ey BYILY AUUW LDJ0

e D e e L e

e e SR

1y
Y
2

et

AT~/
A

EPA SSa/9- &1-324

ATRCRAFT NOISE - TAKREOFF FLIGHT
PROCEDURES AND FUTURE GOALS

NOVEMBER 1980

Prepared for:

U.S. Environmental Protection Agency
Office.- of Nolse Abatement and Control

Under Contract No. EPA 68-01-4488

Prepared by:

Bolt Beranek and Newman Inc.
Cambridge, MA 02238

This report has been approved for general availability. The
contents of this report reflect the views of the contractor,
who is responsible for the facts and the accuracy of the data
presented herein, and do not necessarily reflect the official
views or policy of EPA. 'This report does not constitute a
standard, specification, or regulation.



P e

PRI

e $m At £

A -5 -0
ZL - A~ /5 6

EPA

AIRCRAFT NOISE - TAKEQFF FLIGHT
PROCEDURES AND FUTURE GOALS

NOVEMBER 1980

Prepared for:

U.S. Envirormental Protection Agency
Office of Noise Abatement: and Control

Under Contract No. EPA 68-01-4488

Prepared by:

Bolt Beranek and Newman Inc.
Cambridge, MA 02238

This report has been approved for general availability. The
contents of this report reflect the views of the contractor,
who is responsible for the facts and the accuracy of the data
presented herein, and do not necessarily reflect the official
views or policy of EPA. This report does not constitute a
standard, specification, or regulation.

T R Ay g e s o T R T T




FERTERE SR ol el

TECHNICAL REPORT DATA .
{Please read Instrucrions on the reverse before compieting)

7. REPFGAT NO. X 3. RECIPIENT'S ACCESSION NG,
EPA 550/9-81-324
3 TITLE AND SUBTITLE 5. REPOAT DATE
Aircraft Noise =~ Takeoff Flight Procedures and _ Yovember 1980

Future Goals 8. PERFORMING ORGANIZATION CODE

7. AUTHOR(S) 8. PEAFOAMING ORGANIZATION REPCAT NO,

Kenneth MeK. Eldred 46E2R
|8 PERFOAMING ORGANIZATION NAME AND ADCHESS . 10. PACGRAM ELEMENT NO.
Bolt Beranek and Newman Inc.
50 Moulton Street TT. CONTAACT/GRANT NO,
Cambridge, MA 02238
dge, EPA 68-01-4488
12. SPONSORING AGENCY NAME AND ADGHESS 12. TYPE OF REPORT AND PERIOD COVERED

Office of Nolse Abatement and Control
0.8, Environmental Protection Agency
Washington, DC 20460 EPA/ONAC ANR-471

14, SFONSORAING AGENCY CODE

18, SUPPLEMENTARY NOTES

T8 ABBTAACT Tha srudy was designed to develop and analvze an aireraft takeoff noise data
base consisting of areas and populations, computed as a function of noise level, air-
craft type, welght and takeoff flight procedure. 5ix aireraft, each at typical and
maximum weight, were chosen to represent the range of civil transpert aireraft and
engine types. 5ix types of takeoff flight procedures were selected, three involving
cleanup of flaps and leading edge devices before thrust cutback, and three involving
thrust .cugback before or during cleanup. Each of these procedures was initiatved ac

3 aleitudes: 122, 305, and 610 meters, so that for each combination of aircraft and
weight a total of 1B takeoff procedures were considered, for a total of 216 cases.

The data base developed in cthis report enable an approximate direct translation
of results between various operational procedures and the certification tesr proced—
ureg. This translation methodology is developed through examples of the selection of
trial goals and the development of their implications in terms of certification noise
limits. The relative effectiveness of the various procedures was found to he highly
dependent on two performance characteristics, takeoff climbout and noise reduction
regsulting from thrust cutback. For aircraft with high and intermediate climbout per-
formance and with a high value of noige reduction with thrust cutback, the procedures
having leasc potential noise impact involved maximum cutback, and, i1f cleanup were ini-
tiated prior to cutback, showed thar it should be initiated at the lowest safe altitude

17. KEY WORDS AND DOCUMENT ANALYSIS
DESCRIPTORS b.IDENTIFIEAS/OPEN ENDED TERMS [c. COSAT! Field/Group

.

aircraft, nolse, goals, impact,

procedures
10, OISTHIBUTION STATEMENT 19, SECURITY CLASS {TAE Reporty 21. NO, OF PAGES
Unclagsifiad 114
20, SECURITY GLASS (Thll page] 22, PRICE
Unclassified

EPA Farm 222041 {9:71}




e

TABLE OF CONTENTS

R ENAY S g lil

o

T TR Pt d b A1 it S P e L N i e

page
TABLE OF CONTENTS. . . & 4 ¢ v v v e vt e e e e e e e v i
LIST OF FIGURES . .+ + « v v o o v e v o e e e e e o . 41,111
LIST OF TABLES . . « ¢« &« « ¢ v v v v v v v v v v v e v v dv,v,vi
SECTION 1 SUMMARY AND CONCLUSIONS . . . . .+« « + + « « « . 1
2 INTRODUCTION . . . « v v & v & v o s & o s o & 11
3 METHODOLOGY . ¢ « v v v v v v o v s o & o & o 16
3.1 Study Design . . . + . . . s . 0 v 0 e s 16
3.2 Fllght Profiles. . . « & v « =« & « « « « . 20
3.3 Development of Noilse Contour Data . . . . 27
~ 3.4 Estimatlon of Population Impact. . . . . . 32
4 ANALYSIS OF RESULTS + + « o v « v o« o o o & . 42
' 4.1 Procedure 3a, Maximum Cutback
Before Cleanup . . .+ « + & & v « + « « 42
L,2 Effect of Resumption of Climb Thrust
at an Altltude of 914 Meters in
Procedures 1h and 3b . . . + + + « + 4+ ¢ . 51
4.3 Comparison of the 4 Basice
Procedures, la, 2, 3a, and 4 . . . . . . . 53
4.4 pevelopment of Goals for Alrcraft Noilse . 68
REPERENCES - Ce e e e e e e e e e e . e . . 83
APPENDIY A . . v v« v 4 v o v v s e e e e e e e e e A=l
APPENDIX B . ., . v v v v v s e v v e e e e e e e e B=1
REFERENCES, APPENDIX B . . « + v + v v v v v o o 4 s o o & B=5
)



TN NNV SN LT

FIGURE 1

10

11

LIST OF FIGURES

Identificaticon of Takeoff Profile Segments

Profiles Used for the DC9-10 Alrcraft. at
80,000 1bs Takeorf Weight for all & Procedures

Inltiated at an Alftitude of 305 Meters

Profiles Used rfor the B707-320B Alrcraft at
333,600 1lbs Takeoff Weight for all & Procedures
Initiated at an Altitude of 305 Meters

Single Runway Model with Grid Increments at
U50 Meters and Established such that 450 M
Sidellne 1s a Grid Line and the 6500 M Takeoff

Location 1s a Grid Polnt . .

Varlatlon of EPNL wilth Slant Distance for all

6 Aireraft at Takeoff Thrust

.

.

.

-

.

Varlation of EPNL at a Slant Distance of 305
Meters with Engine Thrust Ratio.

Relatlve Populaticon Density Distance Functions

.

.

.

used for the 3 Population Density Categories

.

.

Average Runway Population (single event contour}

for Procedures la, 3a and Y4 Using 211 2- and 3-
engined Alrceraft Weight Combilnations for
Categorles X and Z and all 12 Alrcraft Welght

Combinations for Category ¥

EPNL Computed at 4 Locatlons directly below the
Flight Path for Procedure 3a Inltiated at an
Altitude of 305 Meters for 6 Alreraft at Maxi-
mum Gross Welght with Approximate Nolse
Reductions due to Thrust Cutback in ¢

Varlaticn of Contour Area with EPNL at the 6500
Location for Procedure 3a
Initiated at an Altlitude of 305 Meters for all

Meter Measurement

Alrcraft~Welght Combinations

Varlation of Contour Area wlth the Contour EPNL
minus the EPNL at 6500 Meters for Procedure 3a
Initiated at an Altitude of 305 Meters for all

Alreraft-Weight Combinations

11

.

.

.

)

Y

.

.

+

-

page
.21

.23

.24

.29

-30

.31

.33

.43

45

b



T T T TTTe s e areraa

LR AR s

i i

List of Figures (cont.)

FIGURE 12

13

1h

i5

16

17

13

19

WVariation of Contour Area with the Contour EPNL
minus the EPNL at Distance of 305 Meters for
Thrust Cutback for Procedure 3a Inltlated at an
Altitude of 305 Meters for all Alrcraft-Welght
Combinations. . .« + ¢ ¢ « v ¢ ¢ « « o v« e .

Variation of Estimated Airport/Aunway Welghted
Population with EPNL at the 63500 Meter Measure-
ment Location for Procedure 3a Inltlated at an
an Altltude of 305 Meters for all Alircraft-
Welght Combinations . . . . . + . . .+ «  « . .

Varlation in Airport/Runvay Welghted Population
with EPNL at the 6500 Meter Measurement Location
for Procedure 3a Initiated at an Altitude of

305 Meters for all Alreraft-Weight Combinations .

Examples of the Variation of Contour Length with
4 ®light Procedures Initlated at an Altitude of

305 Meters for 3 Alreraft at Maximum Gross Weight

Examples of the Variation of Contour Area wilth
4 Flight Procedures Inltiated at an Altitude of
305 Meters for 3 Aireraft at Maximum

"Gross Welght . . . . v v o v v 0w a0 0

Example of the Variztion of Contour Area with
Contour Length for 4 Procedures Inittiated at
an Altitude of 305 Meters for B727-1C0 at
Maximum Gross Welght . . . . . . + + + + « + .

Ratio of the Value of Aftrporit/Runway Level

Welghted Population for Procedure la Divided by
the Value for Procedure 3a with Both Procedures
Initiated at an Altitude of 305 Meters . . . .

Mindlmum Values of Population and Contour Areza

for Procedures 3a and 4 Initiated at an
Altitude of 305 MEL@PrSs. . + +v « ¢ « 0 4 . e .

1iz

page

48

49

50

54

58

59

63

70



=T MERY SNV Awddd

TABLE 1

10

LIST OF TABLES
page
Selected Characteristies of Study Aireraft. . . . L7
Description of Takeoff Procedures e e s e e . 22

Locations of Takeofl Molse Measurement
Data Reported in Appendix A . . . . . . . . . , . 28

Multipliers Used for Estimating Alrport/Runway
Welghted Population from Single Event Contour
Population. .« .« « + « v v 4 e e e e 4 e 4 e . . . 36

Approximate Value of EPNL for Lgn of 65 dB
(NEF 30) for 3 Populatlon Density Categories . . 37

National Population (1000s) Estimated to Reside
Within NEF 30 from Previous Study Compared with

this Approximate Model Using B727-100 Alrcraft,

Max Gross Welght, Approximate ATA Procedures,

Both 3tandard and Revised Noise Level Distance
Funetions, 1870 Census and 1975 Operations. . . . 3%

Welghtlings for Level Welghted Populatlion and for
Airport/Runway Level Weighted Population Used
for Analyzing Relative Impact . . . . . . . . . . &0

Comparison of the Ratlo of AZrport/Runway Level
Welghted Pepulation Deflned as the Value for the
Procedures (1lb and 3b) with Power Hesumption at

814 Meters Altitude Divided by the Value for

the Procedures (la and 3a) without Power

Resumption after Maximum Thrust Cutback . . . . . 52

Summary of Distances from 3tart of Takeoff Roll

te Thrust Cuthack and EPNL Values at 4 Positions

for all Aircraft-Welght Combinatlons and

3 Procedures with Maximum Thrust Cutback. . . . . 57

Atrport/Runway Level Welghted Population (milllions)
for the DC9-80C, B727-100 and BT07-320R Aircraft

at Maximum Gross Weight for 4 Procedures Initlated

at an Altitude of 305 Meters . . . . . . . . . . 61

iv



TR FEWANY S bl el b

AT i Lo it by T

List of Tables (cont.) page

TABLE 11

12

13

14

15

APPENDIX A

TABLE A-1
A-2
A=3
A=Y
A-5
A~b
47

Airport/Runway Level Welghted Papulation (millions)
for the 4 Basiec Procedures, la, 2, 3a and 4, for

6§ Aircraft, both Welghts and 3 Initiaticn

Altitudes, 122, 305, and 610 Meters . . . . . . . B2

Comparison of Estimated Airport/Runway Level
Welghted Population (millions) for 2- and 3-

englined Alircraft and for Cleanup before Maximum
Cutback Initilated at 122 Meters with Maximum

Cutback before Clesnup Initiated at 122 and 305
Meters with and without Adjustment of Thrust to
Comply with FAR Part 25 e e e e e . . . BT

Examples of Alternatlve Goals Using Data for
Precedure 3a, Initlated at an Altitude of

305 Meter'S v ¢ v v a1 4 e e e e e e e e e ..M

Summary of Selected Airframe-Englne-Design

Factors whilch Could Contribute to Improvements

in Noise for both Certification Test and

Typlcal Operating Procedures . . . . B
Example of the Derivation of Approximate
Relaticnships Between FAR Part 36 Certification.
Noise Levels and Those Derived for a Trial Goal

of NEF 30 with Negligible Population (EPNL of

86.5 dB at 6500 Meters) for a Hypothetlical Fleet

Average Alreraft (Typilcal Welght of 180,000 lbs),
for Procedure 3a, as a Function of Number

el Engines . . . . . . . . o o 0 o 0 . 0 s e .. T9

Data Summary for DC9-10 Aircraft at 80,000 lbs. . A-2
Data Summary for DC9-10 Alreraft at 90.7,000 lbs A-3
Data Summary for DC9-80 Alrcraft at 112,000 lbs a4
Data Summary for DCS=80 Aircraft at 140,000 lbs . A=5S
Data Summary for B727-100 Alrcrart at.lBS,OOO 1bs A~6
Data Summary for BT727-100 Alrcraft at 160,000 1lbs A-7
Data Summary for DCl1l0-10 Alrcraft at 370,000 lbs A8



List of Tables feonz.) page

TABLE A-8 Data Summary for DCLl0-10 Aircraft at 440,000 1lbs 4A-9
A-% Data Summary for BT07-320B Aircraft at 260,00 lbs A-10

A-10 Data Summary for B707-320B Alrcraft at 333.6,000
Y I - 7 - i

A-11 Data Summary for B747-200 Aircraft at 625,000 lbs A-12
4~12 Data Summary for BT747-200 at 775,000 lbs . . . . A-1l3

APPENDIX B
TABLE B-1 Profile and Noise Data Summary for DC9-10

Alreraft & v v i 4 e i s e it e e e e v e .. B=3

B-2 Profile and Nolse Data Summary for DC9-80

Alreralft o . v v v e e e e e e . . . Bl

? B~3 Proflle and Nolse Data Summary for B727-Alrecraft B-S

2
o B-4 Profile and Noise Data Summary for DC10-10
Alreralft & . . v e i 4 et e e e 4 e ¢ 4+« 4« . B=f

: B-5 Profile and Noise Data Summary for B707-320B
! Alreraft . . . « - v - o 4 v o o v o 0 e« s BT
i B-6 Prorfile and Noise Data Summary for B7UT7-200
‘ Alreraft . v v ¢ « v e « « 4 4 e 4 s w s e+« . . B8
;
!
1 ﬂ'\\

vi

e e e e et R oy




— e W BT VNI ok b

PECERER AW e

N

1. SUMMARY AND CONCLUSIONS

Study Design

The study was designed to develop and analyze an alreraft
takeoff noise data base consisting of areas and populations, com-
puted as a funection of nelse level, alrcraft type, weight and
takeoff flight procedure.

S1x aircraft were chosen to represent the range of cilvil
transport alrcraft and engine types. Three of the alreraft were
chosen to have hlgh bypass ratio engines and three were chosen
to have low bypass ratio engines; one ailrcraft with each engine
type for the 2-, 3-, and Y4-engined aircraft categories. The ailrcraft
with low bypass ratlios were selected to represent early production
FAR Part 36 Stage 1 ncise performance, while the aircraft with
high bypass ratics were selected to represent current and future
production with Stage 2 or 3 performance. For each alrcraft two
welghts were examined, maximum gross welght and a typical operating
welght.

The aircraft represented in this study were selected to pro-
vide a range of performance characteristics whlch could then be
examined to develop inter-comparison-amongst procedures and perform-
ance characteristlices. The performance charsacteristics for each
alreraft have been derived from several sources. Therefore; they
are rnot necessarily precisely those of the zctual alrcraft, a re-
qulirement that is unnecessary for the purposes of thls study.
However, the reader 1s cautioned that the comparisons amongst alr-
eraft should refer only to compariscns among aircraft having the
characteristics assumed 1in this study, and that such comparisons
are not necessarily totally valld in all details when attributed to
specific actual alrcraft.

R S o N . - e e e e A e el ke el e ek
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Six types of takeoff flight procedures were selected, three
involving cleanup of flaps and leadlng edge devlces before thrust
cutback, and three lnvelving thrust cutback before or during cleanup.

These procedures are:
la) cleanup before maximum cutback
1b) cleanup befeore maximum cutback and resume minimum cutback
(elimb thrust) at 914 meters altitude

2 )} eleanup before minimum cutback (elimb thrust)

3a) maximum cutback before cleanup
3b) maximum cutback before cleznup and resume minimum cutback

(elimb thrust) at 914 meters altitude

b ) minimum cutback (climb thrust) before cleanup.

