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SOUND EXPOSURE LEVEL VERSUS DISTANCE CURVES
FCOR CIVIL AIRCRAFT

I. INTRODUCTICN

s

This report provides sound exposure level (SEL) data for ecivil
aircraft in a form useful for day/night average level (DHL)

: calculations., The SEIL data are presented in tabular form in

,f thls report; the report also briefly summarlzes the data sources
and technlcal analyses used in develeoping the nolse data.,

1 ()

1

Nolse data are included for all major current civil transport
and business Jet alrcraft and for meost general aviatlion aircraflt.
Data are also provided for nossible patroflfit of d-engine leow
bypass ratio {(LBPR) turbefan alreraft wlth accustically lined

L

T} nacelles, As 1n the companlon report whileh presents effectlve
o percelved noilse level versus distance curves for civil

I aircraftlZ/, the correlation of noise level data wlth aircraft
et operations (in terms of aireraft speed and engine operating

IFW parameters) varles in detail--from specific curves for different
Lj engine parameters and speeds for major civil transport alrcraft,

to generalized nolse curves lor rather broad categories of
propeller aireraft.

P |

Section II presents the nolse data. Section IIT deseribes the
sources of noise data, outlines analysis methods, and dlscusses
some of the technlcal problems involved in developing the nolse

L3

.

-

curves.,

iReferences are listed together at the end of the report.
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II, NOISE DATA PRESENTATION

The day/night average level (DNL) procedures for calculating
the noise environment in the vieinity of an airportlg/
utllize the SEL as a basic noise event descriptor for moving
alreraft*, In the procedures, noilse information 1s needed
at varying dlslances from the aireratt. ‘lhus the general
input fequirement is for a set of SEL values tabulated at
various distances, typleally from 200 ft. to 25,000 ft. or
greater. The DNL model assumes that, for a given alrcraft,
an S8EL can be defined from the knowledge of the type of
aireraft, basilc engine operating parameters, alr speed and
atmospheric propagation conditlons. Twe sets of nolse vs.

distance curves gre used:

a) air-to-ground propagatlon;
b) ground-to-ground propagatieon,

In the program, algorithms are provided for the transiticn
between air-to-ground and ground-to-ground curves. The alir-
to-ground propagation curves assume atmospherie absorption in
accordance with SAE ARP 8661/. The ground-to-ground propagation
curves assume simllar atmospherlc absorptlon plus eXxcess

ground attenuationi/.

The nolse level vs. distance curves data glven In thls report
are developed for standard day ccnditions (59°F and 70% relative
humidity.) Data praovided for these conditions generally provide

#Phe DNL caleulation procedures follow closely those for
calculating nolse exposure foregast (NEF) contours as
described 1n References 1 and 2.

-
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rather conservative estimates of nolse levels for the range
of temperatures and humidity often encountered in civil
alrports in this country.

Nolse data for both air-to-ground and ground-to-ground pro-
pagation are presented in tabular form in Table II. Table 1
provides a guide to a selectlion of noilse information for both
general aireraft classificatlions and specific alrerafs types.

For the turbojet and turbefan alrecraft, nolse curves are
referenced in terms of an aircraft engine operating parameter,
typlecally net thrust. The thrust values to use for a parti-
cular takeoff or landing profille, taking into account specific
operating procedures, operating welghts, alr speeds, flap
settings, ete., can be determined from the calculation pro-
cedura and alreraft data provided in Reference #,

For most alrcraft included in this report, noise data are
tabulated for typical takeoff and approach thrust settings.
However, for the two, three and four englne low bypass ratlo
turbofan transport mircraft, a more complete set ol curves is
provided. For these ailrcraft typical approach and takeoffl
curves are also indicated for use when more detalled information
about speclfic engine operating parameters 1s not knewn.

In utilizing the data in DNL computations, an addltional cor-
rection is, to be applied to the noise data. The SEL values
are to be adjusted for alreraft altitude on the basls of an

acoustic ilmpedance correction, Apc.
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TABLE I

THDEX TO AIRCRAFT SEL VERSUS DISTANCE CURVES

Specific Alweraft Typn Alreral't Engine Typo Refer to Tuble

4=Engine LDPR Turbofan Transport
4-Engine LBPR Turbofan Transport
¥ith Retrolit Nacelles
3-Engine LDPR Turbofan Tranasport
2=Engine LBPR Turbefnn Tranaport

W=Engins WBPR Transport
3=Engline HBPR Transport

Buainess Jata

i=Engine Turboprop Transpart

2~Engine Turbaoprop Transport

4-Englne Piatoh Transport

2=Engine Piston Tranaport
(>12,50C 1bs max. groaam welght)

2-Engline Platon Alreraft
{«12,500 lba max. gross welght)

1-Engine Platen Alrcralt

P hy e R e i PR

DY AT PN ST e

Boeing 707 Serics JTID Seplen TI=-1

Douglas DC-8 Serles JTID Seriea

Beelng 707 Serlus JTiDb Serles 11-2

bouglaa DC-8 Series JTID Series

Boelng 727 Serleo JTBD Serien il=3

Boelng 137 JTED Serics Il=k

bouglas DG-9 JT8D Serles

Boeing Th{=1004 JT9D-34 I1=-%

Boeing 747-100D,-200R JT90=-34 ,~7

Douglas DC-10-10,-30 Cré-4p Ti=4

Douglas DC-10-40 J15D=20

Cesana Cltation (2) JPLED-1 Turbefans IT7-7

Commadore Jet {2) CIA10~5 Turkajets "
Commandep 1121

Daaagult Fan Jot (2) CFT0C=2 ‘furboluny "
Falcon 20

Gntea Learjet 24/25 (2) cIB10-6 Turbojels 11-8

Qrumman Oul fatrenm TT {2} Apey 511-8 Turtojectsa "

Lockheusd Jetstar 1 (4 IFT 124-64 Turbojets 11-9

Herth American Sabpre 40 {2) pPT 12A-8 TurboJeks "

North Amerlean Sabre 80 {2) mI700=2D=2 Turbofuns "

Lockheed llepouley Alllaen THE=15 Herles 11-10

382E, 3824, Ci3on

Lockhead Electra, Hepculea Alltson TE6=7 & warller "

382RB, CLl30E

Faipahild F-27, ilS-748 Rolls Reyee Part Serten TT=11

DeHavilland DHC«6 Twin Ottepr  PT6 Sepfen u

pc-6, OC=7, Conatellation 11-22

Convalr 340, hhD, DC-3 "

