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1 .0 INTRODUCTION

Tracor , Inc ., performed a study of aircraft noise
measuring systems for the Federal Aviation Administration (FAA)

under contract DOT-FA74WA-3539. The study was divided into two
phases :

an evaluation of the ten most comp le te and
comprehensive aircraft noise measurement

systems in use today in the Free World

B. a preliminary design study, the results

of which will allow the design of an advanced
aircraft noise measurement and certification

system .

The resul ts of this study are presented in two documents

corresponding to Tasks A and B, respectively. This is the report

of the results of Task B.

This Task B report was revised , under contract

• 
DOT-EATQWA-3900 , from the original draft to provide separate

illustrative design examples for a research noise measurement

system and for an aircraft noise certification system . The

original sys tem design was cons trained by the requirements to
serve both as a research and certification system , to function

for both purposes in all we ather conditions, and to be modularl y
expandable. Removal of these and other constraints allowed the

design examples to be -optimized separately for the cer ti f ica t ion
and research functions .

For the purpose of th is  report an a i rc ra f t  noise
ce r t i f i ca t ion  system is a system capable of precise measurement
and evaluation of s ing le a i r c r a f t  f lyovers  for the purpose of

.6
S ~.. — ~~~ ~~~~~~~ ~~~~~~~~~~ - - - __ ._ _ __ _.___ __—.___ ________________________ —



determining compliance wi th  Federal Aviat ion Regulat ions (FAR)
Part 36 or Internat ional  Civil Aviation Organizat ion  (ICAO)
Annex 16 noise ce r t i f i ca t ion  requirements .  Such ce r t i f i ca t ion
procedures require an accurate  knowledge of a i r c r a f t  posi t ion
and detai led anal ysis of acoustical f l yover s ignatures .  A detai led
spectra l  and temporal h is tory  of each f lyover  must be produced ,
normally in tape-recorded form .

The a i r c r a f t  noise research sys tem is considered to be
a system for measuring a i r c ra f t  noise at several locations
simultaneously in real time in the vicinity of a normally opera-

ting airport. In some ways , the research system is similar to

the airport noise monitoring systems described in the Task A report.

However , it has expanded capabilities and versatility to support

varied research object ives .  The object ives m a ’  range from measuring
the differences  in sing le event noise due to c. anges in f l ight
profile of a certain aircraft type to studying he long term effect

of weather on cumulative noise measures.

This report i l lus t ra tes  the range of performance that
may be achieved in research and ce r t i f i ca t ion  systems . Some

• sections are approached from a basic point  of view and may be
superfluous for the reader familiar with the measurement of air-

craft noise. The detailed design of a certification or research

system is not presented , since specific measurement objectives

and operational features must be established before such a design

~~ 
-~~~P is developed. Two design examp les are included , however , to

illustrate how operational features such as portability , etc.

affect subsystem choices in a complete system design .

The range of instrumentation hardware and software

available fcr either system is considered in detail. The bas ic
subsystems required for the certification system and the research

system are similar. The required accuracy, data volume , and

1-2
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opera ting manpower , however , as well as other opera tional fac tors ,

• will be different for the subsystems of the certification and the

research system. The basic subsystems are :

1. acoutical data collection subsystem

2. positional tracking subsystem

3. weather data collection subsystem

4. aircraft performance data subsystem

5. data processing subsystem (including software)

It would be possible to configure a research system

without all the basic subsystems , however , a certification system

requires all the subsystems . The separate chapters for the

respective subsystems show several different ways to accomplish

the particular tasks . The relative merits of the various tech-

niques are described with respect to salient engineering features

such as accuracy, portability, manpower , cost , etc.

Finally, spec i f ic  design objectives for a research
system and for a certification system are hypothesized separately

and illustrative designs for each are presented , using the

subsystem components previously discussed.

L 
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2.0 GENERAL DESIGN CONSIDERATIONS

This sec tion presents some general des ign consider at ions

that influence the ultimate choice of system configuration . Such

factors as research objectives , standards , FAR Part 36 requirements ,

operational  fea tures , data reduction , opera ting environmen t , and
cost are discussed. Any one of these variables can have a great

affect on the choice of a system configuration and can even

dictate specific hardware. As usual, cost-performance tradeoffs
must eventually be considered.

It is emphasized that this design study was to de termine
those design concepts with which a selectable level of performance
could be achieved. Thus , this study is not an engineering design
effor t , but rather provides a foundation for such an effort.

2.1 Basic System Requirements

The bas ic subsys tems required for noise cer ti fication
and res earch sys tems are the same and are shown in the block
diagram of Figure 2.1. The exact implementation of the elements

of the block diagram will be influenced by both technical and

operational requirements. A brief description of the system shown
in Figure 2.1 will aid in defining system requirements and design

constraints. Included are the various data collection subsystems ,

the data transmission medium , and the data processing subsys tem .

Each of the data collection subsystems is time synchronized in

some fashion . Some pre1iminary data processing can be done by

the data collection subsystems before transmission to a central

site for final processing and analysis. Transmission can be in

real time via wire or radio link , or delayed in t ime via magnetic
and/or paper tape storage . The data processing subsystem can control

real time operation of the system or it can be used for post-flight

- ~~~~—~~~~~~~~~~~~~~ —~~~~~ —— - 
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analysis of recorded data. In both types of operation , the data

processing system must apply corrections and combine the data for

final processing . Data processing and analysis requirements in

all systems considered here are of such complexity that a digital

computer is almost indispensible as an integral part of the data

processing subsystem .

The acous tical , weather , and tracking subsys tems may all
be located at separate geographical locations , although all will
be within a few miles of the airport . The aircraft performance

subsystem wi l l  be on the test a i r c r a f t .  This d ivers i ty  in locations
presents data transmission and logist ical  problems that  are
important system design considerations .

Two considerations that  a f f e c t  the system design in
several ways are the test  si te (a i rpor t )  and data volume .

(a) Test site - The system requirement for p o r t a b i l i t y
of all or part of the equipment may be imposed or

a permanent installation at a particular airport

may be indicated . Once the airport is selected ,

access to the acoustical monitoring sites may be
limited by roads and other man-made and natural

obstacles. Each airport presents unique require-

ments of access for both acoustical and tracking

systems which will impact the system design. The

choice of the airport may be made so that existing

tracking and data telemetry or other facilities

can be utilized for economy .

(b) Data volume - The quantity of data to be collected

will impact the system design. This is in turn

dependent on the resear ch objec tive or , in the case

of certification measurements , the number of

2-3
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certifications to be made . The tradeoff between

manpower and cost of automatic  equipment depends
mainly on the data volume .

2 . 2  C e r t i f i c a t i o n  Noise Measurement System Considerat ions

The spec i f ic  measurement object ives which mus t be met
for noise certification tests are given in FAR Part 36 (Appendix A)

and the specific items that have major impact on measurement

system design are summarized in this section .

2.2.1 General Design Considerations

Certification tests are conducted by the aircraft

manufacturers and are observed and monitored by the FAA . The

equipment is provided by the aircraft manufacturer either from

his own inventory or through consulting or lease agreements.

Tests are required only once for a particular aircraft configu-

ration and typically require a few days for data acquisition .

Therefore official aircraft certifications during any one year in

the United States are few ; however , aircraft manufacturers conduct

similar tests repeatedly for engineering evaluation purposes. The

data volume requirement for any system thus depends greatly on the

number of design tests to be conducted.

2.2.2 FAR Part 36 Requirements

The requirements for aircraft noise certification

dictate two major refinements in the capabilities of aircraft

noise monitoring systems of the type studied under Task A. First ,

detailed spectral analys is of flyover signatures is necessary,
and second , accura te knowledge of aircraft position is required.
FAR Part 36 contains specific requirements for the collection

and analysis of acoustical , weather , tracking , and aircraft

2-4

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - . -  — —. -~~~

--- 
~- ---

,
~..— S— ~ =—--- --— ———.- — . — - ----- 

— —  ir~i—



1~

performance da ta .  A i r c r a f t  noise c e r t i f ic a t i o n  requires the
a i r c r a f t  to be operated spec i f ica l ly for the associated t e s t s.
Thus , the a i r c r a f t  is an active element in the tes t s  and may be
special ly instrumented for th is  reason .

Speci f ic  data collection subsystems are given in
Figure 2.1 , and a summary of their respective FAR Part 36 require-
ments 1 are presented below :

1. Acoustical data collection

a. sufficient data for one-third octave band

analys is in the standard 24 bands (50 Hz to
10 kHz inclusive), sampled each half second.

Note: Revision of Part 36 requires data

collection at least between 10 dB down points.
Also , a pressure sensitive condenser microphone

is specified and more stringent directivity

specifications essentially require a microphone
no larger than 1/2 inch in diameter.

b. three measurement locations : two for departures

and one for arrivals. Data from only one depar-

ture sideline measuring site are used; however ,

at least four simultaneous sideline measuring

sites are required to determine the point of

maximum sideline noise.
—I

‘For subsonic transport category and turbojet powered aircraft.
Appendix F of FAR Part 36 specified reduced requirements for tests
of propeller driven aircraft . A revision of FAR Part 36 is
currently being considered , as published in the Federal Regis ter
Thursday, Oc tober 28 , 1976 and attached as part of Appendix A of
this report. The changes that have major impact on the system

~ design are noted in the text .



2. Weather data collection

a. at a central location , reported each hour :

temperature , relative humidity, atmospheric

pressure , and maximum , minimum and average

wind speed and associated directions.

b. near each microphone , reported each hour :

wind velocity and temperature .

c. temperature and humidity measurements from

ground to aircraft test flight path to determine

if temperature inversion or anomalous wind

conditions exist.

Note : The proposed revision to FAR Part 36

requires measurement of the temperature and

relative humidity from 10 meters above the

acoustical measuring site to the altitude of

the aircraft . Time interval between measure-

ments must not exceed 45 minutes . The sound

propagation data may be corrected using a layered

model of the atmosphere with increments no greater

than 100 feet.

3. Tracking data collection

a. projected ground track and altitude within up

to 6 nautical miles from the runway threshold.

Note: The proposed revision to FAR Part 36

deletes the 6 nautical mile requirement and

requires sufficient data to determine the

corrections for the approach angle , speed , and

flight profile .

b. sufficient data to allow calculation of the

slant range to the aircraft from each acoustical

2-6
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measurement location for the time of occurrence

of maximum noise at the measurement location .

Note: The proposed revision to FAR Part 36

requires that the position of the aircraft be

recorded for the entire interval during which

the measured aircraft noise is within 10 dB of

the PNLTM for each measurement location .

c. sufficient data to allow calculation of the

point of closest approach of the aircraft to

each acoustical measurement location .

4. Aircraft performance data collection

a. weight

b. airspeed

c. engine performance

Note: The proposed revision to FAR Part 36

requires that these data be automaticall y

recorded at an approved rate.

Noise certification measurement positions required by

FAR Part 36 impact the system design and are illustrated in

Figure 2.2. These locations are summarized below :

a. For arrivals , 1 nm out runway centerline measured
from the threshold point.

h. For departures , 3.5 nm out runway centerline

measured from the brake release point.

c. For departures , sideline measurements to determine

the point of maximum noise along a line parallel to

the runway disp laced 0.35 nm (0.25 nm for aircraft

with less than four engines).

2-7
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For FAR certification tests , specific flight paths ,
operating procedures , and weight limits are established in advance.

During the tests acoustical , weather , tracking , and performance
data are gathered. Data processing requires one-third octave band
analysis of the acoustical data samp led every 0.5 seconds , cor-
rection of the acoustical data for variations in weather and
aircraft position , and an analysis of the duration of the noise

above a specified threshold. A sing le number rating (EPNL) of
the aircraft noise at each location is then generated , normalized

to standard conditions . This rating is then examined for comp liance

with FAR requirements and a judgement is made regarding certification .

2.3 Research System

The aircraft noise research system should have the

versatility to handle a wide range of experiments. This should

include the measuremen t of aircraft operating under normal flight
procedures at a busy airport , as well as aircraft operated specifi-
call y for noise tests. However , research studies of aircraft noi .
at a busy airport typ ically result in handling of large volumes

of data collected over extended periods of time . The research

system can be used to improve measurement techniques , verify human

response models , assist in noise abatement planning , verif y the

effect of abatement procedures , establish noise limits , e ’c.

Specific research system functions are suggested below and ‘he

effect of these functions on the system design is consider’~~.
— p

2.3.1 Typical Research App lications

The fo l lowing  l i s t  of research app l i c a t i o n s  r epres~-~~~s
some of the current questions that , when answered , would assis

in understanding and controlling the noise from aircraft . Typ ical

research app lica tions mi ght include :
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a. Atmospheric effects on sound attenuation

b. Effects of ground surface variations near the

measurement site

c. Excess attenuation as a function of ang le of
incidence as this affects prediction of sideline

noise

d. Comparison of data taken according to FAR Part 36

with data taken using other standards and techn iques

e. Noise reduction due to flight path modifications

such as two-segment approaches

f. Differences in measurements made with different

equipment meeting the requirements of FAR Part 36

(different averaging techniques , etc.)

g. Correction techniques for high background noise

areas , particularly at sideline points where

atmospheric attenuation of high frequencies is

great

h. Validation of basic NEF/Ld noise model

i. Determination of “intrusiveness”

j. Correlation of daily variations in noise exposure

with weather parameters

k. Development of fleet noise contributions at specific

location microphones

1. Control and evaluation of preferential runway
techniques.

m. Monitoring of noise abatement procedures to insure

comp liance

n. Statistical comparison of noise measures such as

SENEL and EPNL

2-10
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2.3.2 Operational System Design Considerations for a Research

System

Each research objective listed above presents unique

requirements for the research system hardware and software . Most

of the objectives require the collection of data over an extended

time period; therefore , automatic real time data collection is

indicated. In order to collect long-term data , the equipment

must function in all types of weather . Flexibility is another

very important consideration in choosing subsystem components for

a research system .

Generally, noise measurements are required continuously

at several locations. Some research objectives can be accomp lished

with A-we ighted sound level measurements and others require one-

third octave band level data. Most currently used noise measures

may be computed from one-third octave band data sampled every

0.5 seconds . To accommodate all the various computed measures

such as L , T EPNL etc. , a computer data collection anddn xx
analysis system is required. A computer-based system also provides

the needed flexibility to automatically control the various equip-

ment systems . This allows anything from single noise event

statistics to the compilation of total or cumulative measures .

Some of the research objective s require that specific

noise events be correlated with the type of aircraft produc ing
P the noise. This is a large task when the system is monitoring

several hundred flights per day , each of which causes a “aise

event at several measurement sites. The most direct way ot

accomp lishing this task is very manpower intensive , as it requires

visual observation of the flight and manual coordination of a

computer entry identifying the aircraft type , etc. , with the noise

event. When there are limited numbers of fligh ts , the events may

be recorded with a time code and later correlated with a log of

.t.. ~~~~~~~~~~ 
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operations or an audio recording of the tower radio . Full

automation of the identification process is theoretically possible

using data from the ARTS III system , wh ich may be either hard
wired or taped inputs to the noise system . However , access to

these data may be limited because of air safety considerations .

The flight track followed by the aircraft must be

known accurately for some experimental studies. The acceptable

tracking techniques , depending on the specific equipment , can

vary from an observer recording whether the flight went to his

right or left to an independent skin-tracking radar . Numerous

tracking systems are discussed in detail in Section 4.0; each

type is best suited for particular experiments .

The requirement for weather information is also dependent

on the specific experiment . When requ ir ed , weather information

may vary from a single site measurement of temperature and humidity

to a detailed profile of temperature and humidity f rom gr ound level
to the aircraft flight path.

The choice of experiments has been shown to greatly
affect the system requirements. Before designing a specific

system the primary experimental objective should be defined

along with secondary goals. Then a detailed system can be planned

that will be appropriate to the objective . Subsystems that are

appropriate for such systems are discussed in detail in following

sections and in Section 9.0 some typ ical goals are established

and a research system design evaluated in terms of these goals.

In system design , the following performance criteria are used to

compare the various subsystems .

a. Degree of automation

b. All weather capability

c. Real t ime data and time required for data output

2-12
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d. Portability and ease of setup

e. Modular expansion capability

f. Accutacy

g. Costs

h. Versatility — easily configured for different

measurement and analysis tasks

i. Manpower requirements and support requirements

j. Permanent record of data

k. Standards

2.3.3 App licable Standards

Various national and international standardization

organizations have issued standards and recommended practices

which are related to aircraft noise measurement. Those which are

incorporated in FAR Part 36 by reference are listed below :

a. International Electrotechnical Commission ,

Publication 179 , Precision Sound Level Meters ,

1965.

b. International Organization for Standardization

(IEC) 225 , Octave , Half-octave and Third-octave

Bandpass Filters Intended for the Analys is of
Sounds and Vibrations .

c. Society of Automotive Engineers , Inc . , Aerospace

Recommended Prac tice (ARP) 866A , Standard Values
of Atmospheric Abs orption as a Function of
Temperature and Humidity, Revised March 15 , 1975.

For general res earch and cer ti f ica tion purposes it is des irable
to have a measurement subsystem which is capable of being adapted

2-13
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to comp ly with other widely used standards . It is also desirable

to incorporate the requirements of certain standards into the FAR

Part 36 measurement technique when the standards are applicable
and can clarify techniques not specifically addressed therein .

Standards considered for these purposes are listed below :

a. International Civil Aviation Organization (ICAO),

Aircraft Noise , Annex 16 to the Convention on

International Civil Aviation , 1971.

b. International Organization for Standardization (ISO) ,

R.507-l970, Procedure for Describing Noise Around
an Airport.

c. International Electrotechnical Commission , 29C :

Electro-Acoustical Performance Requirements for

Aircraft Noise Certification Measurements , July 1974.

d. International Organization for Standardization , R 1716-

1970 , Monitoring Aircraft Noise Around an Airport.

e. International Organization for Standardization ,

Redraf t Rl760 , Procedure for Describing Aircraft

Noise Around an Airport.

f. Soc iety of Automotive Engineers , Inc., Preliminary
Draf t of Aerospace Recommended Prac tice 796 ,

Measurements of Aircraf t Flyover Noise , Revised
April 24 , 1974 .

g. Society of Automotive Engineers , Inc ., Proposed
Aerospace Recommended Prac tice 1264 , Airp lane
Flyover Noise Analysis Systems used for Effective

Perceived Noise Level Computat ions , January 11 , 1973.
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h. American National Standards Institute , Inc. (ANSI),
ANSI Sl.4-197l , Specification for Sound Level

Meters.

i. American National Standards Institute , Inc. , ANSI
Sl.ll- 1966 , Octave , Half-octave and One-third Octave
Filter Sets.
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3.0 ACOUSTICAL DATA SUBSYSTEMS

The acoustical data subsystem receives the noise at

several remote locations , analyzes the data in one-third
octave frequency bands , conveys the data to a central location ,

and records the results of the frequency anal ysis. The order of
these steps may be changed and interim processing and recording
steps may be inserted to meet specific operational requirements .
The recording is synchronized in time to allow coordination with

data from other subsystems .

3.1 Performance Requirements

For this report , only acoustica l data subsystems that

are capable of performing one-third octave band frequency analysis

are considered. This capability is a requirement for certification

measurements and appropriate for a versatile research system .
Systems that use onl y a sing le weighted measure (such as dBA) for

the acoustical data require much simp ler hardware appropriate

for noise monitoring systems . Monitoring systems are described

in a companion report , Airport Noise Monitoring Systems , Task A
Final Report , FAA-RD-75- 216.

3. 1 .1 Certification System

The electrical and acoustical specifications required for

a certification noise measurement system are described in Appendix A ,
p Section A36.3 of FAR Part 36 , and the referenced international

standard IEC 179 (dated 1973) and IEC 225 (dated 1966). FAR Part 36
is attached as Appendix A. The detailed performance specifications

of FAR 36 will not be repeated here ; however , some of the general
requirements that influence system design are listed below .

1 . Simultaneous acoustical measurements must be made at

four side line locations (2 on each side of the runway
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and a perpendicular distance of 0.35 nm from the

centerline extension ) and one centerline location

3.5 nm from brake release.

2. The sound produced by the aircraft must be recorded

in such a way that the comp lete information , including

the time history, is retained.

3. Data must be recorded with a time code or other

time synchronization for coordination with the

outputs from other subsystems .

4. Data analysis - One-third octave band levels

in 24 contiguous bands starting at 50 H-’ must be

recorded every 1/2 second.

5. Microphone - The microphone specifications essentiall y

require a 1/2 inch (or smaller) condenser type microphone .

6. Single-frequency acoustical calibration and broad-

band electrical calibration sources must be provided

for field use. Pure -tone norma l incidence pressure

calibration of the microphone and preamplifier at

each one-third octave band center frequency must

he performed within 30 days prior to certification

tests.

7. Microphone windscreens are required for wind speeds

greater than 6 knots.

3. 1.2 Research System

Many of the research objectives listed in Section 2.0

require the collection and analysis of the acoustical data in one-

third octave bands , as required for the certification system .

Therefore the collection of one-third octa’~e noise data with equipment

meeting the requirement of FAR Part 36 Section A36 .3 is considered

‘5



minimum performance for the research system. The electrical and
acoustical equi pment tolerances described in A36.3 are also app licable

to the research system .

The research system should maintain maximum flexibility

so that the widest possible range of experiments can be conducted.

By collecting the acoustical data in 0.5 second samp les of the

one-third octave band levels the majority of the detail is

retained. The data processing system can be programmed to utilize

the portion of the data necessary at any given time for the specific

research problem .

Althoug h the electrical and acoustical specifications

for the research system noise measuring subsystem are almost the

same as those for the certification system , there are other

requirements that influence the research system design . Some
of these design considerations are :

a. There may be many measurement locations , widely

separated , and possibly located in residential

neighborhoods .

b. Experiments may require collection of data for

long periods of time (days , weeks , or even years).

This dictates a high degree of automation and real

time collection of data at a central site.

c. A wide dynamic range of signal levels (90 dB minimum)

is required. This is necessary to accommodate

experiments involving both background noise and
aircraft noise measurements.
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3.2 Equipment Configuration s

All possible equipment configurations and their general
performance characteristics (such as portability, necessary opera-

tional manpower , ease of dep loyment , real time/delayed output ,

data transmission , volume of data storage , and cost) will not be

considered. Attention will be given only to those systems that

could be practically deployed to collect acoustical data at widely
separated field locations and also provide operational or cost

advantages.

3.2.1 Portable Tape Recorder Acoustical Data Subsystem

The portable tape recorder acoustical data subsystem

shown in Figure 3.1 consists of portable instrumentation packages ,

powered by internal ba tteries , that are placed at each measurement
site just before tests are to be conducted. The acoustical data

are recorded on analog tape and hand carried to a central site

for one-third octave band analysis. Data processing is inherently

delayed and can be done through a single one-third octave band

analyzer at any location , even in another city, depending on the

time delay acceptable between recording and final data processing .

The tape recorder is turned on and off by a radio link from the

cen t ra l  s i te  or may be manually operated. The tape recorder is

turned on prior to the arrival of the aircraft over the measure-

ment site and turned off a sufficient time after it has passed

p for the signal level to drop below the range of interest. The

electrical calibration may be inserted before and after each fly-
over or at the beg inning and end of the tape or test sequence .

Acoustical calibration levels are inserted at the beginning and

end of the test sequence. A time code synchronization signal in
a format such as IRIG-B is recorded on the tape and can be trans-

mitted from the central site or generated by a local time code

generator . The electrical calibration may also be remotely or
manually controlled.
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The small size and weight of this system , .- i s  well as

relative ly low cost , make it ideal for doing a limited n IrJer ~f

tests under controlled conditions. It can be carried from one

airport to another easily, as no power or communication lines are

required at the measurement site. For certification measurements ,

the exact site location must be determined by a survey or other

appropriate means . The pistonphone calibration would be common

to all sites.

The approximate total remote site equipment package

volume and weight are 1 cubic foot and 25 pounds exclusive of the

tripod for mounting the microphone . The preferred microphone is

a standard laboratory type 1/2 inch condenser microphone with

windscreen .

The microphone , preamp lifier , tape re~~’rder , and

transceiver can all be items purchased commercial ly . The control

decoding logic , insert calibration , generator , and ~-~ ‘ia1ization

circuitry can best be custom-built , using common tech ai ques , and

can be powered from the tape recorder battery.

Because of portability considerations , a r a r e  recorder

using a maximum of 7-inch reels is suggested. This recorder

would provide 48 minutes of recording per reel at 7-1/2 inches per

second recording speed wi th  1 mil tape. The tape recorder is a

th ree t rack unit , in order to all ow two channels to be s ta gg ered
in gain to cover a very wide dynamic range . The third channel is

necessary to record the IRIG-B time code , which may be transmitted

to the acoustical data collection site over a VHF FM data link .

Some re levant  equi pment cha rac t e r i s t i c s  are summarized in Table 3.1.

The tape playback and one-third octave band analyzer

are included as par t  of the acoust ical  data subsystem so that  all
acous t ica l  subsystems w i l l  have a common ou tpu t .  This common

3-6
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TABLE 3. 1

EQUIPMENT SPECIFICATIONS FOR PORTABLE
ACOUSTI CAL DATA SUB SYSTEI I

Relevant Specifications
and Characteristics

~icrop hone 1/2 inch condenser per ITC 179
(tripod mount)

Preamp lifier Preemphasis of 6 dB/oc tave ,
starting at 2 kHz

Brc~ dhand Calibr~ t ion Stability + 0.2 dB
Signal

Decoding Logic and Calibration inject off/on
Command recorder off/on

standb y for low power

i-~-~ 
t ransceiver Receiver sensitivity, 0.35 t i V ;

transmitter power , 2 watts

Recorder Record and p layback respons-
(direct) at 7½ ips , 25 liz to
20 kHz
Signal to noise ratio , 60 dB
Power, l2V at 250 mA

output is one-third octave band level data sampled every 0.5 second.

It is in digital format with a minimum resolution of 0.25 dB. With

such a portable acoustical data subsystem , only one set of analysis

equipment is required , which could operate in a laboratory environ-

ment. The playback recorder could be one of the data collection

recorders. The one-third octave analyzer is common to all acoustical

data subsystems and a special section (Section 3.3) is devoted to

this piece of equipment.

3.2.2 Multi-Track Tape Recorder Acoustical Data Subsystem

The multi-track tape recorder acoustical data subsystem

uses only one tape recorder to record the acoustical data from

several microp hone sites. This technique provides the advantages

3-7
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of having the audio data from all the measurement sites available

in real time at one central location . The central location would

typ icall y be an instrument van with a self-contained power system

for the recorder and other instrumentation . Therefore monitoring

and recording can be achieved reliably and with minimum manpower .

A minimum of equipment (microphone and cable driver) is required

at each measurement site. This technique is ideally suited to the

collection of acoustical data from several closely spaced micro-

phones and would be cost effective in this app lication . However

when measuring sites are widely spaced , such as on opposite sides

of an airport , or in communities , the practical problems of cable

length and routing may preclude the use of this subsystem .

In the configuration shown in Figure 3. 2 the recorded

data on the analog tapes are hand carried to a data reduction

laboratory for p layback through the one-thi~ d octave band spectrum

analyzer to provide data for the data reduction subsystem . This

system can be greatl y enhanced , however , by adding a spectrum

analyzer and minicomputer to the recording van . This would then

allow real time computation of EPNL values. The practical

advantages would include the ability to examine the data quickly,

so that any required re-runs or adjustments of the experimental

conditions could he made immediately.

Reference calibration levels are provided by a pistonphone

‘~hich is used at least at the beg inning and end of each test session

or or each reel of tape. Background noise and insert calibrations

L~- —.~~~~ should be performe d before and after each flyover. The insert voltage

may be sing le frequency or broadband noise and would be activated

by a separate ntro l wire or manuall y if the microp hones are

closely spaced.

All the equipment shown in Figure 3.2 is commercially
,tv ;iilab le . The microp hone should he of the standard laboratory

3-8
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1/2 inch condenser type. The preamplifier/cable driver and cable

combination should be given special consideration if the cable

runs are greater than 500 feet. Acceptable performance to 5000 feet

can be achieved with standard equipment if proper si gnal l im i t s  are
observed. For longer runs , cable drivers with sufficient reserve

power to drive the large capacitive loads should be used.

Improved frequency response can be achieved with long

cables by matching the characteristic impedance of the line to

the source and load impedances. Well-designed cable reels are an

aid in dep loyment.

The requirement of FAR Part 36 for a dynamic range of

45 dB in a one-third octave band for recording can be met by a

wide range of commercially available recorders with from seven

to twenty-eight parallel tracks . There are recorders of both

direct and FM recording type that meet these requirements. This

subsystem configuration allows parallel usage of channels with a

common input , but set to different gains to achieve a wide dynamic

range when needed. The time code generator would produce an

IRIC-B time code , which provides a time update every second and ,

by carrier cycle counting , allows interpolation if finer resolution

is desired.

The playback recorder may be either the field recorder ,

for economy , or a separate compatible recorder. The one-third

octave band analyzer is discussed later in Section 3.3. The
F expanded system with a real time analyzer and minicomputer for

field data reduction requires for hardware an analyzer , mini-

computer , and console printer. For such a system , a 16 bit , 32K
word c~~iputer and a 30 cps printer are recommended. This could

easil y provide EPNL calculations ror one site , with real time

data  input or da ta  p layed back from t ape .  A hi gh speed paper
tape reader or o ther  aux i l i a ry  mean s is needed to load the
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computer program . The added computer equipment for real t ime

data processing would at least double the cost of the acoustical

data acquisition system .

3.2 .3 Real Time Remote Analyzer System

The primary advantage of this system is that the

acoustical data are transmitted from the microphone measuring

sites to the central location over standard voice grade telep hone

circuits. Accuracy is insured by digital transmission of the

data. This convenience is achieved at the cost of reduced infor-

mation and increased comp lexity and cost of the remote site

electronics. Telephone lines do not have adequate bandwidth ,

stability, or dynamic range to transmit the audio signals

directl y and do not have sufficient bandwidth to transmit the

digitized audio waveform signals.

For this system , the information rate is reduced by

analyzing the signal in one-third octave bands and transmitting

all the band levels every 0.5 second to the central site. This

requirec that a one-third octave analyzer be placed at each

remote site. Analyzers are relative ly expensive and are generally
designed for the laboratory rather than the harsh environments

found in the field . It should be noted that a system of this

type is most effectively dep loyed on a permanent or at least

semipermanent basis.

The one-third octave band data recorded every 0.5 second

meet most experimental objectives; however , no tape recorded

analog data ate then available for narrow band frequency analysis

or averaging time experiments . The real time data availability

from multi p le sites allows for continuous computer controlled data

collection for many experimental purposes , as described in other

sec t ions  of th is  r e p o r t .
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4

The system operation is illustrated in the block diagram

of Figure 3.3. A separate , complete set of equipment , as shown
in Figure 3.3 , is required for each microphone location . The

microphone signal is measured simultaneously by a wide dynamic
range A-we ighted detector and a one-third octave band analyzer.
Both the analyzer and A-weighted detector have digital outputs

that samp le every 0.5 second and are encoded into a single serial

bit stream for transmission to the central location . The data

rate can be less than 1200 baud , which can be transmitted reliably
over a voice grade telephone line using conventional data trans-

mission techniques and hardware. Therefore , a new one-third

octave level for each band and a separate A-weighted level from

each site are available to the data processing system every

0.5 second. The calibration inject source and the gain setting

of the analyzer  are under computer control from the centra l  s i te
over a reverse channel on the same telephone line . This a l lows
the analyzer gain to be set manually or automaticall y using the

A-we ighted channel as a reference. Also , the data processing load
of the data reduction system can be reduced by accepting only the
A-we ighted data until events of interest occur , as noted by
increased A-we ighted level.

This system can operate in an unattended mode and is

best suited to long term experiments , The hardware must therefore

be able to perform satisfactoril y outdoors for extended periods

of t ime . Weatherproof microphone systems , available commerciall y,

are necessary . Special enclosures should be provided for the

anal yzer and other elccLronics to protect these from the elements .

The A-we ight ed processor could be a separate monitor type remote

unit or could be a filter channel added to the one-third Octave

anal yzer. The one-third octave analyzer hardwar e could be a
laboratory type analyzer properl y protected or adapted for the heat

and cold , or a special analyzer could be designed LId constructed

to meet rh c environmental requirements. The decoding and encoding

1o~’, jc are speciall y constructed to match the analyzer and other

3-1 2
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equipment. The optimum design details of such systems will change

rapidly with the state of the art in computer and other electronic

hardware .

3.2.4 Real Time Compressed Data System

This acoustical data subsystem , Figure 3.4, provides

maximum flexibility. The raw acoustical data (broadband signals)

are transmitted over radio links in real time for recording and
analysis. The acoustical measuring site instrumentation can be

portable , battery operated , and reas onably small. A wide dynamic

measurement range is achieved by amplitude compression of the

acoustical data for transmission .

This system is technically feasible and most of the

hardware is available commercially; however , it is relatively
costly and some developmen t would be required to imp lement the

data compression technique . This approach would be most appro-

priate where maximum flexibility and portability are required.

The availability of unassigned RF channels is dependent upon the

specific site chosen and therefore could be a limitation .

Data transmission to the central station is by UHF
radio link . Control of the operating modes of the acoustical

data subsystem is provided over a separate VHF transceiver radio

link. Maximum flexibility in system operation is provided by

radio transmission of the broadband acoustical data to the central

station . The data link cannot provide sufficient dynamic range

directly, therefore , the signal amp litude is compressed in precision

steps and the amount of compression is transmitted as a di gital

signal frequency-multip lexed with the compressed broadband audio

signal .  The audio signal is re-expanded in the central station
data processing subsys tem , thus  achieving the 90 dB minimum

I 
I dynamic range .

3-14
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The physical  hardware could be conf igured in a por table
package that would operate in any weather condition . Its volume ,

not including microphone and weather sensors , could be as small
as four cubic feet. With careful attention to the design of the

interface circuitry , the system could operate for at least 24 hours

on a single battery. The microphone is supported on a tripod

four feet above the ground , as required for FAR Part 36 measure-
ments. Other mounting techniques , such as placement flush with

the ground or on a high pole , may be desired for special tests.

It is almost impossible to discuss the choice of a

microphone system without reference to specific manufacturers ;

therefore , for this particular discussion , the general guideline
of not referring to specific equipment types will be set aside .

Limiting the selection of measuring microphones intended for all
weather  continuous outdoor use rap idl y limits the selection to
three : a. Brüel and Kjaer Type 4149 quartz-coated 1/2 inch

condenser microphone , b.  General Radio 1962-9601 1/2 inch e lec t re t
microphone, and c. Chesapeake Instruments Type NN-l37A hydrophone.
A microphone similar to the (c) is also manufactured by the firm
of Bolt Beranek and Newman , Inc . , and by Brüel and Kjaer . The
Brüe l and Kjaer and General Radio microphones depend upon rep lace-
able dry ing agents and other mechanical protection techniques to

provide the required weather resistance for standard microphones.

The Chesapeake microphone is of an inherently weatherproof sealed

design ; however , it does not meet FAR Part 36 requirements because

it is not a condenser microphone and does not have suitable

directivity characteristics.

The preamplifier and equalization element amp lifies

the microp hone signal and flattens the audio signal spectrum . The

equa l i za t ion  would normall y consist  of a boost in the high f r equency
response.  This would tend to equalize the leve l of the energy in
the various one-third octave bands , as the aircraft noise signal

measured on the ground usuall y has lower levels in the higher
frequency bands . FAR Part 36 requires that the minimum and maximum
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one-third octave band levels between 800 Hz and 11 ,200 kHz be no
more than 20 dB apart. In normal practice a single boost or

preemphasis of 20 dB per decade (6 dB per octave ) beg inning at
2 kHz is used; however , this should be field changeable to

accommodate long range conditions or other special requirements.

A broadb and (p ink noise) electrical calibration signal is injected
into the microphone line ahead of the preamp lifier and equalization

circuitry to allow complete system electrical calibration .

The equalized audio signal from the microphone goes to

the digital dynamic range compressor , which is essentially an

electricall y controlled 1 dB step attenuator. The amplitude of

its output signal is controlled to be within a limited range

(~ 5 dB) for large (90 dB) changes in the input signal amplitude .

The digital dynamic range compressor also provides a digital

signal output representing the attenuator setting and a syn-

chronizing signal that occurs simultaneously with its change in

attenuator setting . The compressed audio signal contains all

the frequency information of the original signal ; a digital

signal contains the range setting and synchronizing information .

These data are t r ansmi t t ed  in frequency mu l t i p lexed forma t using
the same UHF data link transmitter. At the receiving end the

original wide dynamic range signal can be reconstructed by an

expander ( inverse  digital compressor) for analysis or recording .

The internal control function of the dynamic range compressor

can be selected to accommodate the desired rate of change of the

—~~~ 
. input audio signal. This will determine how frequentl y the

digital range compressor must change its setting. Change rates

of 30 per second can easi l y be handled in hardware and ~hould
be sufficiently fast for normal acoustical signals.

The UHF da ta  l ink per formance  must  be spec i f i ed  before
the requi red  overal l  sys tem performance  can be determined. To

meet the desired system performance , a wideband FM system was

3-17 
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chosen that could utilize the improvement in dynamic range available

by using a large modulation index. A wideband system of this

type would probably have to operate in the 2000 mHz range to

ensure adequate e lec t romagne t ic  spectrum a v a i l a b i l i t y .  Hardware
is available to meet these requirements. System performance

calculations show that a 75 dB signal to noise ratio may be
achieved. These calculations were based on a 6 nm line-of-
sight transmission path , a data bandwidth of 15 kHz , a modulation
index of 10 , and an FM carr ier - to-noise  ratio of 40 dB.  If a
30 dB fade margin is included in the calculation a signal-to-
noise r a t io  of 45 dB w i l l  be avai lable  for  the broadband data .

Figure 3.5 illustrates the dynamic range of the data
link. The input signal. is compressed to a level 10 dB below the
maximum peak signal capability to allow instantaneous peaks which
are 10 dB above the compressed level. In the worst case analysis
with 30 dB fade marg in , this leaves a 35 dB range below the
compressed level to account for unequal one-third octave band
levels.  Since 20 dB ~ 5 the maximum spectrum skew allowed by
FAR Part 36, this 35 dB range is more than adequate. Also ,
in on e- thir d octave bands the dynamic range wi l l  be grea ter
than that indicated for the broadband 15 kHz case , since the
narrower bandwid th , lower f requency bands w i l l  have a great l y
improved dynamic range . The combination of digital dynamic range

compressor and wideband data link thus provides for transmission

of the broadband acoustical signal with a dynamic range of 90 dB

and a maximum third octave spectrum skew of 35 dB .

The frequency division multi plexer has as inputs

the broadband (10 Hz to 15 kHz) compressed audio , the dynamic

compressor level and synchroniza t ion  signal in serial  dig i t al

format , and the weather data signal, also in serial digital format.
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The composite output signal that modulates the wideband UHF FM

transmitter is the compressed audio from 10 Hz to 15 kHz , a

subcarrier at 25 kHz modulated with the 300 baud digital range

compression signal , and a 35 kHz subcarrier modulated with the

digital weather data signal.

The control decoding logic receives control commands

from the computer through the VHF transceiver data link . Control

command functions are broadband insert calibration , low power standby
mode , or fix leve l of digital dynamic range compressor . The VHF
FM transceiver is a narrowband walkie-talkie type unit and provides

voice communication in addition to control signal reception .

Table 3.2 lists the equipment required for the acoustical

data subsystem together with the most relevan t specifications. The

RF data link equipment is specified in greater detail than most of

the items since its specifications are the controlling factor in

the feasibility of the proposed system . The receiving end of the

data link is also shown to comp lete the data link specification .

3.3 One-Third Octave Band Spectrum Analysis Equipment

All of the acoustical data subsystems include one-third

octave band analysis equipment. The more comprehensive sub-

systems require one set of equipment for each measurement site.

The equipment may be located in a central laboratory or , in some

system designs , it must be located at the remote site to preprocess

the data for transmission over limited bandwidth data channels.

Onl y anal yzers that process the 24 one-third octave bands in

parallel are considered. Simple analysis equipment using tunable

one-third octave fil.!ers could be used for a very limited amount

of data , and digital filtering and analysis using a general purpose

computer  would be p rac t i ca l  onl y for  o rganiza t ions  tha t  already
have the capability and desire to process only a limited amoun t

of a i r c r a f t  noise  d a t a .
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TABLE 3.2

EQUIPMENT FOR ACOUSTICAL DATA SUBSYSTEM
AND DATA LINK

Name Relevant Specificationr
and Characteristics

Microphone Frequency response per IEC 179 ,
(0° incidence , free field) ,
20 Hz to 10 kHz (+1 dB , -2 dB)
Dynamic range 40-140 dBA

Preamp lifier Variable high frequency boost
equilazation

Frequency Division 3 channel: 10 Hz-l5 kHz analog,
Multip lexer 25 kllz subcarrier (4 kHz BW) digital ,

35 kHz subcarrier (4 kHz BW) digital

Digital Dynamic Range Attenuator accuracy, ± 0.1 dB
Compressor Attenuator steps , 1 dB

Maximum change rate , 30 times/second
Data lost due to dead time , < 1 ms

Broadband Insert ± 0.2 dB stability
Calibration Generator

Control Decoding Logic Detects minimum of 8 codes

VHF FM Transceiver 2 watt transmit power , receive
sensitivity 0.35 V for 20 dB
quieting

UHF FM Transmitter Output frequency, 2200-2300 M}iz
Output power , 1 watt into 50. load ,

1 .5:1 VSWR
Modulation cype , true FM , positive

sense

Frequency response , 10 Hz to 500 kHz
+ 1.5 dB

Carrier deviation , S band , + 600 kllz
Power requirements , 28 + 4 volts@ 500 milliamps
Antenna , horn with 18 dB gain
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TABLE 3.2 - Continued

Relevant Specifications
Name and Characteristics

VHF Receiver located with Frequency range , 2200-2300 MH z
d~i t ~~ processing subsystem Noise figure , 12 dB maximum

Image rejection , 60 dE
Spurious response rejection , 60 dB
Sensitivity, -82 dBm f or A /N 20 dB ,

-102 dBm noise floor
IF bandwidth , -3 dB 1 MHz, -60 dB

5 MH z
Input power , 28 V @ 100 milliamp s
Temperature , -40°C to +70°C
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3.3.1 Performance Requirements

The electrical performance requirements for the one-third

octave anal ysis equipment are established in Appendix A of FAR

Part 36 , Paragraph A36 .3(-1). The detailed tolerance and specifi-

cation will not be repeated here ; however , the specification

items that have a large influence on the system design are listed

be low

a. Frequency analysis is performed in 24 contiguous

one-third octave band filters with center frequencies

from 50 Hz to 10 kHz . The passband ripp le must be

less than 0.5 dB. The filter must meet specifications

of IEC Publication 225. The frequency response

requirement is normally met using a Chebyshev filter

with 6 poles (3 resonators).

b. The detector for each filter must operate over at

least a 60 dB dynamic range and perform as a true

root-mean-square (rms) device for sinusoidal tone

bursts having a crest factor up to 3.

c. The dynamic response (proposed rules) must be such

that , when a 500 ms duration sinusoidal pulse is

app lied , the maximum output value is 4 dB (+0.5 or

-l dB) less than the value obtained for a steady

state sinusoidal signal of the same frequency and
L

amp litude .

d. When a steady state signal is interrupted , an

output value of 2.5 ± 1.0 dB below the initial

steady-state response must be achieved within

500 milliseconds after the interruption .
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c. A sing le value of the leve l must be provided every

500 ± 5 milliseconds for each of the 24 one-third

octave bands. The levels for all of the 24 one-third

octave bands must be obtained within a 50 milli-

second period. No more than 5 milliseconds of data

from any 500 millisecond period may be excluded

from the measurement.

There are several commercially available instruments

t h u  can p er form t he  one-third octave band analysis. These

ins’ ruments are desi gned for laboratory use and the cost range

is about ‘ en t o  t w e n t y  thousand dollars. Specific choices should

consi Jt .r ease ~ interface to other system equipment , convenience ,

special features such as disp lays , variable integration periods ,
e t c . ~ioS~ instruments use analog filters , but at least one uses

snecial purpose hardware to imp lement digital filters that meet

~he specifications. The preferred anal ysis procedure per FAR

:Ilrt 36 is squaring the one-third octave filter outputs , averaging

or integrating , and converting linear formulation to logarithmic.

The detector (squaring) and integration/averaging function is

performe d in analog circuitry in some instruments and digitall y

in otheis .

The FAR Part ~ specifications were written when only

analog instruments were ;ivai1~~h 1e . These analog instruments used

P~C ~vera~ ers (1ea~ ’; inte~’r.1t ors) whose dynamic characteristics
r~et 

t h e  re (;uiret’ (n’s ~~t (c) above with the appropriate RC time
—

~~~ c n s ~ ant wi. t h he u - e r a~~e ut put samp led at the required 0.5 second

r;ite. H w ~- - .’~~r , some new instruments use digital squaring and true

i.nte~ ration of t h e 1  squared values. If this integration is carried

o il ~or 0.5 second , -~~~~ the required samp ling rate the instrument

will not pass the i’inamic response t e st - This difficulty is

circ ir ven t &d in pr~i c t ice by collecting the 0.5 second samp les and

tur her proc~-essing t hem on the di git a l computer. Thus a new set

of 1/2 S - ond lati points is generated by the post-averaging
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process such that their values are the same (within required

tolerances) as if the data had been taken with an analyzer meeting

the dynamic response tests. One algorithm used f~ r post-processing

is an energy average of the current and two previous 0.5 second

data samples.

The corrected samp les can be made to fall closer to the

center of the tolerance band by using different percentages of

the energy accumulated in the last three 0.5 second samp les , for

examp le , 39 percent of the last s imp le , 31 percent of the next
to last samp le , and 30 percent of the second from last sample.

