances often show relatively 

large scatter and are subject to uncertainties in interpretation 

which greatly detract from their usefulness.  Errors and uncer- 

tainties arise from several factors, including the following: 

1. Correlation of engine noise output between flights 

at high altitudes and those at low altitudes Is 

often inexact because of uncertainties of the ef- 

fects Ci altitude and speed ^n engine source out- 

put and directivity. 

2. Propagation over lonr path distance:- Is -uhject 

to fluctuation:-, and errors introduced by atmos- 

pheric path variable;..  Current understanding of 

the effect of different atmospheric variables on 

B-l 
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the propagation of aircraft signals is incomplete, 

and test and analysis procedures to account for 

atmospheric effects are not well established. 

3. Measurements at large distance;; yields relative- 

ly low level signals, with portions of the spectra 

(particularly higher frequency bands) obscured by 

ambient noise levels.  Thus, incomplete spectral 

information is obtained.  In addition, nethods of 

correcting for the effects of the background noise 

may introduce sizable errors or uncertainties in 

defining the aircraft noise levels. 
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APPENDIX C 

CONSIDERATIONS IN SELECTING PLIGHT ALTITUDES AND DATA 
SAMPLING INTERVALS FOR FLYOVER NOISE MEASUREMENTS 

A.  INTRODUCTION 

The noise processing techniques defined under FAA FAR 36 

for handling flyover data were developed in the context of 

flyover signals that would typically have durations (as meas- 

ured 10 dB down from the maximum value) of the order of 10 sec- 

onds or greater. For signals of this duration, sampling inter- 

vals of 0.5 seconds and integration times on the order of 0.5 

seconds are generally entirely adequate to describe the time 

histories of flyover noise signals with little distortion. 

However, when the signal durations are appreciably shorter than 

10 seconds and, in particular, much less than 5 seconds dura- 

tion, several sources of error, formerly negligible, may become 

significant. Fo example, with short duration flyovers, the 

naif-second sampling interval now becomes an appreciable frac- 

tion of the total time history, introducing increased possibili- 

ties for errors in sampling the noise levels at the time of 

maxima and Introducing uncertainties in the specification of the 

maximum angle of radiation.  This may result in consequent errors 

in developing noise level versus distance curves. 

Another source of potential error is the relatively lonrt 

integration time.  For short duration samples, a long integra- 

tion time results in an underestimate of the maximum noise levels. 

Luckily, compensations occur such that time-Integrated noise 

measures, such as the EPNL or SEL are relatively little distorted, 

This aspect was discussed in Section IV-B of AMRL TR-73-106 

where It Is shown that there was little change in EPNL values 

for time histories having durations of the order of 7 to 15 sec- 

onds. 
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Since it i3 desired to estimate maximum noise levels (PNL, 

PNLT and A-levels) as well as integrated measures, processing 

errors should be minimized so as not to introduce systematic 

bias in noise level projections.  The simplest way to avoid 

such problems is to obtain initial flyover noise signals that 

are at least 5 seconds in duration.  However, for many military 

aircraft, the practicable speed ranges for runs at some of the 

desired thrust ratings are limited, hence high speed runs at 

relatively low altitudes cannot always be avoided. 

When high speeds are unavoidable, one approach is to per- 

form the flight tests at a higher altitude, say 1000 feet  ather 

than 500 feet.  When this approach is not feasible, or still 

results in short duration signals, it may be necessary to employ 

shorter sailing intervals (and integration times) in data ana- 

lysis. 

The remainder of this appendix presents information on typi- 

cal durations for military aircraft, as observed from initia] 

sets of Air Force data, several analyses of flyover records ob- 

tained for short duration runs, and recommendations for selection 

of flight altitudes and sampling intervals. 

B.  TYPICAL DURATION TIMES 

As a guide In planning, Figure C-l shows the trend of meas- 

ured duration times for jet aircraft (s!np;le and multi-engine) 

and for propeller aircraft, as extracted from recer.t flyover 

noise measurements.  Regression lines based on observed duration 

times (defined as the time between 10 dM down points from rNI.TV) 

are plotted in the figure in terms of duration as a function of 

the ratio of reported aircraft altitude to aircraft speed,  o'no 

curve represents the duration observed during hlrh thrust, runs 

of Jet aircraft (Including after-burner, military, and wet- 

dry takeoff conditions). A separate curve shows the dur 
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for jet aircraft at approach and cruise thrust. The remaining 
curve ~;hows the durA.t:ions obserycd for the C-131 pr_Qpeller air
craft, b~sed on all ~eas~red power settings. 

C. FLYOVER DATA STUDIES 

'l'o examine the po:1sible magnitude of errors involved in pro

cessing relatively short duration flyover noise signa~s, two 

indi V'idual short duration runs were analyzed. For these short 

duration flyovers, e values and corresponding spectra were chosen 

at the time of the maximum PNLT value and al3o at t1mes of 0.5 
second preceding and following the maximum PNLT value. The first 

run was that of ~n F-100 at cruise power, with a signal duration 

of 6.7 seconds. The second case chosen was a C-135A run at 

cruise thrust with a signal duration of 1.8 seconds. 

Results for the F-100 run analysis :lre shown in Figure C-2 

throuzh C-6. Figure C-2 shows the ~pectra and e values while 

Figure C-3 through C-6 show the resulting noise levels versus 

distance curves. For this run, maximum values of PNLT, PNL, 

A-levels and D-levels coincided,with the unusual complication 
that the ~aximum PNL value was ob~erved for two samples, PNLTM 

and the ~.;,lcceed1ng time inte-rval (PHL'l'M + 0.5 seconds). 

At large distances, there are sizable differences between 
the maxi:;.um noise level measure. cur·!es (PNLT, PNL and A-level) 

but little differenc€:: in the EPNL curves (see Figure C-6). 

