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SUMMARY 

P i l o t e d  s i m u l a t o r  s t u d i e s  have been conducted t o  determine t a k e o f f  and 
l a n d i n g  procedures f o r  a supersonic c r u i s e  t r a n s p o r t  concept t h a t  r e s u l t  
i n  p r e d i c t e d  community n o i s e  l e v e l s  which meet c u r r e n t  Federal  A v i a t i o n  
A d m i n i s t r a t i o n  (FAA) standards.  

The r e s u l t s  o f  . the s tudy  i n d i c a t e  t h a t  w i t h  t h e  use o f  advanced 
procedures, t h e  s u b j e c t  s imu la ted  a i r c r a f t  meets t h e  FAA t raded n o i s e  l e v e l s  
d u r i n g  t a k e o f f  and l a n d i n g  u t i l i z i n g  average f l i g h t  crew s k i l l s .  
advanced t a k e o f f  procedures developed i n v o l v e d  v i o l a t i n g  t h r e e  ( 3 )  o f  the  
c u r r e n t  Federal  A v i a t i o n  Regulat ions (FAR) n o i s e  t e s t  c o n d i t i o n s .  
were: ( a )  t h r u s t  cutbacks a t  a l t i t u d e s  below 214 meters (700 f t ) ;  
(b )  t h r u s t  cutback l e v e l  below those p r e s e n t l y  al lowed; and ( c )  c o n f i g u r a t i o n  
change, o t h e r  than r a i s i n g  t h e  l a n d i n g  gear. I t  was n o t  necessary t o  v i o l a t e  
any FAR n o i s e  t e s t  c o n d i t i o n s  d u r i n g  l a n d i n g  approach. 

The 

These 

It was determined t h a t  t h e  advanced procedures developed i n  t h i s  s tudy  
do n o t  compromise f l i g h t  s a f e t y .  

Automation o f  some o f  t h e  a i r c r a f t  f u n c t i o n s  reduced p i l o t  workload, 
and t h e  development o f  a s imp le  head-up d i s p l a y  t o  a s s i s t  i n  t h e  t a k e o f f  
f l i g h t  mode proved t o  be adequate. 
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I NTRO DU CT I ON 

Since 1972, t h e  Langley Research Center o f  t h e  NASA has been work ing 
i n  advanced supersonic technology f o r  p o t e n t i a l  a p p l i c a t i o n  t o  f u t u r e  
U. S. t r a n s p o r t  a i r c r a f t .  Among t h e  s i g n i f i c a n t  advances which have been 
made d u r i n g  t h i s  p e r i o d  i s  t h e  development o f  a new engine concept t h a t  i s  a 
d u c t  burn ing  t u r b o f a n  v a r i a b l e  stream c o n t r o l  engine (VSCE) which has t h e  
p o t e n t i a l  t o  be operated i n  such a manner as t o  c r e a t e  l e s s  j e t  n o i s e  than 
convent ional  t u r b o j e t s  d u r i n g  t a k e o f f  and l a n d i n g  - t h e  improvement be ing 
a t t r i b u t e d  t o  coannular  nozz le  j e t  n o i s e  r e l i e f .  

Current  Federal  A v i a t i o n  Regulat ions (FAR'S) f o r  subsonic t r a n s p o r t  
a i r c r a f t  s p e c i f y  t a k e o f f  and l a n d i n g  " p i l o t i n g "  procedures f o r  n o i s e  
measurement, r e q u i r i n g  cons tan t  f l i g h t  speed and no c o n f i g u r a t i o n  changes 
(except  t h e  l a n d i n g  gear may be r e t r a c t e d  a f t e r  l i f t o f f ) .  It should be 
considered, however, t h a t  a supersonic  t r a n s p o r t  w i t h  VSCE engines w i l l  
have a i r f rame-eng ine  c h a r a c t e r i s t i c s  t h a t  a r e  d i f f e r e n t  f rom t h e  present-day 
subsonic j e t  t r a n s p o r t s ,  and i f  u t i l i z e d  proper ly ,cou ld  s i g n i f i c a n t l y  
reduce community no ise  d u r i n g  t a k e o f f  and land ing .  
Cru ise  Research program, advanced n o i s e  abatement procedures have been 
i d e n t i f i e d  r e q u i r i n g  m o d i f i c a t i o n s  t o  t h e  c u r r e n t  FAR's f o r  use w i t h  f u t u r e  
supersonic t r a n s p o r t s .  