Cessna 3110, Caasno 337, 1I-13

Pipepr Anteec, Heach Queen Alr

<180 harucpower

Ceaana 182
Piper Chorokee
Boech Bunnnza

{ '
PEOLEN
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TARLE II-1
TABULATION OF SEL VALUES FOR DIFFERENT AIRCRAFT
Alrsraflt: Feur Zagline LEPR Turbofan Tronspert alreralt - 707 & Q-8
with JT3D Serles Engines
{Hote: Subtract 2 dB for DC-B-63 Alveraft)
Opersation: } Approgeh Takeoff
Alrspced: 160 Ko 160 Kt 160 Kt 160 Kt 160 Kt 160 Kt
Power: Fn = 4000 lbs Fn = 6000 lbs Fri = 8000 1lbs Fr. = 1000C 1bs ¥n = 12000 lbs Fn = 15000 lbs
SEL, dB SEL, dB SEL, 4B SEL, dB SEL dB SEL, _ d8
Ground Ground firound Ground Ground Oround
Distance, Alr to to Alr to to Adr to to Alr to Lo Ar to to Alr to to
fr, Ground Ground Oround Ground Ground Ground Ground Ground Ground  Oround  Ground Ground
200 111.0 111.0 113.0 113,0 115.0 115.0 117.0 117.0 119,80  115.0 121.0 121.0
250 109.6 109.€ 111,56 11L.6 113.6 113.6 115.6 115,06 117.6 117.6 119.6 119, 6
315 108.1 108,1 110.1 110,11 112.1 112.1 114.1 114,1 116.1 116.1 118.1 118.1
400 106.5 106,585 108,5 108.5 110.5 110.5 112.5 112,5 114.5  134,5 116.5 116.5
500 104.8 104.8 106.9 106.5 108.9 106.9 111,0 111,0 113.0 113,0 115.0 115.0
630 102.9 02,9 10%5.2 L05.2 107.3 107.3 109.3 109.3 111,3 111.3 113.3 113.3
#oo0 1o0l.0 101.0 103.2 103,2 105.,5 = 105.5 107.6 107.6 109.6 103.6 111.8 111,48
1000 5g.0 949.0 101.% 102.,5 104.0 loh,0 106,0 106.0 108,0 108.0 11p,0 109.9
1250 96.7 96.7 99.3 99.3 102.0 02,0 104,1 104,121 106,2 106,21 108,z 108.0
1600 04,1 9,1 97.0 97.0 99,8 59.8 02,0  101.9 104,1° 103.9 1106,2 105.8
2000 91.5  8l1.4 94,4 9h it 97.5  97.h 100,0 95.8 62,0 101,7 04,5 103.9
2500 85.0 86.8 92.0 91,8 95.0 g, 7 97.5 97.0 29,9 99.3 102,6 101.6
3150 86.3 85.8 89,1 88.6 92,3 91.6 95,0 94,1 7.3 96,2 100.6 99.1
hooo 83.5 §2.5 86.5 #5.5 89.5 88,3 92,5 91.0 95,0 93.3 98,5 96,1
5000 80.6 78.8 83.6 81.8 86.7 8i,6 §9.5 87.2 92,4 89.8 56,2 02,4
63C0 T7.6 74.8 0.6 7.8 83.7 8a.6 86.7 83.3 89.7 86,0 93.6 88,6
5000 Thok 70.4 773 73.3 80.5 76,2 B83.4 78.8 86.8 81.9 50,8 84,6
10000 71.5 66.3 .5 69,3 7.5 72,0 B0.5 Th,7 84,0 77.9 88.0 80,6
12500 68,3 61.9 71.8 65,1 Th. 4 (7.6 773 70,1 81.0 73.4 85,2 76,5
16000 65.0 57.1 68.0 60,21 71.0 62.6 7h.0 65.1 T7.5 68.0 8z2.0 71.6
20000 61.7 52,0 64,8 55,1 67.8 57,4 70.5 89,5 7h.3 62,6 79.0 66.7
25000 58.5 46.8 61.5 hg.8 6i.5 52,0 67.5 5.3 71.5 7.5 76.0 61.5
~5-
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TABLE II-2

TABULATION OF SEL VALUES FOR DIFFERENT AIRCRAFT

Aircraft: Four Engine LBFR Turbofan Transport Adreraft - 707 & DC=f
with JT3D Serles Engines with Retrofit Lined Hacelles
Operation: Approach Takeafll
Alrspeed: 160 Kt 160 Kt 160 Kt 160 Kt 160 Kt 160 Kt
Power; Pn = 4000 1bz Fn = 6000 1lbs Fn = 8000 1lbs n o= 10000 1lbe Fn = 12000 lbs Frn = 15000 1lbtn
SEL, dB SEL, dB SEL, dB 3EL, dB St 4B SEL, dB
Ground Greound Ground Ground Ground Ground
Distance, Alir to to Adr to to Mr to to Alr to to Adlr to to Alr to to
I't. Ground Greund Cround Greound Ground Ground Ground Oround Ground Ground fircund &Ground
200 102,0 102.0 105.0 105.0 18,0 108.0 111,0  111.0 114.5 114,58 118.0 118.0
250 100,85 100.5 103,5 103.5 106.7  106.7 109,.8 109,8 113.2 113.2 116.9 116.9
315 399.0 59.0 102.0 102.0 105,3 105.,3 108.5 108,58 111.8 111.8 115.8 115.8
koo 97.3 57.3 l00.5 100.5 103.8 103.8 107.0 107.0 10,3 110.3 114,5 114.5
500 95.8 95,8 99,0 99,0 102.4 102,94 105,8 105,8 108.9 108,9 113,2 113,2
630 94,0 94,0 97.3 97.3 100,8 100.8 104,2 104,2 107.5 107. 4 112,0 111.9
8oo 92,2 92.1 95.6 95.5 99,2 99.1 102.5 102.4 105.9 105,7 110.4 110,2
1000 8340.5 90.3 94,0 93,8 97.5 97.3 10l1.0 100,48 104,5 104,.3 109,00 1c8,8
1250 88.5 8g8.2 92,1 g1.8 95.7 95,4 99.2 8.9 102.7 102.4 107.5 107.2
1600 86,4 86.1 g0.0 89.7 93.5 93.3 98,0 87.6 00,7 100.3 105.7 105,2
2000 84,5 84.0 88.0 87.5 91.5 00.9 95,0 94,3 99,0 98,3 104,0 103.3
2500 a2.4 81.6 6.0 85.2 89.4 8B.6 3.0 92.1 97.0 96,1 102.0 101.0
3150 80,2 78.9 83.8 82.5 87.2 85.9 9c.8 8g.14 9. B 93.4 99.9 98.4
4goo 78.0 76,0 81,5 79.5 85.0 82.9 B7.5 85,14 52.5 90.3 97.5 95.2
5000 75.7 72.7 79.1 76,1 82,7 79.6 86.1 82.9 90,2 86.8 95.4 9.9
6300 73.2 68.9 76.5 72.3 8c.2 75.8 83.8 79.3 87.9 83.3 93.0 88.3
Booo 70,6 65.6 74.0 69.0 17.5 72.4 81.0 75.8 85.3 80.0 90.5 85.1
10000 68,0 62,2 71.5 65.7 75.0 69.1 78,5 2.4 83.0 76.7 88,0 81.6
12500 65,0 58,0 68,6 61,6 72,14 65.3 76,0 64.8 8p.2 72.9 85.2 77.8
16000 61.6 53.2 65.0 56.6 69,2 60.7 73.0 64.Y 77.1 68.4 §2.1 73.3
20000 58,3 hs.3 62.0 52,0 66.2 56.0 70.1 55,8 74,1 63.3 79.1 68,4
25000 55.0 43,1 59.0 .1 63,0 50,9 67.0 54,7 71.0 58,5 76.0 63.3
=
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TABLE II-3