These unequal percentages approximate the exponential ~esponse

of the analog averager. It may be necessary to use the unequa l

percentages to meet the attack and decdy specifications of the

proposed revision to FAR Part 36 , as published in Federal Register

Thursday , October 28 , 1976.

It should be noted that some digital analyzers also

provide an exponential averaging mode .

3 4  Acoustical Data Subsystem Comparisons

The four acoustical data subsystems discussed above

illustrate a wide range of performance. Each system could be

enhanced and modified to meet specific design objectives The

best choice for a specific app lication can only be made afcer

considering the resources on hand , the amount of data to be

collected and processed the location where the test will be

conducted , etc. Salient features of the system are summarized

in Table 3.3. Systems of the first three types have been

constructed by various aircraft manufacturers and government

organizations . The fourth system is included to reprc~ ent the

most comprehensive system that could be assembled ti meet a wide

range of objectives. In this time of rapidl y develop ing

3-25

• ~~~~~~~~~ - -
-~~~- ~~~~~~~~~~ ~~~ —“~~~



• 
-
~ ~~) 4-~~>~ )~) Q U)  ~~ O

~~~~~~~~ .Q 4-)~~~~r-4~~ -i ü) ci.~1.—t I U)~~ jii cn o Q r ~~ a)~~~ 0 O )~~)Qfl-~~~(~ o ~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~cu~~~or 4 0  C~~~~ 0 0~~~~ C~ C i~~ ) L i O ( ~~ C~~ Li~~
) ..j Lti

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~ -~~~~~ 0-. iJ~~~~~O ~~~~E~~~~~E (I)
~~~~~Cti Cl (N

r 4 , ~ ~~~~~~~~~~ ~~~~~~~~ cLQ) Q)
~~ c~~~~~~ E -i-’ c c ~~o 0~~~~~-i

-~~ 0 -~~ O~~~ 0 ~
~j  U) -C-)

I f~~~~~~Q ~~~~~~~~
___________ ( y  ~. ~~~ Cl C ‘~( Li .d~ ~ ~ 

il CD CU Li

C) C) Li ~-i
j  > ~C J C) ,—4 0 .—~
0 0~~~~~~~0 C~j c~ ~~~~~~~~~~~.

~~ C ) 0E  
~~ ~~

C) J \.~~~~~ ~a - ,
~~

CC.. O > . - Z o
C) (LI C~~~~ )

-J C’i C~~~C ) O  C) Li (U I-) L i c O L i E I - 1
~~~~~~~ ~~~~~~~~~~~

U) C) ~ .~~~ r 4  r U) E 0-. (U ~) 0
_ _ _  _ _ _  _ _ _ _  ___ _____— ______

mc -c
H > C.- ~J I i-i
U ) . -  .-~~~~~~~~~~ ‘—~ 

.. c C)
>i ~.4 (U ~- ~~

- ~O ( U
U) 0 r-~~~~E U ) C ) ( U  U) E Q  ~~ ‘—1 ~~~ I

~0 
• 0 ( U  ~~ . 4  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ C~~ 0 C )  a)
~~~~~~~~~~~~~ ~~~~~~~~~~~~ E L i~~ C~~~t~~~~~~C1) C~~~~Q -u~~4

V . U) t4~ C~ .
~~~ ,—4 C~~~) ~~~~~~~~~~~~ C)~~-~~~ p 0- . W~~~~~U)

0 - J 0 0  ~~~~4.J )J c U ) a ) a)-~~
q)
~~~~w 

( U ( U~~~~U ) O J
~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~C~~~~-J Cl)

H Q c ~~a~ .~~~Q ( j  C ) 0 ( U0 .~~~c~~ 0 Q ) ~~~ O~~~~~~~~~~l)) .-~ a
-~ ~t 0. ~~ ~~~~~~~~ ~~~~Li L i L i U ) L i 0 - .Li CI) 0~~ 4.)t-I~~~~~~~~&) ~~ — -

Li -u -u
H .-~ 0 (U a)

< .CC •H .,.4 . -0
0 .- Cl) C-4 t.-4 a) ~ c-u
~~ 

.,.4 r~~~U) ~ ~
H ~ .-j.,4 ~ — 4 Q ~~~~~ O C ~
U) C) C) C~~.c 0 ~~~~ 4J
0) C) 0 C l)  U) (I) 4-) 0. Q ç ~ 

.,.4 I - J C~j c!j
O -j -c ai -u a~ 

.,-I (U (U ~ -u ~~ 
. (U -u ~~

0 ~ c E do-u -u
< U) t-l ~ (~j  

.,.4 (U. ,
~ ~~~~~~~~~~~ Q .

~~~ I-.~~~-4

H ~~ ~~ I-i CD 4-i , ~~~~~~~~~~~ 0~~~~j  C~) ~

Cli

o .,.4 ..
~

~~~0 bO Cli b~~~~~ Cli
~~~~~ Q Q .,-4~~~ I-) Q Q 4 J
Cli 0 r 4  r-~ .-~ LI . ,-4 ~~o ou  Cli CCl ,-~~ctj bO cli 0 b0

a) ~ 
.,.4
CD

a)
0-. U) U)
C/) (U.,~4 C) C) a) a)

Z ~
..

U)
‘C ________ ______ ________________________ _____________ _______________ -

U -~~o -u
C)

(U a) ~ 1.-i E ~ E U )
.4 0 ~—4 -C) .,_4 a)

~
. 

~c I I . J ( U N
H - .- 4_)

~~~~ 1-4
— I- ia )  ~-~~~Q~~

.-4
(U — c ’  cli E Cli Ca E IJ

Q C l i Q) 0 1’C w o c l i
Ic 0-~~~~~1.i ~~ . * ~~~ -4 ctj

-I
—I-

• 
~~~~~~~~~~~ ..~~~~TW 

~~~~~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - 
- 



technology , the specific system configuratior. that meets a design

goal most cost-effective ly may change rapidly. Technolog ical

advances can be expected to have great impact on the cost and

portability of one-third octave analyzers.

- 

- 
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4.0 TRACKING DATA SUBSYSTEMS

The tracking data subsystem establishes the aircraft

position in three dimensions as a function of time . The time /

position data are synchronized with the acoustical measurements.

For certification tests , the positional data are used to normalize

the acoustical measurements to a set of standard conditions. For

research purposes , the positional data are used to correlate the

acoustical data with ground tracking , range , speed , etc., and/or

to evaluate noise reduction procedures such as two segment approaches ,

etc. The positional data subsystem includes all the equipment

required to track the aircraft and provide digital , time synchronized ,

positional data to the data reduction subsystem.

There is a wide range of position locating techn iques

that can meet the performance requirements for aircraft positional

tracking . The hardware to imp lement some of these techniques is

very costl y and for others , relative ly inexpensive . No sing le

techn ique provides outstanding performance at a low price. Each

of the several techniques discussed below has a definite optional

price or performance characteristic. The optimum choice of tracking

systems depends greatly on the relative importance of specific

performance features and price . The wide choice available is

illustrated by the many different tracking systems which have been

used for this purpose in the past , A partial list is as follows :

— - ~a. Aircraft-mounted camera with ground targets

b. Ground-mounted fixed camera and scaling of the

photograph to obtain range

c. Laser t racker  accurate  to w i t h i n  inches

4-1



d. Portable tripod-mounted theodolites with time

synchronized motion p icture cameras and tri-

angulation for position location

e. Radars operating at 10 gHz and 25 gIlz with

transponders on the aircraft

f. Radar for range with a coaxiall y mounted tele-

vision (TV) camera for manua l azimuth and elevation

g. Fixed theodolites with real time azimuth and

elevation data and cameras for correcting the

real t ime data by photograp hic anal ysis

Presented in this section are discussions of the basic

tracking requirements for aircraft noise certification and research ,

“arious candidate tricking techni ques , accuracy and resolution , and

tracking subsystems comparisons.

Performance Requirements

The tracking subsystem performance requirements for a

cert ificat ion noise measurement system are determined by an “error”

anal ysis of the acoustical data correction parameter when inter-

preted according to FAR Part 36. To perform these corrections

during the t ime the noise event is occurring , position must be

me asured in three dimensions to a precision of approximatel y

+ 6 meters as referenced to the microp hone location . Operation al

considerations such as manpower requirements and data rate ire
discussed in Section 44 . The requirements for a research system

ma ’ he less strinFent in accuracy; however , many research ioals

will require large vo lumes of data collected over extend ed periods

of im: e.

/4-2 



4 .1 .1 Certification System

Durini’. noise certification tests , FAR Part 36 requires

precision measurements of projected flight trajectories extending

4 nm from the runway threshold for landings and 6 nm from brake

release on departures. The acquisition of tracking data must be

synchronized in time with the recording of the acoustical data. The

tracking data are then used to verify that the aircraft has followed

the appropriate landing and takeoff profiles , and to correct the

acoustical data to reDresent a set of standard trajectory and

performance conditions.

To best understand the accuracy and operational
characteristics required for the tracking system for FAR Part 36
measurements , it is hel pful to consider how the tracking data are
used to correct the acoustical data to standard conditions and
standard flight profiles. Using the notation of FAR Part 36 , the
certification test profiles are illustrated in Figure 4.1.

For definition and discussion of the various terminology
used here , the reader is referred to FAR Part 36 , which is repro-
duced for convenience in the Appendix. Only those terms required
for basic understanding and emphasis will be defined in this text.
These requirements are based on the current requirements of FAR
Part 36 , with the currently proposed rulemaking changes noted where

these make significant differences in system requirements.

Referring to Figure 4.1 , required noise measurement

lucation s are point N for landings and point K for departures ,
combined with additional symmetricall y located sideline measure-
ment locations for departures. For landings , the nominal 30 glide
slope is required from point G to point I, where the aircraft tra-

jectory flattens. The maximum deviation from the 30 slope for a

valid certification test is ±0.50. Corrections may be applied to
the acoustical data for deviations falling within this range . The

4 3
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departure profile is different for each aircraft type , but similar

fli ght procedures are required. Constant thrust and other control

settings are required from point C to point D , and point D is

required to be at least 1000 feet above the ground for 2- and

3-engine aircraft and at least 700 feet for 4-engine aircraft.

At point D , the aircraft must reduce power to that required to

maintain a constant climb angle of at least 47~ between point E
and point F , or to the power or thrust necessary to maintain level

flight with one engine out , whichever power or thrust is greater.

Of the corrections which are app lied to raw acoustical

data taken in FAR Part 36 noise certification measurements , three

require inputs from the tracking subsystem :

Symbo l Unit Meaning

a. ~l EPNdB PNLT Correction . The correc-

tion to be added to the EPNL

calculated from measured

data to account for noise

level change due to differ-

ences in atmospheric

absorption and noise path

length between reference

and test conditions .

b. ~2 EPNdB Noise Path Duration Correc-

tion . ‘[he correction to be

added to the EPNL calculated

from measured data to account

for change in duration because

of differences in flyover

alt itude between reference

and test condition .

4-5
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c. EPNdB Approach Ang le Correction .

The correction to be added

to the EPNL calculated f r om

measured data to account for

noise level change due to

difference between 30 and

the test approach angle.

During each pass of the aircraft , the maximum tone-corrected

perceived noise level (PNLTM) is used in the calculation of the

effective perceived noise level (EPNL) for the flyover . This

value of EPNL is then corrected to represent standard conditions .

The PNLT corr ec t ion C 1) defined above corrects the
E}1NL , calculated from measur ed da ta , for differ ences in atmosp heric
absorption and noise path len~’t h bet we en reterence and test con-
ditions . The geometry descri b ini ’ landing profiles is illustrated

in Fi gure 4.2. The maximum noL;e o~.-cur s a fter th e test aircraft

has passed over the  m e a s u r e r - e n t  l o c at i on  ( p o i n t  N )  ; he ang le

is typ icall y in the rang e of 30 to ~0 de~~rces . To app ly the PNLT

correct ion , the angle is as~otr~-J t o be c o n s t  ant and the difference

in path l i - n c t h  between the measured path shown by t h e  l i n e  SN and
h i- corrected path length shown by S1<N is used to correct the

a C O U S ’  ical dat a. A s i m i l a r  p r o c e d u re  is USed for takeoff , as
shown in Fi  t ’ u r l  4 .  3. The correct ed or reference fli ght paths are

known in a Iv-Vn c e , t h e r e f o r e , t h e  mos t  i m p o r t a n t  m e a s u r e m e n t s  made
by H- r;iH- i mu ’ system used for the PNLT correct ion factor (1)

concern t h e  t 1 i y ht profile - i t and nea r  t h e  t ime of  o c c u r r e n c e  of

~‘ax imum I ‘Nl.T it  he Irc a uremc’n t b e at  i o n s  -

H~~- p i th du rat i o n  c o r r e c t  i on  ( ‘- H  uses the d i f f e r e n c e
h e t w e e m i  h t  i c t  i - i l  and  corr ec ted distances at t oe point of

c u r s ’  - i ; p r o . o -h t~~ ‘ he r i s t i r e m e f l t  s i t e  t o  c a l c u l a t e  t h e  c o r —
rec~ t i on ‘ o ‘ - .~ - I - u r i d  I . I’~ I, For l a n d i n g s  these di stances are
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shown in Fi gur e /i . 2 as TN and T
R N .  For t a k e o f f s  t he  d i s t a n c e s ;  a re

sho’~-n in Figure 4. 3 as KR and KR. . Note that hese occur at. a
- ‘ c

p O Sit ion alm ost directl y over the measurement S i t e  -

The third correction to rh’. acoustical data that requires

an input ~ron: t h e  t r a c k i n g  s u b s y s t e m  is the anpru:ich ant.’je correction

(:4), wh ich is derived from the actual deviation from the specified

3° flide s i o p e  Anproved data relatin~’ the correc tions and g l ide
error m u s t  be supp l i ed  by the  m a n u f a c t u r e r  of the aircraft.

The tra chLng requirements for FAR Part 3b noise

cer’if ication eosurements are summarized as follows :

1. Fo r f l ight track verifica t ion : continuous height ,

la-~cra J posi ti on , and position along the flight

t rack (i.e., three dimensional positi on data)

synchroniied in time with acoustical data , f rom

“ nm out  on landing to 6 nm from brake rcloise

on tal e-off . Priposed chant es in FAR Part 36 d eie t e

the specific requirement. Howev er  t rackin~t dat a

mus ’ be reported to establish the fli gh t t r a c k .

2 .  P o s i t i o n  i n f o r m a t i o n  u s e d  fo r  c o r r e c t i n g  m e a s u r e d

a c o u s t i c a l  d a t a :

a .  D i s t a n c e  f r o m  the m e a s u r e d  f l i gh t  t r ac k  t o  t h e

noise measurement points correspondin~’, t o  the

respective t ime - s of 1 :ax i m un l  n o ise  - m t  t h e  measure-

m e n t  p o i n t S

b - D i s t  inc ’.  f r o m  no i s ’ .  m e a s u r em e n t  p o i n t s  t o  t h e

po in o f n e a r ’ .  -; t app r oach  (not required f o r

s i ~l ’. 1 inc : i ’ . - a s u r c - m e n  t p o i n t s

— 1



c. Approach angle measurement

Not e: Proposed changes in FAR Part 36 specificall y

rcqui rc prec ision track int ; during he t ime in erval

for which the acoustic signal is 10 dB less t han

its maximum value

FAR Part 36 requires that the traci- ting system he

independent of cock p i t instruments arid that it be appr- ved b y

the FAA . The correction of EPNL data due to fli ght LracI-:

variat ion is li m i t e d  to 2 EPNdB. To es tablish a basic range

resolution requifcment for the tracking subsystem , a limit of

~ 0.5 EPNdI~ was chosen as the maximum noise level error which

would acLumpanv a certain ran-c resolution error To simplif :

ca lcu l-i t ions , the noise level tolerance and range resolut ion

were  assumed t o  be r e l a t e d  onl y b y sp h ’ . r i c a l  sp r e a d i ng  The
r e s u l t  ing m a x i m u m  o l e r a h i c  rang ’.  e r r o r  is ap p r ox i m a t e l y 6~ of
t h e  s l an t r ange  f r o m  the  m e a s u r i n t  p o i n t  t o  t h c  a i r c r a f t

The ~ e 1 r e t  rv and  a c c u r a cy  r e q u i r e m e n t s  o f  m r a ck  i n~’
s y s t e m  b r  FAR P a r t  3( measuremen  ,ire such t h a t  t h e r e  i s  no

s ing le sy s t e m  g r e a t l y  supe r io r  to others when manpower , cost , reli-

abil ity, and other practical concerns are taken into consideration .

During ~he course (if this study, the basic problem of  t r o c h i m u ’

w i t h i n  t he cu idel ines of FAR Part 3€-i has b een  cons ider ’.-d in deLi ii -

~- k m n v  p o s s ib l e  sy s t e m s  were  a n a ly z e d  t o  d ’ . t  e r m i n e  t h e i r  a c c ’ . - n t a h i  L i t v

. , 1. R e s e a r c h  :-;:stem

Possible research system objectives , as defined in

Section 2.0 , include the stud y of aircraft operated in normal

fli ght at an operational airport. The research system also permits

study of noise generated by specific aircraft types operating under

various fli ght or weather conditions , etc. Therefore no specific

6~ 10 
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requirement should be p laced on the tracking subsystem until specific

research goals are established. The types of research for which the

various available tracking subsystems would be appropriate can be

establ ished by compar ing  their charac teris t ics as descr ibed in the
following discussions.

1 . 2 Equi pmen t Configura tions

Presented and discussed in this section are a number of

tracking techniques and systems which could perform sufficientl y
well to be used in FAR Part 36 certification tests. Systenis

presented here are based upon existing hardware and require only
minor equipment modification and system integration . A compre-
hensive list of such systems is presented in Table 4.1 with an
analysis of their salient features.

In Table 4.1 , two levels of performance are shown

for  some sys tems . In each such case , the b e t t e r  p e r f o r m a n c e
is accompanied by increased initial cost and decreased ease of

portability.

Radar location techniques have an important advantage
-iver any optical system in t:hat they can provide an all-weather

capability that is not limited by rain , fog, low ceiling , or

other -o at lier conditions restricting visibility. Modern radar

systems are sophisticated , highly refined devices that are

uniquel y suited for automatic tracking of aircraft targets to a

high level of precision and accuracv , particularly at long ranges.

For examp le , high-resolution ground-based radars can provide a

tracking precision of 5 meters in range and 0.1 mil (rms) in

azim ut h and elevation under favorable conditions.

4-li
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4.2 .1 Radar Target Skin Tracking

Two modes of radar operation have been considered in

t h e  p r e s e n t  s t u dy : sk in  t r a c k i n g  and beacon t r a c k i n g .  In the
co n v e n t  ional skin tracking mode , the radar  sys tem opera te s solel y
on the radar echo r e f l e c t e d  b y t he  t a r g et  a i r c r a f t  ( w i t h  t he  e n t i r e
“sk in ” of the aircraft contributing to the reflected signal). In

be-icon racking , the aircraft must be speciall y eq uipped wi th a
microwa\-e transponder or beacon which transmits a pulse signal in
response to interrogation by the ground-based radar .

Skin tracking is a tt ra ct ive in tha t i t can app ly to

all aircraf t , and requires no modification or additional equip-
raent aboard the target aircraft. Nevertheless , i t is doub t ful
t hat simp le radar skin tracking , regardless of the level of sophis-

ic at ion of the tracking radar system , will be satisfactory in
m eetin g the accuracy requirements in the present application .

The t racking performance advantages of a high resol ution ,

narrow beam radar are lost whenever the target subtends an ang le
conpa rable to the antenna beamwidth . It is difficult to define

t h e  ac :u r acy  obt  u n a b l e  b y skin  t r a c k i n g  of a large a i rcraft at

a range of 6 miles or less. The azimuth and elevation tracking

accuracy at such distances is not determined by the angular

resolution of the radar system , but instead depends heavily upon

the comp lex reflection characteristics of the target aircraft.

If one observes the typical behavior of a radar which

is skin tracking a close-in aircraft , it will be noted that the

radar tends o wander err -m t icall y over t he aircraft structure -

At son ’.- t ime s the  r a dar  nia ’~’ apP ear  t o he t rackin g ;m speci fic

s c - t - n : e - n t  of t h e  a i r c r a f t  ( e . g .  , nose sect ion , win g root , or

4—1 3
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nacelle). Strong specular reflections may be occasionally obtained

from extended sections of the aircraft (e.g. , leading edge of one

wing). At such times the angle tracking servos of the radar may

be violentl y perturbed , in an erratic and unpredictable manner.

Although quantitative accuracy values cannot be

established for the situation involving a large aircraft target

at relative ly short ranges , it appears reasonable to assume that

ang le tracking errors can approach approximately the physical

limits of the aircraft structure . Thus , for a multi-engine jet

aircraft on an approach glide path , angular errors corresponding

to the physical size of the aircraft may represent height errors

of 25 feet and lateral path errors in excess of 75 feet. Further-

more , there can be no assurance that substantially larger errors

w i l l  not  occur occas iona l ly ,  thus  reduc ing  the v a l i d i t y  of the
tracking measurements.

4 . 2 . 2  Radar  Beacon Tracking

The i n t r i n s i c  t r a ck ing  c a p a b i l i t i e s  of a p r e c i s i o n
radar can be largel y realized by utilizing a suitable beacon

transponder on the aircraft. Modification to the aircraft

includes the installation of a beacon antenna and receiver-

transmitter unit. The antenna can be a simp le di pole stub ,
extending only an inch or so from the fuselage ; nevertheless ,

its mounting , as well as installation of the receiver -tr ansm itter
unit , may p r e s e n t  a problem on some aircraft.

It should be noted that the standard ATC t r l n s i t o i u k - r ,
operating in the 1.1 gHz frequency region , cannot fully fulfill

the accuracy/precision requirements in the present tracking

app lication . According ly, IL is necessary to install an addi-
t ional beacon , preferabl y in the Ku or an even hi gher band to

achieve hi gher resolution . The ground-based receiving antenna

4 
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should have a sufficiently narrow beam width that ground

reflections are neglig ible when tracking an aircraft at an

elevation of 3
0 or even lower; this implies the utilization

of the shortest possible wavelength , together with a relative ly

large aperture ground antenna , so as to achieve a vertical beam-

width of , say 10, with low side lobes.

In summary , radar beacon tracking with currently

available precision radar systems offers an all-weather perform-

ance capability with an accuracy of 0.1-1.0 mil in both elevation

and azimuth , and a range accuracy of the order of 5-10 meters.

However , a major limitation in the beacon method is the require-

ment for modification of each target aircraft to incorporate the

proper beacon .

4 . 2 . 3  Laser Tracking

Recent advances in laser technology have resulted in

laser systems capable of automatically tracking aircraft at a

range of 20 miles and with a positional precision measured in

inches. However , this performance requires the installation of

a retroreflector array on the target aircraft (typically, a hemi-

spherical array of reflective prisms , roughly 8 inches in diameter
and configured so as to give essentially a uniform retroreflected

si gnal to the ground tracking system for all possible aircraft

head ing angles).

Laser “skin tracking” of an aircraft (without a retro-

r e f l e c t o r )  is not  p r a c t i c a l .  First of all , the maximum detection

r an g e  is a f ew t h o u s a n d  f eet at  most ; l imi ta t ions  on laser power
uu ’p ut (to ensure eye safety for the aircraft crew as well as any

~‘~~&r personnel who might be exposed to the laser beam) and detector

sen~ i t i v i t v  restrict the rnaxirnuni operating range . Secondly, as in 
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the case of radar skin tracking , the automatic trickin g circuits

a re  severely disturbed by signal energy reflected from various

sources on an extended target. The use of a hi gh gain r (-tro-

r e f l e c t o r , r e s u l t i n g  in an exceeding l y s t r o n g  r e f ect e d  si gnal from

an e s s e n t i a l ly po in t  source , overcomes bo th  of t h e  above p r o b l e m s .

Lasers  can provide o p t i c a l -q u a l i t y  a n g u l a r  t r a c k i ng  in
e l e v a t i o n  and a z i m u t h  ( r e s o l ut i o n  to ± 0 . 0 5  mi l  is r e a d i l y
p o s s i b l e ) ; range t r ack ing  to ± 1 mete r  is also p o s s i b l e .  Thus ,
a s i n g l e  laser t r ack ing  sys tem i n s t a l l e d  in an a i r p o r t  area  so
as to have u n o b s t r u c t e d  view of a i r c r a f t  dur ing  t a k e o f f  or
landing, can satisfy the tracking accuracy requirements.

However , the visibility of the laser beam is l i m it e d  b y
the same factors that affect optical visibility. Furthermore ,
the extreme ly narrow beamwidth of the laser system poses a severe

problem in target acquisition . Even a brief interruption of laser
tracking , as might be caused by the aircraft passing through a

cloud layer or the retroreflector being momentarily obscured
during an aircraft maneuver , results in a re-acquisition problem .
For these reasons , it is highly preferable that laser tracking be
used in conjunction with a TV , radar , and/or manual optical
sighting acquisition system . Radar can he used as an aid in -

target acquisition for the laser system ; furthermore , the radar

system will be useful in maintaining proper tracking and in

target re-acquisition if the laser system loses lock for any
reason . Radar skin tracking provides sufficient accuracy to

establish acquisition ; the laser tracking system provides the

precision data on aircraft location .

The laser tracking method has the same basic limit atm r

as the radar beacon approach : the method can be used onl y wit
those aircraft that are suitabl y modified with a special signal
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~-nhan~ t - : : t - t t d e v i  cc .  The ret roreflector required in t h e  l a se r

appr oach is  p e r h a p s  s imp le r  t o  i n s t a l l  t h a n  a beacon t r a n s p o n d e r
( r e c e n t  s t a t e - o f - t h e - a r t  advances  in microwave  s o l i d - s t a t e
echno 1 or v m ak e  t h i s  p o i n t  deba t ;ab  l e )

- 4 . 2 .  Th e o d o li t e  T r a c k i ng

Op t i c a l  t h e o d o l i t e s  have been wide l y u sed for  p r ec i s ion
t rackin g of m i s s i l e s , a i r c r a f t , and o t h e r  moving  v e h i c l e s .  There

is a wide  range  of available instrumentation . For routine tracking

of weather balloons , for examp le , an inexpensive theodolite , tripod

mounted and with a simple optical telescope , is emp loyed. At the

o t h e r  e x t r e m e  are  the  hi ghl y comp lex p h o t o t h e o d o l it e s  used for

t r acking  and r eco rd ing  the  t r a j e c t o r i e s  of superson ic  m i s s i l e s  or

maneuvering target drones out to extreme ranges; these incorporate

mul t ip le telescopes (some having very large focal leng th , wide
aperture lenses), precision drive mechanisms , and p rov i s ion  f or
cine camera recording of the target during tracking .

In each case , however , the basic tracking fun c tion is
performed by an operator who controls the azimuth and elevation

any l e.s of the theodolite pedestal (either manuall y or throug h

motor dri vc- ) so that the cross hairs of the telescope remain

centered on the image of the target . ( I f  p e r f e c t tr a c k i n g  is no t

mai nt a ined b y the oper ator it is possible to appl y compensations

b i sed on detailed anal ysis of the camera recordings which show

the relative position o1 target within the calibrated field of the

recording telescope. This analys i s , of course , is t ime consuming

and , consequent l y, should be avoided unless essent ial in achieving

specif ic accuracy requirements.)

W ith this and all other  tracking methods , i t is
desirable to have supplemental photograph i c  recording tha t

t

will permit detailed anal ys is  and test data verification at

a later da te. According ly, provision should be made for
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the installation of a suitable camera (with telephoto lens) on

the theodolite. A 16 mm cine camera , with sing le exposure remote

con trol , is recommended if the system is heavily utilized on a

routine basis. A Polaroid-type camera may be sa t i s f a c tory where
onl y an occasional aircraft is t racked.

One confi guration is a theodolite located close- to the

t ouchdown point , and t~ other located a mile or so away and to

either side of the runwa” line extension . The aircraft location

determination would now be based on the simultaneous measurement

of the azimuth and elevation angles of the aircraft target as

seen by the separa te theodolites. This standard triangulation

me thod avoids the measurement of aircraft “size. ” However , the

use of two theodolites requires that the tracking be coordinated

and azimuth/elevation data from the two theodolites be transmitted

to sortie- central location where it is processed so as to give

r e q u i r e d  t h r e e - d i m e n s i o n a l  target l oca t  ion i n f o r m at i o n .

T h eod o l i t e  m e t h o d s , p r o p e r l y i n s t r u m e nt e d , p rov ide
more t han  a d e q u a t e  t r a c k i n g  a c c u r a c y .  The t w o - t he o d o l i t e  me thod
requ ires two observers and some means of daLa communication between

separa ted b c - it ions; also , the compu tational process is not trivial .

‘4 .2.5 Pho tograp hic Camera Scaling

The fli gh t path of an aircr aft can be de t ermined by

coii v -ii t ional p l i o t  ot raphic means usin g c it h e r  an a i r c r a f t  —mounted

or a ground-based camera . The ground-based camera approach has

an obvious advantage in that it requires no addition or modification

to the aircraft.

line sim ple me t hod mit j u n-s one or severa l upward—looking

- ; m r : u - r - i t ;  i n s t i l l  ‘.-d a t  1 - ri wi m b e a t  Ion :; i l o n g  the t a k e o f f  or l a n d i n g ,  
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approach path. A photograp h is taken of the target aircraft as

it passes through the camera field-of-view . The image size of

the aircraft on the photograp h provides a quantitative measure

of the  a i r c r a f t  s l a n t  range from the camera (and hei gh t  above
the camera since the eleva tion angle is also available on the

photograp h). The optical system can be readily calibrated for

each aircraft type so that simple measurement of the image size

and position within the camera field-of-view determines both the

height and x-y coordinates of the aircraft at that instant. An

aircraft height accuracy of 1% can be achieved by the camera

image-scaling procedure.

Either single or multi p le photographic exposure during
f l yover can be emp loyed. Mul tiple exposure , for  examp le , at

prec ise 1 second intervals would permi t ground-based determination

of aircraft ground speed and flight path. (The use of multi ple
exposures on a sing le photographic frame would result in some
reduction in contrast and definition of the aircraft images against

he sky background , but this effect could be mi n imized by the use
of appropriate filters.)

A fixed camera possesses a limited field-of-view that

is determined by camera orientation , lens focal l e n g t h , and f i l m
dimensions. To cove r an extended flight trajeclory it is thus

necessary to use several cameras , suitabl y spaced along the

anticipated path , so as to provide quantitative measurements at

selected locations.

A wide varie ty of cameras.- could be emg oved in t h i s

app lication . For examp le , a Polaroid cartra would be appro-

priate if “instantaneous ” recording and data reduction were

required. A conventional 35 mm camera , operate d manually or
b y au t oma t i c  con t r o l , would be s i t i s f a c t o r y  for  s h o r t - t e r m
or occasional operation w i t h  a m - i I e r a t~ - number of aircra ft;
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however , for full y routine recording of many aircraft on a

l o n g - t e r m  bas i s , i t  would  be preferable to use a cine camera ,

either 16 mm or 35 mm , with a large capacity film magazine and

s i ng le f r a m e - b y - f r a m e  c o n t r o l .

The recording camera technique is well sui’ed for

routine recording of all landing and takeoff aircraft on a daily

basis. The camera instrumentation can be installed within a

weatherproof housing and actuated by remote control. Weight ,

space , and power requirements are minimal; the instrumentation

package can be easil y installed on the ground , roof top , or o ther
struc ture without extensive installation costs. By the addition

of ,-,a aux~~1ia rv photoelectric sensor which would detect the
presenc e of an aircraft passing through a specified flyover zone ,

U would he possible to have a comp letely automatic system that

would provide a permanent record on all aircraft using that

runway . Alternativel y, a camera ac tivation could be initiated by

an acoustical sensor so that a camera record is obtained for any

ai rcraft exceeding some specified threshold level.

4.2.6 Closed Circui t TV Camera

The remote monitoring capabilities of a vidicon TV

camera system can be used to advantage in combination with -ir ;v

of the tracking methods described here . Thu s , a vidicon camera

moun ted on the pedestal of a tracking radar system would enable

r emo te  visual  mon i to r ing  of radar performance; in addition , the

vidicon camera can be highl y useful in initial acquisition

of the target aircraft and in maintaining accurate ang le tracking

in those instances where radar skin tracking becomes erratic.

Similarl y, a vidicon camera installed on a tracking

t heodol i t e  would permit remote operator tracking of the aircraft
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in a z i m u t h  and e l e v a t i o n . A i r c r a f t  range can be e s t i m a t e d , as
in direct viewing through an optical telescope , by size ot the

airc raft image on a display monitor . The TV method , fu r ther-
more , has the advan tage tha t a sing le camera f rame may be se lec ted
and “frozen ” on an auxiliary storage oscilloscope or video recorder

at  any time , thereb y permitting the operator to make detailed

measurements on a stationary image.

A TV camera system may also be useful in conjunction

w i t h  the image s ca l i ng  me thod  us ing a v e r t i c a l - l o o k i n g  record ing
camera . The angular field-of-view of the recording camera is

neces sar i l y narrow in order that the aircraft image cover a sign i-
fican t fraction of the available film width ; a wide-ang le TV

camera , moun ted by the recording camera , will enable the operator

to locate and acquire the target aircraft well in advance of the

flyover poin t. Furthermore , by observing the aircraft on the

TV moni to r , the opera tor can ac ti va te the rec ord ing  camera a t
the prope r time , thus ensuring that each pho tograp h i n c l u d e s a
fulL aircraft image within the camera field-of-view .

4.2.7 RF Ranging and Triangulation

Th e posi t ion of an a i rc raf t in spa ce can b e de termined
us ing  t r i gonome try if the distance is measured accuratel y from
the aircraf t to each of three ground stations whose locations

ar e prec isel y known . In an RF rang ing posi tion locating system

the range from the aircraft to the ground station is measured by

deter m ining the total time required for an RF pulse t o tr ;mve l from

an interrogator on the aircr - i t t to a ground t ransponder and return .

Portable equipment to measure these r m n ~~i-s w i t h  a resolution of

± 10 feet is corruiierciall y available - E q u i p m e n t  t h a t  measures

more precisely by using mult ip ~. RF frt-~iuenc ies -ind measuring the

phase of returned signals is also i v a i l - m b 1 e ~ h ow ev e r , i t s  response
t ime is too l o n g  to track an ai rL c af’ adequat clv -

C
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An RF rang ing s y s t e m  o f f e r s  d i r e ct  measurement  of an

i m p o r t a n t  p a r a m e t e r , t h e  s lan t d i s t a n c e  to the measuremen t  micro-

phone(s). The basic geome try required for accurate measurement

of he ight along the complete landing flight path requires several

transponder positions . Additional transponders would be required

to de termine th~ cross t rack posi tion .

Real time data at a central ground sta t ion requi r es
a da ta link from the aircraft . The requirement for multip le
t r ansponder  loca t ions may presen t si te selec t ion problems , in

addition to increasing the number of sites to be surveyed.

Both the transponder and interrogator for this system

can be operated from automobile-type storage batteries. Real

time data can be provided at one site on the ground by p lacing

t he  t r a n s p o n d e r  on the  a i r c r a f t  and the  i n t e r r o g a t o r  on the

ground. This capability can be used to measure rance to  a
rn e- i s~1rcn ie -n t  site directl y, or it can be used in combination

w i ’ h  o t h e r  s u b s y s t e m s .

4.2.8 Special Tracking Sys tems

The ARTS III sys te- does not prov iae air ’ .ralt position

informa tion with adequate precision for ce ’t ifica t i n noise

r i c a s ar e m e n t s .  The ARTS III system range accuracy ib approximatel y

170 feet , and the altitude reading is p r o v i d e d  in 100 foot

incr ’ .-n en ts . The 1000 mHz transponder used by t h e  ARTS I I I
system on mos t aircraft could possibl y be used as par t of a
prec ision locating system which used multi p le rec eiving stations

and computer data processing. Such a sv.~ten m would use hyperboli c

n : iv i gar  ion t echn iques  m m m d  would require considerable development

effor t , s i n c e  no hardware is currentl y — iv ;iilab le. The ARTS III

system is - i primary component of the national a i r  traffic control

network and therefore safety is a primary consideration . Although
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~e~~~~i~~i I1 y  feasible , any alteration of this system to obtain data

ou : - ; ~~-1 ar  a d d i ’ i o n a l  i n t e r r o g a t i o n s  of the aircraft transponder

~~i .  ~~~~~~~ H- D r - m e ’ i c a l  because  of s a f e t y  c o n s i d e r a t i o n s .  A d e t a i l e d

- - 
- c ap a b i l i t i e s  of ARTS I I I  is beyond  the  s c cp e -  of

I~ ‘r research purposes , the ARTS III system could provide

i n p u~~s o~ both position and aircraft identification . One

~~ m s s  poin ’ th a ’ would  p rov ide  l i m i t e d  t r ack ing  d a t a  ( w i t h i n
8 m il e ) and aircraft identification with a minimum change of

inter face is the 1400 baud data line between NAS En Route Stage A

and ARTS III. A lis ten-only “tap-off” of the exchanged data , with

a min icomputer to sort out the desired information , would be a
very powerful research tool . The da ta messages  exchanged be tween
these facilities are described in the specifications. I

4.3 Tracking Accuracy

‘Ih rela tive location of the positional data measuring

equi pment and the aircraft and acoustical measuring site affecid
t i— c accuracy of the computed slant range from the aircraft to the

acoustical measuring site. lit is desirable to make slant range

determina ’ ions at severa l acoustical measuring sites with a set

of tracking hardware. This section discusses the effect of

measurement eqii~ pment location on slant range accuracy. Worst

case errors in slan t range have been det :ermined for several
g( -m )rn e-tries , using the basic range and --mnm ’ular accuracy specifi-

cations of the tracking equi pment. The two basic t e c h n i ques of
1) Ran: , Azimuth , and Elevation Tracking , and 2) Triangulation
by M u l t i p le Range S t a t i o n s  are  c o n s i d e r e d .  h os t  of the hardware

configurations whose basic accuracies are summarized in Table 4.1

fab l within one of these basic t ypes .

1 ARTS III Computer Program Functional Specification , Int erfac il ity
l )m ta Transfer , NAS-MD-6l0 , December 1q75 .
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A maximum error of 6”!. in slan t range corresponds to a

noise leve l error of approximatel y 0.5 EPNdB , based just on
spread ing  loss. This is postulated as a minimum desired accuracy.

As a uniform basis for comparing the various tracking systems ,

the case of an aircraft arrival has been selected. The nominal

sla nt range chosen for  comparison is tha t which  resul ts f rom
po int N , shown in Figure 4.1 , wi th an eleva t ion ang le of 45°.

This is the si tuation chosen to represent the point of maximum

noise and therefore is most critical for slan t range measurement.

4.3.1 R’mnLe , . - i mut h ,and Eleva tion Tracking

Se veral of ‘he tracking subsystems shown in Table 4.1

measure range , a ’imu ’h . and elevation . Each of these systems

has its e-rrnrs specified as range and angle errors. Once the

me asur ement georre ’ cv is fixed , these basic errors can be trans-

lated f~~ st into rectangular coordinate system errors , and

further into slant range errors . The landing geometry places

the  mos t  s t r i n g e n t  r e q u i r e m e n t s  on the  measu r ing  sy s t e m , s ince
t h e aircraft is close to the ground. In this situation a small

absolute altitude error will result in a relativel y l a rge  per-
centage change in the measured altitude . For examp le , at the

certification measuremen t site for landing , th e a i r c r a f t al t i tude
370 fee t; for a 67 minimum range error the altitude must he known

‘ o within 22.2 feet. The absolute requirements are slightl y

less strinttent at the 45 0 slan t range poin t , which has been
chosen to approximate t h e~ poin t of maximum noise.

Figures 4.4-6 .6 show the calculated t racking errors for

three different tracking subsystems , using the same aircraft

approach geometry. Appendix B shows the procedure used to gen-

era! e these  p l o t s .  All range , azimuth , and eleva t ion tr ack ing
subsystems have the desirable characteristic of requirin-! only

one t r a c k i ng  s i t e .  The tracking site for Figures 4.4-4 .6
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is located 1000 feet to the side of the runway at the point of

touchdown . The errors shown represent the maximum possible

deviations from a nominal 30 glide slope for worst case

combinations of tracking system errors in height (H), cross

track (D), and distance along the runway (Y). These errors are

shown together with the corresponding noise level error due to

slan t range (SL) uncertainty for  a 450 elevation angle between
the measuring site and the aircraft.

The error data in Figure 4.4 were calculated for a

system that has a range accuracy of ± 30 feet and an angular

accuracy of ± 1 mil (0.0562 degrees). This corresponds to the

accuracy commonl y available with a portable radar system . The

system just meets the 0.5 dB accuracy requirement at the 1 nm

measuring poin t . Figure 4.5 shows a considerable improvemen t in

accuracy (0.24 EPNdB at 1 nm SL) by improving the range accuracy
to ± 10 feet while keeping the same angular accuracy (± I mill).

These data are representative of the portable radar with improved

range accuracy or of a portable theodolite and RF ranging subsystem

combination . A characteristic typical of azimuth and elevation

systems when operated at small angles of elevation is that the

dis tance  error rap idl y become s a constan t and the hei ght  and
lateral disp lacement errors increase with increasing distance

from the measurement site. Figure 4.6 shows the tracking system

maximum error for a system with a range accuracy of ± 15 feet

ai~~ an angular accuracy of ± 0 . 1  m u .

The errors shown in Figure 4.7 are for the same system
conditions as Figure 4.4, accuracy ± 30 fee t , ± 1 mil and a 30

approach , except  tha t  the measurement  s ite  has been moved to
5000 feet to the side of touchdown point. This change had little

e f f e c t  on the slan t range , hei ght , or d i s tance  errors ; however ,
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the cross track measurement accuracy is reduceu. imilar effects

occur for the more accurate measuring systems .

Figure 4.8 illustrates the calculated errors for the

first portable radar considered for a takeoff that follows a

simp lified flight profile consisting of first a constant climb

from the end of the runway to 1000 feet altitude at 8000 feet out ,

then a 47 climb . The resulting error in slant range is consider-

ably less for this takeoff profile than for the landing profile

used for Figure 4.7 , as a result of increased aircraft altitude .

The errors shown in Figure 4.9 apply to the radar used

for Figure 4.8, but moved to the opposite (start of roll) end of

the 10,000 foot runway . This puts the radar measurement site

10 ,000 feet back along the runway and 5000 feet off to the side

from the liftoff point. This condition illustrates what might

be achieved by monitoring takeoffs and landings in the same

direction from one measurement position . The accuracy in slant

range is still within the required tolerance . In practice , the

system would be limited by ground reflections to a certain

minimum elevation ang le determined by the antenna beamwidth.

4.3.2 RF Ranging Systems

An RF ranging system measures the range from a

transcciver located on the aircraft to each of three ground-

located reference transponders. The locations of the transponders
are accuratel y known ; therefore the aircraft position can be

calculated from the three range measurements. The range measure-
ment  hardware c o ns i s t s  of an aircraft interrogation unit with
digital range readout and recorder . The interrogation unit can
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weigh less than 50 pounds and consume less than 50 watts of

electrical power from a 24-30 volt source. The transponder

weight is 5 pounds and its power consumption , 5 watts. This

power requirement will allow several days of operation on two

series-connected automobile storage batteries. The operating

frequency can be either C- or X-band. Up to four separate address

code transponders can be automaticall y scanned , or 16 can be manu-

ally scanned. The system is essentiall y a radar without angular

measurement capability. Range is measured by measuring the “ound

trip transit time of an RF pulse. Even when several pulses are

averaged to improve accuracy , a single measuremen t of range takes

only a few milliseconds .

The basic range measurement accuracy of the instrument

is ± 10 feet. The actual accuracy achieved , as with all

other systems , depends upon the geometry of the measurement

s i t u a t i o n . For the purpose of unde r s t and ing  t h i s  geomet ry  in

r e l a t i o n  to accuracy, the two dimensional problem will be analyzed
first. Figure 4.10 shows a typ ical two d imens ional  p o s i t i o n i n g
system which uses one interrogator and two transponders . The

distance from transponder A to transponder B is known , and the

range measuring interrogator measures the range RA and RB. If the

u n c e r t a i n ty  in range measurement  is smal l  w i t h  r e spec t  to the
a c t u a l  range , a d i f f e r e n t i a l  range e r ror  diagram can be c o n s t r u c t e d ,
a s shown in expanded sca le  in Figure 4 .11 , b y e r e c t i n g  perpen-
diculars FG , HD , FD , and GH about the nominal intersection point

(interrogator location) each disp laced a distance equal to the

range r e so lu t i on . The intersections of these perpendiculars

form a zone of error .

• The errors in a coordinate system having the line AB

as an axis are E1 and E2. The maximum error is E3. From this

type of analysis it can be seen that the positioning error in
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any coordinate system is always greater than the basic range

r e s o l u t i o n . The shape of t he  e r ror  zone is c o n t r o l l e d  by the

ang le uf i n t e r s e c t i o n  of the  two range l ines  CA and CB.  The

er ror  w i l l  be a min imum fo r  an intersection angle of 900 and

the maxinurn possible error will increase rap idly after th~ in’~~r-

sec’ ion . ing le d e v i a t e s  from 90 0 b y more than 300, that is , ~or

i n t e r s e c t i o n  ang les between 600 and 1200. For an intersec tion

ang le 1:1 60 0 , the maximum p o s i t i o n i n g  error  is a p p r o x i m a t e l y
t w i c e  the  range r e s o l u t i o n . For an intersection angle of 300,

t he  maximum p o s i t i o n i n g  error  is approximatel y four time s the

range resolution .

