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SOUND EXPOSURE LEVEL VERSUS DISTANCE CURVES

FOR CIVIl AIRCRAFT

3
I. INTRODUCTION

...... Thls report provides sound exposure J.evel (SEL) data for civil

aircraft in a form useful for day/night average level (Db_L)
calculations. The SE[ data are presented in tabular form in

this report; the report also briefly summarizes the data sources

and technical analyses used in developing the noise data.

Noise data are included for all major current civil transport

and business jet aircraft and for most general aviation aircraft.

Data are also provided for possible retrofit of _l-engine low

bypass ratio (LBPR) turbofan aircraft with acoustically lined

nacelles. As in the companion report which presents effective
perceived noise level versus distance curves for civil

f_

aircraft I-_/,-the correlation of noise level data with aircraft

, . _ operations (in terms of aircraft speed and engine operating

_".'''i _ parameters) varies in detall--from specific curves for. different
engine parameters and speeds for major civil transport aircraft,

• to generalized noise curves for rather broad categories of

propeller aircraft.

' [_ Section II presents the noise data. Section Ill describes the

i-'_ .' sources of noise data outlines analysis methods, and discusses
_[ some of the technical problems involved in developing the noise

I _ Curves,

aReferences 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 vicinity of an airport i--_°/

utilize the SEL as a basic noise event descriptor for moving

._ aircraft*. In the procedures, noise information is needed
........ at varying dlsta_:c_ f_,om _he aircraft. Thus the general

input requirement is for a set of SEL values tabulated at
various distances, typically from 200 ft. to 25,000 ft. or

,_ greater. The DNL model assumes that, for a given aircraft,

an SEL can be defined from the knowledge of the type of

aircraft, basic engine operating parameters, air speed and

atmospheric propagation condit].ons. Two sets of noise vs.

distance curves are used:

a) air-to-ground propagation;

,_ b) ground-to-ground propagation.

I _. In the program, algorithms are provided for the transition

between air-to-ground and ground-to-ground curves. The air-

so-ground propagation curves assume atmosphe_,ie absorption in

_ accordance with SAE ARP 866_/. The ground-to-ground propagation

curves assume similar atmospheric absorption plus excess

.._ ground attenuation _/.

'_ The noise level vs. distance curves data given in this report
h

are developed for standard day conditions (59°F and 70% relative

humidity.) Data provided for these conditions generally provide

_ *The DNL calculation procedures follow closely those for
calculating noise exposure forecast (NEP) contours as
described in References 1 and 2.
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/ ." _ rather conservative estimates of noise levels for the range_J of temperatures and humidity often encountered in civil

airports in this country.

Nbise data for both alr-to-ground and ground-to-ground pro-

....._ .........._ pagatlon are presented in tabular form in Table II. Table I

provides a guide _o a selection of noise information for both

general aircraft classifications and specific aircraft types.

For the turbojet and turbofan aircraft, noise curves are
referenced in _erms of an aircraft engine operating parameter,

typically ne_ thrust. The thrust values to use for a parti-
U cular takeoff or landing profile, taking into account specific

operating procedures, operating weights, air speeds, flap

settings, e_c., can be determined from the calculation pro-

cedure and aircraft data provided in Reference 4.

For mosg aircraft included in this report, noise data are

tabulated for typical takeoff and approach thrust settings.
However, for the nwo, three and four engine low bypass ratio

turbofan _ransport aircraft, a more complete set of curves isprovided. For these a_rcraft typical approach and takeoff

curves are also indicated for use when more detailed information

about specific engine operating parameters is not known.

the data in DNL computations, an additional cor-
In utilizing

rectlon is. _o be applied _o the noise data. The gEL valses

are _o be adjusted for aircraft altitude on the basis of an
acoustic impedance correction, Ace:

2
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TABLE

II;DEX TO AIRCRAFT SEt VI!f_US D_STA!JC[!CUIIVE;;

Qeneral Alr_ft T_pe Speelflc AlrernJ't Typ. Atr_*,_z+t I!ngtn _ Type II,.fe:,to Tz_bl.

_-Englne LBPR Turbofan Transport Boeln_ 707 _erlee JTJD _eI'len TI-I
D_glas DC-8 Ser_ee JTJD S_rlea

_-EnBlno LBP_ Turbofan Tr_nBport Boeln_ 707 Serte_ JTJD Serle_ II-_
with Retroflt Nacelles DouzZas DC-8 Sorlea JTJD Series

3-Engine LBPfi Turbofan Trnnsport BoelnE 727 Serieo JTBD Sorles _1=3

2-Engine LBPR T_rbofnn Transport Boeln_ 737 JTSD Series [£-_
Do_Klas PC-9 J_D _erI_

_-EnLine HBPR Transport BoelnE 7_7-IOOA JTgD-JA I[-5
Booln_ 711?-]OOD,-200B JTgD. JA,. ?

3-EnElne HBPR Transport Dou_la_ DC-10-10,-30 CF_-6D 11-6
Douglas _C-10-I;0 JTgD-20

Business Jets Cessnn Citatlon (2) JTILD-I Turbofans IT-?

Co_unodore Jet (2) CJ610-5 TurhoJet_
Commander iI_

Dasaault Fan Jet {3) CP_700-2 'l'urbofun_
Falcon _0

_ate. Leafier 2_/25 (2) CJ610-6 Turbojets TI-8

Grummnn Qtt]fatrunm II (2) tipsy 51]-8 Turbojets

Lockheed Jctstar I (_) FT 12A-GA TurboJ_t=l 11-9

l;orth Amer_cntl Sabre 60 (2) PT I_A-8 Turbojets

Hoz'ttl American Sabre 80 (2) C,TT00-2D-_ Turbofan_

_-En_Ine Turboprop Trnn=pcrt Lockheed IIercule_ Allison T56-%5:1.rl,es I_-I0
3S2E, 3820, c]30II

Lockheed El.tire, }left,los Allison T56-_ & e_p1t_r
382B, Cl30E

_-En_lne Turboprop Transpor_ Fairchild F-_7, ]IZ-7_ Rolls IIoyct' Part S_:r_e_ TT-IL

DeiIavllland DIIC-6 Twin Otter PT6 S_rI,!a

_-En_lne P_atcn Transport DC-6, DO-?, Con_tellatton 11-12

2-Engine Piston Tr_nnport Convair 3110, Ii_0, DC-S
(>12_500 Iba max, Erode weight)

2=Engine Platen klrcraf_ cessna 310, censna 337, _I-13
('12,500 Ibs max. _ros_ weight) Piper Aztec, Beech Queen Air

Piper Cherokee
Booctl Bonanza

.;i.
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TABLE II-I

TABULATIOI'I OF SEL VALUES FOR DIFFERENT AIRCRAFT

A_.P_l'aft: Fouz. i:lc_Ine L5PR T_u'b_fan Tz._nspo_-t Al_cr.a.Ct - 7_'/ & bC-8
Wlth JT3D Se_,les i_ncines

(Note: Subrz.act 2 dB for DD-8-63 AIPcraf0)

Operatlon: Ap_Poach Takeoff
Airspeed: 160 Kt 160 Kt 160 Kt 160 Kt 160 Kt 160 Kt
Powe*,: Fn - 4000 Ibs Fn = 6000 ibs Fn = 8000 ibs Fn ° 10008 ibs Fn _ 12000 ibs Fn = 15000 Ibs

