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ABSTRACT 

This Aerospace Information Report ( A I R )  describes procedures for  calculating 
sound exposure levels  a t  g round  locations result ing from operations of j e t  and 
propeller driven airplanes in the vicini ty  of  an airport .  The procedures assume 
tha t  reference noise and performance d a t a  are  available for  each airplane 
involved. The fundamental element of the procedures i s  a method for  calculating 
the A-weighted sound exposure level (SEL) t h a t  would be produced, on average, by 
any specific airplane when performing any specified operation. Procedures a re  
given for  calculating sound exposure levels  f o r  individual airplane operations 
and for the average sound level produced by the cumulative e f fec t  of a se r ies  of 
different  airplane operations, normally expressed i n  terms of day-night average 
sound level ( D N L )  averaged over an appropriate l o n g  time period. 

The principal purpose of  using the procedures recommended i n  t h i s  AIR t o  
calculate contours of equal average sound level i s  t o  a s s i s t  i n  land-use planning 
around airports .  Contours of equal sound level may be constructed by connecting 
1 ines through individual points of constant sound level.  While the procedures of 
t h i s  A I R  descriLe the computation of sound levels  a t  any point i n  the vicini ty  of 
an a i rport ,  the procedure f o r  calcul a t i o n  of contours i s  computer-program 
dependent and i s  n o t  a par t  of t h i s  A I R .  
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INTRODUCTION: 
ground by an a i r p l a n e  opera t i on  i s  dependent on a number o f  fac to rs .  
f a c t o r s  are:  a i r p l a n e  and engine type; power, f l a p ,  and a i rspeed management 
procedures; d is tance from the  l o c a t i o n  near t h e  ground t o  t h e  f l i g h t  p a t h  o f  
t h e  a i rp lane ;  and t h e  e f f e c t s  o f  l o c a l  topography and weather on sound 
propagat ion.  
a i rp lanes ,  va r ious  f l  i g h t  procedures, and a range o f  opera t iona l  weights. 
Cumulative average sound l e v e l s  computed by t h e  procedure descr ibed i n  t h i s  
A I R  a re  s u i  tab1 e f o r  1 and-use p lann ing  purposes. 

The sound exposure l e v e l  produced a t  a f i x e d  l o c a t i o n  near t h e  
Pr imary 

A i r p o r t  opera t ions  genera l l y  i n c l u d e  d i f f e r e n t  types o f  

I n  t h i s  document, no ise  f rom i n d i v i d u a l  a i r p l a n e  opera t ions  i s  descr ibed i n  
terms o f  sound exposure l e v e l  (SEL, symbolized LAE) w h i l e  t h e  cumula t ive  
no ise  from a s e r i e s  o f  a i r p l a n e  opera t ions  i s  descr ibed i n  terms o f  day-n igh t  
average sound 1 evel (DNL, symbolized Ldn), i n  conformance w i t h  Reference 
1. Recommendations f o r  measurement o f  a i r p l a n e  sound l e v e l s ,  data 
normal i z a t i o n  t o  re fe rence atmospheric cond i t i ons ,  and e x t r a p o l a t i o n  o f  t h e  
measured data t o  propagat ion d i  stances normal l y  occu r r i ng  i n  contour  
cons t ruc t i ons  a r e  i nc luded  i n  t h i s  A IR .  The method descr ibed f o r  
e x t r a p o l a t i n g  t h e  SEL may be a p p l i c a b l e  t o  o t h e r  types of no ise  descr ip to rs . *  

A i rp lane  performance i s  est imated f rom simp1 i f i e d  equat ions which r e q u i r e  
airplane-dependent c o e f f i c i e n t s .  
i n c l u d i n g  i n  t h e  SEL model ing process t h e  e f f e c t s  of changes i n  f l i g h t  
p r o f i l e  which r e s u l t  from changes i n  ope ra t i ona l  procedure o r  m iss ion  weight.  

Th i s  prov ides a p r a c t i c a l  method o f  

Th i s  A I R  descr ibes t h e  step-by-step method f o r  c a l c u l a t i n g  SEL a t  any p o i n t  
near t h e  ground i n  t h e  v i c i n i t y  o f  an a i r p o r t .  
c a l c u l a t i o n  o f  a s ing le -event  o r  cumula t ive  no ise  contour  i s  b e s t  
accomplished by a computer. 
con tour  c a l c u l a t i o n s  i s  n o t  a p a r t  o f  t h i s  A I R .  
connect ing p o i n t s  of equal sound expmure  l e v e l  produced by one a i r p l a n e  
du r ing  a s i n g l e  t a k e o f f  o r  approach opera t l on  have been genera l l y  r e f e r r e d  t o  
as sing1 e-event contours o r  f oo tp r in t s . ' '  An exampl e contour  i s  shown 
schemat ica l l y  on F ig .  1. Contours formed by connect ing p o i n t s  of equal 
cumulat ive average sound l e v e l  produced by a s e r i e s  o f  a i r p l a n e  opera t ions  
t h a t  have occurred over  a spec i f i ed  t i m e  per iod ,  such as 24 hours, a re  c a l l e d  
cumulat ive no ise  contours.  
con tours  i s  s i m p l i f i e d  by e s t a b l i s h i n g  a s i n g l e  s e t  o f  a i r p o r t  re fe rence 
condi  ti ons ( temperature, humid i ty  , a i  r p o r t  a l  ti tude, and wind speed) based on 
y e a r l y  average c o n d i t i o n s  e t  several ma jor  wor ld  a i rpok ts .  Ranges o f  average 
annual env i  ronmental c o n d i t i o n s  a re  s p e c i f i e d  f o r  which t h e  no ise  1 evel s 
r e s u l t i n g  f rom t h e  procedures can be considered s u f f i c i e n t l y  accurate f o r  t h e  
purpose o f  1 and-use p l  anni ng. 

The t o t a l  procedure f o r  

The d e s c r i p t i o n  o f  computer programs t o  perform 
Noise contours  formed by 

I n  t h i s  A I R  t h e  computat ion o f  a i r p l a n e  no ise  

*StL i s  recommended i n  ANSI S3.23-1980, (Ref. 1 )  and IS0 1996, P a r t  1, (Ref. 
2). Other no ise  desc r ip to rs ,  e.g., E f f e c t i v e  Perceived Noise Level, Maximum 
Perceived Noise Level ,  and Maximum A-Weighted Sound Level have a l  so been, i n  
some instances,  used f o r  a i r p o r t  no ise  assessments, i n c l u d i n g  t h e  
determi n a t i  on o f  permi s s i  b l  e 1 and uses around an a i r p o r t .  
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F o r  a p a r t i c u l  a r  a i r p l  ane, t h e  re1 evant manufacturer shou 
t h e  bas i c  aerodynamic, engi  ne-performance, and a c o u s t i c a l  
per form t h e  computations i n  accordance w i t h  t h e  recommend 

d be consu l ted  f o r  
data needed t o  
t i o n s  o f  t h  s A I R .  

A p p l i c a t i o n  o f  t he  techniques presented h e r e i n  t o  uses o t h e r  than e s t  
a i r p l a n e / a i r p o r t  cumulat ive no ise  l e v e l s  was n o t  considered. 

niat i  ng 

2. PRINCIPAL CONSIDERATIONS I N  COMPUTATION OF SOUND LEVELS: Calcul  a t i o n  o f  
soutid exposure l e v e l  near an a i r p o r t  r e q u i r e s  t h r e e  p r i n c i p a l  types o f  data; 
a i r p l a n e  f l i g h t  performance, a i r p l a n e  no ise  c h a r a c t e r i s t i c s ,  and adjustment 
f a c t o r s  t o  be a p p l i e d  t o  t h e  base l i ne  ( i n d i v i d u a l  a i r p l a n e )  no i se  
c h a r a c t e r i  s t i c s .  

2.1 A i r p l a n e  Aerodynamic-Performance C h a r a c t e r i s t i c s :  Determinat ion o f  t h e  
d i s tance  between an observat ion p o i n t  and t h e  a i r p l a n e  f l i g h t  p a t h  r e q u i r e s  
c a l c u l a t i o n  o f  t h e  l o c a t i o n  o f  t h e  f l  i g h t  p a t h  r e l a t i v e  t o  an a i r p o r t  
coo rd ina te  system. 
( o r  assumptions f o r )  a i r p l a n e  weight, speed, f l a p  and thrust-management 
procedures, a i r p o r t  e leva t i on ,  and wind and a i r  temperature. 

Determinat ion o f  t h e  f l i g h t  p a t h  r e q u i r e s  knowledge o f  

Equat ions t o  c a l c u l a t e  t h e  r e q u i r e d  propul  s i o n  and aerodynamic parameters 
a re  g i ven  i n  Appendix A. Each equat ion con ta ins  c o e f f i c i e n t s  ( o r  constants)  
which a r e  based on e m p i r i c a l  data f o r  each s p e c i f i c  a i r p l a n e  type. 
aerodynamic-performance equat ions i n  Appendix A p e r m i t  t h e  c o n s i d e r a t i o n  o f  
any reasonable combinat ion o f  a i r p l a n e  opera t i ona l  weight  and f l i g h t  
procedure, i n c l u d i n g  operat ions a t  maximum t a k e o f f  gross weight. 

a i r p l a n e  a re  s p e c i f i e d  by sound exposure l e v e l s  a t  l o c a t i o n s  under t h e  
f l i g h t  p a t h  as f u n c t i o n s  o f  t h e  minimum d is tance  t o  t h e  a i r p l a n e  and t h e  
c o r r e c t e d  n e t  t h r u s t *  [ o r  o t h e r  app rop r ia te  engine-power parameter( s )  1 
produced by each engine a t  p r e s c r i b e d  reference cond i t i ons .  The SEL 
reference data base i s  def ined f o r  t h e  computat ional  re ference c o n d i t i o n s  o f  
Sec t i on  2.3. 
l o c a t i o n s  n o t  d i r e c t l y  under t h e  f l i g h t  path, a re  determined by app ly ing  
adjustments t o  t h e  base l i ne  data. 

Appendix B descr ibes recommended procedures f o r  developing an a i r p l a n e  SEL 
re fe rence  data base from no ise  measurements made d i r e c t l y  under t h e  f l  i g h t  
path,  
d i f f e r i n g  from those associated w i t h  t h e  measured sound l e v e l s ,  a 
recommended method f o r  e x t r a p o l a t i n g  t h e  measured sound 1 eve1 s t o  b o t h  
s h o r t e r  and g r e a t e r  d i s tances  i s  a l s o  prov ided i n  Appendix B. 

The 

2.2 A i r p l a n e  Acous t i ca l  C h a r a c t e r i s t i c s :  The no ise  c h a r a c t e r i s t i c s  of each 

Sound exposure l e v e l s  f o r  a l l  o t h e r  f l i g h t  cond i t i ons ,  o r  

Since a i r p l a n e  sound l e v e l s  must o f t e n  be est imated f o r  d i s tances  

*The terms "co r rec ted  n e t  t h r u s t "  and " r e f e r r e d  n e t  t h r u s t "  a r e  b o t h  i n  use 
t o  descr ibe the  q u o t i e n t  o f  t h e  a c t u a l  n e t  t h r u s t  d i v i d e d  by t h e  r a t i o  o f  
ambient pressure a t  t h e  a i r c r a f t  a l  t i t u d e  t o  standard-day atmospheric 
pressure a t  mean sea l e v e l .  

COPYRIGHT SAE International (Society of Automotive Engineers, Inc)
Licensed by Information Handling Services

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r18

45

https://saenorm.com/api/?name=12f178248d32d74345581643f67319bc


S A E  AIRu1845 8b rn 8357340  0 0 0 b 4 3 8  O m 

- 5 -  

Sourid ex9csure levels a t  locations t o  the side o f  an a i rplane 's  f l i g h t  track 
are lower than  the levels a t  locations direct ly  underneath th: airplane,  a t  
the saine distance, due t o  c round attenuation and airplane shielding 
e f fec ts .  This reduction i n  sound level i s  called la teral  attenuation. 
Procedures f o r  deterrni ni ng 1 ateral  attenuation are descri bed i n  SAE A I R  
1751, (see Ref. 3) and are summarized in Section 3.5 of t h i s  A I R .  

I n  addition t o  l a te ra l  attenuation, other adjusttxents are required t o  
account  f o r  the following: 

( a )  Increased somd expcsure levels behind a n  airplane a t  the s t a r t  of 
takeoff rol 1 .  

2.3 

( b )  Change 

( c )  Change 
val ue. 

n sound d u r a t  

n sound durat 

on as  a resu l t  o f  acceleration during takeoff. 

on f o r  airspeeds different  from the reference 

Change in sound exposure level f o r  airplane t o  receiver distances 
differing from values specified in the reference d a t a  base. 

Chariye in sound expcsure level f o r  engine power set t ings different  from 
those specified with the basel ine acoustical d a t a .  

( f )  Effect on sound exposure level of  airplane turns d u r i n g  climbout and 
approach. 

Procedures t o  account f c r  those e f fec ts  are described in Sectiori 3 .  

Computational Reference Conditions: Atmospheric pressure, a i r  temperature, 
re la t ive hwidi ty ,  hind conditions, runway gradient, and type of te r ra in  
i nfl uence ai rpl ane performance and noi se received by an a i rport  community . 
To simp1 i fy the cal cul ation of a i  rpl ane noise contours, a i  rpl ane performance 
and noise d a t a  are deve1 oped f o r  cer ta in  computational reference conditions. 
Use of  reference conditions, while necessary f o r  practical implementation of 
a computational procedure, al so provides reasonably accurate calcul ations of 
cumulative sound level as described in Appendix D. 

Variations in individual parameters cause deviations from the computational 
reference conditions t h a t  can of fse t  each other or can be additive,  e.g. ,  a 
reduction in the maximum power available because of a high a i r p o r t  elevation 
can t;e c f f se t  by wind o r  temperature conditions. Furthermore, since noise 
propagation i s  influenced by re la t ive  humidity, temperature and local topog- 
raphy, deviations from reference values in those factors can of fse t  each 
other or be additive in the i r  e f fec t  on the result ing noise level. 
f inal  s e t  o f  contours which are  produced t o  represent a specific a i rpor t  
si tuation shoul d al ways i ncl ude a determi nation as t o  whether the reference 
conditions can be considered representative o f  the prevailing local 
conditions on a long-term average basis. 

The 
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The f o l  low ing  recommendations f o r  computat ional  re fe rence cotidi t i c n s  a r e  
based on va lues t h a t  have b ten  t y p i c a l l y  used f o r  a i r p o r t  nc i se  s tud ies  and 
t h a t  a l  50  agree reasonably we1 1 w i t h  1 ong-term average c o n d i t i o n s  e x i  s t i  tig 
a t  severa l  n û j o r  t ì i r p o r t s  around t h e  wor ld.  

Reference Cond i t ions  f o r  Noise Data: 

1)  Atmospheric pressure:  131.325 kPa (1013.25 mb) 
2) Atmospheric abscrp t ion :  a t t e n u a t i o n  r a t e s  1 i s t e d  i n  Table B i  

3) P r e c i p i t a t i o n :  hione 
4) !slind speed: Less than 6 rn/s ( 1 5  knots )  
5 )  Airsoeed: 1Gû knots  

Appendix B 
F 

G) Lucai t e r m i n :  f l a t  and f r e e  o f  l a r g e  s t r u c t u r e s  o r  o t h e r  r e f l e c t i n g  
ob jec ts  w i t h i n  severa l  k i lo ine ters  o f  an a i r p l a n e ' s  
ground t r a c k  

Reference Cond i t ions  f o r  C a l c u l a t i o n  o f  A i r p l a n e  Aerodynaiiiic and Engine Data: 

i)  Wind: ri m/s ( &  kno ts )  headwind cons tan t  w i t h  h e i g h t  above ground 
2) RunKay e l e v a t i o n :  w a n  sea l e v e l  
3) Runway g rad ien t :  None 
4) A i r  temperature:  15°C 
5 )  Takeof f  gross weight :  
6 )  Landing gross k ie ight:  
7 )  Number o f  engines supp ly ing  t h r u s t  a long any segment o f  t h e  f l i g h t  

path:  A l l  

85 percent  c f  maximum t a k e o f f  gross weight  
90 percent  o f  maximum land ing  gross we igh t  

NOTES : 

( 1 )  Compbtational p r o c e m r e s  d e t a i l e d  i n  Appendix A permi t adjustment o f  
a i r p l a n e  f l i g h t  paths f o r  l o c a l  c o n d i t i o n s  t h a t  d i f f e r  f rom t h e  
computat ional  re fe rence cond i t i ons ,  see Sec t ion  3.1. 
c o n d i t i o n s  f o r  c a l c u l a t i o n  o f  aerodynamic and engine data, i tems 1-4, can 
remain as de f i ned  f o r  i ì icst analyses w i t h o u t  s i g n i f i c a n t l y  impact ing  t h e  
accuracy of t h e  c a l c u l a t e d  contours o f  cumula t ive  average sound l e v e l .  

The t a k e o f f  and l a n d i n g  gross weights  noted i n  i tems 5 and 6 above a r e  
approp r ia te  va lues f o r  use w i t h  t h e  average c o e f f i c i e n t s  f o r  an a i r p l a n e ' s  
aerodynamic-and e n s i  ne-performance parameters i n  t h e  prccedures descr ibed i n  
Appendix A. 
sound l e v e l  around an a i r p o r t ,  c a l c u l a t i o n  o f  t h e  t a k e o f f  and c l imbou t  
f l i g h t  pa ths  should u t i l i z e  t h e  approp r ia te  t a k e o f f  gross weights  * in 
con junc t i on  w i t h  a p p l i c a b l e  performance c o e f f j c i e n t s .  
a i r p o r t  no ise  mon i to r i ng  data a r e  a v a i l a b l e  and a re  considered t o  represent  
t h e  no ise  produced by t h e  types  o f  a i r p l a n e s  and t h e i r  average numbers o f  
d a i l y  opera t ions  f o r  t h e  p e r i o d  o f  t ime  o f  i n t e r e s t ,  then t h e  t a k e o f f  gross 
weights  o f  t h e  rep rese t i t a t i ve  a i r p l a n e s  may be se lec ted  t o  y i e l d  b e s t  
agreement between p r e d i c t e d  and mcasured cumulat ive no ise  l e v e l  s. (See 
Sec t ion  3.8) 

tiowever, t h e  re fe rence 

( 2 )  

However, f o r  computat ion o f  contours o f  cumulat ive average 

When long- te rm 
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2.4 Acceptable Envelope f o r  Local  Condi t ions:  It i s  in tended t h a t  t h e  
procedures descr ibed i n  t h i s  A I R  be app l i cab le  t o  es t imates  of  long- term 
average sound 1 evel  s f o r  1 and-use p lann ing  purposes. Exper ience by members 
o f  t h e  SAE A-21 Comrnittee on A i r c r a f t  Noise i n  es t ima t ing  a i r p o r t  no ise  
l e v e l s  and comparing the  est imates w i t h  measured data was used t o  e s t a b l i s h  
an erivelope w i t h i n  which t h e  de f ined no ise  reference c o n d i t i o n s  o f  Sec t ion  
2.3 were deemed t o  be acceptably  rep resen ta t i ve  o f  l o c a l  cond i t ions .  It i s  
suggested t h a t  t h e  procedures de f ined i n  t h i s  A I R  may be used as l o n g  as t h e  
near-surface 1 ong-term average cond i t i ons  are  w i t h i n  t h e  f o l  1 owing envelope: 

o A i  r temperature l e s s  than 3OoC. 

8 Product o f  a i r  temperature ("C),  and r e l a t i v e  humid i ty ,  (percent ) ,  
g rea te r  than 500. 

o Kind  speed l e s s  than 8 cieters p e r  second ( 1 5  kn t i t s ) .  

The acceptable envelope f o r  average l o c a l  cond i t i ons  de f i ned  above i s  
be l i eved  t o  encompass c o n d i t i o n s  encountered a t  most o f  t h e  w o r l d ' s  ma jor  
a i r p o r t s .  For  s i t u a t i o n s  where average l o c a l  cond i t i ons  f a l l  ou ts ide  t h e  
noted envel ope, c o n s i d e r a t i  on shoul d be g iven t o  mod i fy ing  t h e  methods 
descr ibed i n  t h i s  A I R  f o r  developing t h e  re fe rence no ise  data base, as w e l l  
as no ise  adjustment fac to rs ,  i f  appropr ia te .  S p e c i f i c a t i o n  o f  procedures t o  
accomplish such m o d i f i c a t i o n s  was n o t  w i t h i n  t h e  scope o f  t h i s  A I R  and i t  i s  

f o r  suggested t h a t  t h e  re1  evant  a i  r p l  ane manufacturers s'hou 
s p e c i f i c  recommendations. The e f f e c t  o f  a i r p o r t  e l e v a t  
performance i s  express'ly cons idered i n  t h e  equat ions o f  
e l e v a t i o n  e f f e c t s  on sound propagat ion are  n e g l i g i b l e .  