Each of these procedures was initiated at three altitudes: 122,

305, and 610 meters, so that for each combination of ailreraft and
welght a total of elghteen takeoff procedures were considered. Thus,
there are 216 cases contalned in the data base (eighteen procedures
times twelve combinations of alrecraft and welght). Data for each of
the 216 cases was computed for a stralght ground track using the
Nolsemap computer program with 1its aircraft neilse data based on
existing values at the 305 meter slant distance, and modifled to
update the duration distance function,

The output data for each case consists of:
«  contour length at 5 dB intervals from EPNL = B85 to 113 dB
« contour area at 5 dB intervals from EPNL = 8% to 115 dB

+ population for three populatlen density functions for
gach area

+ total population exposed based on estilmated number of
runways 1n each population density category

e e el g
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= proportiocnate impact based on simplifled level welighted
pepulation for a typiczl runway

- maximum noilse levels at U450 meters slant distance

+ noilse levels along the ground track at 4700, 6500, 9200,
and 12,800 meters from start of takeoff roll.

Comparigon of Procedures

The relative effectiveness of the various procedures was
found to be highly dependent on two performance characteristics,
takeof{ climbout and noize reduction resulting from thrust cutback.

The takeoff climbout performance of the aireraft in this study
varled significantly'with the number of engines installed in the
alreraft. Alrcraft wilith 2 engines had the highest performance,
aireraft with 4 engines had the lowest performance, and alrcraft
with 3 engines were intermediate. The principal reason for this
difference 1s the variation in the takeoff thrust-to-welght ratlo
with the number of engines, which 1s, to a large extent, the result
of the one engine inoperative safety requirements of FAR Part 25.

The amount of noise reduction resulting from thrust cutback
also varied significantly among aircrart with different engine types
and with welght. For maximum thrust cutback the largest noise re-
duction, ranging between 7.4 and 20.7 dB, were associated with the
B727-100 and DC9-10 aircraft, both powered with versions of the low
bypass JT8-D engine, and with the DC%-80 aircraft which ls powered
with a higher bypass versiocn of the same engine. Lower values,
ranging between 3.2 and 4.5 dB, were found with the DC10-10 and
B747-200, both powered with large high bypass ratioc engilnes. The
lowest values of 2-3.5 dB were found for the B707-320B powered by
low bypass ratlo JT3-D engines. For all aireraft, the nolse
reduction at the selected typlcal coperating weights was greater
than that at maximum gross weight.
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The general conclusions relative to the potential nolse im-
pact for the average population distributions and to the procedures,
85 a function of these performance characteristics, are:

1.

For airecraft with high and intermedliate climbout perform-
ance and with a high value of nolse reduction with

thrust cuthback:

a)

b)

e)

d)

Maximum thrust cutback {(procedures 1 and 3) has sig-
niflcantly less potential nelse impact than does
minimum thrust cutback (procedures 2 and 4),

Resumption of minimum thrust cutback ai 9214 meters
(procedures 1lb and 3b} results in an inerease in po=-
tential impact relative %0 no resumption, until the
nolse level beneath the alrcraft 1s lcwer than the
lowest value of concern (procedures la and 3a) or
the alrcraft has departed the populated arez.

Maximum cutback before cleanup {(procedure 3a) has

less petential neoilse impact than does cleanup before
maximum cutback {(procedure la) when both are initia-
ted at an altitude of 305 meters. The reason {or this
result 1s that the nolse levels beneath and to the
side of the aircraft are much less for procedure la

in the region extending between the locatlion of its
cutback and location of cutback for procedure 3a.

This result 1s not changed when the amount of thrust
cutback for procedure 3a 1s decreased Crom that al-
lowed 1in FAR Part 36 cersificacion to that recommended
Tor normal cperations by AC91-53. FProcedure la 1s
superlor in z2ll regicns bheyond the location of its
cutback,

Cleanup before maximum cutback (procedure la) has the
least potentilal impact when the procedure 1s initiated
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at 122 meters, and produces lncreasing amounts of
patential impact with increaéing values of the initila-
tion altitude. Neo similarly consistent variatlon
with altitude was found for procedure 3a, although
Initiation at 305 meters was‘mcst often superior in

terms of potential Ilmpact.

e} Maximum available takeoff thrust should be used during
the first segment of takeoflf to minimize noise impact
and, at least for procedures la, 1lb and 2, minimum flap
settings should be employed where runway lengths are
adequate for safety. When procedure la was 1lnitlated
at 122 meters 1ts potentlal impact was approximately
the same as would be expected for procedure 3a initla-
ted at 305 meters, but modified to comply with the
recommendations for minimum thrust 1n AC91-53. Both
of these procedures are belileved to have less potentilal
nolse impact than do the current cperating procedures.

For aircraft with intermedlate andé low climbout performance
and with an intermediate value of nolse reduction with
thrust cutback there 1s only a small variation in poten-
tial nolse impact amengst the procedures and no procedure
was clearly superlior In terms of potential impact.

For an alrcraft with low climbout performance and with a

low value of noilse reduction with thrust cutback there was 2
small variatlion amongst procedures, with cleanup before
maximum cutback (procedure la) initiated at 305 meters

having less potentiai nolse lmpact at the typlcal
welght and maximum cutback before cleanup {(procedure 3a)

initiated at 510 meters having less potential noise impact
at the maximum welght.
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For all aircréft maximum availlable thrust should be used
during the first segment takeoff to minimlze potential noilse

impact.

For all aslrecraft, and for procedure 3a initlated at 305
meters, the contour area can be normalized to the differ-
ence between the EPNL value of the contour and the EPNL for
maximum thrust cutback at a flxed slant distance of 305
meters. Addlticnally, with a few exceptions, the contour
area for both procedures 3z and 4 can be normalized to the
difference between the EPNL value of the contour and the
EFNL value at the 6500 meter location., These normallzations
should be expected to apply to other alrcraft and welghts
beyond those Iin this study.

For 21l alreraft weilght combinaticons and for procedure

3a, the functions of total airport/runway welghted population
within contours of fixed EPNL values. and airport/runway
level welghted population appear to be regsonably smooth
functions of the assoclated IPNL values at the 6500 meter

location.

These general conclusions are based on the average functions

5 of population density as a functlon of distance from the alirpert.

The data
specirfic

1.

also suggest the following conclusions for application to
airports:

For all aircraft with high and intermediate values of
nolse reduction with thrust cutback:

+ If the populated area ls elose to the alrport, attalin

the maximum altitude before reaching the populated
area, then initiate maximum cutback, and subsequently

e bt A L A e
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‘roesume ¢limb thrust elther after passing the pcpulated
area or when attalning an altitude where the noise on
the ground 1s less than a selected value.

+ If the popoulated area is far enough from the airport
to allow completion of partial or complete cleanup
before reaching the populated area (see Table 9), ini-
tlate acceleration and cleanup at the lowest safe alti-
tude, then 1nitlate maximum cutback at the beginning
of the populated area, and subsequently resume climb

thrust as above.

For alrcraft with low climbout performance and with low
values of noise reduction with thrust cutback, attain the
maximum altltude before reaching the populated area, then
initiate minimum thrust cutback and proceed to ¢leanup and

climb.

Future Goals

The normal operatlonal takeoff climbout procedures differ from
those in used certification testing under FAR Part 36 in two impor-
tant ways. First, the procedures recommended in the FAA Advisory
Clreular ACS1-53 suggest initiatlon of the second climb segment, in
which eleanup and cutback occur, at a fixed altitude of 305 meters.
The certlfication test procedures allow the alreraft toe continue

initial

climb to an altitude that is as hlgh as possible before

f initiating 2 maximum thrust cutback to minimize the ZPNL measured

i at 6500
f Part 36
; that 1is
: minimum
(to the

I kel lbbaten am et

meters from the start of taksoff roll. Second, the FAR
precedures allow a greater thrust cutback (to the thrust
required for level flight with one engine lneperative, or a
of a 0.04 ¢climb gradlent) than do the ACY91-53 recommendations
thrust that is reguired to maintain a minimum climb gradient
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of 0.012, 0.015 or 0.017 for 2-, 3- and Y-engined aircraft, respec-
tively). Because of these differences, the EPNL values measured at
the 6500 meter location in certification testing are generally lower
than those measured in normal flight operatilons, particularly for

2= and 3-engined alrcraft.

The data base developed in this report, lncluding the correla-
tions between the neolse contour areas, populatlons and EPNL at the
6500 meter measurement lccation, enable an approximate direct
translation of results between wvarious operatlenal procedures and
the certificatlon test procedures. This translation methodology
is develcped through examples of the selectlon of trial goals and
the development of their implicatlons in ‘terms of certification

noise limits.

Prom the analysils of these examples the following are con-

cluded:

1. Although there are significant procedural differences
between certification and nérmal flight operations the FAR
Part 36 test procedure provides positive incentlve tc the
designer of c¢ivil turbojet transport category alrcraft
to optimize all of the deslgn factors for the englne, air-
frame, and their combinations whilch are relevant to the
reduction of noise impact in normal fllght cperatlions.
Furthermore, improving these relevant design factors with
respect to noise 1s, except for installation of acoustilc
treatment, consistent with improving one or more of the
performance parameters cof an alrcraft Jdeslign.

2. The 6500 meter measurement locatlon is the shortest dils-
tance from start of takeoff roll at which a large 4-engilned
alreraft a2t maximum gross welght may be expected to reach
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an altltude of approximately 305 meters prior to initiating
‘eutback. For 2- and the smaller 3~engined aircraft a
measurement location at a shorter distance, such as 4700
meters suggesfted for business Jet aircraft, would be
adeguate 1n this respect.

3. The differences in the FAR Part 36 Stage 3 noilse limits
" between the limits for 4Y4-engined ‘and those for 2~ and 3~
englned ailrcraft, of 5 and 2 dB, respectlvely, are shown for
an example of a hypothetical 220 thousand pound aircraft
to be consistent with the differences obtained wken
designing for egual potential nolse impact using
procedure 3a and for equal nolse control technolocy.

; - 4. Attainment of a trial goal of Noise Exposure Forecast
(NEF) 30 (day/night sound level (Ldn) of approximately
65} for a contour area of 3 sg. km. using procedure 3a
would require that a fleet average alrcraft meet takeoff
neolse limits that are approximately ¢ to 11 dB below the
Stage 3 noise limits) depending on the number of engines.

Attainment eof this trial goal would mean that there would
he negligible population expected within NEF 30, based on
the average populatlion density functions used in this
study. However, because the alrperts with g=eater than
average operations often have greater than average popu-
lation densitles and greater than average utllizations on
some runways, a significant population could be expected
to be found at a number of actual alrports. If this
population were to control the selection of a trial noilse
goal, the required noise limits are estimated to be 3 to
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& dB lower than in (4) above. Additionally, the use of
procedures other than 3a might cause a further lowerlng
in the required neoise llimits.
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2, INTRODUCTION

Background

The nolse resulting from cilvil alrcraft operations at ailrports
has plagued airport neighbors ana alrport operators since the intro-
ductlon of turbojet aircraft in the late 1950s. The neighbors have
suffered the noise impacts and the operators have been constrained
in alrport development largely due to the adverse public reaction to

noise.

Tt 1s estimated [1] that in 1975 400,000 people resided in
nelghborhoods where the day-night sound level (Lgn) exceeded 75
dB and 5,150,000 people resided in nelghborhoods where the Ly,
exceeded 65 dB. It 1s predieted [1,2, and 3] that these numbers
will be reduced to 150,000 and 3,000,000, respectively, by the end
of 1885 due in large part to the Federal Aviation Administration
(FAA) retrorfit regulation [4]. Howewver, 1t is also predicted that
the next fifteen years to the year 2000 wlll see these numbers of
exposed population reduced only slightly te 100,000 and 2,550,000,
respectively. The predicted reduction [l, 2 and 3]'15 due to the
introduction of new aircraft meeting the FAA's FAR Part 36 Stage 3
noise regulation [5], but 1s limited by the assumed slow retirment

of exlsting noisiler aireraft.

The general national goals [0] developed by the Envirenmental
Protection Agency (EPA) for environmental noise are to:
| » "Reduce environmental nolse exposure of the population to

: an Ldn value of no more than 75 dB immedlately, utilizing
all avallable tools, except in those lsolated cases where

this would impose severe hardship.”
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+  "Through vigorous regulatory and planning acticns, reduce
environmental noise exposure lévels to Ldn 65 dB or lower,
and concurrently reduce noilse annoyance and related
activity Interference caused by intrusive nolses.”

+ "In planning future programs concerned with or affecting
environmental nolse exposure, to the extent possible, alm
for environmental nolse levels that do not exceed an Ldn 55
dB. This will ensure protection of the public health and
welfare from the adverse effects of noilse based upon pre-

sent knowledge."
As applied specifically to aircraft noilse these goals [1]

"are to confine severe aircraft nolse-exposure levels
greater than L,, 75 dB around United States alrports to
the areas i1ncluded within the ailrport boundary, or to

areas which are otherwilse beilng used In a manner compatible
with this level of noilse, and to reduce substantilially the
number and extent of areas receiving nolse-exposure

levels that interfere with human activity."

These goals are shared by both FPAA [7] and the Department of Housing
and Urban Development (HUD) ([8]. However, as seen above, they will
not be met for a significant number of people, even at the end of

the next generation.

There are a number of actlons that may be possible on an air-
port specifiec basis that can alleviate at least part of this problem.
These actions include: optimization of flight tracks, runway
utilization and flight procedures (throttle and flap management),
with respect to population; nolse abatement planning including use
of nondiscriminatory nolse limits; and land use management lhclu-
ding soundpreofing of resildences. However, the long-range

12
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solutlion ldeally requlires the development of alrcraft that are
gquieter than required today and implementéﬁion of' flight procedures
£hat minimize noilse impact wlth consideration for fuel and other
costs and ne compromise with safety.

The majérity of the national nolse 1lmpact from aircraft opefa—
tions results from the nolse generated during takeoff operations.
The major control for thls nolse 1s FAR Part 36 which today affects
all new airplanes and after 1985 will affect almost all civil trans-~
port aircraft that operate in thilis country. However, the predic-
tions {1, 2 and 3] of future population nolse exposure indicate
that aircraft meeting the Stage 3 noise limits will not be suffi-
celent to meet the national goals. It 1s not intultively evident
what nolsgse limits would be sufflcient for meeting the national
goals; nor are the interactlons among population nolse exposure,
certification methodology, ailreraft design and ailreraft flight
procedures completely understood,

Further, the throttle and flap management procedures for takeoff,
currently recommended [$] by the FAA for use by the airlines in
flight operatlons, differ from those used 1in the certification
precess. In many instances the certification process allows a
greater cutback ¢f thrust than does the recommended opera-
ticnal flight procedure. However, cancomitant with the greater
cutback 1s a reduction in the e¢liimb profile so that under certifica-
tion the alreraft after thrust cutback covers a2 greater dilstance to
galn an altitude than under the procedure recommendation. Additionally,
under certification the ailrcraft is operated to produce minimum
effective percelved nolse level (EPNL) at a location 6500 meters
from the beginning of takeoff roll, whereazas under the procedure

13
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recommended for alrline operations the minimization process begins
at a flxed altitude above alrport of 305 meters, independent of
distance from start of takeoff roll.

These differences 1n procedures and the interactions with the
spatial distribution of populatlon with respect to airports, certifi-
catlon methodology and aircraft design need to be accounted for in
the development of long-range goals for nolse certification.

Purpose of this Study

The purpose of this study is to develop and anazlyze a data
base that relates nolse level, operational flight procedure and con-
tour area and populatlon; and to endeavor to link this data base
to FAR Part 36 certifilcation test procedures and nolse limits.

The study lneludes six flight procedures, with the initial climb
R segment terminated at each of three altitudes, for a total of 18
procedures for each aireraft-weight combination.

The study uses six aircraft models, each at two takeoff
welghts, maximum and typical. The models selected to include 2-,
3= and 4eengined configurations with both low and high bypass '
engines. The speclfic data for each model 1s net Iintended for
detailed comparison of relative performance of speclfiec aircrarft
because the basilc performance data for the ailreraft are {rom general-
ized sources. Rather, the range of performance characterlistices,
attributed to these specific alrcraft models for use in this study.,
is intended te¢ provide information on the interactions between
generallzed alreraft performance characteristics and the parameters

; in the data bhase.

T
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Content of this .Report

This report contains two major sections, Methodology and
Results. The Methodoleogy sectlon has a detalled description of the
study design, the operational flight prefiles, the development of

nolse contours and the derivation of the population data base used

for this study. The Results section contalns a detailed analysis of
a2 baseline flight procedure, examines the relative potentlal lmpacte
of variocus procedural alternatives and discusses some of the impli-
cation of these results wlth respect to the certification test pro-

cedure and to the possible development of future certification
goals for nolse limits.
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3. METHODOLOGY

Tnis section revlews the overall study design and then pro-
vides more detalled discussion of the flight profiles, development
of nolse contours, the derivation of population data base and
raticnale for selectlon of specific measurement locations under the

flight path.

3.7 Study Design

The study was desligned tc develop and analyze an aircraft
takeoff nolse data base conslisting of areas and populatlons, com-
puted as a function of noise level, aircraft type, welght and
takeoff flight procedure.

Six alrcraft were chosen to represent the range of elvil
transport aircraft and engine types. Three of the alrcraft were
chosen tc have modern high bypass ratio englnes and three were
chosen to have the older low bypass ratlc engines; one alrcraft
with each engine type for the two, three, and four englned alrcraflft
categories. The alrcraft wilth low bypass ratios were selected to
represent early productlion stage 1 nolse performance, while the
aireraflt with high bypass ratics were selected tec represent cur-
rent and future production with stage 2 or 3 performance. For
aach alreraft two welghts were examined, maximum gross welght and
a typical operating welght.