Under t h e  NASA Supersonic 

Noise c h a r a c t e r i s t i c s  o f  a t y p i c a l  supersonic c r u i s e  research  (SCR) 
concept, des ignated t h e  AST-105-1, d u r i n g  t a k e o f f  and l a n d i n g  were 
c a l c u l a t e d  a t  t h e  t h r e e  measuring s t a t i o n s  p r e s c r i b e d  i n  Ref. 1, and t h e  
r e s u l t s  a r e  r e p o r t e d  i n  Ref. 2. Al though t h e  r e s u l t s  o f  Ref. 2 i n d i c a t e d  
t h a t  t h e  use o f  advanced o p e r a t i n g  procedures c o u l d  be an i m p o r t a n t  
a d d i t i o n a l  method f o r  n o i s e  r e d u c t i o n ,  t h e  p r e l i m i n a r y  procedures r e p o r t e d  
t h e r e i n  were i n s u f f i c i e n t  t o  meet t h e  n o i s e  requi rements o f  Ref. 1 f o r  
t a k e o f f  no ise  ( b o t h  f l y o v e r  and s i d e l i n e ) ,  and i t  was t h e r e f o r e  suggested 
t h a t  more d e t a i l e d  s t u d i e s  were r e q u i r e d  t o  i d e n t i f y  t h e  "optimum" procedures. 

The prece ived n o i s e  l e v e l  l i m i t s  d i c t a t e d  by Ref. 1 f o r  an a i r p l a n e  o f  the 
c l a s s  o f  the  s u b j e c t  SCR concept is108EPNdB f o r  f l y o v e r ,  s i d e l i n e ,  
and approach. Al though t h e  approach no ise  f o r  t h e  AST-105-1 was c a l c u l a t e d  
t o  be 106.6 EPNdB u s i n g  s tandard procedures and t h e r e f o r e  met t h e  108 EPNdB 
requirement,  Ref. 2 showed t h a t  by u s i n g  advanced procedures f o r  f l y i n g  
t h e  l a n d i n g  approach, such as s teep-dece lera t ing  approaches, t h e  c a l c u l a t e d  
approach n o i s e  c o u l d  be reduced below 100 EPNdB. 
used i n  Ref. 2 i n  an a t tempt  t o  reduce t h e  f l y o v e r  and s i d e l i n e  n o i s e  
d u r i n g  t a k e o f f  r e s u l t e d  i n  a decrease i n  f l y o v e r  no ise  f rom 115.8 t o  
113.2 EPNdB, and r e s u l t e d  i n  an inc rease i n  t h e  s i d e l i n e  n o i s e  from 
113.8 t o  115.3 EPMdB - both  o b v i o u s l y  s t i l l  much t o o  h i g h  t o  meet t h e  
108 EPNdB requirements even i f  t h e  n o i s e  l e v e l  " t r a d e o f f s "  o f  Ref. 1 were 
exerc ised.  [The n o i s e  standards,  Ref.  1, a l l o w  t r a d e o f f s  between t h e  
measured approach, s i d e l i n e ,  and f l y o v e r  n o i s e  l e v e l s  i f :  ( 1 )  t h e  sum o f  
exceedance i s  n o t  g r e a t e r  than 3 EPNdB; ( 2 )  no exceedance i s  g r e a t e r  than 

The advanced procedure 
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2 EPNdB; and (3 )  the exceedances are  completely o f f s e t  by reduct ions a t  
o ther  requ i red  measuring po in ts . ]  

This p i l o t e d  s imu la t i on  s tudy was the re fo re  conducted us ing  the 
AST-105-1 SCR concept i n  an at tempt t o  determine: 

1. Advanced t a k e o f f  and landing procedures f o r  which the  noise 
requirements o f  Ref. 1 could be met. 

2. I f  a p i l o t  w i t h  average s k i l l s  could perform the task o f  f l y  
the suggested p r o f i l e s  w i thou t  compromising f l i g h t  sa fe ty .  

eve1 

ng 

3 .  The degree o f  automation requi red.  