S~lcction of 0 and the correspond1rg spectra occurring 0.5 sec

onds before the PNLM results in a projection of lower levels at 
larger distances. For this partie .l·lar example, selection of the 

8 and snectrum occurring 0.5 seconds after PNLTM results t~ values 

slightly higher than the noise level projections based on the 
l'NL'l' values. crrhis i llustratec; the unusual case where there were 
two spectra havinr; er1ual P:ILH values.) 

r: -~ 3 



Figures C-7 through C-12 shows the results of a sj.milar ana
ly~is of the C-135A cruise thruAt run. Spectrum differences 
(see Figure C-7) are greater, as are the angle differences. As 

a consequenc~, differences in projected PNLT, PNL and A-levels 

are considerably greater over the entire distance range. Again 

Figure C-11 and C-12 show that differences in EPNL and SEL values 
are relatively small. 

The effects of shortening sampling intervals and integration 
times in analysis of short duration flyovers was examined by 
analysis of data fr·om two C-135A runs. For these runs, the re
corded noise flyover data had been processed using sampling inter

vals (and integration times) of 0.5, 0.25, and 0.125 seconds. 

Figure~ C-13 through r-18 show the results of one run (72-025-
006-Cl), while Figures C-19 through C-24 show the results for 
run 72-025-006-03. 

The resulting spectra for the various integration times (see 
Figures C-13 and C-19) show only minor differences with changes 
in sanpling interval. The resultin~ projections of PNLT, PNL, 

:l:1d A-levels show differences of the order of 2 dB with the higher 

levels occurring for the shorter integration time as expected. 
Typically, the differences are slightly greater at shorter dis
tances than at larger distances. Thus the average spread in levels 
for the three integration times "Was 2. 0 dB at 500 feet-, and l. 8 

dB Gt 5,000 feet (as based on an average of differences in PNLT, 
PNL dnd A-level Measure~). 

·:r::.: EPNL <1nd SE! .. proj ect:tcn::; show smaller differences with 

integration time, a~ain as anticipated. ThP. differences tend to 

increase at the lar~er di5tan~e. Thus the average spread for the 

EPNL and S E L values for the bro run::; with i r"tte~ration time was 
0.6 dB at 500 feet and 1.5 dB at 5,000 f~et. 
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D.  SUMMARY AND RECOMMENDATIONS 

The analyses of relatively short duration flyover signals 

(less than 5 seconds) show that sizable errors can occur in 

projections of maximum noise levels (PNLT, PNL and A-levels) 

due to possible errors in selecting the proper time at which 

the maximum noise levels occur.  Errors also occur due to the 

relatively long sampling intervals (and integration times). 

The resulting errors in projected EPNL and SENEL values are, 

fortunately, quite small.  However, to minimize the underesti- 

mate of maximum noise levels the following recommendations are 

given. 

1.  Using the duration estimates provided in Figure 

C-l, select altitudes and speeds such that the 

expected flyover signal duration would be in 

excess of 5 seconds.  When this is not feasible, 

sampling intervals should be chosen in accordance 

with the following: 