Table 1 ldentifies the aircraft in each categeory and presents
gselected typlecal characteristics. The typlcal operating weights
for use in this study were selected primarily on the basls of CAB
1977 operating data, on a fleet wide average alrcraft basls with
an allowance for fuesl load. For these alreraft the ZPNL at 305 meters
{1000 ft.) and takeoff thrust ranges frem 102 to 11% dB, with the
aireraft that have low bypass ratlo engines having levels that are
7=9 dB higher than those wlth high bypass ratic engines. The
slant distances from the airceraft at full takeoff power to an =ZPNL
of 85 4B range from 1570 to 3300 meters.

15
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TABLE 1. SELECTED CHARACTERISTICS OF STUDY AIRCRAFT
Max GrossjCAB 10 CAB 0 CAB 10 Typi-]NOISE: Air to Ground
Takeoff [1977'°1197710 1197710 jcal |at Takeoff Thrust
AIRCRAFT AIRCRAFT} Height Avg. [Avg. Avg, Oper.| EPNL at STant Dist.
CATEGORY TYPE Length| Payload| Payload |Wgt. | 305 Meters}(Meters)
(1000 (stat.{ (1000 |Factor |{1000]Slant to
e e e e e dbs) b mi M dbs.) f % 1bs)| Distance JEPNL = 85 _
2 engine, low bypass ratlo |DC9-10 50.7 300 9.7 51 80 109.0 2800
2 engine, high bypass raclo |DCI-80 140.0 430 11,4 52% 112 102.,2 1700
3 engine, low bypass ratio (B727-100 |160.0 560 13.0 53 1135 111.0 3300
3 engine, high bypass ratio |DC10-10 |440.0 1280 34,0 47 370 102.0 1570
4 engine, law bypass ratio |B707- 333.6 1530 | 24,0 | 51 260 | 115.0 3050
320B/C
4 engine, high bypass ratio |B747-200 |775.0 2200 53.3 49 625 108.0 2590

*Avg. of B727-100 and DC9-10.
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S1x types of takeoff flight procedures were selected, three
involving cleanup of flaps and leading edge devices before thrust
cutback, and three invelving thrust cutback before or during cleanup.
These procedures are:

la) cleanup before maximum cutback

1b) cleanup before maximum cutback and resume minimum cutback
(elimb thrust) at 914 meters altitude

2 ) cleanup before minimum cutback (climb thrust)
3a) meximum cutback before cleanup

3b) maximum cutback before cleanup and resume minimum cutback
(ciimb thrust) at $14 meters altitude

4 ) minimum cutback (climb thrust) before cleanup.

Each of these procedures was lnitlated at three altitudes: 122, 305,
and 610 meters, so that for each combination of ailrcraft and weight,
elghteen takeoff procedures were considered. Thus, there are 216
cases contained in the data base (eighteen procedures times twelve
combinations of alrcraft and weight).

The maximum cutback in proeedures la and lb is intended to
meet the rules of FAR Part 25 [1l1], whereas the maxzimum cutback 1in
procedures 3a and 3b 1s intended to meet the less stringent rules of
FAR Part 36. Procedures 1lb and 2 are similar in concept to the North-

west Airlines/Airline Pilots Association (NW/ALPA) procedure, and

-

procedure 4 1s similar in concept to the Alr Transport Assoclation
(ATA) procedure. Procedure lb; initiated &t 305 meters, 1s
recommended for alreraft powered by englnes with low bypass ratio
engines and procedure 2, initiated at 305 meters, is recommended
for alreraft with high bypass ratioc engines by the FAA Advisory

Circular 91-53 [9].
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Data for each of the 216 cases were computed for a straight
ground track using the Nolsemap computer program [12] with ailrcraft
nolse data based on the values at 305 meter slant distances in
reference 13, but modlfied to update the duration distance function.

The basle study range of noise levels 1s '85-115 EPN dB. The
85 EPNL contour has been chosen as the lowest value for investiga-
tion because it appears to be In the vieilnity of a satlsfactory
flyover nolse level, and 1s already attainable within a reascnable
distance from the airport by the most advanced smaller Jet alrcraft.
The attainment of 85 EPNL implles attalnment of maximum A-welghted
sound levels between 70 and 75 dB at typilcal source~receilver dis-
tances of more than 305 meters. Such levels are similar to those
measured for automobiles under low acceleration at distances of 15
meters. They also bracket the division between reglions found to
be "qulet" and "acceptable™ in a British Survey of response to
single event noilse. (l4] The effective number of events per day,
gach having an EPNL of 85 EPN dB, could be 200 to produce a noise
axposure rorecast (NEF) wvalue of 20 (Ldn = 55), which is the EPA
long-range natiocnal gozal.

The output data for each case are summarized in Appendizx A4,
and consists of:
«  contour length at 5 dB3 intervals from EPNL = 85 to 115 dB
+ contour area at 5 dB intervals from EPNL = 85 to 115 dB
+ rpopulation for three populatilion density functlons for each
aresa

+ total population exposed based on estimated number of
runways 1n each population density category

+ proporticnate impact based on simplified level weighted
population for a typlecal runway

=
O
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« maximum noise levels at U450 meters slant distance

+ noise levels along the ground track at 8700, 6500, 9200,
and 12,800 meters from start of takeoff roll.

3.2 Flight Profiles

The takeoff flight profilles were deflned to an altltude of
3048 meters (10,000) feet using the methods of reference 15.
The altitude of 3048 meters was chosen to be sufficient to cover
the entire range of EPNL of 85 dB and zbove for minimum cutback
engine thrust {climb power) for all of the alreraft. The profiles
assume & sea level airport and standard day temperature and pres-
sure. They were calculated in several segments, depending on the
procedure, but at least considering segments betweesn the altitudes or
0, 305, 914, 1676, 2286 and 3048 meters, within which the effect of
altitude on pressure were averaged in determining net thrust (Fn)
and net thrust normalized by pressure (Fn/G).

The generalized diagram of the profile segments as they are
related to the 1B procedures is contained in Fig. 1. The fipst
segment consists of the takeoff roll and the initial elimb. The
takeoff roll, denoted as subsegment A, extends from the start
of takeorf roll (A1> to the intersectlon of the initial climb sub-
segment B with the ground plane at peint B,. Thls simplified des-
eription eliminates the unnecessary detalls cf the proflle between
the moment of liftoff through retractlon of landing gear and
acceleration to initial climb speed. The initilal ecllmb sub-
segment B extends to Cl,which occurs at the altltude of either
122, 305 or 610 meters (400, 1000 or 20C0 feet), depending on
the procedure. The second segment, intermedlate climb, extends
to an altitude of 914 meters and may have several subsegments;
i.e., CI to Cz, Czto C3 ete,, as required for procedures la, lb, 2
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Segment
Final
Climb (D)
Cb—— 914 Meters }
u . 2nd
2 Intermediate Segment
:‘j Climb (C)
e 122, 305 or
¢d) 610 Meters
Inicial
Climb (B)
lst
Takeoff Segment
Roll (A)
Al B -

Distance from Start of Takeoff Roll

- F1G6. 1 IDENTIFICATION OF TAKEOFF PROFILE SEGMENTS.

and 4, or none as required for procedures 3a and 3b. The third seg-
ment, final climb, extends upwards from D; at an altitude of 914 meters
and may have more than one subsegment, depending on the requlre-

ments of the preoecedure. The additlonal subsegments used in the
calculatlieons to account for altltude effects are not shown on

the dlagram in rFig. 1, as they are unrelated to the procedures. .

4 more detalled descriptlion of the procedures is contalned
in Table 2 and two examples of the resulting profiles are 1illus-
trated in Figs. 2 and 3. ¥Fig. 2 glves the profiles for the DC 9-10
at a typileal gross welght of 80,000 lhs for the six procedures
initlated at an altitude of 305 meters. Flg. 3 gives similar in-
formation for the BT0T7-320B at a maximum gross weight of 333,600

lbs.

2l
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TABLE 2. DESCRIPTION OF TAKEOFF PROCEDURES.
PROCEDURES
SECHENT ta) Clewmip before | 1LY Clesnup before 2} Clewnup before | 3u) Max, cutback j3b) Max, cutback 4) Hin, cutback
nax. entback wax. cutback min, cutback bhalow & win, before cloanup
below & win, cutback ahove
cuthuck abava . 94 wotern
N 914 wmuterw _
1st Seguunt [
A, Takeaff From A, nccelerntu to takeof! veloclty with tokenEf thrust and [lape »
o1l .
B Inltial Fraom By retract genr and climb ot takeoff thrust and velocity wo €, at an alticude of 122,305 or 610 wmuterw
_ D1imb 1 ]
2l Seguent I I
€. Intermedinte] From €, acccloraty 10 knots to Cy w @ C, initlate maximua cutback and climb | From C, accalorate 10
at constanht valoclty to Iy, ar om ithots o €,

Cliuh @ ¢, retrace 4 flop & ucesleratu Lo Yyt 8 Cpeem———a——]

@ ¢, retrace flaps & bnltiace
max. thrwst cuthack
& ellab to I, at on alfitude of Y14 putuers

—————— e in]
aleitude of 914 matoras @ ¢, reteack Y flap,
initiate min, thrust

® mta. tiewit cutback cutback & accelorate to

¥ Vzp* € G,

r
(S
@ c, ratract Elaps & climb
at constunt veloclty to
- —_ an alcicude of 914 meteco
3rd Seguent '
D. Final Cliwb |8 0 satntain clipb {@ B, inctean thrust | @ D, occelerute to |@ D, watuialn clinb @ D, incroase thruat [ @ B, sccelerate to 250 hnotel
tu I04H AL constant toa min. thruut 250 knots @ D, at coustant to min.cutback an,
welors vulaoclty cutbuack & clinl at valoclt thyuat & accelerate
@ n, reowms climb Y @ p, resune clinb at 250
. ]
conutant velocicy a'250 knote 10 knotu te D, kiota
@ p; vetrace Yy flap &
accelerata to Vzp
at b,
@ Dy retrace flaps &
anculorate to 250
kanty @ D,
@ D, resume clinb at
250 knots ’
Ay 1o apund for best climb afier £lap retrnction rocounended o the Hortlwesnt Alrllnos procodure, and L
Vzp da zeto flap winimun anfo anneuvering speed.
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FIG. 2 PROFILES USED FOR THE DC9-10 AIRCRAFT AT 80,000 LBS TAKEOFF VWEIGHT FOR ALL SIX PROCEDURES
INITIATED AT AN ALTITUDE OF 305 METERS.
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Procedures 2 and 4 both have minimum thrust cutback (to
climb power). However, in procedure 2 the aircraft flaps are
retracted befcre thrust cutback, whereas in procedure & cnly a
partial flap retraction i1s accomplished before thrust is cut back.
Therefore, procedure 2 maintains takeoff thrust for a longer dis-
tance thar dces procedure 4, accelerates mrre rapldiy and reaches
the final eclimb segment at 250 knots in a shorter distance from

start of takeoff roll.

Procedures la and 1lb both cleanup before initlating maximum
thrust cutback to the minimum thrust required for one-engine out
cenditlon under FAR Part 25. However, for procedure 1lb the thrust
1s increased to minimum thrust cutback at an altitude of 914
meters, and the alrcraft is accelerated to 250 knots. The
constant speed final climb for procedure lb begins at a greater
distance from the start of takeoff roll than that of elther pro-
cedures 2 or 4 because of the distance over which the azireraft
has maximum thrust cutback. These three progedures, as previously
noted are simllar to the operating procedures used by airlines
with the initiatlon of the final climb segment at varicus alitil-
tudes between 914 and 1219 meters, or delayed until the aireraft
is beyond the pepulated reglons. Procedure la represents such
a delay in initiating a resumptlon of thrust increase, extending
the thrust cutback to an altitude of 3048 meters. '

Procedures 3a and 3b both have maximum thrust cutback, ini-
tlated prior to cleanup. The thrust 1s cut back to the minimum
thrust allowed by FAR Part 36 certification. In procedure 3b,
at an altitude of 9lﬂ meters, the thrust 1s increased to minimum
thrust cutback, the aireraft 1s accelerated, flaps retracted, fur-
ther accelerated to final climb at 250 knots. In procedure 3a
the maximum thrust cutback is maintained without cleanup in a
constant speed cliimb to 3018 meters.
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The FAR Part 25 thrust cutback limltations require that the
alrcraft be able to maintain wilth one englne inoperative a posi- .
tive climb gradlent of 1.2, 1.5, or 1.7 percent for 2-, 3- or
4-engined aircraft, respectively. These requirements are more
stringent than those of FAR Part 35 which limits thrust cutback to
the thrust that would insure level flight with one engine inopera-
tive or a 4 percent climb gradient with all engilnes operating,
whilchever reguires greater thrust. Generally, under Part 36
the minimum thrust of 2- and 3-engined aireraft are limited by
the engine out requirement and that of 4-engined alrcraft by the
Ik percent minimum grédient. For the aircraft and procedures in
this study the actual value of the normalized thrust for maximum
thrust cutback is less for procedures la andé lb than that for 3a
and 3b, because for procedures la and 1lb the alrcraft is in a
clean aerodynamic configuration when thrust is cut back, requir-
ing less thrust to meet the climb gradient requirements of Part
25 than required by an aireraft with flaps extended for the re-

gulrements of Part 36.

During the acceleration subsegmenté, at elther takeoffl power
for procedures la, lb and 2 or at maximum climb power for proced-
ures 3b and U4, there is a chcice to be made between rate of climb
and acceleration. Most operational procedures require malntalning
a minimum rate of climb between 500 znd 1000 feet/min. The NW/ALPA
orocedure requlres a minimum rate of c¢limb of 500 feet per minute,
but the FAA AC91-53 has no specific requirement. For most of the
profiles in this study approximately 1/3 of the excess thrust was
applied tc acceleration and 2/3 to climb except that where the
acceleration subsegments become very long, the fraction of thrust
appllied to acceleratlion was inereased.
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Appendlix B contains information on sixty of the profiles, five
for each ailrcraft/welght combilnation. For each profile the informa-
tion inecludes the altltude, distance from start of takeoff roll,
velocity (Indicated Air Speed) and normalized thrust for the
initiation of acceleration, cutback and end of acceleration (Lf
different from cutback); and distances of takeoff roll and to an
altitude of 1676 meters (5500 feet). The procedures ineluded in

Appendix B are:

» c¢leanup bhefore maximum cutback, beginning at 122 meters

(la)

* c¢leanup before maximum cutback, beginning at 305 meters
(1a) -

* c¢leahup before minimum cutback, beginning at 305 meters
{1lb) ’

+» maximum cutback before cleanup bezinning at 305 meters (3a)

*+ minimum cutback before cleanup beglnning at 305 meters (4).

3.3 Development of Noise Contour Data

The noise contour data for the 216 cases were generated using
the Noilsemap computer model [12, 16]. The dataz were calculated for

~a stralght flight track extension of & single runway airport con-

figuratlion, illustrated in Flgure 4. The calculations extend for
& distance of 42.7 km (26.5 statute miles) from start of takeoff
roll. The grid size cof 450 meters was chosen such that the 450
meter sldeline data would be calculated directly, and the zero
location was chosen so that the level at the 6500 meter FAR Part
36 takeoff measurement position would be similarly calculated
direetly. Takeoff noise data reported in Appendix A include
both of these locatlons and three other locations on grid polnts
under the flight path at distances from start of takeoff roll of
4700, 9200, and 12800 meters.

nJ
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The FAR Part 36 takeaff measurement position is 6500 meters
(approximately 3.5 nautical miles) from start of takeoff roll.
This measurement position has proved practical for measuring
noise from large aircraft, but appears further than ideal from the
point of view of desirable measurement signzal-to-noise ratioc for
Smaller quiet business jets. For these, Galloway [17] has suggested
the use of a location at 2.5 nautical miles which is approximately
their average balanced field length (1536 meters) plus 3000 metens.
This 2.5 nautilcal mlle location is rounded up in metric units to
4700 meters from start of takeoff roll so that 1t occurs on a grid

polnt for this study.

If 1t were deslrable to speclfy lapse rate beyond the primary
measurement locatlon an addltional locatlon is required. For this
study two additional locstlons, 9200.and 128300 meters from start of
takeof'f roll, each representing approximately twice the distance of
one of the primary locations, have been examined. Table 3 summarizes
the four locations used in this study. They closely zpproximate
2.5, 3.5, § and 7 nautical miles and thelr ratlos nearly. form part
of a geometric serles based on the square root of 2.

TABLE 3. LOCATIONS OF TAKEOFF NOISE MEASUREMENT DATA REPORTED IN APPENDIX A.

Distance from Start of Takeoff Rol] Ratio
- of
Pos Meters Mautical Miles {Rounded) Distance
1 4700 2.54 (2.5) 1
2% 5500 3.51 (3.5 1.38
3 9200 4.96 (5.0 1.96
4 12800 6.91 (7.0) 2.72

#Standard FAR Part 36 measurement location.
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FIG. 4 SINGLE RUNWAY MODEL WITH GRID INCREMENTS AT 450 METERS AND
ESTABLISHED SUCH THAT 450M SIDELINE IS A GRID LINE AND THE
6500M TAKEOFF LOCATION IS A GRID POINT.

The nolse data used for the computation are a modifled versilon
of the standard Noisemap civil fleet dataz base. [13] This data
base contains values of EPNL as a function of siant distance at
invervals of one-=tenth decade of distance for selected thrusts.

The values at 305 meters (1000 feet) are the refersnce values based
on evaluation of measured data. EPNL values are glven for both alr-
towground and ground-to-ground propagation. The ground-to-ground
propagation 1s applied by the noise map program for elevatlion

angles of the alreraft from the observer of 0 to 4,189 with a
transitvioen to air-to-ground propagation between 4,18° and 7.18°.