3. COMPUTATIONAL PROCEDURES: 

3.1 

d be consu l ted  
on on a i r p l a n e  
Appendix A. A r p o r t  

General : 
F ig .  2. 
t a k e o f f  r o l l  t o  t h e  i n i t i a l - c l i m b  speed. Dur ing t h i s  ope ra t i on  t h e  sound 
exposure l e v e l  w i l l  decrease as t h e  a i rspeed increases as a r e s u l t  o f  t h e  
sho r te r  d u r a t i o n  of t h e  no ise  as t h e  a i r p l a n e ' s  speed increases and a l s o  
because an a i  r p l  ane' s no ise  source 1 evel  general l y  decreases w i t h  i nc reas ing  
speed. Hence, t h e  sound exposure l e v e l  a t  l i f t o f f  i s  l e s s  than t h e  sound 
exposure l e v e l  a t  the  s t a r t  o f  t akeo f f ,  f o r  a g iven s i d e l i n e  d is tance.  

Consider dn a i r p l a n e  per forming t h e  t a k e o f f  ope ra t i on  dep ic ted  on 
The a i r p l a n e  acce le ra tes  f rom zero speed a t  t h e  s t a r t  o f  t h e  

A f t e r  a i r p l a n e  l i f t o f f ,  t h e  sound exposure l e v e l ,  a t  a g i ven  s i d e l i n e  
d i  stance, increases because the  1 a t e r a l  a t tenua t ion  decreases as e l e v a t i o n  
angle increases.  The reduc t i on  i n  l a t e r a l  a t t e n u a t i o n  i s  more s i g n i f i c a n t  
than the  decrease i n  a i r p l a n e  noise t h a t  r e s u l t s  f rom t h e  increased d is tance 
t o  t h e  a i r c r a f t  caused by h e i g h t  gained d u r i n g  t h i s  p a r t  o f  t h e  t a k e o f f  
f l i g h t  pa th  (see F igs .  1 and 2).  Noise reduc t i on  f rom increased d is tance t o  
t h e  a i r p l a n e  becomes more s i g n i f i c a n t  w h i l e  t h e  l a t e r a l  a t t e n u a t i o n  e f f e c t  
becomes negl i g i  b l  e as e l  eva t i on  angle and a i  r p l  ane h e i g h t  c o n t i  nue t o  
inc rease du r ing  c l  imbout. 
genera l l y  occurs a t  l a t e r a l  l o c a t i o n s  f o r  which t h e  e l e v a t i o n  angle i s  
approx imate ly  35 degrees. 
exposure l e v e l  under t h e  f l i g h t  pa th  reaches t h e  sound exposure l e v e l  o f  t h e  
contour  be ing  ca l cu la ted .  
i l l u s t r a t e d  on F i g .  3. 

Fo r  j e t  powered a i rp lanes ,  maximum no ise  

F i  na1 l y  , contour  c losu re  occurs when t h e  sound 

The o v e r a l l  process o f  con tour  genera t ion  i s  
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3. l (Conti tiuedj 

For  each specific airplaile type, the general procedure for  determining the  
sound exposure level ,  a t  any specified location, i s  t 6  select  appropriate 
scrutid exposure levels  from the acoustical d a t a  base corresponding t o  the 
min-imuin distance between the airplane aiid the observer, and  then t o  add ,  
algebraically,  adjustnents t o  account for differences between the actual 
airplane operational conditions and the reference conditions specified f o r  
tk,e iicise data base, For Exari;ple, sideline-location noise estimates are 
h s e d  upon  flyover (under-the-fl i g h t - p a t h )  noise tneasurenents p l  us 
adjuctrnents f o r  the 1 ccation. 

I n  t h i s  A W ,  fcur ad;ustrnents, in decibels, are defined f o r  additiori t o  the 
basic acoustical d a t a  to  determine sound exposure levels:  

The f i r s t  two o f  the fou r  adjustments l i s t e d  i n  Eq. (3.1) apply f o r  any 
ground location. 
t o  airplärie clevation angle i s  l e s s  t h a n  60 degrees. The A L  term i s  
applicable only f c r  1cc;itions behind the s t a r t  of ground rol l .  
adjustineiit, ~ d ?  applies only fo r  locations tha t  are  inside or outside a 
curved g round  track k;hcn an  airplane f l i e s  a turning f l i g h t  path. 

The second adjustment i s  applicable whenever the observer 

The l a s t  

Following i s  a description of the factors i n  E q .  (3 .1 ) :  

LAE ( F, d i  The sound expustire 1 eve1 i nterpol ated from the reference d a t a  
base t o  ccrrcsgcnd with the engine power P and distance d relevant 
t o  the particular airplane f l i g h t  segr,ient and ground location (see 
Section 3 .4 ) .  

A V  A speed ûdjustríient i f  the actual groundspeed d i f f e r s  frcm t h e  160 
k n o t  t rue  airspeed associated with the acoustical data base (see 
Section 3.4, E q .  3 . 9 ) .  

A la te ra l  attenuation adjustment i f  the observation point i s  not on 
the airplane 's  ground track, (see Section 3.5). 
elevation ans1 e between the ubservati on p o i  n t  and a i  rpl ane, 
and 2 i s  the perpendicular distance from observation p o i n t  t o  
airplane ground track. 

A ( ß , a )  
Angle ß i s  the 

A di rec t iv i ty  pattern adjustment for locations behind the 
start-of-takeoff rol l  (see Section 3.3.1). 

A duration adjustment t o  account for  differences between the 
e f fec t ive  d u r a t i o n  of the baseline SEL d a t a  and the SEL a t  a ground 
location i f  the actual f l i g h t  p a t h  includes a turn and the ground 
location i s  inside o r  outside the turn (sec Section 3.6). 
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3 . 2  Selection of F1 iyht Prof i le  Segments: 
operational takeoff weight, the f l i gh t  prof i le  f o r  an airplanels operation 
i s  approximated by a ser ies  of s t ra ight - l ine  segments as  depicted on F i g .  
3. Straight-l ine segments are also used t o  represent landing-approach 
f l i g h t  paths. Curved f l i g h t  paths are represented by segments of c i rcu lar  
arcs. The lengths of the individual segments should be selected t o  match 
different  portions of the f l i g h t  p a t h  that  correspond e i the r  t o  sections of 
nominally constant engine power and airspeed, o r  t o  sections where 
acceleration occurs from one steady airspeed t o  a second steady airspeed. 
takeoff prof i le  such as shown on Fig. 3 would typically have six segments. 

1. Ground rol l  with acceleration from start-of-takeoff t o  the i n i t i a l  
climb segment; 

F o r  a "straight-out" departure a t  any 

A 

2. Climb a t  i n i t i a l  climb speed, engine power, and f laps;  

3a. Reduce engine power and climb a t  i n i t i a l  climb speed and f laps;  o r  

3b. Maintain i n i t i a l  engine power and accelerate while r e t r ac t  
takeoff t o  climb f laps;  

4. Climb a t  reduced-flap climb speed, with o r  without reduced 

5. Retract f laps and accelerate t o  zero-degree-flap airspeed; 

6. Continued cl  imbout w i t h  zero-de.gree fl.aps, climb airspeed, 
power. 

ng from 

engine power; 

and climb 

The procedure descri bed i n Appendix A permits cal cul a t ion.  of a i  rpl ane 
position along f l i gh t  prof i le  segments corresponding t o  each of the above 
operations. To calcu a te  sound exposure levels ,  engine power and airspeed 
must be specified f o r  each prof i le  segment. A power set t ing parameter and 
airspeed must be spec f ied a t  the beginning and end of each f l i g h t  segment 
in which acceleration takes place; the average rate  of climb over the 
d u r a t i o n  of an acceleration segment must also be specified. 

3.3 Takeoff Roll Noise Modeling: Nodeling the takeoff roll  noise received a t  
grcurìa positions near the a i r p o r t  runway requires several modifications to  
the SEL baseline d a t a .  The modifications resul t  from the fac t  t ha t  the 
airplane i s  on the g round  accelerating from essent ia l ly  zero velocity t o  i t s  
i ni t ia1 cl imb speed, whereas the SEL data base represents constant-ai rspeed 
overfl ight conditions. To accommodate these differences, consideration must 
be given t o  changes in generated sound resulting from j e t  re la t ive  velocity 
e f fec ts ,  t o  changes in d i rec t iv i ty  pattern result ing from a moving aircraft.,  
t o  the change in effective duration w i t h  increased speed and to  over-ground 
sourìd propagation a t  near zero e evation angles. The present model has been 
derived from j e t  airplane operat ons, however, t h i s  procedure i s  also 
reconimenaed f o r  propel ler-driven airplanes until a more sui table  propeller 
method i s  deve1 oped. 
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The n t t h o d  of :;iodeliny the sound exposure level (SEL) during t d k e o f f  roll  i s  
described in Sections 3.3.1 and 3.3.2 with an indicatiori of the assunptions 
involved afid o f  the general u t i l i t y  i n  calculation procediires f o r  describiril_j 
a i r c r a f t  noise in the vicini ty  of a i rports .  
empirically detetwined " f l e e t  weighted average" sound exposure level 
representation a t  the s t a r t  of takeoff roll  for  an interndtiunal airport: 
with a typical mix of j e t  airplane types. 
i s  re1 ated t o  the specific airplane and takeoff-rol 1 procedure through t ! ie 
noise-powr-distance d a t a ,  The noise contours predicted a re ,  i n  any ca ie ,  
i ntended t o  represent 1 o n y  term averages, in which movement-by-niovenient 
variations are  n o t  s ignif icant .  

The method i s  based oil  

The " f l ee t  average" representation 

3.3.1 _- Sound Exposure Level Eehind the Start-of-Takeoff Roll : 
weighted average" nethodof describing the s t a r t  of t h e  takeoff roll 
segment, discussed in Section 3.3 above, was empirically derived froin 
noise inoni tori iig d a t a  measured a t  Logan International Airpor t ,  Boston, 
Mass. The rnethcd was substantiated w i t h  additional measurements taken a t  
Seatt l  e-Tacorna and Londcn Heathrow International Airports, The 
measurmients uere ncrmlized t o  a distance of  1000 f t  and  then a mean 
square average was calculdted for  each airplane type, 
value uas then computed t o  permit the development of an effect ive 
direct ivi ty  pattern for  use in estimating airport  noise exposure, 

The " f l e e t  . 

A " f l e e t  average" 

Usirig t h e  coordinate systeiii i l l u s t r a t ed  on F i g .  4 ,  the sourid exposure 
level for locatioris behind s t a r t  of roll  i s  computed as follows: 

1. Compute the rddial distance, r ,  from the a i rp lane ' s  location a t  s t a r t  
o f  r o l l ,  Po ( O , O ) ,  t o  observer point, PI(-x,y), where prirìies denote 
positicjns behind s t a r t  o f  r o l l .  

2. 0eteri;iinc the obtbse angle, e i n  degrees, (angle between the 
centerline of the runway and the radial t o  locatiori P I ) .  
ef fec t i  ve d i  rect i  vi ty pattern i s syrninetric about the runway axis 

The 

3. Calculate the d i rec t iv i ty  pattern adjustment, A L ,  i n  decibels, such 
that  

a. For 90' .i e 4 148.4" 

AI-  = 51.44 - 1.553 e + 0.015147 e2 - G.Oûû047173 e3  ( 3 . 2 )  

b.  For  148.4' < e ,,< 180' 

A L  = 339.18 - 2.5602 CI - 0.0045545 Q* + 0.0000442C3 û3  (3.3) 

4. Detertiiine t h e  scund exposure level a t  P '  

L A E ( P ' )  = L A E ( P , d )  + A v  - 4  (O,r) ' A L  (3.4.1) 
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i. 3. i (Continued) 

h 1 ,  E r'E 

LAE(P,d) i s  tk,e sound exposure l e v e l  de r i ved  froin t h e  
re fe rence da ta  base, corresponding t o  t a k e o f f  
p o w r  s e t t i n g  and d i s tance  d = r 

i s  t h t  speed ddjusti l ient Por t h e  d i f f e r e n c e  between 
a n i in imm a i rspeed u f  32 knuts  and t h e  n o r n a l i z a t i o n  
a i rspeed o f  160 knots  a t  t a k c o f f  power 

A V  

4 0 , r )  i s  t h e  l a t e r a l  a t t e n u a t i o n  ad jus tnen t  
e l e v a t i o n  angle o f  zero degrees and d 

AL i s t t ie d i  r e c t i  v i  ty p a t t e r n  adjustment 
step 3 above 

Idoice con,ours f o r  behind s t a r t  o f  r o l l  a re  produce 
values o f  LAE us ing  E q .  (3.4.1) a t  a s e r i e s  o f  g r i d  
i n t e r p o l a t i o n  between the  g r i d  p o i n t s .  

3.3.2 Sound Exposure Level Dur ing  Takeoff  Ground R ~ 1 1  : 

f o r  an 
stance r 

d e f i n e d  i n  

by computing 
p o i n t s  and by 

F o r  sound exposure l e v e l s  ad jacent  t o  the  t a k e o f f  ground r o l l  ( F i g .  4) 

LAE(X,Y) = LAE(P,d) + A v  - A ( 0 , d )  (3.4.2) 

wtie r e  

L;,E(F,~) i s  the  scur,d exposure l e v e l  de r i ved  froi i i  t h e  
re fe rence da ta  base, corresponding t o  t a k e o f f  
p o w r  u t d  d i s tance  normal t o  t h e  runway ( a i r p l a n e )  

i s  t he  speed ddjustmeii t  f o r  t h e  d i f f e r e n c e  b tween t h e  
3 2  Lnc t  :iiiniinum groundspeed and t h e  1 i f t - o f f  groundspeed 
a t  tai,euff po\ver assuming cons tan t  accel e r a t  on, 

A V  

v, he r e  

x i s  t he  a i r p l a n e  d i s tance  a long t h e  t a k e o f f  ground r o i l  

i s  t h e  equ iva len t  t a k e o f f  groutid roll  d is tance S C  

V t g  i s  t h e  a i r p l a n e  t r u e  ground speed a t  l i f t o f f .  

An e leva t i o r :  ang le  o f  zero degrees i s  used i n  t h e  l a t e r a l  a t t e n u a t i o n  
adjustment, A ( O ,  d ) .  Distance, d, corresponds t o  t h e  l a t e r a l  d i s t a n c e  
o f  t h e  se lec ted  p o i n t  f rom t t ie  runway c e n t e r l i n e .  
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3.4 Sound Exposure Level fo r  F1 i g h t  Segments Having Constant Ai rspeed and 
Constant Engine Power: 
developed in accordance with the procedures described i n  Appendix 13, 
provides sound exposure leve l ,  fo r  several power set t ings normalized t o  an 
airspeed of 160 k n o t s ,  a s  a function of min imum s lant  distance, for observer 
1 ocation elevation angles tha t  are  n o t  influenced by la te ra l  attenuation. 
As shown on F i g .  2,  minimum s lan t  distance (or  minimum s l a n t  rdnge) i s  the 
distdnce of c loses t  approach between the f l i g h t  p a t h  and the observer 
1 ocati on. 

The acoustical data base for  a specific airplane,  

Consider an x, y ,  z Coordinate system, where the ground track of  the f l i gh t  
p a t h  progresses along the x a x i s  i n  the y = O plane. Lateral distance y i s  
perpendicular t o  the airplane’s  f l i g h t  ground track i n  the z = O plane. 
Airplane height above ground i s  specified by the value of the z coordinate. 
The s lan t ,  ur iiiinimuin, distance dm, from any point xo, yo i n  the x-y 
plane a f t e r  l i f t o f f ,  t o  the airplane i s  given by 

( 3 . 5 )  

where y i s  the geometric airplane f l i g h t  path angle re la t ive  t o . t h e  
horizontal, and zo i s  the height o f  the airplane above ground a t  x =I xo,  
y = yc = O, 

Elevation angle 6 from the general observation point a t  xo, yo t o  the 
airplane i s  defined a t  the time of c losest  approach and i s  given by 

= COS-’ (Yoldfi,) (3.6) 

When u s i n g  tabulated SEL d a t a  (e.g. ,  Table B2 of Appendix 8 )  interpolation 
between tabu1 ated powers and d i  stances wi 11 general ly be necessary. S-ound 
exposure 1 eve1 s fo r  i nterinediate powers are  determined by 1 i near 
interpolation, and for  i n t e r m e d i a m t a n c e s  by logarithmic interpolation. 

SOUND 
EXPOSURE 

LEVEL 

‘AE 

1 di 
CLOSEST AWROAGH DISTANCE 

(lrgirithiic reale)  
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L e t  P i  and P i t 1  Le t a t u l a t e d  power values i n  Table ß 2  f o r  which no ise  da ta  
a r c  p rov ided a t  soine s e t  o f  d is tances .  
d i s t a m e  f o r  in te r i i i ed ia te  power P, between P i  and P i t l ,  i s  g iven  by: 

Sound exposure l e v e l  ?t t h e  same 

L A E ( P )  = LAE(Pi) + CLAE(Pit1) - L,4E(Pi ) j  c ( p - p i ) / ( p i t l - p i ) ~  (3.7) 

L e t  d i  and d i + l  be t a b u l a t e  
a re  p rov ided  a t  some s e t  ;;f 
power f o r  an i n te rmed ia te  d 

d is tances  i n  Table 82  f o r  which no ise  da ta  
pokier s e t t i n g s .  Sound exposure l e v e l  a t  t h e  same 
stance d, between d i  and d i + l  i s  g iven  by 

By us ing  Eqs. (3 .7 )  and (3.8) sound exposure l e v e l s  rnay be c a l c u l a t e d  f o r  
any power s e t t i n g  P and any d i s tance  d t h a t  i s  h i t h i n  t h e  envelope o f  t h e  
data base. 

The adjustment, A V ,  i s  an adjustment t o  the  d u r a t i o n  c o r r e c t i o n  based on 
t r u e  Groundspeed which nay be d i f f e r e n t  f rom the  160 k n o t  no rma l i za t i on  
speed used f o r  t h e  data base. The a i rspeed adjustinent i s  c a l c u l a t e d  from 

A V  = 10 l g ( lEO/Vtg)  ( 3 . 9 )  

kvhere iltg i s  t h e  t r u e  yrGundspecd* i n  knots ,  

Appendix E p resents  sound exposure l e v e l  cor i tours o f  50 dB and 110 dB 
computed by the  above nethod f o r  an a i r p l a n e  powered by two tu rbo fan  engines. 

3.5 L a t e r a l  A t tenua t ion :  Procedures f o r  de termin ing  l a t e r a l  a t tenuat ion ,  f o r  an 
average a i rp lane,  a re  g i ven  i n  SAE A I R  1751 (1981), Ref. 3. The adjustinent 
c o n s i s t s  G f  t h r e e  e q a t i o n s  which apply (1 )  when t h e  a i r p l a n e  i s  on t h e  
ground, ( 2 )  when the  a i r p l a n e  i s  a i rbo rne  and t h e  l a t e r a l  d i s tance  i s  l e s s  
than 914 m, o r  ( 3 )  d i e n  t h e  a i r p l a n e  i s  a i r b o r n e  and t h e  l a t e r a l  ( o r  

u s tinen t 
1 ed a i  r p l  anes. 
d r i v e n  a i  r p l  anes. 

procedure descr ibed i n-AIR 1 7 5 1  was developed 
La te ra l  a t t e n u a t i o n  e f f e c t s  should be i gno red  

s i d e l i n e )  d i s tance  i s  g r e a t e r  than 914 m (3000 f t ) .  The ad 
f o r  j e t - p  rope 
f o r  p rope l  1 e r  

The equat ions f o r  s p e c i f y i n g  1 a t e r a l  a t t e n u a t  
ground are  

on when t h e  a 

G (  II) = 15.09il  - e-0.00274aI f o r  3 . <  II < 914 m, 
1 '  

and G (  II) = 13.86 f o r  2. > 914 m 

rp lane  i s  on t h e  

(3.10) 

(3.11) 

*For riiost p r a c t i c a l  appl i c a t i o n s  t h e  t r u e  groundspeed tnay be represented by 
the  c a l  i bra ted  ( o r  i n d i c a t e d )  a i  rspeed used i r i  a i r p l a n e  f l  i g h t  pa th  
c a l  c u l  a t i  ons. However, i f  inaxinurn accuracy i s requ i red ,  and t h e  a i  r p o r t  i s 
a t  h i g h  a l t i t u d e  o r  i n  a very h o t  c l i n ia te  and/or t h e  headwind i s  
s i g n i f i c a n t l y  g r e a t e r  than 8 knots,  use o f  t h e  ac tua l  groundspeed shou ld  be 
consi  dered. 
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LYIiere &( i )  i s  the  oversround la te ra i  attenuation i n  cíccibeìs as a functioii  

used for distance t o  Lc consistent w i t h  the usage of Kef. 1, and i s  the S ~ C V  
as perpendicular distance yo  in Section 3.4 o r  radiai d i s tance  as i n  

I of  the hor izonta l  la teral  distance i n  ineters. [The cjr?iieral syrnhol R i s  

I 

1 Section 3.3.11. 
I 

When the  a i r p l a w  i s  airborne and  the horizontal la teral  distance i s  greater 

(3.1%) 

I t!ian 914 i:, a i r - to -g round  la teral  attenuation, i s  given by 
I 

A( 3 )  = 3.36 - O.OG6r: -C 9.9 e-O*l3E for O' .( ß 5 60°, and 
I 

~ ~ ( 6 )  = O f o r  60' c c. ,; S O O  (3 .13 )  

where A ( 6 )  i s  i n  deci!;cic and elevation angle ß i s  in degrees. 