Duration, d, 
in seconds 

Sampling Intt^val 
and Integration .lme, 

in seconds 

d i 5 

5 > d > 2 

d < 2 

0.5 

0.25 

0.125 
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FIGURE   C-l.      FLYOVER   SIGNAL   DURATION   AS   A   FUNCTION   OF 
AIRCRAFT   ALTITUDE   AND   SPfccD 
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FIGURE  C-2, NORMALIZED   FLYOVER   NOISE   SPECTRA   FOR   DIFFERENT 
TiMES   -   F100,   CRUISE   THRUST,    400 FEET,   370 KNOTS 
(Run   72-030-002-02) 
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FIGURE   C-3, TONE-CORRECTED   PERCEIVED   NOISE   LEVEL   VS   DISTANCE 
CURVES   FOR   DIFFERENT   TIMES   -   F100,   CRUISE   THRUST, 
400 FEET,    370  KNOTS   (RUN   72-030-002-02 
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FIGURE   C-4. PERCEIVED   NOISE   LEVEL   VS   DISTANCE   CURVES   FOR 
DIFFERENT   TIMES   -   F100,   CRUISE   THRUST,   400 FEET, 
370 KNOTS   (RUN   72-030-002-02) 
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FIGURE  C-5. A-LEVEt VS DISTANCE CURVES FQS? DIFFERENT TIMES 
F100,CRUISE THRUST, 400 FEET, 370 KNOTS (RUN 72- 
030-002-02) 
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FIGURE   C-A. EFFECTIVE   PERCEIVED   NOISE   LEVEL   VS   DISTANCE 
CURVES   FOR   DIFFERENT   TIMES   -   MOO.   CRUISE   THRUST, 
400  FEET,    370 KNOTS   (RUN   72-030-002-02) 
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PIQURE C~7. NORMALIZED   FLYOVER   NOISE  SPECTRA   FOR   DIFFERENT 
TIMES,   C135»,   CRUISE   THRUST,   400 FEET,   300 KNOTS 
(RUN 72-025-006-01) 
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FIGURE   C-8 TONE-CORRECTED PERCEIVED NOISE LEVEL VS DISTANCE 
CURVES FOR DIFFERENT TIMES - CU3B, CRUISE THRUST, 
400 FEET,   300 KNOTS   (RUN   72-025-006-01) 
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FIGURE   C-9.     PERCEIVED   NOISE   LEVEL   VS   DISTANCE   CURVES   FOR 
DIFFERENT   TIMES   -   C135B,    CRUISE   THRUST,    400 FEET, 
300  KNOTS   (RUN  72-025-006-01) 
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FIGURE  C-10.      A-LEVEL   VS   OISTANCE   CURVES   FOR   DIFFERENT   TIMES 
C135I,   CRUISE   THRUST,   400 FEET.   300 KNOTS   (RUN 
72-025-006-01) 
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FIGURE c-11. EFFECTIVE   PERCEIVED   NOISE   LEVEL   VS   DISTANCE   CURVES 
FOR   DIFFERENT   TIMES   -   C135B,   CRUISE   THRUST,    400  FEET, 
300 KNOTS   (RUN   72-025-004-01) 
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FIGUkE   C-12.    SOUND   EXPOSURF   LEVEL   VS   DISTANCE   CURVES   FOR 
DIFFERENT   TIMES   -   CU5B,   CRUISE   THRUST,    400  TEET, 
3Ö0  KNOTS   (RUN   72-,25-006-01) 
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FiGURE   C-13, NORMALIZED   ."'YOVER   NOISE   ".PECTRA   FOR   DIFFERENT 
SAMPLING    INTEk''ALS    -   C13J8,    CRUISE   THRUST,    400  FEET, 
300  KNOTS    (RUN   ? "»-025-006 -0 1) 
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FIGUkE   C-14.   TONE-CORRECTED   PERCEIVED   NOISE   LEVEL   VS   DISTANCE 
CURVES   FOR   DIFFERENT   SAMPLING   INTERVALS   -   C135B, 
CRUISE   THRUST,    400  FEET,    3C0  KNOTS   (RUN   72-02 5-006-01) 
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FIGURE   C-15.    PERCEIVED   NOISE   LEVEL   VS   DISTANCE   CURVES   FOR 
DIFFERENT   SAMPLING   INTERVALS   -   C135B,   CRUISE 
THRUST,    400 FEET,    300  KNOTS,    (RUN   72-025-006-01) 
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FIGURE   C-16, A-LEVEL   VS   DISTANCE   CURVES   FOR   DIFFERENT   SAMPLING 
INTERVALS   -   C135B,    CRUISE   THRUST,    400  FEET,    300  KNOTS 
(RUN   72-025-006-01) 
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FIGURE   C-17.   EFFECTIVE   PERCEIVED   NOISE   LEVEL   VS   DISTANCE   CURVES 
FOR   DIFFERENT   SAMPLING    INTERVALS   -   C135B,      CRUISE 
THRUST,    400  FCET,    300  KNOTS   (RUN   72-025-006-01) 
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FIGURE   C-18, SOUND   EXPOSURE   LEVEL   VS   DISTANCE   CURVCS   FOR 
DIFFERENT   SAMPLING    INTERVALS   -   C135B,    CRUISE 
THRUST,    400 FEET,    300  KNOTS   (RUN   72-025-006-01) 
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FIGURE  C-19.  NORMALIZED   FLYOVER   NOISE   SPECTRA   FOR   DIFFERENT 
SAMPLING   INTERVALS   -   C 1 35B, CRU IS E THRUST,   400 FEET, 
300 KNOTS   (RUN   72-025-006-03) 
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FIGURE   C-20. TONE-CORRECTED   PERCEIVED   NOISE   LEVEL   VS   DISTANCE 
CURVES   FOR   DIFFERENT   SAMPLING   INTERVALS   -   C135B, 
CRUISE THRUST    400 FEET,    300 KNOTS   (RUN   72-025-006- 
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FIGURE   C-21 PERCEIVED NOISE LEVEL VS DISTANCE CURVES FOR 
DIFFERENT SAMPLING INTERVALS - C135B, CRUISE 
THRUST,    400  FEET,    300  KNOTS   (RUN   72-025-006-03) 
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FIGURE   C-22. A-LEVEL   VS   DISTANCE   CURVES   FOR   DIFFERENT   SAMPLING 
INTERVALS   -   C13*B,    CRUISE   THRUST,    400 FEET,    300 
KNOTS   (RUN   72-025-006-03) 
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FIGURE   C-23, EFFECTIVE   PERCEIVED   NOISE   LEVEL   VS   DISTANCE 
CURVES   FOR   DIFFERENT   SAMPLING   INTERVALS   -   C135B, 
CRUISE   THRUST,   400 FEET,   300 KNOTS   (RUN   72-025-006- 
03) 
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FIGURE   C-24. SOUND    EXPOSURE   LEVEL   VS   DISTANCE   CUkVES   FOR 
DIFFEREN1    SAMPLING   INTERVAL"^   -   C135B,   CRUISE 
THRUST,    400 FtET,    300 KNOTS   (RUN   72-025-006-03) 
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APPEND!X D 

SUPPLYING MISSING SPECTRUM LEVELS FOR 
PNL AND EPNL CALCULATIONS 

A. INTRODUCTION 

The processing of recorded field noise data often results 

in sp~..::tra with one or more "missing11 one-third octave band 

levels. Ambient or system noise, dynamic range limitations 
or groJnd reflection effe~ts result in loss of parts of spectra, 
typically beginning with the highest frequency bands. The re

sulting loss of one-third octave band information results in 

errors in calculated values of PNL, PNLT, A-level, etc. Past 
experience has generally shown that the omission of one or two 
band levels introduces little error. However, little informa

tion is available ~3 to the ctegree of degradation in spectrum 

information which can b~ tolerated before sizable errors are 

introduced. 

Thi~ appendix discusses the probable marnitude 0f errors 

due to :-~is::;ing band levels-- and presents a simpl-e- algorithm for 

supplying the missin~ levels which reduces the likelihood of 
sizable errors. 

With part3 of the spectrum missing, calculated PNL or A
level values are lower than the "actual" levels which would have 
been obtained had all the noise l~vel lnforrnation been available. 