SELldB SEL_ dB SEL, dB SEL, dB SEL, dB SEL, dB

0."oM_d GPoHnd 0r0uI1d (]l'oxlrld O_OuIld Oz'ou_d
Distance, Alp to to AIP to _o Air _o to AlP to to 0_I' to to Air to to

Ft. Oround Ground 0round Syound Ground Ground Ground Gi,ourJd Gi.Ll;rld C,rou_d Ground 0 .-ou_d

aDO iii.0 iii.0 113.0 I13,0 119.0 115.0 117.0 ii'/.0 119.0 119.0 121.0 121,0
250 109.6 109.6 111.6 111,6 113.6 113.6 i15.6 115,6 117.6 117.6 119.6 119.6
315 108.1 108.1 110.1 ii0,I i]2.1 ii_.i Ii_I.i llIl.l 116.1 116.1 118.1 118.1

_OG 106.5 106.5 108.5 i08.5 110.5 110.5 i12.9 112.5 iii;.5 II_1.5 116.5 116,5
500 104.8 I0_.8 106.9 i06, 9 108.9 108.9 iii.0 iii.o i13,0 I13.G IIS.G 115.0
630 102.9 102,9 105.2 105,2 107.3 107.3 109,3 109.3 111,3 111.3 113,3 113.3
_00 101.0 IOi. O 103.2 103,2 105.5 105,5 107,6 107.6 109.6 109.6 111.8 111,8

1000 99.0 99.0 101.5 101.5 i0_.0 10;1,0 106,0 i06.0 108.0 108.0 IID.O 109.9
1250 96.7 96.7 99.3 99.3 i02.0 102,0 lOZ_,l lOIl.l I06,2 106.1 108,2 I08.0

1600 9_.i 91&.l 9_.0 97.0 99.8 99.8 102.0 101.9 101;,I 103.9 ;I06,2 105.8
2000 91.5 91._ 9_1.5 91d._ 87,5 97.11 100,0 99.8 102,0 IGI,7 IGil.9 103,9
2500 89.0 86.8 92.0 91,8 95.0 9;;.7 97,5 97.0 99,9 99,3 i02.6 101.6

3150 86.3 85.8 89.1 88.6 92.3 91.6 95,0 9_.i 97.3 96.2 100.6 99,1
4000 83.5 82.5 86.5 85.5 89.5 88.3 92.5 91.0 95.G 93,3 98.5 96.1
5000 _0.6 78.8 83.6 81.8 86.7 8_,6 89.5 87.2 92,ZI 89.8 96.2 92,;I
6300 77.6 7_.8 80.6 77.8 83.7 80.6 86.7 83.3 89,7 86,0 93.6 88,6
_OOG 71;,_ 70._ 77.3 73,3 80.5 76.2 83.11 78.8 86,8 81.9 90,8 811.6

IGOO0 71.5 66.3 7_,5 69.3 77.5 72.0 80.5 78.7 81_,0 77.9 88,0 80,8

12500 60,3 61.9 71.5 68.1 7z_,_I 67.6 77.3 70.i 81.0 73.4 85,2 76,5
16000 65.0 57.1 68.0 60.1 71.0 62.6 78.0 65.1 77.5 68.0 82.0 71,6

20000 61.7 52.o 61_.8 85.1 67.8 5"/._I 70.6 59.5 78.3 62.6 79.0 66.7
25000 58.5 _16,8 61.5 49.8 6_I.5 52,0 57,5 5;1.3 71.5 57.5 78.0 61,5
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TABLE II-2

TABULATION OF SEL VALUES FOR DIFFERENT AIRCRAFT

Aircraft: Four Engine LBPR Turbofan Transport Aircraft - 707 & DC-8
with JT3D Se_.les Engines wlBh Retrofit Lined Nacelles

Operation: Approach Takeoff
Airspeed: 160 Kt 160Kt 160 Et 160 Kt 160 Kt 160 Kt
Power: Fn _ 4000 ibs Fn - 6000 ibs Fn = 8000 Ibs Fn = i0000 ibs Fn = 12000 ibs Fn - 15000 ibn

SELl dR SELt dB SELI dR SELT dB SEL_ dB SEL.dR

0round 0pound 0round Sround Ground Grouno

Distance, Air _o to Ai_ _o Bo Air to to Ai_ to to AI_ to to Air to to
ft. Ground 0_ound _ound O_ound B_ound Ground O_ound Ground Ground Oround Ground Ground

aOO i02.0 i02.0 105,0 i05,0 i08,0 108.0 lll,O iii.0 Ii_.5 llI_.5 I18,0 i18,0
250 100.5 100.5 103.5 103.9 106.7 106.7 109.8 109.8 113.2 113.2 116.9 116.9

315 99.0 99.0 102.0 100.0 105.3 105.3 108.5 108.5 111.8 111.8 115.8 115.8
900 97.3 97.3 100.5 100.5 103.8 103.8 i07.0 i07.0 110.3 110.3 IiI;.5 119.5
500 95.8 95.8 99.0 99.0 i02.4 I02.4 105.8 105.8 108.9 108.9 I13.2 I13.2
630 94.0 94.0 97.3 97.3 100.8 100.8 109.2 i01_.2 107.5 i07.4 110.0 111.9
800 92.2 90.1 85.6 95.5 99.2 89.1 102.5 102.Jl 105.9 105.7 ii0._ iI0.2

i000 90.5 90.3 94.0 93.8 97.5 97.3 i01.0 100.8 10h.5 I0_.3 109.0 108.8

1250 88.5 88.0 92.1 91.8 95.7 95.4 99.2 98.9 102.7 I02.1_ 107.5 i07. _-
1600 86._ 86.1 90.0 89.7 93.5 93.2 98.0 97.6 100.7 100.3 105.7 105.2
2000 84.5 84.0 88.0 87.5 91.5 90.9 95.0 91_.3 99.0 98.3 10_&.0 103.3

_500 8_.8 81.6 • 86.0 85.2 89._ 88.6 93.0 92.1 97.O 96.1 100.0 i01.0
3150 80.2 78.9 83.8 82.5 87.2 85.9 90.8 89._ 98.8 93.4 99.9 98.h
40O0 78.0 76.0 81.5 79.5 85.0 8_19 87.5 85._ 92.5 90.3 97.5 95._
5000 75.7 72.7 79.1 76.1 80.7 ?9.6 86.1 82.9 90.2 86.8 95._ 91.9

6300 73.2 68.9 76.6 72.3 B0.R 75.8 83.8 79.3 87.9 83.3 93.0 88.3
8000 70.6 65.6 7_.0 69.0 77.5 72._ 81.0 75.8 85.3 80.0 90.5 85.1

i0000 68.0 6_.0 71.5 65.7 75.0 69.1 78.5 72.h 83.0 76.7 88.0 81.6

12500 65.0 58.0 68.6 61.6 70.I_ 65.3 76.0 68.8 80.2 72.9 85._ 77.8
16000 61.6 53.0 65.0 56.6 69.2 60.7 73.0 6_._I 77.1 68._ 8_.i 73.3
20000 58.3 _8.3 62.0 52.0 66.2 56.0 70.i 59.8 ?_.i 63.3 79.1 88._
25000 55.0 43.1 59.0 aT.l 63.0 50.9 67.0 511.7 71.O 58.5 76.0 63.3
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TABLE II-3