TABULATION OF BEL VALUES FOR DIFFERENT AIRCRAFT

Aircreflt: Three Engine LBFR Turbefan Alrevalt -~ 727
with JT8D Serles Englnes
Operationt . Approach Tekeoff
Airspeed: 150 Kt 160 Kt 160 Kt 160 Xt 160 Kt
Fotter: Fnoe 4000 1bs Fn = 6000 lbs Fn = £000 1lbs f'n = 10000 1bs n = 12000 lbs
SEL, dB SEL, dB SEL, dB SEL, dB SEL, dB
Ground Greound Greund Ground Ground
Dietance, Alr to to Alr o to Alr to to Adr to to Alr to to
e, ground Ground Ground CGround Ground Greund round {dround Ground Ground
200 104.0 104,0 107.0 107.,0 110,0 110.0 113.5 113.5 117.0 117.0
250 102.6 102,6 165,6 106.6 108.5 108.5 112.2 112.2 116.0 116.0
315 101,12 101,11 104,0 104,0 107.0 107.0 110.8 110.8 114.,8 11%,.8
400 99.5 99,5 102.5 102,5 105.5  105.5 109,5 109.5 113.5 113.5
500 87.9 7.9 101.0 101.0 i0k.2 104.,2 108,0 108,0 112,2 112,1
630 96,1 96,0 99,3 99,2 102.7 102.7 106.6 106.6 110.9 110.8
800 9,2 4,2 97.7 7.7 101.0 in1.0 105,0 105.0 109.,4 109.3
1000 92,5 92,5 96.0 96.0 99.5 98.5 103.5 103.4 108.0 107.9%
1250 90,4 90,4 93.9 93.9 97.6 97.5 101,7 101,6 106,2 106.0
1600 83.0 87.9 91.6 91.5 95.5 95.3 69,8 99.6 164,3  104,0
2000 86,0 85,9 89.5 89,0 93.5 93.3 88.0 97.6 -102.5 102.0
2500 83,2 83,0 87.0 86.8 91,2 90.8 85,8 95,2 100.7 99.9
3150 80,7 80,1 B4, 6 84,0 89.0 88,1 93,6 92,5 98.7 97.3
4000 77.8 76.9 82.0 B1.1 86.5 85,2 91,k 89.7 96.5 94,3
5000 75.0 73.h 79.4 77.8 84.0 81.8 89.1 86.2 4.1 90,6
6300 72.0 69.4 76.8 T4.2 81,4 78.0 86.7 82.5 91.7 B6.7
80go 68.9 65.4 73.8 10.3 78,7 TH4 Bh.0 78.8 89.1 83.1
10000 66.0 61,6 71.0 66,6 76.0 70,7 81.5 75.3 B6.8 758.7
12500 63,0 57.3 tB.0 62.3 73.0 66,4 78.5% 70.9 82.8 Th.3
}6000 59.5 52.2 64.5 57.2 69.5 61,2 75.2 65.9 80,4 70.1
20000 86,2 47.2 61.3 52.3 66.3 56,2 72.0 60,7 773 64,9
25000 53.0 42.0 58.0 7.0 63.0 50,8 68.5 55.0 74,0 59.3
7=
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TABLE II-4

TABULATION OF SEL VALUES FOR DIFFERENT AIRCRAFT

Alreraft; “wo Englne LBPR Turbofan Alrcraft -~ 737 & DC-Q
with JT8D Serles Engince
Cperatlont Approach Takeoff
Alrspeed: 160 Kt 160 Kt 160 Kt 160 Kt 160 Kt
Fower: Fn = 4000 1bs Pn = 6000 1lbs Pn = 8000 lbs Fn = 10000 lbs Fn = 12000 lba
— SEL,_dB SEL, dB SEL, 48 SEL,_dB __SEL,dB
Ground Oround Ground Ground Ground
Dilstance, Ar to ta Alr teo to Alr to to Mr to to Alr to to
ft. Ground Greund Ground Ground Ground Ground Ground Ground Greocund Ground
200 102.0 102.0 105.0 105,0 108.0 1c08.0 111.5 111.5 115.0 115.0
250 100.6 100,56 103.6 103.6 106.5 106.5 110.,2 110,2 114.0 11%,0
318 99,1 59,1 102,0 102,0 105.,0 105.0 108.8 108.8 112.8 112.8
4oo 97.5 97 .5 100.5 100.,5 103.5 103.5 107.5 107.5 111.5 112,5
500 . 85.9 99.¢ 95.0 02,2 lo2.¢ 106.0 106.0 110,2 110.1
630 94,1 94,0 97.3 97.2 100.7 100.7 104,6 104,6 108.9 108.8
8oo 92,2 92.2 95,7 95.7 99.0 99.0 103.0 103.0 107.4 107.3
1000 90.5 90.5" 94,0 94.0 97.5 97.5 101.5 101.4 106,0 105,9
1250 BU. 4 BB.Y 9l1.9 91.% 95,6 95.5 99.7 95,6 104,2 104,0
1600 6.0 85.9 49,6 Bg.5 93.5 93.3 97.8 57.6 loz2.3 102,0
2000 8.0 £3.9 87.5 BT .4 01,5 91.3 56,0 95,6 100.5 106G,0
2500 dl.2 81.0 85.0 B4.8 89,2 88.8 53,8 93,2 98,7 97.9
3150 78.7 78.1 82.6 82.0 87.0 86.1 91.6 90.5 96,7 95.3
4000 76.0 75.1 80.0 79.1 Bh.5 83.2 89.5 87.7 g4.5 92.3
5000 73.0 71.4 7.4 75.8 82,0 79.8 87.1 Bi.2 92,1 B8.,6
6300 70.0 7.4 74.8 72.2 19.4 76.0 8.7 80.5 859.7 84,7
gooo 66.9 63.4 71.8 68,3 76.7 72,4 82,0 76.8 87.1 B1.1
10000 6h, 0 59.6 69,0 6h.6 74,0 68,7 79.5 73.3 as,5 774
12500 61.0 55.3 66.0 60,3 71,0 64,8 76,5 68,9 81.8 73.3
16000 57+5 50,2 62,5 55.2 67.5 59.2 73.2 63.5 78.0 68.1
20000 84,2 hg,2 59,3 50.3 64,3 5h, 2 70.0 58.7 75.3 62.9
25000 51.0 ho.o 56,0 45,0 61.0 he,8 66,5 ’ 53.0 72.0 57.3

AL ot L AL 0 o LM bbbt 8 e - b = gt A e A e i
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TABLE II-5
TABULATION OF SEL VALUES FOR DIFFERENT AIRCRAFT
Four Engine HEPR Turbofan Transport Alrcraft
Aireraft; Boelng T4#7-100A Boeing TU7-100A Beelng T47-100D DBoeing TH7-100D
Blow=-in-Door Blow=in-Door Fixed Lip Fixed Lip
Nacelles Nacelles Hagelles Nacelles
~ JT9D Enginesa JT9D Engines JT9D) Engines JT9D Engines
Operation: Takeofl Approach Takeolf Approach
Alrspeed: 160 Kt 160 Xt 160 Kt 160 Kt
Power: ”1 = 3300 n o= aloo N, = 3350 N1 = 2400
SEL, dB SEL, dB SEL, dB SEL, dB
Ground Ground Ground Ground
Distance, Alr to to Ar to to Alr to to Aly to to
f't. Ground Greound Giround Ground Ground Ground Ground Ground
200 118.0 118.¢ 111,5 111,5 115.0 115.0 106,5 106.5
250 117.0 117.0 110.3 110,3 114,0 114.0 105.1 05,1
315 115.8  115.8 109,06 09,0 112.8 112.8 103.5 103.5
oo 114.5 114,58 1a7.5 107.5 111.5 111.5 102.0 102.0
500 113.2 113,2 106,2 106.2 11i¢,2 110.1 100.4 00,4
630 111.5  111.9 104,7 1ou.7 la9,0 108.9 98.9 98.8
800 110.3 110.2 103.1  103.1 107,5 107.4 97.2 97.1
1000 09,0 08,9 101.5 101.4 106.0 105,8 95.5 §5.4
1250 107.% 107.2 99.% 99.5 104.5 104.3 93.7 93.6
1600 105.3 105.0 98,0 98.0 103.0 102,.5 91.6 g1.4
2000 103.5 103.1 96,0 96.0 101.3 100,7 89,8 89.5
2500 101.7 101.0 93.7 93.5 99,6 98,6 87.9 87,4
3150 99.7 98.5 01.2 90.9 97.8 96.3 5.8 8h,g
4pqo 97.5 95, 4 88.5 88.0 96,0 93.6 83,5 81.8
5000 95,0 91.7 85.7 84,8 94,0 90. 4 1.3 78.7
6300 62,2 B7.6 f2,6 81,1 01,7 86.7 79.0 75.2
8000 89.5 83.9 79.5 77.2 8g.1 83.2 76.5 72.0
10000 87.0 80.3 76.5 73.1 87,0 80.0 74,0 68.6
12500 84 .5 T6.6 73.4 68,4 ah.s5 76.2 71.2 64.6
16000 81,5 72.0 69,9 62,9 81.5 T1.7 68,1 60,2
20000 78.9 67.6 66.5 57.4 78.9 67.2 65.1 55,5
25000 76.0 62,7 63.5 52,1 76,0 62,1 62.0 50,5
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TABLE II-6
TABULATION OF SEL VALUES FOR DIFFERENT AIRCRAFT