Lateral attenuation i s  given by a transit ion equation when t h e  airplane i s  
airborne and the I-icrizontal la teral  distance i s  less  t h a n ,  or equal t o ,  $14 
ni, namely 

where G ( R )  and  A ( 6 )  are given by Eqs. (5.10) t o  (3.13). 

3 .6  Effect; o f  Airplat-te Tur i i s  on Lound Exposure Level : 
incorpordtes a turtî, the SEL inside tlie turn wil l 'be  greater t h a n  outside o f  

When a f l i g h t  p a t h  -__-----__ 
the turn because 0.f the longer d u r a t i o n  inside the turn and  t h e  shcrter 
d u r a t i o n  outside the turn relat ive t c  the duration of t h e  sound produced Cy 
an airplaite f l y i n g  a s t rdight  f l i g h t  pa th .  
standard-rate turn of 3 degrees per second has a radiiis of a b o u t  1600 iiieters 
(5300 f e e t )  and  reqiiires an iiirplane bank angle o f  approximately 
23 degrees. For most operations by civi l  a i r c ra f t ,  tut-ns Mill be made a t  
b a n k  arigles cìf l e s s  than 20 degrees and through a total  turn angle of  less  
than 180 degrees. When the turn radius i s  large ( e . g s ,  greater t h a n  2000 
meters) and the total  turn angle i s  l ess  t h a n  YO degrees, the change i n  SEL 
as a resul t  of the t u l - n  i s  negligible and inay be ignored, Nhere turn radii 
are  less  than 2000 meters or t o t a l  t u r n  angles are sufficiently large, e .g . ,  
more than 99 degrees, i t  may he desirable t o  account for the change i n  the 
d u r a t i o n  e f fec t  on SEL. 
E q .  (3.1) for the increase i n  SEL ofi the inside of a turn, and tlie decrease 
on tlie outside of a turn, i s  outlined i n  Appendix C .  

3 . 7  Power Changes from One Segmc-iit t o  the Next Segment: 
AIR, changes i n  engine power set t ings are considered t o  occur instantaneously 
a t  the ends of i n d i v i d u a l  f l ight-prof i le  segments. Fjnite spool-down o r  
spool -up  times are riot i ncl uded in t h i s  procedure. Coinputer implementation 
of the procedures, however, should be constructed t o  el imi nate 
discontinuities i n  SEL contours a t  points perpendicular t o  the coordinates 
defining segment intersections,  see F i g .  3. Elimination of discontinuities 

A t  an dirspeed o f  160 knots, a 

A prccedure for  c a l c u l a t i n g  the adjustment A B  i n  

For the purpose o f  thi  s 
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3.7 (Ccnt  inued) 

I : U ~  5~7 dcccniplishcd e i ther  by defining u ser ies  c f  s h o r t  profi le  seginents 
rti  t h  siÌiai 1 incremental changes i n engine power, o r  by smoothing al gor i  tkms 
in the computer program or the contour-plottins process, f o r  example, t o  
provide a l inear  t ransi t ion i n  noise level over the f i r s t  300 meters 
(11)Où f ee t )  o f  the next f l i gh t  segment. 

3.8 Cuiriuldtive Noise Contours: LoinpGtation of sound exposure level caused by a 
sifisle-event airplane operdtion i s  repeated t o  deternine contours  o f  
cuinuldtive noise resulting fron m u 1  t i p l e  airplane operations.” The sound 
e q o s u r e  frcn each operation i s  sunned. 
determined from the t o t a l  sound exposure. A change i n  airplane operational 
i t P i G h +  a l t e r s  the f l i g h t  prof i le  so t h a t  i f  an  a i rpor t  study i s  t o  consider 
different  weights for  a particular airplane, tho analysis rnuct consider each 
wei2ht of the same airplane d s  a different  airplane. Different operational 
prccedurcs are processed i n  a similar manner. The computational process i s  
repeated as many tinies as required t o  deternine t h e  total  or cumulative 
tioi se. 

__I__ 

Average sound levels are  then 

Lornputat i  on o f  cumul a t ive noi se contours i nvol ves consideration o f :  

1) Types of airplanes operating a t  the a i rport .  The consideration o f  
airplane types usually requires aggregating airplanes havinj similar 
performance and noise character is t ics  into representative categories. 

rdilrìîber of  operations (takeoffs and landings) for each dirplane type and 
time period f o r  each operation. 
required only i f  CI time-of-day weighting i s  t o  be applied. 

2 )  
Consideration o f  the time period i s  

3 )  Takeoff (or  landing) Keight f o r  each operation. I n  some instances, i t  
i s  necessary t o  ùpproximate the weight fron: operational range 
information. To simp1 i fy  the computational process, i t  i s  sometimes 
expedient t o  specify weight rances a n d  t o  assume t h a t  a single airplane 
gross w i g h t  adequately represents the specified range. 
a i rpor t  noise monitoring d a t a  may also be used. (See Note ( 2 )  in 
Section 2 . 3 . )  

Long-term 

4 )  F l  iytit procedures. Engine power set t ing,  airspeed and f lap-retraction 
schedules must be established f o r  use in determining the takeoff f l i g h t  
prof i le  Dy the procedure explained in Appendix A .  
nominal approach glideslope angle, f lap ,  and engine power set t ing must 
be specified, see Section A.9 of Appendix A. 

F o r  landings, the 

“Similar procedures a re  required t o  cornpute contours  for  noise descriptors 
other t h a n  sound exposure level.  
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3 . 8  (Conti tilied) 

5) Runway usage and airplane f l i g h t  ground tracks. Prevailing f l i g h t  
patterns and runway usage must be establ ished. 
cer ta in  runways are  n o t  used f o r  nighttime operations and  soinr f l i gh t  
procedures use turcs during cl imbout t o  avo id  residential areas. 
s i tuat ions should be ident i f ied and incorporated i n t o  the computation 
process. 
may be made fruni long-term wind direction d a t a ,  

A t  soim airports ,  

These 

Iihere detailed runway' usage d a t a  are n o t  dvai 1 able, estilRates 

6)  F1 i sh t  p a t h  dispersion. Airplane traffic-control procedures are usually 
specified by instructions to  the p i l o t  t o  turn t o  specific compass 
headings upon reaching specified pressure ai t i  tudes. Depending on 
airplane weights and f l i g h t  performance, the locations fo r  i n i t i a t ing  
turns and the t u r n  radii may vary substantially.  The variations will 
introduce s ignif icant  dispersion in actual f l i g h t  tracks. A nominal 
f l i gh t  track representing average conditions will often n o t  prcvide an 
adequate description of actual f l i gh t  track dispersion and  can lead t o  
an incorrect depiction of actual average sound levels. Care should 
always be taken t o  represent f l i g h t  p a t h  dispersion by an appropriate 
procedure. 
"straight-out" departures and t h a t  e f fec t  should also be assessed in 
a i rport  noi se analyses, 

A sirnildr dispersive e f fec t  can also take place i n  nominally 

Since many hundreds o f  operations may occur a t  a large conir:iercial a i rport  in 
a 24-hour period, a l l  the different  operations may be considered as being 
corfiprised of a f i n i t e  nuinber of airplane classes , 'wi th  a number of  
operations in each class .  The number o f  a i r p l a n e  classes,  and ttie number of 
operational weights ttlait arc  required within each cl ass t o  represent al 1 
a i rport  operations influence the accuracy o f  the calculated contours. 
Typically, many a i rpor t s  might be represented by as few as f ive  classes  of 
airplanes with two ur three weights i n  each c lass ,  e.g., one class  niight be 
three-enyi ne tiarrowbody j e t  transports having 1 ow-bypass-ratio turbofan 
engines with corresponding weights for short-range, medium-range, and 
1 ong-range operations. If  Substantially different  operaticnal procedures 
are used within an a i rp lme  class ,  each procedure should be separately 
represented. The t i ne  of day o f  each occurrence will also be required i f  a 
weighting penalty for  nighttime operations i s  included as i n  calculations of  
day-ni5ht average sound 1 eve1 ( D M L ) .  

A'represeiitative airplane f o r  each c lass  may be selected and the f l i g h t  per- 
formance and noise data for  tha t  specific airplane used t o  represent a l l  
airplanes in t h a t  class.  For  each airplane c lass ,  a representative airplane 
takeoff gross weight rriay be selected f o r  each range of operations by the 
following procedure. 
selected location along the extended runway centerline fo r  a t  l e a s t  three 
representative takeoff gross weights. Second, determine the average of the 
calculated sound exposures, i . e . ,  the ''energy" average of the i n d i v i d u a l  
sound exposure level s. 

First, calculate  the sound exposure levels  a t  a 

Third9 deterinine ttie takeoff gross weight which 
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3.8 (Continued) 

muid produce t h a t  average sound exposure l e v e l  and use t h a t  weight  t o  
d e f i n e  the  t a k e o f f  gross weight o f  t h e  r e p r e s e n t a t i v e  a i r p l a n e  f o r  t h e  
c lass .  
t h i s  process w i l l  be g rea te r  than t h e  a r i t h m e t i c  average o f  the th ree  
dssumed r e p r e s e n t a t i v e  t a k e o f f  gross weights. 

Developing contours o f  cumulat ive noise l e v e l s  around a t y p i c a l  a i r p o r t  may 
r e q u i r e  computing t h e  average sound l e v e l  a t  2000 t o  6000 ( o r  more) 
p o s i t i o n s  i n  t h e  v i c i n i t y  o f  t he  a i r p o r t .  The extens ive amount o f  
c a l c u l a t i o n s  and reco rd  keeping i n v o l v e d  i s  amenable t o  machine computat ion 
and computer programs a r e  a v a i l a b l e  f o r  such purposes. A l  though d i f f e r e n t  
computer programs inay use d i f f e r e n t  approaches t o  per form t h e  r e q u i r e d  
c a l c u l a t i o n s ,  use o f  t he  procedures recommended i n  t h i s  A I R  f o r  s p e c i f y i n g  
a i r p l a n e  performance and no ise  should min imize d i f f e r e n c e s  i n  t h e  
computation o f  average sound l e v e l s  by d i f f e r e n t  computer programs. 

The t a k e o f f  gross weight  o f  t h e  r e s u l t a n t  r e p r e s e n t a t i v e  a i r p l a n e  by 

Recoinmended sound 1 evel  measures f o r  use i n  rep resen ta t i on  o f  cumulat ive 
noise contours a re  p rov ided  i n  Appendix D. Appendix E presents  a worked 
example o f  t h e  c a l c u l a t i o n  a t  f o u r  r e p r e s e n t a t i v e  l o c a t i o n s .  Appendix F 
discusses the est imated accuracy o f  cumul a t i v e  sound 1 evel  p r e d i c t i o n s .  
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IRESHOLD 

L I  FTOFF THRUST y 
CUTBACK 

FIGURE 1.  SOUND EXPOSURE LEVEL CONTOUR FOR A SINGLE EVENT 
(TAKEOFF AND APPROACH) :OPERATION 
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FIGURE 2. NOISE COMPUTATIONAL SCHEME 
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Z 
SHALLER SEGMENTS D U R I N G  
POWER/SPEED CHANGES , 

LOCATION OF CONSTANT 
N O I S E  L E V E L  

N O I S E  VALUES COHPUTED FOR 
EACH G R I D  L O C A T I O N  

\ 

FIGURE 3. SCHEMATIC OF NOISE COMPUTATION DURING TAKEOFF 
GROUND ROLL AND CLIMBOUT 
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APPENDIX A 

NE AERODYNAMIC AND El  JE DATA 

A . l  I n t r o d u c t i o n :  Th is  Appendix p resents  recommendations f o r  procedures t o  
determine t h e  a i r p l a n e - s p e c i f i c  da ta  t h a t  a r e  requ i red  t o  d e f i n e  an 
a i r p l a n e ' s  aerodynamic perforinance a long t a k e o f f  and approach f l i g h t  
paths.  
descr ibed i n  t h i s  Appendix and t h e  acous t i ca l  data determined by t h e  method 
descr ibed i n  Appendix B c o r i s t i t u t e  t h e  bas ic  i n p u t  data requ i red  f o r  
computing contours  o f  a i r p l a n e  no ise  l e v e l s  i n  t h e  v i c i n i t y  o f  an a i r p o r t ,  

The aerodynamic-performance da ta  determined by t h e  procedures 

T a k e o f f  arid approach f l i g h t  pa ths  a r e  represented by a s e r i e s  o f  
s t r a i g h t - 1  irfe seginetits. (The ground t r a c k  o f  t h e  a i r p l a n e  i s  represented 
by  s t r s i g l i t  l i n e  seginetits and a r c s  o f  c i r c l e s . )  
a few aerodynamic and t h r u s t  equat ions c o n t a i n i n g  c o e f f i c i e n t s  and 
constar i ts  h h i c h  rnust I:e a v a i l a b l e  f o r  each s p e c i f i c  combinat ion o f  engine 
and a i rp lane .  

The iriethod i s  comprised o f  

To make use o f  t h e  equat ions,  one must spec i f y  (1) a i r p l a n e  gross weight,  
( 2 )  t h e  number o f  engines, ( 3 )  a i r  temperature, ( 4 )  runway e leva t i on ,  and 
( 5 )  t h e  f l i g h t  schedule ( t h r u s t  se t t i ngs ,  f l a p  d e f l e c t i o n s ,  a i rspeed, and 
average r a t e - o f - c l  imb du r ing  t h e  a c c e l e r a t i o n  segments o f  t h e  c l  imboi i t )  
t h a t  i s  t u  be fo l l owed  du r ing  t a k e o f f  o r  approach. 

Aerodynamic-performance p a r m e t e r s  c a l c u l a t e d  by t h e  recoi!imended method 
p r o v i d e  ari accura te  rep resen ta t i on  o f  an a i r p l a n e ' s  ac tua l  f l i g h t  pa th  f o r  
t h e  computat ional  re fe rence c o n d i t i o n s  o f  Sec t i on  2.3 o f  the  A I R .  
equat ions a l  so p c r i n i t  t h e  c a l c u l a t i o n  o f  aerodynamic-performance da ta  f o r  
c o n d i t i o n s  o t h e r  tha i i  re ference f o r  a i r p l a n e  weight, wind speed, a i r  
temperature, and runway e l e v a t i o n  ( a i r  pressure) ,  w i t h  s u f f i c i e n t  accuracy 
f o r  coiriputi ny contours o f  average sound 1 eve1 s around an a i r p o r t .  

The 

Appendix E prov ides  a worked example o f  t h e  c a l c u l a t i o n  o f  a depar tu re  
f l i g h t  pa th  f o r  a J e t  t r a n s p o r t  a i r p l a n e  t o  i l l u s t r a t e  a p p l i c a t i o n  t o  no ise  
c a l c u l a t i o n s .  
aerodynamic-perforniance data should be assembled f o r  each segment o f  t h e  
f l i g h t  path. 

The example i l l u s t r a t e s  t h e  format  by which t h e  

C o e f f i c i e n t s  and constar i ts  used i n  t h e  equat ions have u n i t s  which must be 
c o n s i s t e n t  w i t h  t h e  u n i t s  o f  the  corresponding parameters i n  each 
equat ion.  
t h r u s t  produced by j e t  engines and by p rope l l e rs .  Unless noted otherwise, 
t h e  equat ions f o r  t h e  aerodynamic performance o f  an a i r p l a n e  apply  e q u a l l y  
t o  j e t  and prope l  1 er-powered a i  r p l  anes. 

Separate s e t s  o f  equat ions a r e  prov ided t o  determine t h e  n e t  

A.2 Engine Thrust :  The va lue o f  t h e  c o r r e c t e d  n e t  t h r u s t  (Fn/ûam) produced 
by each engine i s  one o f  t h e  f o u r  q u a n t i t i e s  t h a t  need t o  be s p e c i f i e d  a t  
each end o f  a f l i g h t  pa th  segnent. 
engine gross t h r u s t  t h a t  i s  a v a i l a b l e  f o r  p ropu ls ion .  
acous t i ca l  c a l c u l a t i o n s ,  t h e  n e t  t h r u s t  i s  r e f e r r e d  t o  standard a i r  
pressure a t  mean sea l e v e l .  

Net  t h r u s t  represents  t h e  component o f  
Fo r  aerodynamic and 
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A . 2  (Cont inued) 

The n e t  t h r u s t  w i l l  be determined e i t h e r  by t h e  n e t  t h r u s t  a v a i l a b l e  when 
opera t i ng  a t  a s p e c i f i e d  engine r a t i n g ,  o r  by the  n e t  t h r u s t  t h a t  r e s u l t s  
when t h e  t h r u s t - s e t t i n g  parameter i s  s e t  t o  a p a r t i c u l a r  value. 
t u r b o j e t  and tu rbo fan  engines, co r rec ted  n e t  t h r u s t  should be provided, 
e i t h e r  i n  t h e  form o f  graphs showing t h e  e f f e c t s  o f  v e l o c i t y ,  a l t i t u d e  and 
temperature, o r  de f i ned  by an equat ion hav ing t h e  general form 

For  

Fn i s  t h e  n e t  t h r u s t  p e r  engine; 

i s  t h e  r a t i o  o f  t h e  ambient a i r  pressure a t  t h e  a i r p l a n e  t o  
the  standard a i r  pressure a t  mean sea leve;, i.e., t o  101.325 kPa 
o r  1013.25 mb f o r  a i r  pressure i n  k i l o p a s c a l s  o r  m i l l i b a r s .  (see 
Refs. A - 1  o r  A - 2  i n  Sec t ion  A.12) 

Vc  i s  t h e  c a l i b r a t e d  airspeed; 

t i  i s  t h e  pressure a l t i t u d e  ( h e i g h t )  above sea l e v e l  a t  which 
the  a i r p l a n e  i s  opera t ing ;  

Tam i s  t h e  ambient a i r  temperature i n  which t h e  a i r p l a n e  i s  
opera t ing ,  and 

E,F,G and H a re  cons tan ts  o r  c o e f f i c i e n t s  which must be determined 
f o r  a p a r t i c u l a r  engine a t  t h e  t h r u s t  r a t i n g s  used by t h e  
a i r p l a n e  a l  ong var ious  segments o f  t h e  t a k e o f f / c l  imbout o r  
approdch f l i g h t  path. 

A l l  terins i n  the  equat ion  w i l l  n o t  always be necessary. Fo r  example, f o r  
r a t e d  t h r u s t ,  when the  a i r  temperatures a re  w i t h i n  t h e  envelope de f i ned  i n  
Sec t ion  2.4 o f  t h e  A I R ,  t h e  temperature term may n o t  be r e q u i r e d  s ince  most 
j e t  engines ma in ta in  r a t e d  t h r u s t  t o  an a i r  temperature of approximately 
3OoC.  
des ignat ing  r a t e d  t h r u s t .  

When t h e  engines a re  be ing  operated a t  t h r u s t s  o t h e r  than r a t e d  t h r u s t ,  t h e  
t h r u s t  developed i s  a f u n c t i o n  of the  t h r u s t - s e t t i n g  parameter. 
( A l )  f o r  n e t  t h r u s t  has t h e  f o l l o w i n g  form when engine pressure r a t i o  (EPR) 
i s  used t o  s e t  t h r u s t :  

F o r  engines n o t  f l a t  ra ted,  ambient temperature must be considered i n  

Equat ion 

(Fn/Gam) = E + FVc + Gh + HTam + Kl(EPR) 

Where K i  i s  t h e  average s lope o f  t h e  curve express ing t h e  r e l a t i o n s h i p  
between i n s t a l l e d  r e f e r r e d  n e t  t h r u s t  and engine pressure r a t i o  i n  t h e  
v i c i n i t y  of t he  engine pressure r a t i o  o f  i n t e r e s t  f o r  t h e  s p e c i f i e d  a i r p l a n e  
Mach number. 
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A. 2 (Con t i  tiued) 

When engine r o t a t i o n a l  speed i s  t h e  parameter used by t h e  c o c k p i t  crew t o  
s e t  t h r u s t  (e.g., t h e  r o t a t i o n a l  speed o f  t h e  low-pressure compressor and 
t u r b i n e  stages),  then Eq. (A21 f o r  c o r r e c t e d  n e t  t h r u s t  should be rep laced 
by an equat.ion o f  t h e  form 

where 

N i  i s  t h e  eng ine ' s  low pressure r o t o r  speed; 

q i s  t h e  r a t i o  o f  t h e  abso lu te  t o t a l  a i r  temperature a t  t h e  
engine i n l e t  t o  t h e  absolute standard a i r  temperature a t  mean sea 
l e v e l ,  i .e.,  t o  288.15 K f o r  a i r  temperature i n  k e l v i n s ,  see Refs. 
A - l  o r  A-2; 

N l / , / T  i s  t h e  c o r r e c t e d  l ow  pressure r o t o r  speed; and 

Ki, and K3 should be d e r i v e d  f rom i n s t a l l e d  engine data encompassing 
t h e  r e f e r r e d  s h a f t  speeds o f  i n t e r e s t .  