The data base of reference 13 was modified by replacing 1ts

duration correction of 10 log %ﬁﬁ?} by a correction based on

6 log %ﬁ%ﬁ . This revised formulation for duration is based on

#S8 .0, 15 slant dlstance in meters.



SEEFRY SR b ol bl

[

recent analyses of alreraft noise data by SAE subcommlttees,
USAF, FAA, and others, and' i1s belng incorporated in the revised
noise data base for the FAA Integrated Nelse Model [18] . Because
of this modification the noise data used in thils study are lower
than those of reference 13, at slant distances greater than 305
meters, the difference being 4 dB at a slant distance of 3048 meters.

Figure 5 summarizes the EPNL vs slant distance data used 1in
this study for takeoff thrust for the 5 aircraft. Selected EPNL
values for each alrcraft are tabulated in Appendlx B.

® B707-3208

Relative EPNL in dB

30 A 0C9-80
— O All other Aircraft -

| I I L | i L
k[i]e] J00 18 [4] 1000 2000 3000
Slant Distance.in Meters

FIG. 5 VARIATION OF EPNL WITH SLANT OISTANCE FOR ALL 6 AIRCRAFT
AT TAKEOFF THRUST.
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Plgure 6 shows the variation of EPNL at 305 meters slant distance
as & function of the ratlo of thrust to takeoff thrust. The
variatlions may differ at other slant distances because of the
varying spectral characteristics of the noise among engine types.

the program computed the values of EPNL above
From these grid values

For each case,
approximately 80 4B at each grid point.
the program computed the total area and seversal populations within
gach contour from EPNL values of 85 to 115 dB at intervals of 5
dB. The program cutput also included the total grid data and
approximate contours of equal EPNL for each case, enabling deter-
minatlion of the distance to clesure of each contour.
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3.4 Estimation of Population Impact

The nurpose of alncraft nolse control certificatlion and alr-
crailt nolse control operating procedures 1s to minimize the impact
of noise on people. Because the spatlal distribution of popula-
tlon 1s nonuniform with respect to any alrport runway or flight
track, analysis of the relative changes of impact with noilse control
need to consider population distribution, noct just area, as &
function of noise.

This study has made use of the FAA environmental data base
[19] which includes for 500 airports the populatlon data from the
1970 census within each one-mlile wide annular ring to a radius
of ten statute miles from the center of the airport. The data for
307 of these airports and thelr populations have been subdivided
intc three population densitcy categories: X, ¥, and 2. The
selectlion of the 307 airports 1ls taken from Reference 2 1in which
the alrports were chosen to include all alrports with more than
20 Jet alr carrier operations per year in 1975. The categories
were also hased on the analyses of these alrports contained in

references 2 and 3.

Category X conslists of two airports (C-1 of Ref., 2), LaGuardia
and Washington Natlonal, both of which have more than 100 opera-
tions per day of 2- and 3-engined alrcraft, cnly and a high average
population density. Category Y consists of 54 airports (4, B=-1
and B-2 of Ref. 3) which have more than 100 operations per day of
all aireraft types and have Intermedilate population density. Cate-
gary Z contains 251 airports (B-3 and C-2 of Ref. 3) which have
less than 100 operations daily and have z lower populatlon density.
72 of the alrports in Category £ have all types of airecraft,
whereas the remainder are limited to 2~ and 3-englned aircraft.
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FIG. 7 RELATIVE POPULATION OENSITY DISTANCE FUNCTIONS USED FOR THE
THREE POPULATION DENSITY CATEGORIES.

Pigure 7 summarizes the population distance functions for the
three categories. The data represent the average populatlon density
for each category. The average populition density was computed by
calculating the total population in each category for each ring
from the data base [19], and dividing by the ring area and the
number of alrports. The data are extrapolated beyond 16.1 km (10
statute miles). These functions were used in a Noisemap subroutine
to assign population denlsty values at the grid points and to sum
for each category of population density (X, ¥, and Z) the popula-
tion included withln each contour from EPNL values 85 to 115 dB,
at 5 dB intervals. These 'data are summarized for esch case in

Appendix A.
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Figure 8 i1llustrates the general relationships between total
contour area and population for each of the three categories. The:
data were taken from procedures la and 3a for all alreraft welghts,
using the 2-, 3- and 4-engined ailrcraft for category Y and 2- and
3-engined aircraft for categories X and Z. The general relatilonship
between population and total contour area for categoriles Y and Z.
are conslstent with relatlonships developed from full airport con-
tours [2] when the population densitles are adjusted to be com-
parable. The results for category X, which contalns only twe alr-
ports wilth significantly different population densities, are not
directly comparable with the average results for total ailrport
contour area in Ref. 2, because of the different welghtings glven
to these two alrports in the total airport contours method {[20]
and the current single runway contour method. '

For analysils it is desirable to combline the results for the
three populaticon density categories to obtaln an approximate value
of the total national population which is at least occaslonally
exposed to various EPNL values resultiﬁg from the takeoff of a single
alreraft. Further, it 1ls alsc desirable for analysils to attenmpt to
estimate for each case a single value which 1s related to the pofen-
tial national noilse impact for each aircraft/welght/procedure combina-
tien. TFor these purposes two types of welghted populations were
calculated from the detalled populaticn results 1in the three cate-

gerles., They are:
* Airport/runway welghted population
+ Atrport/runvay level welghted population.

Both of these estimates are necessarily crude; hbwever, thelr
relative values with respect to both aireraft, welght and procedures
are considered meaningful for comparative analyses.
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The airport/runmay welghted population 1s an estimate of the
total number of pecple residing in areas where the EPNL 1is estimated
to exceed a stated value. It 1s derived by multiplying the popula-
tions for a speclfic aircraft procedure 1ln each populatlon density
category within a specifiled single event contour by the number of
alrports in the population density category and by the number of
active runway ends estimated feor a typlecal ailrport of the category,
and then summing the results. The 2- and 3-engined aireraft are
assumed to be heard near alrports 1n all three peopulation density
categories; the Y-engined aireraft only near alrports in category Y,
thus ignoring, for simplicity, the UY-engined airecraft operating at
72 of the 251 ailrports in category Z. If these 72 airports had been
ineluded the airport/runway welghted population for the two alrcraft
with U engines would be increased about i7%. The appropriate multi-
pliers are summarized in Table 4.

TABLE 4. MULTIPLIERS USED FOR ESTIMATING AIRPORT/RUNWAY WEIGHTED POPULATION
FROM SINGLE EVENT CONTOUR POPULATION.

Multipliers for 2- & Muyltipliers for
Population Density Category 3-enginad aircraft 4-engined aircraft

X (2 airports with &

runway ends) 8 0
Y (54 airports with &

runway ends) 216 . 216
Z (251 adrports with 2

runway ends) 502 0

The airpors/runway lavel welghted population 1s an estimate
of the total level weighted population fer a glven aircraft pro-
cedure, asauming that the fleet consists only of the given aircraft.
The level weighted functions [21] are based on the Day/Night Sound
Level (Lgn), & cumulative noise deseriptor, not the EPNL, a single
event nolse descriptor. To obtain an appreximate relatlonship
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between Lgpn and EPNL for this purpose, the EPNL assoclated with
Lyn 65 (Noise Exposure Forecast (NEF) of 30) was calculated for each

population density category. The calculation utllized the average

daily operations for each airport category [2,3] divided by the
number of runway ends assumed for a typleal alrpert in the category,

as shown in Table 5.

TABLE 5  APPROXIMATE VALUE OF EPNL FOR Lgn OF 65 dB (NEF 30} FOR THREE
PCPULATION DENSITY CATEGORIES.
: Typical Average Approximate
Population Number Number Effective Value of
Density of Runway Operations | EPNL for
Category Airports Ends 1975 NEF 30
X 2 4 635 96.0
4 54 4 569% 96.5
Z 251 2 18 108

s ke e P P et G4

*Used 10X nighttime operations.

-

In order to check the reasonableness of this appreoach, the
total populations estimated for 1975 operatlons were compared by
category with previous results [3] which were based on a serles of 4
average alrports with appropriate fleet mixes, [light paths, welghts,
ete. The comparison was made using data for the B727-100 aircraft
pecause its EPNL at 1000 feet is essentially equal (0.2 dB less) to
the 1975 fleet average ZPNL, where the averaglng is based on energy
considering both the noise and annual number of operations by alr-
eraft type [22]. The calculatlons were based on procedure 4, with
initiation of cutback at an altitude of U57 meters (1500 feet),
which is simillar to the ATA procedure. They were made for both the
10 and 6 log distance duration functions.
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For the data calculated with a 10 log duration distance cor-
rection [13], the total populatlon estimated from the single avent
approach is 5006 thousand people as compared with 4884 thousand
pecple from the previous estimate [31 (see Table 6), The fact
that these two methods agree wilthin 2% is probably fortultous,
but 1t suggests that the methodology may be reascnable for the
evaluatlon of the sensitivity of relative impacts to the alrcrait/
procedure variables. However, the population values themselves
must be expected to be less ageecurate than those of the previous
studles that were designed to determine such values and that pro-
perly accounted for the actual flight ¢track locatlons with respect
te the spatlial distributlion of population, and the actual mix of

~aireraft operations and welghts for each airport category.

The results in Table 6 alse show that the population estima-
ted to reside In areas where the Ldn exceeds 85 1s reduced by
approximately 40% for categorles X and Y when the data calculated
with the revised nolse functilon are compared with those .calculated
with the standard nolse function. This percentage reduction in
beoulatlion 1s approximately egquivalent to 2 2.0 to 2.5 dB recduc—
tion of the nolse of the 727 aireraft at EPNL values of 96 4B,

No change 1s seen 1ln category Z which represents people residing

close to the alirport.
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TABLE 6. WNATIONAL POPULATION (1000s) ESTIMATED TO RESIDE WITHIN NEF 30
FROM PREVIQUS STUDY COMPARED WITH THIS APPROXIMATE MODEL USING
B727-100 AIRCRAFT, MAX GROSS WEIGHT, APPROXIMATE ATA PROCEDURES,
BOTH STANDARD AND REVISED NOISE LEVEL DISTANCE FUNCTIONS,
1970 CENSUS AND 1975 OPERATIONS.

FROM AVEPORT ! Standard Noise Function 03l Revised Noise Function®
CATEGOTY MODELS [3] Per Runway ATl Per Runway AT
End Airports End Airports
X 1118 140,80 1126 84 .00 672
Y 3530 17.10 1694 10,30 2225
2 236 0.37 186 0.37 186
Totals 4884 - 5006 - 3083

S.D.

305 duration coerrection.

*Revised noise function has 6 log

Table 7 summarizes the estimates of average Ldn for each
population category and EPNL interval, and gives the assoclated
level welghting function [21]. The airport/runvay level welghtings
are derived by multiplying the level welghting functions by the
airport/runway weighting multipliers in Table 5. When these
weightings are applied to the population data of any speclific alr-
craft the strict implication is that the specific aireraft 1s the
only alrcraft type in the fleet and that it accounts for all of
the operations in the fleet. When this technique is applled to the
B8727-100 aircraft, the population data were previously shown to he
similar to those derived from actual fleet mixes. This similarity is
meaningful only because the noise of the B727-100 1s approximately
equal to that of the fleet average aircraft. Such similarity 1s
neither expected nor meaningful when.the speclfic aircraft's noise
differs from the fleet average noise. Thus, the comparison in this
study of the airport/runway level welghted populations amongst
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TABLE 7 WEIGHTINGS FOR LEVEL WEIGHTED POPULATION AND FOR AIRPORT/RUNWAY LEVEL WEIGHTED
POPULATION USED FOR ANALYZING RELATIVE IMPACT.

AVERAGE Ldn FOR POPGLATION | WEIGHTING FUNCTION [20] ATRPORT/RUNWAY LEVEL
%E#IE.RW\L CATEGORY FOR AVERAGE L4 WEIGHTINGS
AR Y, SR N AN VR AP Y. SR R A U NN D\, SN BT SR R A,
85-90 56.5 56.0 44.5 152 142 .027 1.22 30.67 13.55
90-95 | 61.5 61.0 49.5 .281 | .265 |.051 2,25 57.24 28.61
95100 66.5 66.0 54,5 479 456 116 3.83 98,50 58.23
100-105 71.5 71.0 59.5 .156 JI25 .221 6.05 156,60 110.94
'105—110 76.5 76.0 64.5 1.118 1.078 .391 8.94 232,85 196.28
s 110-115 | 81.5 81 69.5 1.577 |1.526 | .636 12.62 | 329,62 319.27

klsed only for 2- and 3-engined aircraft.
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aireraft types represents a comparison of relative potential atirport/
runwey level welghted population assuming that the fleet consists

of only that type alrcraft and that the teotal number of fleet opera-
tions 1s 1ldentical for all aircraft. With this understanding such
comparlsons can be useful on a relative basls to analyze the relative
potential nolse impacts of alternative procedures and the effects

of alrcraft/engine/welght combinations.

by
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4. ANALYSIS OF RESULTS

This sectlon contalns an analysis of selected results from the
data presented in Appendix A. It begins wlth a detalled analysis
of procedure 3a, maximum cutback hefore cleanup to examine the
Interrelatlonships among some of the data and to provide a baseline
for analysis of differences among procedures, It continues by
examining the effect of the resumption of climb thrust (minimum
thrust cutback), after maximum cutback, procedures lb and 3b, fol-
lowed by comparlisons amongst the four basic procedures: la, 2, 3a,
and 4. It concludes with a discussion of the implications of
these results with respect to the development and arnalysis of pos-
slble future goals for aircraft noise.

4.7 Procedure 3a, Maximum Cutback Before Cleanup

Procedure 3a 1s the simplist procedure censidered 1n this
study, consisting only of a maximum cutback at the inifilation of
the second segment with no acceleratlon or cleanup below an alti-
tude of 3048 meters. As previously noted, 1t 1s based on the FAR
Part 36 flight procedures whieh allow slightly greater thrust ’
cutback than i1s allowed in actual operation under FAR Part 25.
Additlonally, because In this study the procedure 1s initilated at
each of three specific altltudes, the proflles do net coincide
with the profile used for certification by any speclfic alrcraft.
For certification the cutback initiaticn altitude 1s selected to
be as high as possible prior to the 6500 meter takeof'f measurement
point so that the measured EPNL will be minimum.

Figure 9 shows the EPNL calculated at % points under the
takeoff path for the six aireraft at maximum gross welght, with
cutback initiated at 305 meters. With the exceptlon 9of the
B7U47-200, all aircraft have reached an altitude of 305 meters before
reaching the 6500 meter locaticn. At the lighter typilcal weight,
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all alrcraft have reached an altitude of 305 meters before reach-
ing 6500 meters from start of takeoff roll. The approximate noilse
reductions at a standard slant distance of 305 meters resulting
from thrust cutback at maximum gross welght, Indlcated on the figure,
range from 2 dB for the B707-320B to 7.4and 8.5 dB for the JT8D
powered DC9-10 and B727-100 with intermediate values for the three
alrcraft that have hlgh bypass engines. Note that the apparent
nolse reductlions which may be deduced from thls figure may differ
slightly from that computed for thrust reduction at 1000 faet
because of differences in altitude, veloecity and the contribution
of' nolse energy from the pre-cutback segment to the computed mea-

surement.

Flgure 10 illusérates the variation in area within each of
the B85, 50 and 55 EPNL contours for the six ailrcraft at bhoth
weights as a functlion of the EPNL at 6500 meters. The B747-200
at maximum gross welght 1s shown for hoth the computed EPNL value
and for its computed value less the 3.2 dB reductlon which occurs
Just beyond the 6500 meter -location.

FPilgure 11 presents the area data for the six EPNL levels
from B85 to 110 dB, ineclusive, normalized to the EPNL computed
for the 6500 meter location. It includes alxl six airecraft at two

‘welghts each, except for the B747-200 at maximum gross weight,

which is not included because 1ts cutback has noet occurred at the
6500 meter location. TIf 1t were included with a 3.2 4B reduction
1t would fit with the majority of the data. The data for four of
the airplanes appear to collapse on one curve; that for the DC10-10
deviating from the curve in the region of 3 to 10 km; and that

of the B707~320B forming its own curve for all areas. It 1s be-
lieved that the reascon for the individual behavior of the B707-
320B 1s that its EPNL vs slant distance function, shown in Fig. 5,
is significantly different from that of the other flve ailrerarft.
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Figure 12 1llustrates these same contour area data as a
function of thelr asscoclated contour level normallized to the
value of EPNL at 305 meters for maximum cutback thrust. The cor-
relation of these data does not appear as good as that obtained
on Filg.ll where the actual computed EPNL at 6500 meters was used
for the normalizatlon. However, these data can be used as an
approximate predictor of area vs EPNL for procedure 3a, only

reguiring as 1input the value of EPNL at 305 meters slant dis-
tance for maximum cutback thrust; A simlilar slingle value of
EPNL at 305 meters for maximum climb thrust has been found to
correlate well with aveport area data when procedures similar to

protedure 4 were used., [3, 22]

Figure 13 1llustrates the number of people estimated to hear
each aircraft at both welghts and at EPNL values greater or equal
to 85, 90, and_ 95 dB. These population estimates are derived
from the airport/runway weighted populaticn in which the 2- and
3~engilned aircraft were assumed to be heard at the airperts in
all three airport population density categories, X, Y, and Z,
whereas 4-engined ailreraft were assumed to be heard only at the
54 airports in categery Y.

Flgure 14 vresents the airvort/runuway level welghted popula-
tion for the same data. There appear to be useful trend curves
through these population related data in both Figs., 13 and 14, for
all ailrcraft and welghts, desplte the discontlnulty in the popu-~
lation data base between the 2- and 3=-engined aircraft and the U-

engined aireraft.