Missing bands can al3o re~ult in fal~e "tone corrections" which 

in turn r.a:; result in occa:~ional calculated :·:n;r values which 

·::'P h L:r.cr t~1an the "actual" \ml•tes. 'l'yrt cally, the number of 

~!s~ln~ t~nd~ will be rnlni~nl near the rr~k of nn aircraft fly-

l''-'S u l t, t::e c?..lCllln ted fly over durat lort~ r.;:lv tP.nd to hP. s!1ortt:>r 

than actual, res~ltin~ in po~~i!,le under-e~ti~~tlon of tnte~r~ted 
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ß.  APPROACH 

Analysis was based upon consideration of the effects of 

missing data for two basic noise spectrum families — those 

produced by an P-100 takeoff and a 727 approach. One-third 

octave bpnd spectra for each of the two families were generated 

at a number of distances; spectra at distances of MOO, 1000 and 

5000 feet were selected for study. These spectra are shown in 

Figure D-l. 

For each of these six basic spectra, sets of spectra with 

missing bands were generated as follows: 

1. Pjr each of the six basic spectra, the dynamic 

range was systematically reduced by "3 dB steps. 

This resulted in successive omission of increas- 

ing numbers of frequency bands.  PNL, PNLT and 

A-levels were then calculated from the remaining 

bands (i.e., the missing bands were simrly omit- 

ted from the resulting calculations). 

2. The spectra were systematically reduced as in 

(1).  However, "missing" band levels were sup- 

plied by the following simple rules: 

(a) For missine high frequency band levels, 

generate levels by extrapolating the slope 

of the two preceding (lower) bands, pro- 

vided the change In slope is 6 dB or rreater. 

If the slope is less than 6 dB, assume an 

arbitrary decrease of 6 dp per one third 

octave bard. 

(b) For missing band levels where lev»Is are re- 

ported at botn higher or lower frequencies, 

generate the missing band levels by interpola- 

tion between the nearest adjacent banu levels. 
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(c) For missing low frequency bands, set the 

levels equal to the nearest band level. 

C.  RESULTS 

The calculations were analyzed by comparing the PNL and 

PNLT values with those lor the original spectra with no missing 

bands. Results were plotted In terms of the total dynamic 

range of the signal with missing bands and In terms of the 

number of bands actually usrd In the calculations (excluding 

band3 for which levels were assumed). Results, plotted In 

terms of number of bands, are shown In Figures D-2, D~3 and D-4. 

In terms of dynamic range, and with bands simply omitted, 

little error in PNL (less than 1 dB) resulted until the dynamic 

range was reduced to 2C dB or less. With the missing band3 

supplied by the logic indicated above, the dynamic range could 

typically be reduced to 10 dB or less; however, some of the fan 

spectra showed errors In excess of 1 dB (calculated values high- 

er than actual) when the dynamic ranpe decreased to 18 dB or 

less. 

Analyzed in terms of number of bands used in calculations, 

the errors due to mi?ning bands were less than 1 dB until the 

number of banc's was reduced to 18 or less an ,-hown in Flrure D-2. 

With the miS3l.ng bands filled in by the lorif1 described above, 

the number of bands could be reduced to 10 without an error 

of more thar. 1 dB.  This is illustrated in the upper portion of 

Figure D--U. 

For the 727 approach case, PNLT values wore irregulrr* as 

bands were omitted, with wide variations observed as the number 

of bands decreased below 22. Zee  Figure D-l.  "he rather erratic 

results obtained from this analysis are to be expected because 

of the lopic currently employed in the tone corrections proce- 

dures specified under FAR 3^.  However, with the missing bands 

D-3 
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supplied In accordance with the logic used above, the PNLT 

values changed smoothly and showed errors of less than 1 dB 

until the number of bands was reduced to 6 or less, as illus- 

trated in the lower portion of Figure D-M. 

D.  RECOMMENDATIONS 

Based on the results desc "tbed above, the following recom- 

mendations are made. 

1. Employ the rules described under (P) for supply- 

ing missii.g band level information for both fly- 

over and ground runup noire data. 

2. On plots showing the time history of flyover noise 

levels, or on tabulations of one-third octave band 

spectra, llag the spectra (or times) where spectra 

having less than 20 bands were measured. 

3. Do not calculate PNL, PNLT, A-levels or other meas- 

ures for spectra where less than 10 bands were 

measured. 

m 
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APPENDIX E 

CHOICE OF ANGLES AND NOISE SPECTRUM 
POR EXTRAPOLATING NOISE LEVELS 

TO DIFFERENT DISTANCES 

A.  DISCUSSION 

The simple analytic model employed for estimating EPNL values 

at distances other than measured assumes that at. the reference 

distance; 

EPNL • PNLT(ft) ♦ D 

where 9 is the angle of maximum radiation and FNLT is calculat- 

ed from the spectrum at 8. For other distances it Is assumed 

that the EFNL varies due • - 

1. Changes in FNLT, where FNLT is calculated from a 

one-third octave band spectrum which is derived 

from the reference spectra after Inverse square 

adjustments for distance and adjustments for air 

absorption. 

2. Changes in D which arp proportional to 10 tires 

the logarithm of the ratios of the air speeds, «nd 

the Inverse ratios of distancp. 

A question arises as the criterion to ho used for choosing 

(?, and, in turn, the spectrum corresponding to ft.  An initial 

choica night be on a basis of the r.aximum FNLT valu* observed 

during the flyover.  However, one might al:*o conMder choices 

based on the maximum PNL, A-level or D-level. For aircraft 

noise sources where the directional characteristics ohow a pro- 

nounced single lobe (in contrast to multiple lobes) and where 

the shape of the noise spectra does not vary drastically at dif- 

ferent angles, one will generally find relatively good agreement 
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in choice of maximum angle for the several noise level». However, 

where directional patterns show more than one lobe, and particu- 

larly where spectrum shap^ shows large differences with radiation 

angle, thore can be sizable differences between the anplrs chosen 

on basis of PNLT, FNL or other noise measurer» which can re.-.'Jlt 

in significant differences in noise level projections. 

Several kinds of problems ray arise: 

1. With more than one lobe, the maximum angle may 

be dependent on the choice of the noise measure, 

leading to widely different choices of angles 

and spectra. 