TABULATION OF SEL VALUES FOB DIFFERENT AIRCRAFT

AircrBft: Three Engine LBPE Tu*,bofan Airc:,aft - 727
wlth JTND S_rlos En_nus

Operatlon: AppDoach Takeoff
Airspeed: 160 K_ 160 Kt 160 Kt 160 Kt 160 Kt
Power: Fn m 4000 ibs Fn - 6000 ibs Fn - 8000 ibs Fn : 10D00 :bs Fn = 12000 ibs

SELf dE SEL_ dB SELIdB SELI dB SEL_ dN

Ground Ground Ground Ground Ground

Diztan0e, Air to to Air to to Air to to AIr to to Alr to to
ft. Groui_d Ground 0round Ground Ground Ground GPDund Ground Ground GrouNd

200 104.0 lO4,0 I07.0 107,0 i10.0 110.0 113.5 I18.8 117.0 117.0
250 102.6 102,6 105,6 105.6 108.5 108,5 112,2 112,2 116.0 i16.0

315 i01,i lOl,l 104.0 101_.0 107,0 107.0 110.8 110,8 114,8 114.8
400 99,5 99,5 lO2.5 lO2.5 lO5.5 lO5.5 lO9.5 109,5 113.5 113.5
50o 97.9 97.9 ioi.o ioi.o lO4.2 IOI_.2 lO8.O 108,o 112.2 112.1
630 96,1 96,0 99.3 99.2 i02.7 102.7 106,6 106.6 110.9 110.8

800 94.2 9J_,2 97.7 97.7 i01,0 i01,0 108,0 105.0 109.4 109.3
100O 92,5 92,8 96.0 96.0 99.5 99.5 103.5 103,4 108,0 107,9
1250 90,8 90,4 93.9 93,9 97.6 97,5 101,7 101,6 106.2 106.0

1600 88,0 87.9 91.6 91.5 99,5 98,3 99,8 99,6 lO_J,3 104.0
2000 _6.0 85,9 89.5 69.4 93.5 93,3 98,0 97.6 102.5 102,0
2500 N3,2 83,0 87.0 86,8 91,2 90,8 95,8 95.0 100.7 99.9
3150 80,7 80,i 81_.6 84.0 89.0 68,1 93,6 92.5 98.7 97.3
4000 77.8 76,9 82,0 81.1 86.5 85,2 91.5 89.7 96.5 94.3

5000 75,0 73,4 79.4 77.8 84.0 81,8 89.1 86.2 9_.i 90,6
6300 72,0 69.4 76,8 74.2 81.4 78,0 86,7 82.5 91.7 86.7
8000 68,9 69.4 73.8 70.3 78.7 71_,4 81_,0 78.8 89.1 83.1

i0000 66,0 61,6 ?l,O 66.6 76.0 70,7 81.5 75.3 86.8 79,7
12500 63,0 57,3 68.0 62.3 73.0 66.1_ 78.5 70.9 82.8 7_4,3

16000 59,5 52,2 611,5 57.2 69,5 61.2 75,0 65.9 80,4 70.i
20000 56,2 47,2 61.3 52.3 66,3 56,2 72.0 60,7 77,3 64,9
25000 53,0 42,0 58,0 47.0 63.0 50.8 68,5 55,0 74,0 59,3
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TABLE II-4

TABULATION OF SEL VALUES FOB DIFFERENT AIBCHAFT

Aircraft: Two Engine LBPR Tu_'bofan Aircraft - ?37 & DC-9

with 2TSD SQ_!es Enginc_

OpePation: Approach Takeoff
Airspeed: 160 K_ 160 Kt 160 Kt 160 Et 160 Kt
Power: Fn = 4000 ibs Fn = 6000 ibs Fn = 8000 lbs Fn = 10000 Ibs Fn - 12000 ibs

SEL. dB SEL. dB SELI dB BBL. dB SEL. dB

Ground Ground Ground ground 0_ound

Distance, Air go $0 Air to _o Air to to Ai_ to to Air to to

ft. Ground OI.ound Ground Ground Ground ground Ground Ground Oround Ground

200 102.0 102.0 105.0 105.0 108.0 i08.0 111.5 111.5 115.0 115.0

250 100.6 i00.6 103.6 103.6 106.5 106.5 110.2 ii0.2 114.0 I14.0
319 99.1 99.1 102.0 10B.0 105.0 105.0 108.8 108.8 112.8 112.8

bOO 97.5 97.9 100.5 100.5 103.5 103.5 107.5 107.5 ii1.9 Ili.9
500 95.9 95.9 99.0 99.0 I02.2 102.0 106.0 106.0 ii0.0 Ii0.i
630 9h.l 94.0 97.3 97.2 100.7 100.7 10_.6 104.6 108.9 108.8
800 92.2 92.2 95.7 95.7 99.0 99.0 103.0 103.0 107.4 107.3

I000 90.5 90.5 94.0 94.0 97.5 97.5 101.5 i01. I_ 106.0 105.9

1250 8U.4 68.4 91.9 91.9 95.6 95.5 99.7 99.6 104.2 1O_l.0
1600 86.0 85.9 89.6 89.5 93.5 93.3 97.6 97.6 102.3 102.0
2000 84.0 83.9 87.5 87.1_ 91.5 91.3 96.0 95.6 100.5 i00.0
2800 _1.2 81,0 85,0 84.8 89,2 88,8 93.8 93.2 98.7 97,9

3150 78.7 78.i 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 84.5 83.2 89.5 87.7 94.5 92.3
5000 73.0 71.4 77.4 75.8 82.0 79.8 87,1 84.2 92.1 88.6
6300 70.0 67.4 74.8 72.2 79.4 76.0 84.7 80.5 89.7 84.7

8000 66.9 63._I 71.8 68.3 76.7 72.4 82.0 76.8 87.1 81.1
10000 61_.0 59.6 69.0 64.6 74.0 68.7 79.5 73.3 84.5 77.4
12500 61.0 55.3 66.0 60.3 71.0 64.*_ 76.5 68.9 81.8 73.3

16000 57.5 50.2 62.5 99.2 67.5 59.2 73.0 63.9 78.$_ 68.1
20000 54.2 I15,2 59.3 50.3 6JI,3 54,2 70.0 58.7 75.3 62.9

25000 51.0 IlO.0 56.0 I_5.0 61.o 118.8 66.5 ,83.0 72.0 97.3
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TABLE II-5

TABULATIOtl OF SEL VALHES FOR DIFFERENT AIRCRAFT

Pour Engine HBPR Turbofan Transport Aircraft

Aircraft; BoelnK 747-100A Boeing 747-I00A BoeinK 747-1000 Boeing 71_7-I00D
Bl_w-4_-Door Blow-ln-Door Fixed Lip Fixed Lip

Nacelles Nacelles Na_olles Nacelles

JT9D Engines JT�D Engines JT9D Engines JT9D Engines
Operatlon: Takeoff Approach TakeoPf Approach
Airspeed: 160 Kt 160 Kt 160 Kt 160 Et

Power: N1 _ 3300 N 1 _ 2400 N1 _ 3350 N1 _ 2400

EEL I dB SEL_ dB 8EL_ dB EEL_ dB

Ground Omound Ground G_ound

Distance, Air 00 to Air to to Air _o to Ai_. to to

ft. Ground Ground Qround G_ound Ground Ground Ground Ground

20G i10.0 118.0 111.5 111.5 115.0 115.0 106.5 106.5

250 117.0 IIT.D 110.3 110.3 llI_.C 114.0 105.1 i05.1
315 115.8 115.8 109.O 108.0 112.8 112.8 103.5 103.5
400 i14.5 114.5 107.5 i07.5 111.8 111.5 102.0 102.0
500 i13.2 II3.2 i06.2 106.2 110.2 llO.l 100.4 100.I_