A i r p l a n e  manufacturers w i l l  u s u a l l y  have t o  f u r n i s h  approp r ia te  values f o r  
t h e  constants  and c o e f f i c i e n t s  i n  Eqs. ( A l )  t o  (A3). 
t h e  data used t o  eva lua te  t h e  constants  and c o e f f j c i e n t s  represent  t h e  
performance o f  an average engine when o p e r a t i n g  under t h e  computat ional  
re ference c o n d i t i o n s  o f  Sec t i on  2.3 o f  t h e  A I R .  

It i s  recommended t h a t  

F o r  p r o p e l l e r  d r i v e n  a i rp lanes ,  c o r r e c t e d  n e t  t h r u s t  p e r  engine should be 
p rov ided  by graphs o r  c a l c u l a t e d  by an equat ion o f  t he  form 

(Fn/ôam) = (oPp/Vt)/sam (A41 

where 

0 i s  t h e  p r o p e l l e r  e f f i c i e n c y  f o r  a p a r t i c u l a r  p r o p e l l e r  i n s t a l l a t i o n  
and i s  a func t i o , !  o f  p r o p e l l e r  r o t a t i o n a l  speed and a i r p l a n e  f l i g h t  
speed. 

V t  i s  t r u e  f l i g h t  speed. 

Pp i s  i n s t a l l e d  n e t  p r o p u l s i v e  power 

A secondary equa t ion  should be p rov ided  t o  r e l a t e  P t o  t h e  power s e t t i n g  
parameters used i n  t h e  cockp i t ,  such as engine r o t a i i o n a l  speed and m a n i f o l d  
pressure f o r  r e c i p r o c a t i n g  engines, o r  engine r o t a t i o n a l  speed and torque 
f o r  turboprop engi  nec. 
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NOTE:  The foregoing discussion assumes t h a t  the equations fo r  the var ious  thrust 
ratings and the general relationship to  the engine set t ing parameter, a l l  
y ie ld  net thrust  direct ly .  Alternatively, only the general relationship 
E q .  (A2) or (A3) could be provided and other equations used to  define the 
1 imi t ing values o f  the engine set t ing parameters a t  the various rated 
thrusts .  
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True airspeeds may be approximated from e q u i v a l e n t  o r  c a l i b r a t e d "  ( o r  
i n d i c a t e d )  airspeeds by making use o f  t h e  r e l a t i o n s h i p  

V t  = vc/ JT ( A 5 )  

where aam i s  t h e  r a t i o  o f  t h e  d e n s i t y  of t h e  ambient a i r  a t  t h e  a i r p l a n e ' s  
pressure a l  t i t u d e  t o  t h e  standard d e n s i t y  o f  a i r  a t  mean sea l e v e l .  
d e n s i t y  r a t i o  'Jam a l s o  equals dam/eam, see Eq. (A6).  

The 

V e r t i c a l  P r o f i l e s  o f  A i r  Temperature, Pressure, and Densi ty:  F o r  t h e  
purpose o f  t h i s  A IR ,  t h e  v a r i a t i o n  o f  temperature, pressure and d e n s i t y  w i t h  
h e i g h t  above mean sea l e v e l  i s  assumed t o  be equal t o  t h e  standard 
c o n d i t i o n s  o f  Refs. A-1 o r  A-2 f o r  an I n t e r n a t i o n a l  Standard Atmosphere. 

Takeoff Ground R o l l :  Dur ing takeof f ,  an a i r p l a n e  uses a s p e c i f i e d  t a k e o f f -  
r a t e d  t h r u s t  t o  acce le ra te  a long  t h e  runway u n t i l  l i f t o f f .  
assumed t o  be cons tan t  throughout t h e  i n i t i a l  p a r t  o f  t h e  c l imbout .  
oear, if r e t r a c t a b l e ,  a r e  assumed t o  be r e t r a c t e d  s h o r t l y  a f t e r  l i f t o f f .  

Airspeed i s  
Landing 

For  t h e  purpose o f  t h i s  A I R ,  t h e  a c t u a l  t a k e o f f  g round- ro l l  i s  approximated 
by an e q u i v a l e n t  g round- ro l l  d is tance,  s , def ined  as shown i n  F ig.  A l ,  by 
t h e  d i s tance  along t h e  runway from t h e  s a a r t  o f  t a k e o f f  r o l l  t o  t h e  p o i n t  
where a s t r a i g h t  1 i n e  ex tens ion  o f  t h e  i n i t i a l  l and ing -gear - re t rac ted  c l i m b  
f l i g h t  pa th  i n t e r s e c t s  t h e  runway. 

F o r  computation purposes, t h e  e q u i v a l e n t  t a k e o f f  ground-rol  1 distance, w i t h  
zero degree runway slope, i s  determined f rom 

B i s  a c o e f f i c i e n t  a p p r o p r i a t e  t o  a s p e c i f i c  a i r p l a n e / f l a p -  
d e f l e c t i o n  combinat ion f o r  t h e  reference c o n d i t i o n s  o f  
Sec t i on  2.3 o f  t h e  AIR, i n c l u d i n g  t h e  8-knot headwind, 

W i s  a i r p l a n e  gross weight  a t  brake release. 

N i s  t h e  number o f  engines supp ly ing  t h r u s t .  

Fn i s  t h e  n e t  t h r u s t  ,ca lcu lated f o r  t h e  a i rspeed and engine 
power s e t t i n g s  used d u r i n g  i n i t i a l  c l imbout.  

Barn and ûam represent  t h e  r a t i o s  o f  t h e  ambient a i r  pressure 
and temperature t o  t h e  standard-day sea l e v e l  values, 
respec t i ve l y .  

NOTE: Since Eq. (A61 accounts f o r  v a r i a t i o n  o f  t h r u s t  w i t h  a i rspeed and 
runway e leva t i on ,  t h e  c o e f f i c i e n t  B f o r  a g i ven  a i r p l a n e  v a r i e s  o n l y  
w i t h  f l a p  d e f l e c t i o n .  

*Cal i b r a t e d  and e q u i v a l e n t  a i rspeed a r e  used in terchangeably  f o r  t h e  
purpose o f  th . is  A I R .  
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A . 5  I n i t i a l  Cl imb: 
which has a c o n s i s t e n t  r e l a t i o n s h i p  t o  fundamental aerodynamic 1 i f t i n g  
c a p a b i l i t y  and hence t o  brake re lease gross weight.  The recommended 
equat ion f o r  c a l c u l a t i n g  t h e  c a l i b r a t e d  i n i t i a l  c l i inb  a i rspeed i s  

The a i r p l a n e  i s  assumed t o  have an i n i t i a l - c l i m b  a i rspeed 

v, = c f i  ( A 7 1  

where 

C i s  a c o e f f i c i e n t  app rop r ia te  t o  t h e  f l a p  s e t t i n g .  

W i s  brake re lease gross weight. 

When t h e  a i r p l a n e  c l imbs  w i t h  a g iven c o n f i g u r a t i o n ,  f l a p  s e t t i n g ,  and 
c a l i b r a t e d  a i rspeed i n t o  an 8-knot headwind, t h e  average geometr ic c l imb 
angle Y (see F i g .  A l )  should be determined from 

where 

t h e  f a c t o r  o f  1.01 accounts f o r  t h e  increased c l i m b  g r a d i e n t  associ.ated 
w i t h  t h e  8-knot  headwind and t h e  a c c e l e r a t i o n  i nhe ren t  i n  c l i m b i n g  a t  a 
re fe rence c l  imb equ iva len t  a i rspeed o f  160 knots .  

and 

R i s  t h e  nondimensional r a t i o  of t h e  a i r p l a n e ' s  drag c o e f f i c i e n t  t o  
l i f t  c o e f f i c i e n t  f o r  a g iven f l a p  s e t t i n g  and a i r p l a n e  con f igu ra t i on .  
The l a n d i n g  gear  i s  assumed t o  be re t rac ted .  

The average n e t  t h r u s t ,  (Fn/ûam)av , should be t h e  average o f  t h e  n e t  
t h r u s t s  a t  t h e  beginning and end o? t'ne f l i g h t - p a t h  sesinent o r  t h e  
mid-segment value. 
gross weight,  (W/sam)av , should correspond t o  t h e  pressure a l t i t u d e  
t h a t  i s  t h e  average o f  ?he pressure a l t i t u d e s  a t  t h e  beg inn ing  and end o f  
t h e  c l i m b  segment. 

The d is tance a long t h e  ground t rack ,  sc, t h a t  t h e  a i r p l a n e  t raverses,  
w h i l e  c l i m b i n g  a t  angle Y t o  a s p e c i f i e d  increment i n  pressure a l t i t u d e ,  Ah, 
above t h e  runway e l e v a t i o n  should be c a l c u l a t e d  from 

The ambient pressure r a t i o  t o  use w i t h  t h e  a i r p l a n e  

. 

sc = Ah/tany 

A . 6  Acce le ra t i on  and F lap  R e t r a c t i o n  (See F 
Departure f l i g h t  paths genera l l y  i n c l u d e  
segment, where t h e  a i r p l a n e  acce le ra tes  
pe rm i t  r e t r a c t i o n  o f  t he  f l aps .  

gure 3 f o r  11.1 u s t r a t i o n )  : 
a segment, a f t e r  t h e  i n i t i a l  c l i m b  
o an a i rspeed g r e a t  enough t o  
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A, 6 (Continued) 

The h o r i z o n t a l  
from an i w ¡ t i a l  t r u e  a i rspeed Vta t o  a f i n a l  a i rspeed Vtb, and w h i l e  
c l i m b i n g  a t  a s p e c i f i e d  average t r u e  v e r t i c a l  speed o r  average r a t e - o f - c l  imb 
V t z ,  should be c a l c u l a t e d  f rom 

o r  ground-track,  d is tance,  Sa, t r a v e r s e d  w h i l e  a c c e l e r a t i n g  

where 

g i s  a c c e l e r a t i o n  caused by g r a v i t y  f o r  f r e e  f a l l  a t  mean sea leve l " .  

The nondimensional f a c t o r  o f  0.95 represents  t h e  headwind e f f e c t  on the  
ground-track d i s t a n c e  when c l i m b i n g  a t  t h e  160 k n o t  re fe rence  a i rspeed 
i n t o  an 8-knot re fe rence  headwind. 

and 
(Fn/aam)avg, (W/ôam)av 
between t h e  values appy icab lc  t o  t h e  c o n d i t i o n s  and h e i g h t s  a t  t r u e  
airspeeds Vta and Vtb. 

NOTE: V t z  should be an average r a t e - o f - c l i m b  d u r i n g  t h e  a c c e l e r a t i o n  
from Vta t o  Vtb i n  o r d e r  t o  preserve t h e  approximat ion o f  t h e  
f l i g h t - p a t h  segment as a s t r a i g h t  l i n e  i n s t e a d  o f  a curve. 
a i r p l a n e  c o n f i g u r a t i o n  remains cons tan t  as t h e  a i r p l a n e  acce le ra tes  
f rom Vta t o  Vtb, t h e  d r a g - t o - l i f t  r a t i o  R may be considered t o  
remain constant .  I 

Ravg, and Vtavg a r e  averages 

I f  t h e  

The u n i t s  f o r  Vta, Vtb, and g must be c o n s i s t e n t  w i t h  those f o r  
Sa. 
Vta and Vtb should be i n  m/s. I f  Sa i s  i n  f e e t ,  g should be i n  
f t / s 2  w i t h  Vta and Vtb i n  f t / s .  
be r e q u i r e d  f o r  o t h e r  u n i t s  such as kno ts  f o r  a i rspeed. 
f a c t o r s  may a l s o  be r e q u i r e d  t o  ensure a nondimensional r a t i o  f o r  
(Vtz /Vtavg)  i n  t h e  denominator o f  Eq. ( A l o ) .  

A t  t h e  beginning o f  t h e  acce le ra t i on ,  t h e  a i r p l a n e ' s  pressure a l t i t u d e  
i s  known because i t  i s  t h e  same as t h a t  a t  t h e  end o f  t h e  prev ious 
segment. Thus, t h e  va lues f o r  ôam and Dam a r e  a l s o  known a t  t h e  
beginning o f  t h e  a c c e l e r a t i o n  segment. The pressure a l  t i t u d e ,  and 
hence ôam and "am, a t  t h e  end o f  t h e  a c c e l e r a t i o n  segment i s  
unknown. As a consequence, i t  i s  necessary t o  p r o v i d e  an es t ima te  o f  
t h e  pressure a l t i t u d e  a t  t h e  end o f  t h e  a c c e l e r a t i o n  segment i n  o r d e r  
t o  supply corresponding est imates f o r  ûam and uam. 
h e i g h t  g a i n  i s  t hen  t o  be compared aga ins t  t h e  est imated h e i g h t  g a i n  t o  
determine i f  a second i t e r a t i o n  i s  needed t o  improve t h e  accuracy o f  
t h e  c a l c u l a t i o n .  

F o r  example i f  Sa i s  i n  meters, g should be i n  m/s2 and 

S u i t a b l e  convers ion f a c t o r s  may 
Conversion 

The c a l c u l a t e d  

*Recommended va lues f o r  g a re  9.807 m/s2 o r  32.17 f t / s 2 .  
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A . 6  (Cont inued) 

The g a i n  i n  he igh t ,  Ah, r e l a t i v e  t o  t h e  h e i g h t  a t  t h e  beginning o f  t h e  
acce le ra t i on ,  i s  c a l c u l a t e d  f r o m  

Ah = ( SaVtz/Vtavg /O -95 ( A l l )  

I f  t h e  c a l c u l a t e d  h e i g h t  aa in  i s  w i t h i n  10 pe rcen t  o f  t h e  est imated h e i g h t  
gain, t h e  c a l c u l a t e d  h e i g h t  g a i n  i s  considered s u f f i c i e n t l y  accurate. 
t h e  c a l c u l a t e d  h e i g h t  g a i n  i s  n o t  w i t h i n  10 pe rcen t  of  t h e  est imated h e i g h t  
gain, another i t e r a t i o n  should be performed us ing  t h e  c a l c u l a t e d  h e i g h t  g a i n  
as a replacement f o r  t h e  i n i t i a l l y  est imated h e i g h t  gain. 

segments a t  cons tan t  c a l i b r a t e d  a i rspeed and constant  a i r p l a n e  c o n f i g u r a t i o n  
may be c a l c u l a t e d  by making use o f  a m o d i f i e d  form o f  Eq. (A8). 
m o d i f i c a t i o n  c o n s i s t s  o f  a r e d u c t i o n  i n  t h e  magnitude o f  t h e  cons tan t  i n  the  
argument o f  t h e  arcs in .  The va lue o f  t h e  cons tan t  should be reduced because 
t h e  e f f e c t s  o f  a c c e l e r a t i o n  associated w i t h  c l i m b  a t  cons tan t  c a l i b r a t e d  
a i rspeed ins tead  o f  constant  t r u e  a i rspeed a re  d i f f e r e n t  a t  t h e  h i g h e r  
airspeeds t y p i c a l l y  f l own  a f t e r  gear r e t r a c t i o n .  
equation, t h e  c a l i b r a t e d  a i rspeed d u r i n g  c l i m b  a f t e r  f l a p  r e t r a c t i o n  was 
assumed t o  be 250 knots  because t h a t  speed i s  t h e  l i m i t i n g  a i rspeed i n  
c o n t r o l l e d  a i r  space a t  l e s s  than 10,000 f t  (3000 m) o f  pressure a l t i t u d e .  

W i th  t h i s  assumption the  geometric c l i m b  angle f o r  cont inuet l  c l  imo a f t e r  
f l a p  r e t r a c t i o n  i s  de f i ned  by. 

I f  

A . 7  Continued Climb A f t e r  Acce le ra t i on  and F lap  Re t rac t i on :  A d d i t i o n a l  c l i m b  

The 

When d e r i v i n g  t h e  

The average c o r r e c t e d  n e t  t h r u s t  i s  t o  be determined a t  t h e  average pressure 
a l t i t u d e  f o r  t he  seoment. 
should be determined f o r  t h e  c a l i b r a t e d  a i rspeed and a i r p l a n e  c o n f i g u r a t i o n  
approp r ia te  f o r  t he  segment. 

The value o f  t h e  n e t  t h r u s t  and t h e  r a t i o  R 

A.8 A d d i t i o n a l  A c c e l e r a t i o n  Segments A f t e r  F l a p  R e t r a c t i o n :  I f  a d d i t i o n a l  
a c c e l e r a t i o n  segments a re  i n c l u d e d  i n  t h e  c l imbou t  f l i g h t  path, Eqs. (A101 
and ( A l l )  should be used again t o  c a l c u l a t e  the  ground-track distance, 
average c l i m b  angle, and h e i g h t  gain. 
ensure t h a t  t h e  c a l c u l a t e d  h e i g h t  g a i n  i s  w i t h i n  10 pe rcen t  o f  t h e  est imated 
h e i g h t  gain. 

An i t e r a t i o n  may again be needed t o  

A.9 Landing Approach: The l a n d i n g  approach c a l i b r a t e d  airspeed, VCA, i s  
assumed t o  be approximately 10 knots  more than t h e  reference approach 
airspeed. 
l a n d i n q  qross weight  by an equat ion o f  t h e  same form as Eq. (A71 

That assumption a l l ows  t h e  approach a i rspeed t o  be r e l a t e d  t o  the 

c a l  i b r a t ë d  a i rspeed d u r i n g  i n i t i a l  c l imb,  namely 

VCA = D F 
where t h e  c o e f f i c i e n t  D i s  t o  be evaluated a t  a l a n d i n g  f l a p  s e t t  

o r  t h e  

' 
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A. 9 (Continued) 

The value of net thrust  per engine which i s  required by the airplane during 
descent along the approach glideslope may be calculated by solving an 
equation of the forin of E q .  (Ag) f o r  a given landing weight and a 
drag-to- l i f t  ra t io  R appropriate for  the flap set t ing w i t h  landing gear 
extetided. 
operations. During landing approach, the geometric gl ideslope descent angle 
may be assumed t o  be constant, 
propeller-powered airplanes, angle y i s  typically minus 3 degrees. For 
single-engine, propeller-powered airplanes,  angle y i s  typically minus 5 
degrees. 

The f lap  set t ing should be tha t  typically used in actual 

For jet-powered and multi-engine, 

As fo r  the continued-climb segments of Section A . 7 ,  the constant i n  E q .  ( A B )  
i s  modified t o  account for  the deceleration inherent i n  flying a descending 
f l i g h t  path into an 8-knot reference Iîeadwind a t  the constant calibrated 
airspeed calculated by E q .  (A13). The form of the 'equation t o  use t o  re la te  
the glideslope descent angle t o  airplane and  engine parameters i s  

Equation (A14)  can be solved for  the average net thrust  t u  y ie ld  

(Als) i (Fn/sam)ayg = ( 1/14) (\//6aro)avcJ R + L(sinv)/1.031 i 
E q u a t i o n  (Als) may also be used t o  calculate  the net th rus t  required by the 
airplane t o  maintain nominally level f l i g h t  ( Y  = zero) with f laps  deflected 
and landing gear extended. 

A. 10 Adjustments for  tieadwinds: A headwind other than the 8-knot reference 
headwind wi 11 a f fec t  the equivalent takeoff ground-roll di stance, sg, the 
i n i t i a l  climb angle, y ,  the ground-track distance traversed while 
accelerating, Sa, and the average net th rus t  d u r i n g  landing approach, 
( F n / &  am) a vg 

If the quant i t ies  calculated by the equations fo r  the &knot reference 
headwind are denoted by an additional subscript r for  reference, then 
equations t o  be used t? calculate  values appropriate fo r  other t h a n  an 
8-knot headw'ind are  as follows: 

I n  Eqs. ( A l € )  t o  ( A l g ) ,  the calibrated airspeed, Vc, and  the speed of the 
headwind, V,, have units of k n o t s  for  consistency w i t h  the use of the 
8-knot reference headwi nd .  
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A . 1 0  (Continued) 

The calibrated airspeed t o  use i n  Eqs. ( A 1 6 )  and ( A 1 7 1  i s  the init ial-climb 
airspeed. 
t rue airspeed Vt. For E q .  ( A 1 9 )  , use the landing-approach airspeed 
calculated from E q .  ( A 1 3 ) .  

I n  Eq. ( A 1 8 ) ,  use the average of Va and Vb t o  reprzsent the 

A . l l  Procedure f o r  E v a l u a t i n g  B ,  C ,  D, R, and the Thrust Parameters: 
coeff ic ients  B ,  C ,  D and the r a t i o  R should  be evaluated for  each specific 

The 
- -  

model of an airplane,  generally by the manufacturer. 
be performed for  the reference conditions and takeoff and approach gross 
weights defined i n  Section 2.3 of the A I R .  