2. Where there are two or more lobes, maximum angles 

may vary slzably from run to run.  At one time, 

a forward lobe might be chosen frcm the flyover 

time history; on another run, the second lobe 

»night be the maximum. 

Typically, these problems are most likely to occur at approach 

or cruise thrusts for turbojet and turbofan aircraft:. They are 

both evident In sets of Air Force level flight "lyover data for 

the C-135A aircraft at approach and cruise power.  As an example, 

Figure E-l shows the PNLT time histories for eipht approach power 

runs.  In the figure, the time histories have been aligned so that 

the maximum values for the second lobe coincide.  (The time his- 

tories are displaced vertically so that thore is a 10 dB displace- 

ment between the m;  na of the second lobes.)  For three of the 

eight, runs, the PIJLTM value lr due to the forward lobe, while in 

the remaining cases, the rear lobe dominates. 

'i'wo other factors should also be considered:  First, the cur- 

rent method for calculating the tone correction for the KNLT 

values sometimes give erratic results which are tied to particular 

spectrum details. Occasionally, this may introduce an error in 
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selecting the maximum angle, 6. A more signifleant problem 

arises from the strong compressor or fan components found In the 

vicinity of 2,000 Hz for many current Jet aircraft. When there 

Is a strong tone component the spectrum selected on the basis of 

PHLT may have relatively low sound pressure levels in the middle 

and lower frequency bands. Thus, when this spectrum Is extrapo- 

lated to large distances, the resulting noise level versus distance 

curves will show a high rate of change of noise levels with dis- 

tance due to the rapid attenuation of the strong tone component. 

At large distances, the calculated noise levels may underestimate 

the Jet noise contributions. 

B.  DATA ANALYSES 

To examine the effects of using different criteria in choos- 

ing angles and corresponding spectra, noise level versus distance 

curves were generated from sets of flyover data for the C-135A 

at approach and cruise thrusts using different criteria in select- 

ing 9.  For each run In the two sets of data, 9 values (and spec- 

tra) were selected for the maximum PNLT, maximum PNL, maximum A- 

level and maximum D-level.1  In addition, one run which showed a 

large time difference between maxima selected by differing cri- 

teria was analyzed separately. 

For the 12 sets of approach dpta, normllzpd to ^00 feet, the 

average spectra selected on the basin of the different criteria 

are shown in Figure E-2.  There is a relatively large difference 

between the spectrum selected on the bai:ir> of PNLT, arid the re- 

maining spectra.  However, the spectra selected on the basis of 

either PNL, A-level or D-level maxima show only small differences. 

■For the twelve sets of approach data, the 9 values selected en 
the basis of PNLT or PNL were the same in four runs, and differed 
in eight.  For the eight sets of cru'se dPta, the 9 values were 
the same for three runs, and differed in fiv". 
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Table E-l shows the average value of 6, and the standard 

deviation for the average value, for the different criteria. 

For both the cruise and approach data, there Is a relatively 

large difference In 8 between the PNLTH crlter'a and the others. 

The standard deviation for the PNLTM criteria Is large for the 

approach data, but relatively small for the cruise data. 

Prom the spectra and 6 values of Figure E-2 and Table E-I, 

noise level versus distance curves were generated for PNLT, PNL, 

A-level, EPNL and 3 EL. The corresponding plots are shown In 

Figures E-3 through E-7. In each of the fipures, one will note 

that the noise level values chosen on the basis of the PNLT maxi- 

ma drop off more rapidly with distance and, at large distances, 

fall well below the noise levels-projected on the basis of the 

other choices of 9. Figure E-8 shows the differences between 

projected noise levels chosen on the basis of TNLTW or PNLM cri- 

teria at four distances: MOO, 1000, M000, and 10,000 feet. Typl- 

cally, the choice based on PNLT criteria results in slightly 

higher PNLT or EPV* values at MOO feet. But, for other measures. 

at anv distance, or for EPNL and PNLT at distances beyond 1000 

feet, noise levels projected on the basis of PNLT criteria are 

lower than those based on PNL criteria. 

Results of a similar analysis for the eight sets of C-13C>A 

data taken at r.ulse power are shown also in Figures E-9 through 

E-l*». Spectra are shown in Fipures E-9 and corresponding plots 

of noise level versus uistance are shown in Figures E-10 through 

E-1M. Figure E-15, in a presentation similar to Figure E-8, 

compares the differences In noise levels dependtnr on choice of 

PNLTM and FNLM criteria. Thf trends for the cruii-e data are the 

same as for the approach data, txcept tha* the differences between 

noise levelr, based on the PNLTM criteria and thor.p for the other 

criteria are even more pronounced at larre dlntances. 

E-l» 
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From the sets of C-135A approach data, a "worst case" single 

run was analyzed, based upon the selection of the run which showed 

the greatest time difference between maxima selected by different 

criteria.  (The Information presented In the previous figures Is 

based upon averaging el^ht or twelve sets of data.) 

j 
Figure E-l6 shows the spectra for the different 9 values, and 

5 
Figures E-17 through E-21 show the noise level versus distance 

curves. The difference between noise level projections based on 

PNLTM and other criteria are larger for this "worst case" than 

for the averaged data. Figure E-20, for example, shows differences 

between Ef'NL values of abeut 17 dB at ?0,000 feet. 

It should be emphasized that significant differences in noise 

level projections based on differences in selecting 0 will not 

occur often for most current Jet aircraft, and would rarely, if 

ever, occur at takeoff thrust. For example, examination of 16 

seta of C-135A takeoff data (12 dry and ll wet runs) showed that 

the times of maximum (PNLT, FNL, A-level or D-lnvel) coincides 

for 14 of the 16 runs, and differed by at most 0.? seconds In only 

two runs. 