630 111.9 111.9 IGII.7 i04.7 109.0 108.9 98.9 98.8
800 110.3 110.2 103.1 lO3.1 107.5 i07.11 97.1 97.1

i000 109.0 108.9 101.5 101.4 1G6.0 105.8 95.5 95.4
1250 i07._ 107.2 99.9 99.9 104.5 104.3 93.7 93.6
1600 105.3 105.0 98.0 98.0 103.0 i02.5 91.6 91.4

2000 103.5 103.1 96.0 96.0 lol.3 10o.7 89.8 89.5
2500 i01.7 i01.0 93.7 93.5 99.6 58.6 87.9 87.*_
3150 99.7 98.5 91.2 90.9 97.8 96.3 85.8 84.9
4000 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 81.3 78.7
6300 92.2 87.6 82.6 81.1 91.7 86.7 79.0 75.2
_000 89.5 83.9 79.5 77.2 89.1 83.2 76.5 72.0

i0000 87.0 80.3 76.5 73.1 87.0 80.0 74.G 68.6
12500 81_.5 76.6 73.4 68.11 84.5 76.2 71.2 64.6
16000 81.5 72.0 69.9 62.9 81.5 71.7 68.1 60.2

_000O 78.9 67.6 66.5 57.4 78.9 6?.2 65.1 55.5
_5000 76.0 62.7 63.5 52.1 76.0 62.] 62.0 50.5
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TABLE II-6

TABULATION OF SEL VALUES FOR DIFFERENT AIRCRAFT

Th_'_Q Engine I{BP_ Turbofan Transpor_ AlrcraL'_

Alrcraf_ : DC-10-1O DC-1O-1O DC-10-10 DC-lO-GO DC-1O-I;O

CF6 Series CF6 Series CF6 Series JT�D Series JT�D Series
Englnes Engines Engines Engines Engines

(50e Flaps) (35o Flaps)

Ope._at lon: Takeoff' Approach Approach Takeoff Approach

Airspeed: 160 Kt 160 KB 160 K_ 160 Kt 160 Kt

Power: N1 = 31;BO _41 _ 2600 Nl = 2300 141 = 3350 _Il " 2400

SELt dB SEL, dD __ SF_5,__dR SEL : dD SEL, dD

Grot_nd O:.ound Ground Ground SDound

D!s_ance, Air _o _o Air _o _O Alr _o to All_ _o to Air to tD
f_. Ground G_.ound G."ound G_.ound G.-ound G._.ou !]d Ground G."ound Ground G_.ound

R00 109.0 1O9.O 105o5 109.5 102.0 102.0 110.0 ll0.0 1011.5 104.5
250 108.0 108.0 1O4.O 104.0 1OO.5 100.5 109.0 109.0 I03.0 108.0
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 iOl.O lOl.0 97.5 97.5 106.5 106.5 100.0 lOB.0

500 104.R 104.1 99._ 99.4 95.9 95.9 109.2 105.1 98.1+ 98._I
630 103.0 102.9 97.7 97.7 98.2 9JI.2 104.0 103.9 96.7 96.7
800 101.5 i01.4 96.0 96.0 92.5 92.5 102.5 i02.4 ['95.0 95.0

1000 100.0 99.8 9_1.5 911.4 91.0 90.9 101.0 100.8 93.5 93.11
1250 98.6 98.3 92.6 9B.5 89.1 89.0 99.6 99.3 91.6 91.5

1600 97.0 96.5 90.5 90.II 87.0 86.8 98.0 97.5 89.5 89._
2000 95.3 9'1.7 88.8 88.5 85.3 85.0 96.3 95.7 87.8 87.5
2500 ' 93.7 98.7 86.8 86.3 83.8 82.8 94.7 93.7 85.8 85.3
315o 91.9 90.I+ 84.7 83.8 81.2 80.3 92.9 91._ 83.7 82.8
4000 90.0 87.6 82.5 80.8 79.o 77.3 91.o 88.6 81.5 79.8

5000 88.0 88.I+ 80.2 77.6 76.7 71+.l 89.0 85.1; 79.2 76.6
6300 85.8 80.8 78.0 711.2 78.5 70.7 86.8 81.8 77.0 73.B
_oo0 83.3 77.II 75.11 70.9 71.9 67._I 84.3 78.8 7_1.8 69.9

10000 81.o 74.0 73.0 67.6 69.5 611.1 8B.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 64.2 54.6 60.7 51.1 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 _8.5
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TABLE I1-7

TABOLATIO_ OF SEL VALUES FOR DIFFRRE_IT AIRCRAFT

Business Jec Alrcraf_

Aircraft: Cessna Cessna Commodore Jet Commodore Jet Dassaulb Fan Jet Dsssaulb Fan Jet
01taLlon Clta_ion gommunaer 1121 CommanSer 1121 Falcon, TWO Falcon. Two

TwO JTI5 D-I Two JTI5 D-I Two CJ610-5 Two CJ610-5 CJ70O-BB CJT00-0B
Turbofas Bng. Turbofan Eng. Turbojet Eng. Turbojet Eng. Turbofan Eng. Turbofan Eng.

Ope_a_ion : Takeoff Approach Takeoff Approach Takeoff A proach
Airspeed: l15gt 115Kt 145Kt 140Et 140Kt I_0Et
Power: Fn = 1550 ibs. Fn = 510 ibs Fn = 2_;70Ibs. FN = 1170 ibs.

SELI dB SELl,dB GEL, dB gEL, dB gEL, dB gEL, dB

Ground Grour*d Ground Ground G_'ound Ground
Distance, AI."to _o Air to to Air to to Ai_ to to Air to to Air _o to

ft. Ground Ground Qround Ground Ground C.round Gz,ounG Ground S."ound (]round 0round O."ound