Thrree Englne HBFR Turbotran Transport Aireraly

Alperafs: DC=10-10 DC-10=10 DC-10-10 DC-10-40 DC-10-40
CF6 Series CFé Series CF6 Series JT9D Series JTOD Series
Englines Engines Englnes Englnes Englines
(50° Rlaps) (35° Flaps)
Cperation: Takeaf? Approach Approach Takeoflf Approach
Alrspeed: 150 Kt 160 Kt 160 Kt 160 Kt 160 Kt
Power: Ny = 3h20 Ny = 2600 Hy = 2300 Ny = 3350 N, = 2400
SEL, dB SEL, dB SEL.,_dB SEL,  dB SEL___ dB
Ground Ground Oround Ground Ground
Distance, Air to to Air to to Air to to Alr to to Alr to to
r't. Oround Oround Ground Ground Ground Ground Ground @round Ground Ground
200 109.0 109.0 105.5 105,5 l02.0 102.0 110.0 110.0 104,55  104.5
250 108.0 108.0 104,0 204.0 100.,5 100,56 149.0 109.0 103.0 103.0
315 106.8 106.8 102.5 102.5 99,0 99,0 107.8 107.8 101.5 101.5
400 105.5 105.5 101.0 101.0 97.5 97.5 106.5 106.5 100.0 1040.0
500 104.2 104.1 99.4 9.4 95.9 95.9 105.,2 105,1 98, i 98,4
630 103.0 102.9 97.7 a71.1 94,2 g4.2 104,0 103.%5 96.7 96.7
dao 10l.5 101.4 56.0 96,0 82,5 92,5 lo2.5 102,48 95,0 85.0
1000 100,90 99,8 84,5 g4, 91,0 90.9 101.,0 100.8 93.5 93.4
1250 98.6 95,3 92.6 53.5 85.1 89.0 99.6 99.3 9l.6 9l1.
1600 97.0 96.5 90.5 90.4 87.0 86.8 98.0 97.5 89,5 89,4
2000 95.3 9h. 7 88.8 B8. 85,3 85.0 96.3 95.7 87.8 B7.5
2500 © 93.7 92,7 86,8 86.3 83.3 8.8 94,7 93.7 85.8 85.3
3150 91.9 90,4 84,7 B3.8 81.2 80.3 92.9 al.h 83.7 82.8
hoao 90.0 B7.6 8a.5 80,8 79.0 77.3 91.0 88.6 81.5 79.8
5000 88,0 8,4 80.2 77.6 76.7 7h.1 89.0 85.4 79,2 76,6
6300 85.8 80.8 78.0 Th.2 Th.5 70.7 86.8 £1.8 77,0 73.2
bOOO 83,3 774 75.4 70.9 71.9 67.4 84.3 78.4 Th. Y 69.9
10000 81,0 74.0 73.0 67.6 69.5 64,1 82,0 75.0 72,0 66.6
12500 78,5 70.2 70.3 63.7 66,8 60,2 79.5 66,7 66,2 58.3
16000 75.5 65,7 67.2 59.3 63.8 55.9 76.5 66,7 66,2 58,3
20000 72.9 61.2 B4.2 54.6 60.7 5l.1 73.9 62,2 63.2 53.6
25000 70,0 56.1 61.0 19,5 57.5 46,0 71.0 57.1 60.0 48.5
-10-
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. TABLE I1-7
TABULATION OF SEL VALUES FOR DIFFERENT AIRCRAFT
Business Jet Alreraft
Alreraft: Cassna Cessna Commedore Jet Commodeore Jet Dassault Fan Jet Dassault Fan Jet
Cltallon Clinvion vommanaer 1ligi vommander lL121 Faleen, Two Falecen, Two
T™wo JT15 D-1 Two JT18 D-1 Twe CTH10=5 Two €JH10~5 CIJ700-2B CJTG0-2B
Turbefan Eng. Turbofan Eng. Turbojet Eng. Turbojet Eng. Turbofan Eng. Turbafan Eng,
Cperatlon: Takeofl Approach Takeof ! Approach Takeoffl APprnach
Airapeed: 115 Kt 115 Kt 15 Kt 240 Ky D Kt 2ho Kt
Power: Fn = 1550 1bs. n = 510 lbs Fn = 2470 iba, FH = 1170 1lbs.
SEL, dB SEL, dB SEL, dB SEL, dB SEL, dB SEL, dB
Ground Ground Ground Ground Ground Ground
Distance, Alr to ta Alr to to Alr to to Alr to to Alr to to Alr to to
ft. . Ground Ground Ground Ground Ground Greound Ground @Ground Ground dround Oround Ground
200 97.2 97.2 86,9 86,9 121,6 121.6 108.0 108.0 107.0 107.0 100.4 100,k
250 96.0 96.0 85.7 85.7 1204 120.4 106.9 106.9 105,85 105.5 99,1 99.1
315 94,9 94,9 BY.5 84.5 119.1 119,1 105.7 105.7 103.9 103.9 97.6 97.6
4oo 93.7 53.7 83.2 83.2 117,71 117.7 104.5 104.5 102.3 102.3 96,1 86.1
500 92.5 g2.4 1.9 81.9 116,3 116.3 103.3 103,3 00,7 100.7 4,5 gk, 5
630 91.2 91.1 80,6 80.5 114.% 114,9 102.0 102,0 99,1 99.1 92.7 92.7
H00 Bg.9 89.8 79.2 79.1 113.3  113.3 100.7 100.6 97.5 97.5 90,8 90.8
loc0 g8.5 84.3 77.8 77.6 111.7 111.7 99.3 99,2 95.9 95.8 88,8 88.8
1250 87.1 86.7 76.3 76,0 110.0 104,9 97.8 a7.7 94,2 gh,1 86,7 #6.6
1600 85.5 85,1 T4.7 74.3 108,2 108,1 96,2 96,1 92,5 92.2 an,s Bi.2
2000 83.9 83.3 73.1 72.6 106,3  106,1 94.5 a3 90,7 90.3 82,3 81.8
2500 8z2.z2 81.2 71.5 70.4 10i.2 103.8 92.7 52,3 W7 B8.1 8o.0 79.4
3150 80,4 78.7 69.7 67.9 102.¢ 101.3 90.7 50,1 86.6 85.6 77.9 76.8
4ooo 78.5 75.8 67.9 65,2 99.7 58.3 B8.6 87.5 84,4 82.6 75.7 Th.1
5000 T6.H 72,4 66,0 62,0 87,1 84,8 86,4 BY4, 4 8z.0 79.1 73.5 71.0
6300 TH,2 69,0 63.9 58.5 94.4 90.8 83.9 81.0 79.4 75.1 71.2 67.6
5000 71.8 65.3 61.8 55.5 91.4 a7.1 81.2 777 76.5 71.4 68,8 &h. k4
14000 69.3 8l.7 59.5 52.2 8.2 B2.9 78.4 Th, 73.6 67.2 66,2 60.8
12500 66,5 7.0 57.1 h8.,5 8h,7 78.3 75.3 70,0 70,5 62.5 63.6 56.7
16000 63.5 53.1 54,5 .5 81.0 73.1 71.9 65,5 67.2 57.3 60,8 52.2
20000 60,3 h8.0 51.7 hp,2 76.9 67.2 68,1 60,4 63.7 51.6 57.8 4r.2
25000 56.9 4a,s LB8.6 35.4 72,4 60.7 64.6 54,7 60.0 h5.4 sh.7 i1.7
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TABLE II-8