C.  RECOMMENDATIONS 

On the basis of the above, it is recommended that PNLM be 

used as the basis for choosing 6 and the corresponding spectra 

for estimating noise levels at other distances. This recommenda- 

tion is based on the fact that use of the FNL as the basis for 

choosing the maxima dlrecMvity angle, rather than r'NLT, will 

result in conservative (i.e., higher) estimates of noise levels 

at large distances, and will reduce the risks of serious under- 

estimation of noise levels for planning purposes. 
> 
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It is further recommended that the angle and spectra based 

or. PNLM also be used for estimating A-level and SEL values. 

Si-udy of the figures presented in this appendix will show that 

the differences in noise level projections between those based 

oj ?NL or A-level criteria are typically very small, hence the 

computational complexities of dual criteria for selecting one 

or two -pectra and angles for noise level projections does not 

seem warranted at this time. 
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TABLE  E-I 

THETA VALUES FOR DIFFERENT CRITERIA ~ C-135A 
APPROACH AND CRUISE DATA 

Noise 
Criteria e I i e 1 

PNLTM 60 .0° 31. 0° 30 .0° 8. 0° 

PNLK 96 .5° 11. 5° 5«* ,0s 1U. 
CO 
J 

ALK 98 .0° 13. Oo 69 ,0° 13. 5° 

DLM 91 .5° 22, 5° 62 .5° 20. 0° 
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• PNLTM Voll* 

FIGURE   1-1. COMPARISON   OF   PNLT   TIME   HISTORIES   -   CU5A, 
APPROACH   THPUST,    400   FEET,    300   KNOTS 
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30 100 200 500 1000        2000 
Third Ocrov« Frequency In Ms 

5000      10,000 

FIGURE   £-2. NORMALIZED   FLYOVER   NOISE   SPECTRA   AT   0    -   C135A, 
APPROACH   THRUST,   400 FEET,    160 KNOTS   (12 RUNS) 
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1000 2000 
SPOT» DMMOT In 

20,000 

FIGURE 1-3. TONE-CORRECTED PERCEIVED NOISE LEVEL VS DISTANCE 
CURVES FOR DIFFERENT 6 CRITERIA - C133A, APPROACH 
THRUST, 140 KNOTS 
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FIGURE  1-4.     PERCEIVED   NOISE   LEVEL  VS  DISTANCE  CURVES   FOR 
DHPERFNT   #   CRITERIA   -  C135A,   AFFROACH  THRUST, 
160 KNOTS 

E-ll 

bawiew«iaHHaiMM «MdliAMMMtB 



—*"-■"■■ ■——T- 
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5H(I   IsffMnoO  III  AfrQT 

FIGURE   1-3.     ALEVGL  VS  DISTANCE  CURVES   FOR   DIFFERENT   $   CRITERIA« 
C135A,   APPROACH  THRUST,   160 KNOTS 
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FIGURE  E-A EFFECTIVE  PEIC2IVID   NOISF.   LEVEL  VS   DISTANCE 
CURVES   FOR   DIFFERENT   •   CRITERIA   -  C133A,   APPROACH 
THRUST,   1*0 KNOTS 
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FIGUIE   E-7, SOUND   EXPOSURE   LEVEL  VS   DISTANCE  CURVES   FOR 
DIFFERENT    9   CRITERIA   -  C133A,   APPROACH  THRUST, 
U0 KNOTS 
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10,000 
Dtttane« In fM» 

FIGURE E-8.    DIFFERENCES   IN   NOISE  LEVELS  AT  VARIOUS 
DISTANCES  FOR   NOISE  CURVES  SELECTED  ON  IASIS 
OF  FNLTM  OR   FNLM  CRITERIA  -  C135A AIRCRAFT, 
AFFROACM  THRUST,   U0 KNOTS 
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Third OcHv Fffriewy In Hi 

9000      10,000 

FIGURE  f-f.     NORMALIZED   FLYOVER   NOISE  SPECTRA  AT   #    ■  C13SA, 
CRUISE THRUST, 400 FEET,   300 KNOTS   (I RUNS) 
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FIGUR* e-io. TONE-CORRECTED   PERCEIVED   NOISE   LEVEL  VS   DISTANCE 
CURVES   FOR   DIFFERENT    0   CRITERIA   -  CI35A   CRUISE 
THRUST,   300 KNOTS 
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FIGURE   E-11.     PERCEIVED   NOISE   LEVEL  VS   DISTANCE  CURVES   FOR 
DIFFERENT   9    CRITERIA   -  C13SA CRUPSZ THRUST,  300 
KNOTS 
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Slant Distance In feat 

10,000 20,000 

FIGURE  E-12 A-LEVEL  VS   DISTANCE   CL'tVSS   FOR   DIFFERENT " 
CRITERIA   -   C135A   CRUISE   THRUST,    300  KNOTS 
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10,000 »,000 

FIGURE   E-13.      EFFECTIVE   PERCEIVED   NOISE   LEVEL  VS   DISTANCE  CURVES 
FOR   DIFFERENT   9    CRITERIA   -   C135A  CRUISE  THRUST, 
300 KNOTS 
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FIGURE   E-14.     SOUND   EXPOSURE   LEVEL  VS   DISTANCE  CURVES 
FOR  DIFFERENT   9   CRITERIA   -  C13SA  CRUISE  THRUST, 
300 KNOTS 

E-21 



-       -VITT-,^    |i   m.ip^j.,!;,■■■     ..Li, 

' 

10,000 
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FIGURE  £-15.   DIFFERENCES   IN   NOISE  LEVELS  AT VARIOUS 
DISTANCES   FOR   NOISE   CURVES   SELECTED  ON   BASIS 
OF   PNLTM  OR   FNLM   CRSTERIA   -  C133A  AIRCRAFT, 
CRUISE  THRUST,    160 KNOTS 
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Third Octnv» Fraquancy In Hx 