From this analysis some basic rules for establishing

transponder locations can be established. The rang ing equipment

under consideration has a range resolution of ± 10 f e e t.  T h e r e f o r e
a systerr which always maintains an ang le of intersection greater

than 60° would meet the accuracy cequirements. Accuracy for this
ty p e  o l  system is not a function of range . In l o c a t i n g  the
position for the transponders , the determination of distance out

and cross t r a c k  p o s i t i o n  can be considered essentiall y a two
dimensional problem , since small variations in aircraft height

result in negligible changes in the projected position in the

horizontal plane. For thoi-i e measurements , one transponder located

near the end of the runway and  one t ranspond r loca ted  20 , 000 f e e t
to each side of the extension of runway centerline and 20 ,000 feet

out would suffice to determine cross track and position along the

extended centerline. This arrangement would provide adequate

coverage to beyond 40,000 feet from the end of the runway.

The determination of the third dimension , hei ght ,

presents an 2ntirely different geometry problem. Consider ‘he

two-dimensional problem of locating the aircraft in a verti c.L1

plane passing through the extended runway centerline . For

approach operations , the aircraft will be close to the cr1 -
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The approach condition presents the most difficult measurement
problem , since the height accuracy must be great in order to
maintain a small percentage error in height. Ten transponders ,

spaced along the extension of the runway centerline , are required
to measure the aircraft height when the 600 minimum intersection

angle is maintained.

The cost of multiple transponder units relative to

other tracking systems is relatively low ; however , the precision
surveys and difficulty in obtaining multiple sites with no
obstructions may present problems in many locations . In

applications for which it is not necessary to measure the

altitude accurately at all distances out to 40,000 feet from
the end of the runway , but for which only accurate spot measure-

ments are adequate , this system offers several advantages. When
the primary distance of interest is the slant range from the

aircraft to a measuring microphone locat ion , the transponder
can be located at the measuring microphone site for a direct

measurement of slant range . This system can also be used to

determine range in a combination system using other techniques

to measure angles . When only one range measuring site is required ,

the interrogator can be ground located and the transponder mounted

on the aircraft .

4.4 General Performance Considerations

“Real world” condit ions must be considered in choosing
— a tracking subsystem , once the technical performance requirements

are established. Official certification measurements are made

o~tly once for an aircraft config~. ration ; therefore a system would

be used rarely for this purpose. Although official measurements

are made infrequently, aircraft manufacturers make frequent tests
to determine the effects of engine modifications and other van-

ables. The amount of testing and amount of data required will
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influence cost versus performance tradeoffs . Most aircraft

manufacturers currently have tracking systems or ranges capable
of determining aircraft position adequately for certification
tests. Each such range is geared to the respective level of

testing activity. These ranges are usually used also for other
performance tests. In addition , there are government-owned

facilities that may be leased which have theodoli te, radar , and
laser tracking capabilities . Radar , laser , and RF range tracking
equipment may be leased from commercial organizations . Therefore

for a limited series of tests , the lease of an existing system

would be very cost effective .

The tracking subsystem requirements for a research

system depend on the envisioned research objectives. The

selection of an appropriate system should be made according

to the previous discussions after consideration of additional

inputs such as the following :

a. Feasibility of placing a transponder or retroreflector
on the aircraft

b. All weather operation or clear weather operation only

c. Requirement for real time data

d. Cost

e. Portability

f. Ease of setup and number of stations required

g. Operating labor

h. Documentation of data

_ 



i f

i- . Control of subject aircraft

j. Accuracy

Design examples of tracking subsystems for specific requirements

are given in Sections 8.0 and 9.0. Appendix B illustrates the

procedures used to calculate the tracking accuracy curves .

1~
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5.0 WEATHER DATA SUBSYSTEM

Sound propagation and attenuation between the aircraft
and the ground measuring point are affected by temperature ,

humidity, wind direction , wind speed , and barometric pressure .

For certification measurements in compliance with FAR Part 36,

the temperature , wind speed , wind direction , and humidity must
fall within specified ranges. Additionally , corrections are

applied to the acoustical data to account for variations in

humidity and temperature between the aircraft and the acoustical

measurement point. Periodic recording of the temperature/humidity
variations as a function of altitude must be made so that the

appropriate corrections can be applied .

There are many experimental studies that can be
conducted to contribute to the understanding of the effect of
weather on the noise measured on the ground from aircraft in
flight. These encompass the range from controlled experiments

on atmospheric attenuation to the measurement of the average
noise level from normally operating flight in broad weather
categories. These data could be used in planning noise abate-

ment procedures and in equit.~ctble policing of these procedures .

5.1 Types of Measurements

Equipment is readily available for measuring and

recording any of the five weather parameters that affect sound

propagation. Complexity arises in measuring the parameters
along the sound propagation path from the aircraft to each of
several acoustical measurement sites . For some research objec-
tives , ground weather measurements at the acoustical data sites

or at a central location will suffice. For other research

objectives and for certification tests , it is necessary to

measure as accurately as possible the temperature ~nd humidity

L 5-1
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variation with altitude and ground location . These data may be
extrapolated from periodic samplings using instrumented light
aircraft or balloon-borne instrumentation .

5.2 Measuring Equipment

Standard instrumentation for measuring temperature,

wind speed , wind direction , humidity, and barometric pressure
with sufficient accuracy for noise tests is available from

numerous vendors . Instruments with electrical outputs are
available for recording using charts or digital recording media.
Also , these instruments may be directly interfaced to a comput-
erized noise data collection system for real time inputs.

Weather measurements in real time at each acoustical

measuring site may be made by combining the weather data with
the acous tical data in a digital multiplexer for transmission
to a central monitoring site. For tape recorded data , a digital

weather code can be added to the end of record block containing

the calibration and background data.

Meteorological instruments mounted in a light aircraft
can collect data over a wide area in a short period of time .

Sensors are available with response time short enough for con-

tinuous recording of temperature , dew poin t , and atmospheric
turbulence versus altitude .2 The system is typically flown in
figure-eight patterns around the microphone station to provide

representative measurements of the propagation path zone.

Weather measurements as a function of altitude may also

be made using weather balloons with expendable data telemetry

2
McCollough , J.B . and Larry K. Carpenter. Airborne Meteorological
Instrumentation System and Data Reduction . FAA-ARD-75-69 , April
1975.
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transmitters . Standard radiosondes and data receivers are
available that measure temperature to an accuracy better than

1°C and humidity , better than 27g. Improved accuracy is probably

not required for this application but may be achieved using data

correction procedures. For special low altitude measurements in

the vicinity of a noise measuring site an instrumented balloon

could be tethered. Free balloon measurements are time consuming

and are at the mercy of wind conditions , presenting launch site
selection problems . Several releases may be required to obtain

the requ ired da ta with good accuracy .

The balloon position must be known in both altitude
and ground location to obtain a complete temperature , humidi ty
profile for each measuring site. The wind speed and direction

information can be derived from the balloon tracking data. The

balloon position may be determined by several means :

a. two manual theodolites

b. automatic laser tracker (as used for aircraft)

c. one manual theodolite with laser ranger

d . automatic radar range and ang le tracking using a
special two frequency trans’ponder equipped radiosonde

The cost of a single radiosonde is in the range of $50 to
$150 in quantities of 100. The simple tracking system (two hand-

held theodolites) and telemetry receiver ground station would cost

$8000 to $15 ,000. Completely automatic data collection and
correction equipment is available , including a minicomputer and
costing in the neighborhood of $100,000.

Special weather measurement systems could be built if

a large data volume makes them cost effective . Some techniques

that offer unique capabilities are :
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a. instrumented drone (model) aircraft

b. dropsondes

c. instrumented model rockets

d. special small balloons and radiosondes for short

ranges

These systems are not fully developed for this application ; however ,
the continuing technological advances in miniaturization of electronic
equipment may facilitate further development.

The choice of weather equipment depends upon the specific
measurement objectives of a research noise measurement system, and ,

in both weather and certification system designs, the optimal choice
will be influenced greatly by the frequency of sampling and number
of locations required for atmospheric soundings.

5-4

- ~~~~~~~~~ ~~~~~~~~~~~~ .~~
— -  — .—. . — —

~~~~
- — •

~~~~~~~ ~~~~~~~~~~~~~~ ~~~
.
~~~~~~

———



6.0 AIRCRAFT IDENTIFICATION AND OPERATIONAL PARAMETER

RECORDING SUBSYSTEMS

An aircraft identification for the purposes of noise

tests may include type , model , serial number , air carrier or

owner , weight , pilot , and flight number . When only one aircraft
is involved , such as in certification tests , the collection of

the identification information is a trivial task ; however , for
research measurements , perhaps involving hundreds of different

flights in one day , accurate identification of aircraft becomes

a major task. The on-board recording of aircraft operational

parameters such as engine operating conditions , airspeed , altitude ,

ambient pressure , and temperature , time-correlated with ground

acoustical measurements, may be desired for controlled research
projects. Also aircraft weight , engine parameters , aircraft con-

figuration , and airspeed are required for certification measurements.

6.1 Operational Parameters

The operational parameters will be recorded on the
aircraft and must be time synchronized with the ground acoustical

measurements. The time may be provided by an on-board VHF FM
receiver that picks up the time code transmitted by the central

site time code transmitter or may be provided by an on-board
precision clock which is preset to the time code before flight
and checked afterward .

The operational parameters may be recorded by a camera
that simultaneously photographs the cockpit instrument panel and

a time display . Alternately the operational data may be recorded

on magnetic tape along with a time code . This instrumentation

is usually present for other tests when an aircraft is being

readied for service and may therefore be available for certifi-

cation measurements.
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6.2 Aircraft Identification

The correlation of certain noise events with specific

aircraft operations is required to accomplish many research objec-

tives. The required detail of data will vary from confirmation

that an event was actually caused by an aircraf t and not some
extraneous noise source , to detailed information such as aircraft

type , flight number , air carrier , p ilot , etc. Either of these

tasks ‘iy be difficult to implement at a busy air ter’ninal where

si’ eous arrivals and departures are occurring on parallel

‘ inways . Under these conditions simultaneous noise events

different aircraft operations may occur at several noise

measurement sites.

Automatic separation of aircraft noise from background
noise may be required when long term experiments are conducted.

A similar problem is encountered with noise monitoring systems

as described in the Task A report. Development and validation

of techniques for separating aircraft noise from background noise
in the monitoring environment could be a major task for a research

system . Some techniques that could be evaluated are :

a. Time correlation of noise events at several

microphones placed in line along the flight path

b. Analysis of noise signatures for duration , rise

time , etc.

c . Special filters and logic

d. Signal correlation from two microphones

e . Directional microphones and arrays

6-2
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f. Narrow-beam radar beacons aimed into the airspace

above the acoustical measuring sites

The actual identification of the aircraft is difficult ,

and more so as the flight frequency increases. During many experi-

ments , measurements may be made of aircraft under normal flight

conditions ; therefore , the aircraft will not necessarily be

cooperating with the tests and cannot be relied on for special

identification information . Noise events that have been screened

to be possible aircraft events can be correlated through a time

code with specific aircraft either in real time or after the fact.

Several sources of input information about a flight

are :

a. Visual observation of the flight operation can

provide type , air carrier , runway , and approximate

flight path.

b. Radio communication between the corftrol tower and

the aircraft can be used to identify flight , air

carrier , and runway.

c. Tower logs contain various kinds of identification

information , depending on the airport.

d. Flight schedules can be used when limited numbers

of flights occur or can be used to augment other
information .

e. The ARTS III system contains flight information

and arriva l and departure times; however , access

to this information may be restricted by air safety

considerations . Completely automated flight
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identification is technically feasible using the

information available on the ARTS III data busses.

The preferred tech~iique for flight identification will

depend on the specific experiment being conducted. The tradeoff
of cost , manpower , and desired data must be made in each instance.

I
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7.0 DATA PROCESSING SUBSYSTEM

This section establishes general performance

requirements of the data processing subsystem , and presents

some illustrative examp les of hardware/soft. are configurations

which may be apropos designs for particular requirements. A

detailed design of a noise research system satisfying both

the general requirements and other specific requirements is

given in Section 9.0 of this report.

A data processing system is essentially a collection

of procedures which accept some input data and produce desired

output . In the instance of aircraft noise measurement the

input will consist of basic sensor and aircraft identification

data , while the desired output may be thought of as a printed

report containing various information . Procedures for collecting

and transforming the input data may be manual or automatic ,

but certain performance requirements on the procedures can be

specified by examination of overall information accuracy and

capacity criteria .

In order to discuss performance requirements of the

data processing subsystem , it is necessary to first describe

the processes to be performed . Figure 7 .1 illustrates the

generalized information flow (arrows) between processes (boxes)

considered in this project. The major ~ubsystems previously

described are controlled (enabled , disabled , positioned , etc.)

by a SUBSYSTEM CONTROL process. The output of the major sub-

systems relevant to a particular flyover event at a particular

measuremen t site is synchronized in time , then integrated into

a noise event data packet by the DATA SYNCHRONIZATION AND INTE-

GRATION (DSI) process . This event data packet may also contain

information identifying the particular aircraft flight which
caused the event , generated by the AIRCRAFT IDENTIFICATION

process. Note that the event data packet may contain information
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peripheral to the actua l aircraft flight data , such as weather

stratification data or ba~kground noise level data , but coinciden t
in time with the noise event.

The FLYOVER DATA .~NALYSIS (FDA) process receives the
event data packet and performs wha tever compu tational analy sis
is desired. The analysis may be guided by an ANALYSIS CONTROL

procedure , and will in general produce one or more types of
report as the primary system output . Frequently it is desirable

to reference previous data or collect new data at various stages
of processing , so DATA BASE ACCESS AND MAINTENANCE (DB.AN) is a
common system function .

Each data process central to an aircraft noise

measurement system may be implemented in a variety of ways .

Figure 7.1 represents the logical design of any such system ,
which is independent of the degree of automation . In particular

the processes described above may be imp lemented as operational

procedures , computer programs , special purpose hardware devices ,
or some combination of each of these methods .

7.1 Performance Requirements

Not all of the functions described above necessaril y

involve comp lex hardware/software solutions . Writing an air-

craft flight number on an analog (audio) recording tape box in

the field and hand carrying the tape to a central processing

site can provide the AIRCRAFT IDENTIFICATION subsystem as well

as part of the DATA SYNCHRONIZATION AND INTEGRATION process

for a certification system designed to handle a few hundred

noise records per year. A large-scale research system in stall ed

;i~ a major a i r p o r t  and h a n d l i n g  s eve ra l  hundred  noise  r ec o rds  per

day mi ght  r equ i r e  o n - l i n e  a i r c r a f t  i d e n t i f i c a t i o n  f rom an o p e r I ? o :
or f rom a u t o m a t i c  i n t e r r o g a t i o n  of t h e  ARTS I l l  n e t w o r k , and tni~~ht

4
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in t e g r a t e  the i d e n t i f i c a t i o n  data w i th  o ther  subsys tem data  us ing
a real time computer system . The diversity of major subsystem

designs which might be appropriate for particular imp lementation

has been indicated in the previous sections of this report ; this
diversity y ields a geometricall y proportional diversity o~ possible

data processing systems . Thus only the broadest of performance

requir€ments can be stated without specific design constraints.

The following paragraphs describe the minimum performance

required by the DATA PROCESSING subsystem for implementation of an

aircraft noise measurement system . The primary assumptions are

that any system considered is capable of performing aircraft noise

measurement (i.e. , EPNL calculations) with a degree of automation

sufficient for the load requirements of the particular system

design , and l hat aircraft noise measurement is the principal

f u n c t i o n  of tb 0 sys t em .

7 . 1 . 1 Subsys tem Input

The major subsystems all have digital output which is

in turn input to the DSI process. The requirement for dig i t a l
signal paths results from the required EPNL capability , which

realisticall y requires a digital computer to be utilized for the

FDA process. For data processing design purposes , any hardware
re(~uired to get the subsystem input into digital form will be

considered part of that subsystem . Although particular designs
may om it one or more subsystems (other than the acoustical subsystem) ,

~he following can be considered reasonab].e minimum performance

requirements for the incoming data:

1) Error rates. Data errors can be introduced

in any dig ital transmission scheme , and should no t

be ignored. The overall transmission performance

criteria shall be that the probability of undetected
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data transmission errors shall be less than O.17~
per aircraft noise event , and that the probability

of detected errors shall be less than l7~. The former

requirement guarantees that less than one aircraft

noise measurement result out of 1000 will include

erroneous data from transmission errors ; the latter

requirement insures that no more than one out of

every 100 f l yovers must be re-processed or discarded
because of discovered transmission errors . As an

examp le , a measurement system which contained only

an acoustical subsystem might be required to have

an undetected bit error rate in the raw data of

less than one in ~~~ given that a flyover event

contains about l0~ bits of one-third octave band data.

This error rate is easily achievable for some trans-

mission schemes (e.g., local coaxial cable or parallel

digital signal lines), marg inal for others
(digital cassette) , and unachievable without error

detection and correcting codes for yet others

(1200 baud voice-grade dial-up telephone

lines). If more than one subsystem is utilized ,

all data transmission errors shall be considered

in meeting the overall transmission performance

criteria; however , it is expected that the

acoustical data subsystem will be the area of

major concern because of the large amount of data

required per event.

2) Accuracy. The accuracy of the subsystem output shall

not be affected by the data transmission scheme

chosen .

3) Resolution. The resolution of the digital encoding

scheme chosen shall be at least as great as the sub-

system accuracy. If the acoustical system must be
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linear within 0.1 dB in some intensity range , then the

dig ital resolution of the acoustical data trans-

mission system must be 0.1 dB or less in that intensity

range ; if temperature corrections must be made to

the nearest degree Celsius , the weather subsystem

transmission must resolve at least one degree.

4) Repeatability. The data transmission system shall

function repeatabl y; that is , identical subsystem

output must result in identical input to the data

processing subsystem , within the error and accuracy

constraints discussed above . This is a requirement

for the data transmission system , but not necessarily

for the individual subsystem input/output repeatability,

where sampling processes may require more elaborate
repeatability criteria.

5) Time Coding. Time information is extreme ly important

in aircraft noise measurement for aircraft identi-

fication as well as data synchronization . Each input

shall carry information sufficient to determine the

exact time of each input datum within accuracies

which must be specified for each subsystem . It is
generally preferred that the subsystem input data

be transmitted over independent , asynchronous data

paths for maximum subsystem independence , so suffi-

d ent t ime information must be available for the DSI

to synchronize the input data.

7.1.2 Subsystem Control

The SUBSYSTEM CONTROL function shown in Figure 7.1

controls and coordinates the major subsystems . Performance

requirements for SUBSYSTEM CONTROL are so diverse that they must
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be defined for the specific measurement system design . In any
specific design , the SUBSYSTEM CONTROL function shall be specified

in a manner which assures that the control function is achievable.

In the case of a fully automated system , this control might be

exercised by the DSI/FDA processes without manual intervention .

Such a system might , upon detection of an aircraft , enable the

real time analyzer s , aim a radar antenna , automatically collect

the data , and then disable the unneeded subsystems . In the case

of a portable certification system , the SUBSYSTEM CONTROL migh t

consist of verh al instructions to a technician detailing placement

of data acquisition systems , and some type of telemetered control

for turning the systems on and off.

7. 1.3 Analysis Control

There shall be an ANALYSIS CONTROL function which

controls any variable analysis path allowed by the system , or

any interactive processing required. The input required by

this function shall be minimal to prevent human error and

to speed data processing time . When it is necessary to use

previous results or tabular data to comp lete a process it is

expected that these will be available from the DATA BASE sub-

system and will not be re-entered through the ANALYSIS CONTROL
system.

7.1.4 Data Base Access and Maintenance

There shall be provision for storing and retrieving
computer-readable information which is to be used repeatedly in
norma l system processing. Examp les of such data are atmospheric
absorption coefficients , standard fli ght profiles , instrument
correction factors , calibration data , and (whenever possible)
report formats. It shall be easy to examine and alter any data
contained in the data base.
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7.1.5 Data Synchronization and Integration

The function of this system is to collect the incoming

data from the major subsystems , extract data relevan t to an aircraft

noise event , and compose a data packet for processing by the analysis

system. The data packet shall be carefully specified to insure

that all desired system analyses can be performed from the data

packet and information in the data base system .

The primary purpose for the DSI is to allow for flexibility

in the data input system . It should be possible to incorporate

changes in the configuration of any input subsystem by only changing

the portion of the DSI directly concerned with that subsystem . For

example , if it were desired to change from a radar tracking system

to a laser tracker , the portion of the DSI handling the TRACKING

interface might be changed , but the data packet output (and hence ,

the FDA and all other “downstream” processes) should remain unaltered.

Any system design shall specify ‘he methods used ~o insure subsystem

independence and to perform input data reli i h il i tv checks . The

data packet shall be comp letely specified , and the t ypes of analysis

allowable with the specified data packe ? shall he listed . If the

sensor data is needed for purposes other t han noise event measure-

ments , such as in the monitoring/research system de siri h ed in

Section 9.0 , it may be necessary to move the data pack et L r t a t  ion

function to FDA to allow FDA easy access to r i~ sensor

One system capability which must be provided is bench

marking , and the DSI is the preferred system for bench mark

incorporation . Bench marking is comparable to calibration of an

analog system . A bench mark is simply a program and all of its

required input dat~ which can be re-run after any system changes

to demonstrate that the output is unaltered. As a minimum it should

be possible to save selected data packets for later use as bench

marks for the FDA system . A preferable procedure is to save all

DSI input relevant to selected events so tha t both the DSI and

the FDA may be bench marked.
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7. 1 .6 F].yover Data Analysis

The heart of the data processing subsystem is the

Flyover Data Analysis. As a minimum , the FDA is capable of

performing EPNL analysis of “as measured” acoustical data. For

a certification system , sufficient ancillary data and processing

capability must be present to correct the “as measured” data to

standard conditions. The minimum capability of EPNL analysis is

sufficiently complex as to require some type of computer pro-

cessing capability. A minimum measurement system might require

no more than a laboratory mini- or microcomputer system , or
might execute in batch mode on a large , general purpose computer

system available for other uses. A complex research system
could require the capabilities of a moderate to large dedicated
computer system .

7.1.7 Output Reports

The system shall have the capability of generating

reports suitable for permanent records . The reports to be
generated constitute the most important output of the system , and

shall be carefully designed to incorporate all relevant data in

a concise , readable form . It is desirable that the FDA system

be easily alterable to change the format of reports or to add new

types of reports.

7.2 Data Processing Configurations

The following paragraphs describe hardware/software
configurations which might be suitable for particular aircraft

noise measuremen t tasks . The key factors in selection of a

configuration are data reduction complexity and volume of data

(number of flyovers) to be analyzed. All of the following con-

figurations can be designed to meet the requirements of Section 7.1.
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7. 2. 1 Stand-Alone Analyzer/Minicomputer

Figure 7.2 shows a typ ical minicomputer/real time analyzer

configuration suitable for “as measured” analysis. This configuration

and the software necessary for EPNL calculations are available as

standard products from at least one U.S. manufacturer. This system

is suitable for “as measured” analysis of perhaps 100 overflights

per day, given the manpower to distribute and collect the analog

tape recorders . This system could also be used for certification

type measurements , but the enormous amount of data to be entered

manuall y for correction to standard conditions would restrict the

system to a throughput of a few site-fl yovers per day . All of

the function s shown in Figure 7.1 except the FDA are provided

manually in this configuration ; the FDA is a program executed on

the system minicomputer.

7.2.2 Batch Processing Certification Sys tem

Figure 7.3 shows how a certific ation system might be

imp lemented using intermediate tape and card storage and a batch-

oriented central processin~’ system . The acoustical and tracking

systems , which produce large amounts of data rap idl y, use di gital

magnetic tape for intermediate storape of the real time data. The

weather and aircraft performance d it i are punched onto computer

cards manuall y. The data process in~’ is then performed by the

central computer as a two-step process: first , the DSI system ,
a computer program , collects the data into event data packets :
second , the FDA (another program) processes the packets and gen-
erates the required reports. The subsystem control is imp lemented
by manual dep loyment of analog recorders and recording of aircraft
parameters , etc.

A system of this design is capable of more certification
measurements per day than it is possible to collect data for . The
limitations of such a system are in long turn-around t ime and
consequent lack of immediate indication of the proper function of
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all subsystems . Research functions which require man-machine

interaction are also difficult on this system , as is incorporation

of a large number of measurement sites.

7.2.3 Dedicated Real Time Research System

Figure 7.4 shows a possible configuration suitable for

doing automated data collection from a large number of measure-

ment sites on a continuing basis for aviation noise research. The

acoustical input comes from many measurement sites , while the air-

craft identification is provided by manual input or by the ARTS III

system . Other systems , such as surface weather , may be included

as appropriate. The DSI and FDA functions are software processes

performed on a dedicated (or possibly semi-dedicated) real time
computer system of the large minicomputer size , The addition of

an interactive terminal such as a cathode ray tube (CRT) terminal

allows constant control of the analysis process when desired.

A system such as this would be excellent for collecting

large amounts of aircraft noise data in an environment such as an

airport. Modular expandability of the DSI would allow more accurate

or additional subsystem input to be handled with relative ease.

However , operation at an airport also implies that the aircraft

measured are not likely to be either instrumented for operational

parameter transmission or tracked by a high accuracy tra cking
system , so that certification-type measurements would not be a

normal function for this system .
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8.0 A CERTIFICATION NOISE MEASUREMENT SYSTEM

A transportable certification noise measurement system

is discussed in this section . Primary features are analog tape

recording of the acoustical data at the measurement sites using

battery powered equipment , precise laser tracking of aircraft

position , and a stand-alone data processing system . This system

could be taken to an airport and set up in approximately two days.

The configuration was chosen to be an illustrative design examp le
that includes all the required subsystems . It may be possible for

a particular user to eliminate some subsystems by choosing a test

site that already has tracking facilities installed for other

purposes or by utilization of existing computer facilities for

data reduction .

8.1 Design Considerations

The- certification system requirements are greatly

influenced by the fact that the aircraft is being operated

specificall y for the purpose of making the acoustical measure-

ments. This allows installation of such aids as retroreflectors

and instrumentation recording devices in the aircraft . A given

test sequence would normall y consist of approximatel y ten flyover

measurements spanning a few days time span with considerable

inactive time between tests. Therefore it is reasonable to use

manpower intensive analog recording techniques in which the

equipment is dep loyed dail y, the system is manually calibrated ,

and the resulting tapes are hand carried to a central processing

site for anal ysis. Also , manual recording of weather measurement

data is satisfactory.

Certification measurements are conducted using the

measurement locations and procedures of FAR Part 36. This system

will perform measurements according to the current version of FAR
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Part 36 and the proposed rule making changes as attached in

Appendix A. Equipment performance requirements of FAR Part 36

are reviewed in the various subsystem chanters .

8.2 System Configuration

A block diagram of the proposed noise certification

measurement system is shown in Figure 8.1 The acoustical data

recording equipment consists of a portable battery-operated tape

recorder , microphone , preamplifier , and a portable FM transceiver

for tape recorder activation and time code reception . The time

code is broadcast continuously from a central test control

location . The off/on control of the tape recorders could be

accomp lished using this same transmitter.

Eight acoustical data recording packages are recomme..Jed

even though a certification measurement can possibly be made with

as few as five sets.

A laser tracking system is proposed as the ideal system

for determining the aircraft position to the required accuracy.

It is mounted in an instrumentation van , thereby making it trans-

portable. It only requires a tracking site and one man to operate;

however , it requires a retroreflector (approximately 6 inches on

a side) attached to the aircraft. The laser tracker may also be

used to level itself and survey its own location in reference to

the runway and to locate the acoustical measurement sites accurately.

Tracking is automatic after manual acquisition of the target. A

TV camera is provided to aid in acquisition and allow video recording

for documentation . The laser tracker provides positional data in

x , y, z coordinates in real time and records these on a dig ital

magnetic tape along with a time code .

8-2

---—-

~

-a-

~ 

-~~, — --—~~—- - — —~ - —-- -- - ~~~~~~.—--...- —c: - ~~~~~~~~ --—- -



~~~
-
~1 r — — - — — — — —  -

I I 
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _

I MICROPHONE J I ANALDC TAPE
I PLAYBACK

I ______ f 
I MACH I NE

____________________________________________ ______________________________________________ I

I I —

ANALOG TAPE
RECORDER i i COMPUTE

_ _ _  _ _ _  I
I 1/3 O C T A V EI SPECTRUM 

________

I ANALYZER
TIME CODE ______________I 

___________________________________________________________I AND CONTROL
RECEIVER I _______________________________________

I _ _ _ _ _ _  I

ACOUSTICAL DATA I
I RECORDING SUBSYSTEM i I OP
L _ _ i  L  

I I I
I 

_ _ _ _ _ _ _ _ _ _  

I I
I ________________________________________________________________________________________________I I 

I 

TELEVISIONAIRCRAFT I I TELEVISION MONITORI INSTRUMENT 
______________I CAMERA

I RECORDING COAX IALLY
CAMERA I MOUNTED ON VIDEO TAPE

_______________ I LASER HEAD — —i—

~~~~

:;; •

~~~~

;::
~~~~~~~~~~~~~~~~~~~~~

.I ________________________________________________________________________________________________

I I 
_ _ _ _ _ _ _

_ _ _ _ _ _ _ _ _  II AUTOMATIC
TIME CODE I I LASER TRACK I NG _____  

D IG ITAL TAPE 

J ~~

RECORDERI RECEIVER AND SYSTEM
I DISPLAY I I 

_ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _

I I I
I I

A IRCRAFT PERFORMANCE
I RECORDING SUBSYSTEM I I AIRCRAFT TRACK I NG SUBSYSTEP
L_  J L 

FIGURE 8.1 CERTI FICATION NOISE MEA SI.

- ..~.*.rn ~~~~~~~~~~~~~~~~~~~~~~~~ - 
- - . -- .  

~ .. _m.~~_ -- - -~~ ~~~ —--—-- -, - - ~~~~ -
-

- 
-~~~~~~



_ 

T T1~~~~~~~~~~~~~~

PE1 
E

_i i
COMPUTER ___________________________________________________ I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I

~~~~~~~~~ E~~~ DE 
TELEPRINTER I PLOTTER

DA TA PROCESSING SUBSYSTEM I

—~~~~~~~

r _ _ 
I I I
I I I

T ELEVI SION TIME CODE I I I
MONITOR TRANSMITTER WEATHER TOWER I

______________  I WITH SENSORS
I I I I

VIDEO TAPE I I I
RECORD ER ______ 

I 
I

TIME CODE I I
_______________ GENERATOR I I I
)IG I TA L TAPE } ~~ : 1

I I

I I I

TRACK I NG SUBSYSTEM I WEATHER DATA SUBSYSTEM 
_J L _ _ _  -~

CATION NOISE MEASUREMENT SYSTEM BLOCK DIAGRAM

8-3

~~~~~~~~~~~~~~~ :;: ~~ ~~~~~~~~~~~~~~~ ~ ~~~~ : ,
~~~ . . 2  ~~~~ - ., -



A portable telescoping ten-meter tower is provided for

the weather instrumentation at one location . The wind speed , wind
direction , barometric pressure , temperature , and relative humidity

will be recorded on strip chart(s) from sensors mounted on the

tower. Weather balloons are used to check for the existence of non-

homogenous temperature/humidity conditions between the measurement

sites and the aircraft position . A motion picture camera is mounted

in the aircraft cockpit to photograph the instrument panel to

document engine settings , etc. The aircraft clock will be set to

the time code clock imm ediately prior to each test.

The analog acoustical data tapes and the digital

tracking tapes are hand carried to the data reduction facility.

The data reduction facility is a stand-alone minicomputer system

which includes a one-third octave analyzer and time code reader.

Data processing is accomplished in a sequential manner under soft-

ware control. Data from the interim steps are stored in the disc

mer~ory. The processing is accomplished using straightforward

system commands from the control console. The software is designed

to merge the acoustical data with the tracking and weather data

and perform the corrections according to the procedures of FAR

Part 36. Printing and plotting of interim data and results are

at the option of the operator. The final output is a corrected

EPNL value for a flyover. The weather data are input by typing

on the console the values with the appropriate times.

8.2.1 Acoustical Data Recordin& Subsystem

The block diagram of the acoustical data subsystem ,

given in Figure 8.2 , shows an analog magnetic tape recorder as the

basic data recording device . The tape recorder inherently limits

the amount of data that can be collected without replacing the

magnetic tape reel . For portability, a tape recorder using a

maximum of 7 inch reels is suggested. This would provide 48 minutes
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F
of recording time per reel at 7-1/2 inches per second tape speed.

The tape recorder is a three track unit; two channels may be

staggered in gain to cover a wide dynamic range and a third channel

records the IRIG-B time code which is transmitted to the acoustical

data collection site over a VHF FM data link . The FM data link can

also provide a control signal to start and stop the recorder , or

to insert the broadband electrical calibration signal. The FM
transceiver is of the commercial portable walkie-talkie type . The

combination of the portable tape recorder and small FM transceiver ,

both of which operate from internal batteries , coupled with minimum

control and calibration circuits , makes a very compact measurement

package . Requi red equipment for the acoustical data subsystem ,

together with the most relevant specifications , are given in

Table 8.1. For this portable measurement package a standard

laboratory 1/2 inch condenser microphone with a foam windscreen
is the preferred microphone . The preamp lifier equalization could

be built into the tape recorder to minimize the size of the portable

package .

8.2.2 Weather Instrumentation

A telescop ing 10 meter tower that is about 3-1/2 meters

long when contracted is used for mounting the weather instruments.

These instruments accommodate the following ranges :

Relative humidity 0 - lOO7~
Barometric pressure 22 - 32 inches Hg

Wind direction 0 - 360 degrees

Wind speed 2 mph - 100 mph
0

Temperature -40 - +120 F

The outputs are recorded on a chart for manual reading and entry

into the data reduction system . Also , weather balloons are released
and tra cked , using the laser tracker to determine their position

accurately, to obtain relative humidity and temperature data.
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TABLE 8.1

EQUIPMENT FOR ACOUSTICAL DATA SUBSYSTEM

Relevant Specifications
Name and Characteristics

Microp hone 1/2 inch condenser per IEC 179
(tripod mount)

Preamp lifier Preemphasis of 6 dB/octave starting
at 2 kHz

Broadband Calibration Stability, ± 0.2 dB
Signal

Decoding Logic and Calibration inject off/on
Command Recorder off/on

Standby for low power

FM Transceiver Receiver sensitivity, 0.35 pV
Transmitter power , 2 watts

Recorder Record and playback response (direct)
at 7~ ips , 25 Hz to 20 klIz
Signal to noise ratio , 60 dB
Power , l2V at 240 mA

—

8.2.3 Tracking Subsystem

The laser tracking system is available from at least

one vendor as a proven system . It is a convenient system to use

because it operates from a sing le loca tion and can be used to
survey in its own position . It has a self-contained minicomputer
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and therefore can do coordinate transformation and other convenient

calculations. Real time printouts or plots may be provided to

assist in determining if a run is a good one and to provide voice

communication feedback to the pilot to guide him along the exact

flight track desired. External electrical power is required for
this system . It can be installed in a trailer 20 feet long that

would also serve as the central control point for data collection .

The system specifications are given in Table 8.2.

8.2.4 Data Analysis Subsystem

The hardware required for the stand-alone data analys is
system is shown in Figure 8.1. This is a minicomputer system with

the addition of a. one-third octave band analyzer and time code

reader. The requirement for the one-third octave analyzer were
given in the acoustical data subsystem description in Section 3.3.

The time code equipment is commercially available using several

data formats. The Interrange Instrumentation Group , IRIG-B , format

is ideal for this application . After processing of the analog tapes

through the one-third octave band analysis equipment , the digital

band level data are stored on the disc for merging with the other

data . From this point on the data analysis equipment requirements

are similar to those for the research system , even though the

amount of data to be processed is less and no real time inputs are

provided as they are in the research system . The pertinent speci-

ficatioris for this equipment are shown in Table 9.1.

8.3 Data Processing Software

The software provided with the system performs all the

data handling , data manipulation , and printing necessary for EPNL

calculations according to the procedures of FAR Part 36. System

control is through the console printer by the use of short commands .

The operator is not required to understand computer programming ;
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TABLE 8 . 2
TRACKING SUBSYSTEM SPECIFICATIONS

Parameter Specifications

COVERAGE
Azimuth: ±350

0

Elevation : -5° to0+105° (~ynamic specifications apply
for -5 to 45 elevation)

Range : 25 nautical miles through touchdown and
rollout (dependent on visibility conditions)

SYSTEM ACCURACY
Azimuth: ± 20 arc seconds at all ranges including

touchdown and rollout

Elevation : ± 20 arc seconds at all ranges including
touchdown and rollout

Range : ± 1 foot for target ranges out to 5 nautical
miles

± 2 feet for target ranges 5 to 10 nautical
miles

± 5 feet for target ranges at 25 nautical
miles

MAXIMUM ANGULAR RATE
IN AUTOMATIC MODE

Azimuth: 500 mrad/sec

Elevation : 50 mrad/sec

MAXIMUM ANGULAR
ACCELERATION IN
AUTOMATIC MODE

Azimuth: 80 mrad/sec2

Elevation : 80 mrad/sec 2

DATA SAMPLE RATE
100 , 50 , 20 , 10 samp les per second (swi tch
selectable)
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TABLE 8.2 - Continued

Parameter Specifications

DATA ENCOPERS
Azimuth: 18 bits

Elevation : 18 bits

Range : 18 bits

Az Error : 5 bits

El Error : 5 bits

LEVELING ACCURACY
± 0.025 mrad

ENVIRONMENTAL
COND IT IONS
(OPERATING) Ambient temperature 0°F to 110°F

ReLit ive humidity 0 to lO07~
W i n d  0 to 50 kno ts

however , the system is designed in such a way that a skilled operator
can easil y perform additional jobs not covered in the basic commands .

This will require an operating system similar to the one discussed
in Section 9 . 3 , the requirements will not be repeated here . The
research system discussed in Section 9.3 also has the capability of

performing FAR Part 36 measurements ; therefore all the subroutines
required are included in that software discussion .

8.4 Summary Specifications and Costs

The performance features and costs of the recommended

certification noise measurement system are given in this section .
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This system was intended to be as generally useful as possible.

In this respect it is totally self-sufficient as it does not

depend on inputs from a separate tracking system or use of external

computer facilities. In specific tests where existing recording ,

tracking , weather , and/or data processing equipment is available ,

the cost may be considerably reduced and the system configuration

may be quite different and still meet the measurement objectives.

Most of the practical subsystem approaches have been discussed in

the preceding subsystem chapters.

8.4.1 Performance Characteristics

Acoustical data system :

?~- track analog tape recorder

1/2 inch condenser microphone with windscreen

Time code transceiver

Data recorded on 1/4 inch magnetic tape

Tracking system :

Laser tracking

Onl y one site required
Range 20 miles

Accuracy: range , ± 1 meter
angle , ± 0.5 mil

Retroreflector mounted on aircraft

TV system for acquisition and data recording

Digital data output recorded on 9 track tape

Aircraft data system :

Cockpit camera for monitoring instrument panel

Weather:

10 meter portable telescoping tower with relative

humidity, barometric pressure , temperature , wind

speed , wind direction instruments
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Radiosonde balloons for recording t emperature and
relative humidity variables with height

Portable temperature , wind speed , wind direction ,

relative humidity instruments for site measurements

Software :

Flexible operating system capable of program development

and editing

App lication programs
a. acoustical data analysis (one-third octave)

b. merge acoustical , tracking , and weather data

c. calculate PNL

d. calculate EPNL

e. app ly position and weather corrections

f .  pr int  and p lot
(This program prints and/or plots the stored

data , interim calculations , and final results .
The operator has control , using simp le keyboard
commands , of results to be p lotted.)

Data processing system :

Data inputs

Acoustical data from analog tape

Tracking data from digital tape

Other data and control through keyboard

One-third octave band spectrum analyzer

Time code reader

Disc

Minicomputer

Printer

Plotter

9 track digital tape deck

Control console
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Costs

The cost of the recommended certification system would

be between $SOSK and $l.25M . These costs include the purchase
of the equipment and assembly of the separate equipment items

into an operational system by a contractor . The lower price

would be illustrative of a minimum system with limited operator

conveniences. The higher price would include the purchase of

more expensive hardware for all items thereby providing be:ter

system reliability and more convenient operation . Also the

ultimate procurement specification and therefore the price will

be influenced by the detailed task requirements , including how

much the system will be used and where , as well as the importance

p laced on rap id data analysis and other system features.

The cost breakdown in Table 8.3 is for a comp lete

system . The system cost is dominated by the cost of the laser

tracker; however , this cost is justified in portability and

accuracy achieved by this system in relation to any other

alternatives. Other alternatives are given in detail in

Section 4.0. Some lower cost tracking techniques can be used

to meet limited objectives but for a complete FAR Part 36 system

that would be used for actual certification tests the laser

tracker is recommended. For a limited number of tests it would

be possible to share the existing laser tracking system at NAFEC

with other active programs or to lease a system from a commercial

system owner.

The basic hardware costs for a typical certification

system using good quality equi pment is shown in Table 8.4. These

costs represent the hardware shown in the block diagram of

Figure 8.1 .
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TABLE 8 . 3

CERTIFICATION SYSTEM COSTS FOR SYSTEM

WIT H 8 SETS OF ACOUSTICAL DATA COLLECTION EQUIPMENT

____________________________________________________ 
Cost Range

Acous t i ca l data  set ( t o t a l  for  8 se t s )  $ 56K $l2OK

Weat i  — r equi pment ” 15K lOOK

Sof tware  30K 150K

Data processing and recording central site 50K 120K

Tracking system 350K 750K

Aircraft performance data system 4K 10K

$505K $1.25~’i

‘Radiosondes cost $50 to $150 each in quantities of 100 or greater.

~~~ 1
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TABLE 8.4

TYPICAL CERTIFICATION SYSTEM EQUIPMENT COSTS

CostSys tem Component

Acoustic a l Data Subsys tem
Microphone $ 2 700
Tape recorder 5 300

Receiver and control (each site) 3 100

$ 11 100
Data Processing

Analog tape recorder $ 5 300

One-third octave band analyzer 13 500
Computer 22 000

Time code generator/reader 3 500

Disc 16 900

Digital tape 6 500

Console printer 3 300

Line printer 3 500

Plotter 5 000

$ 79 500
Aircraft Performance Subsystem

Cockpit camera $ 2 200

Time code receiver and display 5 500

$ 7 700
Ai r c r a f t  Track in g

TV camera and recorder $ 30 000
Laser tracker 425 000

Digital tape 5 000

Time code generator 3 500

Time code transmitter 1 800

$465 300

I t
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TABLE 8.4 - Continued

TYPICAL CERTIFICATION SYSTEM EQUIPMENT COSTS

System Component Cost

Weather System

Tower (portable) $ 1 500

Sensors 3 000

Recorders (strip) 3 000

Balloon receiver 5 200

Recorder digital and scanner 4 000

$ 16 700

—
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9 .0 A RESEARCH NOISE MEASUREMENT SYSTEM

A noise measurement system designed to meet a broad

range of research objectives is described in this section . In

keep ing with the FAA r e spons ib i l i ty  in a i r c r a f t  noise research ,
this system is directed primarily toward the measurement and study

of aircraft generated noise in the vicinity of an airport and the

effect on this noise of such variables as weather , aircraft flight

procedures , etc.

This design presents overall performance capabilities

and is not a detailed technical specification . Therefore specifi-

cations are given only where they contribute to the understanding

of the system operation or are necessary to illustrate a capability.

Specific research objectives were defined in Section 2.3.1. The

system is capable of making measurements to FAR Part 36 require-

ments when augmented with special positional t racking aids such

as a transponder , but is not especially oriented toward these kinds

of tests.

9.1 Design Considerations

To meet the largest number of research objectives , it

is obvious that data must be collected over long periods of time

and thus that large volumes of data may be generated. These

considerations dictate that a real time computer controlled data

collection system must be used , capable of collecting data without

operaLu~ intervention for 48 hours or longer. As in any research

environment , flexibility and adaptability of the equipment is

• important. The needed flexibility is provided by the minicomputer

through software contro l of the data collection and analysis process.

For versatility it should also be possible to manually

enter time correlated data , such as aircraft type , into the system
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and t i e  these  data  to spec i f i c  noise and other  events for  la ter
processing. The greatest flexibility in the acoustical data col-
lection and analysis would be provided by having the raw 50 Hz to

10 kHz band acoustical data brought to the central data collection
site . The transmission of these 100 dB dynamic range broadband
acoustical signals from many measurement locations within a several.
mile radius of the airport presents technical and nractical problems .
However , at the cost of additional microphone site hardware (one-

third octave analyzer and digital data transmission equipment) it

is possible to reduce the data rate so that these data may be

collected using standard voice grade telephone lines. Transmitting

at a 1200 baud rate , the one-third octave band levels may each be

updated every 0.5 second. This convenience is not achieved without

some loss of capability. Specifically, there are experiments that

require narrow band frequency analysis , greater than 0.5 second

sample rates , fast averaging time , audio signal correlation , and

audio tape recording of the broadband audio , none of which could

be performed with this version of the system .

The remote microphone site hardware , including

microp hones , must be suitable for continuous operation in field

environments. The duration of the experiments and permanency

of the measuring site locations make it practical to provide

telep hone lines and electrical power to the sites.

Some of the research goals require that aircraft

location be known as a function of time . As this system is

intended to measure aircraft during normal operetion at a busy

air p -~rt , it is impossible to provide tracking aids on each air-

craft. Therefore , a versatile tracking subsystem consisting of ~i

10 gI-Iz radar , augmented by a coaxially mounted TV camera , was

selected. In the auto acquisition , skin trackin~’, mode , this

system can provide real t ime data without an operator. Video
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recording of the TV picture can be used for manual aircraft type

id en t i f i c a t i on .  Sever al o f the othe r t racking subs y st ems descr ibed

in Section 4.0 provide unique capabilities that are ideally adapt-

able to specific research projects and should be used to augment

this system as needed.

9.2 System Configuration

A comp lete block diagram of the proposed research

system is shown in Figure 9.1. Each acoustical mc’nitoring site

is connected to the central data recording and analysis site by

two voice grade telephone lines. One line is used for the digital

data representing the measured acoustical and weather parameters.