200 9?.2 97.2 86.9 86.9 101.6 121.6 108.0 108.0 107.0 107.0 1GO.4 100._
250 96.0 96.0 85.7 85.7 120,_; 120.1_ 106.9 I06.9 105.5 105._ 99.1 99.1
315 91_.5 94.9 84.5 811.5 119.1 _19.1 105.7 105.? 103.5 103.9 97.6 97.6
400 93.7 93.7 83_B 83.0 117.? ii'/.7 1011.5 i04.5 100.3 102.3 96.1 96.1
500 90.5 92.4 81.9 81.9 i16.3 116.3 103.3 103.8 lO0.7 100.7 911.5 94.5
630 91.2 91.1 80.6 B0.5 11_1.9 114.9 100.0 10S.0 99.1 95.1 92.7 92.7
_O0 89.9 89.8 79.2 79.1 113.3 113.3 100.? I00.6 97.5 97.5 90.8 90.8
1000 88.5 88.3 77.8 77.6 lll.? 111.7 99.3 99.2 95.9 95.8 88.8 88.8
1250 87.1 86.7 76.3 ?6.0 110.0 109,9 97.8 97.7 911.2 9_I.i 86.7 B6.6
1600 85.5 85.1 74.7 ?J;.3 i08.2 108.1 96.2 96.1 92.5 92.2 80.5 84.B
B000 83.9 83.3 73.1 72.6 106.3 106.1 94.5 94.3 90.7 90.3 80.3 81.8
2500 82.2 81.2 7L.5 70.4 1011.2 108.8 92.7 92.3 88.7 88.1 80.0 79.4
3150 80.4 78.7 69.7 67.9 100.0 101.3 90.7 90.1 86.6 85.6 7?.9 76.8
4000 78.5 75.8 67.9 69.2 99.7 98.3 88.6 8?.5 8J}.4 82.6 75.7 70.1
5000 76.h 72.1_ 66.0 62.0 97.1 9JI.8 86._I 84.11 82.0 79.1 73.5 71.0
6300 74.2 69.0 63.9 58.5 9_.I& 90.8 83.9 81.0 79.1; 75.1 71.2 67.6
8000 71.8 65.8 61.8 55.5 91.4 87.1 81.2 77.7 76.5 71.I; 68.8 61J.4
10000 69.3 61.7 59.5 82.2 88.2 82.9 78.1_ 74.1 73.6 67.0 66.0 60.8
12500 66.5 57.6 57.1 _18.5 81;.7 78.3 75.3 70.0 70.5 62.5 63.6 56.7
16000 63.9 53.1 94.5 44.5 81.0 73.1 71.9 65.5 67.2 57.3 60.8 50.2
20000 60.3 _8.0 51.7 40.2 76.9 67.2 68,_I 60.h 63.7 51.6 57.8 47.2
25000 56.9 42.5 k8.6 35.4 72.1; 60.? 6_I.6 54.7 60.0 I;5._I 5_1.7 41.7
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TABLE II-8

TABULATION OF SEL VALUES FOR DIFFERENT AIRCRAFT

Business Jet Aircraft

Aircraft; GageB Le_rjet Gates Leafier Grumman _rummalt
2tl& 25 2/I& 25 Gulfstream II Gulf stream II

Two 0J610-6 Two CJ610-6 Two SPEY 511-8 Two SPEY 511-8
Turbojet Eng. Turbojet EriE, Turbojet Eng. Turbojet EnF,.

Operation: Takeoff Approach Takeoff Approach
Airspeed: 155Kt 150Kt 175kb 155kt
Power: Fn = 2500 Ibs, FS * 1050 lbs Fn = 9300 ibs. Fn = 3000 ibs.

BBL,dB SHi, dB SBL, dB SHL, dB

Gz,ound Oround Ground Ground
Distance_ Air to to Air to to Air to to Air to to

ft. Grouod Ground Ground (]round Ground Ground Ground Ground

200 121.6 12_.6 105.9 105.9 12O.l 120.1 99.6 99.6
250 120.J_ 120.11 104.8 104.8 119.0 119.0 98.5 98.5
315 i19.1 i19.1 i03.6 103.6 117.9 I17._ 97.3 97.3
1100 117.1 117.1 i02./1 i02o/_ 116.8 116.8 96.1 96.1
500 116.3 116.3 101.2 101.2 115.6 115.6 9/1.9 911.9
630 1111.9 114.9 99.9 99.9 114.5 11/1./1 93.7 93.7
800 113.3 113.3 98.6 98.5 113.3 113.1 92./1 92.3
1000 ill.? 111.7 97.2 97.i ll2.O 111.7 91.1 90.9
1250 110.0 109.9 95.7 95.6 ii0.7 ll0.3 89.6 89,t&
1600 10_..2 108.1 9/1.1 911.0 I09,3 108.7 88.2 87.9
2000 106.3 106.1 92.1_ 92.2 107.8 i07.0 86.6 86.0
2500 104.2 103.8 90.6 90.2 106.3 105,0 85.0 811.3
3150 102.0 101.3 88,6 88.0 1011.6 102,6 83.2 82.1
4ooo 99.7 9d.3 86.5 85.4 102.8 99.8 81.3 79,5
5000 97.1 9_1.8 8_1.3 82_3 100.9 96.5 79.3 76.5
6300 94.1_ 90.8 81.8 78.9 98.9 92.9 77.1 73.2
_O00 91./1 87.1 79.1 75.6 96.6 89,.9 711.8 70.2
lO000 88,2 82.9 76.3 72.0 94.2 86,5 72.3 66.9
12500 8_I.? 78.3 73.2 67.9 91.6 82.7 69.6 63.1
16000 81.0 73.1 69.8 63.4 88.8 78.1_ 66.7 58.9
20000 76.9 67.2 66.3 58.3 85.8 73.6 63.6 54.2
25000 72. I& 60.7 62.5 52.6 82.5 66.3 60.3 I_9.0
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TABLE II-9

TABULATION OF SEL VALUES FOR DIFFERENT AIRCRAFT

• Buslness Jet Aircraft

Alrcral'b: Lockheed Lo_h_d rlorthAmerican North American North American North American
_a0re 6u _abi'e80 Sabre 60 S_bre 60Jetstar I/O-140 Jetstar 1/C-180

Four PT 12A-6A ]"ourPT IBA-6A Two CF700-0D-0 Two CF700-0D-2 Two PT124-8 _o PT12J{-8
Turbojet EriE. Turbojet Eng. Turbofan EnE. Turbofan Eng, Turbojet Eng. Turbojet Eng,

Opera_Ion : Takeoff Approach Takeoff A proach Takeoff Approach
Airspeed: iI_5Nt 135 Kt 140 kt. i_i0kt. i_15_t. 135 kt.
Power: Fn = 2800 ibs, Fn - 1270 Ibs. Fn = 3_50 ibs, Fn _ 865 ibs, Fn = 2800 ibs. Fn = 800 ibs.

SEL_ dB SELI dB SELi dB SEL _ dB -- SELI dB S_[e GB
Ground Ground Ground Ground Ground Ground

Distance, AdD to to Air _o to Air to CO Air to to Air _o to Air to to
ft. Ground Ground Ground Ground Ground Ground Ground [;round Ground Ground Ground Ground

200 121.1 121.1 108.3 108.3 112.0 i12_0 96,5 96.5 119.1 119.1 i08,3 i03.3
250 119.8 119.9 107.2 107.2 Ii0.5 110.5 95.2 95.2 117.9 117.9 100.2 102.2
315 118.7 118.7 106.0 106.0 108.9 108.9 93.7 93.7 156.7 116.7 I01.0 101.0
800 117.8 i17,4 I04.8 i04.8 107.3 107.'3 92_2 92_2 115.8 i15_4 99,8 99.8
500 116.1 116.1 103.6 I03._ 105.7 I08,7 90.6 90.6 llJl.i 118.1 98,6 98.6
630 118.7 iiI_ .7 102.3 102.3 I04,1 I04,1 88.8 88.8 112.7 112.7 97.3 97.3
800 113.2 113.2 100.9 100.9 102.5 102.5 86.9 86.9 111.2 111.2 95,9 95.9
100O 111.7 111.6 99.5 99.5 100.9 100.8 88.8 88.9 109.7 109,6 91J.5 94.5
1250 ii0.i 109.9 98.0 97.9 99.0 99.1 82.8 82.7 108.1 107.9 93 0 92.9
1600 108.3 108.1 96,3 96.2 97.5 97,0 80.6 80.3 106.3 106.1 91,3 91.2
2000 106.5 106.2 9_1.5 91_.8 95.7 95,3 78. _ 77.9 104.5 108.2 89.5 89.4
2500 i04.5 103.9 92.6 90.I_ 93.7 83.1 76.1 75.5 102.8 i01,9 87.6 87,4
3150 i02.4 101.3 90.5 90.1 91.6 90.6 78,0 72.9 100.4 59.3 85,5 85.1
4000 100.1 98.3 88,1 87.5 89.1_ 87,6 71.8 70.2 98.1 96.3 83,1 82_5
5000 97.6 94.7 85.6 84.5 87.0 88.1 69.6 67.1 98.6 92,7 80,6 79.5
6300 95.0 90.7 82,8 81.1 84.11 80,I 67.3 63.7 93.0 88.7 77.8 76.1
d000 92,1 86.9 79,8 77.5 81.6 76.8 6J_.9 60.8 90.1 84,9 71_.8 72.5