9000      10,000 

FIGURE E-H. »-^»MALIZED FLYOVER NOISE SFECTUA AT * - C135A, 
APPROACH THRUST, 400 FEET, 160 KNOTS (SINGLE RUN 
72-026-004-04) 
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FIGURE  i-17. TONE-CORRECTED PERCEIVED NQ!SE LEVEL VS DISTANCE 
CURVES FOR DSFFEÄENT « CRITERIA - C135A, APPROACH 
THRUST,    160 KNOTS   (SINGLE   RUN   72-026-004-04) 
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RGUteg  fc-i8. PKICEIV8D   NOISE   LEVEL V$   DISTANCE  CURVES   FOR 
DIFFIRENT   $  CRITERIA   -  CU5A,   APPROACH  THRUST, 
U0  KNOT?   (SINGH  RUN   72-026-004-04) 
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10,000 20,000 

FIGURE  E-1V, A-UVEl  VS   DISTANCE   CURVES   FOR   DIFFERENT   0 CRITERIA 
C135A,   APPROACH   THRUST,    160 KNOTS   (SINGLE   RUN 
72-026-004-04) 

L-2b 

gJfr"WMrf'1 iM —■-■■-■fcartWt »i Amsmim ■ , ,  ~- "^^jM^if, 



tmmmmwmm 

1000 2000 
Slant OhtafiM In «Mt 

10,000 »,000 

HOURS   1-20.     EFFECTIVE  PERCEIVED   NOISE   LEVEL  VS   DISTANCE  FOR 
DIFFERENT   • CRITERIA   -  C135A,   APPROACH  THRUST, 
1*0 KNOTS   (SINGLE  RUN   72-026-004-04) 
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FIGURE  1-21 SOUND EXFOSURE LtVIL V« DISTANCE CURVES FOR 
DIFFERENT # CRITERIA - CI33A, AFFROACH THRUST, 
UO KNOTS   (SINGLE RUN  72-026-004-04) 
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APPENDIX F 

DERIVATION OP EQUATION FOR THE DIRECTIVITY ANGLE 
AND SLANT DISTANCE, KQ, OBTAINED AT THE 

TIME OF MAXIMUM NOISE LEVEL 

Referring to Figure 1, the actual directivity angle, 6, at 

the time of PNLM* Is a function of the speed of the aircraft. 

The airplane has speed v In ft/sec, and Is observed on the ground 

to have Its PNLM oncur at point Q, having travelled a distance v 

At from the overhead position at K. Actually, PNLM occurred 

sooner, at point Q', since the sound emitted at that time took 

a finite time Interval to reach the ground at point K. The 

actual • can be derived as follows: 

At« - At - * 

x2 • h2 ♦ v2(At - |)2 

• h2 + v2At2 - 2v2Atx- ♦ 2L* c  T2^ 
or 

x2(1 . A ♦ Z^  " (fc2 + v2*t2) - 0 
c*    c 

Taking the positive square root, 

2Y?At Jiv^W + Ml . X!) [h2 4 v2(,t)2]| 1/2 

2(1 - ~) 
c 

2 2 
2L£! ♦ [h2(i - tg)  + (vAt)2] 

1/2 

■Or other noise measure used an the criteria for determining the 
maximum angle of radiation,  ("ce Appendix K). 
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where x Is the slant distance KQ*. 

Since 6 is given by sin 

sin 6 ■ 

-1 H 

h (i - y^) 
c 

h2(l 
2 

- 2-)  ♦   (vAt)2 

c 
1/2 m v2At 

c 

At speeds less than 150 knots, for directivity angles from 

30 to 60 degrees, the error Introduced by not Including propaga- 

tion tine is an underestimate of the actual noise level by less 

than 0.5 dB. At a speed of 300 knots the underestimate Is as 

much 1.3 dB. If one assumes the accuracy of measuring At Is 

1 0.25 seconds In obtaining the closest 0.5 second Interval In 

At8 not applying propagation time corrections will underestimate 

the true level by 1.6 dB, while applying them would leave a pos- 

sible error of less than 0.3 dB. 

In normal practice the directivity angle will be reported a» l8o 

degrees - • , i.e., the angle made u measured from the nose of the aircraft. 

 1 
- 
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APPENDIX g 

DERIVATION OP SLANT DISTANCE TO AIRCRAPT, ASSUMING THE 
DIRECTIVITY PATTERN IS CYLINDRICALLY SYMMETRICAL 

Referring to Figure 3 : 

(LP)'2 - d2 ♦ h^cos 2 y 

LX 

LX 

LP' 
sin 6 

A dc ♦ h^cos 2 Y) 
ein 6 

1/2 

And, directly under the flight path, d ■ 0, For level flight, 
Y ■ 0. If sin 6 remains constant, It Is convenient to plot EPNL 
as a function of the distance of closest approach to the flight 
path. The effect of climb angle may be Ignored, within C.5 dB, 
up to Y ■ 28 degrees. In this case, EPNL may be referenced to 
the slant distance to the aircraft track, at the distance of 
closest approach determined solely from LX ■ [d ♦ h^  ]  • 
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APPENDIX H 

GROUND REPLECTION EPPECTS 

The analysis procedures given In this test plan do not cor- 

rect for ground reflection effects resulting from reflection or 

absorption by the ground. Such effects can disturb the spectrum 

shape by Introducing spectral irregularities due to Interference 

between sound directly radiated from the source and that reflect- 

ed from the ground. The spectrum irregularities can introduce 

errors in computed noise level measures (such as the PNL, and in 

the tone corrections applied in computing PNLT). Reflection ef- 

fects are particularly evident in ground-to-ground measurements 

(ground runup measurements for example) but are usually somewhat 

less evident in the air-to-ground data encountered in flyover 

noise analysis. Ground reflection effects are not included in 

the current procedures for the following reasons: 

1. Although the phenomenon is quite well understood 

on a theoretical basis, simple well-developed 

and tested engineering methods for adjusting for 

this effect have not been established. 