The general regularlty of these varlous functicns cof area,
airport/runway population and girpert/runway level welghted popu-
latlon suggest that these correlations should be expected to be
vallid for procedure 3a (305 meters) for other alrcraft. Further,
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FIG. 13 VARIATION OF ESTIMATED AIRPORT/RUNWAY WEIGHTED POPULATION WITH EPNL
AT THE 6500 METER MEASUREMENT LOCATION FOR PROCEDURE 3a INITIATED AT
AN ALTITUDE OF 305 METERS FOR ALL AIRCRAFT-WEIGHT COMBINATIONS.
NOTE THAT THE POPULATION FOR 4-ENGINED AIRCRAFT IS BASED ONLY ON THE
Y POPULATION CATEGORY, WHILE THAT FOR 2- AND 3-ENGINED AIRCRAFT IS

BASED ON ALL CATEGORIES.

L9




. —

L3g T L ! B N e
’
’
10M P .
8747-200 ¢ &
minus 3.24B : /
v
2 1054 for cutback/. . ]
= 4
bl 4
® ’
-
o 100 .
] - jﬁl -
- -~
A o
- /l/
5 9 o A DC9-10 -
E‘ -~ ADC9-80
= ~ BRB727-100
it A (pc10-10
90 b o - ©B707-3208 -
a— OB747-200
85 A L PO TR l A 1 A | WV
0.2 0% 0.6 1.0 2.0 L0 8.0 10.0

Airport/Runway Level Weighted Population

(in millions)
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OF 305 METERS FOR ALL AIRCRAFT-WEIGHT COMBINATIONS.

NOTE THAT THE

POPULATION FOR 4-ENGINED AIRCRAFT 1S BASED ONLY ON THE Y POPULATION

CATEGORY, WHILE THAT FOR 2- AND 3-ENGINED ATRCRAFT 1S BASED ON

ALL CATEGORIES.
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they should remain generally valid for these airecraft, after
appropriate rescaling, if the values assumed in this study for
EPNL vs slant distance, thrust cutback, thrust cutback noise
reductlon and c¢limb performance were to be changed by moderate

amounts,

4.2 Effect of Resumption of Climb Thrust at an

Altitude of 914 Meters in Procedures 1b and 3b

Practlcal operational procedures that utllize a maximum
thrust cutback resume standard c¢limb thrust at some altltude,
usually between 914 and 1219 meters, or at a distance from start
of takeoff roll that is beyond signiflcant population. Far thils
study the resumption of climb thrust (or minimum thrust cutback)
was assumed to ocecur at an altitude of 914 meters.

For 2- and 3-engined aircraft with low bypass ratlo engilnes,
there 1s a significant Iincrease in the airport/runway level
welghted pepulation and In the areas enclosed by EFNL contours of
85 and 90 4B when climb thrust is resumed, see Table 8, For 2«
and 3=-engilned aircraft with high bypass ratlo engines there 1s
a tendency towards a sllght increase when c¢limb thrust 1s resumed,
and the only effect on area is found within the EPNL contour of
85 dB. For these aircraft one would expect a more significant in-
crease 1f levels below EPNL 85 were examined and included in the
calculation of area and airport/runway level welghted population.

For the 4Y-engined aircraft the results show little effect of
resuming climb thrust, with the exception of procedure 1lb wlth
the B707-320B at 260,000 lbs gross welght. Por this alreraft
slgnlficant changes in area are noted within contours defined by
EPNL values of 95 and lower, but these changes tend to oceur at a
relatively great distance from the alrport where the population
densities are relatively low and thus do not significantly affect

the airport/runvay weighted population.
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TABLE 8. COMPARISON OF THE RATIO OF ATRPORT/RUNWAY LEVEL WEIGHTED POPULATION DEFIHED AS THE
VALUE FOR THE PROCEDURES (1b AND 3b) WITI POWER RESUMPTION AT 914 METERS ALTITUDE
DIVIDED BY THE VALUE FOR THE PROCEDURES {1a AND 3a) WITHOUT POWER RESUMPTION AFTER

MAXIMUM THRUST CUTBACK.

CLEANUP BEFORE CUTBACK| CUTBACK BEFORE CLEANUP |Highest EPNL Distance (km.)
WEIGHT! PROCEDURES 1a AND 1b || PROCEDURES 3a AND 3b |at Which Area to Altitude of
AIRCRAFT | (1000 | Tnititation Altitude | Initiation Altitude is Increased 914 meters for
‘ Tbs) {meters) (meters) by Power Initiation at
_Iazz 305 e | izz | 305 [syo_ |Resunption (d8f]305 Meterss
DCY-10 80,0 | 2.16 1.83 ] 1.57 2.07 2.46 | 2.32 90/90 8.5/9.8
90.7 1.54 1.45 1.32 1.64 1.77 1.99 90/90 9.9/10.4
DC9-80 112.0 1.03 1.02 1.02 1.05 .07 1.09 B5/85%%% 8.5/11.8
140.0 | 1.00 1.00 [ 0.99 1.04 1.13 | 1.03 85/85 11.5/13.3
8727-100 | 135.0 { 1.11 1.1t | 1.40 1.29 1.48 | 1.77 90/90 13.6/18.4
160.0 | 1.06 1.15 | 1.26 1.11 1.74 | 1.29 50/90 16.5/19.7
}G DC10-10 370.0 1.04 1.05 0.95 1.05 1.11 1.15 B85/85 11.7/19.1
440.0 || 1.08 1.02 | 1.02 1.08 1.05 | 1.07 85/85 17.3/23.7
B707-3208| 260.0 1.08 1.24 .1.13 (.99 .95 1.06 95/95 15.0/21.0
333.6 1.03 1.04 1.03 0.97 0.99 0.96 95/95 20.0/213.3
B747-200 || 625.0 || 1.05 1.05 | 1.04 1.00 0.99 | 1.04 B5/90 14.7/21.7
775.0 | 1.00 1.00 { 0.99 1.00 1.00 |1.00 85/85%xxkx |20,7/28.7

*90/85 means that the area for procedure 1b is significantly greater {(i.e., more than a few
percent) than thot of procedure la at EPNL contours af 90 and 85, and that the area for
procedure 3b is siguificantly greater than that of procedure 3a at the EPNL contour of 85 dB. Nco
significant difference in area is observed for EPNL contours of higher levels.

*#Distance la/Distance 3a (same values npply to 1b/3h).

kkkJuat noticeable difference,
*%x¥kB5 4B contours for procedures la and 3b did not close In the grid used for computation.
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4.3 Comparison of the Four Basic Procedures,

la, 2, 3a, and 4

It has been generally accepted [23] that procedures that ini-
tlate thrust cutback before cleanup benefit the near alrport
nelghbors more than do precedures that initilate cleanup before thrust
cutback, whereas the latter procedures are relatively more favora-
ble to the more dlstant residents. However, the nature and magni-
tudes of the tradeoffs among these alternative procedures, as they
relate to area-level, population-level and population~impact

functions, have not been generally defined, Finally, because

of the interactions among the several parameters involved in these
tradeoffs, 1t is not always intultively clear as to which are the
best procedures for specifiec alreraft types. This section endeavors
to use the data of thils study to clarify these 1issues.

Contour Length

Figure 15 gives three examples of the relatlonships between
contour length and level for the four basic procedures when initia-
ted at an altltude of 305 meters. Of these examples, the B727-100
at maximum gross welght shows the greatest variatlon amongst pro-
cedures. Procedure 3a produces the lowest levels and shortest con-
tour lengths for distances between 4 and 10 km from start of takeoff
roll and EPNL values greater than 96 dB. Beyond a distance of 10 knm
and below an EPNL of 96 dB, procedure la produces the lowest levels
and shortest contour lengths. The thrust cutback for procedure 3a
cecurs at a distance of 4.4 km, and that for procedure la cccurs at
9.9 km. Thus, procedure 3a 1s superior over the range of distances
in whiech 1ts thrust 1s cut back and the thrust for procedure la 1is
not cut back. For distances beyond the distance at which thrﬁst is
cut back in procedure la, it becocmes superior because the aircrarft
is higher, faster and has a greater thrust cutback, see Appendix B.
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The B727-100 results for procedure 4 are intermedlate between
those of procedures 3a and la (and 2 which is 1dentical to la in
thils region) at distances between 4 and 10 km. At distances between
10 and 17 km.,procedures 2 and 4 have the highest levels of all four
procedures wilth those of procedure 2 slightly greater than those of
procedure 4, At dilstances beyond 17 km. procedure 3a has the
highest levels, procedures 2 and U4 become almost Ldentical and have
intermediate levels and procedure la has the lowest levels.

The results in Flgure 15 for the DC9-80 aireraft are similar to
those of the B727-100 except that the variation among procedures
1s somewhat less and the reglons in whilch a procedure is superior
to another occupr at different distances. For this aireraft, the
thrust cutback for procedure 3a occurs at a2 distance of 4.3 km., and
the cutback for procedure la occurs at a distance of 7.2 km. Be=
tween these two distances procedure 3a has lower levels than does
procedure la; beyond 7.2 km. procedure la has lower levels.

The results in Fig. 15 for the B707-320B are somewhat different
From those of the other two alrcraft. Preocedure 3a has higher levels
at all dlstances beyond 9 km,,and procedure la is superior only
between the distances of 13.6km. (thrust cutback distance for pro-
cedure la) and about 18 km. For distances greater than 18 km,
where procedure 2 ends its acceleration to 250 knots. it has the lowest
levels, with increasingly higher levels resulting rfrom procedures 4, la,
and 3a 1n sequence,. This'sequence of levels for the four preocedures
beyond 18 km. 1s in accord with the sequence of the altitudes of the
alrcraft shown in Fig. 3. The relatively small wvariation for this
aircraf't among procedures la, 2, and 4, as well as the significantly
poorer performance of 3a, 1s considered to result from the combina-~
tion of its very small noise reduction with thrust cutback (approxi-
mately 2 dB for proeedure 3a) and its relatively lower altiltude as

(%) ]
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a funectlon of distance. These factors also explaln why the minimum
cutback procedures become superlor after 18 km. because they sacri-
flce little noise reducticn,'but achleve better climb performance.

Table 9 provides for all of the aircraft-weight combinations
the distances to cuthback and the values of EPNL zat the four positions
between 4.7 km. and 12.8 km. for procedure la initiated at both
122 and 305 meters altitude and for procedure 3z initiated at 305
meters altltude. These data show that the general conclusions
reached from Fig. 15 apply to all aircraft-weight combinations.

Contour Areg

Figure 16 illustrates the relationships between contour area
and contour EPNL for the four procedures and the three example
alreraft used azbove. The same general concluslons can be drawn
from examination of areas in Fig. 16 as from lengths in Fig. 15,
except that the contour values of EPNL which bound the region of
one proqedure's superiority over ancther are lower for areas than
for lengths. For example, in Fig. 16 for the B727-100 ailrcrarft,
procedure la becomes superior for contour area to procedure 3a for
values of EPNL lower than 87 dB, whereas for contour length 1t became
superior for values of EPNL lower than 96 dB. Similarly, for the
DCS-80, procedure 3a L1s still slightly supericr for contour area
to procedure la, at the lowest calculated wvalue of EPNL (85 &B),
whereas for contour length 1t became supericr at an EPNL of approxi-

mately 90 dB.

These differences imply differences in the shapes of the con-
tours as a function of both contour level (or size) and procedure.
Filg. 17 1llustrates the relationship between contour arez and contour
length for the B727-100 at maximum gross welght. For the contours
between an EPNL of approximately 100 and 110 dB, the contours of
procedure la have 2 greater area and length than do those of s»rocesdure

R T I
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TABLE 9. SUMMARY OF DISTANCES FROM START OF TAKEGFF ROLL TO THRUST CUTBACK AND EPNL VALUES AT 4
POSITICHS FOR ALL AIRCRAFT-WEIGHT COMBINATIONS AND 3 PROCEDURES* WITH MAXIMUM
THRUST CUTBACK.
f_DISTANCE (k) TO TWMWST CUTDACK EPHL (dR) AT 4700 METERS [EPNL (o) AT 6500 HETERSIERNL (dn) AT 9200 METCRS EPML (du) AT 12600 METERS
ALRCRAFT | WETGHT “Procedure Ja frocudure da | Procedure 1a Procedure Ja| Frocedure 1a Procedure 1dProccdure 1aProcedure 14 Procedurs )2 Procedure da
{1000 _Initiated Inittated nitiated_ Initiated piInitiated _ Initfated Injtiated Inftiated initialed
tbs) | @ 1287505 @305 22 o5 67305 @227 38T [ @TI0ET |WYEZT a0 (@305 Qi 1227|@ a05 |9 305
_Heters | Muturs Huters Haters | Meteps | Meters Heters [Maters | Meters Netops (Heters JHeters qeters| Meters | Maters
peo-10 10,0 4.2 5.3 2.4 91.4 .2 95,4 9,5 90,6 92.0 dh.6] B1.5 88,2 au. 4 19,1 84,5
50.7 5.4 6.8 1.0 105.9 | 104.8 9,4 94,1 100.4 94.5 57,9| H).B Y0.4 83.3 62,7 B6.&
DEY-HO 2.0 1.9 5.0 2.9 92,7 96,3 90.6 g8.9 67,9 86,1 H4,6] 83,9 85,1 0.9 80,5 42,1
140.0 5.6 7.2 4.1 102.6 | 101,0 90.4 93.7 96,9 92,2 85.1| 88.3| .08,9 85.2 84.6 as, ,
B727-100 | 135.0 5.5 6.7 3.2 Wy.5 | r0r.é 99,5 96,7 103.4 96.7° 91,0 99.7 9.6 86,7 85,0 90.2
160.0 8.4 9.9 4.4 113.1 10,4 103,27 109,71 107.5 100,0 97.6] 103,88 9.0 20,7 89.3 93.8
Bein-10 370.0 4.1 10,0 3.4 1.6 49.4 26,4 9.6 96,1 94 .2 90.5) 91.9 91.8 46.1 b 8y,
(%] 40,0 1.1 13.6 5.3 105.2 | 103.6 | 103.,5 101.5 9.1 96.8 97,4 95,11 94,0 90.9 | 92.1 91.2
-3
B207-1208 | 260.0 6.5 8.2 1.9 114, 4 112.5 1107 100,2 108.3 108.5 100,33 9%.2) 105.4 98,1 95,5 102,2
311.6 10,9 13,6 6,1 121.4 120.8 120,8 16,2 14,1 111.1 111,3] 109.4( 109,48 101.5 |104.8 106.5
B47-200 | 625.0 9.4 11.5 4.6 104.5 107.46 106,1 105.2 103.7 §99.8 100,2| 99.% 91.5 g9L.1 90,7 94.9
175.0 14,9 15.4 6.9 115.9 [ 16,1 116,1 110. 4 108,7 108.6 t0%.2] 104,1( 100.9 |!DD.9 100,1 9.5

*Note that procedure 3a has a larger thruat cutback than allowed by FAR Part 25,
If it bad been calculated with the FAR Part 25 allowable cutback the EPNL values
after outback for procedure Ja would be ineressed by about 2 dB for the firat
three aircraft and by about 1 dB for the last three aircraft.,
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3a. However, for contours assoclated with values of EPNL between
85 and 95 dB there is an inereasling tendency for the contours of

procedure 3a to become significantly longer than those of procedure

la, gilven when the areas are similar. It is e¢lear that much of
the area asscociated wlth procedure la cccurs in the early part

1 "I ¥ T

115

. Procedures:

110
O1la
A2

105 ®3a o
YA

Contour EPNL in dB
=y
=)

D
w

80

85
4 6 10 20 40 &0 100 200

Area in Square Kilometers

FIG. 16 EXAMPLES OF THE VARIATION OF CONTOUR AREA WITH 4 FLIGHT PROCEDURES
INITIATED AT AN ALTITUDE OF 305 METERS FOR 3 AIRCRAFT AT MAXIMUM

GROSS WEIGHT.
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FIG. 17 EXAMPLE OF THE VARIATION OF CONTOUR AREA WITH CONTOUR LENGTH FOR 4
PROCEDURES INWITIATED AT AN ALTITUDE OF 305 METERS FOR B727-100 AT
MAXIMUM GROSS WEIGHT.

of the takeoff when the aireraft is at full takeof! thrust, whereas
much of the area for the lower values of EPNL assocliated with pro-
cedure 3a, cccurs further from the aiprport where the aircraft thrust
15 ecut back and 1its climb rate 1s low.

Thils conclusion also Indicates that some of the area assoclated
with the lower valued EPNL contours for procedure la occuprs at
congsiderable distances to the sideline and at low elevatlion angles,
particularly for the B727-100 aircraft. The magnitudes of such
areas are therefore susceptible to any attenuation due to alreraft
shielding and possible attenuatlion effects at elevatlon angles
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above T.4° — the limit of the transition regilon between ground-to-
ground and air-to~ground attenuation in the Nolsemap computer pro-
gram. To the extent that Nolsemap may overprediect these sideline
areas at low elevation angles, the zreas at low values of EPNL for
procedure la may be artificlally increased in the computation rela-
tive to those of procedure 3a. However, thls cautlon does not
apply to the contour areas associated wilith higher values of EPNL,
and thelr assoclated higher elevation angles, which result from
nolse radiated from the aireraft in the procedure la acceleration

segment.

dirport/Runway Level Weighted Population

The atirport/runway lével welghted populatlon data provide a
single number cutcome for each procedure which 1is intended to be
related to noise ilmpact. As noted in Section 2, these data should
be used to reflect general trends amongst procedural alternatives,
rather than for their absolute magnitudes. Further, absolute
comparisons among wrocedures, alrceraft and other factors should
be stated with cautlon since the data in Fig. 14 indicate that
a change of one dB results in a change of ten to twenty percent
in the value of airport/runway level wetghted population (ARLWP}.