To derive airplane specific coeff ic ients  the following steps are  
recommended: 

The evaluation should 

1) Extrapolate the i n i t i a l  landing-gear-retracted cl  imbout f l i gh t  path 
back to the ground plane (see F i g .  A l )  t o  determine the equivalent 
takeoff ground-roll distance, sg, fo r  
weight, reference a i  rpl ane conf i g u r a t  
i n i  tial-climbout calibrated airspeed. 

2)  Calculate the net thrust  available by 
v a r i a n t s ,  f o r  the reference value of 
ai rspeed. 

3 )  Knowing reference values f o r  sg ,  earn 
calculate coefficient B from E q .  ( A 6  

the reference takeoff gross 
on, and reference 

m a k i n g  use of E q .  ( A l ) ,  o r  i t s  
n i  t i  a l  -cl irnbout cal i hrated 

4 )  Knowing the i n i t i a l  climbout calibrated airspeed and the reference 
take-off gross weight, calculate coeff ic ient  C from Eq.  ( A 7 ) .  

5) Knowing the 1 anding-approach calibrated airspeed for  the reference 
landing weight a t  the reference airplane configuration, calculate 
coeff ic ient  I! from E q .  ( A 1 3 ) .  

Values f o r  r a t io  R may be calculated from the equat ions for  the average 
geometric f l i g h t - p a t h  angles d u r i n g  i n i t i a l  climb, Eq .  ( A 8 ) ,  continued 
climb, Eq. ( A l Z ) ,  and l a n d i n g  approach, E q .  ( A 1 4 ) ,  when values f o r  a l l  
other quantit ies are known. 
obtained from aerodynamic data as the effect ive r a t io  of d r a g  
coeff ic ient  t o  1 i f t  coeff ic ient  for  specified airspeeds and airplane 
configurations under the reference conditions of Section 2.3. 

6) 

Alternatively, values f o r  r a t io  R may be 

7)  The constant and the coeff ic ients  i n  the equations f o r  net thrust per 
engine a t  any power se t t ing  should be evaluated as follows: 

a )  The speed-dependent coeff ic ient ,  F,  should be evaluated as the 
r a t i o  of  the change i n  net thrust  t o  a change in airspeed when 
a l t i t u d e  ( o r  height) and  a i r  temperature are  held constant. 
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A. 11 (Continued) 

b )  The height-dependent coeff ic ient ,  G ,  should be evaluated as the 
r a t io  of the change i n  net th rus t  t o  a change i n  height when 
airspeed and a i r  temperature are held constant. 

c )  The temperature-dependent coeff ic ient ,  H,  should be evaluated as 
the r a t i o  o f  the change in net thrust  t o  a change in a i r  
temperature when airspeed and pressure a l t i tude  are held constant. 

The terms in  the equations giving the relation between referred net thrust  
and engine power set t ing parameters should be evaluated in a similar 
manner. Ai rpl ane, or engine, manufacturer's d a t a  will usual l y  be required. 

A,  12 References:. 

A-1 .  Manual o f  ICA0 Standard Atmosphere, Document Number 7488, 1964. 

A-2.  U.S. S tandard  Atmosphere, 1976. National Oceanic and Atmospheric 
Adriiinistration, National Aeronautics and Space Administration, United 
States  Air Force; U.S. Government Printing Office NOAA-S/T 76-1562 
(October 1976).  
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Figure Al. - Illustration o f  Equivalent Takeoff Ground 
Roll Distance, s . g 
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APPENDIX B 

AIRPLANE SOUND LEVELS 

This Appendix describes the development of generalized relationships for the 
dependence o f  sound exposure level on m i n i m u m  distance t o  the f l i g h t  path and 
engine power se t t ing ,  i .e. , the Noise-Power-Distance (NPD) data needed t o  
calcul a te  noise 1 evel s a t  1 ocations around an  a i rpor t  fo r  operations by 
individual ai rpl anes. Sound exposure 1 evel s, determined i n  accordance hi  t h  the 
procedures recommended i n  t h i s  Appendix, are  based on 1/3-octave-band sound 
pressure 1 evel s t h a t  have been a d j  usted t o  reference meteoro1 ogical conditions , 
airspeed, and engine power s e t t i  n y .  

ß. 1 Reference Sound Pressure Level s: Whenever possible reference acoustical 
data should be based on the resul ts  of t e s t s  conducted under controlled 
conditions and s h o u l d  be comparable in quality t o  acoustic data acquired for 
a i r c r a f t  noise cer t i f ica t ion  purposes [B-l,ß-2]*. During controlled flyover 
noise t e s t s ,  the position of the airplane along the f l i g h t  p a t h  i s  measured 
and synchronized with the sound recordings. 
se t t ing ,  f lap  deflection, gear position, and airspeed are  maintained a t  
nominally constant val ues throughout the duration of each sound recording . 
Neteorological conditions of  the atmosphere a re  sampled a t  suff ic ient  
intervals  and heights t o  establish the atmospheric conditions over the sound 
transmission path f o r  each sound recording. 
microphones i s  f l a t  and unobstructed to  the extent tha t  the sound from the 
airplane i s  not  s ignif icant ly  influenced. 
levels,  the a i rp lane ' s  f l i g h t  path may be nominally level,  have a constant 
climb angle o r  a constant descent glideslope. 

The ai  rpl ane' s engine power 

The te r ra in  around the 

When measuring airplane sound 

For  the computation of sourid exposure level , Rieasured sound data a re  
analyzed as 1/3-octave-band sound pressure levels i n  decibels re la t ive t o  a 
reference pressure o f  20 micropascal s. Sound pressure level s are obtained, 
f o r  the  24 1/3-octave-bands w i t h  center frequencies ranging  from 50 t o  
1.3,OOO Hz, a t  0.5 second intervals  throughout the duration o f  each flyover 
sound recording. The measured 1/3-octave-band sound pressure level s a re  
corrected for  instrument cal ibrat ions and background noise contamination. 

The corrected sound pressure levels  are  then adjusted t o  account for  
differences betwee:: the atmospheric absorption 1 osses t h a t  occurred d u r i n g  
t h e  t e s t  and  the losses tha t  uould have occurred i f  the meteorological 
conditions a l o f t  had been such as t o  yield the attenuation rate coeff ic ients  
of  Table ß 1  which was taken frotn Reference 8-3.  
coeff ic ients  applicable to  the meteorological conditions prevailing a t  the 
time of the t e s t  should be obtained f r o m  Reference 8-4. The number of 
O. 5-second data sanipl es t o  which to  apply the atmospheric-absorption 
adjustments and the specification o f  sound propagat ion  pathlengths depends 
on the type o f  data available and the data-analysis procedure, see Sections 
8.3, 8 .4 ,  and  B.5. 

Atmospheric absorption 

*References f o r  Appendix B are  given i n  Section B.8. 
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B. 1 ( Cont i  nued) 

F o r  many j e t  and p r o p e l l e r  d r i v e n  a i rp lanes ,  t h e  p r e f e r r e d  nominal h e i g h t  
above ground l e v e l  f o r  no ise  measurements i s  o f  t h e  o rde r  o f  300 m (1000 f t )  
f o r  each engine power s e t t i n g .  However, t h e  ac tua l  h e i g h t  du r ing  a f l y o v e r  
no ise t e s t  i s  o f t e n  d i f f e r e n t  f o r  each a i r p l a n e  type and may range from 
100 m (330 f t )  t o  800 m (2625 f t ) .  Th i s  range o f  he igh ts  encompasses those 
normal ly  encountered i n  no ise  c e r t i f i c a t i o n  compliance demonstrations. 

l e t t e r  symbol LAE] i s  determined from t h e  i n t e g r a l  over t ime o f  t h e  square 
o f  t h e  instantaneous A-weighted sound pressure.  A-weighted sound l e v e l  i n  
each 0.5 second t ime  i n t e r v a l  i s  ob ta ined from t h e  1/3 octave band sound 
pressure l e v e l s  by app ly ing  t h e  A-weight ing de f i ned  i n  References ß -5  and 

8.2 Sound Exposure Level  : Sound exposure l e v e l  [abbrev iated by SEL and w i t h  t h e  

5-6. 

Thus, sound exposure l e v e l ,  SEL, i n  dec ibe l s  i s  determined from 

where p i ( t  i s  t h e  A-weighted squared sound pressure as a func i o n  o f  t ime  t 

i n  seconds, po i s  t h e  re fe rence sound pressure of 20 micropascals,  t o  i s  
2 t h e  reference t ime  o f  one second, and pot0 i s  t h e  re fe rence sound exposure. 

The t ime i n t e r v a l  f ro in t i  t o  t 2  i n  Eq. (51)  designates the  t ime i n  
seconds, f rom t h e  beginning t o  t h e  end o f  t h e  i n t e g r a t i o n  p e r i o d  f o r  t h e  
sound produced by t h e  a i rp lane .  The d u r a t i o n  ( t 2 - t l )  should be l o n g  
enough t o  i nc lude  a l i  s i g n i f i c a n t  c o n t r i b u t i o n s  t o  t h e  t o t a l  sound 
exposure. S u f f i c i e n t  accuracy i s  u s u a l l y  achieved by i n t e g r a t i n g  over  t h e  
t ime i n t e r v a l  du r ing  which t h e  A-weighted sound l e v e l  i s  w i t h i n  t e n  dec ibe l s  
o f  i t s  maximum value. I n t e g r a t i o n  over  l onger  du ra t i ons  than t h a t  de f i ned  
by t h e  10-dB-down t imes w i l l ,  i n  general,  y i e l d  sound exposure l e v e l s  t h a t  
a r e  no more than 0.5 dB g r e a t e r  than those determined by i n t e g r a t i n g  over  
t h e  10-dB-down t ime  i n t e r v a l .  

Because 1/3-octave-band sotind pressure 1 eve1 da ta  a r e  usual l y  o n l y  a v a i l  ab le  
a t  d i s c r e t e  t ime i n t e r v a l s ,  t he  i n t e g r a l  i n  Eq. ( B l )  i s  evaluated 
numer i ca l l y  and approximated by a summation. 
f rom t i  t o  t 2  a re  def ined, f o r  t h e  purpose o f  t h i s  document, t o  
correspond t o  t h e  f i r s t  and l a s t  data-sample t imes when t h e  A-weighted sound 
l e v e l  i s  a t  l e a s t  10 dec ibe l s  l e s s  than t h e  maximum sound l e v e l ,  i.e., 
inc ludes,  as a minimum, a l l  p o i n t s  w i t h i n  L m x  - L A ( t )  - < 10 dec ibe ls ,  

The l i m i t s  o f  t h e  summation 
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where ti  and t 2  are the 10-dB-down times, A t  i s  the interval between 
data saniples, and L A ( i )  i s  the time-averaged, A-weighted sound level a t  
time i .  

B.3 Noise-Power-Distance Data Sets:  Measured airplane sound data are  normally 
available fo r  only one distance (height) per engine power sett ing.  T h u s ,  t o  
develop generalized Noise-Power-Distance, NPD, data i t  i s  necessary t o  
adjust available data f o r  each power setting t o  other distances, However, 
since suf f ic ien t  t e s t  data are  not always available t o  pemiit sound exposure 
levels t o  be determined experimentally for  the range of engine power 
set t ings and distances needed f o r  airplane noise contours, any of the 
following four types of data may be used ( i n  order of preference). 

Type 1. Measured noise and performance data where spectral data are  
available for  the complete flyover time period of in te res t .  

Type 2, Measured noise and performance data where spectral data a re  
available only for the time of occurrence of the maximum sound 
level.  

Type 3. Noise measurements obtained d u r i n g  normal a i rpor t  operations where 
airplane position and performance data are  not available as  a 
function of time throughout the duration of a sound recording. 
Such data, al though subject t o  considerable sca t te r  and 
airport-specific influences are  normally the only type of data 
available for  airplanes manufactured prior t o  the requirement fo r  
noise cer t i f ica t ion .  

Type 4. Noise and a i  rpl ane/engi ne performance data derived from analytical 
estimates. 
projected new type airplanes. 

For each of the above four types o f  data, the sound from the airplane i s  
assumed t o  be measured, or calculated, a t  a location tha t  i s  nominally under 
.the f l i g h t  path. 
recommended f o r  the development of generalized noise-power-distance data 
using each of the  different  types of data ident i f ied above. 
procedures a re  contained i n  Sections B 4  and B5. 

This i s  normally the only type of data available fo r  

The following i s  a broad overview of the procedures 

Detailed 

Full Spectrum Time History Data i) : 

1. For an i n i t i a l  reference f l i g h t  p a t h ,  adjust  each 0.5-second s e t  of 
1/3-octave-band sound pressure level s by the method described i n  Section 
B . l  u s i n g  sound propagation pathlengths appropriate fo r  the t e s t  and 
reference f l i g h t  paths and tho integrated procedure of Section B.5. 
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8 .3  (Continued) 

2. fo r  minimum airplane-to-microphone distances o f  800 m o r  less ,  establish 
noise-power-di stance relationships a t  the other minimum distances 
specified in Table B2 by extrapolating the 1/3-octave-band sound 
pressure 1 evel s a t  each O .  5 second i nterval , calcul a t i  ng the A-wei g h t e d  
scund levels ,  and theri computing sound exposure levels for  each distance 
in accordance with the integrated procedure o f  Section 6.5. 

3. For d distance of 800 m determine the sound exposure level,  L A E r ,  the 
maximum val ue of A-wei ghted sound 1 evel , 
sound pressure levels,  L p r ( j )  f o r  j = 1,24, and the sound-emission 
angle, e re i  , corresponding t o  LAmxr. 

the 24 U3-octave-band 

4. For distances in Table B2 greater t h a n  800 m y  compute for the 
adjusted spectral d a t a ,  using the 800 m d a t a  as reference, then 
deterriiine sound exposure levels  by the simp1 i f ied procedure described in 
Section 6.4. 

Spectral Data a t  LAmx Plus Sound Exposure Level (Type 2 ) :  

1. A d j u s t  measured spectral data corresponding t o  L A ~ ~ T  by the method 
descri bed in Section B. 1 using appl icabl e test-day and reference-day 
sourid propagation p a t h  lengths. 

2. For the measured distance, determine the maximum value of A-weighted 
souna leve l ,  L A ~ ~ ~ T ,  and the sound emission angle ûei corresponding 
t o  J-AmxT- 

3.  Use the simplified procedure described in Section ß.4 t o  o b t a i n  sound 
exposure levels for the minimum distances specified i n  Table 62. 

A i rpo r t  In-Service Sound Neasurements (Type 3) : 

1. Use overhead or minimum distance ( a s  measured by camera o r  other device) 
and the best avail able temperature and humidity information t o  a d j u s t  
measured spectral d a t a  corresponding t o  for  atmospheric- 
absorption losses by the method described i n  Section B . 1 .  

L. For the measured distance, determine L h x ,  the 1/3-octave-band sound 
pressure levels corresponding t o   LA^^, and LAE. The reference sound 
exposure 1 evel i s  computed by apply1 ng the incremental difference 
between reference and  t e s t  day values of LAmx t o  the t e s t  day sound 
exposure 1 evel . The recul tan t  sound exposure 1 evel i s  identified w i t h  
the measured m i  nimuril d i  stance. 

3. Use the simplified procedure described in Section B.4 t o  obtain sound 
exposure levels f o r  the ininimum distances specified i n  Table B2. 
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(Continued) 

Noise Data Der ived from A n a l y t i c a l  Est imates (Type 4) :  

1. Fo l low  the  procedures f o r  Type 1 d a t a  i f  s u f f i c i e n t  spec t ra l  and 
a i r p l a n e - p o s i t i o  i n f o r m a t i o n  a r e  p rov ided  by t h e  a n a l y t i c a l  model, 
o therwise f o l l o w  t h e  procedures f o r  Type 2 data where spec t ra l  and 
a i r p l a n e - p o s i t i o n  i n f o r m a t i o n  a r e  a v a i l a b l e  only f o r  t h e  t ime o f  maximum 
sound l e v e l .  

S i m p l i f i e d  Adjustment Procedure: The s i m p l i f i e d  adjustment procedure i s  
used t o  c a l c u l a t e  SEL a t  a s p e c i f i e d  d i s tance  d i f f e r e n t  froin t h a t  a t  which 
t h e  a i r p l a n e  sound pressure l e v e l s  were measured. 
Type 4 data a t  d is tances g r e a t e r  than 800 m, and f o r  a l l  Type 2 and 3 data 
c a l c u l a t i o n s .  

It i s  used Î o r  Type 1 and 

A t  t h e  c l o s e s t  approach t e s t  d is tance,  dTm (see F i g ,  B1 f o r  i l l u s t r a t i o n  
o f  geometry) t h e  sound exposure l e v e l  c a l c u l a t e d  by use o f  Eq. (B2) can' be 
w r i t t e n  as t h e  sum o f  t h e  maximum sound l e v e l ,  L h x ~ ,  and an e f f e c t i v e  
du ra t i o r i  DAET, as 

LAET = LAmxT ' DAET 

A t  any re fe rence  minimum dis tance,  drm, g r e a t e r  o r  l e s s  than t h e  t e s t  
mininiuin d is tance,  Eq. ( B 3 )  can be w r i t t e n  as 

LAEr = LAmxr ' DAEr (B4) 

where 
spec t ra  t o  t h e  d e s i r e d  minimum d is tance  drm. 
e f f e c t i v e  d u r a t i o n  from Eq. (B6). 

i s  t h e  niaximum sound l e v e l  ob ta ined  by adjustment o f  the t e s t  
DAEr  i s  t h e  corresponding 

S u b t r a c t i n g  Eq, (B3) from Eq. (84) y i e l d s  

where the t e s t  sound exposure l e v e l  has been ad jus ted  by a p p l i c a t i o n  o f  Eq. 
(3.9) f o r  t h e  e f f e c t  on d u r a t i o n  o f  d i f f e r e n c e s  between t e s t  and reference 
airspeed. Experimental r e s u l  t s  suggested t h a t  t h e  f o l  1 owing empi r i c a l  
express ion adequately descr ibes t h e  d i f f e r e n c e  i n  e f f e c t i v e  d u r a t i o n  

The general express ion f o r  sound exposure l e v e l  at. any reference minimum 
d is tance  d,, d i f f e r e n t  f rom t h e  t e s t  minimum d is tance  djm i s  found by 
combining Eqs. (B5) and (B6) t o  y i e l d  

where a method t o  est imate L m x r  i s  a l l  t h a t  i s  now r e q u i r e d  t o  c a l c u l a t e  
LAEr s ince  LAET, L h x ~ ,  and dTm a r e  known. 
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ß.4 (Cont inued) 

F o r  each 1/3-octave-band sound pressure l e v e l  , t h e  e x t r a p o l a t i o n  procedure 
i s  represented by 

where L p T ( j )  i s  a band sound pressure l e v e l  froin t h e  s e t  o f  U3-octave-band 
sound pressure l e v e l  measurements a t  t h e  t e s t  d i s tance  f o r  some p a r t i c u l a r  
engi  ne power s e t t i n g  and airspeed, ar( j ) i s  t h e  re fe rence atmospheric 
a t t e n u a t i o n  r a t e  f o r  t h e  j t h  1/3-octave-band c e n t e r  frequency, and d r p i  
and dTpi are t h e  reference and t e s t  sound propagat ion  d is tances  a t  t h e  
t ime o f  maximum A-weighted sound 1 evel  , respec t i ve l y .  Atmospheric 
a t tenua t ion  r a t e s  are  g iven i n  Table B1. 

The c a l c u l a t i o n s  i n d i c a t e d  by Eq. (B8) a re  performed w i t h  t h e  assumption 
t h a t  t h e  sound emission angle a t  t h e  t ime o f  occurrence o f  t h e  maximum sound 
l e v e l  f o r  t h e  t e s t  d i s tance  does n o t  change w i t h  increased d is tance.  Wi th  
the  assumption o f  a cons tan t  sound emiss ion angle, t h e  sound propagat ion 
d i s tance  can be expressed i n  terms o f  t h e  minimum ( c l o s e s t  approach) 
d is tance dTm o r  drm (see F ig .  B 1  o r  B2) 

The assumption of  a cons tan t  sound emission angle f o r  t h e  t ime o f  occurrence 
of t h e  maximum sound l e v e l  i s  n o t  always v a l i d  a t  d is tances  much l a r g e r  than 
t h e  reference d i s tance  because atmospher ic-absorpt ion e f f e c t s  s i g n i f i c a n t l y  
reduce t h e  high-frequency sound presclcre 1 evel  s a t  1 arge d i  stances.* 
t h e  r e l a t i v e  t ime o f  occurrence o f  t h e  maximum sound l e v e l  may change as t h e  
d i  stance i ncreases. 
d is tance i s  taken i n t o  account by t h e  emp i r i ca l  c o r r e l a t i o n  used t o  es t imate  
t h e  d u r a t i o n  f a c t o r  by Eq. (B6). 