iOO0O 89.0 82.7 76.6 73.5 78.6 72.0 62.3 56.9 87.0 80.7 71.6 68.5
12500 85.8 78.1 73.6 68.2 75.5 67,5 59.7 50.8 83.8 76.1 68,6 611.2
16000 82,2 ?2.8 69.7 64.1 70.2 62,3 56.9 48,3 80.2 70.8 68.7 89.1
20000 78.11 67.1 66.2 58.7 68,7 56.6 53.9 I13.3 76.2 65.1 61.2 83.7
25000 74.3 60,7 62.5 52.9 68,0 50._I 50,8 37.8 72.3 58.1 57.5 J17.9
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TABLE II-10

TABULATION OF SEL VALUES FOR DIFFEHENT AIRCRAFT

Alr0rafC: 4-Engine Turboprop Transport 8-Englne Turboprop Transport
Lockheed Hercules, Lockheed _lectral
582E, 3820, gI30H Lockheed Hercules

3828, OI30E

Operat lon: Takeof£ Approach Takeoff Ap roach
Airspeed: ii15 Kt IAO Kt 145 KZ i_0 KtPower :

SEL_ dB SEL, dB SELj dB GEL, dB

0round Ground Ground G_ound
Distance, Air _o to Air to to Air to to All* to to

ft. Ground Ground Ground Ground Ground Ground Ground ground

200 104,1 i04,1 98,4 98.9 99,1 99.1 96,4 96.4

250 103,0 103.0 97,8 97.3 98.0 98.0 95,3 95.3
315 101.8 101.8 96,I 96.1 96.8 96.8 94,1 98.1
_00 100,7 ]00.7 94.9 98.9 95.7 95.7 92,9 92,9
500 99.5 99.5 93.7 93.6 98.5 94,5 91.7 91,6
630 98.3 98.2 92.4 92.3 93.3 93.2 90.8 90.3
800 97.1 96.9 91.1 91.0 92.1 91.9 89.1 89.0

IO00 95.8 95.5 89.7 89.5 90.8 90.5 87.7 87.5
1250 98.1_ 98.0 88,2 87.9 89.4 89.0 86,2 85.9
160o 93,0 92.8 86,7 86.3 88,0 87.4 84.7 88.3
2000 91.5 90,6 85.1 84,5 86.5 85,6 83,1 82.5
0500 89.9 88.7 88.5 82.5 84.9 83.7 81.5 80.5
3150 88.2 86.5 81.7 80,3 83,2 81.5 79.7 78.3
4000 86.5 84.0 79,8 77.7 81.5 79.0 77.8 75.7
5000 84.6 81,i 77.8 74.7 79.5 76.1 75.8 72.7
6300 82,6 78.0 75.7 71.4 77.6 73.0 73,7 69.4

8000 80,5 74.8 73.8 68.3 75.5 69,8 71.4 66.3
10000 78.3 71.4 71.1 68.8 73.3 66,J_ 69.1 62.8

12500 76,0 6Z.6 68.6 60.9 7l.O 62,6 66.6 58.9
16000 73.7 63.1 66.0 56.6 68.7 58.1 64.0 5A,6
20000 71.2 58.6 83,8 51.8 66.2 53.6 61.8 49.8
25000 68.7 53,7 60.5 46.8 63.7 88.7 58.5 44,8
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TABLE II-ii

TABULATION QF SEL VALUES FOI_ DIFFEREET AIRCRAFT

Aircraft: 2-Englne Turbopz.op Transport 2-En61ne Turboprop Aircraft

with Dart Engines with PT 6 En_in_s
F-27= IIS-71_8 DIIO-6 Twin O_tei

Operation: Takeoff Approach Takeoff Approach
Airspeed: 140 Kt 120 Et 70 Et 65 Kt
PoweI,:

S_5 ; dB S_5 , d_ gEL, dB gEL , dB

Ground • 0round Ground Ground

Distance, Ai_ to to Alr to to Air to to Aiz' to to
ft., O_ound 0round Ground Ground GE,ound 0Pound _rou_d g_,cund

200 101.7 lOl.? 99.6 99.6 94,8 84,8 91.8 91.8

250 100.5 I00 6 98:2 98.2 93.6 93.6 90,5 90.5
315 99.6 99.6 96.8 96.8 92.4 92.4 89.1 89.1

400 98.5 98.5 95.2 95.2 91.I 91.1 87.7 67.7
o_ n_ 89.8 a .500 97.4 97.4 ....6 ._,6 89.7 _6,3 _6._

630 96.3 96.1 98.1 98.1 88.11 88.3 8_&.7 8_.7

800 95.1 85.0 89.8 89.7 86.9 86.7 83.0 83.0
I000 9_.0 93.7 87.7 87,6 85.4 85.1 81.3 81.2
1250 92.8 92.'3 85.5 85.3 83,8 83.3 "79.4 79.3
1600 91.5 90.? 83,2 82,? , 82.1 81.4 77.4 77.3
2000 90.3 69.2 80.8 80,0 80.11 79.3 75.3 75.1

2500 89.0 86.7 78.5 77.II 78.5 77.0 78.i 72.8
3150 87.6 83.8 76.4 711.2 76,6 74.5 70.7 70,2
4000 86.1 80.4 711.3 71.o 74.7 71.6 68.2 67,3
5000 84.6 76.8 72.3 68,0 72.7 68.4 68.2 64.0

6300 . 82.9 73.8 70.3 64.9 70.8 64.8 62.8 60.3
8000 81.1 70.6 68.3 61.6 68.8 61.11 60.1 56.6
1Q000 78.1 67.8 66.3 58.1 66,8 57.7 57.3 52.6
12500 77.0 66.0 64.2 54.1 611.7 53,7 511.5 48.2

16000 74.6 61,,9 62.1 50.1 62.6 I19.5 51.7 43.tl
20000 72.1 58.4 59.9 48,8 60.11 45.2 tl�.0 38.3
25000 69.3 5_1.5 57.7 41.5 57.9 40.9 I16.1 32,8

-15-



TABLE YI-12

TABULATIO;I OF SEL VALUES FOE DIFFERENT AIRCRAFT

Aircraft: Pl-EnglzcP!zt=n 2-Bngln_Pizton
Transport Transport

(>12,900 ibs. Max. Oross Wt.)