TABULATICH OF SEL VALUES FOR DIFFERENT AIRCRAFT

Buslness Jet Alrcralt

Alrcralt; Gates Learjet Oates Learjet Grumman Grummarn
Gulfstream IT Gulflstream IT

3 & 25 at g 25
Two CJ610-B Two CJ610-6 Twe SPEY 511-8 Two SPEY 511-U
Turbojet Eng. Turbojet Eng. Turbojet Eng. Turbojet Eng.
Operation: Takeoff Approach Takeoff Approach
Alrspeed: 155 Kt 150 Kt 175 k¢ 155 kt
Power: #n = 2500 lba, Fn = 1050 1bs Fn = 9300 1bs, Fn = 3200 1lbs,
SEL, 4B SEL, dB SEL. dBn SELs 4p
Ground Ground Ground Ground
Distance, Air to to Alr to ta Alr to to Alr to to
ft. Ground Ground Ground Ground Ground Ground Ground OCroupd
200 121.6 lzu.6  105.9 105,  120,1 .
250 120.4 120.4  10k.B  104.B  119.p iig.é 33:? 33'2
315 119.1 119.1  103.6 103.6 117.9 117.3 37.3  57.3
oo 117.1 117.1  102.4 102.%  116.8 116.8 36.1 6.1
500 116.3 116.,3  101.2 102.2  115.6 115.4 gh.9 gh.g
630 110,9 114.9 99.9 89,5  11k,5 11h.4 93.7 93,7
800 213.3 123.3 98.6 98.5 113.3  113.1 92, 92,3
1000 111.7 111.7 97.2  97.1 112, 111.7 91.1  90.9
1250 110,0 109.9 35,7  05.6  110.7 110.3 89.6 89,4
1600 lod.2 lo8.1 gh.1  9li.o  1p9.3  108.7 88.2  87.9
2000 106,3 106.1 92.4  92.2  107.8  107.0 86.6 86,2
2500 104.2 103.8 90.6  90.2  106.3 105.0 85.0  B4.3
3150 Toz.0 101.3 88,6  BE.0  To4.B  102.6 83.2  B2.1
io0o 99.7 98.3 86.5  85.5  102.8 99.8  B81.1  79.5
5000 57.1 3.8 84.3. B2.3  1o0.9 96, 5 70.3  76.5
6300 i 90,8 B1.8 78.9 98,9 92.9 771 73'2
8000 §1.4  B7.1 79.1  75.5 96.6  Bo.9 74,8 70.2
10000 B8.2 H2.9 76.3 72.0 94,8 86.5 72.3 66.9
12500 B4.7 78,3 73.2  67.9 91.6  B82.7 65.5  63.1
16000 §1.0  73.1 63.8  63.4 a8.8  7B.4 §6.7  58.9
20000 76.9  67.2  65.3 5B.3  85.8 73,6 63.6 5.2
25000 Ta.h  60.7 62.5 52,6 82.5 68.3 60.3 9,0
-12-
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TABLE II-9

TABULATION OF SEL VALUES IFOR DIFFERENT AIRCRAFT

-Business Jet Alreraflt

lorth Americen

Nor;h American

North American

North Ameriean

Atperatts Lackheed Laskhead sabre U Sabre 50 Saore 50 Sphre 60
- -1 >
jouetar 1/0-1i0 Jetstar 17C-140 4, Cp700-20-2  Two CF700-2D-2  Two PT124-8 Two PT125.8
Turbojet Eng. Turbojet Eng. Turbofan Eng. Turbafan Eng. Turbojet Eng. Turbojet Eng,
Operation: Takealf Approach Takeafl AFproach Takeof Appreach
Alrspeed: 145 Kt 135 Kt o kt. 1ip kt. 145 kt. 135 kt,
Fower: Fn = 2800 1bs. Tn = 1270 1bg, In = 3450 lba. Fn = 865 1bs, Fn = 2800 1bs. Fn = BOO lbs.
SEL, 4B SEL, dB SEL , dB SEL , dB SEL, dB SE[,  dB
(round Ground Ground Ground dround Ground
Distance, ALlr to to Alr to to Air to to Alr to to Alr to to Adr to to
t. Ground Ground Ground Ground Ground Ground Ground Ground ground Ground Ground Ground
200 121.1  121.1 108,3 108.3 112.0  112.0 96.5 96.5 119.1  11§,1 103,3  103.3
250 19,9 119.9 107.2  107.2 110.5  110.5 95,2 §5.2 117.9  117.9 102.2 102.2
315 118.7  118.7 106.0 106,0 108.9  108.9 93.7 93.7 116.7  116.7 101,0  101.0
400 117.4  117.4 104.8 104.8 167.3  107.3 92,2 92.2 115,04 116.4 99,8 99.8
500 116,1 116.1 103.6 103.5 105.7  105.7 90.6 90.5 114.1 114,1 98,6 98.6
630 124.7  114.7 102,3  102.3 104.1  104,1 88.8 88.8 112,7 112.7 97.3 97.3
Hoo 113.2 113.2 100.9 100.9 102.5 102.5 86.9 86.9 111.2  111.2 95,9 95,9
100Q 111.7 111l.6 99,5 99,5 100.9  1l00.8 84.9 84,9 109.7 109.6 9,5 gk .5
1250 110.1 109.9 98,0 37.9 99.2 99,1 82,8 82,7 108.1  107.9 93,0 92.9
1600 108.3  108.1 96,3 86,2 97.5 97.2 80,6 80.3 106.3  106.1 91,3 91.2
2000 106.5 106.2 91,5 94k 95.7 85,3 78,4 77.9 104,5 104,2 89,5 89,4
2500 l04,5 103.9 92,6 92,4 93,7 93,1 76.1 75.5 102.5 101.9% 87.6 BT .4
3150 102.4  161.3 90,5 90,1 91.6 90.6 74,0 72.9 100,54 99,3 85.5 85.1
kooo 100,1 98.3 58,1 87.5 B9.4 87.6 71.8 70,2 98.1 96.3 83.1 B2.5
5000 97.6 ah, 7 85.6 8.5 87.0 8,1 69.6 67.1 95.6 92.7 B0.6 79.5
6300 95.0 90,7 82.8 81.1 Bl i 80.1 67.3 63.7 91,0 88.7 77.8 76,1
4000 g2,1 86.9 79.8 77.5 8.6 76.4 61,9 60.5 g0.1 84.9 74,8 72,5
10000 89.0 82,7 76.6 73.5 78,6 72.2 62.3 56.9 8r.0 80.7 71.6 68,5
12500 85.8 78,1 73.6 60.2 75.5 67.5 59,7 52,8 83.8 76.1 68,6 61,2
16000 8a,z2 72.8 69.7 ah.1 72.2 62.3 56.9 48.3 Bo.2 70.8 64,7 59.1
20000 78,4 67,1 66.2 58,7 68.7 56.6 53.9 43.3 76,2 65,1 61,2 53,7
25000 74.3 60.7 62.5 52,9 65.0 50.4 50,48 37.8 72,3 58,1 57.5 h7.9
=13-
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Alrerarlt:

Operation:

Alrapeed:
Power:

Distance,
ft.

200
250
315
hoe
500
630
8o
1000
1250
1600
2000
2500
3150
hoo0
5000
6300
gooo
10000
12560
16000
20000
25000

BT v
it w2

TABLE II-10

TABULATION OF SEL VALUES FOR DIFFERENT AIRCRAFT

k-Engine Turboprop Transpert

4-Engine Turboprop Transpopt
Lockheed Hercules, Lockheed Electra,
382E, 382G, c130H Lackheed Hercules
3828, C130E
Takeoff Approach Takeaflf inraach
145 Kt 140 Kt 145 Kt 140 Kt
SEL, dB SEL, dB SEL, aB SEL, dB
Ground Ground Greund Ground
Alr to %o Alr to ta Mr to to Alr to to
Oround Ground Uround Ground Qdround Ground Ground dreund
1ok.1 104.1 98,4 98,4 99,1 99.1 06.4 96.4
103.0 103.0 97.3 97.3 98.0 98.0 95.3 95.3
101.8 101.8 96,1 46,1 96.8 96.8 94,1 9.1
106.7 100.7 94,9 94,9 95.¢ 85.7 52.9 92.9
99.5 98.5 93.7 93.6 94.5 94,5 91.7 9.6
98.3 98.2 92,4 92,3 93.3 93.2 90.% 90.3
97.1 96.9 91.1 91.0 g52.1 91.9 89,1 89.0
95.8 95.5 89.7 8%.5 90.8 90.5 a7.7 B87.5
9l .4 9i,0 88,2 87.9 fg.4 89,0 B6,2 85.9
93.0 92.4 86,7 86.3 88,0 87.4 BY.7 8.3
91.5 90,6 85.1 BY.5 36.5 85.6 B3.1 8z2.5
89.9 88,7 B3.5 B2.5 B4 .9 83.7 B1.5 80.5
8g.2 B6.5 B1.7 80.3 83.2 81.5 79.7 78.3
86.5 84,0 79.8 77.7 41.5 79.0 77.8 75.7
84.6 1.2 77.8 74.7 79.5 76.1 75.8 12.7
Ba2.6 78.0 75.7 71.4 77.6 73.0 73.7 69.4
80,5 7.8 73.4 68.3 5.5 69,8 71,4 66.3
78,3 1.4 71.1 64.8 73.3 66,1 69.1 62.8
76.0 7.6 68.6 60,9 1.0 62,6 66.6 58.9
73.7 63.1 66,0 56.6 68.7 58.1 64.0 54,6
7L.2 58.6 63,4 51.8 66.2 53.6 6.4 9.8
68.7 53.7 60,5 h6.8 63.7 ha.7 58.% 44.8
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TABLE I1-11
I . TABULATION QF SEL VALUES FOR DIFFERENT AIRCRAFT
Adreraflt: 2-Engine Turbaprop Transpart 2~Engine Turboprop Alrcraft
- with Dart Englnes with PT 6 Enplines
F-27. HE=-TUR - DHC~6 Twin Otter
Operation: Takeoffl Appreach Takeal ‘Appreoach
Alpspeed: - 10 Kt 120 Kt T0 Kt b5 Kt
Pawer: . ' -
SEL, dB . SEL, @B SEL , dB SEL, dB
. Greund - Ground Ground Ground
Distance, Alr to to Alr to to Alr to Lo Alr to to
r'e. drcund Oround Ground @Oround Ground Ground Oround Ground
200 102.7  101.7 99.6 99,6 ai,8 54,8 g1,8 51.8
250. ' 100.5 1po.6 58.2 98.2 93.6 93.6 90,5 96.5
¢ 315 59.6 99.6 96,8 a6.8 g2.h 92.4 89,1 89,1
4ao 58.5 98.5 95.2 95.2 G91.1 91,1 87.7 87.7
500 97.4 o7l 93,6 21,6 89,8 80,7 86,13 86,2
630 96,3 96,1 98,1 98.1 88.4 88.3 84,7 84,7
800 95,1 95,0 89,8 89,7 86.9 86,7 83.0 83.0
1000 94,0 93,7 87.7 87.6 85.4 85.1 81,3 81,2
1250 g2,8 92,3 85,5 85.3 83.8 83,3 “T9.4 79.3
1600 91.5 90,7 83.2 82,7 82,1 - 81.4 7.4 17,3
2000 90,3 89,2 8o,8 8o,0 80,4 79.3 75.3 75.1
2500 89,0 86.7 18.5 Tt 78,5 77.0 73.1 72.8
- 3150 B7.6 3.8 76.4 .2 76.6 4.5 70.7 10,2
4000 86.1 80.4 7.3 71.0 THT 71.6 68.2°  67.3
5000 84.6 76.8 72.3 8.0 T2.7 68.4 65,2 64.0
. 6300 82,9 73.8 70.3. 64,9 70.8 E4,8 62,8 60.3
. 8000 81,1 70.6 68.3 61,6 68.8 61.4 60,1 56,6
' lao00 79.1 67.8 66,3 58,1 66.8 57.7 57.3 52.6
12500 77.0 65,0 6l.2 54,1 6h.7 53,7 54,5 8, a
~ 16000 78,6 6.9 62,1 50,1 62.6 49,5 51.7 3
20000 72.1 5.4 59.9 5,8 60,4 h5,2 n9.0 8.3
25000 69.3 51.5 57.% 11.5 57.9 ho.9 46.1 32.8
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TABLE II-12