This data line also carries simultaneous digital control signals

from the central site to the acoustical monitoring sites for

control of such functions as calibration and analyzer gain setting .

The ‘3econd line carries the audio signal from the acoustical site

to the central site for source identification and other purposes.

The audio must be frequency band limited and amplitude compressed

to be compatible with telephone line specifications .

ihi- weather parameters of wind speed , wind direction ,

bat~~n:e~ ric pressure , temperature , and relative humidit y are

~L c ’i t i ; : e d  m d  multi p lexed i n t o  the same dat a  s t r e a m  at ;  the
dI~~i t a I  d j t;m r v p r e s e n h i n ~-’, t h e  acous t  ic a l  l e v e l s .  The d a ta  set

‘~ t he’ s er i a l  d i g i t a l  d a t  a St  r eam i n t o  a f r e q u e n c y

~ n i i i l a t e d  f o r n at  fo r  t r a n s m i s s i o n  over t h e  t e l e p hone l i n e .

The sy s t e m  is c o n f i gu red t o  accommodat e  up t o  132 a c o u s t i c a l
data sites simultaneousl y with some constraints in data processing

as noted in a later section . The acoustical d~~a site may be

located anywhere that telephone lines and electrical power can be
pray ! (led.
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The tracking system is a 10 gHz radar with a coaxially

mounted TV camera. This system is intended to provide three

dimensional aircraft location correlated in time with the acous-

tical measurements. Operating without transponders , its accuracy

is not sufficient for certification measurements ; however , when
properly located relative to the flight path under study (see

Section 4.0 for limitations), it can economically provide suffi-

cient accuracy for a broad range of experiments. It can obviously
track only one aircraft at a time and is best used with an operator

for target acquisition ; however , it would be possible to preprogram

the auto acquisition. three dimensional window in space for special

research projects. The TV tracking can be used for target acqui-

sition , enhancement of angular resolution , recording of the aircraft

type for later identification , and other purposes. A special

digital multiplexer would t ransmit  the three-dimensional coordinates
to the central recording and processing site.

The versatile data recording and processing site has a

minicomputer with several peripherals as shown in Figure 9.1 for

data storage , output display printing and plotting , and system

control. All the equipment interactions are controlled by the

system software , which allows collection and analysis to be tailored

‘o the specific experiment. Special software routines available

on the disc could be combined in various ways for each specific

experiment. The operator controls the system through the keyboard
on the console teleprinter. Through this console the prepared

programs and special programs are combined to meet the specific

research objectives. The operator may also input special data such

as aircraft identification through this device.

The digital acoustical and weather data are received

continuously and simultaneously from the measurement locations .

The tracking data are also received continuously. This is a

tremendous amount of data and it is impractical to record each
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0.5 second sample of data sent from each site continuously;

the re fore , the so f tware  s~t le c t s  data that  represent  an a i r c r a f t
f l yover and combines these into a data packet for the flyover
(event data), which may be stored for later detailed analysis
such as EPNL calculations , etc. Also , these data may be processed

immediately and simultaneously with detailed data event storage

to provide long term parameters (cumulative measures) such as

histograms , 
~~~~ 

time above a threshold , HNL , etc. , converting

these data to hourly averages and thus greatly reducing the storage

requirements.

When convenient , the stored event and cumulative data

can be analyze d by statistical techniques, assembled in reports ,

or used for any other special application .

9.2.1 Acoustical Data Site Equipment

The acoustical data site equipment combines the weather

and acoustical data subsystems ; however , either subsystem may be

used without the other if both types of data are not needed at a

site. The site equipment can be assembled from commercially

available equipment , except for the digital multiplexer and the

weather digitizer , which are straightforward custom interfaces

between the acoustical and weather instruments and the data set.

The comp lete instrumentation package , exclusive of microphone and

weather sensors , could be housed in a weatherproof box 30 x 24 x 20

inches , mounted on the telephone pole that supports the microphone

and weather sensors. The recommended microphone would be a weather

protected 1/2 inch diameter microphone with integral windscreen .

The acoustical signal is processed by the one-third octave band

analyzer. The analyzer provides a digital output for each of the

24 one-third octave band , 0.5 second samples. To provide for

continuous data collection with little dead time , the octave band

levels are dumped in a very short time to a first-in/first-out
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memory in the dig ital data multip lexer , where they are stored for

serial transmission during the samp le interval This allows

sampling all the data channels at the same instan t in time . The

d ~amic range of the analyzer is 60 dB and the gain may be adjusted

in 10 dB steps under program control from the central site. In

parallel with the analyzer , there is an A-weighted channel that

detects and digitizes the signal over a 100 dB dynamic range . The

di gital output of the A-weighted channel is also sampled each
0.5 second and stored in the multiplexer for transmission . The

resolution of the acoustical data channels is 0.25 dB minimum and

0.1 dB preferred . A reference calibration level is app lied to all

the acoustical data by periodic insertion of a pink noise signal

into the microphone line . This signal calibrates all the one-

third octave bands and the A-weighted channel. The calibration

is under program control or can be introduced by the operator with

a keyboard command. The calibrate control command is a special

character transmitted by the central site computer which is
recognized by hardwired logic in the calibrate control circuitry .

The weather sensors are commercial devices available

from several manufacturers . These normally have analog outputs ,

which must be converted to digital form before transmission to

the central site.

o i  r m ~ &t ers to be measured are :

Rela t ive hum idity 0 - l00~/~
I~ , m r o t : t - t  n c  pr e s sure  22 - 32 inches h g
h’ind d i r e c t  ion 0 - 360 degrees
tJind speed 2 mph - 100 mp h

- 

‘Ier:pernture -40 - +120 °F

The analog outputs art- dig itized for transmission to

the central site by combining the weather data with the acoustical 

~~ ~~ -- --~~~~~~~~~ — 
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data in the digital multip lexer . The data handling requirements

are discussed in the fol lowing sect ion .

9.2.2 Data Transmission Equipment

The transmission of the acoustical and weather data ,

both at a rate of one sample each 0.5 second , can be accomp lished

using 1200 baud transmission equipment. The 1200 baud rate is

the  lowest standard rate that will transmit all the data. Using

a s tandard baud rate allows the system to in te r face  wi th  the
computer using readily available hardware . The data set frequency

modulates the serial data stream for transmission . The data

transmitted are asynchronous , using a 10 bit code which allows

7 b i t s  o f da ta  and st ar t , stop , ari d pa r i ty  b i t s  for each “charac te r . ”
(A character means one of these packets of 7 bit of data.) Normally

these 7 bits represent the ASCII format of numbers , letters , and
symbols.

The one-third octave band analyzer produces three BCD

digits of data per channel for each of the 24 channels for each

0.5 second samp le. The A-weighted channel also produces three

BCD digits per 0.5 second samp le. A frame synchronization char-

acter , one status character , and a longitudinal check character

are added for data integrity. Weather information of three di gits

are also required. Two digits represent the value and one digit

the parameter identifier , e.g. , tempera ture . Therefore , for  weather
a readout of the value of each parameter will be provided every

5th frame or 2.5 seconds.

By packing the three digit , 12 bit BCD data into t~io

7 bi t characters instead of using three ASCII characters , the

data rate may be kept below 1200 baud . This format also retains

the capability for a parity bit and frame status bit in each

character , t hus retaining two of the advantages of the ASCII
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f o r m a t .  The da ta  are f o r m a t t e d  in 0 .5  second frames by the digital

m u l t i p lexer .  Each 0 .5  second frame wi l l  have 60 cha rac t e r s .  The
frame is illustrated below .

0.5 Second Frame

SYNC STAT A A 1 1 . . . . - 24 24 U I>  UD U I)  

j 
LC j

60 C h a r a c t e r s  - ____________

The frame synchronization character (SYNC) is a unique identifier

for the beginning of the frame . The second character (STAT) is a

status character that indicates the gain setting of the spectrum
analyzer , the calibrate on/off for acoustical data , and other

special conditions at the acoustical data site . The next two

characters represent the A-weighted sound level packet in two

7 bit characters. The next 48 characters represent the band

levels for the 24 one-third octave bands , with two characters

required for each band level. The next character (WP) indicates

which weather parameter is being transmitted and the next two

characters (WD) contain the value of the weather parameter being

transmitted. The LC character is a longitudinal parity check

character. The four remaining character times are held in the

marking condition to insure frame synchronization .

9.2 .3 Dat~-t St r m ~ y mnd_An al y sis Equipment

The d a t a  s t o r ; m ~’c’ and ana l y s i s  is p e r f o r m e d b y a r e a l

t i n t  m i n i c o m p u ? e r  sysr ::: A c c e p t a b l e  c o m p u t e r s  w i t h  c o m p a t ib l e

per  ip h~ r m l s  ir e  a~~ m i  l i b l u  f rom se v er a l  v e n d or s .  Rea l  t i m e  i n p u t  s

ir e  r e c e i ve d  m m  h e L> a cou s t  i c ;ml d a t i  s i t e s  as w e l l  as the

r a ch  i ri; radar - These r em  1 t ime input s a re  m u l t i p l ex e d  i n t o  t he

i- ’ru> ’ ; ’ m r  by • i  t - (’nr!uni C1 1 1( 11 n i h  i p l ex e r  i n t er n a l  to the computer
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hardware . Under program control , the computer rou tes  these  data
to the disc for storage , with or without interim processing . Only

data from sites exposed to aircraft noise events are retained in

detail. The computer can automatically define probable aircraft

events based on level , duration , etc . , and automaticall y store the

data at such t imes . De t a i led data at ot her t imes are u sed onl y
for cumulative measures and then discarded. Detailed data would

normall y be stored on the disc in “event” blocks identified by
time of occurrence. The detailed data could then be further

processed and new parameters calculated that would reduce the data

storage requirements , thereby releasing the raw data storage space .

The one-third octave band spectra and PNLT time

histories can be stored in digital format on the disc or magnetic

tape . A minimum of 200 time histories , each lasting 30 seconds

and consisting of sixty 0.5 second samp les of each of the 24 one-

third octave band levels , can be stored on a single disc pack along

with appropriate header , tracking , and calibration information .

A single disc pack could easily store 2000 PNLT time histories.

A permanent data bank of the time histories or spectra can be

assembled by transferring the data from the disc to the digital

magnetic tape periodically.

The several output peripherals — CRT , console

teleprinter , line printer , X-Y p lotter — provide the versatility

of output that makes the research system adaptable to the various

experimental goals.

The time code generator provides accurate time to the

computer for recording with the input data.

The status disp lay is a map indicating each monitoring

location by a pilot lamp which is turned on under computer control

9-1 2

• .



to show a c t i v i t y  at t hat  s i t e .  Also ie ters  or a CRT d isp lay
showing the A-we ight >~d soun d leve l at eac h site ar e p rov ided
fo r o p e r a t o r  convenience .

The p e r t i n e n t  s p e c i f i c a t i o n s  for  the ‘-ita p rocess ing
subs ys tem hardware  are g iven in Table 9 . 1 .

9 . 2 . 4  Tracking Data  Subsystem

The research sys tem t racking  data  subsys tem , shown in
Fi gure 9 . 1 , is composed basica ll y of an X-band radar and a tele-
vision (TV) camera equipped with a telephoto lens having a remotely

cont ro l led  zoom c a p a b i l i t y .  Also , in order to measure a i r c r a f t
p o s i t i o n  according to FAR Par t  36 requi rements , t racking  of a
p a r t i c u l a r  “ spot ” on the a i r c r a f t  is r equ i r ed .  For th is  part ic-
ular purpose , the aircraft must be equipped with a radar transponder

which t r a n s m i t s  a si gnal upon radar in te r roga t ion .

Th e t racking sys te m can op erate in seve ral modes w ith
cor responding  d i f f e r e n t  levels of accuracy . Po ssib le modes o f
ope r a t i o n  are t h e s e :

a. Radar transponder mounted on airc ratt

b. Radar skin tracking

c .  Rad a r  skin tracking for range d e t e r m i nat i o n  combined
w i t h  manua l  [V t r a c k i n g  fo r  azimuth and e l e v a t i o n
in i o r m a t  ion.

The radar transponder method provides the greatest tracking

a c c u r a c y ,  since it provides a fixed point on the aircraft as a
target. However , special installation of the transponder on the
aircraft is required , limiting this app lication to certification

tests and special research projects.
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Radar skin tracking is ava i l ab l e  for  s t u d i e s  in which
transponder installation is not practical. The accuracy is reduced

from that achievable with the transponder to the basic radar

accuracy, degraded by the uncertainty of the point of reflection .

Variations of approximatel y the size of the aircraft may be

encountered. The television system may be used to aid in target

acquisition and to enhance azimuth and elevation accuracy, especiall y
when ground reflections interfere with the radar signals.

With proper location , the basic radar system will provide

sufficient accuracy to meet FAR Part 36 noise certification require-

ments. The slant range to the aircraft at the point of maximum

noise can be measured sufficientl y well that the worst-case cor-

rection to the noise leve l due to position inaccuracy is less than

0.5 dB. This radar system is small enough so that it can be

mounted on a central station van containing the required data

processing equipment. Hardware is available from at least one

vendor.

The recommended unit is an X-band radar , which uses a

4 foot diameter parabolic reflector. Range and angular resolution

available are ± 10 meters and ± I mu (0.056 degrees), respective ly.

An alternative radar system to provide greater accuracy would be

much larger and more comp lex , requiring a separate trailer and van .

Nominal range and angular resolution available from this type of

radar system are ± 5 meters and ± 0.1 mil , respective ly. Either

radar system normall y requires an operator; however , either can

be programmed to search and acquire targets automatically. Both

radar sets provide di gitall y encoded elevation and azimuth data

for input to the data processing system .
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9.2.5 Other Inputs

The proposed hardware configuration shown in Figure 9.1

provides several possibilities for the input of data other than

the weather , acoustical , and tracking data normally availabfe in

real t ime . Many experiments may need additional data such as

aircraft type identification , air carrier , etc. These special

types of data may be input to the system manually through the

keyboard , by magnetic tape , or in real time through a spare 1200

baud channel or special computer interface . Several of the possible

input arrangements will be described to ii lustrate how they are

accommodated in the system .

Information such as aircraft typ e , air carrier , etc.

may be manually entered into the system through the CRT or console

printer keyboard. Sources for such data available to the operator

may in clude :

a. Visual observations

b. Tower radio

c. TV monitor

d. Dail y fli ght log

The burden of c o r r e l a t i n g  these  da ta  w i t h  the  noise events may be
p laced on the  computer or on the  o p e r a t o r .  The d i f f i c u l t y  of such
corre l a t ion  increases  w i t h  the f requency  of noise even t s .  I t  is
poss ib le  for  no ise  events from different flights to occur simul-

taneously, presenting a difficult correlation problem which

probabl y would require additional information to solve .

Spec ia l  computer  programs are required for either manual
or computer correlation of the fli ght identification data and floise

e”ents for any reasonable number of fli ghts. With manual correlation ,
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each noise event for a measurement location appears on the CRT and

the operator labels it with the desired information in real time .

This is s imi la r  in opera t ion  to the noise monitor  sys tem in
F r a n k f u r t , as desc ribed in the Task A r epo r t . 3 If the  computer
p er f orm s t h e event correlation, the  ope ra tor  types in the des i red
data  w i th  t he t ime of occurrence  and the computer then makes the
decision based on th e time of th e even t .

The keyboard is used for several types of inputs such

as:

a. System commands

b.  Program development

c.  Weather observations from an independent  weather
system

d.  Special  condi t ions of any type

The 9- t rack magnet ic  tape machine may be used f or input
of data reco r ds generated on this s ys tem or on anothe r s ystem w ith
a compat ib le  tape u n i t .  It may also be used for  a rch iva l  s torage
of data  and for  t ran sfer r ing  data f r om this sy stem to another
sys tem . For large volumes of real t ime data , special computer

interf aces might be required , or these data  could be f o r m a t t e d  to
be compat ib le  wi th  one of the ex is t ing  1200 baud p o i n t s .

Real time or tape input from the ARTS 1111 system could

pr ovide automatic inpu t o f the air c r a f t t yp e and othe r da ta as
well as coarse trackinp data . Access to these data will necessarily
be controlled , as any interference with the ARTS III system could
present a safety hazard. (See Section 4.2.8 for more detail.)
3Cooper B. K. , and Richard D. Edmiston . Airpo rt noise Monitoring
Sys tems . F ina l  Task A Repor t  Number F A A - R D - 7 5 -2 l 6 , N ovember 1975.
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9.3 Data Processing for the Research System

The data processing sys tem described here is a comp lete

research f a c i l i t y ,  capable of performing a wide variety of tasks.
The na tu re  of th is  mission requires  maximum v e r s a t i l i t y  as well
as ease o f use .  This is the system design philosophy represented
here.  The design requires the system to be capable of airport
noise moni tor ing (including non-aviation and ambient no i ses ) ,  FAR
Part 36 type measurements and moderate data base management. Besides

the minimum requirements of SeCtion 7 .1 , the system is capable of
supporting on-going program development and investigative research

while concurrently acquiring data in a real time , multiprogramming

environment. The data proce~ sing system is intentionally over-

designed; unneeded features may be left unimplemented , but should

not  be omi t ted .  Th e data pr ocessing funct ions  shown in Figure 7.1
are imp lemented en t i re ly in software , in the highest level language

possible , to facilitate future system expansion and alterations.

The system described here is based on a dedicated large

scale minicomputer , consisting of a central processor , disc and

magnetic tape drives , line pr in ter , x-y plotter , CRT terminal ,

peripheral interface logic , and su f f i c i en t  memory to run con-
currentl y at least the data acquisition and program development

tasks. A typical current generation system might be a 16 bit

minicomputer with less than 1.0 microsecond basic instruction

time , 64K to 96K (K = 1024) words of main memory with memory

allocation hardware , hardware floating point arithmetic instructions ,

and disc capacity of at least 5 million characters with less than

50 millisecond access time .

The system operates in real time with multiple inputs

and outputs. Its software must be capable of supporting the many

standard peri pherals and special interfaces in an interrup t mode

such that no real t ime data are lost. The software requirements
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i nc lude  a rea l  t i me o p e r a t i n g  syst em app l i c a t i o n  programs for
pr ocess in g fo r  a i r c r a f t  no ise  ana l y s i s , and u t i l i t y  programs for

program development.

For continued hard~’are and software support , he
software operating system should be built using the sof’wire

operating system of a major min iconTuter manufacturer . Th - d~o a
process ing  hardware si o u ld  ~u- f r o m  he Sall e n l l n i f a c l  l r t - r  , I s
sh o u l d  a l l  p e r i p h e r a l s  w i t h i n  reason . Out c i f  t h e  f u n c t i o n - ~ of
the  op e r a t  in~ s v st  em is  ‘ a l l o w  Lu- u sor  ~o p r ( ~ ’ I r t  s u l - c i a l
a p p l i c a t i o n  ro~’rairs (41411/ , u s in ~ h i gh i t - v o l  c T u ’  t r  l I n r I  t:~ S

such as B a s i c  a n d  F r ’  ran  F i c u r o  ‘ .7 1-chows l i t -  d i v i s i o n  o~
t h e  r • s - u  h svs’ ~-r ~~~~~~ u v en d or  nd con ’ rac ’  or sup ~- l i ed
comp l . t  - t s

- 1 - - : -  1 iLl SOc ‘Wan

Si i t t  t t ~~~~~~t 1 )1)1 II~~ .4 ( 4)111014 ( 4  S 0 tW i l i t  S s ~~ I • 1) - )

r.J u i  C t l ~~~ ’i ’ el r~ (- - C~ 4. - S  f l iac iv  na fl— .t 111 S 0 -r 4 n S  m i -  tu r~~ u1 ~ 1
-

fl .Ifl L J l It I lit , r’— ha 41 ~~~ - itlv t - :’ ; ’  nd t - d  4 i- r i t  ‘. II )t  I t r t  i i )

d l  V t  lO~ )I1~ tie r - i! ; l r p ) S t  S l l t ~ \ 4 I r t  l - V S t t - : t S , i t  I S  - 4 5 0 1 ) - l I l t

an d  I ~) S t  t i  1 ’ 1 i - t i i  Sp ( lld ~ a 1 at  i Vt 1 V SY a I 1 - i a ) U f l t  U I t ~t ‘~l

~~ i t  t t  i ng  a - ‘  t i e r - i l  pu rp o se  S O I t . - u a  sv s t t -m  md . t p p l v ! n g  It to

.1 .S~ I 11 ~ ( S i t  U -  it ion . The p r i  n a r y  pr c igr an :  i Fl a St) I t w a ry  S VS t (VII

is h~ pt r - it ing syste .. It i s  t h e  re sp )Il sil )i l i t  V ol  t i i t  o p e r at i ng

5 v . s  1 t a h a n d  I t  all communication hetu~~-n ut -  or more app li cation

- r ~~ I~~I~~S and the  o u t s i d e  wor ld , which Inc Iu d t s a l l  ha rdware  p e r ip h—
r i l  I t v i t - s  such as d i scs , CR’I te r m i n a l s , 0 t h — t h i rd oct . ~‘i-

i t l a l v .l. rs , p r i n t e r s , and p l o t t e r s .  Ot her r1 - o~-r -ir1 s in a s o f t w a r e
s vs t I - I r i  a id s  in  deve lop ing ~PI~ I i  c I t  0) 1 p r a g r 1) t u s  . I h i l Si - a i d s

in c  l ude  such p rograms as comp i l o r s  , ~iss~ -~~h l  or s  , and i- i - l o c a t  i ng
1 - i d .  r s .
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The o p e r a t i n g  sys tem se lec ted  should have the fo l lowing
f e a t u r e s :

a . Rea l T ime Opera t ion  - The opera t ing  sys tem wi l l
b u f f e r  i n p u t/ o u t p u t  so tha t  an app l ica t ion  program
n eed not be he ld  up by s low devices . There will be

pr ov ision for  execut in g task s on the basis  of elapsed

t ime and t ime of day . A m u l t i t a s k  monitor  wi l l
coo r di n ate  t h e needs of sever al log ical tasks  w i th in
one program . There wil l  be provision for  adding
handlers  of nons tandard  devices to the operating
s y s tern .

b .  Disc Based Opera t ing  System - The opera t ing  system
will reside on and be conveniently loadable from

the disc. It will handle loading from disc of all

programs and program overlays , and wi l l  provide for
versatile aisc file organization .

c. Program Development - All of the programs used in
the program development sequence wi l l  run under

F 
t he  sup ervis ion of the r eal t ime oper a t ing sy stem .

d.  Device-Independent  Inpu t/ Outpu t  - The opera t ing
system wi l l  handle all i n p u t/ o u t p u t  in such a way
t h a t  physical  source and destination media may be
spec i f ied  at execut ion t ime . The disc f i l e s  may
be substituted for CRT terminal input or line

printer output , or for any other peripheral device.

It will be possible to add handlers for special

hardware devices to the opera t ing  system .

e. Overlays and Chaining - The opera t ing  sys tem wi l l
load program segments  from disc f i l e s  under app li-
cation program control. The operat ing sys tem w i l l
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be capable of loading and e ’ -  uting programs under

app lica tion program control , in -t dd it j O t i  to operaTor

control.

f. Multi-Programming - The operating sysi em will support

concurren t execution of at least two independent pro-

grams . One program , the foreground , may have priori ty

over the second , the back ground. Sys tem hardware
resources wi l l  be divided between the two programs .

Higher levels of mul ti-programming are acceptable.

The following program development aids will be supp l ied
by the comp uter manufac turer :

a. Symbolic Text Editor - The editor will allow easy

creation and revision of both symbolic program

source code and symbolic data disc files .

h . Compilers - ALGOL and Fortran compilers will process

source code disc f i l e s  and ou tput  assembler  source
code disc f i les  or re locatable  binary disc f i l e s .

c. Assembler - The asembler will process assembler

source code disc files and output relocatable disc

files.

d. Relocating Loader - The loader will load several

relocatable binary disc files into executable core

memory image disc files.

9.3. 2 Contractor Supp lied Software

The contractor shall be required to provide all

specialized software for the measurement system , as well as to

in teg ra t e  tha t  specia l  so f twa re  into  the ope ra t ing  system to
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provide a single , comprehensive research tool. In particular ,

the contractor shall provide working software to imp lement the

fo l lowing  func t i ons , which  were d e s c r i b e d  in Sec t ion 7 .0 :

a. Extend the operar ing system to allow Data Synchroni-

zation , I n t e g r a t i o n  (DSI), and Subsystem Control

(SC) over the speci al hardware subsystems .

b. A flexible Flyover Data - - i i - ~-sis (FDA) system to

perform the ac tual mUl l torir i~- and nI-asuring functions.

c. An Analysis Contr ol (A( ) capabilit y t o allow an

operator to dynamicall y changt - The anal y.iis

procedure -

d. A skeletal Data Base Access and Management (DBAM )

sys tern .

e. The above functions shall be imp lemented in as

modular a manner as possible , using Building Blocks

which will be available for later system expansion .

With reference to Figure 9.2 , the DSI and SC functions

reside in the vendor-supp lied extension to the operating system

labeled DEVICE AND FILE CONTROL . The remaining contractor supp lied

functions collectivel y are the AiRCRAFT NOISE ANALYSIS SYSTEM . It

is important to note that the RESEARCH SYSTEM mus t support con-

current NOISE ANALYSIS and PROGR.AM DEVELOPMENT capabilities.

9 .3 .3 Data Synchronization and Integration (DSI)

This function will be an extension to the device control

capabilities already existing within the operating system . The

contractor-supplied peripheral sensor devices will generate program

interrupts as data arrives , just as do the vendor devices . The
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DSI w i l l  i t  — m u ~~’ i p i e X  the I r c o i l l i  - g  d a t  a - o - shown schematicall y
in Fig ure l 3 t I  he .icoust I r i l  and weat h er senso r s u b s y s t e m .
Referrin g - - Si H Wit.i r tflSmiSSi (fl forma t shown in Section

-
~ . 2. 2 , tHe DSI .iccep ’ s ASC II bv tt-s ram rall y s i t e s  as they  arr ive
in t ime , and builds -a dat - i p i c ~-- et of current conditions at each

Si t e  t~ r USc by FDA . The creat ion of ev e n t  data packe t s  wi l l  be
performed by l- )A in t h i s  system because of the monitoring

requirement s.

The DSI also receives tracking information from the

tracking radar , and may optiona lly receive data from ARTS III .

In each case DSI accepts input data from the hardware device

and stores it in an appropriate table in th~ CPU memory. The

r e s u l t ing data tables serve as input to the Ftyover Data Analysis

(FDA) process. The DSI function also will output data to the

status disp lay, showing current dBA levels and status conditions

at each monitoring site on disp lay meters and light s.

To efficientl y perform its function , DSI may reference

control information to determine which perip heral devices are

currently enabled. Additionall y, provision must be made for

data stream benchmarking by DSI. It will be possible to copy

all incoming data to a disc file , or to accept time synchronized

data from a disc file (or other appropriate device , such as

magnetic tape) rather than from the normal peripheral devices.

The objective of benchmarking is to allow raw data to be saved

for later processing in a manner that is as transparent as

possible to the whole system . These data may be used to examine

the effect of program changes on known data by processing the

data first on the standard system , then again on a revised system .

Benchmarking capability is generally required on any comp lex
system which is expected to experience frequent change due to

system improvements and extensions.
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9.3.4 Subsystem Control (SC)

This function is essentiall y the opposite of the DSI

function : control information is taken from tables in the CPU

memory and sent to the special hardware devices , thus allowing

for comp lete automation of the subsystem contro l function . Table

entries are made by either FDA or the Analysis Control (AC)

process , and buffered to the hardware by the Subsystem Control

f u n c t i on , us ing the  ~p e r at ing sys tem for ac tua l  da ta  t r a n s f e r s .
The Subsystem Control will also maintain various status indicators

which communicate the state of each peripheral to the rest of the

system . The precise form of the control function is device

dependent , but all corLtrollable functions of any subsystem are

sup ervised b y the Subsystem Control process.

Table 9 . 2  shows hardware functions which are under
software control. Any of these functions may be controlled by

either the FDA or AC processes. The contractor will have the

option of imp lementing ENABLE/DISABLE functions in hardware

(i. e. , turning on or off the device), or in software (I . e.

allowing con t inued  input f r om the device , but ignoring the data) .

CALIBRATION functions mus t cause a known calibration signal (i.e.

p ink noise for acoustical sensors)  to be injected into the

peripheral device , and result in incoming data being flagged as

F “calibration data ” by DSI. Calibration data will be deleted

f rom norma l input d a t a .
L —~~~~~~~~

The tracking system is assumed to be under program

control , and unattended. The WINDOW n control defines a window

over site n to be searched by the radar to acquire a target .

When the ACQUI RE n coiu~nand is issued , the subsystem control must

scan window n un t i l  a t a rge t  is acquired wi th in  the spec i f i ed
window , or until the tracking system is issued a RELEASE command.
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TABLE 9.2

PERIPHERA L HA RDWARE FUN CTION S UNDER SOFTWARE CONTR OL

Si te
Subsystem Function Result Location

i cous t ic-i l ENABLE RNSn DSI accepts dBA data n

DISABLE RMSn DSI rejects all data n

ENABLE RTAn DSI accepts dBA and RTA n
data

D ISABLE RTAn DSI r e j e c t s  RTA data n
CALIBRATE RMSn DSI accepts  ca l ib ra t ion  n

da ta , c a l i b r a t i o n  c i r cu i t ry
enabled

Weather ENABLE RN Sn Also enables weather sensors n

D iSABLE WXn DSI r~~ ects weather sensor L i

data

Tracking ENABLE TRAC DSI accepts radar Radar
coordinates (radar
a c t i v a t e d )

D ISABLE TRA C DSI r e j e c t s  radar d a t a ;  Radar
radar disengaged

WINDOW n Define r ,p ,~ window for n
site n

ACQUIRE n Acqu i re  t a r g e t  in window n n

RELEASE Re lease  current  t a rge t

S t a t u s  FULL Fu l l  sca le  a l l  me te r s  Disp lay
Disp lay for calibration

ZERO Zero all meters for Disp lay
ca l ib r a t  ion

_______ 
ALA RM 

- 
Sound alarm for 5 seconds

9-28



The Status Display requires minimal control to allow

setting the met er deflection and checking for alarm functioning .

Fi gure  9 . 4  is an expanded view of p ar ts of Fi gure 9. 2 ,

and shows the log ical information flow between the peripheral

devices , DSI and SC , and the ANALYSIS SYSTEM .

9.3.5 Fl yover Da ta Anal y sis (FDA )

The most c r i t i c a l  f u n c t i o n  in any a i r c r a f t  noise
measurement system is the analysis of aircraft noise events ,

which jE per formed by the FDA function . In the research system

desi gn , FDA carries the additional burden of noise monitoring

for both aircraft and background noise , as well as the responsi-

bility for automated control of the peripheral sensor devices .
The design of the FDA for the research system must be modular

and flexible , allowing for changes in any of the system functions

w i t h  minimum inpac t  on the  whole system . The FDA performs the

following tasks:

a. Sensor monitoring and event detection

b. Event processing

c. Da i l y report  gene ra t i on

Each of the first two tasks above is comp lex , and the
L . -

monitoring tas k is t ime critical. The descriptions that follow

assum e the computer used is a minicomputer with a maximum of

32 ,768 words of directl y addressable user space , hardware memory

allocation to allow several users (or tasks) to partition the

total CL’ t memory of 6/4F- to 96K (K = 1024) words between their

needs (subject to the 32K maximum for each user) , and that some

facili ’ y exists for two t asks to access the same phys ica l CPU
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memory (shared memory) . These assumptions characterize current

generation large scale minicomputer systems , although precise
details of vendor implementations differ . In the following

descriptions a “task” will be assumed to be an independently

executing program which is allocated its needed memory as a
“partition ” of the whole physical memory . Figure 9.5 illustrates
two tasks and their memory requirements in a simple two way

division of 52K total memory into 22K and 32K word partitions.

TASK B TASK 20K
PARTITION - B

MEMORY

SHARED

I LMEMORY 2K
£

I —

TASK
TASK A A

PARTITION ’ MEMORY 30K

—

FIGURE 9.5 SIMPLIFIED MEMORY PARTITIONING
FOR TWO USER TASK S

Sensor Monitoring and Event Detection Task - The
moni to r ing  task accepts current  sensor input , computes cumulative

- 
noise exposure measures , and detects the beginning of noise events.
The cumulative exposure data are stored in tables for later access

by the report generating task , while event data are passed on to
the even t processing task as event data packets .

For each of up to 32 acoustical sensors , A-weighted
sound pressure levels are :
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1. Energy-integrated to compute HNL and Ldn for the

day

2. Analyzed for the total t ime above a selected level ,

Txx

These cumula t ive  dBA da ta  for each RI—IS are s to red  in cumula t ive
data tables , along with hourl y samp les of the weather data

(ave raged over a l l  s i t e s ) ,  and d a t a  coun t s  i nd i ca t i ng  the  t o t a l
amount of valid data received from each RI—IS for the day . These

tables will occupy approximatel y 2K words of shared memory , and
will be used by the dail y report generator task.

The monitor task will compare incoming dBA data for

each RI—IS with a single event noise threshold level (SENT) for
that RI—IS . A typical noise event is shown in Figure 9.6. When
the noise leve l (NL) first exceeds that threshold event data beg ins

to be collected into an event data packet. These event dat~’
include , for every 0.5 second:

1. Noise level in dBA

2. The one-third octave band spectrum if the RTA for
the F{MS is enabled.

3. The weather sensor data if the weather sensor is

enabled.

4. Positional information for any target within the

tracking window defined for the RMS , if tracking
is enabled.

In addition , the time of the start of the event and the RMS
number are entered into the event data packet. These data will
be used by the event processing task; they include all available

sensory information concerning the event - As soon as the event
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dBA

- -“s NOISE EVENT -
~~~

SENT - /
TIME —~~~

FIGURE 9.6 TIME HISTORY OF A NOISE EVENT

is comp leted (by the NL dropping to below the SENT), the event

packet is written out to a temporary disc file , and the event

processing task is notified that the disc data packet is pending

disposition . The temporary event data packet table is large

enough to store at least three simultaneous 30 second events

with all sensors enabled , or about 5K words. The monitor task

will turn on optional sensors currently enabled for the monitoring

site when the event is detected , and turn off the sensors when the

event terminates , using the peripheral device control tables shown

in Figure 9.4.

The monitoring task must respond to input data in

real time , and so is extremel y time critical. If 32 RMS sites

are active , the monitoring task has to process each site ’s data

9 3 3
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~r n- - i n  less than 15 milliseconds on the average. This rate

is achievable in -he above design , but the moni tur r iSk c inu ’

do 4lir ect input or output with slow I/O devices The event

d.I ’a p ic ket output to disc is the only norma l mode I/O allowed ,

old It T-- ~st he buffered through the operat ing svsten Irror

~~-n dit i - -u s r .iv , of course , generate messages to the operator ’ s

c nsole . The information flow through the monit oring ’ task is

I I. Fi~’ i re 9.7.

Event Processin~~and FAR Part 36 Anal ysis

The e\-en’ processing task accepts input data on noise
t-~~i - !ItS , rejects nonaircraft noise , collec ts summary data on

ai rcraf t noise event s , and performs FAR Part 36 analyses whenever

requ~ red .

Noise events which have both their single event level

(SEL) and their effective duration within a range of values

specified for the particular RNS will be considered to be air-
craft noise events; all other noise events (barking dogs , wind ,

trucks , etc.) are rejected. The SEL and duration windows are

specified in the RMS analysis parameter tables shown in Figure 9.7.