Table 10 summarlzes the data for the three example alreraft
discussed above. For the B727-100 and the DC9-80 aireraft the
ranking of the procedures in terms of ARLWP 1s identical to their
ranking in terms of contour area for EPNL values of 95 dB and
above for the B727-100, and those above 85 dB for the DC9-80. Examina-
tion of the detalled results in Appendix A for these aircraft shows
that the significant differences between procedures la and 3a in con-
tributlon to ARLWP oceur in the higher valued EPNL contours where
any differential elevatlon angle effects should be negligible.

For the B707-320B the differences in ARLWP are proportionally
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quite small and result from small differences 1in area at

various levels, depending upon procedure, see the detalled data

in Appendix A.

TABLE 10 AIRPORT/RUNWAY LEVEL WEIGHTED POPULATION (MILLIONS) FOR THE DC9-80,
8727-100 AND B707~-3208 AIRCRAFT AT MAXIMUM GROSS WEIGHT FOR 4
PROCEDURES INITIATED AT AN ALTITUDE OF 305 METERS.

PROCEDURE
AIRCRAFT Cleanup Before Cutback Cutback Before Cleanup
la) Max Cutback ) 2) Min Cutbackl 3a) Max Cutback| 4) Min Cutback
bCs-80 1.19 1.19 0,82 l.QB
B727-100 5.10 6.70 3, 07 5.37
B707-3208B 6.75 7.02 7.32 6.55

Table 1l present§ similar ARLWP data for the four basic pro-
cedures for the six alreraft at both welghts and three intiatlion
The table also gives the average of the 12 values for
each aircraft-welght combination and the ratic (R) of the standard

devliation dlvided by the average.

altltudes.

The variatlon in ARLWP among procedures, as measured by the
ravio (R), 1s higher for the Z- and 3-engined narrow body air-
For this latter category

eraft than for the 4-engined airerars.

at maximum gross welght there is little variatlion among the

procedures.

study.

For the BTUT-200 the differences amongst procedures
are very small and probably well within the errors 1nherent in this
For the B707-3208B at an initiation altitude of 305 meters

procedure 3a appears least desirable and elther procedure la or i}

most desirable,

R e T

depending on weight.




TABLE 11 Airport/Runway Level Weighted Population (millions) for the 4 Basic Procedures, la, 2, 3a and 4,
for & Aircraft, both Weiahts and 3 Initiation Altitudes, 122, 305, and 610 Meters.

Weight CLEANUP BEFORE_CUTBACK CUTBACK BEFORE CLEANUP AVERAGE VALUES

AIRCRAFT .
(1000 la) Maximum Cutback] 2) Minimum Cutback | 3a) Maximum Cutbackl 4) Minimum Cutback | Avg. R=§t—?\-\;%

Vos)| e 305 [ 610 | 122 | 306 1. 610 122 305 | 610 | 122 [ 305 ] 610 1. 9.

DCe-10 60 0.77 1.15 | 1.53 | 2.14 2.08 1 2.44 )0.89) '0.75] 0.88 1.95| 2.14 | 2.24)1.58 0.41
90.7 |1.44 2,06 p 2,55 12.81] 3.16 3.01 || 1.35 1.33 | 1.49( 2.65] 2.774§ 3.03} 2.30 0.31
DC9-80 112 0.39 | 0.47 [ 0.63 || 0.47 0.521 0.64 [0.381¢ 0.27} 0.32 0.50] 0.45] 0.53 46 0.24
140 1.07 1.19 | 1.41 | 1.07 1.1%9{ 1.39 [ 0.81 | 0.82)] 0.72 0.96| 1.08) 1.19] 1.08 0.20

43 ) 4.79 11,977 1.65| 1.91) 4.14( 4.00] 4.23] 3.38 0.34
70f 7.17 2,38} 3.07) .3.95| S5.07} 5.37] 5.78§ 5.09 0.28
1,37 | 1.64 1.22 1 1.06 1.29 F 1.29] 1.24) 1.34 0.10
371 2,20 1.94 1.95] 1.82 2,21 | 2,19 2.,12¢( 2.13 0.08

B727-100 (135 2.16 | 3.33 | 3.74 | 4.25
160 4.68 | 5.10 | 5.77 | 6.02
DC10-10* (370 1.34 1.35 | 1.45 | 1.42
440 2.03 | 2.21 | 2.14 || 2.43

N
Pl
Fo3
1]

41 [ 4.59 [ 5.84 5.15| 4,17 | 4.02| 4,08 4.32 4.36 0.14
02| 7.19 |8.11 7.32] 7.33 6.29 6.55) 6.83| 6.98 0.07
07] 3.03 [3.18| 2,77 ]| 2.65 2,77 2,71 2.87) 2.88 0.06
54| 4.60 [4.35 | 4.31[ 4.48 ¢ 4.15] 4.27fF 4.42) 4.42 0.03

B707-320B]260 3,91 ] 3.52 | 4.08 | 4.24
o 333.6 [ 6.61 | 6.75 | 6.95 | 6.81
n~ B747-200 |6&25 2.78 | 2.89 | 2,93 | 2,93
775 .44 | 4.42 § 4,63 | 4,47

E- N PURL W .

#The lift drag ratio used for clean climb for the DC 10-10 in this study 1s lower than the current
updated value (see Appendlx B). If the updated value had been available and used the ailrcraft
would have climbed at a higher angle after cleanup and the dacta shown here for procedures la,

2, and 4 would be somewhat reduced.
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For the 2- and 3-engined alrcraft most of the values of ARLWP
associated with maximum cutback either before (procedure 3a) or
after (procedure la) c¢leanup are lower than the corresponding values
assoclated with minimum cutback (prccedures 4 and 2, respectively).
This effect 1s most pronounced with the DC9-10 and BT727-100 air-
craft which have low bypass ratlo engines and higher values of
nolse reduction with maximum thrust cutback than those obtained for
the high bypass ratio englnes on the two comparative aircraft.

Of the two procedures that have maximum cutback, procedure 3a
results 1In lower values of ARLWP than deoes procedure lz for three
of the four ailreraft when both procedures are initiated at the same
altitude of 305 meters. PFig. 18 compares the raties of the values
off ARLWP for procedure la divided by the values for procedure 3a
as a funetion of the nolse reduction assoclated with thrust cutback
in procedure 3a. The results indlicate that maximum cutback before
cleanup, procedure 3a, may be expected to have lower values of ARLWP
when the noise reduction for tha%t procedure 1s greater than approxi-
mately 5 dB. For the three alirplanes that meet this criteria, the
DC9-10, DCS-80 and RB727-100, this conclusion would be expected to
remalin true for a procedure similar to 3a, but meeting the FAR
Part 25 climb requirements. These regquirements, a cne englne out
¢limb gradient of 0.012 for 2-engined aircraft and 0.015 feor 3-
engined aircraft, would necessitate greater thrust than required
for the level flignt FAR Pzrt 36 procedure, reducing the noise
reduction for these ailrcraft by L to 2 dB from the values 1in Fig.
18, depending on aircraft-welght combination.

The data in Table 1l for procedure la show a consistent in-
crease 1In the values of ARLWP wlth an lncrease of inltlaticn al-
titude. The primary reason for thls trend appears to be that the
distance from start of takeoff roll to the locatlon of thrust cutback
is shorter when acceleration 1s inltlated at 2 lower altltude.
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Consequently, because procedure la has a greater impact than does
procedure 3a over the distance between the cutback locatlons for
the two procedures, as shown in Filgs. 15, 16, 17 and in Table 8,
lower values of ARLWP would be expected for the shorter distances.

A similar, but less consistent, trend can be observed for
procedure 2. Here, the magnitude of the effect is much less be~
cause wlth minimum thrust cutback proporticonately more of the total
impact cccurs ln region after thrust cutback. No consistent
trend between initlaticn altitude and ARLWP 1ls observed for proced-
ures 3a, 3b and 4. However, an examination of the relative areas
shows the expected changes for procedure 3. For the contour
areas assoclated with higher values of EPNL the areas lncrease
with an inecrease in the altitude at which cutback 1s initilated,
as a result of the greater distance at maximum thrust. Con-
versely, for the contour areas assoclated with the lower values of
EPNL the areas decrease with an inerease in the altitude at
which cutback is initiated. Thls decrease 1s the net result of
tﬁe inerease in these areas te the side of the maximum thrust
initial e¢limb and the decrease in these areas at larger distances

after cuthack.

An approximate adjustment to the ARLWP for procedure 3a ini-
tiated at 305 meters can be made to account for the one to two.dB
inerease in noise that would occur if the thrust cutback were con-
strained to the FAR Part 25 requirements. This approximate adjust=-
ment can be made using either the results of Flg. 18 or those of
FPig. 14, together with the cutback nolse level appropriate to the
inereased value of thrust. The results of such an adjustment for
the 2- and 3-engined aircraft are tabulated in Table 12. Wlth the
exception of the B727-100 at maximum gross welght, these results
indicate that procedure la initiated at 122 meters has essentilally
the same magnitude of ARLWP as would a procedure 3a 1lnitlated at
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305 meters and meeting the FAR Part 25 thrust requirements. How-
ever, as previously noted, the resulfs for the adjusted procedure
3a are superlor to those of preocedure la when both procedures are

initilated at an altitude of 305 meters.

This general reduction of ARLWP with 1lnitlation altitude for
cleanup before maximum cutback (procedure la) is further confirma-
tion of the practice of reducing the amount of takeoff flap exten=-
sion. Further, for minimizing noise impact it suggests that takeorfs
should be made with both minimum flap (higher takeoff velccity)
and with mgaimum avallable thrust, net reduced thrust.

All of these comparisons involving ARLWP are generallized to
the average population density distance functions for the sum of
304 airports. For a specific airport the optimum procedure having
least impact depends on the distribution of pepulatlon as a function

and to the slde of, each flight track from the

of dilstance along,
However, the

alrport and the type and welght of the alrcraft.
general principles are clear. For both 2- and 3-engined aireraft,

and for 4-engined aircraft that have significant noise reduction

with thrust cutback:

If the populated area is close to the alrport, attain maxi-
mum altitude before reaching the populated area, then inl-
tiate maximum cutback and subsequently resume climbd

thrust after passing the area, or when reaching an agltitude
when the noise on the groﬁnd 1s less than a selected value.

If the populated area 1s far enough from the ailrport to
allow completion of partial or complete cleanup before reach-
(see Table 9) initlate accelera=-

ing the populated area,
then initilate

tlon and cleanup at the lowest safe altitude,
maximum cutback at the beginning of the populated area,

and resume climb thrust as above.
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TABLE 12. COMPARISON OF ESTIMATED AIRPORT/RUNWAY LEVEL WEIGHTED POPULATION
" (MILLIONS) FOR 2- AND 3-ENGINED AIRCRAFT AND FOR CLEANUP BEFORE
MAXIMUM CUTBACK INITIATED AT 122 METERS WITH MAXIMUM CUTBACK BEFORE
CLEANUP INITIATED AT 122 AND 305 METERS WITH AND WITHOUT ADJUSTMENT

OF THRUST TO COMPLY WITH FAR Part 25.

: MAX CUTBACK BEFORE CLEANUP (3a)
Weight | CLEANUP BEFORE As Caloutated | Adjusted for
(1200 [MAX CUTBACK (1a) cutate i Part 25 Thrust
AIRCRAFT bs)
@ 122 METERS 122 Meters| @ 305 Meters| 2 305 Meters
pcs-10 80 0.77 0.89 0.75 0.86
90.7 1.44 1.35 1.33 1.57
DC9-80 112 0.39 0.38 0.27 0.31
140 1.07 0.81 0,82 0.98
8727-100 135 2.16 1.97 1.65 2,01
160 4.68 2.38 3.07 3.84
oclo-10 7o 1.34 1.64 1.22 1.35
440 2.03 1.94 1.95 2,18
*Mo adjustment was calculated for cutback at 122 meters (3a), although it is

; presumed that an adjustment would increase the calculated values of ARIWP.

: For 4-engined aircraft that do not have significant nolse reduction
with thrust cutback attain the maximum altitude befeore reaching
the populated area, then initlate minimum cutback and proceed to
cleanup and climb.
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4.4. Development of Goals for Aircraft Noise
Thils subsectlon discusses possible applications of the

results of this study in the development of goals for the takeoff
nolse of future alreraft and some of the implications of such goals

with respect to PAR Part 30 certification reguirements.

Goals
The data 1n this report provide approximate relationships

between the contour area for z glven procedure and the EPNL at

6500 meters, EPNL with thrust cutback at 305 meters and population
Tnese relationships, to-

for three population densilty categories.
gether with the approximate relationship between the EPNL of a

Tleet average aircraft and NEF for each population density category,
can be used to consider the implications of selecting alternative

goals for aireraft nolse. The use of this information is illustra-
ted in the following paragraphs.

The relationshlps between EPNL for a fleet average {(nolse
energy) alrcraft and NEF for the operations of an average runway

in each population density category given in Table 5 were:
for Populaticon Category X, NEF 30 is equivalent to an

EPNL of 96 dB
for Populatlon Category Y, NEF 30 is equivalent to an

EPNL of 98.5 4B
for Populatlon Category Z, NEP 30 is equivalent to an

EPNL of 108 4EB.
the walue of EPNL would change

If another value of NEF is selected,
from that glven ahove by the same amount as the new value of NEF
differed from 30. Categories X and Y clearly dominate any f{leet
wide goal development because they are both more restrictive in
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EPNL than 1s Category 2, Category Y is chosen here for analysis
instead of Category X% because it represents 5S4 airports with an
estimated 216 runway ends and has operations of all alreraft types,
whereas Category X has only two alrports and does not have U-engined

alrcraft operations.

The next step 1s to choose one cr more sets of values of NEF
and populatiocon as trlal goals. For thls example the two trial
goals are negligible population within NEF values of 30 and Y40 dB.
Pig. 19 contains two values of area vs populatlaon for Category Y
for most of the twelve alrcraft-welght combinations. The values
were selected from procedures 32 and 4 to represent the maximum
area wlthout populations and the minimum area wilth populations.
These data indicate that, with one exception, negliigible populatlon
1s expected to resilde within a contour area of 3 sqg. km, or less.
Note that these data are averages; therefore, one should expect
that some population wWill be rfound within the 3 sg. km. contours,
particularly at the busiest alrports that are surrounded by close-
in neighbors, and at airports where runway utilication varies
slignificantly from the average.

Table 13 summarizes several outcomes for these two examples,
using procedure 3a inltiated at 305 meters. For the NEF 30 goal the
fleet average'aircraft would requlre a cutback EPNL of 91.5 dB at
305 meters, a flyover EPNL at 6500 meters of B86.5 dB and would result
in approximately 550,000 population within NEF 20, considering only
Category ¥ airports. This value of 86.5 dB 15 1.6 @B less than the
DC9-B0 and 7.7 4B less than the DCl0-10, both at thelr typical
welghts, I the nolse levels of these two alreraft were scaled to a
possible future fleet average alrcraft with a typleal weight of 180,000
lbs {max gross welght of 220,000 lbs) the average EPNL at 6500
meters 1s 90.6 dB, 4.1 &B more than that redulred to meet this
trial goal. To achieve the trial goal of NEF 30 with this
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EXAMPLE OF ALTERNATIVE GOALS USING DATA FOR PROCEDURE 3a,

TABLE 13.
INITIATED AT AN ALTITUDE OF 305 METERS.
QUANTITY NEF SOURCES
30 40

Basic Relationships '
EPNL for Cacegory Y 96.5 106.5 From Table 5
Contour Area for Negligible
Population (sq.km.} 3 3 From Fig. 19
Fleet Avg Aircraft EPNL
(cutback) @ 305 M 91.5 101.5 From Fig. 12
Fleet Avg. Alreraft EPNL

86.5 96.5 From Fig. 11

{cutback) @ 6500 M*

Contour | Total Contour | Total

. APPROXIMATE Area Pop. Area Pop.
| RESULTS (sg.km.} in ¥ (sq.km.) | in ¥
' {10005) (1000s)
! | wichin NEF 35 -] - 6 200 | Figs. 8 & 11
: Within NEF 30 Y3 - 9 650 Figs. 8 & 11
| Within NEF 25 | 6 200 18 2160 |Figs. 8 & 11
’ Within NEF 20 I 9 |eso 40 5830 | Figs. 8 & 11

| *For procedure 4 these values would be increased by about 3 dB
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hypothetleal alrcraft at maximum gross welght would require a 7.5
dB reduction in its EBNL at 6500 meters.

These requirements are also a function of the procedure that
If procedure 4 (minimum thrust cutback) initiated

is to be used.
the maximum values of

at 305 meters ls selected, rather than 3a,

" EPNL at 6500 meters become 89.5 and ¢9.5 for NEF 30 and %0 ¢trial

goals, respectively. The maximum EPNL at 6500 meters for the NEF
30-trial goal is approximately 2.5 dB less than would be expected
for the hypothetical high bypass ratio 180,000 1lb. typical weilght
alrcraft at minimum thrust cutback. The maximum EPNL at 6500

meters for the NEF 40 trlal goal In Table 13 1s about 2 dB less than
the B727-100 with minimum cutback at 305 meters altitude and typlcal
weight, and 5 dB less than the B727-100 with minimum cutback at 3¢5

meters altitude and maximum welght.