Thus 

However, the  v a r i  a t i o n  of sound emi ss ion  angle w i t h  

B .5 I n t e g r a t e d  Procedure: 

B .5.1 I n t r o d u c t i o n :  The ''i ntec ra ted  procedure" i s  recommended f o r  a d j u s t i n g  
measured Type 1 data t o  re fe rence c o n d i t i o n s  s u i t a b l e  f o r  develop ing a 
n o i  se-power-distance (NPU) acous t i ca l  data base. 

F o r  t h e  purpose o f  t h i s  A I R ,  the  t e s t  a i r p l a n e ' s  no ise  s i g n a l  is assumed 
t o  be measured a t  a l o c a t i o n  t h a t  i s  nomina l l y  under t h e  average t e s t  
f l i g h t  pa th  such t h a t  t he  e l e v a t i o n  angle, B ,  a t  t h e  t ime o f  c l o s e s t  
approach as de f i ned  i n  Reference B-7, i s  g r e a t e r  than 60 degrees. 

*Note: Sound emission angle, e e i ,  must be determined f rom measured data. 
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B, 5.1 ( C o n t i m e d l  

Data r e q u i r e d  t o  per form t h e  analyses descr ibed i n  t h i s  Sec t i on  c o n s i s t  o f :  

( i )  1/3-octave-baïid sound pressure l e v e l s ,  LPT( i ,j 1, t h a t  a r e  t ime 
averaged over an approp r ia te  t ime p e r i o d  and a v a i l a b l e  a t  0.5-sec 
i n t e r v a l s  throughout t h e  s i g n i f i c a n t  d u r a t i o n  o f  t h e  a i r p l a n e  no ise  
s igna l  ; 

( 2 )  

( 3 )  

t ime, ti, r e l a t i v e  t o  any s u i t a b l e  re fe rence  t ime, a t  t h e  m idpo in t  
o f  each averaging t i m e  per iod;  

X,Y,Z coord inates,  w i t h  respec t  t o  a re fe rence  o r i g i n  o f  coord inates,  
o f  an a i r p l a n e  reference p o i n t  on t h e  average t e s t  f l i g h t  p a t h  a t  t h e  
m idpo in t  times, ti, associated w i t h  t h e  samples o f  acous t i ca l  data; 

l o c a t i o n  (XTM, YT~~I, O ) ,  w i t h  respec t  t o  t h e  o r i g i n  o f  coord inates,  
o f  t h e  measurement microphone i n  t h e  re fe rence  X-Y p lane and noi i i inal ly 
under t h e  t e s t  f l i g h t  path; 

temperature and humid i t y  o f  t h e  a i r ,  a t  t h e  t ime  o f  t h e  measurement 
o f  t h e  a i r p l a n e  no ise  s igna l ,  from near t h e  ground sur face t o  t h e  
h e i g h t  o f  t h e  a i rp lane ;  

X and 2 coord inates,  w i t h  respec t  t o  t h e  same o r i g i n  o f  coord inates,  

( 4 )  

( 5 )  

( 6 )  
o f  t he  a i r p l a n e  on an i n i t  
t r a c k  a long t h e  X-axis. A 
ground t r a c k  a t  Xfl,i,O,O. 

He igh t  coo rd ina te  Z i s  measured 
t h e  nieasurement microphone. Th 

a l  re ference f l i g h t  pa th  over  t h e  ground 
re fe rence  microphone l o c a t i o n  i s  on t h e  

above a re ference X-Y  p lane  t h a t  i nc ludes  
h e i q h t  o f  t h e  measurement microphone 

above t h e  l o c a l  t e r r a 3 n  should be known, e.g., 1.2 meters. The i o c a t i o n  
o f  t h e  measurement microphone does n o t  necessa r i l y  c o i n c i d e  w i t h  t h a t  o f  
t h e  reference microphone p o s i t i o n .  The e l e v a t i o n  o f  t h e  l o c a l  t e r r a i n  
should be known r e l a t i v e  t o  t h e  e l e v a t i o n  o f  t h e  o r i g i n  o f  coord inates.  

F o r  t h e  purpose o f  t h i s  A I R ,  t h e  average t e s t  f l i g h t  p a t h  i s  assumed t o  be 
a s t r a i g h t  l i n e  c o n s i q t e n t  w i t h  t h e  a i r p l a n e  f l i g h t  paths determined by 
t h e  methods o f  Appendix A .  The p o s i t i o n  o f  t h e  a i r p l a n e  a long t h e  average 
p a t h  may be spec i f i ed ,  a t  any t ime  d u r i n g  t h e  p e r i o d  o f  i n t e r e s t ,  from 
t i m e - c o r r e l a t e d  a i r p l a n e - p o s i t i o n  data. A l t e r n a t i v e l y ,  a i r p l a n e - p o s i t i o n  
data may be obta ined from a s i n g l e  measurement, such as t h e  minimum o r  
"overhead" d i s t a n c e  between t h e  measurement microphone and t h e  a i r p l a n e  a t  
a t ime c o r r e l a t e d  w i t h  the  corresponding t i m e  o f  t h e  a c o u s t i c a l  data t h a t  
a r e  be ing recorded. The minimum d is tance  and correspunding t i m e  a r e  used 
i n  c o n j u n c t i o n  w i t h  assumptions f o r  t h e  average s t r a i g h t  f l i g h t  p a t h  and 
average t r u e  a i rspeed a long t h e  p a t h  t o  es t ima te  t h e  X,Y,Z coo rd ina tes  o f  
an a i r p l a n e  reference p o i n t  a t  any tirne d u r i n g  t h e  p e r i o d  o f  i n t e r e s t .  
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B.5.1 (Cont inued) 

A-weighted sound l e v e l  s a r e  computed from each s e t  o f  1/3-octave-band 
sound pressure l e v e l s  a f t e r  adjustment t o  t h e  c o n d i t i o n s  o f  t he  i n i t i a l  
re ference f i g h t  path. 
i n t e g r a t e d  over the  r e l e v a n t  p o r t i o n  o f  t h e  f l y o v e r  t ime p e r i o d  o f  
i n t e r e s t  t o  a r r i v e  a t  an A-weighted sound exposure l e v e l  f o r  t h a t  engine 
power s e t t i n g  and minimuin d i s tance  t o  the  i n i t i a l  re ference f l i g h t  path. 
The e f f e c t  o f  d i f f e r e n c e s  i n  t r u e  airspeeds a long t h e  t e s t  and reference 
f l i g h t  paths on the  d u r a t i o n  o f  t h e  sound i s  accounted f o r  by d i f f e r e n c e s  
i n  t h e  t ime  i n t e r v a l s  between samples o f  acous t i ca l  data. 

The r e s u l  t a n t  sound 1 evel  s a re  numerical l y  

Sound exposure 1 evel  s assoc iated w i t h  o t h e r  re ference f l  i g h t  paths 
p a r a l l e l  t o  t h e  i n i t i a l  re fe rence  f l i g h t  pa th  a r e  obta ined by repea t ing  
the  a n a l y s i s  except t h a t  t he  t r u e  a i rspeed along each pa th  i s  always t h e  
reference a i rspeed o f  160 knots  and t h e  speed o f  sound i s  always t h a t  f o r  
an a i r  temperature o f  25 C ( 7 7  F) .  The process i s  repeated f o r  minimum 
dis tances t o  800 meters t o  y i e l d  sound exposure l e v e l  i n  accordance w i t h  
the  format  o f  Table 82 f o r  each engine power s e t t i n g  o f  i n t e r e s t .  
s imp l i f i ed -p rocedure  adjustment method o f  Sec t i on  B.4 i s  a p p l i e d  f o r  
minimum dis tances g r e a t e r  than 800 meters. 

The 

The i n t e g r a t e d  procedure i s  d i f f e r e n t  f rom t h e  simp1 i f i e d  procedure i n  
t h r e e  major respects.  F i r s t ,  geometric d i f f e r e n c e s  between t h e  measured 
and i n i  t i a 1  reference a i r p l a n e  f l i g h t  paths a re  accounted f o r  throughout 
t h e  r e l e v a n t  p o r t i o n  o f  t he  t ime h i s t o r y .  
geometric d i f f e rences ,  t ime  i n t e r v a l s  between successive samples o f  
ad jus ted  acous t i ca l  data are longer,  o r  shor ter ,  than t h e  0.5-second 
i n t e r v a l  between successive samples of measured a c o u s t i c a l  data. Thi rd ,  
d i f f e r e n c e s  between e f f e c t s  of atmospheric abso rp t i on  a re  accounted f o r  
along t h e  sound propagat ion paths associated w i t h  t h e  va r ious  p o s i t i o n s  o f  
t he  a i r p l a n e ' s  e f f e c t i v e  source o f  sound emission on a reference f l i g h t  
p a t h  i n s t e a d  o f  j u s t  a long t h e  sound propagat ion p a t h  associated w i t h  t h e  
maximum A-weighted sound l e v e l .  

Second, because o f  t h e  

D i f f e r e n c e s  between atmospheric abso rp t i on  l osses  associated w i t h  
t e s t - t i m e  c o n d i t i o n s  a l o f t  and t h e  1 osses determined from a t t e n u a t i o n  
c o e f f i c i e n t s  o f  Table B 1  a r e  used t o  c a l c u l a t e  t h e  adjustments f rom t h e  
t e s t  f l i g h t  pa th  t o  the  i n i t i a l  reference f l i g h t  path. Thereaf ter ,  
adjustments f o r  atmospheric abso rp t i on  use on ly  t h e  a t t e n u a t i o n  
c o e f f i c i e n t s  o f  Table B1 and the  d i f f e r e n c e s  i n  spher i ca l  -divergence ove r  
t h e  d i f f e r e n t  sound propagat ion pa th leng ths  f o r  each sound-emission angle, 

Sect ion 8.7 con ta ins  a d e s c r i p t i o n  o f  t he  symbols f o r  t he  q u a n t i t i e s  
needed t o  determi ne adjustments by t h e  i ntegrated-procedure method. 

Fo r  the  t e s t  f l i g h t  path, t he  f o l l o w i n g  subsect ions p resen t  t h e  equat ions 
needed t o  determine ( I . )  t h e  minimum microphone- to- f l  i g h t - p a t h  d is tance,  
(2 )  t h e  sound-propagation t imes, and ( 3 )  t he  sound-emission angles between 
t h e  average test f J i g h t  p a t h  and t h e  average sound-propagation d i s tances  
t o  t h e  microphone. For re ference f l i g h t  paths, t h e  on ly  parameter t o  be 
determined i s t h e  minimum d i  stance from t h e  reference microphone 1 o c a t i o n  
t o  t h e  f l i g h t  path. 
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B.5.2 Minimum Microphone-To-Test-F1 igh t -Pa th  Distance: R e f e r r i n g  t o  F i g u r e  B1, 
t h e  d i s tance  from t h e  l o c a t i o n  o f  t h e  measurement microphone a t  p o i n t  K T  
t o  p o i n t  RT on t h e  average t e s t  f l i g h t  p a t h  i s  t h e  minimum 
microphone- to- test -path d i  stance, dTm. 

When a i r p l a n e - t r a c k i n g  data a r e  used t o  d e f i n e  t h e  coord inates o f  p o i n t s  
a long t h e  average f l i g h t  p a t h  as a f u n c t i o n  o f  t ime, t h e  minimum d is tance  
may be c a l c u l a t e d  from 

The (XRT, YRT,ZRT) coord inates o f  p o i n t  RT may be determined from 
t h e  general equat ion f o r  t h e  angle between two l i n e s  where one l i n e  i s  t h e  
average s t r a i g h t  t e s t  f l i g h t  p a t h  and t h e  o t h e r  l i n e  i s  t h e  minimum 
d is tance  l i n e  from KT t o  RT. An i n i t i a l  es t ima te  o f  t h e  
(XRT,YRT,ZRT) coord inates may be made from t h e  known XTM 
coo rd ina te  o f  t h e  microphone. 
t r a c k i n g  da ta  may be used d i r e c t l y  t o  determine t h e  t e s t - p a t h  sound- 
propagat ion distances, sound propagat ion t imes, and sound-emission times. 

B.5.3 Sound-Propagation Times and Sound-Emission Angles f o r  Test  F l i g h t  Path: 
When t h e  coordinates,  and hence t h e  t ime, tTm, f o r  t h e  p o i n t  on t h e  
average t e s t  f l i g h t  p a t h  associated w i t h  t h e  minimum microphone-to-f l  i g h t -  
p a t h  d i  stance, dTm, a r e  establ ished,  t e s t - f l  i g h t - p a t h  sound-propagation 
t imes, a t  any data-sample t ime, ti, may be computed from 

A l t e r n a t i v e l y ,  t ime  co r re1  a ted  a i r p l a n e  

'where t h e  t ime  d i f f e r e n c e  B i s  g i ven  by 

B = t T m  - ti 
CT i s  t h e  average speed o f  sound a long t h e  sound-propagation path, and 
VT i s  t h e  average t r u e  a i r speed  o f  t h e  t e s t  a i r p l a n e  a long t h e  path. 

The average speed o f  sound a long t h e  sound-propagation p a t h  should be 
c a l c u l a t e d  from t h e  average absolute temperature o f  t h e  a i r  between t h e  
surface, Ts, and t h e  n e i g h t  o f  t h e  a i rp lane ,  TA, '¡.e., f rom 

CT = C~*R*/blo)(Ts TA) /2 I1 l2  (813) 

Sound-emission angles, eei ,  a t  p o i n t s  Ce< associated w i t h  t h e  samples 
o f  a c o u s t i c a l  da ta  a t  t imes ti may be determined from t h e  minimum 
d is tance  and t h e  sound-propagation pathlength,  dTpi, us ing  

Sin e e i  = dTm/dTpi = dTm/C(htTpi)(CT)] 
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B. 5.3 ( Continued) 

NOTE: I f  t h e  engines'  average t h r u s t  a x i s  o r  t h e  a i r p l a n e ' s  p i t c h  angle 
a re  n o t  a l i g n e d  w i t h  the  average f l i g h t  path, t h e  average sound-emission 
angle i s  d i f f e r e n t  f rom t h a t  computed as recommended above. 
purpose o f  t h i s  A I R ,  t h e  small  e f f e c t  on t h e  adjustments t o  t h e  measured 
sound pressure 1 eve1 s o f  d i f f e r e n c e s  between eng ine - th rus t -ax i s  angle o r  
a i r p l a n e  p i t c h  angle and average-f l  i g h t - p a t h  angle were i gno red  because 
t h e  d i f f e r e n c e s  would have had n e g l i g i b l e  e f f e c t  on t h e  c a l c u l a t e d  sound 
exposure l e v e l s  o r  on day-n ight  average sound l e v e l s .  

F o r  t h e  

B.5.4 Minimum Distance t o  t h e  Eeference F l i g h t  Path: 
f o r  a re ference f l i g h t  p a t h  i n  t h e  X-Z p lane over  t h e  reference microphone 
l o c a t i o n  a t  K r  on t h e  re fe rence  ground t r a c k  a t  (Xfil,O,O) i n  t h e  
re fe rence  X-Y ground plane. 
s p e c i f i e d  f l i g h t  pa th  angle y r  r e l a t i v e  t o  t h e  h o r i z o n t a l .  The a i r p l a n e  
f l i e s  a long t h e  re fe rence  f l i g h t  p a t h  a t  cons tan t  t r u e  a i r speed  V r  = 160 
knots.  

F i g u r e  ß2 shows geometry 

The re fe rence  f l i g h t  pa th  i s  i n c l i n e d  a t  a 

As i n d i c a t e d  on F i g u r e  B2, sound-emission angles, û r e i ,  a long t h e  
reference f l i g h t  pa th  a r e  assumed t o  equal t h e  corresponding sound- 
emission angles, e i, along t h e  average t e s t  f l i g h t  p a t h  f o r  t h e  
corresponding sampPes o f  a c o u s t i c a l  data. The coord inates o f  t h e  
sound-emission p o i n t s  a long t h e  reference f l i g h t  pa th  may be r e a d i l y  
c a l c u l a t e d  f rom geometr ical  cons ide ra t i ons .  

Since X and Z coord inates along t h e  re fe rence  f l i g h t  p a t h  may be s p e c i f i e d  
by an equat ion,  t h e  he igh t ,  hro, over  t h e  reference microphone l o c a t i o n ,  
K y ,  may be c a l c u l a t e d  r e a d i l y  a t  re ference d i s tance  XrM. 
d istance, drm, f r o m  K r  t o  t h e  reference f l i g h t  p a t h  a t  p o i n t  R r  may 
then be d e t e m i  ned from 

Minimum 

B.5.5 Adjustment f rom t h e  Average Tes t  F l i g h t  Path t o  t h e  I n i t i a l  Reference 
) l i g h t  Path: 
angle, i.e., f o r  each sample t ime t i  and corresponding reference t ime  
tri, the  t e s t - t i m e  sound pressure l e v e l  s, LpT( i ,  j ) ,  f o r  each o f  t h e  
j - t h  frequency bands, a re  ad jus ted  f o r  t h e  d i f f e r e n c e  i n  s p h e r i c a l -  
d ivergence and atmospher ic-absorpt ion 1 osses over  t h e  t e s t  and t h e  i n i  t i a 1  

F o r  each sample o f  acous t i ca l  data a t  some sound-emission 

t h e  f o l  1 owi ng expression 

where t h e  t e s t  and re fe rence  minimum f l i g h t - p a t h  d is tances and sound- 
emission angles a re  determined as descr ibed above. 
a t t e n u a t i o n  ra tes ,  ar( j ) ,  as a f u n c t i o n  o f  nominal band-center frequency 
j, a r e  g i ven  i n  Table B1. 
a T ( j ) ,  a r e  g i ven  i n  Ref. B - 4  as a f u n c t i o n  o f  a i r  temperature, r e l a t i v e  
humi d i  ty , and nomi na1 band-center frequency j . 

Reference atmospheric 

Tes t  atmospher ic-absorpt ion c o e f f i c i e n t s ,  
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B. 5.5 (Cont inued) 

To min imize  t h e  magnitude o f  t h e  adjustments f rom t e s t  t o  re fe rence 
condi  ti ons, i t  i s recommended t h a t  t h e  i n i  ti a l  re fe rence minimum d i  stance 
be se lec ted  f rom those i n  Table B2 and he c l o s e  to ,  and l a r g e r  than, t h e  
t e s t  minimum distance, f o r  example, s e l e c t  125 meters i f  t h e  t e s t  d i s tance  
was 120 meters o r  s e l e c t  315 meters i f  t h e  t e s t  d i s tance  was 300 meters. 

NOTE: Measured tes t -day  sound pressure l e v e l s  t o  be ad jus ted  t o  re fe rence 
c o n d i t i o n s  by Eq, (B16) should be checked t o  ensure t h a t  they a re  f r e e  o f  
con taminat ion  f rom background noise. A f t e r  t h e  adjustment, s u f f i c i e n t  
i n s p e c t i o n  o f  t h e  spec t ra  i s  recommended t o  make sure t h a t  n e i t h e r  
hackyound acous t i c  n o r  e l e c t r o n i c  no ise  have r e s u l t e d  i n  anomalous h i g h  
frequency spec t ra l  shaping. 

B.5.6 Reference-Path Sound Exposure Level  : A f t e r  app ly ing  t h e  A-frequency 
we igh t i ng  f rom Refs. B-S o r  B-6 t o  t h e  ad jus ted  1/3-octavc-band sound 
pressure  1 evel  s t o  determi ne A-weighted sound 1 evel  s f o r  each re fe rence 
t ime tri, t h e  sound exposure l e v e l  f o r  t h e  i n i t i a l  re fe rence minimum 
d is tance  i s  found from 

where t imes tri through t v n  i n c l u d e  t h e  f i r s t  and l a s t  10-dB-down 
t imes  f o r  t h e  A-weighted sound l e v e l s  L A r ( t r i ) ,  and 6 t r i  i s  t he  
average i n t e r v a l  around t h e  t ime associated w i t h  t h e  A-weighted sound 
l e v e l  a t  tri when t h e  a i r p l a n e  i s  a t  p o s i t i o n  Qri. 
t o  i s  one second f o r  sound exposure as g iven i n  Eqs. ( B i )  and (B2). 

Because, as shown i n  F ig .  82, two successive a i r p l a n e - p o s i t i o n  re fe rence 
times, t r i  and t r ( i t l ) ,  occur. a f t e r  t h e  t ime t r e i  a t  t h e  sound- 
emiss ion p o i n t ,  t h e  average i n t e r v a l  o f  t ime  f o r  t h e  produc t  terms i n  Eq. 
(B17) i s  found f rom 

! 
The re fe rence t ime 

“ri = [At,! ’ A t r ( j - l ) I / z  (I3181 

To i n i t i a t e  t h e  summation i n  Eq. (B17), s e t  A t r O  = A t r 1  so t h a t  6 t r l  
= A t r l .  TO te rmina te  t h e  summation, assume t h a t  A t r n  = A t r (n -1 )  SO 

8.5.7 Reference Time I n t e r v a l  A t t i  : The i n t e r v a l  A t r j  between successive 
re fe rence  t imes i s  n o t  equal t o  0.5 seconds as i t  i s  f o r  t he  i n t e r v a l  
between successive samples of acous t i ca l  data measured a t  l o c a t i o n s  such 
as  those shown on F ig .  B1. 
A-weighted sound l e v e l s  i s  g iven  by 

t h a t  6 t r n  = A t r n  = A t r (n -1) .  