Aircraft noise summary data are the same cumulative

measures computed by the monitoring task for the total noise

environment at each RNS : HNL L , and T . These measures aredn xx
computed from the noise level time histories of aircraft events ,

-

~~~~~~~~ assuming that there are no other noise sources. Calculation of
“aircraft only” Ldn allows investigation of the incremental

impact of aircraft noise. These cumulative data are stored in

aircraft noise cumulative data tables for use by the daily

report generator.

Each aircraft noise event will be analyzed as comp letely

as possible. If RTA data are available , PNL and PNLT will be
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computed , as will EPNL . If tracking information is available

the EPNL will be corrected to t~ominal flight track data. If

the weather correction switch for the PSI-IS is “on ,” the RTA data
will be corrected to standard conditions , and new EPNL values

computed. These analyses produce the following summary data:

Time , RI-IS , SEL , EPNL (uncorrected) , EPNL (flight path corrected) ,

and EPNL (weather and flight path corrected) . The remaining

data are the RTA values for each half second , and the PNL , PNLT ,
and dBA values for each time frame . Any of the summary or detailed

data may be either printed (or plotted) in report form , or saved

on disc for the data base. The events to be printed and/or saved
may be selected by an SEL threshold for the RNS, with events
of lower SEL values rejected. This threshold is distinct from

the SENT parameter used for event definition .

The data processing design above relies on rational
parameter settings to c~ntrol the data selected for printing

or storage. The RTA data should be enabled in only a few RNS
sites , and only summary EPNL or SEL data saved for long term
research projects , since collection of detailed time histories

will use all available disc space rapidly. The information

flow for the event processing task is shown in Figure 9.8.

Daily Report Generation

The dail y report generation task prints the . results of

the cumulative dail y anal yses performed by the monitor and event

processor tasks , does dail y system calibration , and saves the

dail y report da ta on disc. The cumulative measures reported

and saved ire Ldn and ~~~~ 
Additional data reported , but

not .,aved i,icl udc : IINL data , percent data samp le , calibration

results , and i daily weat Fiei - u u m i r v  - The acoustical data are

recorded first for - i ir c r at n o i s e  I 4 n I V , and t hen for all other

noises (exclud i~~’ au L i l t  noise ), wi t h  appropriate indication

~~—
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whe n the  separa t ion  cannot be accura te l y pe r f o r m e d .  The
informa t ion flow for the daily report generation task is shown

in Figure 9.9.

9.3.6 Anal ysis Control (AC)

The analysis control function determines the exact

analyses to be performed by the system , within the design

limitations of FDA . The imp lement -ition of AC is conceptuall y
very simp le: all analysis is controlled by the RI-IS analysis
parameters and peripheral device control tables shown in
Figures  9 . 7  and 9 .8 .  The AC f u n c t i o n  is imp lemented  as a k ey -

board command interpreter which simp ly changes values in one

of these two tables. All data necessary to direct automatic
anal ysis exist s in o—i e of these two tables: PlIS location ,
nominal fligh t t racks , target windows , SENT , ev e n t  data save!
report switches , RMS/RTA enabled/disabled switches , etc. For

convenience in switching research & n-:i r o nnltnts , a SAVE/REPLACE
c a p a b i l i ty  is provided which allows AC t o  save (or rep lace)

the current tables i’ (by) a disc file. The information flow

for t i e  anal ysis control task is shown ill Figure 9.10 .

9.3.7 Data Base Access and Management (DBAM)

The foundation for an exteridable data retri eval system

is provided by the DBAM function . The file structure will be

defined for the two data types maintained : dai l y and event

data. DRAM provides facilities for deletir- :~ or correcting files
produced by FDA , entering manual aircraft identification data , and

for elementary analyses by : s c at t e r g r a m  or re’~’r ession p lo t s  of
data , such as dai l y Ldfl for aircraft by day or by month; creation

of cumulative summary reports for any specified period of t ime ;

and file access for special data analysis . The contractor will

insure that the skeletal DBAM provided is easily extendable for
ot. aer specific research needs . The information flow for Pl AN is

shown in Figure 9.11.
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9.3.8 Building Blocks

Throughout all software implementation it is desirable

to develop as many independent modules (i.e. , subroutines) as

possible to facilitate future development. Typical modules

would:

Perform a system cal ibra t ion

Calculate PNL , given a RTA spectrum

Calculate PNLT , given a RTA spectrum

Get an event time history

Plot a spectrum

Plot a function versus time

Compute ground track error and altitude error as

f unct ions o f t ime g iven airc r a f t  p o s i t i o n  as a
function of time and nominal flight path

Track an aircraft from outer marker to runway

threshold

This set of building blocks aids a programmer or operator in

responding quickly to one-of-a-kind problems .
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9. 4 Summary Sp e c i f i c a t i o n s  and Costs

The most pertinent performance characteristics and

specifications of the recommended research noise measurement

system are summarized in th is section . Also a range of antici-

pated costs for such a system is given , including subsystem cost

breakdown . To the exper ienced  sys tem desi gner , most  of the
features , listed and unlisted , can be deduced from the system

block diagram of Figure 9.1. The features listed are those

that are considered important in fulfilling research objectives.

9.4.1 Performance Characteristics

Re al t ime da ta  inpu ts :

a. Acous t i ca l  (each s i te ) :

A-weighted acoustical data sampled every 0.5 second

A-wei gh ted dynamic range , 100 dB
A-weighted resolution 0.25 dB minimum , 0.1 dB

preferred

24 one-third octave bands beg inning at 50 Hz center

frequency and ending at 10 kHz center frequency -

each band level samp led every 0.5 second ,

one-third octave band level dynamic range ,

60 dB , with range changing to cover 100 dB

total range

b. Weather :

Any or al l  parameters may be samp led at each
acoustical measurement site or independent weather

measurement sites . Each parameter is samp led

every 2.5 seconds.

q _ 4 3
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Relative humidity 0 - l0O~/~
Barometric pressure 22 - 32 inches Hg

Wind direction 0 - 360 degrees

Wind speed 2 mph - 100 mph

Temperature -40 - +120°F

c . Tracking :

Single target tracking by radar

Range + 30 f e e t

Az imuth  ± 1 mil

E l e v a t i o n  + 1 mil

N o t e :  accu racy limi t ed  by size o f a i r c r a f t  in skin
t r a c k i n g  mode.

S y s t e m  p e r f o r m a n c e :
a. Simultaneous monitoring of acoustical and weather

parameters from 32 sites.

b. One-third octave band leve l data from up to 6 sites

stored simultaneousl y.

c. Real  t ime EPNL c a l c u l a t i o n s  for  3 s i tes  s imul taneous ly .

d. Three dimensional position , time correlated with
acoustic measurements , prov ided  by a 10 gHz radar .

e. Software r rovided for data storage and analysis.

f. Optical real time ARTS III interface for aircraft

identification (type , air carrier , etc.) and coarse

tracking -

~-44
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g. Manual aircraft iden t i f ica t ion inpu t through

keyboard such as aircraft type , air carrier , pilot ,

and de s t i na t i on.

h. Noise event and cumulative noise measure processing.

i. Noise events correlated with aircraft position and -

ai r c r a f t  i d e n t i f i c a t i o n.

Data transmission :

Digital frequency shift keying (FSK) data transmission

of acoustical and weather data on the same line from the

acoustical measuring sites to the central processing

s i t e .

Baud r a t e :  1200
Tele phone line : voice grade f u l l  dup lex (4 wire)

per Bel l  Sys tem S p e c i f i c a t i o n  3002
Data set: Bell System 202 or equivalent

Software :

Operating systems

Application programs

Data processing hardware :

Printing Single event , cumulative data reports ,

and tracking data

Plott ing Acoustical and positional data

Recording Noise , weather , tracking data for

reference or further processing

S



9.4.2 Costs

The cost of a complete research system installed wi th
sixteen acoustical monitoring and weather measurement sites is

estimated to be between $697K and $1.456M . Although only sixteen

units are installed initially the system should accept data from

32 sites. These costs will be influenced by variables such as

maintenance requirements , warranty, training , installation details ,
and telephone line rentals. A breakdown of the system costs is
shown in Table 9.3.

There are many variations of system comp lexity that

will affect the costs and which should be considered when system

procurement specifications are prepared. The comp lexity should

be adjusted to reflect the relative importance of the experimental

objectives at the time of procurement. All five weather parameters

may not be needed at all measurement sites or weather measurements

may be needed at s i tes  where no acoustical measurements are needed.
The A-we igh ted sound level may be sufficient at some sites , thereby
e l i m i n a t i n g  the need for  an expensive one-third octave band analyzer
at every site, The cost of the tracking system is also a signifi-

cant portion of this system . The most cost effective tracking

system is highly dependent upon the specific research objective

as discussed previousl y and should be selected to meet the specific

goals as defined in rhe final procurement specifications for a

research system .

The estimated hardware costs for a typ ical research

system using quality current production equipment is shown in

Table 9.4. Cost for the remote data collection site equipment is

shown on a per site basis. The equipment breakdown corresponds to

the research system block diagram , Figure 9.1.
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TABLE 9.3

RESEARCH SYSTEM COSTS FOR SYSTEM WITH
SIXTEEN MONITOR SITES

Sys tem Component Cost Pange

Acoustical site based on 16 sites $224K $448K

weathe r site 48K 128K

S o f t w a r e  75K 250K

Tracking  275K 450K

Data storage and analysis 75K 180K

$697 K $ l .456M
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TABLE 9 . 4

TYPICAL RESEARCH SYSTEM EQuIPMJ-;NT COSTS

System Component 
________ - 

Cost  
—

Track ing  Sys t em
TV cameras  and r ecorders  $ 28 000
Tracking radar 320 000

Di g i ta l m u l t i p lexer and da ta  set 7 000

$355 000
Acoustical Data Collection Equipment -

One - t h i r d  oc tave  band anal y z e r  $ 9 500
D a t a  set and m u l t i p lexer (each s i t e )  6 000

$ 15 500
W e a t h e r  Da ta  C o l l e c t i o n  E qu ipmen t

Sensors  $ 2 500
Mult i p l e x e r  1 200

$ 3 700
Dat I Anal ysis [q~~ pment

Computer $ 51 100
Disc 11 900
Di g i t a l  t r u c k  t ape  9 900
Consoh: printer 3 300

Line printer 8 500

Plotter 5 000

CRT 4 450

l irue code g e n e r a t o r  3 500
Data  s e t  6 400
St ; i t r r s  d i s p l ay  5 000
Audio mo n i t o r  2 100

i:
~
111 150
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10.0 SUMMARY OF RESULTS

The work performed on this project was divided into

two distinct tasks , each of which resulted in a separate report.

The present report documents the work done on Task B , which is

the preliminary design of an aircraft noise measurement system

for  c e r t i f i ca t ion  and research . As a minimum , such a system
must provide a sufficient data collection capability to fleet

the requirements  of Federal Aviation Regulation Part 36. This
requires one-third octave band analysis of the acoustical data

as well as positional tracking adequate to app ly the slant range

correc t ion  of FAR Part  36. This report discusses available

systems hardware and techniques for performing these detailed

measurements. The Task A report documents the currently used

techn iques and equipment for aircraft noise monitoring . In

these reports aircraft noise monitoring means a continuous

assessment of aircraft noise at several locations ‘~n the vicinity

of the airport , performed on a long-term basis with a permanent

system . This is usually done in terms of sing le number , weighted

sound level , samp led once or twice per second , in contrast to

the detailed spectral data required for certification and research

measurements.

10.1 Task A Results

Ten monitoring systems in the United States and Europe

were visited to collect first-hand information on system operation

and hardware. Each of these systems is described in detail in

the Task A report. The information provided will be of special

interest to airport operators or others p lanning to acquire a

noise monitoring system . These systems fall into two distinct

categories: (1) event-oriented systems that collect and retain

one or more measures of each noise event , (2) exposure-oriented
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sys t ems  h i t  nt’ a ~ur  e - : ~i ~
- ~~ a - l i i i  v a n d/ o r

hourl y basis AU ~ 
- -- - ‘ ~~ - i i  l , - •.i-l - - i t i  a t

l e a s t  onct -  ; & & - r  Se  id ‘ - - - ! iu~ e~. 0 ion , herefore ,

the  c a p a h i l i t  V t-X i S ~ s e - d o  - - 
• ~

- ‘ ~ia a ir i d c u m u l a t iv e

exposure  d o  a , g i ; * - ~ s u i t - i b l i -  t ’~~- i r ~- In  t ! a c ~ i~ t - . most systems

produce some d a t a  o~ each t vp~ A n e~~. i t  - r  i e n t  ed sy s t em  r equ i r e s

a l a r g e  amount  of manpower to Iduri ’ i ’ v - i l l  n o i s e  e v e n t s  as to
f l igh t  number , c a r r i e r , e c~ , is t h i s  i s  a r- a nu a l  process. This

can ~e done b y ‘eal  t : ~~e e n t r - . i n r o  a io~ or compu’ er t e r m i n a l
or , for  a limited number o~ f l i g h t s , i t  can  be done a f t e r  the
f a c t  using an o p e r at i o n -  l~~’ supp l i e d  by o t h e r s .

In an exposure-oriented s y st e m , t y p if i e d  b y most recent
United States systems , many of which were designed to meet the

requirements of the California law , the cumulative exposure level

is the primary measure. However , a limited number of partic-

ularly noisy events can be logged on system printouts and pro-

visions are usually made to correlate the.~~ events with flight

numbers by listening to a playback o the tower radio channels.

The radio communications recording has a time code which can be

correlated with the time of the event.

Monitoring system hardware consists of remote and

central station equipment . The former includes a microphone

mounted on a pole in the community, with associated signal

processing equipment installed in a weatherproof enclosure near

the base of the pole. The signal processing equipment converts

the audio signal from the microphone to a sound level and trans-

mits this level , as a digital or frequency encoded signal , on a

telephone line to the central monitoring site. The most recent

system designs in Europe and the United States use digital data

transmission . A minicomputer at the central site collects the

data and performs the necessary calculations and other functions

to generate reports of events or cumulative exposure level on a

10-2
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t e lepr in te r . United States  systems tend to cover a wider dynamic
range than the European systems . Also , United States systems

typ ica l ly u se hydrophone type microphones , while European systems

tend to use condenser microphones.

Each of the systems s tudied  f u l l y  met the requirements

for which it was purchased. Each system tended to be tailored

in both hardware and software to meet specific noise abatement

program needs at the par t icu lar  a i r p o r t .  On the basis  of the

system usage observed at major airports , it is expected that

future systems will be closely integrated with the respective

airport noise abatement programs and will provide the following

special outputs:

a. Single event excess reports

b. Airport noise reports

C. Cormnun ity noise reports

d. Air carrier performance reports

10 .2 Task B Resul ts -

Task B , as reported in this volume , is the preliminary

des ign of an aircraft noise measurement system . This design is

intentionall y genera~. in order to illustrate the range of perfor-

mance that is achievable using existing technology . A complete

aircraft noise measurement system consists of subsystems for :

a. Acoustical data collection

b. Aircraft positional tracking
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c. Weather data collection

d. Aircraft identification and operating parameter

recording

e. Data processing and recording

Several approaches to the design of each of these

subsystems are discussed in the separate subsystem chapters.

Each t echn ique  has certain advantages and disadvantages which
must be weighed in the final engineering design of a system ,

ta k ing in to accoun t specific measurement objectives as well as

t es t  s i te  and data volume requ i rements .  Measurement objectives
cou ld vary from occasional performance of FAR Part 36 certifi-
cation measurements to continuing research on the effectiveness

of noise abatement procedures in all weather conditions for all

aircraft using a major airport. The subsystem concepts discussed

include equipment and techn iques to cover this broad range of

objectives.

Two prototyp ical complete measurement systerr s are

descr ibed , each ap p l i cab le  to a ce r t a in r an ge of measur ement

ob jec t i ves .  One examp le is a c e r t i f i c a t i o n  noise measurement
sys t em which is t r a n s p o r t a b l e  and requires several operating
personnel; this is particularl y suited to making a limited number

of measuremeats in good weather , as required for certification

to FAR Par t  36. This sy s tem emp loy s ana log ta p e record ing o f
the acoustical data and precise laser tracking of aircraft

position .

The second measurement system example is a comp letel y
automa t ic permanentl y installed system . While this system is

c a t n t b l e  of FAR Par t  36 measurements , i t  is opt imized  for  co l lec t ion
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of large volumes of data and is designed to serve many research

objec t ives .  Al though au tomat ic  in operation , it would have many

preprogrammed function s and would support a staff of research

scientists and computer specialists in achieving its maximum

u t i l i t y .

10-5
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APPENDIX A

CURRENT FAR PART 36
AND PROPOSED RULES CHANGES



§ 35.41 Title 1 4—Aeron autics and Space

~c)  Va r i ab le -p i t ch  prope llers. Compll- must be completely disassembled and ft
ance with this paragraph must be shown detail ed inspection must be made of the
for a TiI -oi ’el le r  of the greatest diameter p ropeller parts for fatigue , wear , and
for whi ch i - -r t i f lcat :o ii  is requested. Each distortion.
varia b le- i  I t c h  propeller (a propeller t h e  (b ) After th e Inspection the applicant
pitc h setti ng of which can be chan ged must make any changes to the design or
be t he f l igh t  crew or by automatic means any add it iona l tests that the Adminls-
w h ile the propeller is rotat ing ) ro ust be trator finds necessary to establish the air.subjec ted te one of the following tests : worthiness of the propeller.( 1 )  A 100-hour test on an engine wit h
the same h i w e r  and rotational speed § 35.~~7 P rope ller adju stmen t , and par t.
char a cteristics as the engine or engi nes rep lacement s .
with wh ich the l)ro pe ller is to be used , The ap pllcrnt may service and make
Each b-st must  be made at the max imum minor repairs to th e propeller during the
continuous r ot a tiona l speed and power test s. If major r i-pairs or re pla cement
rating of the p ropell er. If a takeoff rat- of parts are found necessary during the
log gte at .e r than the maximum cont inu — tests or in the teardown inspection , the
ous rating is to be estab lished , and addi - par ts in quest ion must be subje cted totio n~ l 10-hour block test must be mad e any ad ditional tests the Admi nistra torat the maximum power and rotationa l fint~ necessary.speed for the takeoff rating.

2 Operation of the propel ler through- PART 36—NOISE STANDARDS: AIRCRAFT
out the en gine endurance tests prescribe d -TYPE AND AIRWORTHINESS CER ’P-I n l’ ii ~ t 33 f this sub chapter. FICATION
IDoc N i  2095 . 29 FR 7458 , June 10, 1964 , as
am,- it ’d by Amdt 35— 2 , 32 FR 3737 Mar 4 S,.bparl A— Gene,oI

a’.- .1967 1 36 1 A p p l I c a b I l i t y .
§ 35, 1 1  ( , , , i , - t j onn f  i,-~~i. 31? 2 Special r , -t r , 1c t , t ye r eq iilrc ’merit.

36 ‘I Comp aUh iuty with  aIrw ortht ne~’( a )  i-: cli var iable—pitch r ropeller req i l r c r n r -n t  -~must  be .suhlected to the  applicable ~g s r. Imlt ~ t p n  of pa rt .
f i n n - i  to na l t ests of th i s  sect ion . The 3 6 7  A c o t i - l I r - a l  c l i a i ige
same prop e ll er  used in the el tu r anc e  Subpart B—Subsonic Transp or t Category lorgit e t  r n - I - )  he u--cd in :ln- funct ion al  tests A i rp lane; and Tur bo ict Powered Airp lane;
slid mn -f he d r i v e n  liv an engine on a 3 6 1 01  NoIse n~~~~ li r el f l i -n t .test stand or on an a i rc ra f t .  30 103 No Ise eistilau-i fl,l b  ) M ‘100119 c-on tr o11ahl ~ p r p e ’l ers
500 ci  - o i p t i - t i -  ry ( ’ f c s  I)! (‘ I n i t  m l  111(1St be Sub part C—No se Lin ,i ls
made t h rou gh ou t the p it ch  and rota- 36 n~ Notse I o U .
tional speed ran ’s Subp or l 0 (Res e r v ed l‘ct .~ t o l i i a t lC a l l i i  con t r o l l ab l e  p r o—
p r l? -rc  l . -’(OO compl eti - ’ c~-cles of control  Sub po~l E t R e ser v .d l
must be made throug hout the pitch and Subpart F—Propeller Driven Smell Airplanes
rotat ion al  spi ed ranges. 36 501 NoI se l i mi t - i(d F ea t hi ’r in q p rope l le r s .  50 c~~’ li s
of fea thering operation m i t  he made Subpart G— Op erati ng L imitat ions end

Informa tionIc )  Rei ’cr s ? ( 1 ~~ p l t c h  p r o p l le r s  ?OO
complete cyc les of control must be made (6 ISO? Pr o I jo- s and I her lot ’  ,r

36 1581 Is? ami isIs , roar s  I iii’ u, si it p 1 s ,~r l  -fro m $ l i e  l t i w t - ; t  nor m al pitch to the
m~t x i mu m  reverse pitch Ap . -.- sdlx A — - A i rc ra f t  i i - --,- nheaau urern nt

uniter 1 II) l i i i§ i~~ 13 
~~ i~~

i i il I i ’ ” t ~~~ ki ’p~- n h l l x  B A l r c r  f t  not ee c i a l u s ’ I

The A ci in i nt str~i tom may  r equir e  f l O y  I 38 101
a dd it t ia l  I - s t _ s  t i e  finds nt-re ~- , 1L rv hi ~;‘l’ ~~~~ C - NfllSi P p15 f - I  s i t  - -

s i ih st a i i t i a te  the u s e  of any unco nven— port m t.eCorv and t i  - -

.Ini airplane. 0 i.r •ti Ia!  I f - S t  l u r e s  of des ) iau , materia l , Or A p j ’-i l i x  I) F;; i t t ~ serye-lr o t i  strur - Appe ,uu l l ;  F - Ni l- i.. r eq I

~ 3”~. 55 I r f l , , f l 1 f l f l 5 5 fl 1 , i 5 p ~~r l~~~ fl. I , 1 : 1  - , -

la l  A fter compl etin g the tests pre - A IO-fl ,5T-1 , The p ri -v i .  - . -

ecribed in this subpart , the propel ler iaa u ed u i u 1 . r  se- v 3 1 1  a ~.
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Chapter I—Federal Aviation Administration ~ 36.5

69 U.8.O. 1354 . 1421 , 1423 . and 1431; sec. 6(c) and Whitney Turbo Wasp JT3D series
(40 U S C .  1655 ( c ) ) ,  u nless otherwise nOted, engines; and

Somici : The provisions of this Part 36 con- (3) December 31, 1974 , for airplanes
isined In Docket No. 9337, 34 P.R. 18364. Nov. with maximum weights of 75,000 lbs.
18. 1969, unless otherwise noted , and less.

Subpart A—General (e) Each person who applies for the
original issue of a standard airworthi-§ 36.1 Applicability. ness certificate under 5 21.183. or for the

(a) This Part prescribes noise stand- original Issue of a restricted category
ards for the Issue of the following certifi- airworthiness certificate under * 21.185,
cates : for a propeller driven small airplane

(1 Type certificates, and changes to that has not had any flight time before
those certi ficates, and standard air- January 1. 1980. must show compliance
worthiness certificates, for subsonic trans- with the applicable provisions of this
port category large airplanes, and for Part.
subsonic turbojet powered airplanes re- (Title I of the National Environmental
gardless of cah gory. Policy Act of 1969 (42 U S.C. 4321 Ct seq.);

12) Type certificates and changes t.o and Executive Order 11514 , March 5, 1970.)
those certificates, and standard air- D0C. No. 13243 , Amdt . 36-4 , 40 FR 1034,

Jan. 6, 1975 1worthiness certificates and restricted
categor y airworthiness certificates, for § 36.2 Special rel roaeii~ e requlrcnicnis.
propeller driven small airplanes, except 

~~ Notwithstanding 5 21.17 of thisairplai:es th~tt are designed for “agricul-. chapter. and irrespective of the date oftural aircraft ocerations” as defined in application, each applicant covered by5 137.3 of this chapter , as effective on 36.201(b) and Ic) I i) , and sec. C36.5 ofJanuary 1. 1966 . or for dispensing fire Appendix C t.~ this part who applies for afighting materials, new type certificate, must show compli-(b) Each person who applies under ante with the applicable provisions ofPart 21 of this cha;;ter for a type or air— this part.worthi ness certificate specified in this ib) Notwithstan~~ng 5 21.101(a) ofPart must show compliance with the ap- 
1)115 chapter, each person who applies forplicable requirements of this Part , in 
~~ acoustical change to a type designaddition to the applicable airworthiness 
~pe(’ifled In § 21.93(b) of this chapterrequirement s of this chapter. must show compliance with the appil-( c) Each person who applies under cable provisions of this part.Part 21 of this chapter for approval of an IDocket No, 0337,34 P.R . 18364 , Nov . 10. 1909’,acoustical change described in § 21 .93(b) 84 PR 39025 . Nov 20. 1069 1of this chapter must show that the air-

plane complies with 1 36.7 of this Part 5 36.3 (‘.on;paiihulity wIth airworihiness
in addition to the applicable airworthi- rCqUirCtflCnts.
ness requirements of this chapter. it must be shown that the airplane

(d) Each person who applies for the meets the airworthiness regulations con-
original is.siie of a standard airworthi- stituting the type certification basis of
ness certificate for a subsonic transport the airplane under all conditions In
category large airplane or for a turbojet which compliance with this part is
powered airplane under § 21.18.3, must, shown and that all procedures used in
regardless of date of application, show complying with this part, and all pro-
compliance with the applicable provi- cedures and information for the flight
elons of this Part (including Appendix ci’ew developed under this part, are con-C) , as effective on December 1, 1969 , for sistent with the airworthiness regulationsairplanes that have not had any flight r.onstltuting the type certification basistime before— of the airplane.(1) December 1, 1973, for airplanes
with maximum weights greater than 5 36. 1 l.i,niinii on of part.
75,000 lbs., except for airplanes that are pursuant to 49 U.S.C. 143 1(b) (4) , the
powered by Pratt and Whitney Turbo noise levels in this part have been deter-
Wasp JT3D series engines; mined to be as low as is economically

(2) Decembe r 31, 1974 , for airplanes reasonable , technologically practicable,
with maximum weights greater than end appropriate to the type of aircraft
75.000 lbs. and that are powered by Pratt to which they apply. No determination ii
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36.1 Title 14—Aeronautics and Space

made, under this part , that these noise (b)  Propeller driven small airplanes.
levels are or should be acceptable or tin- For propeller driven small airplanes in
acceptable for operation at, into, or out the normal, utility, acrobatic , transport,
of , any airport , and restricted categories for which an
§ 36.7 .%couat ic ni ch ange, acoustical change approval is applied for

(a) Subsonic transport category large under § 21.93(b) of this chapter after
a irplanes and turbojet powered airplane s. January 1, 1975, the following apply :
For subsonic transport category large (1) If the airplane was type certlfl-
airplanes and turbojet powered airplanes cated under Appendix F of this Part prior
for which an acoustical change approval to the change in type design, it may not,
Is applied for under § 21.93(b) of this after the change in type design, exceed
chapter. the following apply: the noise limit that was applied to that(ii If the airplane can achieve the approval.noise limits prescribed in Appendix C (2) If the airplane was not type cer-of INs Part, or lower noise levels, prior tificated under Appendix F but canto the change in type design, it may not achieve the noise limits prescribed ine.’iceed the noise limits prescribed in Ap- 

~ F36.301(b) of that Appendix prior topendix C after the change in type design. the change in type design, it may not ex-12) If the airplane cannot achieve the
noise limits prescribed in Appendix ~ 

ceed those limits, measured and cor-
of this Part prior to the change in type rected as prescribed in Appendix F, after
design, it may not, after the change in the change In type design.
type design, exceed the noise levels cre- (3) If the airplane cannot achieve the
ated prior to the change in type design, noise limits prescribed in § P36.301(b) of
measured and evaluated as prescribed in Appendix F prior to the change in type
Appendices A and B of this Part. For design. It may not, after the change in
airplanes covered by this subparagraph type design, exceed the noise levels
for which application for acoustical created prior to the change in type de-
change approval Is made after Sept.em- sign, mea.sured and corrected as pre-
her 17. 1971. the following must be corn- scribed in Appendix F.
plied with , in addition to the applicable (Title I of the National Environm ental
provisions of Appendices A and B of this policy Act of 1969 (42 U.S.C. 4321 et S~ 1.)
Part, in determining the takeoff and tide- and Executive Order 11514 . March 5, 1970.)
line noise levels of the airplane: IDoc. No. 13243. Amdt. 36-4. 40 PR 1034,

(I) There may be no reduction in Jan. 6. 1975; 40 FR 2797, Jan. 16, 1975; 40
power or thrust below the highest air,: FR 6347 . Feb. 11 . 19751
worthiness approved power or thrust. Subpart B—Subsonic Transport Category
during the tests conducted before and Large Airplanes and Turbojet Powered
after the change In type design. Airplanes(Ii) For the noise levels measured and
evaluated before and after the change In ~ 36.’lOI Noise measurement.
type design, the test day speeds and the The noise generated by the airplane
acoustic day reference speed must be the must be measured under Appendix A of
minimum approved value V,+ 10 knots, this part or under an approved equlvs-
or the all-engine-operating speed at lent procedure.
3S feet (for turbine engine powered air- 

~ 36.103 Noise evaluat ion.planes) , or 50 feet (for reciprocating en-
gine powered airplanes ) , whichever speed Noise measurement Information ob-
is greater as determined under the regu- lathed under I 38.101 must be evaluated
lations constituting the type certification under Api,endL~ B of this part or under
basis of the airplane. The tests must be Sfl approved equivalent procedure.
conducted at the test day speeds ±3 Subpart C—Noise Limitsknots. Noise values measured at the test
day speeds must be corrected to the 136,201 Noiae limits.
acoustic day reference speed. ($) Compliance with this section must

(lii) During the tests conducted before be shown with noise levels measured and
the change in type design, the quietest evaluated as prescribed in Subpart Sot
airworthiness approved configuration this part, and demonstrated at the inees-
available for the highest approved take- uring points prescribed in Appendix C
off weight must be used. of this pert.
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Chapter i—Federal Aviation Administration ~ 36.1 581

(b) For airplanes that have turbojet (I) Propeller driven small airplanes
engines with bypass ratios of 2 or more for which application for the issuance
and for which— of a type certificate in the normal, util-

(1) Applicatl°n was made before Jan- ity, acrobatic, transport , or restricted
uary 1, 1967, It must be shown that the category is made on or after October 10.
noise levels of the airplane are no greater 1973; and
than those prescribed In Appendix C of (2) Propeller driven small airplanes
this part, or are reduced to the lowest for which application is made for the
leveLs that are economically reasonable, original issuance of a standard airwor-
technologically practicable, and appro- thIness certificate or restricted category
priate to the particular type design; and airworthiness certificate, and that have

(2) Application was or Is made on or not had any flight time before January 1,
after January 1. 1967 . it must be shown 1980 (regardless of date of application) .
that the noise levels of the airplane are (bI Complian e with this subpart must
‘no greater than those prescribed in Ap- be shown with noise levels measured and
pendix C of this part. corrected as prescribed in Parts B and

tc~ For airplanes that do not have C of Appendix F, or under approved
turbojet engines with bypass ratios of 2 equIvalent procedures.
or more and for which— Ic) For airplanes covered by this .sec-

(1) Application was made before Dc- tion, it must be shown that the noise
cember 1, 1969 , it must be shown that level of the airplane is no greater than
the lowest noise levels, reasonably ob- the applicable limit prescribed in Part 1)
tam able through the use of procedures of Appendix P.
and Information developed for the flight (Title I of the National Environmental
crew under I 36.1501 are determined: Policy Act or 1069 (42 U.S.C. 4321 et seq.);
and and EO 11514 , MaT.  5, 1970.) IDocket No.

(2) Application was or Is made on or 13243,40 FR 1034. Jan. 6, 1975 1
after December 1, 1969, it must be Subpart G—Operating tlmitations and
shown that the noise levels of the air- Information
plane are no greater than those pre- § 36.1501 Procedures nnd other infor-scribed in Appendix C of this part.

(d) For aircraft to which paragraph
(bIll) of this section applies and Uiat All procedures , and other information
do not meet Appendix C of this part, a for the flight crew , that are employed
time period will be placed on the type for obtainIng the noise reductions pre-
certificate. The type certificate wW ~~~~ 

scribed in this Part must be developed.
Ify that, upon the expiration of this tim. This must include noise levels achieved
period, the type certificate will be subject during type certification.
to suspension or modification under see- (Title I of the National Environmental
tion 611 of the Federal Aviation Act of Policy Act of 1969 142 U.S C. 4321 et seq.);

and EO 11514, Mar . 5. 1970.) Inocket No.1958 (49 U.S.C. 1431) unless the type l3243 .4O F1t 1035.Jan. 6, 1975 1design of aircraft produced under that
type certificate on and after the expirs- § 36.1581 Manuals , markings, and piac-
tion date is modified to show compliance ards .
with Appendix C. With respect to any (a) If an Airplane Flight Manual is
possIble suspensions or modl.flcations un.. approved, the approved portion of the
der this paragraph, the certificate holder Airplane Flight Manual must contain
shall have the same notice and appeal procedures and other information ap-
rights as are contained in sectIon 609 of proved under I 36.1501. If an Airplane
the Federal Aviation Act of 1958 (4C FlIr~ht Manual is not approved, the pro-
U.S.C. 1429 ). cedures and Information must be fur-

nished in any combination of approved
Subpart 0 IReservedi manual material, markings, and plac-
Subpart F [Reserved] aIds.

(b) The following statement must be
Subpart F—Propeller Driven Small furnished near the listed noise levels:

A irplanes No determination has been made by the
§ 36.501 Noise limit s . Fed eral Av inti o n Admini str atio n that the

noise levt)s of this airplane are or should be(a) Compliance with this subpart must acceptable or unacceptable for operation at,
be shown for— i~ to, or out of . any airport .
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App. A Tit le 14—Aeronautics and Space

(C) For subsonic transport category grass, shrubs, or wooded areas . No obstruc-
large airplanes and turbojet powered air- tic’ns which significantly influence the sound

field from the aircraft may exist within aplanes. for which the weight used in conicai apace above the measuremeut posi-meeting the takeoff or landing noise re- tion. the cone being defined by an asia nor-quirements of this Part Is ler.s than the inal to the ground and by a halt-angie 75’
maximum weight or design landing from thra axis .
weight, respectively, established under (3) rise tests rnu~t be carried out undes
the applicable airworthiness require— the following weather conditions:
mcnts , those lesser weights must be fur— (i) No rain or other precipitation.
fished, as oiieratiii~ limttations, in tie ~~ Relative humidity not higher tb~~90 percent or lower than 50 percent.operating limitations section of the Air— (iii) Ambient te m perature not aboyeplane Flight Manual. 86~ F. adid not below 41’ F at 10 m.t~~(dl For propeller driven small air— ahoy” ground.
planes for ~vhh’h the wc i~ht used in m eet- . lie ) Airport reported wind not above 10
ing the flyover noise requirements of this tnot.s and croeiwlnd component not above
Part is less than the maxImum weight 5 knots at 10 poet rs ubo~~’ ~~~ 

.un l
(v) No temperature inversion or auoma.by an nnlouut exceeding the am ount of loii~ wind conditions that would signifleantiyfuel needed to conduct the test , that afip t 111e ir ’ise level of t iLe aircraft whenlesser weight must be furnished, as an the noise Is recorde’i at t,hrs m~~aurthg po~n~operating limitation, in the operating ‘i—fine r! in Appendix U of this part.

lImitations section of an approved Mi’— ( r )  Afrc ,aft  test in g pr ocedur es. ( I )  The
plane Flight Manual , In approved manual ‘ti reraft tertif lc rrocedilrea and noise mess -
material, or on an npproved placard. ur’ments must he conducted and processed

in fl’s epproveci manner ti’ yield the noise(e) Except as provided in paragraphs 
~v~ii,~ li’ n mear.ure designafed as Effrctiv.

(C) and Id) of this ~;ection , no operating P(•r (, ’i~ed Noire Level , EPNI., in units oflimitations are furnished under this Part. El’NdB. as described tu Appendi x U of this
(‘I’Itle I of the National Environmental Policy part.
Act of 1969 (42 U.S.C. 4321 Ct seq.) : and EO (2) The aircr af t height and lateral p0.1-
11514 . Mar. 5, 1970 .) I Docket No. 13243, 40 (Ion relative to the ez(cnded centerline of
FIt. 1035. Jan. 6, 1975 1 the runway must be dr.tcrmined by a method

independent of normol flight instrument*-A?PZNDIZ A—Arscx arr Noise tZ UR~~M5Pq1 tion such as radar tracking theodolite tn-
OWnER I SA.10l anguintlon. or photographic sealing tech-

SecUon A3R .l NOISe cert ificatI on test and niques to be approved by the FAA.
‘nea.surpmea ~ condlf ions—(a) General. n~~ 

(3) The aircraft position along th. flight
Section pr .vcribes the conditions under path must he related to the noise recorded
which noise type certification tests must ~~ 

at the noise measurement. locations by means
Conducted an.i the measurement procedures of rynchroni2lng signals. The position of the
that must be used to measure the noise aircraft must be recorded relative to th.
made by the aircraft for which the test is
Conducted.

(b) Genera l teat condition, (I) Teats ~ the approach and a’ least 6 nautical miles
show compliance with established noise type from the start
Oert iflcation levels mUst Consist of a series
of takeoffs and landings during which mess- & weight different from the maximum take-

off weight at which noi~~ ccrt iflcwit.ion is r.—Urements must be taken st the measuring quested if the necessary EPNL correction doespoints defined in Appendix C of this part . not. e’pceed 2 FrNdB The approach testThe sideline noise measurements must also ma, be con0uc~ed at a weight different frombe made at symmetrical locations on each the maximum landing wright at which nois.
side of the runway. On each test takeoff , certification 1. requested provided th. neom-
simultaneous measurements must be made sary EPNL correction does not exceed 1
at the sideline measuring points on both EPNII Approved dnts nra, be used to deter-
sides of the runway and also at the takeo ff mine the variation of EPNL with weight for
6yover measuring poir,t. If the height of the both takeoff and aproach test con di t Io n s
grou nd at each measuring point differs frn~ i 51 The take off  tcst must meet the con-
that of the nearest point on the runway by diti ,,nrs of i C36 7 ci Appendix C of ti l ls part.
more than 20 feet , corrections must be made 161 The approach U’st midst he cordli on-ted
as defined in I A36 3(d) of this appendix, with the aircraft stal,iiized arid following a

(2) Locations for measuring noise from 3’ • 05’ apprn oh angle and must meet the
an aircraft in flivht vmnat be surrounded by conditions of 369
rpiat lretv flat terrain having no excessis. (d) Measurement.,. (I) Position and p.r.
sound absorpt Ion cha~’c t e r ic t ics su ch as formance dat& refluirel to make the Ccl’-
might be caused by thick , matted, or tall reettons referred to in A36.5(o) of th~
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Chupter I—Federal Aviation Administration App. A

appendil must he automatically recorded at (iii) Recording and reproducing equip-
sa approved sampling rate. Measuring equip- m eat ciinsracterist ics , frequency response, and
Lent must be approved by the FAA. dynamic range compatible with the respons.

(2) Position and performance data must and accuracy requirements of paragraph (C)
~ corrected , by the methods outlined In of this section.
I Alt 3(d ) of this appendix to standard pres- (iv) Acoustic calibrators imsing sine wav e
sure a! seS level, an ambleut temperature cnf or broadband udnnisC of known sound pressure
B’ P., a re lat ive humidity of 70 percent. and level , It hr,’arlhand noise is used , tide signal
~ ro wind roust be ci,’ crihed in termS of its average

(3) Acoustic data must be corrected by the and niax imnnnni mis va lue  for a nono ver load
methods of I A38.3(d) of this appendix to signal ievel .
standard mnreasni re at. sea level , an am bient (v)  A nrrs iysls equipment w ith the response
temperature of 77’ P., and a relative humid- and scen t incy requirements of paragraph (d)
ity of 70 percent . Acoustic data corrections of this r.ection.
Lust also be nrade for a minimum dIstance r”~ct  Sensing. r ecor ding, and reproduc ing
of 370 feet between the aircraft ’s approach / equipment.  (I) The vound produced by the
path arid the approach measuring point, a J aircraft shell be recorded in such a way that
takeoff path vertically above the flyover the complete Information , time history in-
mneamniring point and for differences of more cluded , is retained. A magnetic tape recorder
than 20 feet. in elevation of measuring loca- Lt~ 

acceptabie.
lions relative to the elevation of the nearest (2) ‘rhe cliaracter lstic.s of the sYstem must
point of the runway. comply with the recommendations given In

(4) The airport tower or another factlity Internat.irrnnni Electrotechnical Commission
Lust he approved for use as the location at (ZEC) Publication No. 179 with regard to tb.
elOch mensnirennrent.’r of atinrospberlc param- sectton~ concerning microphone and ampS-
tiers are rel.rrsenttst is’o of those cond.i- 6cr characteristics. The text nod specifics—
000s es stmng over the geograplnicai area in tions of IEC 1”nblicstion No. 179 entitled:
which aircraft noise measurements are made, “Precivion Sound Level Meters ” are incorpo-
However, the surface w ind velocity and tern- rated by re~crence into this part and are
perature must he measured near the micro- rniade a part hereof as provided In 5 0.8.0 .
phone at the approach, sideline, and take- 552 1a)( l )  and 1 CFR Part 20. ThIs pub-
off measurement locations, and the tests are ilcation was published in lOtS by the Bureau
1101 acceptable unless the condition., con- Central do Is Commission Electrotechnique
form to § A30 i(b) (S) of this ap pendix. Internationals located at 1, rue de Varembe,

(5) Enough sideline measurement sta- Geneva . Switzerland. and copies may be pus-
lions must be used during tests so that the chased at that place. Copies of this publics-
maximum sideline noise Is clearly defined tion are available for examination at tbs
vutti respect to location and level. DOT Library, Federal Oiflce Building IOA

Section A36.2 Measurement 0/ aIrcr af t  Branch and at the 0111cc of Noise Abatement
soiae rece ived en the gro un d . .—(a)  Genera l, both located at Headquarters . Federal Avia-
(I) These measurements provide the data tlon AdministratIon, 800 Independence Ar,-
for determining one-third octave h&nci noise asic. WItshirngtOn. D.C. Moreover , copies of
produced by alrcra t during testing proce. this publication are available for examina-
dures . at specific observation stations, as a tion at the Regional Offices of the FAA.
function of time. Furthermore, a historic . ofliclai file wiil be

(2) Methods for determination of the dl.. maintained by the omce of Noise Abatement
t&nce from the observation stations t~ th. and will contain any changes made to this
aircraft include theodoitte triangulation publicatiOn.
techniques , scaling aircraft dimensions on (3) The response of the complete system
photographs made as the aircraft flies to a sensibly plane progressive sinusoidal
dlrect is over the measurement points, radar wave of constant amplitude must lie within
altimeters, and radar tracking systems . The the tolerance limits sileclfled in YE C Publics—
method u’ed foist be approved. tion No. 179 , over the frequency range 45 to

(3) Sound pressure i.vel data for noise 11,200 Hz.
type certification purposes must be Obtained (4) If limliatmons of the dynamic rang.
with approved acoustical equipment and of the equipment make it neceesary. high
measurement practices . frequency preemphasis must be added to

(b) Measur ement s1,stem, (I) The acousti- the recording channel with the converse de-
cSl measurement system must consist of emphasis on playback . The preempinasms
spproved equipment equivalent to  t he  must be applied such that the instantaneous
foilowtng: recorded sound pressure level of the noise

(I) A microphone system with frequency slgnsi between 800 and 11.200 Hz does not
r ponse compatible with measurement and very more than 20 dB between the maximum
analysts system accuracy as stated in pare- and minimum one-third octave bands
graph (c i of this section. (5) The equipment must be aconrticaiiy

(ti) Tripods or similar microphone mount— calibrated using facilities for neousttc free-
big. that minimize Interte.nc. with the field calibration and electronically calibrated
Sound being measured, as stated In paragraph (d) of this section.
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(6) A windscreen must be employed with the input, the maximum output value shall
the microphone during all measurements of read 4 dB ~- I dB less than the value obtained
aircraft noise when the wind speed is in for a steady state sinusoidal signal of tte
elcess of S knots. Corrections for any In- same frequency and am plitude.
sert ion loss produced by the winds creen , as (ii) The maximum output value shall cx.
a function of frequency, must be applied to coed the final steady st ate valu e by 0.5±01
the measured data and the corre ctio bs ap- dB w hen a steady state sinusoidal signal ii
plied must be reported. the geometrical mean frequency of each on~( d )  Ana1ys~, equI ~ naen t.  ( I )  A ~requency third octave hand i~ suddenly applied to th.
analysis of the acoustical signal shs~l be per- analyzer Input and held cn,nstant .formed using one-third octave filters comply- (5) A single value of tine rms level must
bag with the recommendations given ID In- be provided every 0.5 ± 0.01 second for each
ternational Electrotecbnlcai Comflalsalon of the 24 one-third octave bands The levels
(YEC) Publication No. 225. The text and spec - from all of the 24 one-third octave band,
Ii ostionnu of IEC publication No 225 en- must be obtained within a 50-millisecond
titled “Octave. Half-Octave and Thiril-Oc- period. No more than & mIlliseconds of datS
t*ve Band Filters Intended for the Aoalyeia from any 0,5-second period may be excluded
of Sounds and Vibrations” are incorporated from the measurement.
by reference into this part and are made a (6) The amplitude resolution of the
part hereof as provided in 5 U.S.C. 553(a) (1) analyzer must be at least 0.25 dB.
and 1 CFR Part 20. This publication was (7) Each output level from the analyzer
published in 1985 by the Bureau Central de must be accurate within .l .0 dii with re-
is Commi ss ion Hlectroiechnique Interns- spect t.o t he  input signal, after all sys tematic
t ional e located at 1, rut de Varembe . Geneva , errors have been eliminated. The total sys-
Switzerland . and copies may be purchased tematic errora for each of the output levels
at that place. Copies of th is publication are must not exceed 4 3  dii. For contiguous filter
available for examination at the Office of syste ms, the systematic correction between
Noise Abatement and at the DOT Library. adjacent one-third octave channels may not
Federal 0111cc Building IOA Branch both to- exceed 4 dB.
cated at Headquarters . Federal Av lat i~n Ad- (8) The dynamic range capability of the
ministration, 000 Independence Avenue , anal yzer for display of a single aircraft noise
Washington, D.C. Moreover, copies of this event must be at least 55 dB in terms Of the
pubflestion are az’a1l~b3~ for examination &t diiTerrncc between full-scale output level
the Regional Omces of the FAA . Furthermore and the maximum noise level of the analyzer
a historic, omcial file will be maintnhiied by equipment.
the O~~ce of Noise Abatement and will con- (9) The complete electronic system must
tklii any changes made to this publicat ion. be subjected to a frequency and amplitud e

(2) A set of 24 consecuti ve one-third oc- electrical calibration by the use of sinusoidal
t*ve filters must be used. The first filter of or broadband signals at frequencies covering
the set must be centered at a geometri c mean the range of 45 to 12.200 Hz. and of known
frequency of 50 Hz and the last of 10 kH~ 

amplitudes covering the range of signal levels
furnished by tine microphone. If broadband(3) The analyzer indicating device must signals are used , they must be described inbe analog . digital, or a combination of both, terms of their average and maximum rmsThe preferred sequence of signal processing val ues for a nonover load signal level.15• (a) NoIs e measurement pro cedures. (1)(i) Squaring the one-third oct~vt ~~~~ Tb. microphones must be oriented so thatoutputs , the maximum sound received arrives as(ii) Averaging or Integrating; sad nearly as reasonable in the dire ction for

(UI) Linear to logarithmic conversion, which the microphones are calibrated. The
The indicating device must have a minimum microphones must be placed so that the ir
crest factor capacity of S and shall rasasure. sensing elements are approximately 4 feet
within a tolerance of ± 1.0dB. Ui. true root- above ground.
mean-square (rms) level of the stgns.l in (2) Inunediately prior to and after each
e*ch of th e 24 one-third octave bands . ~ test , a record ed acousti c calibration of the
Other than a true rins device Is util ized , ~t 

system must. be made in the field with an
acousti c calibrator for the two purposes ofm ust be calibrated for nonzinusoidai signals checking system sensitivity and providingand time varying levels. The calibration must an acoustic reference level for the analysisP provide means for converting the output of the Sound level data.

levels to true eras values. (8) For the purpose of minimizing equip-
(4) The dyna mic response of the analyser ment or operator error , field calibratio ns

to Input sig nals of both full-scale and 30 must be su pplemented with the use of an
dB less than fui l-scs le amp lit ude . shtl l con- Insert voltage devlee to place a known sig nal
form to the following two requirements : st the Input of the microphone , just prior

(I) When a si nusoidal pulse of 0.5-second to and after recording aircraft noise data
duration at the georneirlcah mean frequency (4) The ambient noise, including both
of each one-third octave band is applied to acoustical background and electrical noise
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of the measurement system, must be re- extended centerline of the runway. configu-
corded and determined in the test area with ration, and gross weight must be reported.
tis e sys te m gain set at levels which will he (C) NoIs e type certIf icat ion reference ooss-
used for aircraft noise measurements. dlttona—(i) Meteorolog (cal conditions. Air-

Section *36.3 Report lag and correctIng Craft position and performance data and th.
measured data- .—(a) General. Data represent- noise measurements must be corrected to
lag physical measurements or corrections to the following noise type certIfication refer-
measured data must be recorded in perma- enee atmospheric conditions :
nent form and appended to the record except (a) Sea level pressure of 2116 psI (76 cm
that corrections to measurement. for normal mercury),
equipment response deviations need not be (b) Ambient temperature of 7V P.
reported. All other corrections must be ap- (ISA -f lO C.).
proved. Estimates must be made of the m di- (C) Relative humidity of 70 percent,
vidual errors inherent in each of the opera- (d) Zero wind.
lions employed in obtaining the final data. (2) AI rcraf t  condition,. The reference eon-

( b)  Data rep ortIng. (1) Measured s~ d dtUon for takeoff is the maximum weight es-
oorrected sound pressure levels must be pee- Capt as provided in 36.1581(b),
seated in one-third octave band level, The reference conditions for approach sew :
obtained with equipment conforming to (a) Design landing weight, except as pro-
the standards described in I *36.2 of this Sided in I 36.1561(b).
appendix , (b) Approachsngle ofE.

(2) The type of equipment used for mess- (c) Aircraft height of 370 feet above noise
urement and analysis of all acoustic aircraft mea~uj’1ng station.
performance and meteorologIcal data must be (d) Data correc tIons. (1) The noise data
repor ted. nitist be corrected to the noise type certift-

(3) The following atmospheric environ- cation reference conditions as atated in
mental data, measured at hourly interval s or *36.3(c) of this appendix. The measured
less during the test perIod at the observation atmospheric conditions must be those oh-
points prescribed in I A36.l (d) (4) of this tam ed in accordance with A.36.l(d)(4) of
appendix, must be reported: this appendix. A trnoeph.rlc attenuation of

f i) Air temperature in degrees Fahrenheit sound requirements are given In I *36.5 of
and relative humidity in percent. this appendix.

(ii) Maximum, minimum, and average (2) The measured flight pe.th must be
wind in knots and their direction, corrected by an amount equal to the dif-

(iii) Atmospheric pressure in Inches of ference between the applicant’s predicted
Vercury. flight patha for the teat conditions and for( 4) Comments on local topography, ground the noise type certification reference con-
cover, and events that might interfere with ciitions. Necessary Corrections relating to air-sound recordings must he reported, Craft flight path or performance may be de-

(5) The following aircraft information tired from approved data other than cer-
be reported: tificatlon test data. The flight path correction

(I) Type, model, and serial numbers (~ procedure for approach noise must be m*deany) of aircraft and engines. wi th reference to a fixed aircr aft height of
(ii) Gross dimensions of aircr aft and 10.’ 370 feet and a glide angle of 3• . The effective

cation of engines, perceived noise level correction must be less
(ill) Aircraft gross weight for each 

~~~ than 2 EPNdB to allow f or :
run . (a) The aircraft not passing vertIcally

(iv) Aircraft configuration each as flap tbove the measuring point.
end landing gear positions. (b) The difference between 870 feet and(v) Airspeed In knots, the actual minimum distance of the ut-(vi) Ragine performance In pounds of net craft’s na antenna from the approach mesa-thrust , engine pressure ratios, jet exit tern- urtng points.persiures. *nd fan or compressor sh*It (c) The difference between the actual ap-rev /miD , as recorded by cockpit instruments proach angie rand 3 .and manufacturer’s data.

(vii) Aircra f t height in feet determined Detailed correction requirements are gtyen
by a method independent of cockpit ins iru- in I *36.6 of this appendix.
mentation such as radar tracking theodo lite (3) 11 aircraft aou nd pressure levels do
triangulation, or approved photographic Oot exceed the backg round sou nd pressure
techniques. levels by at least 10 dB in any one-third

(I) Aircraft speed and position and engine octave band. approved corrections for the
performance parameters must be recorded contribution of background sound pressure
at an approved sampling rate sumclent to cor- ie,eis to observed sound pressure level, must
rect to the noIse type ce~tiflcatiofl reference be applied.
conditions prescribed in I *36.3(e) of this Ce) Valid ity o~ results . (1) The test re-
appendix. L~tera3 position reiail w. to the Suits must produce three average ~PNL ,sl-
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ties and the Ir 90 percent confidence limi ts. — ________________________________

each being the arithmetic average of the cor- ~~~~~ Unit Meaning
rected acoruslical measurements for all valid
test runs at the takeoff , approach, and side- (k) Time Inc,ern,,a Ia dez.The
line nleasurinff point.. respecUvely. If more flh1i r~~rri indicator that I~notes tir e numbe r of rqriilthan one acoustic rnerr .su rement system Is ‘i re inerrr rn.r rts that h iveused at any single measurement location r’iap~ed from a referen ce
(s ich ear for the symmetrical sideline men.- nra
uring point.), the resulting data for each test lo~ I .o tro r rf hns to i~ Ii. u 10.
run must be averaged as a single measure— log n(s) Nap I)). osri rnu hf p Crrordi5ct..
meat. Tire b c  r~ value of tire intat.

—eci on por rrt of t ire straighi(2 ) The minimum sample size acceptable llnn~ reprraqr.nhlnr (he virla.for each of the three certification measuring t inr r r r t t l ’ Lw l lh ieg n.
points is tli. TI-r e samples must be large M(b), M(c) Nov inrerse Sior.- . Tire recip.
enoug h to establish statistIcally for eacb of r~cni~ of the slopes of the
the three average noise type certification St r ult irt f i rm a rc~rrese nhin g

the vs. 3t lOfl of Sl’L withlevels a 00 percent confidence limit not ax - log o.oeeciing ± 1.5 RPNdB. No test result may be ,~ no, Perceired N~!abreu The pec’omitted from the average process unless celveri irritstrrece stan,
otherwise ipecifled by the FAA instant of ti m e that eccnsi

(3 )  The average EPNL value. and their bo a eireciflod froquenoi
range.00 percent confidence limits obtained by the of!, k) no, Per~~r,d Nohrn~,s. The per.foregoirn~ process muot be those by whIch celve d rioi ~~neaq at tire k t hthe noise performance of the aircraft is Instant of t u n e  fi nal occu rs

a,wos.ced against the noire type certification iii tine i- f i r one f iuirri sets ,.
criteria, land must he reporterl . baird.

Section *36.4 Symbols and uniti—(a) s(k) ney ifar’rmu,r, l’erreiwd No’,ineu.
‘rime n iaiirum r irr r sa t i re of allGeneraL The symbols used in Appendixes of tire 24 values of ,r (l) th uA and B of thi s part have the following occurs at ihek tir indant ef

meanings, tim e .
____________________________________ N(k) nay 7’øfrtt I’erm’crped Noisiness. Tire

total peree merl rroieinc es iiPymbol Unit Meaning time k-ti n i r rsta, rt of ti me eel-
culaim’d from time 24-inoI*~.ant AntiI’r~s rU.hmfoth e Resi St), tarrlOrr, values of nil, k ).