Implications For Certification

The flight procedures examlned in this study and those recom-
mended by the FAL [9) provide that the acceleration and/or cutback
procedure in the second climb segment be initlated at a specifice
altitude for all alreraft and all weights. However, Iin the certi-
fication test procedure the alreraft continues 1ts initlial climb
to the maximum possible altitude before initiating maximum cutback
in order tc achieve the minimum possible EPNL at the 6500 meter
For Y-engined cilvil aircraft at maximum
gross welght cutback for certification is usually initiated at an
altitude in the vicinity of 305 meters. However, the cutback ini-
tiation altitudes for 2- and 3-engined ailrcraft are significantly
higher, with the smaller DC9s reachling an altltude of zpproximately
800 meters before cutback. Because of thils fundamental conceptual
difference between typlcal operational procedures and certification
nrocedures, it is difficult to obtain a direct translation of data
from one to the other, particularly for 2- and 3J-~englned aircraflt.

measurement location.
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Stated another way, the two types of procedures have a subtle
variance, 1llustrated by the following two sets of gquestlions posed
to the airerarft and its designers.

The certification procedure asks:

+  How much 1s your nolse reductlon with maxdmum thrust
cutback?

+  How much 1s your maximum thrust nolse as a functicn of
distance? and

*»  How high can you fly in a fixed distance?

Whereas the operational procedure asks:

«  How much 1s your noilse reductlion with maximum thrust
cutback?

*  How much is your maximum thrust nolse as a function
of distance? and,

+ How far do you have to fly to reach a fixed altitude?

The flrst gquestion 1s common to both procedures. The answer
depends on the takeoff thrust-welght ratio, the alrcraft's drag-
1ift ratile, the rate of change of nolse with change in thrust for
the engine type, the number of engines and the one engine out
thrust requlrements. For high bypass-ratio engines the rate eof
change of nelse level wlth thrust 1s approximately 20 times the
logarithm of the thrust ratio, whereas with low bypass ratic en-
gines 1t 1s more typically propertional to 40 times the same legar-
l1tkm. PFor an aircraft with three high bypass ratilio englnes the
nolse reduction increases by about 0.9 dB per 10 percent increase
in installed maximum thrust to welght ratile, or per 10 percent
decrease in drag-lift ratio. TFor an alrcraft with three low bypass

ratic engines the noise reducticn values double to 1.6 4B per 10 3

A}
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change in elther parameter. For any given set of values for
thrust-weight ratlo and drag-~1lift ratlio the maximum amount of
thrust reduction 1s constrained by FAR Part 25 or 36 requirements
for engine out performance and minimum rate of climb, These re-
gulrements generally allow slightly greater relative thrust re-
duction on 3-engined than on 2- or Y-engined alrecraft.

It is doubtful that the thrust-welght ratic would be altered
significantly in the deslgn of practiecal alreraft simply to pro-
duce a noise benefit, although paper deslgns of S3T aircraft have
investigated this possibility. [24] There are a great number of
constraints on the takeoff thrust-weight ratlo including: FAR
Part 25 requirements for a one engine out condition which lead
to hilgher values of thrust to welght ratloes for ailrcraft with fewer
engines; deslred fleld length as a function of objectives for
missions, payload,alrport altitudes and maximum hot' day temperatures;
crulse speed, drag and fuel censumption, and the engine cycle
characteristics of net thrust vs speed. However, improvements may
be found in reductions of the drag-lift ratic through improved
low=speed aerodynamie conflgurations, increases in the rate of
change of nolse for a change in thrust, and possibly engine cycles
which provide z higher ratioc of takeoff to crulse net thrust,

v

The second questlion 1s also common to both procedures. The
answey 1s a function of the basic design of the engine, the magni-
tude of 1ts nolse as a function of distance and the altitude
achleved at the filxed distance., When scaled to the same maximum
thrust the high bypass ratio engines, as Installed in the alrcraft
used in this study, are about 9 to 14 dB quieter than the average
af the low bypass ratlc engines, with the DC10-10 englne belng the
gquletest. As shown in Flg. 5, all aircraft except the B707-320B
had similar nolse vs distance characteristics. The lmprovement
in noise resulting from the development of hlgh bypass ratio
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engines 1is the most significant reason for the improvement in

the noise of new aircraft. Further improvements could be achieved -
by the development of even higher bypass ratic engines with minimum
noise fan blade designs, optimum acoustic treatment and mini-

mization of residual core nolse,

The anéwers to both of these first two questlons demonstrate
similar effects on the nolse at 6500 meters under both types of
flight procedures, except that for 2~ and 3-engined aireraft the
slant distance at the 6500 meter locatlon 1s greater for certifi-
cation than for a typical operating procedure Iinltlated at an al-
titude of 305 meters. Hewever, the third question 1s dirfferent
for-these two types of preocedures and although the factors that
determine the answers are basleally the same, they are weighted
differently in the two procedures.

There are two major segments, the takeoff roll and inltial
climb that precede 1inltiation of thrust cutback. Both segments are
adversely affected by a reductlion ln denslty because of an increase
in temperature or altitude of the ailrport. The length of the take-
of f roll between start of roll and liftoff is ldentlecal fer both
procedures. It i1s propertional to the square of the welght divided
by the net thrust, less the drag and friction, and also by the 1lift
coefflelent times the wing area and other constants. For a glven
aircraft the takeoff roll )\s directly proportional to the square
of ltg welght. However, for a serles of alreraft deslgns wilth the
same number of engihes but with dlffering maximum gross welghts
there 1s only a small increase in the length of takeoff roll with
welght. This small increase appears $to be propertional to the 0.2 to
0.25 power of the welght and probably is a significant factor in tre
choice of the U4 dB per double welght slope (rather than a 3 dB slope)
in the FAR Part 36 noilse limits. The larger differences in length
of takeoff roll usually result from the selection of number of
englnes. PFor both types of procedures a shorter takeoff roll is
beneficlal to the nolse; for certificatlon testing enabling attalinment
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of a higher altitude for initiation of cutback prior to the 6500 meter
measurement point, and for operatlonal procedures shortening the dis-
tances from start of takeoff roll to the altitudes at whileh cutback.
ecan be initiated, which 1s particularly beneficial for populations
residing at distances between approximately 4 and 6.5 km,

The initial climb angle is a direet function of the thrust-
welght ratio less the drag-11ft ratio, but 1s limlted in some cases
by a maximum deck angle for passenger comfort. For certification
testing an Improvement 1n the climb angle increases the altitude at
which cutback is initiated and thus reduces the noise at the 6500
meter measurement locatlon. However, for the operatlonal procedures
initiated at a fixed altitude, improvement in climb angle re-
duces the distance from the start of takeoff roll tc the initiation
of cutback, tending to have a lesser effesct on the noilse at the 6500
meter location than that eobtained in the certification test. Thus,
for the higher performance airecraft, l.e., those with higher values
of thrust-welght ratlo and lower values of lift-drag ratlo, the
EPNL at the 6500 meter location 1s lower for certification flight
procedures than for typlcal operating flight procedures,

Table 14 summarizes many design factors and the performance
areas 1in which thelr improvements would be expected to effect.
Thrust-welght ratio appears three times, once as a basic factor and
twice as a derived factor (engine cycle or selection of fewer engines).
It would appear that 1lmprovements in any of these design factors,
except for engline accustic treastment, have the potential of improv-
ing overall alrecraft performance in one or more areas. Addltionally,
desplte the differences in emphasis on flrst segment performance,
it appears that the certification test procedure provides ilncen-
tlves for improvements In the same factors that would be expected
to provide improvements in nolse during actual flight operations.
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TABLE 14  SUMMARY OF SELECTED AIRFRAME-ENGINE DESIGN FACTORS WHICH COULD
CONTRIBUTE TO IMPROVEMENTS IN NOISE FOR BOTH CERTIFICATION
TEST AND TYPICAL OPERATING PROCEDURES.

DESIGN FACTOR

PERFORMANCE FACTOR [MPROVED

Basic
Engine
Noise

Takeoff
Roll

Initial
Climb
Angle

Thrust Cutback

Reduction

Engine:
Higher bypass ratio

Improved acoustic treatment

Internal engine design noise
control

Higher nolse reduction per unit
thrust cutback

Cyele with higher ratio of takeoff
thrust to cruise thrust

Airframe and engine:
Higher thrust-waeight ratio

Fewer engines
Lower low speed drag-lifc ratio
Lower takeoff drag

Higher takecof lift (lift coeffi-
c¢lent and wing area)

Noise
_]

X

X (4 to 3
< only)

M TSPV Wi B e b
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The princlpal reservatlon in this conclusion 1s related to
the selection of the number of engines. The FAR Part 36 certifica-
tlon nolse limits assume that lower thrust-weight ratios are
installed in alrcraft which have more engines by allowing higher
noise limits for such aireraft. For aircraft welghing more than
approximately 106,000 lbs the noise limits for the 6500 meter take-
off position are 2 dB greater for a d-engined ailrcraft than for a
J=engined airecraft and 3 4B greater for a 3-englined aircraft than
for a 2-engined alrcrart.

The interrelationship between noise Impact and the FAR Pért
36 test and effect of establishing noilse 1imits as a function of
number of englnes may be partly understood by translating the trial
goal of negligible population within NEF 30 into certification
limits. For thils purpose, we use the hypothetical alrcraft pre-
viously discussed which had an EPNL of 86.5 at 6500 meters with
procedure 3a at an assumed typical weight of 180,000 1bs, and has
an assumed maximum gross welght of 220,000 1bs.

Table 15 develops the approximate nolse and performance char-
acteristlices of this hypethetilcal ailrcraft as a function of the number
of englnes. The estlmated values of the length of takeoff roll,
thrust-welght ratlo and drag-lift ratle are based on the character-
isties of aircraft In this study. The cutback nolse reduction is
estimated on the baszis of DC10-10 and BTUT-200 walues, 20 times
the logarithm of the thrust ratic, rather than 40 times the log-
arithm of the thrust ratio whiech applies to the DC9-10 and =80
and to the B727-100 wvalues used in this study. TFor certification,
thrust cutback was assumed at 5000 meters from start of roll. TIn
practice, the location of cutback would depend ¢n the directivity
of the aircraft. The relative EPNL at the altitude over the 6500
metar measurement location was determined from the central curve of
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TABLE 15. EXAMPLE OF THE DERIVATION OF APPROXIMATE RELATIQNSHIPS BETWEEN
FAR PART 36 CERTIFICATION NOISE LEVELS AND THOSE DERIVED FOR A
TRIAL GOAL OF NEF 30 WITH NEGLIGIBLE PQPULATION (EPNL OF 86.5 dB
AT 6500 METERS) FOR A HYPOTHETICAL FLEET AVERAGE AIRCRAFT (TYPICAL
WEIGHT OF 180,000 LBS.), FOR PROCEDURE 3a, AS A FUNCTION OF

NUMBER OF ENGINES.

Number of Engines and Aircraft Weight
in 1000 1bs.
2-engine 3-egngine 4-engine
180 220 180 ‘ggo 180 220

Estimated takeoff roll in metcers 940 1400 1400 2100 1740 2600
Assumed thrusc-weight ratio .29 .24 .26 21 .22 .18
Initial climb gradient (drag-

1life ratio .09) .20 .15 .17 .12 .13 .09
Cutback thrust-weight ratlo for

FAR Part 36 procedure . .62 .75 .52 .64 .59 72
Climb gradient after cutback .09 .09 .05 04 .04 04
Altitude (meters) at 65300 meters

for certification* — 7335 - 490 - 325
Altitude (metera) at 6500 meters

for procedure 3a (305 meters) 668 581 470 379 401 325
Distance (meters) to cutback ’

for procedure 3a (305 meters) 2470 | 3430 | 3190 | 4640 | 4090 | 5990
Cutback Noise Reduction in 4B

(high bypaasa} ; 4.1 ] -2.5 | -5.7 -3.9 =5.3 | -2.9
Relatcive EPNL (dB) at 6500 mecers '
(Cartification)** ; -— -8.3 - -4,2 - - .5
Relative EPNL (dB) at 6500 meterﬂ

(Procedure 3a)** Y ~7.4 | =5.9 } -3,9 -2.4 -2.5 1 - .5

EBNL at 305 meters for Max Thrusé
& EPNL of 86.5 dB @ 6500 meters
for procedure 3a

Equivalent FAR Parr 36 EPNL
Derived for Certification test 87.2 88.0

EPNL at 6500 peters for Pedr.da 86.5 89.5 86.5 89.8 86.5 | 90.9

Equivalent FAR Part 36 EPNL de-
rived for constant technolegy of

98.0 96.1 94,3 ; S0.9

%0.9

4=engined aircraft 84.7 . 86.9 X
| Current FAR Part 36 Stage 3 ! l b |
{ EPNL Limits . . 93,5 | 96,5 98. 5

*Agsumaes cutback at 6000 meters,
*#%EPNL at altitude minus EPNL at constant distance of 305 meters,
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EPNL vs slant distance in Fig. 5. This analysils neglects the
differential effects of alrcraft velcclty and frequency spectra,
both of which vary with number of engines. The takeorf wveloclty
of these configurations 1increases with number of englnes producing
a small relative reduction in the duration of the noilse of a i~
engined airecraft wlth respect to that of a2 2-engined aireraft. On
the other hand, the characteristic frequency spectra of the smaller
engines on the 4d-engined aireraft will register slightly higher
per pound of thrust on the percelved nolse level scale than will
that of the larger engines on the 2-engined aircrarft. These two
effects are assumed to cancel 1n thils simplified analysis.

The results for this example show that the EPNL of the 2-
engined aireraft. at maximum thrust could be 3.7 dB greater
than that of the Hd-engined alrcraft when both are measured at a
distance of 305 meters. Thils results primarily from the superlor
elimb performance of the 2-engined alrcraft, both before and after
cutback, The EPNL for the typical weight alrecraft at the 6500

' meter measurement location for procedure 3a is 86.5 4B for all three

configurations (this was a design constraint), and is approximately
3.5 dB greater when the alrcraft is flown at maximum gross welght

using procedure 3a.

The FAR Part 36 certificaticn EPNL values, equivalent to the
85.5 dB design constralnt, are 87.2, 88.0 and 90.9 dB for the 2~, 3-
and Y=engined configurations, respectively. These EPNL nolse values
have a range of about 4 d¢B which is comparable to the FAR Part 36
range of 5 dBR. If an additional constraint were -toc be placed on
these three confilgurations, i.e., that all meet the initial §6.5
dB trial goal EPNL wvalue and that, in additlen, all employ equal
neilse control technology — the technology used to achieve the
l-engined aircraft would control the design. In this event,
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the FAR Part 36 EPNL limits for the 2- and 3-engined aircraft
would be lowered by 2.5 and 1.1 dB, respectively. The resulting
limits have a range of about 6 4B, agalin comparable to the FAR
Part 326 range of 5 dB. Thus, 1t appears that, at least for this
example, the range of EPNL values with number of engines in the
FAR Part 36 Stage 3 noise limits is reasonably consistent with
equal Impact and technology, at least for procedure Za.

To attain the 86.5 4B EPNL value of the trial goal the Stage
3 limits of FAR Part 36 would have to be lowered by an amount rang-
ing between 5.3 and 7.6 dB. If both constraints were consldered,
the limits would have to be lowered by an amount rangling hetween
7.6 and 9.6 dB. The effect of increasing operations in future years
has been ignored in the development of the trial goal of negligible
population. Obviously, it should be considered by any future goal,
and would be expected to decrease the 86.5 dB EPML constraint by
at least 1.6 dB to 84.9 dB, considering total fleet operations
nrojected in the year 1995 [3, 22], and by a total of approximately
3 dB to 83.5 dB for an even later year when all nolsy aircraft were

retired.

The methodology in thls example can be extended to other trial
geals (NEF and pepulatlon), to other assumed operational takeoff
flight procedures, and more preclse establishment of a fleet aver-
age alrcraft slze and performance characteristics appropriate to
the period for which the goal is ultimately intended.

The concept of "negligible" population vs contour area used
in this example can be refined from the average values for 54 air-
ports used here by using the data in references 2, 3 and 21 to sub-
divide category Y, to better account for the joint probabilities
of a high level of operations, nolsier than average fleet mix and
nizgh population close to some airports. This refinement would
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result in lower EPNL values for negligible population at a given
NEF value, conslderation of land use change or soundproofing impli;
cations of using average values, or a combinatlon of these two

policy approaches.

The results also can be used to improve the basis for polley
considerations related to operatlonal flight procedures, and to test
procedures, as well as to other faectors, and performance requirements
which interact with the basic deslign factors affectling noise and 1ts

impact on residential populations.
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APPENDIX A
DETAILED SUMMARY OF RESULTS

This appendix summarizes significant results for the six
aireraft at each of two welghts and eighteen takeoff procedures.
There are 12 data tables, one for each alrcraft-welght combina-

tion.

Data are gilven as a function of nolse level for seven values

off EPNL, at © dB intervals between 85 and 115 dB. For each EPNL
value there are 18 values each of:

.

Distance to closure

Area
Population/runway for the X population density

Populatien/runway for the Y population denslty
Population/runway for the Z population density
Alrport/runway weighted total population
Lirport/runway level welghted population.