The re fe rence  t ime  i n t e r v a l  between samples o f  
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6.5.7 ( Cont i  nued) 

Fo r  t h e  t e s t  f l  i g i i t  path,  acoust ical-data-sample t imes, sound-einission 
t imes, and sound-propagation t in ies a re  re1 a ted  by 

F o r  re fe rence-path  cond i t i ons ,  t h e  d i f f e r e n c e  between successive t imes may 
be w r i t t e n  as 

F o r  a re fe rence f l i g h t  path,  Equat ion (B19) shows t h a t  t h e  d i f f e r e n c e  
between successive t imes i s  t h e  sum o f  t h e  t ime f o r  t h e  a i r p l a n e  t o  
t r a v e l .  a t  averaqe speed V,. f rom one sound-emission p o i n t  t o  t h e  nex t  
a l  oncj i h e  re fe rence i 1  i g h t '  pa th  p l  us t h e  d i f f e r e n c e  
sound-propagation t imes from t h e  sound-emi s s i  on p o i  
a t  K r .  Ccord inates o f  sound-emission p o i n t s  may be 
geoinetr ical  cons ide ra t i ons  f o r  equal sound-erii ss ion  
reference and average t e s t  f l i g h t  paths.  

The speed c f  sound, C y ,  under re fe rence c o n d i t i o n s  
ter~iperatui-e o f  296.15 K ( 2 5  C o r  7 7  F) ,  i .e . ,  346.1 
Eq. (813) .  

between t h e  
t c  t o  
deteri:) 
angles 

s t h a t  
m/s ( 

he microphone 
ned f r o n  
on t h e  

f o r  an a i r  
135.66 f t / s )  by 

Because ti-le average t e s t  f l i g h t  pa th  i s  assumed t c  be a s t r a i g h t  l i n e  and 
because the  sound-emission angle t o  t h e  re fe rence f l i g h t  pa th  i s  t h e  same 
as t h e  sound-emission angle t o  t h e  t e s t  f l i g h t  pa th  a t  corresponding 
sound-emission po in ts ,  t h e  i n t e r v a l  between two re fe rence t imes inay be 
c a l c u l a t e d  f r o n  

(B20) 
I ( 

A t r i  = (d,/dTm)C(VT/Vr) 0.5 - [ A t T P ( i t l ) - A t T p i l  
' (CT/Cr) (AtTp( i + l )  - AtTp i )  1 

B.5.8 Adjustment f rom I n i t i a l  Reference F l i g h t  Path t o  Other Reference F l i g h t  
Paths: To a d j u s t  t h e  1/3-octave-band sound pressure l e v e l s  and hence t h e  
A-weighted soÜnd 1 eve1 s and sound exposure l e v e l  s froin t h e  i n i  t i a 1  
re fe rence f l i g h t  p a t h  t o  any o t h e r  re fe rence f l i g h t  p a t h  p a r a l l e l  t o  t h e  
i n i t i a l  re fe rence f l i g h t  path, say t o  t h e  k - t h  re fe rence f l i g h t  path,  t h e  
sound pressure l e v e l s  ob ta ined by Eq. (B16) a re  ad jus ted  t o  t h e  new 
re fe rence minimum d i  stance by 

Lp r ( r i , j , k )  = L p r ( r i , j , k - l )  - 20 I g [ d r m ( k ) / d r m ( k - l ) I  
- [ a r ( j ) I [ d r m ( k )  - d rm(k - l ) I csc  Q e i  (B21) 

where o n l y  t h e  a t t e n u a t i o n  r a t e s  o f  Table ß 1  a re  needed because t h e  
atmospheric c o n d i t i o n s  a re  t h e  same f o r  a l l  re fe rence f l i g h t  paths. 
Eq. (B10) f o r  a comparable adjustment by t h e  s i m p l i f i e d  procedure. 

See 
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B.5.8 (Cont inued) 

A-weighted souiici l e v e l s  f o r  the  k-th re ference iiiinimum d i  stance a r e  
computed as f o r  t h e  i n i t i a l  re ference f l i g h t  path. The A-weighted sound 
exposure l e v e l  f o r  t h e  k - t h  re fe rence  minimum d is tance  i s  determined by 
use o f  Eq. (817) .  Because t h e  160 k n o t  a i rspeed and t h e  a i r  temperature, 
hence sound speed, a r e  t h e  same f o r  a l l  r e fe rence  f l i g h t  paths, t h e  
increment A t r i (  k ) ,  between corresponding re fe rence  t imes o f  two 
A-weighted sound l e v e l  samples f o r  t h e  k - t h  p a t h  i s  g i ven  by: 

A tr i ( k ) = Cdrm ( k 1 /d r m (  1 I [ A t r  i ( 1 1 (B22) 

where dr,(k) i s  t h e  minimum d is tance  from p o i n t  K r  t o  t h e  k - t h  p a t h  

dri ; l ( l )  i s  ,the minimum d is tance  t o  t h e  i n i t i a l  re fe rence  path, and 

A t r i ( 1 )  i s  t h e  t i m e  i n t e r v a l  by E q .  (B20) f o r  t h e  i n i t i a l  re ference 
p a t h  and t h e  same sound emission angle a s  f o r  A t r i  ( k )  , 

For  each engine power s e t t i n g  o f  i n t e r e s t ,  repea t  t h e  above process t o  
develop t h e  a c o u s t i c a l  da ta  base by e x t r a p o l a t i n g  t o  t h e  re fe rence  minimum 
d is tances  o f  Table 8 1  ( i . e . ,  t o  800 ineters). 

NOTE: Whi le  t h e  number o f  samples, n, t o  i n c l u d e  i n  t h e  summation i n  Eq. 
'(B17) o n l y  needs t o  i n c l u d e  t h e  f i r s t  and l a s t  10-dB-down t imes from t h e  
maximum A-weighted sound l e v e l  f o r  t h e  i n i t i a l  re ference minimum dis tance,  
more than t h e  minimum number o f  da ta  samples needed t o  c a l c u l a t e  t h e  sound 
exposure l e v e l  f o r  t h e  i n i t i a l  re ference f l i g h t  p a t h  should be a v a i l a b l e  
froin t h e  t e s t  da ta  t o  ensure coverage o f  t h e  10-dB-down t imes f o r  t h e  
l ower  sound l e v e l s  assoc ia ted  w i t h  t h e  i n c r e a s i n g l y  l o n g e r  t o t a l  spans o f  
t ime  as t h e  minimum d is tance  increases t o  800 meters. 

8.6 Data P resen ta t i on :  Sound exposure l e v e l s  should be c a l c u l a t e d  and t a b u l a t e d  
f o r  a range o f  c l o s e s t  approach d i s tances  t o  t h e  f l i g h t  p a t h  us ing  t h e  
methods o f  t h i s  Appendix f o r  d i s tances  as s h o r t  as 80 meters and f o r  l onger  
d i s tances  as requi red,  up t o  t h e  d i s tance  corresponding t o  a sound exposure 
l e v e l  o f  about 75 dB. I f  lower  values o f  sound exposure l e v e l  a r e  r e q u i r e d  
they may be ob ta ined  by f u r t h e r  e x t r a p o l a t i o n .  

For consistency, a l l  sound exposure l e v e l s  should be presented t o  t h e  
nearest  0 .1  dB. 

Tab1 e 8 2  il 1 u s t r a t e s  t h e  general  for t i iat  p r e f e r r e d  f o r  p r e s e n t a t i o n  o f  sound 
exposure l e v e l  data f o r  a p a r t i c u l a r  a i r p l a n e  as a f u n c t i o n  o f  c l o s e s t  
approach d i s t a n c e  f o r  va r ious  values o f  t h e  t h r u s t - r e l a t e d ,  engine-power 
s e t t i n g  parameter. 

The. t h r u s t - r e 1  a ted  engi  ne-power-sett i  ng parameter shown as t h e  parameter f o r  
t h e  sound exposure l e v e l  da ta  i n  Table B 1  should be one o f  t h e  f o l l o w i n g ,  as 
app rop r ia te :  

( i )  Corrected n e t  t h r u s t  p e r  engine, F,/sam, i n  k i lonewtons (kN) o r  
pounds f o r c e  ( l b f ) ;  
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B . G  (Continued) 

( 2 )  Corrected loh-pressure shaf t  speed per engine, N i / V  eT, in 
revol utions per ni i  nute o r  percent; 

Corrected shaf t  power applied t o  a propeller, SP/(Sa, )I eT) i n  
kilowatts (kW) or horsepower, a t  a stated propeller speed; 

Any other power-setting parameter used for specific engine model. 

,- 

( 3 )  

( 4 )  

The quantit ies used to  normalize the above parameters are  defined by: 

( i )  The ambient pressure r a t io  

*am = Pam/Pan,std 

where Pa,, i s  the ambient or atmospheric pressure, in kilopascals, a t  
the height of the airplane and Pam,std = 101.325 k P a .  

( 2 )  The temperature r a t io  

QT = TT/Tam,std 

where TT i s  the absolute total  a i r  temperature in kelvins a t  the f a n  i n l e t  
and  Tam,std = 288.15 K. 

B.7 Nomenclature f o r  Section B.5. Intesrated Procedures: 

NOTE:  Subscript r f o r  reference conditions; subscript T fo r  test-day 
condi t i  ons. 

a r ( j  1 ;aT(j  1 reference atmospheric attenuation rates  from Table 131; 
average test-day atmospheric absorption coeff ic ients  

A A-f requency weighti ng 

speed of sound a t  reference, o r  average test-day, a i r  
tempera t u  re 

drm ;dTm minimum distance from reference microphone location a t  
Kr t o  reference f l i g h t  p a t h  a t  Rr; o r  from test-day 
microphone location a t  KT t o  average t e s t  f l i g h t  p a t h  a t  
RT 

drpi idTpi sound-propagation pathlength a t  time t r e i  from 
sound-emission point Qrei on the reference f l i g h t  path 
to  the reference microphone location a t  Ky; or a t  time 
t e l  from sound-emission point Qei on the average t e s t  
f l i g h t  p a t h  t o  the test-day microphone location a t  KT 

h ro  height ver t ical ly  over the reference microphone location 
a t  Kr t o  the reference f l i g h t  p a t h  
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B.7 (Continued) 

LAr(  tri 

LAEr  

M O  

Qi 

Qe i 

Qri 

Qre i  

1 o c a t i  n 

- 4s - 

n t h e  X-axis f o  t h e  r f r e n  
t h e  X - Y  p lane  f o r  t h e  t e s t  microphone 

microphone; o r  on 

1/3-octave-band sound pressure l e v e l s ,  f o r  each of  t h e  
j frequency bands, when t h e  a i r p l a n e  i s  a t  Ç r i  a t  t ime 
tr i on t h e  i n i t i a l  re ference f l i g h t  p a t h  over  K r ;  o r  
when the  a i r p l a n e  i s  a t  Qi a t  t i m e  ti on t h e  average 
t e s t  f l i g h t  p a t h  f o r  measurements a t  KT 

1/3-octave-band sound pressure l e v e l s  a t  t ime  tri, f o r  
each o f  t h e  j frequency bands, when t h e  a i r p l a n e  i s  a t  
Qrj on any re fe rence  f l  i g h t  p a t h  over  K r  except t h e  
i n 1  t i a 1  re fe rence  p a t h  

A - f  requency-wei ghted sound 1 evel  a t  re fe rence  ii i icrophone 
l o c a t i o n  K r  a t  t i m e  tri when t h e  a i r p l a n e  i s  a t  Qri 
on the  re fe rence  f l i g h t  p a t h  

A - f  requency-weighted sound exposure 1 evel  a t  re fe rence  
microphone l o c a t i o n  K r  f o r  an a i r p l a n e  on a re fe rence  
f l i g h t  p a t h  a t  minimum d is tance  drm 

mean mo lecu la r  weight  o f  a i r ;  28.9644 kg/kmol 

a p o i n t  on t h e  average t e s t  f l i g h t  p a t h  where t h e  a i r p l a n e  
was a t  t i m e  ti assoc ia ted  w i t h  t h e  m idd le  o f  t h e  
t ime-averaging p e r i o d  f o r  a sample o f  a i r p l a n e  no ise  
s igna l  recorded a t  K T  

t h e  p o i n t  on t h e  average t e s t  f l i g h t  p a t h  a t  t h e  t ime  
t e l  where t h e  a i r p l a n e  was when i t  e m i t t e d  t h e  no ise  
s i g n a l  assoc ia ted  w i t h  sound-emission angle û e i  

a p o i n t  on a re fe rence  f l i g h t  p a t h  where t h e  a i r p l a n e  w 
a t  t i m e  t p j  and w i t h  t h e  same sound-emission angle 

S 

between t h e  f l i g h t  p a t h  and t h e  sound-propagation p a t h  t o  
K r  as f o r  t ime  t i  on t h e  average t e s t  f l i g h t  p a t h  

t h e  p o i n t  on a re fe rence  f l i g h t  p a t h  a t  t ime  t r e i  where 
t h e  a i r p l a n e  was when i t  emi t ted  t h e  no ise  s i g n a l  
assoc ia ted  w i t h  sound-emission angle e r e i  = 8e-j 

gas constant :  8314.32 N-in/( kmol -K 

t h e  p o i n t  on t h e  re fe rence  ( o r  average t e s t )  f l i g h t  p a t h  
a t  t h e  t ime  o f  c l o s e s t  approach t o  p o i n t  K r  ( o r  KT) 
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time, re la t ive  t o  an  arbi t rary s tar t ing time, a t  the 
middle of  the averaging time period f o r  any s e t  G f  
measured 1/3-octave-band sound pressure level s and al so 
the time wkien the airplane was a t  Qi on the average t e s t  
f l i gh t  p a t h ;  time when the airplane was a t  sound-emission 
pcint Qei orì the average t e s t  f l i g h t  p a t h  

t i ne ,  re la t ive  t o  the same s ta r t ing  time as fo r  time t i ,  
when the airplane \ias a t  RT on the average t e s t  f l i g h t  
pa t h  

time, re la t ive  t o  an  arbi t rary s ta r t ing  time, when the 
airplane was a t  Qr i  on a reference f l i g h t  p a t h ;  or when 
the airplane was a t  sound-emission point Qrei on d 
reference f l i gh t  p a t h  

absoiute temperature of the a i r  a t  the height of the t e s t  
airplane on the t e s t  f l i g h t  p a t h ;  or near the ground 
surface in the vicinity o f  measurement p o i n t  KT 

reference t rue airspeed of the airplane along the 
reference f l i g h t  p a t h  (160 knots);  o r  average t rue  
airspeed of the t e s t  airplane along the average t e s t  
f l i gh t  p a t h  

coordinates of  a point re la t ive  t o  a reference origin 

coordinates of a point Qei  on the average t e s t  f l i g h t  
patti 

coordinates of  reference microphone 1 ocation Kr 
(YrM = ZrM = 0 )  

coordinates of  t e s t  microphone 1 ocatioti KT 
(ZTEVf = 0 )  

coordinates of minimum-di stance point RT on the average 
t e s t  f l i gh t  path 

r a t io  of specific heats: 1 .4  

inclination angle of the reference f l i g h t  path t o  the 
horizontal , posit ive upwards 

sound-emission angle, a t  Gei, f rom the average t e s t  
f l i g h t  p a t h  t o  the sound-propagation path for  measurement 
p o i n t  Kr; o r ,  a t  point Qre i ,  from the reference f l i g h t  
p a t h  t o  the sound-propagation p a t h  for reference point Kr 
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B .  7 ( Continued) 

Atrpi A t T p j  sound-propaga i o n  time a t  speed Cy a long  the reference 
sound-propagation p a t h  from Çrei t o  Kr; o r  a t  speed 
C T  a long  the test-day sound-propagation p a t h  from Qei 
t o  KT 

difference between times t r ( i t 1 )  and tr i  a t  successive 
airplane-posi tion locations on a reference f l i g h t  p a t h  
corresponding t o  the same sound-emi ssion angl es re1 at ive 
t o  the t e s t  f l i g h t  path a t  times t ( j t1)  and t i  

average of time differences t r i  and tr(i-1) and also 
the average period o f  time f o r  a sample of A-weighted 
mean-square sound pressure i n  a calculation of A-weighted 
sound exposure 1 eve1 
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TABLE B1. 

ATTENUATION COEFFICIENTS 
FOR EXTRAPOLATION OF DURATION 

ADJUSTMENTS TO SOUND EXPOSURE LEVEL 
(Reference 8-3) 

C ENTER F R E U E t i  CY 
OF 1/3-OCTAVE BAND,Hz 

ATTENUATION COEFFICIENT, 
DECIBELS PER 100 METERS 

50 

63 

80 

100 

125 

160 

200 

2 50 

315 

400 
50 O 

630 

800 
1,000 
1,250 

1,600 

2,000 

2,500 
3,150 

4,000 
5,000 

6,300 

8,000 

10,000 

,033 

.033 

.033 

.066 

.066 

. O98 

.131 

.131 

.197 

.229 

.295 

.361 

.459 

.590 

.754 

.983 

1.311 

1.705 
2.295 

3.115 

3.607 

5.245 

7.213 

9.836 
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A IRPLANE : LOCATION: Under t h e  F l i g h t  Path 

ENG I NES : A I R  TEMP: I Referenced t o  A t tenua t ion  Rates 

REL. HUFS: 1 Def ined i n  Table ß 1  

AIRSPEED: 160 Knots -.I__ 

M I N I M U M  
DISTANCE, 

MET ERS 

80 

100 

125 

160 

20 o 
2 50 

315 

40 O 

500 

6 30 

800 

1000 
1250 

1600 

2000 

2 500 

3 150 

4000 

5000 

6300 

8000 

SOUNU EXPOSURE LEVEL, SEL, dB 
T HR U m E  LATE D E N G i N E - POW E R PARAME TER 

APPROACH INTERMEDIATE TAKE OFF 

NOTE: The number o f  power s e t t i n g s  f o r  which da ta  a re  t o  be tabu la ted  
depends on t h e  a i r p l a n e  type, except t h a t  a t  l e a s t  two (approach 
and t a k e o f f )  a r e  requ i red .  

)OR PRESENTATION OF SOUND EXPOSURE LEVEL DATA 
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AVERAGE TEST FLIGHT PATH 
WITH AVERAGE TRUE AIRSPEED VT 

1 

F i g .  B 1  GEOMETRY FOR TEST MEASUREMENT CONDITIONS USED I N  INTEGRATED 
PROCEDURE. 

Note: Sound-propagation d i s t a n c e  d i s  f rom sound-emission 

p o i n t  Qei, on t h e  average t e s t  f l i g h t  pa th  a t  t ime  tei, 

t o  t h e  t e s t - t i m e  l o c a t i o n  o f  t h e  microphone i n  t h e  X - Y  
p lane a t  p o i n t  KT. Sound i s  rece ived a t  KT a t  t ime  ti 

when t h e  a i r p l a n e  i s  a t  p o i n t  Qi. The minimun d i s t a n c e  

t o  t h e  f l i g h t  path,  dTM, occurs when t h e  a i r p l a n e  i s  a t  

p o i n t  RT a t  t i m e  tTm. Sound-propagation t i m e  i s  A t  a t  

average sound speed cT. 

Tp i 

P i  
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REFERENCE FLIGHT PATH WITH 
REFERENCE TRUE AIRSPEED V r  

F i g .  82 GEOMETRY FOR FLIGHT REFERENCE CONDITIONS USED IN INTEGRATED 
PROCEDURE. 

Note: Reference microphone location at Kr on reference 
ground track under reference flight path. 
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APPENDIX C 

DURATION ADJUSTMENT FOR CURVED FLIGHT PATHS 

I n t r o d u c t i o n :  
d e s i r a b l e  t o  a d j u s t  t h e  no ise  va lues de r i ved  p e r  t h e  procedures i n  Appendix 
B f o r  t h e  change i n  d u r a t i o n  t h a t  occurs as a r e s u l t  o f  t h e  tu rn .  Th is  
d u r a t i o n  adjustment,  ~ d ,  t o  t h e  SEL va lue accounts f o r  t h e  d i f f e r e n c e s  
between a s t r a i g h t  f l i g h t  p a t h  and a curved f l i g h t  pa th  f o r  an observer 
l o c a t e d  on t h e  ground and i s  de f i ned  by: 

When t h e  a i r p l a n e ' s  f l i g h t  p a t h  i nc ludes  a tu rn ,  i t  may be 

Ad = 10 I g ( t ' / t )  ( C l )  

where t and t '  a re  d u r a t i o n  t imes (corresponding t o  t h e  t imes when t h e  sound 
l e v e l  i s  10 dB l e s s  than LAmx) f o r  s t r a i g h t  and curved f l i g h t  paths, 
r e s p e c t i v e l y .  From t h e  above equat ion  a doub l ing  o f  d u r a t i o n  corresponds t o  
an inc rease o f  3 dB i n  sound exposure l e v e l .  Procedures t o  es t imate  t h e  
e f f e c t  on t h e  d u r a t i o n  t ime, (Refs. C - 1  and C-21, and hence on t h e  sound 
exposure l e v e l s ,  o f  curved f l i g h t  paths a re  o f t e n  based on approximat ions 
d e r i v e d  us ing  e q u i v a l e n t  s t r a i g h t  l i n e  f l i g h t  paths.  One o f  t h e  
approx imat ions i s  out1 i n e d  be l  ow. 