C(k) 43 Tone (Jo,rec f to n. ‘l ime ten or p(b), p(e) Nov .“lop’. Tire slopes of (be
to ire added to I’Nl.(k) to straight lines r.preeenting
aCco u n t  for th e presence of tire varia tion al Si’l. with

.o~rcnctr5l irre~i,larit inn such log n.
so toneS at (Irma Ir tb Iner~ment ?NL FNdB.... Pcrcei,ed Noise Le.el. Tire pee-of time. ceived nni~e level at any4 Psvaiion Time. Tire length ef instant of t ime (the unittf r~ sIgn ifIcant noise time I’Ndlt is used instead of itshistory being th e time In. unit dit).ter,ai betw een the limit s of
(ii) and 1(2) to the neareSi PNL(k).. . .  PNrIB~~.. !‘ ercefred Noise 1.erel . The per’
second. ceived noise tenet r’ rieuistsd

0 . - 4B....,,,_.. .Durstinn,, Crr, ’redfon. The frast~t 
fro m the 24 s’~ ir r ~~ of S1’L

to be sdded to PNLM to (I,k) at tire k tlr irner ~rnenI
account for the dur ation ~ of ti me. (Tire u nit P14dB Is
the noise , Used inStead at the unit dBJ

~ PNL. iffNd B , Rf edlve Perm ’eii ’cd Noise Lead. PNL II PN 6B , . .  Mslinu rr m l ’ercemned Noise
The va lu e of PNL adjusted LeerS . ‘T f’,5 nr rrzi mr rm vales
for both the presence of di.- of l’Ni..k) ti n t rme’en rs
cccii’ frequsneienr end thi drith rg ibnrsirer.fr flyover,
ti me hietory. (The unit (The unit l’Ndii iv nrrued I~.EPNdB Is used instead of stead of (he unit dii.)
the unit dl).) PNLT PNdB. .. To’s. (~rrecIed Perreired Noisi3(I) at O,,~~. UL PNqire.c,. Tb. ~somstsicaJ Least. ‘lbs v eir re of PNI.mean frequency for the I-th adjusted for tire preee rroe of,na.tirtrd octave band, spectral inegutsnlties (die.rd ~~~~~ 4) DISS4B. Tb. difference b. crete freqrrencf era) at ann, Is-teven (be eri~Insi and slant of i ir rr ~ , (Tire u nitbackground sound pressure PN4O I. used in~tssd of th elev e ls in th e i-t b on e third unit dl).)
octave band it the k~th
interval of time . ?N LT(k, -. P14dB - .~~ . Tin. Cemecf ed I’ea’eir,d Noise

I 4). dfl’Down.Thebevoi to b. Leiel. ’ l ’ l re value of £14 L,(k)
eubtrscisrl from i’NLTM adjusted for the prusnoe of
that defines the duration discrete freque ’.Iem that
•f tire noire . c-curl ii the k-tb irreremeat

B ~~~~~~~~~~ %.,.-,._. Retell., Ilsha i d f p .  Tbe sin, of t inis. (The unit I’NrlIi is
biseut atmospheric reiatf,. used irrate ani of ti ne unit 43.)
humidity. PNLTM,~,. PNdB .~~ Memrmu.u Von, (kveoeied f’~.(i) or I._.. .,...___ Fv.queaq Bared Isdez. Tb. eelecd Nolii I.esel . The mall.
numerical Indicator that mum value of J’NLT(k)
denotes any one of the 54 that r~~~url dnirln~ the air .
ens-third octave bends with u’eft flyover. (The un it
geometriost mean treqosnelat I’NdB I. uatd instead of thefrsen 5O to iO,O~Dfle. uaItdB .)
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Bymbol Unit Mea rmt  Symbol UnIt Mesning

e(l .k) dli Slope in Son,nd l’rciannre lerel . ale dlt/fcnel, Refr renm’e Afunmoaptcrfc .lbsecp.‘l ire c lrrnrgr inn ipvei between .40’ dlf/ I000 li on. ‘r u e atnr’nrphirlc at.adjnr cc rnt rnm re I m I m i rn-t ruce feet, ie ,m rm atm 0rr of snnm rorl that cc’tnnn nni a nn n nnm, i inm ’- ” .nlrm ’ Ir’~ n’Is n - m r s  Inn tire i t im r rnre— t in rnl
n t  t iro I-tim irurumni t,rr the k-tb ocfr icin m i m i i’ (ins retmurenoe
inu ~tnnrt at n t i n ’ . stnmr ,nsl min,., in’ iennri,oratn,re

AsO , a) .. . - dlt Ciiairq e inn ‘~lo~ n e mu! Susnrnn uf nmn mi rr’ i:rtmve i m nm n n ni nf l t y .
l’ress nure lAn”1. degrees,. - - Plu~t Con.tast Ctmmb -lng i,.

s’ti . k) dl ) A djr rotn ’nl Slop, mrJ Srnimnd Pica- .
~ niegre~e , .  &cond cnm,ngl,nrf (trun k .10te,

onrr e Inert ‘f irm’ r i r m r n ce in 
~ des.reca. ‘l%rnm,l Cunlh.rr’k ‘t ingles. The

ies’r.l inc tw r’crm m rn li:a -r - nm t degrees. ironies u lef inninr tine lrofntni
idjini,temi rnrre ’ti nimui Oet nrve en nba t~keoIf flight pat h at
bnrninl .‘ronmn,ri (‘fl’SSnJrP torch wfn nch thrust rerluctfon is
at tire i.tin in’inni For the k tb etarte ri um n’l emrnled reopen’inrvtsm nt of t i mum n ’. livel y

~(f. k) dii Aeernagr .“lr’~mc of .“on,nn d l’res- e d yes...... A ;rprnraeA Angle.
Inert SAI’Cl. 0 degrees.... Takeoff Noiae Ann pie. The angli

II’L dli re Sonmun d l ’re.r ,n re level. ‘line iwtweenr tire flight latin and
0.11002 ~or,nrn1 ~nrr- ’ cur e los ini at ann~ incise t r mnt f n for Itke-mll ojme rs.micro— inuS t nn rt rut h r  rim tinmit occ rmrs tlono . It In i4eni.icnni for both
bum— , in mm s i.- i’ rub tmn ’ ni rr err cv rum nuge . nmnrn nrrn m i  ‘m arl corrnncloni

SPL(a) 411 re Nov l)iscourtir mrr liv ( , ‘,s rnlinnie . fligfmt lrmntmr ~.
0.0002 ‘lIre’ S}’l. vs (n ro oF tire inter- 

~ degrees.,, . Appr oach Noise ‘t i ng le. The
micro— section I n t l  ni L!nc vtrruigirt inngio f untwn ’cn tho flleht
iran-. linnr ’~ relumn ’venu (fi rm t ire varila- jnu ittn S u r f f i r e noi e tr uth for(mm of v (‘I, ‘s r i  I 1m m rn npinmn nrsci r nj mornrt lrn n. (r io

8Pt.,(tm) , dli re Nop lrnle rcm ’;nl . ‘l’mue Inr trr n’ci r t e InIr’mrt irnt l For i,mni in n,nenvrnremni
BPL(o) 0 .0002 ann tine S i ’ i ,-muuis nt tire m in i n’nrreeL~ni fl mniri patIna,

nmnf ~ro- stn rr mg i u t  limier mini rum ’ .e rnti mn i( hi Y.PNdfl - —  Y’N I. i (‘,nnom-r tion . ‘ l ire rmrrrso’
Innur. the auuni ’ mt iomm or! iti’l. mu rim tinnn l.r mu r’I’tr”i inn firm ,

log nr - I’ PN I. r’rnl n’ n n)u m ie ’ i  t r nn n, r
S PL(f , hi , — dii In’ ,c,nrn and l’ rr ’g sm,m ’ m / i r .’S. ‘ l ie  meaom nm n ,nf nt.n(nr to mrn’r nn rnn t

0 u rlmn2 m u m  ‘ml prc....u r ue  irnvc ’l ci tire for nrmias m i d  cI ,nm n ur.’n.s .iue
ru rir ro— k ~tir inn rt: mnm r m l  t inrnrr Iir~ t La rib ilerenrrr’~ inn nstnm r uusju he riO
ir ’ur. nn(’rnnrmm In n ti me I tIr nnmro.t ini rnl n!n5m rr ut inn, r um-I rrn nlsm. nit h

Octave im :r m rn i - in’nrg t in iron cv Co mm rr’tr rr ut’sBi’L,’(i, k). . dl) rn Adi.- u r n  ‘ nmr mmml I ‘mci., ‘ rue l.eun,l. an nul inc h r’m. rn ’  lit i r u r m, .0.0002 •f Inn, , m - .i ‘ m i n I m a  m m l i  1 m m  nO 
~? F.l’ ?vZdR _..,~ Nu,Ise / ‘.nn~ l) nm m,ni unnn (‘nan-Ct’

loin-rn,- lraei nrn rm nr ’ i cmvi  in time I-f in tu rn . Tinnn n’ nmr rn ’ mmi ion to be
bar. on ne-t inm r ‘I ortavC i m i n i  for nmuin f n ’ ’i Inn t ire i~ PN I, cmb cnr’t ine k—tin l nr stm r m mt m l  t o u r ,  lu te  I i m ,n u r nrm eo n. rmn e ’ i mint ia to

IP L” fi , hI. dl) re ltnrckpm.’rmur d .‘n-nnimnul I’,,s.uuure nr n’ n” n nm nt for noise levrri
0. ieee len-el . ‘1’ ire flm rnt nnt nf nr ou i rnma . c imn ,nugn.s line to fine mm nni .qsi
microbar ti~n to -iran -k (‘a Omnm nn fe rm i in m m m i  nn m nu ineaminse of riffler”tire i-F in onmr ,—thi,nl nnctnmVi ear-es fir flyover aitltmn ’fciranid (run’ tine k i l n  instant tor i wren reference rmrnni tes t

of tu ne comn ’ tl t lnm nr .SPU di) re Mrn zsmim m ,vr,mnd roes ’s,. utm3 F.PNdB._ Weight (.‘nnerem’Smamn , The Carmen’
0.0002 I.eoet . ‘l ime a unnrmr n f  prcr’r rnre tion to be a lum ni to line
iniorobar level t ir u mt om’cura i nn tire i-tb i’:rN I. c,’ml cmntste nl from

one-timird nictare hanoi mit nnim’r.snsru,ul dnis to n.ccsjnunfthe epertru nn for l’N L.T!mi. (rim iroise level cinangee due
SPU dl) re Cbrreri ed Man rnnu,n Senn,rd to nf lfterengae between nail’o 0002 l’ressmnoe l,,el . The sound rm nr m nrr and teSt aircraft

mnlcrobst pressure i~vel ihst mnecnir, In weigints,
ire f-tin nnme-tinlr d octave a4 ~PNd 9

__ 
Ajnpmnmneh A ogle (‘nrrrection,

bamnd of (Ire spectrum lot ‘1 he CorrectIon 10 h~ addedf’I-dLTvI corrected for to the EPNL. calcrniated
at meepinerle sound stneorp- tronn mrm n’aau reu l data to
li on. acminnmn t for n0l~e level 

~~ain.ed Tine. ‘I’m . iength of changers dune to nliflereaoss
tinuro measured from a between 3 mind tire test
reference tern approac in ang le.

((I). ((3),,, . Tin e LfrmnU. Tire beginning .OA B feet. Tokm ’off Proj) le Changes. The
and end of tire significant M degrees. c ira r rCes in the basic pan-nm’
noise time inlet rary defined .~y degrees. eta’s niefimning the takeoffby in.

at Time lr..crrmnen,t The ~~n nal ~~ degrees. profit , dr is to differences
increm en tS of t i r rme for wh ich A.. degrees. between reference and test
PNL(k) and PNL .’l’(k) are ronrdutfon..
esieulate.fI. _________________________________________________

T sat Nen.rditheg Thur. Cbsueernt.
The lengtfr of lime used so FL!GltT PIOFILZ IDxnT ?ICATI0N Poarnoses
5 referemuce in the inntongrstion
method For conmr 1nut ing Position De sc’ rf p t l ore
duration correet iona .

T Teeipe rmus re. I’Ine nnnnlnfe nt A . Sta rtof takeo fT roll .
shrnoephen-Ic temperature. B Lifto ff .

e(... .....~ dfllfeert Test Atnvnos nhevle A ilsom n(ion. 
~ Start of first co nstant climb ,

it’ dO/laoS,. Th. if mo,iih.ric attanue-
lest. tf c rn of anannil that occur, In 0 - Start of thrust reduction.

tin. i’t li one-third oct ave 10 Start of second const ant climb.
band fat the nisasured at. )c - Start of second constant climb onmoepheric tu’rrmpn’rature and
relative huurrid ty . corrected fl igh t path.
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FljoH’r PTtOFILi IInENTIr lt’ATIoN
posrriorss—Contmnued ~~~~~~ Unit Meaning

Position D escrp tion 
—- —

AM feet Takeoff Flight Track PmamarnCo,p End of noise certification takeoff Tire nirota mmee freon tine nlart
flight path. in mal i to tire takrrnit l Ight

Pc End of second constant cli00b on track po ’mtion mnlm,ng ?he
corrected fi ght m ath. extentem i rr m m t e mtl m m r ’ mi the

O - Start of noise certification 
~~~

- 
ru mmws y fmnr wi n urir the
Irosition ru t 11w armcr nnt t

pr.’sach flight path nrm’emi ur n inmnrgn’ r I’m’ mrcuurml,d .
Or - Start of noire certification ap- KQ feet Meuro,nn-ed i’o *eoff lu,’onse l’rtih,

proach on reference flight P.tb ‘l ine ni lu.tr m nmmmnmm t rnnm r sfat lOn
K to the nrm’asnm rtni nircralt

H Prmsit lofl on approach path di- porsit limn Q
rect ly above noire measuring K(~o feet Cn,rrected l ’akeoff t.’o,s, l a th ,
etat.l nnQ ‘l Ime nt m st mmmu c e frr nm uruj tmon

K to the cunrrn’cmtrml
I Start of level off. pmmsnt trnnn Qns.
Ir Start of level off on reference ap- KR feet Mecnamsred lm, k eo f l Minm n ,nmmem

proach flight path . l)naf once. ‘I’lie’ niistamrce froi,
ntnut iorm K to gioniunt It fur tbs

J Touchdown. mcmnmu nnr eml flight Imnn tfr
K . Takeoff noIse measuring station- KRo feet Correc ted Takeoff ,I!no:mmm nm
I.. Sideline noOse measuring station instance. ‘l ime nlist rnmrce from

o(at innm n K to mol t Itc on
(riot on flight track) - the con’rctsnl fl igi rt path.

M End of noise type certific ation LX feet Meo..rmred Smdetm nm ’ ‘mor se f’nmlh.

takeoff flight track. ‘l ime nllstannce t rnnnr ntslfon
1, to lime rnennsnj n-,d nalrcraft

N - Approach noise measurIng statiOn. posmninur X .

0 . Threshold of approach end of NH feet....... A rc ro/t Apgrn ’oueln lteig Ii l .  The
5.-unway vr’rt icms f dlstinncmr imu’twon,n

Limo anrersit m d  t ins op.
P Start of noise typo certification proac h rmrounsmmr (ng statio ns.

approach fi ght track . N8.~~..,,,, feet Mea srn re ul Appeomuclm tvoioe
Q - Position on measured takeoff l’alh, The drct ,mmnce ( m m

station N tm n tin e nnm ’a~uredflight path corresponding to aircraft imosit ioru hi .
PNLTM at stattcan K, N0,n- .., ,,, . test ReLemenctAprrvormch Noise

Qc Position on corrected takeoff agh. The distrmnce from sis-
flight path corresponding to tion N to the mn’f r ’r ence sir S

craft position i-1r.
PNLTM at station K. NT feel Measnneed A ppvonnrh .%ffini,mnu~

ft Position on measured takeoff Distance. lmedrrlancrm lron’n
flight path nearest to station K. station N to pounnt ‘I’ 0mm ibm

measured fliglnt (nmmt h.Ha . Position on corrected takeoff NTr feet Reference .4ppro acln ,ithnfmmmremnn
flight path nearest to station K. Litumnce. Thn iii mtanc r (morn

B Position on meas ured approach stat lmu n N to inolnrt Tr On the
oon’ectrd (11111 1 path; Itflight path corresponding to 
~~uaus 369 fm- ri,

PNLTM at station N. OH~~ feel .~~~~.,., A pprnmunctr Mennmuuneaoe,U Dis.
Sr Position on reference approach ionce.Thmn nlistancefrnm the

runmway tl mr n ”mlm o fnl lathe sp-flIght path corresponding to pmoach mn’avnmrn ’n,rmut c ushion
PNLTM at station N, ftlnnng tIme ncritrm,,Ieni cefltrr’

T Position on measured approach Iin un unft i rn n ru,rum’ny.
flight path nearest to station N. OF feet Approac h t’lngmnl Tract P1,-

160cc. ‘1 m m’ ri L’mtni,nn’e fr m nr n time
‘Fr Position on reference approach rumrwn ny t Ju r n ’ c i ”inJ tnt Irm .a p~flight path nearest to station N. tan-mac in iligiu( f ran - f t  ~rnnitIon
X - Position on meas ured takeoff smnnç thr m’ sln ’mnmlm ’rI rm’mntu’ r-

f inn, muf t in e m m  way in mr wi nchflight path corresponding to Lim o position nut t ine aircraft
PNLTM at station L, n tin longm’r bsrrcordr,d .

Ftmon’r Pmnornie t )na - rA ma c rs
_______________________________ Sec tion A36.8 Atmospheric af t  enuatlon ag

Dljtsmnoe Unit Meaning sound—(a)  General. The atmospheric at-
______________________ tcnnuat loa of sound must be determined iii

accord ance with the curves of Figure 18
- - - 

Al l feet LenØli mm! Tunl-em,fr lIeu . Tire presented In BA? ARP 866 or by the simpli fi eddimnts rm n’e mi lom mg the r ,m mr wny procedure presented below, SAE ARP 886 iitmetan ern tine s narl of tsnheoft
ro i l fl imni lift of’?. a publication entitled: “Sta ndard Values of

£K_,,,,,... lest Takeoff ,i!eursmur(mmne,mt lniatanee Atmospheric Absorption as a Function of
The mlIst~ nn-e fran, the d riFt Temperature and Humidity for Use in
of rnn f i to ihetakm nult noioe Evaluating Aircr aft Flyover Noise ” and themneaou rm nm ent O u t  loin slont
tine ezt mnmier i centtn n-ifrn e recommend~tiofla presented there on are in-
oltbe runway. corporated by reference into thi s Part and
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Chapter I—Federal Aviation Administration App. A

ore made a part hereof am provided In S USC.  (a) Nonre/ erence conditIons . (I) For all
$22(i) (1) and 1 CFR Psrt 20. This publica- atmospheric condition-is of temperature and
Son waS published on August Si . 1964 , by relative humidity where their product ii
the 8oct~ty of Automot ive Engineers , Inc., equal to or lena than 4,000. the relations hip
ioest.ti at ~ Pennsylvania Plazs, New York , between sound absorption, frequency, lam-
WY .  10001, and copies may be purohased perature . &nd humidity  must be expressed
ii that place. Copies of this publlca- by the follow ing equation :
lIon are available for examination at the

500a1’Ifi= (2/3 )  111/2) — (H’I’/l,OOQ )DOT Library, Federal Office Building IOA
Branch and at the Offic e of Noise Abatement al is the atmosphe ric attenuation of sound
both located at Headquarters . Federal Avis- that occurs in the I-tb one-third Octave
tfon AdministratIon. 800 Independence Aye- band for a relative humidity of H percent
Due, Washington, D.C. Moreover , Cop ies of and a temperature o T Fahrenheit,
this publIcatIon are available for examina- (2) Figure Al graphically Ifl umirates the
lion at the Regional Offices of the FAA. Fur- eimplifierl relationship. The second equat ion
th ern-nore. a historic, offi cial fi le will be represents the inclined line which is valid
maintained by the Office of Noise Abatement for all valu nca of NT up to and including
and will contain any changes made tO thu 4,000. For all valu es of 4 ,000 and greater , the
publication, horizontal line, represented by the first

(b) Ref erence conditions. For the refer- equation, is valid. The minimum, reference,
mace atmospheri c conditions of temp erature and maximum values of humidity and tern-
sad relative bunaidity equal to 77 F. and 70 perature are indicated in Figure Al.
percent, respectively, and for all other con~ditions of temperature and relative humidity Section A36 .6 Z’)eteIled correcfton proce-
where their product is equal to or greater dure s—(a) General. If the noise type certifl-
than 4,000, the sound absorption must be ax- cation test condltiOn~ are not equal to the
pseseed by the following equation : noise certification reference conditions. ap-

propriat. positive corrections must b. made
alO’ = ft / 600 (dB/ 1.000 ft.) to the EPNL calculated from the measured

gb ’ is the atmospheric attenuation of sound data. Differences between reference and test
that occurs in the i-tb one-third octave conditions which lead to positive corrections
Dead for the re ference atmospher ic condi- can result from the following:
tion, and ft Is the geometrical mean fre- (1) Atmospheric absorption of sound tin-
quency for the i-tb one-third octave band. tier test conditions greater than reference,

4 j T r i p  n m T r i o 1  iii n m u m  m p in  I iii Ij i l  11’ m i n i  j n  r i m  ion ij i m l I i i m 1n m u  r i m  m 1 T I

— H ° 30%
>. - T~~4i °FI-)
Z 3 —

~~~~~~~
-- —.--- _____- ______ _._-_ 

-

a r m

2 — - — 

~~~~

tl

S
00

T = 7 7 °F T = 8 6 ’Fo .~ : 
H = 70% H = 9O0~.
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App A Title 14—Aeronautics and Space

(2 )  That fl ight path at higher al ti tude amid reference profiles . The SPL values La the
than refen’enoe , and spectrum of PNLTM are then corrected f~

(8) Test weIght lees than maaimum. the effects of .
(I) Change In atmospheri c mound

)legative corrections are permitted it the absorption,
stmospheric absorption of eound Uniter test (2) Atmospheric sound abaorpUOu on th.
oondiiIonm iii lees than reference an alsO ctunnge In nmm lee path length.if the Lest flight path is at a lower altitude
than reference. 

(3) Inverse square law on the change ii
no~ae path length.

The takeoff teat flight path con occur at a
higher altitude than reference if the meteor- The correc ted valu es of SF1. are then con-
ological conditions permit superior aero- ten’tc d to PNLT from which is aubtrmtcted
dynamic performance (“Cold day” effect ). PNLTM . The muilorence represents the correc-
Conversely, tire “hot day” effec t can cause t ion to be added algebraically to the ZPNL
tb ’r takeoff test flight path to occur at a calcula ted from the measured data.
lower altitude than reference. The approach The minim um distances from both the
test flight path can occur at either higher test and reference profiles to the noise mess-
or lower altitudes than reference irrespeo- urt -rg station are calculated and used to
tlve of the meteorological conditions. de - -~m mine a noise duration correction due

The correction procedures presented in the to m.’me change in the altitude of aircraft fly-
following discussIon consist of one or more o er. The duration correction is added .1g..
of five possIble values added algebraically ~~ 

ti sICSJ1Y to the ZPNL calculated from the
the p:PNL calcailmuted as if the tests were con . icuumured data.
ducted completely under the noise type certi- From approved data in the form o cureel
ficatlon reference conditions, The flight pro- or tabit,. givIng tho variation of EPNL with
files must be detar’mlned for both takeoff rind takeoff woirht and iulimo for landing weIght .
apProach. and for both rv’iernruice and t.eel rm rrm’ m’t i u~uus ire det m’ rmnlmuv d 10 he ft~tc1ed to
conditions. The test procedures require noise the 1!FNL caicomlnuted from the mervm ured data
and flight path recordings with a syuchro- to 8~ COiLflt for noise level chamui:e’e due to
nized time signal from which the test profile differences between m axim um and test air-
con be delineated , including the aircraft craft weights.
position for which PNLTM is observed at the From approved data In the torso of curves
noise measuring station. For takeoff , a flight ~n- tables th ing the yarlaUcmn 01 EFNL with

profile corrected to reference conditions may aPprmMhCb angle, corrections are determined

be derived from manufacturer ’s data , and for to be added algebi’msicaliy to the EPNL cal-
culated from measured data to account friapproach , the reference profile Ia known. 00150 level changes due to differences b..

The noise paths from the aIrcraft to tile tween 3 and the test approach angle.
noise measuring station corresponding to (b) ?‘akcofl pro /l ies . Figure A2 Il lu s t ra te.
P?~LTM ~re determined for both the te,’t a typical takeoff profile. The aircraft begins

F

A

I K M
3.5 N.M. I

‘ I
6 N .M . MINIMUMII-

FIGURE A2. MEASURED TAKEOFF PROFILE,
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the take ,mff rimli mit point A. lifts off mit point tween the mneasui r- i i  and corrected takeoff
B, and immitla t ,e s the first constant climb at Iliglmt Iri liles m a n  t h e n  be used to determine
point C at an angle ~~. The noise abatement thm’ corr’ ctions, whIch It positive, must be
thrust cum lamek is started at point D trout applied to the EFNL calculated from the
c&mm nple~~-d at point S where the second con- inemus ured data.
shunt cli m b Is defined by the angie ~ (usU- N’ r~ Under rm’f e renee atm ospheric con-
ally expr v n ’a’d in terms of the gradient in (iltious anti with maxIm um takeoi! weight.
per cent I - the gradient of the e.econd constant climb

The end of the noise type certificatIon mingle , ~~, is specifi”d to he not lesa than 4
takeoff flight p~ith lv represented by aircraft pm.rcent . h owever , the act minI gradIent will
position F whose sortIcal projection on the deimond UII0T1 the test atmospheric condi-
flight track ~extonded centerline of the run- h orns . im.sstmnui ng mtix imnnumn t.’ri~eoIT weight
way) is point M. The position of the aircraft mind the (Isranjeters chaz-mu.ctcrlzlng engine
must be recorded for a distammce AM of at performance nrc constant (rpm, epr , or any
least 6 nautical wiles , other paramete r insed by the pilot-) .

PositIon K is the takeofi noise measurIng Figure A4 Illustrates portions 01’ the mess-
station whose distance AK is specified as 3 5 ujed and corrected takeo ff flight paths In-
nautical miles. Position L Is the sIdelIne noise chiding th~ sIgnificant geometrIca l relation—
measuring station located on a line parallel ships influencing somitid propagation. ~~to and a specified distance from the runway reI,rcsents the measured second constant
centerline where the noise level during take- flight path with climb angle ‘~ . amid F,cFc
off is reatest. rm ’ pr m’ se m mt s the corrected second oonetant

The t ,~..eetT profi le Is defined by the fol- flight path at reduced altitude And with rs—
lowing f ive pars unclers : AS. the length of citmce (I climb angle fi —
takeoff roll; ~~. the fi rS t constant ~ilmb angie; Posit Ion Q represents l ime aircraf t 1ocatio~
‘i. the seccad constant climb ang le; and cm tn the mc- m.sured takeo ff flIght path (mr which
I and i, the thrust cutback angles. These five PNL’I’M I’m observed at the noise mnm’ asurling
parameters are functions of the aircraft per- v~:at lem n K, and Qc iv tIme corresponding poel-
fornnnnce m end weight and the atmospheric t lon ott  the corrccted flight pat Is. The meet-
om m mn d l t ion m 5 of temperature , pressur e, and tired and corrected noise prm’pagation paths
wind velocity end direction. If the teat con- are 1~Q and KQc . respectively, which form
dit lons mine nut equal to the reference condl- the same angle 0 with their flight paths.
tlous, the corre.cpondlng test and reference Postt ir,n it represents the point on the
profile pit  nmet.c re will be different as shown rnm’misumred takeoff flight path nearest the
in Figure A3 . The lirofile 1-arameter chmmn t ;e~.. n0 t~e mmlm’fl.sUrIflg Station K , and Re is the
Identified as AAB. M ton. M. and At . can c ’rreepon(ting positIon on the correct.d
be derlv ,td from the manufacturer ’s dmita hlIgtmt path. The minimum distance to the
(approved by the FAA) and r’an be used to m m mn ’ a.sured and corrected fl.iglst paths are in-
define the flight, profile corrected to the dicated by the lInes KR and Kite . respeo-
reference conditions. The relation.ehlpa be- lIvely. which are normal to their flight paths.

M[ASURED F
~~~~H T

A AB

FIGURE A3. COMPARISON 01 MEASURED AND
CORRECTED TAKEOFF PROFILES.
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ME ASUR E D F
FLIGHT Q
PAT H

R ii
Fc

_____ 

1Ip

~~ c
1us 

~~

________ 
Rc

8’./ CORRECTED
~~~~~~~~~~~ r / FLIGHTEc 

~~~~~~~~ I / PAIH

/
I /I
’ 

/
I /

/
‘I /
i
t /
i f

/

K

FIG URE A4. TAKEOFF PROFILE CHARACTER ISTICS
INFLUENCING SO UND PROPAGATION.

(0) Approach profile.. Figure M illus- P The position of the aircraft must be re-
tr*te. a typIcal approach profile. The begin- corded for a distance OP from the runwayning of the noise type certi fi cation approach threshold 0 of at least 4 nautic al miles .
profile is represented by sir~~aft position 0 The aircraft approaches St an angle e.who.. vertical projection on th* fl ight track passes vertic ally over the noise measuring(extended centerline of the runway ) is point station N at a height of NH. begioa the level

I N .M.

4 N.M. MI NIMUM

FIGURE A5. MEASURED APPROACH PROFILE.
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MEASURE D
APPROACHG 
PATH

APPRO
PATH 

ACH

N

F1CURE A6. COM PARiSON OF MEASURED AND
CORRECTED APPROACH PROFILES .

~~ at position I, and touches down at poe1- the reference approach flight path at lover
hon J. The distance ON 1~ specified ma 1.0 altItude and approach angle of $ .
nautical mile. Position B represents the aircraft iocatlc.~The approach profile is defined by the ftp- on the measured approach flight path fob.
preach angle m’ arId the height NH wh ich are which PNLTh( I. observed at the noise mess-
functions of th . aircraft operating conditions ui ng station N. and Sr I. the corresponding

position on the referenc. approach flight000trolied by the pilot. If the measured ~~~ path. The measured and corrected noisepreach profile parameters are different from propagation path . are NB and NSfm T~~pIOth, corresponding reference approach parain- tiv ely . which form the same .ngls k withiter

~ 

(3 and 370 feet. respectively, as shown their fli ght paths.
In Figure A8) • corrections, U positive, must Position T represents th. point on the
be applied to the EPNL calculated froili the measured appro ach flight path nearest the
measured data, noise measuring station N. and Tr I~ in.

P’lgure A7 iliustrates portions of the mess- correeponding point on the reference ap-
med and reference approach flight paths proach flight path. Th. minimum dl.tanc
including the significant geometrical rela- to the measured and reference flight paths
tionahips influencIng sound propagation, are indicated by in. lines NT and NTr, ye-
0! represent. the measured approach path spectively, which are normal to theIr flight
with spproach angle ,, and CirIr represent. paths.

I
H

I MEASURED
APPROACH

Cr PATH

~~~~~~~~~ Ir

t I &7i a,1,~, Sr )m

~~~~~~~~~~ 

370 X ,
I n I /  I

I / -‘ REFERE”~CE
1/ APPROACH

IrI I ,-’ PATH

N
5-

FIGU RE A7. APPR OACH PROFILE CHARACTERISTICS
INFLUENCING SOUND PROPAGATION.
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Nor, The rererenos approach flight path corr ect io n term account, for the effects of
I, cleflned by ~=3 and Nli= 370 fret. Con- atmospheric sound atcorpuon on the change
eequ ent iy. NTr can also be defined: NTr = 369 in the noise path length where KQc is ths
feet to the acarest foot and is, therefore, corrected takeoff noise path. ‘The third cor-
considered to be one of the reference rection term accounts for the eiTect~ of th•
parameters. Iz iverse square law on the change In the

(d) PNtT corrn’tlofls . Whenever the am- noise path length.
blent atmospheric conditione of tempera- Ihe correcte d values of 6PI.Ic are thee
ture and relati ve humidity differ from the con vertod to PNLT sod a correction term
reference conditions (7’P F. and 70 perCent. e~ Icu1ated as follows :
respectively) and whenever the nieastir,d PNLT—l’NLTMtakeoff ~nd approach flight paths differ from
the corrected and reference flight paths re- wiilch repre ’.ents the correct.lon to be added
~pective Iy. it may be necessary or d esirable algebraIcally to the EPNL calculated from
to ap, ly correction.c to the EPNL values cal- the nteaaurccl data.
cutated from the measured data . If the The Same procedure is med for th. ap-
correction. are required, they must be proach flight path except that the values
calculated as d”scribe’i below. for SPLIc relate to the approaCh noIse path.

Referring to the takeoff flight path shown shown in Figure A? as foUows:
In Figure A4 , the spectrum of PLNTM ob- SPL1c=SPL1-f (al.--aio) Nbserved at station K. for the ~itcmaft at p0- 

+ ~Io (NS — NSr)sition Q. Is decomposed into It, indivIdual +20 log (NB NSr I
SPLI values. A eat of corrected values are
then computel as follows: where Nil and NSr are the measured and

reference approach noise paths, respectively.SPLtc =SPU f ( a i — a i o )  EQ The remainder of the procedure is the earn.+alO ( KQ— RQc) as for the tdtlo’c,ff flight path.4-20 log (KQ/KQc ) The same procedure Is used for the side-
where SPL1 and SPLic are the measured &nd line flight path except that the values for
corrected sound pressure levels, respectively. SPLio relate only to the me~~ured sIdeline
in the i-tb one-third octav. band. The first noise path as foliows:
Oorrectlon term accounts for the effects of SPLIC SPI4 4 ( e l — s b ) LXchange In atmospher Ic sound absor ption
where si and aio are the sound absorption where LX is the me.tsured sideline noise path
coemclenta for the test and reference SI- front station L (Figure A2) to position X of
uiospherlo conditions , respecti vely, fo r the the aircraft for which PNLTM Ia obeer’ved as
i-in one-third octav , band and KQ i.s the statIon L. Only the correction term S000ufl$.
measured takeoff not,, path. The second lng for in. effects of change In atmospheric

E P NL 
~~~~~~~~~~~~~~~~~~~ I

TEST MAXIMUM

I-

AIRCRAFT TAKEOFF WEIGHT

FIGURE A8. TAKEOFF WEIGHT CORRECTION FOR
EPNL AT 3.5 NAUTICAL MILES
FROM BRAKE RELEASE.
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Chapter I—Federa l Avi atio n Administration App . A
.ound absorption I.. considered. Th. differ- = — 10 log (Nr/36c1 )
mce hetweeu the measured and corrected where NT is the measured approach niliti-atoto path lengths are assumed negligIble moot distance front the noise measuring stAt-for the sideline flight path. The remainder tion N to the meruured flight path and 369of the procedure Ia the same as for the takeoff feet is the minimum distance from station
~Igbt I*th. N to the reference filgbt path .Ie) Duration corrections. Whenever the No durati~n co rrect ion La computed fot
~~asured takeoff and appro ach flight paths the sideline tiight path because the differ-differ front the corrected and reference flight ences betw een the measured ati d correctedpaths, respectIvely. tt m.iy be necesce ry or night paths are assumed negligible.desirable to apply duration corrections tO if) We ight rorrcc tion& Whenever the air-the P~PNL values calculated from the mess - craft weight, during either the noi~o typeOrel data. Xi the corre ctio ns are required , certi fic ation takeoff , s ideline , or approachthey shall be calculated as described below , test , is less than the corresponding maximumReferring to the takeoff flight path ehowo takeoff or landing weIght, a correctIon mustin FIgure A4 . a correction term lv calculate d be applied to the EPNL value calculated fromis follows: the measured data . ‘Iha corr ctions are doter-

— 10 log (KR,KRc) mined from ~pprovecl data in tho form of
tables or curves such as schematically m di-which reprerente the correction to be added cat .ed in Figures AR and A9 The data mustalgebraIcally to the EPN’L calculated from be appl icable to the noite typo cert ifie.a t lon

be meoaured data. The lengths KR and KRe reference atmospheric conditions.ste the measured and correc ted takeoff (g) Approach angle cor rectIon s . When everminimum distances , respect Iv~ Iy. from the the kircraf t approach S a i d  during the noisenoise measuring station K to the measured ‘,,ype certincatlon approach teet is greatersod cor rected flIght paths . The negati ve sd. ~fl than 3’ , a correction must he appited to theIntheates that, for the particular case of a FPN~L va lu e calculated from th~ measuredduration coriectiun, the EPNL calculated data , The corre ction s are determined fromfrom the measured data Is reduced If the approved data In the form of tables or curve.measured flight :,ath is at a greater altitude 
such as schematica ll y Indicated In Figureth&n the corr ected flight path.

The same proced ure Is used for the ap. A lO . The data must be applicable to the
pto*ch flight path except that the correction noise type cer liflcatlon reference atano s-
relates to the approach tnlnlunum distances phefic conditions and to the test landing
Shown in Figure A? as foiiowe: weight.

EPNL ____

~~

TEST MAXIMU M

I I
A I R C R A F T  LANDIN G W E I G H T

FIGURE A9. APPROACH WEIGHT CORRECTIO N
FOR EPNL AT 1.0 NAUTICAL MILE
FROM RUNWAY THRESHOLD.
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EPNI 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

4

3<) TEST

ANGLE OF APPROACH~’7

FIGURE AlO. APPROACH ANGLE CORRECTI ON FOR
EPNI AT 1.ONAIJT ICALM ILE
FROM RUNWAY THRESHOLD .

APPWDIZ B.—Ancaarr Noz EVALUATSOW subjective response to the presence of the
Uloan S 36.103 maximum tone.

Section B36.2 Oenei-aZ. The procedures ~~ 
(C) The tone cor rection factor Is added to

this appendix must be used to determine ~~• 
the perceIved nois, level to obtain tone cor -

noise e,siu*tlon quantity designated as reeLed Perceived noise levels . PNLT k) ,  at
effective perceived noise level, ~~aNL, under each one-hair second incre ment of time. The
5 36.103. These edure., which us. th. instsnta neou~ value, of tone correc ted p-
phys ical pro perties of noise measured am J~ .- 

celved noise level are noted with respect to
scr ibed by Appendix A of .

~~~‘. ~~~~~~ , ~~~~~~ 
time and the maximum value. PNL’I’V. ~

of the following: determined.
(a) The 24 one-third octave bands of PNL’l’(k)=PNL(k)+C(k)

sound pressure level are converted to per-
ceived noisiness by means of a noy table. me Cd ) A duration correction factor , D. is
nay Value. are combined and then converted computed by Integration under the curve of
to instantaneous perceived noise tev.ls , tone corrected percei ved noise level vetece

time.
(b) A tone correction factor, 0(k). is ca,l (e) Effective perceived noise level, EPNL. is

~Ul*t.d for each sp.cu ’um to account for the determined by the algebraic sum of the marl-
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mum ton, corrected perce ived noise ).evsl and r w
lb. duration correction fsctor. N(k) ‘ (k)+O.ll n(i, ii J —.(k)

L ~ t
EPNL=PNLTM+D

Section 04363 PerceIved noise l~wei. In- 0.tie(k)+O.I5E nO, k)

stentaneous perceived noise levels. PNL(k),
must be calculated from Instantaneous one- where 11(k) Is the larg st of the 24 value. of
third octave bend mound pressure leveis, n(i.k) and N ( k)  is the total perceived
SPL( .k). as follows: noisiness.

Step 1, Convert each one-third octave Step 3. Convert the total perceived noiei-
bend SPL(i,k). from 60 to 10.000 Hz, to per- n~~~, N(k). into perceived nols, level . PNL(k).
wived noislnee,, n(i,k). by reference to by the foUowlng formula :
Table 81. or to the matbematiesi formulation PHL(k ) =40.0+33.1 log N(k)
of the nay table given in I ~3~ ’ °~ ~~~ which is plotted in Plgure 81. PT1t(k) may
appendix. also be obtained by chocnthg N(k) In th

Step 2. Combine the perceived nolitfl 1,000 Hz column of T*ble Bl end then read-
value.. n(i.k). found in step 1 by the 1mg thø corresponding value of SPL(i.k)
following formula: which, ~t 1,000 Hz, equals P8L(k).

150 
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Section B3& 3 Correction for spectral Ir. s ’ (24 , k) ~~SPL’ (24, k) SPL’ (33, k)
regular ities . Noise having pronounced irreg- i’(25, k) s ’(24 . k)
ulsrt t ies In the spect rum (for example . dis. . Step 6. For I from 3 to 23, comput. theCrete frequency componen ts or to rt es) , must arithmetic average of the threS adjacentbe adjusted by the correction factor C(k) slopes am follow.:calculated as follow,: —

Step 1. StartIng with the corrected sound e(1,k) = (1/3 )J a ’ (I, k) +5 1( 1  + 1).
pressure level In the 80 Hz one-third octave 4 51(1+2). kJ I
band (band number 3). calculate the Step 7. Compute fi nal Cd)Usted one-third
change . in sound pressure level (or “alopes ) octave-band sound pressur e level s , SF1. ’
in the remaInder of the one-thi rd octavi (i .k ) .  by beginning with band number 3 and
bends as follo w,: proceeding to band number 24 as follows:

s(3 ,k) =no value 8P L” (S. k) =SPL( 3 . k)
s14.k l =SPL (4.k ) —SPL (3 ,Z) 8PL ”(4. ki =8PL” (3 . ki 4.1*. k i

s( i.k) =SPL(i,k)—SPL(( I— l ) .k J ‘ -
8PL”(i ,k ) = SP L ” ( ( I — l) , k l + s I ( i — l ) k J

.(24 .k) =SPL(24 k) — SPL (23,k)
SPL ”(24 . k) =SPL ” (23 . k)  +s(23 . k)

Step 2. Encircle the value of the slope ,
s( i .k) ,  where the absolute value of the Step S. Calculate the differences. F(i.k).
change in slope is greater then 5; that is, between the original and the adjusted sound
where pressure levels as follow.:

ash , kH—Is ( I . t ) — .Ui— l) . kJ I>& . F( 1k) = SPL.(i,k) — S1’L ’( 1k)
Step 3. (a) U the encircled value of the and note only value greater than zero.

slope s(I .k) is positive and sigebraicafly Step 9. For each or the 24 one- third octave
freater then the slope s t ( 1— 1) .kJ , encircle bands , determine tone correction factors from
8PL(1,k). the sound press ure level differences F(i .k)

(b) If the encirc led value 01 tflO slops s(l.K) and Table Ba .
I. Lero or negative and the slope s l i— l) ,kl ‘Jtep 10. Design ate the largest of tile Con.
is positive , encircle (sPL 1(i—l).kI) correction factors , determ ined in Step 0. is

(c) For all other cases, no sound pressure C(k . An example of the tone correction
level value is to be encIrcled , procedure Is given in Table B3.

Step 4. OmIt aU 8PL(I.k) encircled In Tone corrected perceived noise level .
$ and comput, new sound pressure leve ls PNLT(k) are determined by adding the C(k)
SPL’(I.k) am follows value, to correspo nding PNL(k) value s, that

is.(a) For nonencircied sound press ur e levels . P~~ T(k ) =PNL(k) +C(k)let the new sound pressure levels equal the
original Sound pressure levels , For any I-tb one-thIrd octave band , at lay

SPL’(I.k) SPL(I,~~4 k-tb Incre ment of time , fo r which the tone
correction rector Is suspected to result froir

(b) For •ncirc led sound pressure levels In something other than (or in addition to) an
bands 1-23 , let the new sound pressure level actual tone (or any spectral Irregu larIty
equal the arithmetic average of the preceding other th~~ aircraft noise), an add itional
and following sound press ure levels , analysis may be made using a filter with a

bandwidth narro wer than one-th Ird of an8P 1,’(l.k )  CCifl SPL Id— l) ,k J+SPI.ru +fl ,t Ii octave. If the narrow band analysis cor-
Cc)  If the mound pressure level In the robo rates that suspicion , then a revised value

highest frequency band (1=24) is encircled , for the background sound pressure level.
let the new sound pressure level in that ST’L”( i,k) ,  may be determined from the
band equal analysi s and used to compute a revised tone

SPL’(24 .k) =SPL(23.k) +s(23 . k .  correction factor. F(I .k) , for that particular
one-third octave band.

Step 5. Recompute new elope.,’ (1 k) ,  In. Section 536.4 Maximum tone corrects.eluding on. for an Imaginary 26-tb band , am pe rceived noise level. The maximum ton.follow s: corrected perceIved noise level . PNLTM . ~s ’(8 , k) rrs ’( 4, k) the max imum calcul ated value of the ton.
5 ( 4 , k) SPL’(4, k) — 8PL’(*. k) corrected perceived noise level . PNLT(k), cal.

ciliated in accordance with the procedure of
- I 836.8 of this Appendix. Pigure Ba i. an es-
- ample of a fl yover noise time history wh.r.
e’(i .k) =SPt/(l ,k)—SPLI(i_ .l) kI the maximum value is clearly indicated .

Half-second time interval.. ~t, are ssnall
enough to obtain a sat isf sctory noise tine
history.
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8 1 1 1 1 1 1 1 1 1 1 1  l i i i  
~~~~

i T i  I j i l  I l ~~~

7 _

500 ~~ f ~~ 5000 HZ
-

•0

U 5
C
.2
t 4

~~~~~~~

T

v

~~~~~~~~~~~~~~~~~~~~~~~~~~

1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0 3
V

~~~500 HZ
,/
‘ 

,, _ —
~~~~~~ f ~ - 5000 HZ1 .

J i l l  I I  i i i  i i i i  i I0 ‘ ‘0 5 10 15 20 25
Level Difference F, dB

Leve l ToneFrequency 
Diffe’ence Correction

F, dB C, d$

F~~~~~3 0
5O~~~ f .