Operation: Takeoff Approach Takeof_ Approach
Airspeed: 140 Kt. IBO KS. 140 Kt. 120 Kt.
POWeD :

SBL, dB SEL, 08 SEL, dB SE_, dS
O_.ound B_.ound Ground Ground

Distance, Air to to Air to to Air Bo to Air to to
ft. Oround Ground Oround Ground Ground Ground Oround Ground

200 106.6 106.6 96.4 96.4 103.6 103.6 93.1J 93.4
25O 105.9 105.9 99.3 95.3 102.8 102.9 92.3 92.3
315 104.4 104,4 94.2 94.2 i01,4 101.4 91.2 91.2
400 103.2 103,2 93.1 93.1 100.2 100.2 90,1 90.1
500 lO2.O lO2.o 92.0 92.0 99,o 99.0 89.0 89.o
63o 10o.8 lOO.6 9o.8 9o.6 9?.8 9?,6 87.8 87.6
800 99.5 99.2 89.6 89.2 96.9 96,2 86.6 86.2

iO00 98.2 97.6 8_.4 87.7 55.2 94.6 85.4 84.7
1250 96.8 96.0 87.1 86.1 93.8 93.0 84,1 85.I
1600 95.14 94.2 85.8 8I;.II 92.4 91,2 82.8 81.4
2000 94.0 92.3 83.4 82.6 91.0 89.3 81.4 79.6
2500 92.5 90.2 82.9 80.5 89.5 87.2 79.9 77.5
3150 90.9 87.8 81,4 78.0 87.9 84,8 78.4 75.0
4000 _9.5 US.O 79.9 75.3 86.3 80.0 76.9 72.3
5000 87.6 91.9 ?8.2 72.2 84.6 78.9 75.2 69.2
6300 85.9 78.6 76.5 69.1 82,9 75.6 73.5 66.1
_000 84.0 75.5 74.7 65.8 81.o 72.5 71.7 62,8

lOOO0 _2.0 72.4 72.8 62,7 79.0 69.4 69.8 59.7
12500 79.9 69.9 70.7 59.2 76.9 66.9 67.7 56,2
16000 77.7 65.1 68,5 99.5 ?It.7 62,1 65.5 92.5
20000 75.2 61.0 66.2 51,5 72.2 58.0 63.2 48.9
25000 72.8 56.6 63.6 h7.3 69.6 53.6 60.6 44.3
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TABLE IZ-13

TABULATION OF SEL VALUES FOR DIFFERENT AIRCRAFT

Aircraft; 2-Engine PistonAircraft l-Engine Piston
Aircraft

(<12,500 ibs. Max. 0z,oss Wt.) (180 bp or less)

Operation: Takeof_ Approach Takeoff Approach
Airspeed: ii0 Kt, 90 Kt. 110 Kt. 90 K_,
Power:

SEL, dB SEL_ d8 SEL, dB SEL _ dB
0round fi_oond 0round Oround

Distance, 11_ _o _o Air to _o Air to to AAr 0o to
ft, 0round 0round O_ound Oround 0round O_ound Oround Ground

200 93-3 93.3 86.9 86.9 90.3 90.3 83.9 83.9
250 92.2 92.2 85.7 85.7 89.2 89.2 62.7 82.7
315 _i.i 91.1 84.6 84.6 88,1 88.1 81.6 81.6
400 90.1 90.0 88.4 83.4 87.1 87.0 80,4 80.Jl
500 89.0 88.9 80.2 82.2 86.0 85.9 79.2 79.2
680 87.6 87.6 81.0 80.8 84.6 64.6 78,0 77.8
800 86.7 86.3 79.7 79,4 83.7 83.3 76.7 76.4

I000 85.5 84.9 78.4 77.9 82.5 81.9 75._ 7_1.9
1050 84.3 88.4 77.1 76.2 81.3 80.4 74.1 73.2
1600 83.0 81.7 75.7 74._ 80.0 78.7 72.7 71.4
2000 81.7 80.0 7q.3 70.5 78.7 77.0 71.3 68.8
2800 80.5 77.9 70,8 70,3 77,8 78.8 69.8 67,3
3150 78.9 75.5 71.2 67,8 75.8 72,5 68.0 6_.8
J_o00 77.4 76.2 69.6 64.9 7_.4 69.6 66.6 61.8
500O 75.6 69.4 68.0 61,6 72.8 66.4 65.0 58.6
6300 74.1 65.7 66.3 58.1 71.i 62.9 63.3 55.1
8O00 70.3 63.3 64.5 55.2 69.3 60.3 61.5 52.2

i0000 70.3 60.4 6H.6 52.0 67.3 57.4 59.6 Jl�.0
12500 68.2 57.1 60.6 _18.6 65.2 54.1 57.6 45.6
16000 65.9 53.5 58.4 44.9 62.9 50.5 55.4 41.9
20000 63.4 49.5 58,1 IIi,i 60.4 86.5 53.1 38.1
25000 60.7 45.2 53.6 37.1 57.7 _IS.2 50.6 3_.i
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" I _ "_here:

q
.. o = air density as aircraftaltitude

e = speed of sound at aircraft altitude

T = absolute _empera_ure at aircraft altitude

and subscript "o" _'efers to sea level standard day unless
otherwise specified.

,1

kJ

,J

J

J _
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III TECHNICAL BACKGROUND

..- A. Basic SEL Definition

The sound exposure level (SEL), in dB, as defined in Reference 18

is the level of the tlme-lntegrated mean square A-weighted sound
q

pressure for an event, with a reference time of one second:

_ AL

f lOSEL = i0 log iO dt

; _ For purposes of aircraft noise evaluation, SEL is usually com-
puted from A-levels sampled at discrete intervals of 0.5 seconds

or less. Thus the working expression for SEL becomes:

d d
k =

At

SEL = I0 log l0 + I0 log At

k=O

where d is the time interval during which AL(k) is within

I0 dB of the maximum A-level, and At is the time interval

bet4een noise level samples.

The SEL is identical to the single event noise exposure level

(SENEL), in dB, as defined in Reference 19 except _hat the

SENEL is d_fined in terms of integration (summation) from a

threshold noise level approximately 30 dB below the maximum

level, while, in this report, SEL is defined in terms of

integrationover noise levels within i0 dB or more of the
maximum value. Integration over only the upper l0 dB yields

i_I acceptable values that typically differ by 0.3 dB or less

-19-
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from values based on integration over 30 dB.

i'_ _. A cone-corrected sound exposure level (SELT), in dB, can alsobe defined for a noise event as follows:

ALT

'J [
SELT = l0 log j l0 l0 dt

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

of 0.5 seconds or less, as follows:
d

k = At

ALT(k)Z --I 10"" ' ' SELT= l0log I0 + I0logAt

i _ where d is the time interval daring _,lhichALT (k) is within
!0 dB of ALTM, and At is the time interval between noise level

i_ samples

I The _one correction applied to the A-level in the above
expressions is that used in calculating the tone-corrected

i _ perceived noise level. _us the calculation of the SELT is

i parallelled to the calculation of the effective perceived noiselevel, exeep_ for the use of the A-weighting network, and.

i _ reference to a one-second duration in SELT computations.
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B. General Approach

For DNL calculations, SEL values are needed over a wide range

of distances. The field noise data for any particular aircraftand operating condition are typically available only at one or,

at mess, a few distances. Thus, to generate curves, there is

iI need for both:

___. a) accurate noise levels measurements at one or
more distances;

b) an analytic model for generating SEL values as

a function of distance.

Analytic models of varying complexity can be developed for

predicting aircraft noise. Tbe more complex models often

require more complete noise information than is generally

available from most field measurements, The basic approach
for this study has been to utilize a relatively simple

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

have been used, particularly in developing the noise curvesfor major transport aircraft. The resulting noise vs. distance!

curves have then been compared with noise curves from o_her

studies. Engineering Judgment has been used to select what

is believed to be the most representative set of curves.

of noise data and the number of cbeckpoints
Because the amount

varies considerably with the type of aircraft, the degree •of

_ cross checking and comparison varies considerably among the
ii

different aircraft.