TARULATION OF SEL VALUES FOR DIFFERENT AIRCRAFT

Alzerads: I-Eagine Pizton 2-Engine Piston
Transpert Transport
(»12,500 ibs, Max. dross Wt.)
Operaticon: Takeol'l Approach Takeof( Appreach
Alpspead: 140 Kt., 120 Kt. 140 Kt. 120 Rt
Powenr;
SEL, dB SEL, dB SEL,_ 4B SEL, dB
Ground Ground Ground Ground
Distance, Alr to to Alr to to AMr to ta Alr tao to
It Ground Ground Ground Ground Grounid Ground Ground Ground
200 106,6 106.6 96.4 96. 4 103.6 103.6 93.4 93.4
250 105.5 105.5 95.3 95.3 102.5 102.5 92.3 93.3
315 104.4 104.4 94,2 94,2 102,10 101.4 8l.2 91,2
Yoo 103.2 103,2 93.1 93,1 100.2 100,2 90.1 90.1
500 102.4 102.0 92.0 92.0 99,0 99,0 89.0 89,0
630 100.8 100.6 90,8 90.6 97.8 97.6 87.8 87.6
800 99.5 99,2 89.6 8g.2 96.5 96,2 86.6 86.2
1000 94,2 9[.6 8,4 87.7 95,2 94,6 85.4 B4, 7
1250 96,8 96.0 47,1 86,1 93.8 93.0 B84.1 83.1
1600 95.4 gy.2 85.8 By, g2.4 91,2 B2.8 81.4
2000 94,0 82.3 83.4 82,6 81,0 89,3 81.4 79.6
2500 92,5 90.2 Bz2,9 80.5 89.5 87.2 79.9 775
3150 . 90.9 87.8 1.4 78.0 87.9 a8 78.4 75.0
4000 89.3 5.0 79.9 5.3 85,3 8a.0 76.9 72.3
5000 7.6 9l.9 4.2 72.2 84,6 76.9 75.2 69,2
6300 85,9 78.6 76.5 69.1 82.9 75.6 73.5 66,1
8000 84.0 75.5 TH.7 65,8 81,0 72.5 71.7 62.8
10000 4z.0 72,4 72.8 62.7 79.0 69.4 69.8 59,7
12500 78.9 69.9 70.7 59,2 76.9 66.9 67.7 56.2
16000 7.7 65.1 68.5 55.5 Ty 62,1 65.5 52.5
20000 75.2 6l.0 66.2 51,5 72.2 58.0 63.2 48.5
25000 72,6 56.6 63.6 47.3 69.6 53,6 60.6 b, 3
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TABLE II-13

TABULATION OF SEL VALUES FQR DIFFERENT AIRCRART

2-Engine Platen 1-Engine Piston

Adrcraft;
Alreraft Alrcraflt
(<12,500 1lbs. Max, Oross Wt.) {180 hp or less)
Operation: Takeofl Approach Takeaff Approach
Adrspeed: 110 Kt, 90 Kt, 110 Kt. 90 Kt.
Power:
SEL , dB SEL, dB SEL, dB SHL , dB
Ground Ground Ground Oround
Distance, Alr to to Alr to ta Alr to Lo Air to to
ft, Ground Ground Ground Oround Qround @round Ground Ground
200 93.3 93.3 86.9 86.9 90.3 0. 83,
250 92.2  a2.2 85.7  85.7  B9.2 39:3 52,7 333
315 Yyl.l 01,1 84.6 Bi.6 88,1 88.1 81.6 B1.6
400 90.1 90.0 83,4 83.4 87,1 87.0 80.4 Bo.Y
500 89.0 B8.9 82,2 ga.2 86.0 85,9 79.2 79.2
630 87.6 B87.6 gl.0 80.8 an.6 84,6 78,0 T
800 B6.7 86.3 79.7 79,4 B3.7 83.3 T6.7 76,4
1000 85.5 84.9 78.5 77.9 82,5 81.9 T5.4 74.9
1250 84,3 83,4 7741 76,2 81,3 B0.4 7h,1 73.2
1600 83.0 81.7 5.7 7.4 80.0 78.7 72.7 71.4
2000 Bl.7  60.0 7h.3 72,5 787 77,0 71.3  69.5
2500 80.3 17.9 72.8 70,3 77.3 Th.9 6G.8 67.3
3150 78.9 75.5 71.2 67,8 75.9 72.5 68,2 64,8
kooo 77k 76.2 69.6 64,9 4.4 69,6 66,6 61.9
5000 75.8 69,4 68.0 61.8 72.8 66,4 65.0 58,6
6300 7h.1 65.7 66,3 58,1 71.1 62.9 63.3 55.1
Booo 72.3 63.3 64.5 55.2 69,3 60,3 61.5 52,2
10000 70.3 60,0 §2.6 52,0  G7.3 57,4 50,6  19.0
12500 68.2  57.1 60.6  U8.6  £5.2 Bli,1 57.6  45.6
16800 £5.9  53.5 58.4  Gho  G2.9 50.5 55.. 419
20000 63.4 5.5 BG.1 41,1 604 6,5 53,1 38,1
25000 60.7 45,2 53.6 37.1 57.7 ha.2 50,6 30,1
-17=
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A = 10 log B = 10 log £ I
pC Pty Po To
where:

glr density at alrecraft altitude
speed of sound at airceraft altitude
absolute temperature at aircraft altitude

s 0D D
o on

and subscript "o" yefers to sea level standard day unless

otherwlse specifiled.
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III. TECHNICAL BACKGROUND

A. Baslic SEL Definitilon

The sound exposure level (SEL), in dB, as defined in Reference 18
is the level of the time-integrated mean sguare A-weighted sound
pressure for an event, with a reference time of one second:

o

10
SEL = 10 log 10 dt

-0

For purpeses of alrcraft nolse evaluation, SEL 1s usually com-
puted from A-levels sampled at discrete Iintervals ol 0.5 seconds
or less., Thus the working expression for SEL bhecomes:

_a
k=T
AL(k)
10
SEL = 10 log 1¢ + 10 leg At
k=20

where d 1s the time interval during which AL(k} is within
10 dB of the maximum A-level, and At 1s the time interval

between nclse level samples.

The SEL is identlcal to the single event noise exposure level
(SENEL), in dB, as deflned 1n Reference 19 except that the
SENEL 1s défined in terms of integration (summation) from a
threshold noise level approximately 30 dB below the maximum
level, while, In this report, S3EL 1is deflned iIn terms of
integration over noise levels within 10 dB or more of the
maximum velue. Integration over only the upper 10 dB ylelds
acceptable values that typlcally differ by 0.3 dB or less

-19-
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froﬁ values based on Integration over 30 dB.

A tone-corrected sound exposure level (SELT), in dB, can also
be defined for a nolse event as follows:

ALT
SELT = 10 log Jf 10 10 a¢
- 0O

For purposes of aireraft noise evaluation, SELT can be computed
from tone-corrected A-levels sampled at dilscrete time intervals

of 0.5 seconds or less, as follows:

d_
k = At
ALT(k)
10
SELT = 10 log 10 + 10 log At
k=20

where d is the time interval during which ALT (k) is within
10 dB of ALTM, and At is the time interval between ncise level

samples.

The tone correction applled to the A-level in the above
expressions is that used in caleculating the tone-corrected
perceived noise level. Thus the calculation of the SELT is
parallelled to the calculation of the effective percelved nolse
level, except for the use of the A-welghting network, and
reference to a one-second duration in SELT computations.
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B. General Approach

For DNL caleulations, SEL values are needed over a wide range
of distances. The field noise data for any particular alrcraft
and operating condition are typleally available only at one or,
at most, a few dilstances. Thus, to generate curves, there 1s

need for both:

a) accurate nolse levels measurements at one or

more dlstances;

b) an analytic model for generating SEL values as
a funetlion of distance.