~~~ 500 3 ~~~ F .
~~~ 20 F/6

20~~~~F 3 1/3

F ’ ~ 3 0
500 ~~ f ,~~~ 5()fl4) 3 ~~~ F .

~~~ 20 F/3
20~~~~F 6 2/3

F - ~ 3 0
5000 .

~~~ f ~~ 10000 3 ~~ F .
~~~ 20 F/6

2O~~~~F 3 1/3

Table 3 2 -  Tons Coirection Factors
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@ ) ® ® ® ~~~~® Q ) ® ® ~~~®
Ba nd f SPL ~ i~~Si SPL’ S’ S SPL F C .
(i) HZ dB dB dB dB dB dB dB dB dB

Ste p Step Step Step Step Step Step Ste p
1 2 4 5 6 7 8 9

50 - - — - — - - -

2 63 — - - - - - - — -iii- 
~~~~~~~~~ 1P ~~~~~~~ . _Z9 ~~8 . 2J/~~ 

L Q _  -
4 100 62 — — 62 — 8 i3 1/3 67 2/3 —

~~~~~~~~~ 
V’S ( 0  (

~~~Jo 7 1 4 9  6 2/ 3 7 1 -

_!(‘°. 80 10 
~~~~ ._ ~P.. _ _ ±?lZ~ ~~~~~~~2L3~~~lJL~~~~~~~~~~~~~

~~~ ~~~~~~~~~~~~~~~~~~~~~ ~c2L~~~ •
82 

~~~~~~~~~ ~~~~~~~~~~~~~~

.8_ 2~P :~~~ 
1

31 7o ~~~~~~~8 76 -3 i_1/3 77 2/3 -
400 ~~0 i ( ~ 4 )  H 1 8 2 

—
11 500 80 0 4 80 ~2 0 79 1
1 2 630 79 — 1 I 79 — I  0 79 —
13 

- - 

800 78 — I 0 78 — 1 — 1 3 79 —

-- -

I~ — ~~~~~~~~ ~~~~~~~~ - ..3 - ~~3 ~8 2 , 3  1~~~~3
15 17~0 78 — 2 .1 78 —2 — /3 78 —

J~~~. .L6QP _2k_ - 2  1 L~
_ -7 1 1/3 Z~~/ 1

17 2000 79 3 5 79 i3 4 1  78 1
i F )  2500 (8~ 6 3 79 0 - 1 3 79 6 T~~~~ J

19 3b0 _ 79 - .
~
) J? P 0 - 2 2 3  7 8 2 ’ 3  

- i 7~20 4000 78 — 5 78 —i 
- . 

— 6 1  ‘3 76 2
~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~ ~~ ‘ j

22 6300 ôU — I I  4 60 ‘
~~i’T — 8 2 ~3 61 2/3 —

23 8000 54 - 6  
- 

5 54 -6 -8 53 1 0
24 1 0000 4~ — 9 3 45 —9 — 45 —

— 9

Siep 1 ( 3 ) (~) —
~~

) ( —
~~1 Siep 6 [© (i) ‘H..7) ( i l l)

Step 2 4 ) 0 )  — (440 — I  ~ (.~~) (~ 4 2 ) )  -2 3
S i p  3 see ri’~t iuc t~o nsj  Stop 7 (~~ ( i—I )  4
Slop 4 ‘~co hi

~
.t r uc 6on

~ I Step 8 (3 ) 0) — I9’
~ (V i

— Sto p 5 6~ ~~ 
) — (6) ( 1 1  

~J Step 9 see Tab le ~ 2.

Lihi ’ RI.  Ex.irnp l’  of  Tone (.~~t 1 , ’ l i on ( : . i I . l.it ion
or i ‘lot - t i  iii Em’ in~

If there are no pronounced irregularities in PNL4 k) .  For this case , PNLTM would be the
the spectrum, then the procedure of I B36.3 maximum value of PNL(k) and would equal
of this Appendix would be redundant since PNLM.
PNLT(k) would be identically equal to Section B36.5 Duration correction. The
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PNITM 
— ______________________ —

2 o
St

v — i  PN LT (k)
h-o

C —

Si >

o 1~~t

V --
C _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _0 —
I.-

d

t(l ) t(2)
Fl yover lime t, see ,

F i g u r e  82. E x a m p l e  of Perceived Noise Level Corrected
f o r  Tones as a Func t ion  of A i r c r a f t  Fl yover
Time

duration correction factor D is determined USIng the above values, th~ equation for D
by th e Integration technique defined by the becomes
expression :

D—l Olog [ I T f i  atit lN L T/ lo  • i t ] — ’Nl~’rM ii- ii) lee m l  (I’NI.T(k)/IO)]_I’NLTM- 13

uhere T is a norvnailzlng Clime const an t . w hi’,-e t h e  inte’eer d Is the duration time
PNL’I M Is the maximum value of PNLT. and dofloe d by the points that are 10 dB lees

than 1’’!I,TM .Ill) and t(2) are the limits of the significant 
If the 10 dO-d c n points fall between cal-nfl-c t,Lme history. cu lated PNLT(k) valuee (the usual came),Since PNLT is calculated front measured the applicable~ limits for the duration tu ne

values of SPL. there wifl. In general , be no n Ust be chosen from the PNLT(k) valuesobvious equatIon for PNLT as a function of ci -” t hi PNITM—IO. For those cases wIthtime’. Cnnsequeiit iy, t he equation can be re- mor e than one peak va lue of PNLTIk), the
written with a summation sign Instead of an applicable limits must be chosen to yield the
Integral alga as ioliow.: In gest possible value for the duration time .

If the value of PNLT(k) at the 10 dB-V.,
) I I0I I —PNI,TM d e n  p Ints 15 90 PNdl3 or ic ’s , t h e  value ofD- iO log [ui’r ~~ At ant (PNLT(1 

d may be taken as the tIme interval between
the initial and the final times for whichwhere ~ t I. the length of the equal there- PN!,T(k) equals 90 PNdH.ments of time for which PNLTIk) is calcu- Section 836.6 ~f 7e c t t i e  p erce ived noiselated and d Ia the time interval to the 
~~ i The total subjective effect of an aIr-

nearest 1.0 second during which PNL’l’ (k) is cta f l  iiyovcr 1.c designated “cilectlve per-
within a s peci fi ed value , h, of PNLTM . ce i~ cd noise level ,” EPNI , and is equal to
Half-second time Intervals for At are small t h e algebraic aum of the niaximum value of

enough Cu obt ain a saUafact,ery history of the the tone corrected perceIved noise level.
perceived noise leve l . A aborter time Interval PNI,T?tT, and the duration corre ction . D
may be selected by the applicant provided That Is,
sproved limits and constant, are used. EPNL = PNLTM -4 0

The following values for T, tat, and h, must where PNLTM and 0 are calculated under
be used In eslculating 0: 

~J 836 4 and B36.5 of this appendix.
T= 10 eec, The above equation can be rewritte n by

At =0.5 usc . and substitut ing the equation for 0 from I 836.6
ii = 10dB. of this appendix, that W,
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a one or two straight lines dependIng upon ibm
EPN L—lo hog [,Z ant ll’NL’i’(k)/IOi]_13 frequency range. F’tgure U3~a) illustrates ibm5—i (louble line case for frequencies below 460SectIon B36.7 Mathemat Ical / ormuiation }~ and above 6,300 Hz and Plgure 83(b)

0/ noy tables. The relation ship between sound
pressure level and perceived noisi ness given Illustrates the single tine case for all otbmr
in Table Bi Is illust rated In Figure 83. The fr e l ue nci es,
variati on of SPL with log n for a given one- The important aspect, of the mathematical
third octave ban d can be expressed by either fornaulatlon are:

—5

U-.

C
>

SPL(.)
D

St

SPL (b)-

~~ 
I

9 .— I f . ~~~4OO H Z
I f~~~~63OO HZ

-, I
SP L (c) ‘ I (a)

log n(s)

Log Perceived No,~ineis , log n

C

-i
a.

>
-

~~

St

V

4OO~~~~f~~~~63OO HZ

SPL(c ) (b)

Log Perceived Noisiness , log n

Figure B3. Sound Pressure Level as a Func tion of Noys.
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1. the slopes of the straight Une.. p(b) pressur e level as a function of perceived
5~d pie), 

noisIness.
2. the intercepts of the lines on the SPI,- Ar erseix C—Noisx Lxvr.i,s rca SODS0NIc

ails, SPL(b). and SPL(c) ,  and ‘~~~A NSpO T CAT EGORY AND ‘I’ URBOJ$T
3. the coordinates of the dIscontInuIty. Powv.nr.a AIRPLANeS UNDER I 36.201

SPL(a). and tog n(a),
The equ:iiions are as fol’nws : Section C36 .1 Noise memurement and

Came 1. FIgure 83(a) , f < 400 Hz. ~ l’a !UO(. ~~n . Compliance With this appendix

>6300 h z. must be shown with noise levels measured
and evaluated as prescribed , re pectivc lv , by

p(c)SPLIb) —p) b)SPL(C) Appendix A and Appendix H of th Is part, or
SPL(a) 

~~
—-— under approved equivalent procedures.

plc) — p(b) Section C36.3 Noise mcasuring points.
SPL(c) —SPL(h) Compl iance with the noise level standard.

logn(a) =— — of I C36.5 must be shown—
pt b ) — - p(c ) (at F r  tak eo it . at. a point 3.5 nautical

(a) SPL(b) �SPL. °‘ SPL(a). miles froim t in’ ‘.tart of the takenir roll on the
extended centc’rline of the runway;

SpL—sPL(b) tb) F r  approach , - a po:nt 1 nautical
n=s.nt mile from the threvhold on the extended

p(b) center line i t  t he  runway: m d
(b) SVL ~~SPL(a). c i  For t h °s i d  ‘line, at the point , on a line

SPL—SPL(c) paralle l to n i t  025  nautical miles ttom the
fl=ant exieu ’d c :erline of the runway, where

plc) the none Ici ‘ 1  if’ er ii(to ft 15 greatest . e::cept
(C) 0 .<lca= 0 log 0(a ) .  that.  for a rplanes powered by more than

SPl~ plli) log n-(-S?L(b) three turboje t ei gtne~, this distance must
(.1) log ~ ~~ 0( 5 ) .  

be 0.25 oati l teal m:ics .
SPI, --r 1 (c ) h g  ~ + spb(c) Sec t ion C36 5 Noise levrtj — (a) General.

Except as provided in paragraphs (b) end
Ca3e 2. f’igurs B.’t(h) 400 ~~f ~~6300 Hz. ( C)  ~~ th is SeCt i on , it n-lust be shown by

(a) SPL~~ SPI.tc). htight tin t that ihe noise levels of the ai r—
i/PL - SFL.(c) p~~n’ . at the m a  uriog point.s prescribed in

fl_ ant 3G .3. do not exceed tic foih nwing (wIth
appropriate interpolation between weights);

(b) log n ~ o. (I) For approach and aIdehin. . 108
SPL-’.p(c) log n-4-ST’L(c) EPNdD for maximum .‘ighta of 600.000

Let the reciproenis of the elopes be defined as. pounds or more , less 2 ~PNdfl per halving
M(I, ( =l/p h of the 600,000-pound masincum weight down
MId =1/plc)  to 102 EPNdB for maximum weight, of 76,-

Then the eqtzati ( ns can be written, 000 pounds and tinder.
Case I. Figure 83(a) , f<400 Hz. (2) FOr takeof f . 108 EPNdB for maximum

f>6300 Hz, weights of 600,000 pounds or wore , tees 5
EPNdB per halving of the 600.000— pound

M(b) SPL(b) — M(c) SPL(c) maximum weight (town to 93 El’NO,li for max-
Mi b) — M( c )  Imum weights of ‘75 .000 pounds and under.

(b) Tradeoff. The noise levels to ps.rtsgraphM ( b ) M ( C i I SPL(C ) ’-’SPL(b) I (a) may be exceeded at one or two of thelog 0(a) = — Mi c ) M Ib) measuring points prescrIbed in i C36.3. If—
a) sI Li t) ‘~ SF1, ~~SPl4n).  (1) The su m of the exceedance. is not

n - a n ’. Mi bt SPL— SPL(b)) greater thac. 3 EPN4B;
lb I SN. ~~SPL) a ) .  ( 2 )  No exreedance is greater than 2

n ant M ( c )  (Sri. —SP L.(c ) I EPNdB: and

(c~ o~~ h g  n — l o g  0(5). (3) The exceedance s are complet ely ofte et
by reductions at other required meas uring
points.

(C)  Prior uppllcatfona. For applications
(d) log o ~~‘ tog n(s), made before l~ecember 1, 1969, (or airplanes

powered by more than three ttu’bo~et engines
(c) with bypass ratIos of two or more , the valueM I d prescribed in paragraph (b) (1) of thIs eec-

Case 2. F1i~ure 83( b) .  400 ~~f ~~6300 li z. t i n  may not exceed 6 EPNdB and the value
In) SF1.> SPI,i C ) .  prescribed in paragraph (hI (2) of this ssc -

fl : a t  MIC ) I L—SPL(c) I tion may not exceed 3 F.PNdII .
(b) log o >0. SectiOn (‘30.7 Takeoff 1,- n eondzf ont  ( a )

ir~~ fi F.’o-ept ii’. provided in I vi m i )  12 1 of thisS1’L= M 4S
~~~

c) 
i’s rt this sect Ion applies i alt tak e ’tts eon—

Table 1)4 lists the values of th~ important Si te d in Showing coi piiaiice W ith this
constants necesairy to calculate sound h u n .

SI. o:, i 
~~~~~~~~~~~ 
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Fluid f M(b) SPL ~rL M( ) PL
01 ( . 1  ( o

— 
H ,’ dB dB dl

I 0 . Iti (4 ’ P.  64 91 ,0 0.030103 ~7
2 63 o c ~io’,;o (0 85, 9 “ 51
3 80 0 .03683 L 56 87 . 3 - 

“ .19
4 100 ‘ 53  /° .9 “

5 125 0 ,035336 51 7’., )) - 
— 
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6 160 0. 0333.~3 4~- 7~~.0 ‘ 45
7 700 1~ 7 1 ,0 ‘ 43
8 250 0.0320ul 44 74 .9 “

9 315 0 ,030675 4? ~4 .6 
___________ 

.1)
10 400 - - 

- 
- “ 40

1 1  500 - - -
12 ~ 30 - - -

— — — “ “ 
-

14 0(X) — — -
15 : i )  — — — ‘‘ - -

16 ~~~ — — 0 .O2’~96o
20(X) - - - 

-

7 2500 — — —

3~50 — — — 
_________ 7 ’

20 4flr~) - - -

2 1 — — — 
- 

30
72 ‘ - i i  - - -

_ 2L ~~fl~~i j  
- 

0 04 7 785 
-- 

37 44 , 3 - -

24 U~~~ _ _ _ _  

4) 0 ,7 j____ 3.

‘h , i i ! e  ii. . ( r ~i~~t i n t ~ lot t,ti i- ‘ii l co l l y ro twu loi i-- ;  r ).
~

-

(hI Takeoff power or thrim’it must be used Ib) The aIrplane ’s conflguratlon must be
from the at-art o( the takeoff to the point thmt t used In shm iiw ing compliance with the
at whi ch an altit ude of it leas t 1,000 feet land ing reiiuireunent.s in the airworthiness
itbove the rimn’vsy is reac hed , except that, ri’gtlisttons ci~tistitimtIng the type certlSca-
f r  airp inimi ’ s piia”re.d by noire than three t ur— t u f t  ba_cbs of the airplane. ft more than one
buist eiicmInes , this altitude must. not be less c i’ntl g ii rat lon is u sed In s howIng coniplisnes
than 700 feet . with the landing requirements in the sir-

IC) tipiin reaching the a ltitude apeci6ed w irihtness ri’giiistiofls const itu tIng the type
In ; ‘ra~rapus (b) iii this s , - u t l ’o . the power c~ rtitlration basis of the airplane , the ~~n.
or t h rust  may not be reduced below that flgurat.ii’o that Is most, critical from a not,~pow.r or thrust that wi ll provide icac ) flight si :tiuiip I lit must he used .
with one elugine iuloiierLt ive , ‘p below that id  The approach es must be conducted

r thrust that w iih maintain a Ciinib with a steady glide angie of 3 ± 0 6 and
g r i m - I . -  i i  of at  least 4 percent . whichever niust be continued to a normal toucbdov~power .r th rum- t is greater, with no alrfr uinre confhguirnt lon change.

(di A speed i f  i tt leas t V~ 4 - h o  knots must (ci ) A steady approach speed of not h~~be at ‘..,iio-Ii 5.5 soon a.s pr ime 1 i u- ~ hlp after lift— thn n 1 30 V , 10 kti ’ts muvit he eal ahttehed
- 1 ’  soil rrnlst lip nuaintained throughout the rind nisintained over the approach messul-tak p’ i?Y i i -  ~~~ ‘st

(ci A e ,,y i-it lun t takeoff configuratIon. cc- log  Is - t i lt .

iet’ted by the applicant. ~~~~~~~ ~~ f l f l t~~fl~~ 
(ci All engifleit must he operating at ~~~

.

throughout the takeoff n ice test , except prox im- leiy the same power or thrust.
that t i . ’  himodum ig gear niti c be rt ’ t r ac t m -d I l)~e kct  N,i 9337 , 34 FR .  18364 . Nov. 18, 19%,

Section (‘36 9 Approach test cond)f lons. as anceum ded by Anacit. SI’s- 1, 34 FR. 18811,
( i t t  ‘l’tiis c c - l ull nppuie.i to all Rpiironciues Ni,v 25, I ‘l ii i 34 FR 1 ‘iiI,~5 . Nov . 211, 1961;
conducted in Showing complianc e wIth th is . \ I i i r ( t  N.~ i hi l I t  4. 18(3 . lii 19. 11i 4 .
part. A u d I  Ni, 30 4 , 40 FR  Itt - it ’ , Jan 6, 1975)

-1 ;)



Chapter I—Federal Avi ation Administration App. F

APPINOIR D-~ l RIS~~VEDI )c) Recording auid reproditcinit equipment
APPENDIX F— Nois, Rt-QurRr ,Mu~N-rs s-os Pso- charuscte ristic,s, frequu i’mo ’y l- l’cpollse . and dy—

PELLER-DRI ’EN Sstsi.r , ADIPLAsiEs u;u ~iuiiC raulge cnnupatIh:e Wit h tile response
atud accuracy requirements of section F36 105

P A R T  A — G E N E R A L  of this appendIx.
Section F36 1 Scope . This appendix pre- (ci) Acoustic ca librators tu-  ing sine wau’e
w ribes limiting noise leveLs , anui procedures or broadband nou:.e of lcurn w um sound pr es’;Iire

for measuriuug uuoise amid correcting fbi. C lcvel 11 broadband iu’ ’ise is n u n , the sigura l
data, for the propeller driven smoali airplanes must be devcruhed In terms .1 its average
specified in 36 1 Soil max(mum root-mean-square Irma)

caine for nonoverload signal level .
PART B—NOISE MEASUREMENT

Section F36 105 Sensing. reco rding, and re-Sect louu (‘36 101 Gen era l  tes t cond it1on~ . prod ucu nq eq uit(ut tu e nt
(a) ‘rhe test  area must he relatively fiat t e r— i a)  The fb i  -i’ produun-ed by t h e  airpSuuie

rain having no ex c-s-.l;e souuuu.i ahsorpl ion i-nut t he recorded. A magnetic tape recorder
c harac ie rist ics Such as those cau~ed by thick , is acceptable.
matted, or tall grass, by shrubs , or by wooded I hi 1 lie characterist ics of the system mulct
Ireas . No obstructions which siguuiiicantly in— coiuipiy w i t h  tire recoui ;uu ’( - uuda t io urs in Inter—
fluence tile sound field fro m-n t u e  luirplalle may national Electr .ulechni. --t i Couuuuuulssiouu I lF,C)
exist withIn a couih-ai Space above tile meits - 1’ ,ul uiic~~t.ion No. 179 , dated 197:1 . conceriulng
urenieult position , tl;s couue being cieitned by mlcrophuuuue and lumpilfier ‘ irar ;u’it’r lst Ics . The
sri axis uiormai to t u e  ground amid by a half- text amid specitications cut IEC Y’uibjic- r,tlon No.
angle 75 degrees f rulmn this axis. 179 . dated 1973, nuid entulled “Precision

(ii ) ‘rhe teSt; miust be carried out under Nirn u nci Letel Meters ’ are iuicorporated by
the following condit ions: rc’fi ii’nce iluto this appcuudtx zu uud sure unnicie

(1)  ‘there m a y  be no prec ipttat louu. a ;i-.rt here f as prurvicled in .t. us r  1 , 2 1 5 )
(2) Relative iiumoidil y nmay not be higher and I CFR Part 51. This puuhlical i i i  was

than 90 percent or lower than 30 pe rceuut . puutrlir - lred in 1965 and revived lud 1-3 1 by the
(3 )  AmbIent teiliperairire may not he above itinreaum C’eurtral do In Counrunicvluu n Eiecl’~ —

86 degrees F. or below 41 degrec-s F. at 33’ technIque Internationaic In Geneva . Swit ;er~
above grouruul . If the measureluietit site is lau d it is available mor piurl-:l;u: .e [ru m lur e
withIn 1 n.m.  of sum airpoi-t thermonieter the fi. ut lowumug sou rces: ( I )  Bu reau ( ‘t i t r a l  de l&
airport repuirted u eniperat tire iuu a)’ he used - (‘, ‘ t nu, uu I: ‘ on Elect rotecir ii iq ‘me I uu teru,;ut iou rip ,

( 4 (  Reported wind nuac not c above 1(1 1, r~ue de Varembe , Geneva . S i- i t  ~er Iamud: and
knots at 3:) above ground. If w imic i  ve itucitt i’ s ( 2 1  A uu,erican National Standard lu,.,i it
of more than 4 knots are reported. tire flight l4 2 t  liv,, icirv ay. Neit’ York t itv , Nc.’, York
direction must be aiigt ied to within .15 10018. T u e  nu;utter is available for ( in perIlous
degree.. of wind dlreciion ~nd iiigiits 5- ulir lit Clii’ fo l lowing locations: I I) FAA Head—
taul wind and head wind must Ire m ade In c~utartc rs—OOT liranch Library, and Office of
equal  numbers. If the nuensul renlcuu I- sitc is Eu.v un d id I iC~i I iii Quality - 800 1 miaepeludenm ’e
wit h luu j mu s-n - u,f aim :~ I ~

- puu-t umuueunoture ter , the A venue S’A’ .. Wu.shlurgtomi , D C:  ( 2) FAA
airport reported wind may be i.ui-eli . Regional OfFices . h i  I luetr resIul’ - - ’ Ive c i t ies ;

(5 )  ‘rurere may ire no tenup(’latcure inver- and 3) Office of tire 1”ecieral Register . 1100
(ion di r anutnost ’ us wind cou id itu,, ii that woo l ii L Ni  reet N .V , ‘Washing ton - D
slg nilic;muut ly a l ter  the Iioi e lev -i of the Sir— (C’ ) ‘I (IC respoil..c of t i le co uuupie te  sy em
pi a uue WI en I Ire noise is rec ; ,rdcd ~t the re— to a ,- u’ u us (hi v pi ddl e progres’ ire sin d ust (did
qrutred mensulriuug point “ u 0  01 uiu l u s ’  -o ut inupi l lutcie IntuI t lie within

if’, I ‘I Sp (10:1st le s t  p n’v ~”h urc.; . urica’ uuri lm g t u e  tf lhi- r:II,, C lS,,;l spi’ i’iuied in 1St’ I~ohlit’n—
s u n  quo err t , and m i n i -u ’  mu - euiauu n. ml),’ it  prc.cl’ _ I I~uI N ‘ . 1 711. dat  ~-ii 19 73 , over the freq II euiu ’y
dures uu i , i - ; n t , i ’  appu- ;veli by the FAA . r ol l - I 45 lii 11 . 2(111 Itt..

(7 )  Soil nd pressuure ievel data for flo(sp in It ii Iii i tat)’  ‘its of )i.e dv uiamlc r;~ n~ e
eva lula iii - n puirpi i’s ui,i .t be obt a I iced w ith of t h e  eq ii l ull’ ‘it Ill ike  it I ccer.sar y .  ht~ is
acouc: ( i -a l cquuipmeult t h a t  romnphles with f i e qiuct ic prf’ euu 7 uh isis uuu l ls l  be umuide ut lii I he
sectlu,uu P36 103 of this appendix. r i’~- iu i- il h u g  thai o i l  w i t h  t h e  ciii I nu rse de - ciii —

phasis on playback. The pre-eniphasis nur usf,
Section F~(G 103 A ’ , , u i s f u r i l l  nlea.ruremenf he uippiied cii “ that t b’  Instanta,re,nm s
Sij .’t i m - ‘f lue II ict icuil nnCru.surernc’ult syste nu u-ei’,urdeut solnmcI Fires~

I- .re level of time uio ln-e
m id- I  consIst of approved equIpment eq ulva— rIgu uah beta i-en 800 a , )  1 I ,2((0 If, does slu t.
lent to t h e  fol h i s -i ng : v u - c’ niore tlu ‘ui 2t u dli bet .. ‘‘ iu I he max I mu imni

I a) A nr ten iphnlie system a- I h f reqtien - s’ a’ i.i ill ii,i uu u ui t i m ii lii’ — t S m n  Oct . “ band~respouuse cnrnpat Ihie wi th men-ui ru’nie uit lund el if req .le’.ted by the Ad unl In,.’ at,,r , t he
Initiv I ,  svsic m accuracy as pret.i-ribed In recorded l i t -u s e r-igural mrust he read thr, - ,.’h
Section liii 105 ‘ 1  thu is app” lid is ai m - A ’  t i m er v.1 tis dy nan, Ic chuura, - ten - - t i e s

(h ) Tripod’; cur similar m i r- n’’pliooe motu nt — di’ ’ kr ate, I ‘~~l lW ,’’ as deli tied in I EC Pub—
lags Ihmt t mifl imi7e interference with the Ilu-atlon No 1713, dated 197:1 The ot mt put
Siiumid being measured, signal from the filter nn.mst be fed to a rectify-

•
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F Title 14— Aeronaut ics and Space

log circ ilit with square law rectificatIon, Inte- plane performance . and meteorologIcal data
grated wills tI me eonstaiutc for charge ,und miuu u st tue reported
discharge of abo~mt 1 second or 800 m liii- (U) ‘the fo hioa-tu :g atmospheric data,
secol,uis nupoulired lnrunediateiy befo re , after , or diii-

III 1 lie equ ipment mulct be acotust lc’ahly lui~’, eanlu test at Clue u hse rvatu omu polnu t.s pie-
cahibral ed usimu ’~ [ni-h it es Our acoustic f ree— scnihued in - e n  ioui F36 101 of tluis appendix
field u- a i l I ’ r , t lom u aOd I! i.iu:tiysls nut the tape mu st he reported
r”col : i ug is req nest i’d by the Admnhnistrat , ‘r , h i )  Air I ‘- unperat tune slid relatIve i-i timidity.
t h e  a mmat % is eqii lpnuemnr shall be electronically 12) Maximu m. nuhiulmntim . amud average
c u l t t u ra ted  by a method approved by the wind velocIt ies
FAA el (:onumeruls ou m local Iu p~m’ r’ p Irv, .‘,round

A wiuidsc reem u nr,ust he elilbulI ved wi th  c ider , and ev e m ut ’  t h ua t  fl iuihI, luulerfer e with
microphone dumnih ig all mureasu renmenta of air— i-mind recuu rdh u ugs uum i i st he n p ’ nleii
cr aft uloise when the wind speed is in cx- I [I ‘the foiio rvi uig airplane inlol-mation
cc’srs o! 6 knots midst i.e rcp. rhe ni -

( i i  ‘l vns , orodei and serial uuuiu’,ubers (IfSectlomi F36.107 Noise measurement proce- auiv I of .‘tir plsiue . eli,’hl ies , arid prop” iiers
Ii 12 )  A t i y nmiai lo cal ij uj i ‘u or lull u standard

Is) The microp)uiunes nutii- t ho orlcm,ted in equsht um ,ueiit t i ke ly  to  affect the noise char-
a I; iii,,’. ms dime , I d l i  SO that t h e  max I mu flu macten ist Ics of t h e  nir~uta ume
sou nd rece i - - u , l  arrive ; as imear ly as 1uuur. - i t ule I t t ) , \ imuu lu m ,- ,‘n-t if icated takeol! wel r,hts .
h i  liii ’ dld’e n’~:i for which I lie mmrle ro phouues (4 )  Airspeed iuu kui ’uts for e~ c hi overflight
lire c ii ihuate d. ‘Fire miut i’ u-ophiorue semi ’ .i m ig ele— of t h e  flea’ umnhl u p u t  ut
fuel, - m ust be oppi-oxi muuate I~ 4’ abi v’ I: I-: uu ~- t  iii’ pert ‘rull ulu cc i Ii onms of revo—
gnu’~ lid - luuti om is i-s— u - mu f l I t s’  rid other rc ii lilt paramn —

u St  llnmedlatf’ Iv pni’ur to arid after each ete rs  fu, n e’ ’- h  o~ e~ it (ght
te ; ‘ - a r e -  tu l ed ac’uu ui, Iuc ,-alihrat iomm of the tIl t abrcra(t  lu’ iglut iii feet  de t ’ - im iured by
ass t mm u l imo - I he uu u. u i -le in the fIeld wi th  ito us calIbrated alt iu,r’-l” r irs tire alr” re.ft . ~p.
a’ ou ‘ : ie  caflb rator for the I- - u  purposes of proved photorruct imic tt’ u-h mulqlmu’x or approved
d iet Ii r u ’ ,  si-s t ,‘nt sel u s i t u  u-Itt auud provId ing au track It ii’, f-acil m l  us’
flu - h r  he relc ’u-er uu c’ level for the analysis of I t ’  ( Alrr’rait speech suid posit on nuucl elo ise
the ‘ , i iu n,uI lend data. per !r’ nmn utiu, --u ’ p- u i - m uIr - n i -n ’ ;  r n . -  t he r’ ’ ’-u,r ded

l v i  ‘l uuc ambient noise, Inctturlliug both 1st flu approved s.lmp iuu i-,’, rauc sutt t i’- ie lut to
t i - h i d  heal hack~ roinuud amid electrical muolse of ,-lu siml’e ennu~uilauiee s u t h  the l i t  procedure
pie mnr:usuurcme iut -yste lsus. uuuuust . I,e recorded itid ccund i i iuiu uc of t i i u -  ut ppu’nuimx
uurd d c c rimitned In the te’.t area wIt h the sy- ; — Sect i~ o F:t’;Ill F/u qtu I p vo,’c du, rc s
teun gain re t  at leve ls that wIll he used for (us ) Tests to demolm i rate c” umlp itar .ee all is
a’ rcr~ f t  noise rmue ur- iiremeuits Ii aircraft the minise he rd  rei (Iml re m n.’t uts i,f (S i - ;  appeui-

d ix nu ii t inul uuuh e at t ins I cix level Iti ctr ts overm- ’ ut lun d l’r” ‘ one 1~ u- elr ’, do not t’si -eed the bacS— tire !fleastur luum. vi aliouu at a lo- ’~ h ut of I .(It~~‘r-um inni sournd pres’ uire levels by Itt least 10 u 30’ aunt • Ii) ciegress from time /.enith whendB( .~ - cuppruircd corrections for t ime contri- passing overtueaciht nt ’ - um of background rot lmu d press ure level )b)  OverflIght rniust be penl’’rrned at ratedto tIme ob served sound pressure level mulc t be n’a~ im u mm  s ’u ,u,t - n u u u , u u m s  power . st mtblik’edappi ie~l. speed wit t u prof m,-i i~’r’. s yuic hru .uu h. -ecl uumid a-ith
Section F3t1 109 Data recording, reporflng, the airplane him the cr u ise co nf iv ’ ,rm rati oum i’s-

avi d approu at. cept that , If the speed .ut  masitui ’ iz su corulinu.
otis p’rwer would exceed t h e  nia’cirniim speed(a) D.ita re~ui’c entlog physical meas umre- nulthorized Iii level flight, accelerated flightments or c”u ne tlr’I,s hi n’,easulred data must Is acceptable.be no , ,,rded imu pcruulauuent [ ‘u-ui amid appended

tol l”  record eur -ep t th i t t  Ctu rrec t (ou us to mnea.s- C.S IIT C—DATA CORRECTION
cure rne luts f u n  normal equipment. respoluse Seu’tlon F:tfl 201 Cor rec t ion  of datum
dev ia t tous iseed muot be reported. All other (a) Noise dusts Ol)taluieff when the tern-
corl-e.-tuonc lu tist he approved Esttmnates peratuire is otutside the rauige of 68 deg m-ees
mu .’ :t be macic of the hiu ’ iiv ’d tu s h ernuurs In— F ‘ 9 degrees F., or the relatIve lm tmmu m ldltv
h e r - c i t  in each i,t time operatIons ernpioytd Is below 40 percent , mti .1 be corrected to 77
in u. itaInluig t h e  fluial du~ta, degrees F. amid 70 percent relative humidity

IhI !sl ese ured :m,ud c’r,rrected Sout:md prec- by a nueihcud approm-ed by (lit- FAA
stirs he els olutalned with ed IU i h uuule uu t C0fl (5) Time pert.urmusalmce cu,rrecthon prescribed
for rnntmg to the specifications described in iii paragraph (C) of tIlls section nmul st be
sectio n P36.105 of this appendix mtust be fli ed. It must be determined by the rnethnud
report ed . described Iii t h Is appe ndix , and mtu s t be

( C )  ‘7 he ty pe of cq ucl pm ent its ed for mesa- mvldilid algehnalc~s h Iy to t h e  measured value
urenueui t and analy c ia of all acou stic , air- It Ia limited to 5 d B(A ) .
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Chapter I—Federa l Aviation Adm inistration Part 37

(c ) The performairce eorrectiou m must be (d) For airplsmueut for which applIcation
wmputed by usimug the followIng fm ,cmuh a: is made for a stan dard a~cworthuines.s cer-

tificate or for a resl ris’ted category alrworthi-
8dB rGO —2 0 1o~ m.{ 

(11 .430— D~ )R C+50 ness cert if icate, and that have not had any
flight ti muue before ~iam iuma ry 1, 1980, the re-
quml remeuuts of paragraph (C)  of this section

Where : apply, regardless of elate of application, to
D~ - Takeoff distance to 50 feet at maximum t u e  original Issuance of the certIficate for

certificated takeoff we ig iuh - that airplane,
B~ C -Certificated best rate of elmu ush (rpm) . (TIile I of t ue  National Emsv IronmemutalV s_ ~Speed for best rate of clImb in the Policy Act of 19c-9 (42 U.S.C. 432 1 ct seq.);same tmmul ts mac rate of clImb. 

I F.O 11514 , Mar. 5, 1970 1 ( Docket No,
(dl When takeoff distance to 50’ is not 13243 , 40 FR 1035, Jan. 6, 1975; 40 FR, 6347.

listed usa approved performance iimformat Iouu , Feb. 11, l975(
the flgt ircs of 1375’ Our single-engine air-
planes amid 1600’ for multi-engine airplanes PART 37—TECHNICAL STANDA RDnrtmst be used,
Section P36 203 Valid f ly of results. ORDER AUTHORIZ A TIONS
(a) The test results mtust produ ce an 

~~~~~ A—Gen.roIaverage USIA ) and Its 90 percent confidence Seehlmtis , t he  noise level being the arIthm etic 37 Applicability.average of the correcied acoustical nreasure- s’r .s TSO authorization required .nreuut.s for all valid test runs over the meas- 37 5 Application and iss ue
urlng poInt. 37.7 Gemueral rules governing holders of(b I The sample s must be 1ar~e enough to ‘rso authorIzations.establish stat is l(ca ily a90 percent confldeluce 379 Approval for deviation.limIt not to exceed ± 1.5 dB(A ).  No test 

~~ ~ Design changes.result may be omitted from the averaging 37.11 flecnrdkeepluig requirement..process, unless omitislon Is approved by the 37,15 FAA Inspection.FAA. $7.17 Reporting of failure., nialfunc-
P A R T  0- - NOI SE LIM I’ l’S ttons. and defect.,

Section F36 301 AIrcraft noise l im I ts .  37.19 Noncompliance ,
(a) Compliance with this section must be $7.21 Tranumferfthillty and duratio n.

shown with noise data measured and cor- 37.23 Incorporat Ion by reference.
rected as prescribed in Parts B and C of this Subpart B—Technical Standard Order sappendix. 

$7111 Cargo and baggage comp&r ~~~ent(b) For airplanes for which application em ulc o detection instrument.—for a type certificate Is made on or after
October 10, 1973, the noise level must not $7112 Airspeed Indicator (pitot s t atic) —exceed 68 dB (A) tip to and Including air- TsO—C2b.
craft weights of 1,320 pot mnds (600 k g ) .  For $7113 Turn-and- clip Indicator (TSO—c3b).weights greater than 1,320 ponmuuds U~l ~~ 37.114 Bank and pItch instrtiments (m di-and Including 3.630 poulnds (1 ,1150 lcg.) the eating gyro-stabilized type) (gy—limit increaunes at the rate of 1 dB/ l65 pounds roscopic horIzon, attitude gyro)—(1 dB !75 kg.) to 82 dB(A )  at 3.630 pounds, TSO—C4C ,
after whic h it Is constant at 82 d B(A) up to 37.115 DIrection Instrument , non-magnetic .and IncludIng 12 .500 potmnds. However , air- gyro-stabIlized type (dtrectlon..iplanes produced under type certificates cot- gyro) ~—TSO—C5c .ered by thIs paragraph rnuust also meet pars- 37.115 Direction Instrument , magnetic
graph (d) of thIs section for t he  orIginal (gyro- stabi l Ized ty pe)—T5O—CSc.
Issuance of stammdard airworthiness certifi- $7.117 Directt’)n iuustrument . magnetic: non—isles or restricted category airworthIness stabilized type (magnetic cons-certIficates If those airplanes have not had pass) -—TSG-C7c.flight time befome th e date specified in that 

~~~~~~~ ~~~~ of climb Indicator , pressureparagraph , 
actuated (vertIcal speed Indies-In) For airplanes for which apphIcatiouu tor TsO C8b.—“ for a type certificate is made on or after

Januu.’ury 1 , 1975, the noise levels may not 37.119 At itom atic piiota—TSO—~9c.
37.120 Airc raft , altimeter , pre~sure . au’tu—exceed the noise limit curve prescribed i n  

atcd acm It lve t ; pe— ’I~~~~—C lflb.paragraph Ib) of this section . except that
80 d El tA)  nusy not hu t ’ excee d ed at weights 37.121 FIre detectors (thCrmal sensing and
from and imuc hli dimug 3,300 pounds to and in- Iot l t ’a Iion scu mvilm g typcsi — ‘l’SO
eludIng 12.500 pouuuds. Cud .
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47312 PROPOSED RULES

DEPARTMENT OF Novelnber 18 . 1969 FAR Part 36 con- 552 a and I CFR Part 51 and to pin-
TRANSPORTATION t.it(fls several iu lu l k ’ I i t im u- e .s I l l  55 uk Ii the vidc t.lm~ required state nuemu ts of Id u m i m l u —

technical spc(’lllc.ullon.s for dcf mu uiu - i rat— cation and ttvallabllit.y of lIscoIpor~mte t)
redera l Aviation Administration Ing compl lamiec wi ) h t’ ai’t 36 mu- c’ lur e— pubi (n- lied material. If t h Is lu r nu l ut - :u h Is

I 14 CFR Part 36 ] scrIb~ct. Ap~ucndicm- ~ A a.us m 13 of FAR Part adopted, the pi’esent seIu~mr ate Pl’o%-m’ .monn,
36 contaIn the SPt’CIftCRUOfl.S fm,r Con- in Appendices A . U, niud F. whIt-h m u -ID~’ket No 16221 : No t IcC No ‘16- - 2 1J ducting noise type certiflc.atioiu U’st.s and tam the required stzrtnmenis r ’ n ’ a lc im l m :n

AIRCRAFT NOISE MEASUREMINT AND for ct.mlt m ; it miu g thie uuol ~ d;mt . t iii tt’l’i ns lnt’ou’lxu ratloul by refcm - t- m ic c , wo um l i l  bc r u -
(VALUATION SPECIFICATIONS o( Eircctlve lut . r t u m v I u l  Noi.se Level Vised .