Also given for each procedure are the maximum wvalues of EPNL
along a 450 meter sideline and the values of EPNL under the take-
of f flight path at distances of 4700, 6500, 9200 and 12,200 meters.
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TABLE A-3: DATA SUMMARY FOR DC9-80 AIRCRAFT AT 112,000 LBS.
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TABLE A-4: DATA SUMMARY FOR DCS-80 AIRCRAFT AT 140,000 LBS.
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TABLE A-5: DATA SUMMARY FOR B727-100 AIRCRAFT AT 135,000 LBS.
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TABLE A-6: DATA SUMMARY FOR B727-100 AIRCRAFT AT 160,000 LBS,
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TABLE A-7; DATA SUMMARY FOR DC10-10 AIRCRAFT AT 370,000 LBS.
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TABLE A-8: DATA SUMMARY FOR DC10-10 AIRCRAFT AT 440,000 LGS,
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TABLE A-9: DATA SUMMARY FOR B707-320B AIRCRAFT AT 260,000 LBS.
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TABLE A-10: DATA SUMMARY FOR B707-320B AIRCRAFT AT 333,6,000 LBS,
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TABLE A-11: DATA SUMMARY FOR B747-200 AIRCRAFT AT 625,000 LBS.
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TAGLE A-12: DATA SUMMARY FOR B747-200 AT 775,000 LES. | ,
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APPENDIX B
PROFILE AND NOISE DATA SUMMARY

This appendlx contains & condensed summary of selected pro-
file and nolse data for each of the six aircraft at each of two

welghts.

The profile data are given for five procedures:

* Cleanup before maximum cutback, beginning at 122 meters la)
+ Cleanup befcore maximum cutback, beginning at 305 meters (la)
* Cleanup before minimum cutback, beginning at 305 meters (2)
*+ Maximum cutback after cleanup, beginning at 305 meters (3a)

* Minimum cutback after cleanup, beginning at 305 meters (4).

For all procedures data are given for the length of takeoff
roll, takeoff veloclty and takeoff thrust for a single engine.
Total takeoff thrust is obtained by multiplying the given thrust
by the number of engines. The profile data includa: altitude
above a sea level runway, distance from the beginning of takeoff
roll, indicated alr speed and net thrust for a single engine
normalized to sea level pressure (Fn/é). The noilse data are for
a reference net sea level thrust at 160 knots.

For the first procedure (la) data are given for two initlation
altitudes for the point at which acceleration to permit cleanup is
begun, the point at which cutback is initiated, and the distance
to 1676 meters altitude. For the second procedure (2) data are
glven for the same peints as in the first procedure and for the
paint at which final acceleration to 250 kneots (beginning at an alti-
tude of 914 meters) is completed. Data are not given for the
{1lb) procedures but they ecan be approximated for initiation at an
altitude of 305 meters by combining appropriately the information
given fer preocedures (la) and (2) together with the distance to an
altitude of 914 meters in Table 7.

B-1
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Data for the third procedure (3a) are piven for the point at
which cutback is inltiated and the distance to reach an'altitude
of 1676 meters. Data for the fourth procedure (4) are glven at
the polints of beginning acceleration and initilating cutback, the
polnt of ending acceleratlion, and the distance to an altitude of

1676 meters.

The proflle data were developed in accordance with the method-
clogy of reference B-l and represent the information avallable in
our flles in the fall of 1979. As a result of a concurrent effort
to update the profile for the Integrated noise model some of the
data used in thils study have been revised, Reference B-2. The
only significant change 1s a reductlon in the drag + 1ift relation-
shlp for the c¢lean DC-10~10 which in this study is about 30% higher,
due primarily to the nonretraction of the leading edge slats. This
change weuld not affect procedure 3a, but would improve,
relative to these data, the climb performance after cleanup for

procedures 1, 2, 3b, and 4.

The noise data are based on refersence B-3, but with a & log
slant distance duration correction to the data at the 305 meter
slant distance, instead of the 10 log slant distance duration cor-
rection used 1in deriving the tables of Reference A-3. These data
have alse been updated in a concurrent erfort, Reference B-4, which
also employes the 6 log slant distance duration correction. The
two nolse data bases are within approximately one-half declbel
at 305 meter slant distance except for the DC 9-10 which is in-
creased by 2.0 dB in the updated data base.
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TABLE B-1:

-

PROFILE AND NOISE DATA SUMMARY FOR DC9-10 AIkCRAFT.

Dist. to
PROFILE DATA Alt.of
PROCEDURE ACTION ALT. DIST.| VEL. F/§ | |1676 (km)
(Meters)| (i) | (Knots) (lgg)' Meters
A. PROFILE

Profile for gross takeoff weight of 80,000 1bs.,

7/0 Toll = 917 meters; T/0 veloecity = 134 knots; T/0 F/§ = 11,895 1bs.
la) Cleanup before max C/B |Begin Accel, 122 1.5 134 11895
Cutbacl 438 4.2 187 6331 21.0
la) Cleanup before max C/B |Begin Accel) 303 2.4 134 11895
Cutback 649 5.3 187 6493 19.0
2) Cleanup before pin C/B |Begin Accel, 305 2.4 134 11885
Cutback 649 5.3 187 10712
End Accel. 1228 10.9 250 10712 13.8
3a) Max C/B before Cleanup | Cutback 305 2.4 134 7498 20.9
4) Min C/B befcre Cleanup | Begin Accell) 305 2.4 134 11895
Cuthack 390 3.0 144 10712
End Accel. 1210 1.3 250 10712 14.4
Profile for gross takeoff weight of 90,700 1lbs.,
T/D roll = 1179 meters; T/O velocity = 142 knots; T/O F/8 = 11895 1bs.
la) Cleanup before max C/B |Begin Accel, 122 1.9 142 11895
Cutback 453 3.4 199 7198 22.2
la) Cleanup before max C/B |Begin Accel, 2305 3.0 142 11895
Cutback 665 6.8 199 7385 20.3
2) Cleanup before min C/B |Begin Accell 305 3.0 142 11895
Cutback 665 6.8 199 10712
End Accel. 1225 13.0 250 10712 16.5
3a) Max C/B before Cleanup [ Cutbhack 305 3.0 142 8501 21.6
4) Min C/B before Cleanup |Begin Accel) 305 3.0 142 11895
Cutback iss 3.8 152 10712
End Accel. 1200 13.4 250 10712 17.1
B. HNOISE .
Referance Net Thrust 12,000 1lbs @ 160 knots
S8lant Distance (Meters) 305 610 960 1524 3048
109.0 102.8 97.8 92.4 B4.0

EPNL
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TABLE B-2: T
PROFILE AND NOISE DATA SUMMARY FOR DC9-80 ATRCRAFT.

Dise, to
PROFILE DATA Alt.of
PROGEDURE . ACTION ALT, DIST.| VEL. F/§ 1676 (lkm)
(Meters) (lm) | (¥nots) {1bs) Meters
A, PROFILE
Profile for gross takeoff weight of 112,000 1lbs.,
T/0 roll = 1395 meters; T/O veloelty - 151 knots; T/0 F/8.= 16060 1hs.
la) Cleanup before max C/B | Begin Accel. 122 2.0 151 16060
Cutback 350 3.9 187 10981 18.1
la) Cleanup before max G/BE |Begin Acceld 305 2.9 151 16060
Cutback 551 5.0 187 10736 16.7
2) Cleanup before min C/B | Begin Acceld 305 2.9 151 16060
Cutback 531 5.0 187 11812
End Accel. 1253 14.2 250 11812 18.9
3a) Max C/B before Cleanup |Cuthack 305 2,9 151 8730 25.3
4) Min C/B before Cleanup |Begzin Accel) 305 2.9 151 16060
Cutback 381 3.5 161 11812
End Accel. 1140 14.0 250 11812 19.9
Profile for groas takeoff weight of 140,000 1bsa.,
T/0 roll = 2183 meters; T/0 velocity = 167 knots; T/0 F/S = 16060 lbs.
la} Clegnup before max C/B |Begin Accel. 122 3.0 167 16060
Cutback 351 5.6 199 11812 22.8
la) Cleanup before max C/B |Begin Accel. 305 4.3 167 16060
Cutback 556 7.2 199 11812 22.0
2) Cleanup before min C/B |Begin Accel. 305 4.3 167 16060
Cutback 556 7.2 199 11812
End Accel. 1332 21.0 250 11812 26.9
Ja) Max C/B before Cleanup |Cutback 305 4.3 167 10910 26.6
4) Min C/B before Cleanup |Begin Accel. 3035 4.3 167 16060
Cutback 391 5.2 177 11812
End Accel, 1149 19.6 250 11812 28.4
B, NQISEw~
Reference Net Thrust 16,000 1lbs @ 160 knots
Slant Distance (Meters) 305 6210 960 1524 3048
EPNL 102.2 96.1 91.6 86.6 78.1

*4 recent update of the Aireraft Noise Data Base (Ref. A-1) indicaftes that these

tiolise lavels are low by 2 dB.
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TABLE B-3:

f"\ PROFILE AND NOISE DATA SUMMARY FOR B727-100 AIRCRAFT.
Dist. to
PROFILE DATA Alt.of
PRCCEDURE ACTION ALT. pIST.| VEL. F/§ 1676 (km)
(Meters) (km) | (Knors}) (1bs) Meters
A. PROFILE
Profile for gross takeoff weight of 135,000 lbs.,
T/0 roll = 1369 meters; T/0 velocity - 146 knots; T/0 F/8 = 11895 1bs.
la) Cleanup before max C/B |Begin Accel. 122 2.1 146 11895
Cutback 376 5.5 212 5815 34,6
la) Cleanup before max C/B |Begin Accelq 305 3.2 146 11895
Cutback 563 6.7 212 5947 31.9
2) Cleanup beforemin C/B {Begin Accelq 305 3.2 146 11895
Cutback 563 6.7 212 10712
End Accel. 1115 12.3 250 10712 16.8
3a) Max C/B before Cleanup | Cutback 305 3.2 146 6481 46,3
4) Min C/B before Cleanup | Begin Acceld 307 3.2 146 11895
Cutback 376 3.9 155 10712
End Accel. 621 7.7 210 10712 17.4
Profile for gruss takeoff weight of 160,000 1lbs.,
T/0 roll = 1923 meters; T/0 veloccity = 155 knots; T/0 F/6 = 11895 1lbs.
la} Cleanup before max C/B |Begin Accel. 122 2.9 155 11895
- Cutback 396 8.4 230 7016 36.9
la) Cleanup before max C/B |Begin Acecel, 305 4.4 155 11895
Cutback 579 8.9 230 7016 34.8
2) Cleanup before min C/B |Begin Accel. 305 4.4 155 11895
Cutback 579 9.9 230 10712
End Accel. 975 14.7 250 10712 21,4
3a) Max C/B before Cleanup | Cutback 305 4.4 155 7681 47.7
4) Min C/B before Cleanup |Begin Accel) 303 4.4 155 11893
Cutback 365 3.3 164 10712
‘End Accel. 518 8.3 210 10712 21.0
B. NOISE
Refarence Net Thrust 12,000 lba @ 160 knots
Slant Distance (Meters) 305 610 960 1524 3048
EPNL 111.0 104.8 99.8 94.4 86.0
B-5
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TABLE B-=4:
PROFILE AND NOISE DATA SUMMARY FOR DC10-10 AIRCRAFT

Dist. to
PROFILE DATA Alt.of
PROCEDURE ACTION ALT. DIST.| VEL. F/§ 1676 (km)
{(Meters) (lm) | (Xnots) {1bs) Meters
A. PROFILE *
" Profile for gross takeoff weight of 370,000 lbs.,
T/O roll = 1673 meters; T/0 veloelity - 160 knots; T/0 F/& = 30,039 1bs.
la) Cleanup before max C/B |Begin Accel. 122 2.5 160 30039
Cutback 556 8.1 228 22188 24.6
la) Cleanup before max C/B | Begin Acceld 2303 3.8 160 30039
) Cutback 782 10.0 228 22800 22.7
2) Cleanup before min C/B {Begin Accel, 305 3.8 160 30039
Cutback 782 10.0 228 26000
End Accel. 1165 15.3 250 26000 21.3
3a) Max C/B before Cleapup | Cutback 305 3.8 160 17680 44.9
4) Min C/B before Cleanup |Begin Acceld 305 3.8 160 30039
Cutback 352 4.4 170 28537
End Accel. 1206 17.3 250 28537 22.8
Profile for gross takenff weight of 440,000 lbs.,
T/0 roll = 2366 meters; T/O velocity = 173 knots; T/0 F/6 = 30,039 1lbs.
la) Cleanup before max C/B |Begin Accel. 122 3.5 173 30039
Cutback 497 11.1 245 24900 34.0
la) Cleanup before max C/B |Begin Accel. 305 5.3 173 30039
Cutback 716 13.6 245 25200 31.5
2) Cleanup before min C/B |Begin Accell 305 5.3 173 30039 -
Cutback 716 13.6 2435 28537
End Accel. 926 16.1 250 28537 26.0
3a) Max C/B before Cleanup | Cutback 305 5.3 173 21025 46.7
4) Min C/B before Cleanup |Begin Accel. 305 5.3 173 10039
Cuthack 356 6.6 183 28537
End Accel. 1128 19.7 250 28537 27.1
B. NOISE °
Reference Net Thrust 30,000 1lbs @ 160 knots
Slant Distance (Meters) 305 510 960 1524 3048
EPNL 102.0  95.3 90.6 85.5 77.0

kRecent update of profile data base in Ref. A-2 indicates that the drég + lift for

the clean

condition 1s too high in these data, making the values in procedures

1, 2, and 4 slightly higher than they should be.

B-6
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TABLE B-5:

fm\ . PROFILE AND NOISE DATA SUMMARY FOR 707-320B AIRCRAFT
Dist. to
PROFILE DATA Alt.of
PROCEDURE ACTION ALT. DIST.| VEL. F/8 1676 (km)
(Meters) (km) | (Knots) (1hs) Meters
‘A. PROFILE
Frofille for gross takeoff weight of 260,000 1lbs.,
T/0 roll = 1731 meters; T/0 velocity - 160 knets; T/0 F/& = 14850 1bs.
la) Cleanup baefore max C/B |Begin Accel. 122 2.6 160 14850
Cutback 438 6.5 214 6780 43.6
la) Cleanup before max C/B | Begin aAccel] 305 3.9 160 14850
Cutback 648 8,2 214 6953 39.5
2) Cleanup before min C/B |Begin Accell) 305 3.9 160 14850
Cutbaclk 648 8.2 214 13120
End Accel. 1145 14,2 250 13120 19,3
3a) Max C/B before Cleanup | Cutback 305 3.9 160 8346 49.8
4) Min C/B before Cleanup |Begin Acceld 305 3.9 160 14850
Cutback 396 4.9 170 13120
End Accel. 1420 17.6 250 13120 20.0
Profile for gross takeoff weight of 333,600 1lhs.,
T/0 roll = 2851 meters; T/0 velocity = 179 knots; T/0 F/§é = 14850 1ba.
la) Cleanup before max C/B |Begin Aceel) 122 4,2 179 14850
L Cutback 455 10.9 242 8753 47.7
la) Cleanup before max C/B |Begin Accel. 305 6.3 179 14850
; ) Cutback 670 13.6 242 8982 42.8
i 2) Cleanup before min C/B |Begin Accel,| 305 6.3 179 14850
i Cuthack 670 13.6 242 13120
: End Accel, 966 | 18,0 250 13120 27.8
T 3a) Max C/B before Cleanup | Cutback 305 6.3 179 1a740 52,0
| 4) Min C/B before Cleanup |Begin Accell 305 6.3 179 14850
} Cutback 416 8.2 189 13120
; End Accel. 1306 24,2 250 13120 29.6
; B. NOISE
‘ Reference Net Thrust 15,000 1bs @ 160 knots
E Siant Distance {(Meters) 305 610 960 1524 3048
£
] EPNL 115.0 107.3 101.3 94.9 85.0
I
i
]
i
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TABLE B~f:

fmﬁ PROFILE AND NOISE DATA SUMMARY FORB747-200 AIRCRAFT.
Dist. to
PROFILE DATA Alt.of
PROCEDURE ACTION ALT. | DIST.| VEL. F/§ 1676 (lam)
(Meters) (lm) | (Rnoes) {1bs) Macers
A. PROFILE
Profile for gross takeoff weight of 625,000 1lbs.,
T/O Toll = 2200 meters; T/O velocity — 168 knotsz; T/O F/6 = 34520 1bs.
la) Cleanup before max C/B |Begin Accell] 122 3.1 168 34520
Cutback 558 9.4 238 18123 41.1
la) Cleanup before max C/B | Begin Accell] 3405 4.6 168 34520
Cutback 781 11.5 238 . 18620 35.8
2) Cleanup before min C/B Begin Accel.) 305 4.6 168 34520
Cutback 781 11.5 238 23954 ‘
End Accel. 1022 16.0 250 23954 26.6
3a) Max C/B before Cleanup |Cutback 305 4.6 168 20600 .8
4) Min C/B before Cleanup |Begin Accel] 305 4.6 168 34530
7 Cutback 385 6.2 193 23954
. End Accel. 998 20.5 250 23954 1.4
: Profile for gross takeoff weight of 775,000 1lbs.,
T/0 roll = 3383 meters; T/0 velocity = 186 knots; T/O F/§ = 34530 1bs,
la) Cleanup before max C/B |Begin Accel.) 122 4.8 186 34530
Cutback 634 14.9 250 22733 44,0
; la) Cleanup before max C/B |Begin Accel. 305 6.9 186 34530
. Cutback 698 15.4 250 22908 42.5
i - 2) GCleanup before min C/B | Begin Accel. 305 6.9 186 34530
i Cutback and
! : End Accel, 698 15.4 250 23954 39.6
' 3a) Max C/B before Cleanup | Cutback 305 6.9 186 23954 68.3
i 4y Min C/B before Cleanup |Begin Accel. 305 6.9 186 34530
% Cutback 515 11.2 240 23954
! End Accel. 966 28.0 250 23954 46,2
]
f B. NOISE
Reference Net Thrust 34,500 1bs @ 160 knots
Slant Diatance (Meters) 305 610 960 1524 3048
EPNL 108.0 101.3 96.6 91.5 83.0
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