Analytie models of varylng complexlty can be developed for
predicting alreraft nolse. The more complex models often
require more complete nolse informatlon than 1s generally
avallable from most field measurements. The basilec approach

for thils study has been to utilize a relatively simple

analytic model to generate sets of SEL curves from selected
nolse data. Where available, nolse data from different sources

have been used, particularly in developing the nolse curves

for maj]or transport alreraft. The resulting nolse vs, dlstance

" cupves have then been compared with nolse curvea from other

studies. Englneering Judgment has been used to select what

is believed to be the most representative set of curves.
RBacause the amount of nolise data and the number of checkpoints
varies conslderably with the type of aireraflt, the degree of
cross checking and comparison varies considerably among the

different alreraft.

Because the SEL 1s a relatively new nolse measure, many

—21=
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avallable sources of nolse data do not report SEL values even
where complete spectrum information and EPNL values are
reported. Thus, in general, at this time there are greater
uncertainties in the SEL curves, as compared to EPNL or
perceived noise level curves, ‘

C. Analytileal Nolse Model

The medel assumed for developing SEL values at the different
distances assumes that the SEL at any distance 1s equal to the
maximum A-level, ALM, plus a "duration factor," D:

SEL = ALM + D

If the guantlties 1n the above equation are known at one
distance, X5 and the ALM can be estimated for another distance,
¥, the duration adjustment, 4D, is assumed to be simply 10

times the logarithm of the ratlo of the two dlstances:

X

AD = 10 log =
X

o

The working equations can be developed 1in more complete form
with reference to Figure 1. For simplicity of discussion we
assume level fiight noise date has been obtained at position P
(see Figure 1) with all data adjusted to standard day condltions
and the desired aircraflft altitude and reference alr speed.*

At P, the dilstance of c¢losest approach, Xy is known. Algzo,
gorrected values of the sound exposure level, SELY , and the

“Q
one-third octave band spectra at the tlme of ALM, SPLix , are
(o]

¥Reference b6 outlines the calculatish steps for correcting
level flight data to reference conditions.

~22.
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known. The angle of radiation from the aircraft that produced

SPL 8, 15 also knownk.

x *
iO

At any dlstance x, 1t 1s assumed that the ALM at x can he
calculated from the cerresponding one-third octave band levels:

%y
3PL = 5 "'G’ (K'*I{

T e
ix ixa s4in

d
—
[
~—r

, X
Y - 26 log =

o
0

where ey are the one-third occtave band atmospherlc abgsorption
coefficlents at standard day conditions.

With ALMx known, SMLK 1s glven by:
L = SIL - X
SEL, QL.KD + AL, ALXO + 10 log % (2)

This model, then, requires knowledpe of the one-third ccsave
band spectrum abserved aft the timz of the maximum A-level, and
the angle of radlation, either known or assumed. In applylng
the model to avallable data, valuss of & were ofton not known,
and estimates of 6 were then used,

D. Sources of Nolse Data

4 number of sources of nolse data have been used ln developing
SEL versus dlgtancs curves, The gources of data, with ref-
erence to the peneral type of measurement conditlion, can be
elassified as (a) controlled tests and (b) alrport measursments
{uncontrolled), The use of the word "controlled" implies-

#For moat of the data utllized In this study, the 8 and
accompanying nalse spectra were hased upon PNLUTM opr PNLM,
rather than ALM. As dlscussed in Reference 6, use of the
PNLTM spectra can lead to undsrestimation of' SEL valucs
at larger distances for some aircraft. However, for most
alreralt, 1t 1s belleved that this error is small compared

to cther uncortainties.

24~
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contral, and/or knowledge of alrcraft performance and engine
opetating parameters., The quallty of the noise data in terms
of acecuracy of the acoustic measurements often is not signi-
ficantly different between the controlled or airport tests,
but alreraft information is less detalled in the latter.

Data from nipport neaszurrments serve well in sbtoining typical
shapes ol SEL versus distance curves. However, to peg the SEL
curve as a funection of lknown englne parameters, the controlled
tests are often most useful .¥ Table III provides a briefl
summary of the sources of the data for different major aircraft
types. BEN-suponliecd data ineludes alrport msasurements obtained
at alrports such as Los Angeles International Alrport, San

Jose Muniecipal Alrport, Orangs County Alrport and Anchorage,
Alaska, among others., The busliness jet information provided

by BBN came largely from certification tests condueted In full
accordance with FARt 36, plus other controlled and alrport tests.
Most propeller alrcraft measurements were alrport measurements;
however, results I'rom some controlled measurements were also

utilized.

The data froem the ailrcraft manufacturers ineludes noise spectra
information furnished informallv by Boeing and Douglas. The

data also inciudes noise curves and specbral infcrmation con- -
tained in a number of draft reports prepared for the FAAZ:lg/

and data reported to NASAii/. Otherfsources of information
1416/

include tegts conducted for the FAA=——

¥Fyen here, the airport data serves as & check upon controlled
tests where data may not have been obtained during realistle

alreraft operating conditions.
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TABLE I1X

£

SUMMARY CF AZRCRART NOISE DATA SOURCES

Airframe
Alreraft Type BBN Manufacturer Qther
i] 4Y-Engine LBPR (707, DC-8) Alrport Controlled Controlled
' Transport
: 4Y-Engine LBPR (707, DC-8) - Controlled -
a Transport
Retrofit
.’J 2, 3-Engine LBPR Alrport Controlled  Controlled
' Transport (737, DC-9,
727)
™
. Y-Engine HBPR {747) Alrport Controlled -
pny 3-Engine HBPR (DC-10) Arport Contralled ——
) #
Business Jet Alrcraft Controlled , - -
Alrport
T‘d"
Propeller Alrcraft Alrport, - Controlled
Controlled®

(3

I
i

[

¥oantrolled iﬁcludes nolse certificatlon testa (FAR 3h) as well as
other formal aircraft light test measurements.

CE

D
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As noted earlier, because of the relatively recent introductlon
of the SEL noise measure, most aireraft noise reports do not
provide SEL values even where spectrum and EPNL information

may be reported. Thus, even when spectrum data weré.available
to permit the determination of the variation of SEL values

with distance (using the analytlic model described earlier),’
the lack of any measured SEL value at the reference condition
introduces a potentlal error in pegeglng the SEL curve to
absolute levels. Where SEL information at reference conditions
was lacking but EPNL values were known, differences hetween
EPNL and SEL values were estimated using measured differences
between EPNL and SEL values obtalned from other measurements.
Partlcularly useful were the EPNL and SEL differences available
from data of References 20 and 21.

E. Comparison o' Nolse Curves

In contrast to the EPNL curves where 1t 1s often found that
relatively small differences in spectrum shape can result in
sizable differences in the EPNL vs. dlstance curvesll/, the
shape of the SEL vs. dlstance curves 1s quite tolerant of
differences 1in spectrum shape. Thus there 1s much greater
consistency among SEL vs. dlatance curves derived from nolse
data from different sources than s the case for the EPNL
curves derived from the same infomrmatlon., Part of thls
greater consilstency results from the omimsion of any tone

adjustments 1n the basice SEL computatlons.

Another trend of SEL curves, compared with the EPFNL curves
generated from the same basic data, is that the SEL values
willl generally show a alower rate ol decrease wilith distance
than the EPNL values., Flgures 2 and 3 1llustrate this general
characteristic which is observed for most jet-powered

-2~
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aireraft. Plgure 2 shows EPNL and SEL curves for typlcal
takeoff and approach thrusts for four-engine LBPR transport
aireraft (707 and DC-8 zircraft with JT3D series englnes).
Figure 3 shows EPNL and SEL curves for typlcal takeoff and
approach thrusts for a three-engine HBPR aircraflt (Douglas
DC-10-10 with CF6 series englnes).
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