Proposed Rule Making (FPNL) . TheM’ usl,u eluhiu’(’s hztt-e been The following discu:,sion h~ui~iiImi.IiIs
modified tlightly siimce their adolutlu nu In portions of tile proiuoscd a m mueu ud u utt ’ n t to

The Federal Avm iut ion Ac imrnmflustrat lofl IS 1969. A l i~~im dix C of Paul. 36 ium ’~c~’thes FAlL l’art 36 :
conslctem mi rg ltun(’mldimlg l’.tm I 3~’u of the Fed— EloIse level linut~ ft -m r hsev,’ designs o f  sub—

A. Paopos r,o REVISED A I ’ rENum > , Aeral Ar i ,mt iof l  Reguli’it lt)na u 14 CFR Part stulli c trai~sl~~rt c.ru tegOl’y and tu rboj et
36) to auuuend the procedtmu t’~ and stand’— po~ ’ert’d aircm-aft for st-hu ’h an .-tpp h c ’a— I .  Noise cert if l cat io um tcs( and  nuras-
ards for conducting nOA~c type certufica- tuon for type tertiu iea ie was nuade eli or uzre ment conditions (proposed ~ A36. 1 i
tlon and acoustical change test s con - after January 1, 1967. As adopted , Part This sectInn prescribes the conditiouts
tam ed in Appendices A and B. to revise 3~ ako contained pi’ovisions for prevent- under which noise certification tests
the form by which certa in standards SlId ing the escalation of noise levels m-c u-ard- would be conducted and the measure-
procedures are incor porat ed by refeie nce h u g  growth or follo w -oil ve rsion s o~ those ment pi’oc edt mr es that would be tl~.u’(i to
In Part 36 , to redesignate certain pro- ~ p~s of aircraft in production and for nseasure the noise made by t he  aircraft.
visions , and to provide us table of sections sshAch application fol’ a type certificate These provisions would apply to tests
In each Part 36 appendix, was made prior to January 1, 1967 . Sub- conducted after March 31, 1977, 01’ 30
Interested persons are iui ’- ited to par- sequent amendments added Appendix F days after publication of t he  final amuicird-

ticipate in the making of the proposed Prcscl’ibiflg noise standards for propel- ment, whichever occui’s later.
rule by suibmittirug such wr itten data , ler-driven small airplanes and amended The FAA proposes to prescribe In a
views, or nrgunseni~- as t h ey may d~sire. pi’OvisIoflS regardusg limited new produc- single section all the requirelnehuts for ri
Communications should iclenti ly the reg- (.11)0 of old, nonconforming alrcu’:ift . types. approved test site. While most of tluc 110 -
ulatory docket or irotn-e nimnuber and be The FAA currently has under considei’a- visions of this proposed section a t e  uI-
~ubnuitted In duplicate to: Federal Aria— tion several other proposals including ready contained in Appendix A . it i s  fe lt
tion Administration . Olnee of the Chief standards for other types of aircraft that they should be gu’ouped to~ ct ine r
Counsel, Attent iom u: Rules Docket . AGC— (SSTs . helicopters, STOLs. etc .( and for 

~mdditional reqtuim’emnent.s ai’e PropOsed
24, 800 Jndt-pc’ntleuru-e Avelrue SW., W ash— various aircraft operations and airport regarding an independent meastlru~mt-lil
ington. D.C. 20391 . Ah I comnmunicatiolus noise standards . Some of these luroPOsals of sideline noise if test site coIrcimlIolis
received on cur before Deu-etubc’r 30, 1976. wei’e submitted to the FAA b’; tiuc’ EPA ma ke simultaneous takeoff -,stscl sid~ li’n~
~~i11 be ~ousudered by she Admmusu-athr under the i~oi.se Contro’ Act of 1972. meas,urements im practical.
before tlm :i:ug action on ibm’ proposed rule. This notice of proPosed rule m aking A modification of tIme meteoro lon:m-
The proposals contained ill this notice )NPRM proposed to adopt specific sub- cal specification flhn:O is pi’oposed. ‘flue
may be rI’auuged lfl tile lii~( t  of comum uem uts stant ive and chau- mlymg amendmenu~ Ill temperatt uu-e and relative humidii~ ~~~receIved. All eommei ts submitted will be the test and analysis lnstm-llmeuutatlon ditions under which testing Is nllowed
available . both before iund n iP -c  the cb s— specif ication . cah:hrnt ion pi’occdtiiu’s . mc— svou~.l be nu:nt’uided to couuforirt with t ro-
ing ( ut i’  m r  CCnu:l uuel ) ls . t m the Ruhes teorological test co liciltuons . ca d data  co i’ posed ICAO limit_s or to adopt a minor
I)ocket for examinatIon by interested I C C  tiOih pi’ocedtmi-es. Procedural changes v:triation of the proposed ICAO limits.
perzons. in the calculatIon of FPNL are also pro- Basically, those ICAO limits woculci not

Any person m a y  o b ma u uu a copy of this posed. The FAA proposes to make th.’t’e 
~~~~ test in g when the sound attelut ia-

Notice of Pi-opost’d ~luIe M:i~~ :ig NPRM amendments applicable to FAR Part 36 tion ra te in the cmne-thim’d octas b.uuui
by unubnumlting a request Pu the Federal noise certificat:on tests made afte r centeu’ed at 8 kHz is greater than 10
Aviation Adu p .:u :i ’ -. t r a tmcun OiT~ce of Public ~!an’ch 31. 1977. or 30 days after pu~hm ca— dB ’lOO iuuc’t-ers However , t ime FAA is mu lso
A~~a lrs, At t ent nr ’ :r - Puh~nr Information ta :u of the final amendment, whuiclu c r considering adoption ‘of a 12 ciB 100
Center, A I’A- - 43 0. 600 Independelice Ate— OCt UlS later . meters sound attenuation rate limit am
flue, SW.. \‘.‘a~hinr’ton . DC. 20591. or by PRorosi.D PROViSIONS the same fi’eruueircy This proposed mullo r-
calling (2 c2 426- .8b5R (‘onrulnunications native to the ICAO hium ud, svo uulct be
must iul”n(ilv t h e  nou ice unnmns bc ’ r of this The proposed amendment to A p— re - .sirictive than the ICAO l)r000aal.
NPRM. l’t-rson.’, 1m)teye~ ted in being pendix A uwolves a rather extensive re— Comments ale specifically iliV Iteci Coil-
placed on a mailing li’.t for future vision which would l,e accomplished eci’ning the null el ’ui :u t mve nu l - n n p .uls nant I he
NPflMs ‘.houu]d also request it copy of Ad— ssithin the general f i’anuework of tile ru- - n ’ SOIlS \vil~’ tulle sound at tenuat ion r i t e
s’lsOr)’ CIrcular No. 11—2 s l u m - h  describes etmr uent appendix. Tile FAA behicvm ’s that would be pu ’efei’n bhe in (In” t es t  Inicicoro-
tile apphi~’~mtioll i ’oeedure. some orgnuz .atloulm ml revision is hleceSsar ~%’ logical s’ueeufucati on. T h e  ~~ AO III iu 1 uu u ’ .t ’d

to better ac’ro muirodatt’ t h e  Ion’ hea l lim its would also ext ,nuud, linden- - i l  I o utBACX c.uuot’Nu sequence of the expanded speeufit ’at uohuS. rondit iolus . the permniss i) Ie t emuu ’ uc- r m m t  lilt’- — ‘ ‘ _ Public I aws 90—41 1 iim~nI 92 — 574 were itunt-ever, only i’clat ively um uuni or anuu’nct — r,lru’’o from the pl’esent 41 - li(’u d u - I : i u ’n’~ F
enrueied to lmron m~ t’ tiotim i n ‘n.(’lui auud fu— u u uu ’iitc are propos~Ci fo r Ap;reiudix 11, The to 30—95 cIen.nrees F and tilt’ permIssible
ture reluu i amid pn - uu Ic ~~l i o mm to time public F’AA pi’oposes cd u lou m l  ciua uur .e’s t o re— pel’nt(s ’e i1umut ic t i ty  rtun’nu’ from liii ’ u n  s ”u . ’henmb t hu ~i d  v. eli a: e I r~~l mu miol.’ o and souuiu’ dt’’ I::ruate cert mn im i pi- ovi cl om us ill Al)’ 30— 91) pei-ccni. to 20 -95 I’erceflt - Tin” 1- ’’ ‘t
bosurus lu- u -nut  cit ml flue: lIt Un der these ~uc uud i u-es A utmm d 13 1.0 (‘onforni V mul l t u e  hnliev~s that arnç’nduuueiuts sluonld be
A~t.s. tue Pt’ tin n’u Lst u’aio:- of tile Federal louu u u,u t, ppnerniilv ns~d ths rot iu :Imo ut time ‘u dnl)t(’d I h:ut reflect eul -n ’eu it Ii non lcu ’ ’u’Avi.s t lot u Amij unifl i’ a ni t i n  ‘ l A  A ’ , a f t er FAILs To provide greater ( ‘ I S O  ifl and staIe— o~— the—a rt  reeardiii’~ I .uI n ’tu ~a~coi ,.cuJtatiu.:u ‘I itlu the ¶ ccretary of Identifying and eutinfl tlue pm-en u - - innc In 

~~~ O~ niuuo-~pheric mutteuuu atinn of s, iu:nd
TrutlL~pOrt.itiout and (Jut’ A duiumlums tr, :to r of (lie itpu,encincen, to Part 36. t u e  FAA ~u uo— energy . fl:ust’ii on 115 (‘cr1 ufit ’ :n 11011 i’x~~”s n -
thin Entmiohilm u’ iml ; u I  J’ r,u?c I’hiou u A :t-flcy 1w’’eS to provIde ni ‘‘tab le of st ’ u ’ l in m m s ’’ u t  ence, t he FAA i,eIIc,ves t l t ; ut  tIe’ ci ill
s~~~’A I , Is re’hx’un:.ihle for tire adoption the beginning of t he  respective 3 11— weather “su. niude uw ” is too rend m i c t i s e  of
au id 8111 -i h im uci it oh rim 1 c m  w iii ii ~ u- u’sermb e l,c ’ird icea and to tie ’. poate the t ’ ’~ ‘,t’ i us e 

~~~~ comljnt nit tolls of t . ’ u uu IR’iSi iilCc a uid
I he Jieu. (‘ s ’, .i I y SI, uI(i.i I vi iii ti i - ‘ : u  i let u )~lS. ul idesig hinted h,rov )slOiis of m n  nu m u u I in u ra — rein lit-n istu mu m j ill t i’s wim II &‘ ill iow mm ug som mue

Out Nose- nm u bt ’ r :t. 1969 tIn’ Federal A s i a —  g r iu l ¶ 1 5  and i-t’u -t mc lus of Apia’ llchis 11. uIn’ Ibstnuulated coi’rectiolus In other
thou Ati iuinn;u’ , iuat io um F A A  I umn u l nusi h- ,trt 1-uniully , the FAA I” tulutuses to mmnuelucl Sub— comhhiu:itlons. The FAA ~ bs~ proposes a
36 of time I- ’esle r nl A vinuhl f u um l~et’id,iliouus un i t  A of Part 36 to add a new 1 36 9 tO 

~~~ wenuliher sp~ci fm c-at ion to rt -c ut l i r i ’ lit_ i t
(FAIt~ I (‘ntmlietI “Noise SIm u u (t . t rdnm A I r— lum eccrlbc the inccsriuorntlolus by ruler— t.iue te uiu iwu attm r C antI u - eh m i t i ve ih t iuI l iu I1t 5’

cnil t Typic Cert ifIcatIOn ’’ III FIt 18355; t~mc e contained ill PaIL 36 under s U_s C. to be w m t l u m i m  t in ’ “w indow ” f i Ommi ) hi t ’ n u l l —

F3DIRA L liGusli t , VOL. 41 , NO 709—INU5SOAS , 0(10513 ~ $, 1976
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PROPOSED RULES

face nieasurtng station t~ the altitude of ured data (inciudiiug correc tions to I,IIC num ber of days during whic h test s
the aircraft. More specific restrictions meuLsuu’eindnts for equIpment response may be conducted,
would be ph.uccd UPOfl amuomahoui;n u-d ative (ieSInt t iO iunu ) inihnut be men-orded tnt pcr mna— 6. De tail ed co rrect ion proce du res (Pro-
humusiduty and v,-tm rd conditIons. l’:ae’hi of nent (olin 1Usd appehuded to the record . p o.ced I 36.11) ,—If the noinne certm fu ’ntt icuir
thmese proposals grew out of FAA c u - r t : f i —  All con ed louis would  he reported ani  test conditions do not coflformiu to tile
cation expeniemuccs and a need to pros’khe subject to approi-nuh. The Proposal per- iuom. se rerl,ulicaI ion reference c(u lucl i t ,ouu c ,
rei~ulatory guldnncc for use by the 1”AA Inits ce I-taimu estimates of tire txudjvl(Iuai nppropm’ivut.e positive correctIon rn h m ’ t be
regional auth orities, errors inherent in each of the operations mu uni de by t u e  EI’NL calculated f rom uu the
‘l ime FAA b e l i e s  that to CurstIre t ime eluul)lOyed im u oI)taiitilut’ ti re fIlIal data. mup i’,urec l data, Under time prolud - -ed

mt (’c ’t mraey of uroi’ -r letel correctiOns tinder The luro l ) u. ,ui ci rilies the establusimed ~ /t:il; I I . ti me iui’ovisioirs of current, t A n 1  (
proI)osed I I~J 6 I i , time requmreineuits for procedure by expressly providuiug for a would not be a signiflc aimtiy n u uj u i un ’v u l ;
aircraft test ns’ep hts shotlld he aiureurcied cori’ectj on of airy differc iuce between the however , Lire Prol)osed rule ss ‘ uu ld  PI C’ -

to ~-eq umre tire takeoff weight to be test eirnn il re rating and tIlt’ refem eluce en— sci- ibe a procecliurc which allows cocc i - - -

within five percei’t of the ceu-t ifi c’nut iomr glUe rating. AddItional standards are bomus to be made for test uh ig n t  a uion—
wei gh t and the approach weight to cx— also l)ro’.lded for deternuiuuiu g t iuc va— stamu c lal-ti location.
t eed 90 percent of t h e  niax mnuti uuu lnulr(1 — laluty of test restllts w iretu m ore thauu one For some aircraft which e\ luuiu: !  C X —
ing weight,. test site us used to denroirstrate comp im— ceptlolrally low Iuoise levels durunu;~ t.n ~: -

2. Measure ;C Ief l t  of aircraft roi sc r e- a ltec . off , the FAA believes that It mur n y be
ceiu ’e d Ofi the cro und (p roposed  4. Symbols  and unit  (pr oposed necessary to brin g tire 3.5 n a u t i c a l - m u r u l e
~ A 33.6~ ..— The measurenrents prescribed § . 436 .7)  —Under the proposal, current nreasuning station to a pOihlt clO.scr t~ the
In proposed * A36.3. lik e those hr cur- seethoir A36.4 would be redesiglrated but stam’t of roil to as.sure rec ording tire c’oi,m-
rent * A36 .2. provide the data for deter- would relnain sthbstant ively unchanged plete flyover noise history, Tire ilv -o ’.- er-
miiuurg the one-third octave band ItOISe in conteirt. lroise~t,llne history would incluldle n’ 10
produced by aurcraft at specific obser- 5. At uCl OSP l ie r l C af t e l u l t a t i of l  of sound dB-down points from PNLTM I,ot :i lie-
yation stations, as a function of tune. (p roposed  A36 .9)  —Under  the current fore and after the tUne of I’Nl,’lM, as re-
However, the instrumentation perform- provusmoius of Appendix A (* A36.5 . the quired under current I B35.5 tl)ropesCd;
ance speci~ cat1olrS have been signifi- measured one-third octave band spec- B36.13). Tire EPNL value connptib-d
cairtly revised. These changes incorpo- tra are corrected to the reference-day from these mea.surenreirt,s mute u 

~, ~‘n be
rate experience with actual certihn’ations condmt mot rs . Under the proposal (proposed corrected to the value that ‘. t cu!, i  h-,ts e
by both the FAA and ICAO over tire § A36.9 , tin s correction would be occurred at the 3.5 nautical utile reler-
past six years. amended to better account for the di!- ence measums’hirg po ut, ~~t’o l,:oced nil u-s

-T irree general guidelines were f 01- ferences in the atmospheric attenuation for mskilrg these corrections st ithi be
lowed in the preparation of these pro- of sound betsveen the test-day condi- prescribed under the proposed aim rcn. d-
posnuls . First , time FAA intended to spe - LiOns and the reference-day conditions iruent,
c ify both systems and colurponemuts that along the entire sound propagation path
would give results w ith maximum accu- between the aircraft and time microphone. B. PROPos~ n A ilENan.tr.NT o~’ Aru’ r sn Ix  B
i-acy alrd repeatability from test—to-test FAA experience has shon’n that the 1. mw~ Bi (in proposed 8 3 6 3)
amrd site-to-site , Second, the proposals measurenrent of , and corl’ectlOn for, lrofl lerceived noisiness Is expresse t tinni t .s of
were prepared to avoid requiring ilrstru- refel’ence meteorological conditions are “noys” and Is based upon the Iruathi-I lnat-
ments of any single brand name or nuan- exceedingly critical to obtainnrg consust.- ical formulation given in § B36.13. Table
ufacturer. Third. the specif ications pro- ent and repeatable test results. Tire FAA 131 was included in current Appendix B
sid e petform an lee requirements thiat belueves th at mole detaib A meteoroiog- to provk~e a ready reference for tIio~e a”-
are genera lly meas u ireable and verifi- meal data ai’e needed and should be re- plicant.s who elect not to calculate noy
able in tire field , rather thamr -desigl u quured. Specifically, current (test-time ) values from the formula. While the orig-
pa rameters requiring soplt ist irate( i lab- nreteoroloyical observations of the tern- inal table contains values down to 1 00
oratory equlpment. or tech lulcal namtlre- PeratUl’e and relative hum idity are noy, lower values are solnetinre.s ree limired
m’natical analyses - ‘T ine FAA believes t irat needed over the whole sotlnd propagation in the calculation of EPNL for low iuoi ,e
these slut’c’IliCatlOfls would eirhanc~ corn- path from tire aIrcraft to the SUI’fiiCe. aircraft, Thus, the FAA believes Table
plian ~ e liv takti uu’~ in i- i n te r advanta ge of To nvo~d localized anomalous conditions 131 should be revised to provide those
readily obtniuluab ,e FA A  up h-ro rud d: t .i  that of te l l  occur near tire gm’ound, the lower values, Such a revised table was
amrd ,r auuulacturei c spec mfucat ioul’. surface meteorological nreasurenrents prepared by tlre Society of Auto uurotmve

In addition, this proposal provides would continue to be made 10 meters In~mrgineers and published in AEP 865. The
rnoie delaulu’d SlleClIicl,t lOliS i t ur fl i uclO- above t Ire surface. International Standards Organi-,atlomi
phones lan d their aece~~or..’ .’ , tape re- Under ti re proposed A36.9 , uf the at— concurred with the revision tiSO/IC
corde m-~. mtnairsn: , equilutna’ Imt . anid ca lm-  mosplreruc absorption coefficients vary 43/Sd , revised March 3, 1975), ICAO
brnteuus . ‘flrt’se reva s uc nit_ s a re u i  ilrmiriiy over tire sonurd propagation path by more currently has under consideration a s m:n —
based upon cx lx ’ r in tee  With iuctu lal ccc - than ± 0 3  dB.’l ,OOO feet In tire 3150 Hz ilar revision. The FAA believes that
tsfIeatuons and rcluuurt ,s of ‘om ire duI~j (- n l l t v  one-thIrd octave band from tire attenua- Table B2 should also be amemrded to con-
In ulnderstalidlnlnn t ine c urrent nuu’ re c ii- tioru ratC d efined by tire surfnce meteor— form to the expanded Table 131.

• cral l.unigthace \V l i u l e  I he pm o i o ., Is do OI’uelc :ih mt easurenrents . applmcants would 2. Rei, ision of p seu dotone e l in mi, u a t i on
not suhstanl lahlv i iunii :’u ’ t ime ~nppii ,, t m i mr be reqt l iut’d to i,:ise atumluun- Iu lrci’ic att-enu— pr ocedure s (Tables 112 and 133 in ;n’o—
of prouneduires. t i nt ’  !irotios: hs St t tmld uu u-r ’ — atlon moru ec’tiOlrs upon tIn’ iuucahr at - ten— posed § 1336.3 011(2 1336 51 .— TIme FAA
scribe uiurpros c’d lu r s u - t i n i r e s  ~ ma d l auc - U,UiOfl r u l e  for e’acii one-thIrd oct av e over proposes to fulremrd Table B2 to accoun t
laces whIch ~iuoul i res ult iii nrore tm uri — the cut m e  leirgtir of tile soulud propaga— for tohre level ehiffereirces less tluan 3 0form dat a Om it’ ( 1  tire liens I ’ m ! - - ru’~ of lion patt i  I loss e ver , tire nix ehuce of ilwer— decibels in amplitude, since tire current
th&s propo~:ih ma t i re l tutr (et ’lcl h u n  c l  a sinus 1m m inot ir tenuperieturc’ a l l  relat ise table provides lb tone correction for
nets’ pam .icrai’hi uu m nu h uru n atio ur piUI)u - ‘vi i u umn iu du n V dui-ing COfl l l )hialrce testing these level diffei’ence values . Table 132A36.3 ei I - Till.’, l : r . mnrR Pi l  ~ o umIc h re- would no lohrger be a Imu umit iln g factor iii was originally constructed to avoid tire
~uhrc stax rdnird uz..t .on of both e.thihi ii - time te s t  se quen c e. possibility that faLse tones, “pseudo.
th ou procedures tind miiil u enlv:ui, ut i l ium Tire FAA believes time l ropo~ed amend— tones,” would be mistakenly iuhc: i(if m~~
~cheduu!es to provide mou~ tuimi inr m and rnent.c ss ould lirovade tun’ i- lulrologlcnhiy ado- (luring the data processIng. These p.seu—rej~ atabie data by ruulnlnni; ’ imm g unam— liulutiC il l - h i s for corned lug HOISC dat-a (lotomres result from ilrtertc remle - t- pit t—i-ounied for eqtIlprnent 5i l ru m u t uu h i l3  mturd that ire obtained uircler some atmos — terns in tire soihm id field near ti me earth’soperator error. phe’rlu- eoumd Ions nirtler stiu tch test ing st m rfac e’ dtiriu-ig aim aircraft f lyover. How—

3 3~.’ p or t i u q  a l l  cor r .-ct mnm q nn- ( ’’ - u r e d Is pu oliibile’ d a - - icr tire e umi im ’ mt t  Appclmdlx ever, FAA noise certification CxperIeirCo
data u proposed ~ A 3 1 3  i —Under the Juno- A, Taken together, the revisions of with the pseudotohre problem Inttlrat.~~l,osed rule, ‘ ai a l’t’pTC.senul tog piu d eal A36 l and MG 9 would lirovlde u n — that such precautions are no longer tree —
nreactire rn enuls . or correc t ions to mess- ph’o%ed tints repeatabIlIty and Increase essary, Since sinrilat- action has been
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takenr by I C/ t O.  the FAA propo:.es 10 re- den 5 U-S C 552 ua 1 and I CF’Jt I’ m t 51 t iomrnury Iurmpaet StatenremrLs” 3~ Fit
Imrovun’ t Ine 3 0 del- h u h  Iu,t~ em l i ’ nn it o’r I I c are culrret Ilv pi’c ’ u l )~u’d h u n I hi’ stmbs tan — 4 1 50 1 - Nov un- mu nt ,u-’r 29 , 1 974 I aird It l ’ s
leve l d i b t e ieurce un,e(I b eb’te ulur u i ui t h e  I I S e l r O~ L i n u s  01 tIre c ’  lnu nct i t t ’  0 PPCIi— becim u.te I ‘i uuuIned that tIme un’eiua rati(,l i (II
Loire u i l i- u - -  ‘ nun If lire ~u i  u~~’i” Ni . nucnn d— (lieu” . t i le FAA proJ~ un (‘5 tO tudd a new air Inll’u t no ntury Impact atate nuremut us h u t
nicmid to ‘i’ . hul i’ 132 1.’; iii,- ’ n id ,  tine ca irn— ~ :u ; .~ to SluhIrurt A svhmi( ’ In 5. ~ u uhui colut :ui ir Imecessa ry.
pit’ Coirtnitnrc ’d Ln Table rt :’n a oiihd also re— t i ne run ’qulrun ’un i s t utei i u i -r i t . - , ui u ( icu u t i i i r a t io n F, A uT h o RI t y
qtui ie nti :nor chu ang u- - ’ ‘flius. t h is Juropu .al and sv ailnni uuh ut~ of th u ne iunate r lnut s liv so
als ,~ Conntenuip h :u t u ’~ s u tu hu at u n u t iu l nu ru ’t i t .s to doulnn ’ t I e  l” ’\ A lu. - c ~u’ n~ t h at f lit’ reads- T hmms riot icu’ of or.’uiuosed ru’r n .ik u n ”  -

Tabie 1t3 . b u j u t y  I I  tin e e~~e’ lcd ru it c ;  s’.o’I~~i 1’’’ m u —  u’.’.uhu’(l hunk-i ’  alil tc u m Icy of Sees : nl : u .

A res i’ nedl nund e\l ,:miude( I di ” m n u ’  slu m on I n ’ u~Cd and thu.’ h ) ( u ’ i 1(ur lepet itIvi.’ iuiat e— ~~~~ ~~~ niurd f l  I of he redt r:ul As i u ’

tire niett n ’ -
~ for t~~u’iitu I s nv’ and t ’ luuu r i— m i U h 5’, ollld be kr u ’. to a nuiniur mt iuiu . The Act of I ~~~ as arne ndect (41) U.S (‘ I :~ .

n i t i ung •‘ iu!ot u’tl l ’S Is plotluied in plo— nne~n- l 313.9 V,’uuil!d also serve as a bch n i— a u , 142 1 . 142 1 . and h-13l u ; see. (i~ u u i

pa’ ‘ 1  t ln:t (; 
~ h nr ‘ amal u n I . ‘Flit’ FAA (ni l hibuiuc’rai’hy alud reference so urce for the 1) n . u r t u m ue in t of Trauusportat iou) A u

belmeves I u ni -n~e pro~ ismo lt .s are needed to :rufot t r r  ~ bolt ren”arciing the innun’cuu’poi-.ut.L’d I .19 U SC 1655 I C )‘) ; TuLle I of thiu’ Na—

I 1.umi f 3 t ine t n i ’ - - n :~~u’ - ~ nte~ n ’~ t h . ~ugv or lire iuinu tu ’ r ta iS . Under time ProlY’-;al . tire incol’ — t mnut i :n h l ns in lnturenta l Policy A c t  of lilt’ ’
h ouse i ( .  lil i - ni t m o l r l,rou uUi i ie .  a~~ m l n m ~ provisicrln stoiihd cuutn t nuin only a ~ 42 U SC . ~~~ et seq. ) . and Es ’ - ’ ’-

3. Corr ect ho n for s~w c-tr cul m ’ r ’ uu1arI u u,~d reference identifying the material which Order 115fl . M-urch 5. 1970.

iPropos ’d 1136 5 —The 1-’AA proposes is ni(loPt cd as part of th at rule. ‘tile FAA TIn co uustch ’ ra t iu l u  of tine foregotuu.n ilue

to add tv ,-o nerv ~uaragraph~ a l te m’ tine cur- proposes to adopt the materIal imucor — Federal As -5( 00 Artm nun lstr atmeuu uuro-

rent las t imn uies i untied I: r.nunraph of porated by reference according to the poses to amuiemud Part 36 of tine Feuicra~
rurremu t 1 1336 .3 I proposed § 1336 5’ . The date of the material specified in the ref- At l’ttiolu hd”gnhlahons (14 CF’R Part 36’
first h ey: lunirn :-ra ph would preserml~ the erence and proposed - 3 6 , 9 ( c) , Notice bohlüst s

exclusion of ~u-n’Lu i l l  tarn’s i reamultint (roun a’sul public procedur e will precede tire Subpa t t A—General

ground-pt s.ne retlc ’ct iolr u front calcuia- adoptIon of any subsequent edltiotrs of 1. Subpart A of Part 36 woutd be
tions of c” rrecnions for s.pertral irregnh- incorporated materials, amended to add a new § 36.9 reading mis
larities. Tile second paragraph would v , EVtLIJATION ~~ IMPACTS ~~ T IlE PRO- follows:
prescribe tine Ct’ ri lumn t mOfl of the fls~ one- rossn RuLE § 36 ,9 liueor ~mraij o n~ Ii, re fere nce .
half ‘ ec ’nd I r. - se  level san~ples aroimitd
t im ” iui i l iauiv ~‘aicutlrit ”uni l”,j ,’lM The FAA The proposed rule primarily coincei’irs ‘a) G’ uiun ra l .  This part )i-e~u-t - ihe; c~’u-

1’ st ol’OcCdure aincmiciments which would Lain standards amid procedures su-bicll ni cbelie’. es tuinit ocrasn una lly the Current
ten-sUn t” o’edn:’ un’ fan’ ca lculating cor- govern tire specifics of conductilrg arid not set fou-th in full! text in the uule. Those
rect ions for s;’ - rm ’a l  iiTegularltie,s yields TI ~)OI’t lfl~~ noise certification tests. It standards and procedures n,rc contou r,!
incorr ec t vunlu r- ’ The pt’oceoure . COO- r ould neither raise nor lower tine pre- in pttbui’ iu”d n) tCrial whic h i.s re .~ ,tn-

scrmbed noise lcvels and would not re— ably available to the class of pcl’souun n:-tam ed h r  cui’i-’rn t 13 t6 .3, teau ’~ t u  under—
compe :t.sats’ for tones o: -c th r rnt iu: sri f tc-  ~~~~~ additional tests to be performed fected arid has been approved for m cci --
queuo ii t rear i c  en c,s ’ c.m ’u-r point be- (luring the ce rtm~icatlofl process. As a re- poration by refen- rnce 1w the Direutni m of
tweeur nudjacent one-third octave filters, suit , there would be little or no change tire Federal Pegister under 5 U.S.C 552

The FAA . IC-’uO SAE ma d others have ~~~ the noise levels of aircraft certificated m u  and I CFR Part 51.
considered -, ‘neu-a l pru~,tvn~c’cl rnnet h -d.s for to the proposed rule and there would be ‘ b u  J uuco rp ora ted m aIler u l ’  rtmiel u
ov erc~ rm.i i . g t.h:s m :e.’ i ’ n , - u n .  ‘- . A f t er con- 110 anticIpated clramrge (either increa.s;ng publicatiour , or part of a publication.
sidera ’i’ui. • t ime sn , .u c; -n,c of the other or decreasing) in tire amount of fuel which is referenced but- not set fo :t h  ma
met-ho ~ n , tir e FAA b ,, es that the pro— ti~cd to conduct tile test s or t iic aiunoulrt ful l—text ill this part arid wlriclr is udeim-
cedure pi’o; osed ~.r thus paragl’aph is the of engine emissions produced during the tifled in paragraph (c i of this sectioir 1,
rmrost a~u~uropu:n I,.’ and consistent tests. Since the proposed rule svouild re- Irereby - incom’porated by referemrt’e au -.d’

quire no additional limrtatuoirs on Uneir made a pact of Part 36 of tlrLs (‘hispte i
C. Ertrc’nivt : DATE in-service ope r at ions or perfornuahuce , no with the approval of tire Director 01 tine

The FAA propo~cs to make tire pro- irrerease in fuel usage or elflhssiolls ms an- Fed eral Register,
posals ~ u:nLnircd m m thi,’, NP}tM , applmca— t ncmpated to result from alm’craft ce rt i f i— ‘2 ) Incorporated matter which is stib-
ble to each u sise r ’  r~ i~ c :itiomr test ~~~~~~~ 

to the proposed standard ject to subseqtlent cirsnmr~ is iricor;’ou’aheui
dueted afte r tla rcnu 3 1 ,  1977 , or 30 days The proposed rifle would be more by reference according to tire specil u
after publ~ au rn of tire final amend- stringent than tire current rule lIr tire re- u’efem ’emrce and to the Identification n ate-
mcunt , in l i c hen en ocr ui’s iat~’r. 

quirernent for noise ceTtj ficatuon teat onent. Adoption of each subsequieunl
In colisiderinn i’ I:~e date to propose for (‘quipmehrt . In tine specmflcat ion of the change iii incorporated nnatter ti -u hl I- c

comphiauure w n t !m tine aiinencled speemfica— v.’e,utiuer condutiotms , amid ur coru cetmolr of nracto under Part 11 of tin s chapter nu~n.~ 1
tionnc amid proc r’c~nun,’s , the FAA he uei’~c it test- data to st.airdard couudit iofls. The cn~ Pai L 51 .
net es,’ nn nrv to cutnu ’ Imuto account that, u iincreuus ed stnuxrgency could, im u u.OI’nuO uc ) I d c u z t i f i c a l i o a  , s l a tunn, ’, i t .  1 ire
adopted, Ures e new provun ~~ ~~uid, ~~ 

Cases , Increase the applicant ’s costS of cOinlhlete title or dcscriptloml whicin Idc’u-
some eases require addituonnsu l hznsm tru- msooe type certmf lcatioir . However , the tifies each publiahed nratter incoihucu l -
flncflt3ti t n or re n-ions a, es . tiu rg data 1’A.-\ believes that t l.ose costs could be ated by reference in tin s pai L Is an.
prO cessll i l : arId aiuaI)si’, (~ u n I n j  ut er pi’o- o f fset  by savings that- would accrue front foi lows:
grains A. hhi ou ucuu the u u’ t -o ‘-d u i’vo-lons in ,r resuseci repeatabIlity of tire dun La. Cur— i li Int erna t io nal  Flcc lrot e ’e-li ii iu ’al

~ener’.mhlv folio;; alre,,dv t ’ . t  at)lctited i ‘hIt mirdun5try pi’actlre ma to di sug mi amid Coin nflis.cio,t ( !L’C Publications . 1’
prat t i r es  t u e  F’.\ .A IS mutt a t m ’  (list sonic ~~~~ aim -cr aft  usm iug a tolerant’,’ below Pubhic;ut i o u  No 1 ‘19 , entit led ‘ Pu ci ,io,u
potent ,mul nppiic.’iit~ m.iv m ine  h umid I L —  l i ne  .uctun i l irolac lesel goals Thur it’quuire— Sourmrd Level Meters ,” dated 1973.
t Ie or 110 ltn n t’t ,t drOLse I i i  LiI~ciuUoul ~~ 

!nieiit for tills truh ’ r mtmuce ar~~es fr ornm Ufl’ ‘( h i  Publication No 225. entit led - -0.’ -
pei’icrcc I u,r t i n ’ . e persoi.n . h i t ’  pruu; oe-ed ( c lLmi int lcs Ifl the rcpeat ,ubhlut” of tlicn tate Hal f—Octave , Thim’d Oct- m u tt ’ P o n t
chaiuge,~ hu l l) h umnp’ n u. -.uuuu e I ui’cit’n. To (iat.u ft  - i i i  t er ,t s uimder time Ci h u l  u - mi t - Part }‘mlters Jinti’ird~d for tint Aima lys ha of
ensurE a u. -uuso u ,ubie PCI ilSi b r  tlne,se ~~ pi-oet’dimii’s Therefore, the FAA be- Sounds aild Vzbatiozrs .” dated 1966
changes iii be iiumuie. time FA A  proposes lieu etc that by itit I C.un . i im ~ ti me ICIre.t t ab hi- 13 )  Siu u iu ’ t y  oi Auto mot ive £?iQl uuu ’,’rs
that c Oumi , in, imce ~ idi t ie i vu c u d  Appeil— i t’ . of tire ci nu ! :t , t ime proposed rule would SAE Publi cat ions . lii •SA E AIIP
dmces A aumd Ii be rt’qwred for teaLs con- u’ u) mru rub ute to redulu ed cu Is by eh i iuim nat— 866.1%, cirtmtlcd “Staj iduim’d Values of At--
dueled rif ler Mj.rei r ii. 1977 . or 30 ~~~ 

‘rig umutlecen-sary desicn features rim h e r— nrOaphem-lc Absorptiour as a Function of
alter puihil bat-loin of (lie finni I minru- mmii himeir t, flu; ‘ n - u mri e Ii ~ui It ‘i hours  ~ hk’iu sn-on m id hue to — 1~ ~ l~ ’h ’atu re and litmini hilly for Use in
wlmlthcser cut-cur s Lru’, . troml ’ueed solely to meet the t O)cr;llmCC l- n’nluati urmz Airci’aIt Flyover Noise,”

rcqilhreiimeurt-s. dated Marclm 15, 1975.D. 1flc(,R~~isATi(l55 my I(,~~~ EN. r Time rule pi’oposcd to tlri~ not ice has Ii i ) I lhc’ ,s’ ’t ’Ve ( i 1
While published mat~ riuul,c ~ hric h aic been revIewed In accordance tu tu Er- (d i A l a I l a b i l i t y b r  purchas e Pub-

Incorporated by referemr ce In Part 36 un- ecutls’e Order 11821, emrtltlc’d “Julia- It-she d nuat e rhms l Incor porat ed by reft ’t’-
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CIrce imi ( lilt part murny be purchased nt- tullc uittoiu tests mci-st be c’ondocted and the (4) AIrport reported wi nd velocity 10 mc-

t Ire i” e e establish e d by tin e pub llsl rcr or iuiu’ i uir i’uuui’ iut proc eu luu re’i t h at iu ru i ’ .t te u u’ucd ler - , above itrot mird does hot  eXCeed mo kuir ,ts
ii) nrcsuitirO nlrcrri!t m oIst’ dtlruurg erich test amid time crosswind Conupoumehil. does hot  CX—

distribu tor at time following nrallimig cruuid ucted at ier Sta rch 31. mcn’z (or t h e  d ate cei’d 5 kuuots ,
adcirt’s’ ’s 30 dayS alte r pu blicatio n 01’ the f il ial amm ucu d— ~5) No nuioniahoui ~ wi n d ctuui d itio i i; h um—

I I m I k C  p ub l ica t ions  i ~ i The l3urcau nient , w uniche ser occurs later) . cl udi hi g t ur bi u lence) w h ich wui i a ignlt tcauit iv
Cciutu’ntl de la Conrmis~ u ’)li Electroteclr- (b) Tc3 1 site rcquireunciits. ( I )  Tests to affect the muolse level of the uulrr’raft w heu m
i r l u mm u m - I iuter m rat io un- ic . 1 . rue din Varerunbe , show co mpliauu -e wIth established aIrcraft the incise u.s recorded at erich noise meiusuur-
c;~~ iCt .1 Ste I I .-er la ird , h OiSt ’ ccr t l tm c ui l  ion mevel s imuui.st Couun.u. t 01 5 I iig s i u I  hour.

UI I Aur rer ican N.ut ional .Slandard 1mm— ser ies cC take ulls aiud appruuachue; du rIng (di A ircraft  te.u t i n q  p r oe e r f u i res  - -  I I T u e

s titu t e , 14:10 Broadway , Ne w York (‘uty, ~- b t muuu measni rt ’m i reurts must be takeum at urolsc a ircraf t  testhirg proceduumes arid uiou~ m’ uuu e n ,s -
nreasuruirg statmo irS located at t he  meásuurluug tmr eme urt ’ n must be coiuduue ie d amid p rone-sed

New York 10018. poluuts prescribed in I C36 3 of A l peIuuJix C in aui approved nnuu nauer v.liiclr yields tlue
(21  Sit E pub luc a t uo nu s Soc iety of Auto— 

~ uhi s luart , flo iss eva l uat louu meulsui re dcs ir ’un at i - d as F’f-
niothvt’ Furg im iet ’ rs . It~s , 400 Cotnrmn noir— ~2( Our eaclr test takeoff . slurrultamroous fect in’e Perceived Noise Level IEPNI.I lii niuni u’
wealt lu Drive, Warn ‘ . t.own , l’ emnir.syl— ine.tsm ure urm eu mt .~ shunild be made at tine sldehliro of EPNCIIh , as prescribed in A ppcnuudi s ~ of
va ininu 15096 urm-uise nuea.9uuri uu ;  tct iit IoluS on e5ch side c i  tile thhs part

Ic I A u a i l ab u lu t u i  for m ‘n ‘mpect i on A copy runaway and also at the takeo ff noi’ .e uuum’ as- (2 I Time aIrcraft hei1’iit and Ia I n -  ii poslt l ’  ur
of each publication uro-orporated by urlng station However . If test s ute conditions relative to the extended centerline of the

make it impract ical to slmuit iuuueoushy urrea s— rumnwut y uurc ust be rieteruurined by air uit .’i urn-
reference in th Is I an: is ava Ilable for nure t a keoff amid sideline noise , au u d uf erich proved method wh ich I.; independent ‘fpublic iurspectmo n at tlre f~ llowmurg loca— of the other sideline measturernerut requ ire— miormal tli’rht iurstrunreuutnit lon . su ch as rant - mr
tlomn.s : ment.s us met , independent measureumleults trac inmne, theodolite tr Iangulation . has - r nr~n-

t h ) FAA 0111cc of F u~~ir, n. :u ent ai Q u a t n u v , ma y be made of tire s hde ii lr e noise under j ect o~~’ ai mnt y , or phot ogr ar ~hIc s caihm ug tech -
s mmu.mtated lhi;ht path techniqu es I! the ret— un~ ’ uu’s .u Rooi,r 93iiB Head qc u r u n s  Federal Aviuit io ii

Adiiilnitln ,.ttunn . 8 )0 Iu:n5’~ emude nce A c cu rum e , ereu ce flIght path Includes a porter cutback 
~~ Tire aircraft poslt nr ur along the f l l ” t

SW ,, V~’asiringtonu , D (‘ before the maxmnuum poursible sic iehiure urolse path m u s t  be related to the uuoin.e recornird
level Is developed. tIre reduced sude liure noise 

~ the noIse measu!ung stations bu’ nuieauus of(2) Department of T’- .~~ns;~ -t ,,t i .ur . Bra nch iece l which is t lre InaXImUIn Value de’eloped ~ ~ nctrromr urung sIgnals at sun an prov eul s imon -Library, Roo m 930, 1!r .dq uarse rs Feth’ral by the si m ulated flight palh tec i ruu uque nrust pIlur ’~ rate. T ie  floslt ion r’f tIne a rcraiu nruustAvlatiomi Ad u urmm uis tr a ’ ~ ri 8 C r  lu il’t u nd lice ie  ti re ccrt uttca: c ml sideline noire vuihile . be auutematicallv recorded relau ivc ’ to t ineA st ’ unu ie , SW . Stash inu , DC’ (3 1  II the iueu’ j lu t  of the ground at a noise rnu nwa y duur iung tine e nut ure t n m ’  ‘~ ‘;.o t  iii( 3m ‘h’he rm .; ,‘ - t .  e 1’ . n ‘ t n - u i  Oft u n-’, of time Iu n u .msur uu ug st ation dtffeu’s from tirat of tire which the record ed rteun u l us ss nt n in  10 dltFederal As atu ,mr A ni:m :~~~:raniu ’ u,  as fol lonus: urea r -s t puml mut ouu c ure runway by more than of PNT.TtcT . tc teas u ur ung amid ‘. nn nrslun ~ equu i t i —(II New I rigland il ’ : ~‘na 010cc , 12 Tn.esu 20 feet . co rnu- ilons must be made as pre- merit muu’t he apnroved 1w tire F-tA .Eluglam ud Ex ec uut i ’ .e i n s  - Bu rlington. M.s- .s~ - scr iuaed in 1 A’JO .S(di of this appendi x . (4 1 Each takeof f te t mu st uune u’ f lue con-cli uiu.m- ’. -
( i i  S .,~neru, Reg i -n:al 0’~ ’e . Fentm’ra l Bui ld- (4 i  The hoc at n n of caclr mm o , ’e umre risuring di lomus of I C36 7 of Append ix C n t  uI s n’-

station nnimsu be surrounded by relatively (5) ~ ~ takeOff t est  serIes Is ec u -h - m e t e d  atlog ilK J u i le ;mm . n n,u nai A ir nn ,nt J. .nnu.,uu ., , tfal terrain hasuuug rio excess ive sound at,— we t” lufs  other than tir e mn ximnum t’,t’a’ t fYori,
li i i  n-nn ,nu t ,ern Re: :- at 001cc . 3100 

sorptIon characteristics , such as mil’tut be welplut for wlrlm i n m -n i ’  c ,-rlitO.’atunn is re—
caused by thick , matted , or tall grass , sh ru bs ,

W nmi ilpie Sti’eel,. F.su,1, P,.::  Georgia . or wo~cit’d areas 
miuested the followiung usddit lcnn’i l rm. n rc.

Ii’ I (ire;,: L’ml:es H’ . - “..-i 0!Iuce , 2300 East  mt ’ nt s a’ uol v:
Devoui , Dc— P:a ‘n ,’ ’ Iihi:.o 15 1 A Ir airport tower , or other fnm ’ i l i t y ,  imsed

to obtain required measurevneuuis of nucteoro- (II At least one tai.eot! test nun’ ; be c mi-
ducted nt a weight at’ or nuboc u’ line r u .  Sn —( t i  Ceu tr al  ite :nozus t 0:0cc , 601 East logical conditions at the test  Si te roust bel’ wel’ ib y;n~~m - n  Kun uxm (‘‘lv Mus~~- uuri .  nruu umr cer t if i cat ion wCin’l:i

( V i 1  So uf i ,  ‘ -u t Rei’n ‘ ‘ si utt~ ‘e , 440u fi hue u s ; 1 r uv e d  in acc, rdauice wIth I A36 9(b) ( I )  of
iiioumnid Road . I r’ a \~ c~th , this appemud ’ 

(I i)  F, h test wemy irt nv.u ’t be svit i uitr 5

61 Duriung the period Whit- li tIre Ilcn ’vc r perceurt of the nnax imnim ,n c r 1 10-St : i - ,~m’ :.-l it
V t i ~ It’ -I . v t.t - t m mu : , nnr Re :  l~ h m am 010cm’. m o  ~~ - time recuu rd Indicates I lie u. ne ur rea s— (I i i) The s.c iglu t cor rect on re m 1 n, nne r l ml —

10255 ia  - n 2,1 tu Ave ‘ n i  e - -5 -u n a , Cm-u lo i .,nio Inr urue nt is within 10 dB of i’Nl ‘ I T , no ob— d r  I A36 u I of this appendix univ non e’: -eed
(s’lli~ Sur t i s s e s t  B,:n ial  0111cc. iSA  sv nuui l ion ,  lina c sn: ’ l imnn: ’. m u ; niy lmnflu u - me s the 2 0  ,:t xdn )A 1.pros-ed m t mt : i  T u nu m st  tue n - n t

ilm m ici: n 1;. ‘‘010 tin-s1 - ‘.,,n n :051 Way SOthth. sound held irohir tire aircra iu. im ay t’’, i st .  l u  deter mine t lue s-s riat ioir unn FONt , suit h
King (‘i n u n t \  D r  cm:., : N n n - i A lrpmurt (Bu t - . i n i  (I) F,’c a takc’ ,Tt . approach , or S , d t i i n c  wei ’ iuf !m,r t muk e urfT t e s t  rondituo :us i
Field i . Sciut t i e . \\‘ as i .:,i, ;’’u menus m ni ’ um men t s tat  momi , ,,‘itiniur I’. CO lilCtu t ~~~~~ 

(6 1 Each approach test mint be cond uct u-ni
( lxi tVe ’. t e r : u  Rm’ n’:oi. .r! ( b iOc e , 15000 A v i~ - above th e rmrea’,Unmnn’ 1un .-i t lofl (the p - n i t on suit I’ the a i rc ra lt  stabutn;c d amid fot ln ’v imunn a

lion luau mIe n aid , hi. ,-,’ : . ’-m . - e - d a l i  torn ma
( x i  A l a s k a n  }Ie,,.t’nSl 0: e 632 t i,e ground rrticaily below t i e  uruic u-o; uhone) , 3.0 d ‘lee .t 05  uie.’ n em’ mu 1 mactn in :  the a id

Ire com e beluig defl m e d  by aIr Stir, fo ru mS 1 to ~~~~ t macCt the req n u n  rn’niehl t a of C l,: 0 of -‘up
Ave nmie Au ic hn , r ,m 1’e , A s u  n a  the gu-cu uuni d au~ 1 by a hail-angle 80 degrees pendix C mu! this part

(x l i  PacIf ic-A ,ha ut ‘ ‘ l m n ’.aI Office, 1833 f rouur this a’ nsn huh-uI (7) If npprOam’Iu test v m ’ mn ’.n is u’nundnnc ’m ’ t  at
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APPENDIX B

TRACKING ACCURACY CALCULATIONS

The procedures used to calculate the maximum tracking
errors shown in Figures 4.4 through 4.9 are given in this

appendix . These figures illustrate the uncertainty in the

determination of the aircraft position for one geometry (radar

location with respect to runway and flight path) for radar

tracking systems with several different angular and range

accuracies. The positional uncertainty is translated into a

slant range uncertainty and converted to dB. This slant range

error represents the worst case error that can occur in the
corrections applied to the acoustical data when correcting the

acoustical measurements to compensate for the difference between

3
0 and the measured flight track. The slant range is the

distance from the aircraft to an observation point on the ground.

An angle of 450 was chosen between the ground and the slant

range line to approximate the point of maximum noise.

The maximum error in height , cross track position ,
along track position , and slant range due to the angular and

range resolution accuracy of the tracking hardware was computed

using trigonometry. These calculations were carried out using

a computer program in three dimensions , The procedure used

will be illu strated using a two dimensional model shown in
Figure B.l. In this simplif ied model the tracking system is
located at the point of touchdown , T. The aircraf t is following
a nominal 3

0 glide slope. The tracking system has a range

accuracy of ± 30 fee t as illu strated by the line ce and an
angular accuracy of ± 1 mu as illustrated by c .

The first step in determining the maximum error at

one distance out (TN-) is to determine the nominal pos it ion for
a true 3

0 glide slope at this distance . Then the tolerance in
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a FIGURE 13.1 TWO DIMENSIONAL TRACKING GEOMETRY FOR
POSITION ERROR CALCULATIONS
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angle (± 1 m u )  and range (± 30 feet) are added to the nominal

values. In this two dimensional examp le the points a, b , c , and

d are gener ated rep r esen t ing the var ious possible comb ina t ion s
of tolerance and therefore the worst case limits of the combined

tolerances. These l imit  po in t s  are pro jec ted  onto the new

coordinate system to determine the error in the new coordinate

system . In the example the maximum error along the track would

be represented by the line a N ”  as a ’, the projection of a , is the

furth erest away from the projection of N. This procedure would

be repeated for the other planes ,

The slant  range error converted to dB represent  the
uncer ta in ty  in soun d leve l that  is a t t r i bu tab le  to the spreading
loss correct ion . This is again a posi t ional  uncer ta in ty  so
the same position limits , a, b , c , and d , as shown in Figure B .l

are app licable . Figure B . 2  shows the relat ionship o f t hese
limit points and the corresponding slant range lines. The

slant range line MNN is the slant range distance calculated

for the posi t ion N ’  out from the end of the runway. The slant

range error in dB for location error position b is:

M b
dB 20 log

N

This error is computed for each location , a , b , c , and d , and

the largest error is the maximum slant range error .

-~~
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• FIGURE 13.2 TRACKING GEOMETRY FOR SLANT
RANGE ERROR CALCULATIONS
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