2. The influence of such ground reflection effects 

usually introduces relatively moderate or small 

errors for most cases of interest. 

3. Ground reflection effects may introduce sizable 

errors in cases where one wishes to predict fly- 

over noise levels from measur d engine ground 

runup data. This estimation procedure is not 

employed in the current test analysis, hence this 

problem is avoided. 

H-l 
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Where It Is felt desirable to correct ground runup data 
for ground reflection effects, a first-order correction for 
broad band noise (Jet noise, for example) may usually be ac- 
complished by "hand smoothing" the frequency spectrum.    This 
procedure, together with more elaborate test and/or correction 
procedures, are described In draft SAE AIR 1327 "Acoustic 
Effects Produced by a Reflecting Plane",  197^ or the latest 
revision thereof. 

Ground reflection effects can also be   experimentally "smoothed" vising 

spatial   areraging techniques by energy averaging    the sound pressure levels 

over ground -   microphone heights of 2 to 10 feet. 
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APPENDIX I 

ENGINE THRUST ADJUSTMENT TO NOISE LEVELS 

In Sections 10 and 11, a factor, Ag in dB, is introduce t 

permit adjustment for differences in noise levels resulting from 

differences in engine thrust or engine power oatput. This fac- 

tor may be introduced to correct field flight data to reference 

thrußt conditions (Sections 10.2 and 11.1). Later, this factor 

may be used to adjust from reference thrust conditions to other 

specified conditions (Sections 10.5 and 11.4). This appendix 

outlines one of the ways in which the adjustment may be deter- 

mined, with specific reference to turbojet and turbofan engines. 

To determine the adjustment values in terms of practical 

aircraft operating parameters, several steps are generally nec- 

essary. The first step involves the assembly of sets of noise 

level (SELT, SEL, EPNL, etc.) vs. distance curves at different 

thrusts adjusted to standard day conditions and a reference 

airspeed, as shown in the upper portion of Figure 1-1. The 

3econd step consists of plotting the naise levels at a given 

reference distance versus a basic engine parameter. Probably 

the most useful parameter for turbojet engines is the net thrust. 

As iiidicated schematically by the graph in the center part of 

Figure 1-1, a curve can be fitted to data points to show the 

variation in noise level with net thrust. This curve can be 

used directly when net thrust information is available or can 

easily be calculated. This would usually be the case when one 

wants to make adjustments for changes in basic temperature or 

altitude conditions. 

However, for adjustments in noise data to fit operating 

conditions for a specific air base, the noise versus thrust case 

should be translated in terms of the engine parameter that would 

actually be used by pilots and displayed in the aircraft cockpit. 
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This translation is indicated in the lower part of Figure 1-1. 

From this plot, one can then utilize practical engine operating 

parameters to determine the Ag value. 
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FIGURE   1-1.     DATA   NEEDED  TO   DETERMINE   ENGINE  THRUST 
ADJUSTMENTS 
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APPENDIX J 

OROUND-TG-QROUND PROPAGATION NOISE LEVEL ESTIMATES 

PROM INFLIGHT AIRCRAFT NOISE MEASUREMENTS 

Aircraft noiae levels measured to the side of the runway 

during aircraft takeoffs or measured at low angles of Incidence 

from aircraft In flight typically are significantly lower than 

levels estimated from flight measurements (with aircraft passing 

overhead) assuming only atmospheric air attenuation. Even when 

the excess ground attenuation provided in Figure 4 Is taken in- 

to account, measured levels are often significantly lower than 

predicted. 

The differences between measurements and predictions may be 

ascribed to several factors. Among them are the following: 

(a) Ground reflection and absorption effects caused by 

finite impedance of the ground 

(b) Engine noise source shielding produced by the aircraft 

airframe 

(c) Excess ground attenuation that is greater than the values 

given in Figure k 

(d) Attenuation due to partial (or complete) shielding of 

the aircraft source by intervening buildings, terrain 

irregularities or trees and shrubs 

In addition to the above factors, one also observes changes 

in sideline noise levels during the takeoff run wnich may be 

ascribed to changes in aircraft noise output and changes in 

signal duration due to the aircraft acceleration. 
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Analytic noise prediction models are not yet available that 

consistently agree with the available sideline noise data or 

noise data measured at near-grazing angles from aircraft in 

flight. Hence, in order to provide realistic estimates of 

"sideline" noise levels or levels at low angles of incidence, 

the following empirical procedure for estimating noise levels 

for ground-to-ground propagation is recommended. The procedure 

involves two basic steps: 

(a) Provide for excess attenuation using the values of 

Figure 4. Typically, these values result in excess 

attenuation for calculated noise levels at distances 

greater than 1,000 ft. but negligible excess attenua- 

tion at shorter distances. 

(b) Provide an additional attenuation factor to apply to 

all distances.  Based on analysis of sideline noise 

data, weighted noise levels, such as the AL, PNL, 

EPNL, SEL and SELT show additional losses of from 

Jj to 8 dB.  One-third octave band spectrum levels 

show wide variations, with quite pronounced frequency 

effects.  However, rather than attempt to account for 

these i 'equency effects at this time, it is recommended 

that 5 dB be subtracted from all one-third octave band 

SPL values, anu weighted noise levels be calculated 

from the resulting spectrum levels. 

The above recommendations are applicable for prediction of 

noise levels for ground-to-ground propagation conditions from 

the takeoff position and beyond. They are also applicable for 

estimating approach noise down to the point of touchdown. 
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An additional adjustment is needed to account for the 

decrease of noise during the takeoff roll. In the current 

NEF/DNL programs, this adjustment is entered as part of the 

coding for individual aircraft and does not form part of the 

basic noise data file. Poi* current military aircraft, this 

adjustment, applied as an offset to the weighted noise level 

curves (EPNL, SEL and SELT) is 4 dB specified as a 4 dB 

decrease in levels from brake release to liftoff. 
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