C i r c u l a r  Segment Approximat ion o f  Curved F1 i g h t  Paths by S t r a i g h t  L i n e  
Segments: 
number o f  s t r a i g h t  l i n e  segments, se lec ted  so t h a t  t h e  l e n g t h  o f  t h e  

C i r c u l a r  p o r t i o n s  o f  a ground t r a c k  may be rep laced by an even 

segments when summed equals  t h e  a rc  l e n g t h  o f  t h e  curved f l i g h t  t rack .  
i s  desirabl :  t o  s e l e c t  t h e  a rc  segments such t h a t  no segment exceeds an 
ang le  o f  30 t o  l i m i t  p o s i t i o n  e r r o r .  
p o s i t i o n  e r r o r  i s  0.02 t imes t h e  r a d i u s  of t h e  t rack ,  o r  180 f t  f o r  a r a d i u s  
o f  9000 ft. When t h e  e q u i v a l e n t  s t r a i g h t  l i n e  segments a re  def ined,  
geometric r e l a t i o n s h i p s  are  developed which i d e n t i f y  t h e  corresponding 
coord ina tes  o f  t h e  curved f l i g h t  path.  The c o n t r i b u t i o n  o f  each segment t o  
t h e  change i n  d u r a t i o n  t ime and t h e r e f o r e  t o  t h e  sound exposure l e v e l  i s  
es t imated  by computing t h e  sound exposure f r a c t i o n  o f  t h e  segment. 
sound exposure f r a c t i o n  f o r  a s t r a i g h t  l i n e  segment i s  de f i ned  as t h e  sound 
exposure a t  an observa t ion  p o s i t i o n  a t t r i b u t e d  t o  an a i r c r a f t ' s  f l i g h t  on a 
f i n i t e  s t r a i g h t  segment d i v i d e d  by t h e  sound exposure t h a t  would be observed 
a t  t h e  p o s i t i o n  ',f t h e  s t r a i g h t  segment had i n f i n i t e  length .  I t s  d e r i v a t i o n  
i s  based on a 90 d i p o l e  model which i d e n t i f i e s  t h e  t ime  h i s t o r y  o f  t h e  
sound rece ived  a t  an obse rva t i on  p o s i t i o n  f o r  t h e  l i n e a r  segment r e l a t i v e  t o  
t h a t  rece ived  from an a i r p l a n e  f l y b y  on a s t r a i g h t  segment o f  i n f i n i € e  
length .  The f r a c t i o n a l  sound exposure increments a re  then sumned y i e l d i n g  
va lues r e p r e s e n t a t i v e  o f  t h e  change i n  sound exposure l e v e l  r e s u l t i n g  f rom 
t h e  f l i g h t  p a t h  curva ture .  
d u r a t i o n  adjustment, ~ d ,  a t  l a t e r a l  l o c a t i o n s  i s  o f  t h e  o rde r  o f  0.5 dB o r  
l e s s  f o r  t y p i c a l  ope ra t i ona l  t u r n s  by c i v i l  j e t  t r a n s p o r t s  w i t h i n  
approx imate ly  25 percent  of t h e  t u r n  rad ius  f rom t h e  f l i g h t  t rack .  

It 

Wi th  t h i s  c o n s t r a i n t ,  t h e  maximum 

The 

Representat ive c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  
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APPENDIX D 

CUMULATIVE SOUND LEVEL MEASURE 

C o m p a t i b i l i t y  o f  va r ious  l a n d  uses w i t h  a no i se  environment i s  determined by t h e  
cumulat ive e f f e c t  o f  t h e  d i f f e r e n t  no i se  sources c o n t r i b u t i n g  t o  t h e  noise 
environment. Cons is ten t  w i t h  American Na t iona l  Standard S3.23-1980, "Sound Leve 
D e s c r i p t o r s  f o r  Determinat ion o f  Compatible Land Use," t h i s  A I R  recoinmends 
day-n ight  average sound l e v e l  as t h e  a c o u s t i c a l  measure f o r  assessing l a n d  use 
c o m p a t i b i l i t y  w i t h  respec t  t o  no ise.  
long-term, c o n t i  nu i  ng na tu re  t h e  y e a r l y  average, day-n ight  average sound 1 evel  i s 
considered t o  be an a p p r o p r i a t e  q u a n t i t y  f o r  p lann ing  purposes. 

Since l a n d  uses a r e  g e n e r a l l y  o f  a 

Day-night average sound l e v e l ,  w i t h  a b b r e v i a t i o n  DNL and symbol Ldn, i s  a 
24-hour average, o b t a i  ned a f t e r  adding 10 dec i  be l  s t o  sound 1 evel  s o c c u r r i  ny 
between 2200 hours and 0700 hours, A l  though day -n igh t  average sound l e v e l  i s  use 
f o r  assessing cominunity no ise by a l l  U.S. Federal agencies concerned w i t h  a i r p o r t  
noise, soine s t a t e  and l o c a l  agencies may use o t h e r  forms o f  average sound l e v e l ,  
w i t h  d i f f e r e n t  o r  no adjustments f o r  evening o r  n i g h t t i m e  operat ions.  Because o f  
t h e  fundamental s i m i l a r i t y ,  t h e  procedures o f  t h i s  A I R  may be used f o r  
computat i  on o f  any curnul a t i v e  measure based on sound exposure 1 evel  by 
a p p l i c a t i o n  o f  a p p r o p r i a t e  adjustments f o r  t ime-of-day. 

By d e f i n i t i o n ,  average sound l e v e l "  i s  t h e  l e v e l ,  i n  dec ibe ls ,  o f  t h e  mean-square 
A-weighted sound pressure d u r i n g  a s t a t e d  t ime  per iod,  w i t h  re fe rence  t o  t h e  
square o f  t h e  standard reference sound pressure o f  20 micropascals. Where a 
no i se  environment i s  caused.by a number o f  i d e n t i f i a b l e  no i se  events, such as a 
s e r i e s  o f  a i r p l a n e  operat ions,  average sound l e v e l  may be c a l c u l a t e d  froin t h e  

p e r i o d  T: sound exposure l e v e l s  o f  t he  i n d i v i d u a l  events o c c u r r i n g  w i t h i n  a t ime  

n t ,  i n  a where L A E ( ~ )  i s  t h e  sound exposure l e v e l  o f  t h  
o f  n events i n  t i m e  p e r i o d  T, i n  seconds. 

I i e s  

F o r  an i n d i v i d u a l  event, t ime-average sound l e v e l  and sound exposure l e v e l  
a r e  r e l a t e d  by: 

* I n  t h e  1 i t e r a t u r e ,  average sound l e v e l  has a l s o  been c a l l e d  " e q u i v a l e n t  sound 
1 evel  II o r  "equi  va l  e n t  c o n t i  nuous sound 1 evel  'I w i  t h  t h e  a l t e r n a t i  ve 1 e t t e r  symbol 
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When T i s  86,400 seconds o r  24 hours, represent ing  a d a i l y  average sound 
l e v e l ,  E q .  ( D l )  becomes: 

r 1 

where t h e  cons tan t  term i s  f rom 10 l g  (1/86,400). . 
Equat ion (Dd)  i s  m o d i f i e d  t o  account f o r  t h e  t ime o f  day we igh t i ng  assoc ia ted  
w i t h  ni n igh t t ime  f l i g h t s  and n dayt ime f l i g h t s  i n  t h e  day-n ight  average sound 
l e v e l  c a l c u l a t i o n  a s :  

Year ly  day-n igh t  average sound l e v e l  i s  de f i ned  as: 

where Ldn ( i )  i s  t h e  day-n igh t  average sound l e v e l  f o r  t h e  i t h  day o u t  o 1  one 
year .  Art equ iva len t  a l  t e r n a t i v e  computat ion t h a t  i s  convenient  for  a i r p o r t  
opera t ions  i s  t o  c a l c u l a t e  t h e  yea r l y -day -n igh t  average sourid l e v e l  froni E q .  (D4) 
rnakiny use o f  annual average numbers o f  a i r p l a n e  opera t i ons  p e r  dayt ime and 
n i g h t t i m e  pe r iods  o f  each a i r p l a n e  type, i n  t h e  summations. 

COPYRIGHT SAE International (Society of Automotive Engineers, Inc)

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r18

45

https://saenorm.com/api/?name=12f178248d32d74345581643f67319bc


_ _ I _ - ~ -  - -  
S A E  AIR*lô45 ôb = ô357340 0006493 ô E 

EX - MPLE C LCULAT I 

- 60 - 

APPENDIX E 

N OF SOUND EXPOSURE LEVEL DURING A TAKEOFF OPERATION 

Th is  Appendix p rov ides  an example o f  t h e  c a l c u l a t i o n  o f  a i r p l a n e  performance and 
noise. 
example c a l c u l  a t i o n  o f  sound exposure l e v e l  s f o r  f o u r  rep resen ta t i ve  community 
l o c a t i o n s ;  behind brake re lease,  ad jacent  t o  ground r o l l  d u r i n g  departure,  
d i r e c t l y  under t h e  f l i g h t  pa th  d u r i n g  c l imbout ,  and l a t e r a l  t o  t h e  ground t r a c k  
a f t e r  l i f t o f f .  

The depar tu re  opera t i on  o f  a two engine j e t  a i r p l a n e  i s  used f o r  t he  

C a l c u l a t i o n  procedures f o r  sound exposure 1 eveTs d u r i n g  approach opera t i on  a r e  
s i m i l a r  t o  those used d u r i n g  t h e  a i r b o r n e  p a r t  of t h e  t a k e o f f  operat ion.  
C a l c u l a t i o n  o f  no i se  ad jacent  t o  t h e  runway d u r i n g  ground r o l l  a f t e r  touchdown i s  
n o t  cons idered i n  t h i s  A I R .  

E.l Performance C a l c u l a t i o n :  The a i r c r a f t  used i n  t h i s  example has a maximum 
t a k e o f f  we igh t  Qf 32,205 kg (71,000 l b )  and i s  powered by two Tow-bypass- 
r a t i o  j e t  engines. A i r c r a f t  performance data a r e  t o  be assemb?ed as shown 
i n  F i g u r e  E l  f o r  t h e  se lec ted  depar tu re  operat ion,  
management d e t a i l s  f o r  b o t h  takeo f f  and approach opera t ions  a re  supp l i ed  as 
i n p u t  data,) The se lec ted  takeo f f  ope ra t i ona l  we igh t  equal  t o  t h e  maximum 
f o r  t h e  example case i s  based upon t h e  m iss ion  range o f  t h e  a i r c r a f t .  Local 
a i r p o r t  c o n d i t i o n s  i n  t h i s  example a r e  assumed t o  correspond t o  t h e  
computat ional  re fe rence  c o n d i t i o n s  o f  Sec t i on  2.3 o f  t h e  AIR.  

A i rp lane  aerodynamic and engine data were âeveloPed accord ins  t o  Atmendix A 

(Th rus t  and f l a p  

f o r  each o f  t h e  d i - f f e r e n t  c o n f i g u r a t i o  
ope ra t i on  (see F i g u r e  E2. Note, c o e f f  
engine) .  

Depar ture Procedure: Cl imb a t  60 f l a p  

A t  1000 f e e t  a l t  

IS o f  t h e  a i r c r a f t  i n v o l v e d  :in the  
c i e n t  H equals zero f o r  t h e  example 

with t a k e o f f  t h r u s t  t o  1000 f e e t ;  

tude reduce r a f e  o f  c l i m b  t o  1000 
f t / m i n  and acce le ra te  t o  180 knots  w h i i e  r e t r a c t i n g  
f l a p s ;  reduce t h r u s t  t o  c l i m b  power; 

Cont inue c l i m b  t o  3000 f e e t .  A t  3000 f t  a l t i t u d e  
acce le ra te  t o  250 knots  w h i l e  ma in ta in ing  i000 f t / m i n  
r a t e  o f  c l imb.  

Development o f  t h e  depar ture performance p r o f i l e  (shown i n  F i g u r e  E l )  
proceeds as f o l  1 ows: 
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E .2  I n i t i a l  Climb Speed: 

F ron  € q .  ( A 7 )  

v , = c  

where: 

C = 0.574 (see F i g u r e  €2)  

V, = 0.574 7/71,000 = 152.9 knots  

E. 3 Equ iva len t  Takeof f  Ground Rol 1 : 

From Eq. (A6) 

where: 

B 

Gam = 1.0 (Ref. temperature, 1s0c)  

= 0.0149 (see F igu re  E 2 )  

&am = 1.0 (Ref. a l t i t u d e ,  sea l e v e l )  

N = 2 (Number o f  Engines) 

Fn/tiam = 9605 - 7.10Vc + 0.0528 h = 9605 - 1086 
+ O = 8519 l b  ( f ro in  Eq. ( A l )  f o r  t h r u s t  
corresgonding t o  152.9 knots,  sea l e v e l  
and 15 C) 

Therefore:  

s =  = 4408 ft (1.0 (0.0149) (71000)2 
9 2 (8520) 

E.4 I n i t i a l  Climb (Sea Level  t o  1000 f t ) :  

From Eq. ( A 8 1  

where: 

R = 0.0753 (see F i g u r e  E 2 )  
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~ . 4  (Continued) 

and a t  the average a l t i tude  of 500 f ee t :  

dail, = 0.982 

(Fn/tia,)500 = 9605 - 7.1(152.9) + 0.0828(500) 

= 9605 .- 1086 + 41 = 8560 l b  

Therefore : 

s i n  y = (1.01) C2(8562)/(71,000/0.982)1 - 0.0753 

and 

y = 9 . w  

From &q. (A9) 

E.5 Acceleration and Flap Retraction: 

From Eq. (A101 for  Sa i n  f ee t ,  V i n  knots and V t z  i n  f t /min 

A n  estimate of 1250 f ee t  will be used as the a l t i t ude  a t  the end of 
acceleration and f lap  retract ion,  i .e. , point h .  

Then: 

vb = 180 knots CAS 

V z169.2 
tavg knots I = 155.1 knots TAS 152.9 Vta knots t rue  airspeed (TAS) = YLZz 

= 183.2 knots TAS 180 Vtb knots  TAS = 

7 /  ( 'am 1250 
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e 
(Continued) 

V t z  = 1OCO ft/miri 

8430 l b  

= 8602 l b  

4204 f t  

h = 1259 f t  

NOTE: The difference between the computed a l t i t ude  gain and the i n i t i a l  
estimate of 250 f t  ( f o r  obtaining a l t i t ude  related parameters) i s  
within 10 percent and a second i te ra t ion  i s  not required. 

Continued Climb: 1259 Feet t o  3000 Feet: Thrust will now be reduced to  the 
climb rating (specified i n  Figure E 2 ) .  

Average a l t i t ude  = 2130 f t  = (1259 + 3000)/2 

V = 180 knots CAS 
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E.6 (Cont inued) 

(Fn/ôam)2130 = 8574 - 4.202(180) + 0.0967(2130) = 8024 l b  

And frorn Eq. (A121 

s i n  Y = (0.95) ~~~~~~’ - 0.0783 = 0.1242 

y = 7.13’ 

From Eq. (Ag) w i t h  Ah = 3000 - 1259 = 1741 f t  

1755 
= 13906 f t  Ah - -- - 

’ c  -  tan^ - t a n  7.1 

E.7  A c c e l e r a t i o n  t o  250 Knot Climb Speed: 
t o  c a l c u l a t e  t h i s  segment of t h e  f l i g h t  p r o f i l e .  

Equat ions A10 and A l l  are  used again 

An i n i t i a l  es t ima te  o f  3500 f e e t  will be used as t h e  pressure a l t i t u d e  a t  
t h e  end o f  t h e  acce le ra t i on .  

Vtavg= 225.7 kno ts  = 188.2 knots  TAS 180 k t s  CAS 
‘ta = 

‘am) 3000 

250 k t s  CAS = 263.2 knots  TAS I I 

.-@-JG ’tb = 
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E.5 (Continued) 

In accordance w i t h  Section 3.3.1 of the A I R  an  x,y coordinate system i s  
chosen with the origin (0,O) a t  the brake release poin t ,  and the x a x i s  
along the runway center1 ine. The coordinates fo r  the example calculations 
w i t h  distances i r i  fee t ,  are: P i  (-1500,2000); P2 (1500,2000); P3 
(7000,2000) ; and P 4  (closure of the 90 dB SEL contour) t o  be determined by 
i te ra t ion ,  

NOTE: NPD d a t a  froin F i g .  E3 provide the i n i t i a l  estimate f o r  a l l  noise 
Calculations, b u t  adjustments are  required fo r  over-ground ef fec ts ,  
d i rec t iv i ty  e f fec ts ,  and f l i g h t  conditions, as described in Section 
3.1 o f  the A I R ,  

E.10 Sound Exposure Level a t  P1 (-1500,2000): Sound exposure level a t  Pl i s  
dependent upon the airplane-to-observer radial distance a t  the s t a r t  of 
r o l l ,  the  d i rec t iv i ty  angle, and  the takeoff power (see Section 3.3.1). 
Froni equation 3.4.1 

L A E ( P ~ )  = L A E ( P , d j  i- A v  -A(O,r) + A L  
I 

The magnitude of the radial vector i s  7/15002 i- 20002 = 2500 fee t  and 
the ángle to .  the runway i s  [180° - tan- l  (2000/1500)] = 127". 

Froni the airplane performance da ta  in Section E.3 and  Figure E l  the 
corrected net thrust per engine a t  l i f t - o f f  i s  8519 lb.  

By interpolation using equations (3.7) and  (3.8) a base noise leve l ,  
L A E ( P , ~ )  corresponding to  a distance o f  2500 f ee t  (762 m) and 8519 l b  
thrust of 97.4 dB i s  obta ined  from Figure E3. 

The  speed adjustment fo r  d u r a t i o n ,  

A V  = 10 lg(160/32) = 7.0 dB 

Lateral attenuation i s  computed using equation (3.10) fo r  0' elevation and 
a distance of 2500 f ee t  (762 m) 

A(0,r)  = 15.09 (1  - e-2-088) = 13.2 dB 

The d i rec t iv i ty  adjustment fac tor  i s  determined from equation (3.2) f o r  an 
angle of 127". 

A L  = 1.9 dB 

L A E ( P ~ )  = 97.4 i- 7.0 - 13.2 + 1.9 = 93.1 dB 
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E . l l  SEL A t  P 2  (1500, 2000): 

adjusting the reference level ,  corresponding t o  takeoff power, f o r  velocity 
and l a t e ra l  attenuation, Er]. (3.4.2) 

Sound Exposure Level a t  P 2  i s  determined by 

From the airplane performance data i n  Section E.3 and  Figure E l  the 
corrected net thrust per engine a t  l i f t - o f f  i s  8519 lb. 
a base noise l eve i ,  L A E ( P , d ) ,  corresponding t o  a distance of 2000 feet. 
(610 m )  and 8519 l b  th rus t ,  of 99.1 dB i s  obtained from Figure E3. 

By interpolation, 

Airplane speed a t  1500 f e e t  from the point of brake release i s  computed by 
the method described i n  Section 3.3.2 fo r  an i n i t i a l  l i f t o f f  speed of 152.9 
knots and an equivalent takeoff ground ro l l  of 4,408 f e e t  (see Sections E.2 
a n d  E.? for  performance calculations).  

V = d 3 2 2  + (152.g2 - 322) (1500/4408) = 92.9 knots 

The speed adjustment fo r  duration, 

A v  = 10 l g  (152.3/92.9) = 2.2 dB 

Lateral a t t e n u a t i o n  i s  computed using equation (3.10) fo r  O "  elevation and 
a distance of 2000 f e e t  (610 m) 

h (0 ,d)  = 15.09 ( l - e - l ~ ~ ~ )  = 12.3 dB 

L A E ( P ~ )  = 99.1 + 2.2 - 12.3 = 89.0 dB 

E.12 SEL a t  P3 (7000,2000): Since P 3  i s  beyond the point of l i f t o f f  and the 
ground track i s  "straight ,"  there a re  only two adjustment factors ;  speed 
and la te ra l  attenuation. Performance data from Fig .  E l  a re  used t o  
determine the height and airspeed of the a i r c r a f t  as i t  passes by P3, 
i.e., c losest  approach distance. From E q .  (3.1) and Section 3.4 

LAE(P3) = LAE(P ,d )  + A V  - A ( B , P )  

Conditions 7000 f e e t  from brake release: Height = 429 f ee t  
Speed = 154 knots  TAS 
Fn/Sam = 8555 l b  

Minimum d 

El evat 

stance E q .  (3.5) = [20002 + 42g2 cos2 9.3911/* 

on Angle, B , E q .  (3.6) = ' cos - l  (2000/2044) = 11.9" 
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