Because the SEL is a relatively new noise measure many

I' I

._ -21-
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available sources of noise data do not report SEL values even
_ where complete speeurum information and EPNL values are

reported. Thus, in general, a_ this time there are greater
uncertainties in the SEL curves, as compared to EPNL or

perceived noise level curves.

?,
C. AnalFtlea] Noise Model

The model assumed for developing SEL values at the different

distances assumes that the SEL at any distance is equal to the

_ maximum A-level, ALM, plu_ a "duration factor," D:

SEL= ALM+D

If the quantities in the above equation are known at one
distance, Xo_ and the ALM can be estimated for another distance,

x, the duration adjustment, AD, is assumed to be simply i0

times the logarithm of the ratio of the two distances: I

AD= i0logx
X o

The working equations can be developed in more complete form

with reference _o Figure 1. For simplicity of discussion we

_ assume level flight noise data has been obtained at position P
(see Figure l) with all data adjusted to standard day conditions

_ and the desired aircraft altitude and reference air speed.*

At P, the distance of closest approach, Xc, is known. Also,

corrected _alues of the sound exposure level, SELxo, and the
one-thlrd octave band spectra a_ the time of ALM, SPLix , are

o

--iI _Reference 6 outlines the calculatioh steps for correcting

level flight data _o reference conditions.

"_ -22-
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known. The angle of radiation from the aircraft that produced
SPLix , 8, is also known*.

O

M_

_'_ At any distance x, it is assumed that the ALM at x can be

calculated from the corresponding one-third octave band levels:

a i
_.pr ..... x (i)---ix .....ix - s-_nO (x"Xo) - 20 log _-

where aI are the one-third octave band atmospheric absorption

._ coefficients at, standard day conditions.

With ALM x known, SE[,x i:_ glven by:

SELx = SELa - ALx - AL + lO log x (2)
,q o %

This model, then, requires knowledge of the one-third octave

, " ._ band seecsrum observed at. _he time of the maximum A-level, and

the angle of radiation, either known or assumed. In applying

.. _ the model to available data, values of 0 were often not known,

. _J and estimates of F_were then used,

_d D. Sources of' Noise Data

• . A number of sources of noise data have been used in developing

• SEL versus distance curves, The sources of data, with ref-

erence to tile general type of measurement condition, can be
, : _._ classified as (a) controlled tests _u_d (b) airport measurements

(uncontrolled). The use of the word "controlled" implies

• *For most of the data utilized in this study, the _.and
" ,_ accompanying ho.lse spectra were based upon Pk_LTMor PNLM,

"' ,_ rather "than'ALN. As discussed ill Refez'eace 6_ use of the
PNLTM spectra can lead to underestlma_.ion of' SEL values
at larger distances for some aircraft. However, for most

aircraft, it is believed that _hls error is small comparedto other uncertainties.

' I

J -24-



• II

_I Report 2759 Bolt Beranek and Newman Inc.

control, and/or knowledge of aircraft performance and engineoperating parameters. The quality of the nolso data in terms

of accuracy of the acoustic measurements often is not signi-

ficantly different between the controlled or airport tests,

nut aircraft information is less detailed in the latter.

Data from _qPport rea2,tvr!gents serve :.:ellin _bt_,,_n_ _i_

shapes of SEL versus distance curves. However, to peg the SEL

curve as a function of known engine parameters, the controlled

_es_s are often most useful..* Table III provides a briefsummary of the sources of the data for different major aircraft

types. BBN-supplled data includes airport measurements obtained

at airports such as Los Angeles International Airport, San

Jose Municipal Airport, Orange County Airport and Anchorage,

','," . _ Alaska, among others. The business Jet information provided

by BBN came largely from certification tests conducted in full

accordance witl_ FAi( •50, plus other contro].led and airport tests.

Most _ropeller aircraft measurements were airport measurements;

however, results from some controlled measurements were alsoutilized.

The data from the aircraft manufacturers includes noise spectra

information furnished inflormall_/ by Boeing and Douglas. The

data also includes noise curves and spectral informationTcon-, _ ]_/')

talned in a number of di.aft reports prepared for the FAA"

_I and data reported to NASA 15/._- Other sources.,::
of information

include tests conducted for the FAA 14"_£/.

-_ *Even here, the airport data serves as a cheek upon controlled
i _es_s where data may not have been obtained during realistic

aircraft operating soi_ditions.

-25-
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i :/ .

SUMMARY OF ATECHAFT NOISE DATA SOUaC_S
"I

J

; _ Airframe

._'i:_ii J AircraftType BBN Manufacturer Other

4-EngineTransportLBPR(707, De-a) Airport Controlled Controlled

4-Engine LBPR (707, D0-8) Controlled --
Retrofit

,_ 2, 3-EngineLBPR Airport Controlled Controlled_ Transport (737, DO-9,
3' :_..: 727)

' _ 4-Engine HBPR (71t7) Airport Controlled --

,_ 3-Engine HBPH (DO-10) Airport Controlled --

"_ Business Jet Aircraft Controlled _ ....

: ' • Propeller Airer&ft Aiz'pert, -- Controlled
Controlled _

C

2:
_Controlled includes noise eertifleatlon tests (FAB 3S) au well as

(': _ other formal aircraft flight test measurements.

..... i i -26-

• _
7



, _, ,k_._

[T

Beporz 2759 Bolt Beranek and Newman Inc.

J

As noted earlier, because of the relatively recent introduction

of the SEL noise measure, most aircraft noise reports do not

provide SEL values even where spectrum end EPNL information

may be reported. Thus, even when spectrum data were available

to permit the determination of the variation of SEL values

with distance (using the analytic model described earlier),"
the lack of any measured SEL value at the reference condition

introduces a potential error in pegging the SEL curve to

absolute levels. Where SEL information at reference conditions

was lacking but EPNL values were known, differences between

EPNL and SEL values were estimated using measured differences

between EPNL and SEL values obtained from other measurements.
b

Particularly usefulwerethe EPNL and SEL differences available
from data of References 20 and 21.

, ' m. Comearison of _olse Curves

In contrast to _he EFNL curves where it is often found that

relatively small differences in spectrum shape can result in

sizable differences in the EPNL vs. distance curves 17/, the
shape of the SEi vs. distance curves is quite tolerant of

differences in spectrum shape. Thus there is much greaterconsistency among SEL vs. distance curves derived from noise

data from different sources than is the case for the EPNL

curves derived from the same information. Part of this

_rsa_er consistency results from the omission of any tone

in the basic SEL computations.
adJus_menzs

!] Another trend of gEL curves, compared with the EPML curves

_'_ generated from the same basic data, is that the SEL values

will generally show a slower rate of decrease with distancethan the EPNL values. Figures 2 snd 3 illustrate this general

_. characteristic whieb is observed for most Jet-powered

-27-
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aircraft Figure 2 shows EPNL and SEL curves for typical

takeoff and approach thrusts for four-engine LBPR transport

aircraft (707 and DC-8 aircraft with JT3D series engines).

Figure 3 shows EPNL and SEL curves for typical takeoff and
approach thrusts for a three-englne HBPR aircraft (Douglas

DC-1O-IO with CF6 series engines).

2

2....

-30-
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