4. The p i l o t  i n fo rma t ion  d isp lays  requi red.  

SYMBOLS AND DEFINITIONS 

Values are  g iven i n  bo th  the  I n t e r n a t i o n a l  System o f  Un i t s  (SI) and 
U. S. Customary Un i t s .  The measurements and c a l c u l a t i o n s  were made i n  
U. S. Customary Un i t s .  Dots over symbols denote d i f f e r e n t i a t i o n  w i t h  
respect  t o  time. 

ga in  on a i rspeed e r r o r  

i n t e g r a t o r  ga in  

acce le ra t i on  and dece le ra t ion  engine inverse t ime constants,  
per  second 

AKV 

GKI 

G ( ~ ~ ~ )  

h 

K 

a l t i t u d e ,  m ( f t )  

ga in  

M Mach number 

S Lap1 ace operator  

dece le ra t ion  time, sec 

T t h r u s t ,  N ( l b f )  

gross t h r u s t  TG 

V a i rspeed, knots ( f t / s e c )  

v1 dec i s ion  speed (engine f a i l u r e  speed + AV f o r  a 2-sec reac t i on  
t ime) ,  knots 
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v2 

vC 

vR 

V'R 

'R I 
W 

X 

a 

b f  

SB 

E 

Y 

9 

J, 

T 

'IB 

0 

Subscri pts : 

C 

FI 

IAS 

IC 

INT 

LG 

LO 

airspeed of  aircraft  ci'c obstacle, knots 

climb speed, knots 

rotate airspeed, knots 

reference airspeed, knots 

desired airspeed upon completion of deceleration, knots 

airplane weight, N ( l b f )  

distance from brake release, m ( f t )  

angle of a t t a c k ,  deg 

trailing-edge flap deflection, deg 

speed brake deflection, deg 

error 

flight-path angle, deg 

angle of r o l l ,  deg 

heading angle, deg 

time constant, sec 

pitch attitude bias time constant, sec 

pitch attitude, deg 

commanded 

fl ight idle 

indicated airspeed 

ini t ia l  condition 

ini t ia l  

landing gear 

l i f t  off 
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max maximum 

m i  n m i  n i mum 

N ne t  

PFD 

PIL p i  1 o t  

sb speed brake 

VFD v e l o c i t y  f l i g h t  d i r e c t o r  

p i t c h  command s e n s i t i v i t y  t o  f l i g h t  d i r e c t o r  

Abbreviat ions : 

AD I 

ADV 

AST 

dB 

EF 

ENG 

EPNdB 

EPNL 

FAR 

K I A S  

MOD 

PLA 

PNL 

PNLT 

PROC 

SCR 

a t t i  tude d i r e c t o r  i n d i c a t o r  

advanced 

advanced supersoni c techno1 ogy 

dec ibe l  

engine f a i  1 ure 

engine 

e f f e c t i v e  perceived noi se dec ibe l  s 

e f f e c t i v e  perceived noise l e v e l  

Federal Av ia t i on  Regul a t i  ons 

knots o f  i nd i ca ted  airspeed 

mod i f ied  

power 1 ever angle 

perceived noise l e v e l  

tone-corrected perceived noise l e v e l  

procedure 

supersonic c r u i s e  research 
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STD 

TH 

VMS 

VSCE 

standard 

t rack /ho l  d 

v i sua l  mot ion s imu la to r  

v a r i a b l e  stream con t ro l  engine 

DESCRIPTION OF SIMULATED AIRPLANE 

The supersonic c r u i s e  t r a n s p o r t  concept s imulated i n  t h i s  s tudy was a 
res ized vers ion o f  the c o n f i g u r a t i o n  o f  Ref. 3 and i s  descr ibed i n  d e t a i l  
i n  Ref. 2. Reference 2 a l so  presents the mass and dimensional c h a r a c t e r i s t i c s ,  
con t ro l -sur face  d e f l e c t i o n s  and d e f l e c t i o n  r a t e  l i m i t s ,  and most o f  t he  
aerodynamic data used i n  t h i s  study. 
a i rp lane  i s  presented i n  F ig.  1. 

A three-view sketch of t he  s imulated 

To f a c i l i t a t e  s teep-decelerat ing approaches, a speed brake was designed 
which incorporated b i f u r c a t e d  "rudders" on the  two wing f i n s .  
ground r o l l  f o l l o w i n g  touchdown, the  speed brakes and wing s p o i l e r s  were 
u t i l i z e d .  The aerodynamic e f f e c t s  o f  ground p rox im i t y  were obta ined from 
the  t e s t  data o f  Ref. 4. 
est imated by us ing a combinat ion o f  the fo rced o s c i l l a t i o n  t e s t  data o f  
Ref. 5 and the  es t ima t ion  techniques o f  Ref. 6. 

To minimize 

The dynamic aerodynamic d e r i v a t i v e s  were 

The v a r i a b l e  stream c o n t r o l  engine concept, designated VSCE-516, 
was se lected f o r  t h i s  study. 
design th rus t - to -we igh t  r a t i o  o f  0.254 f o r  the  s imulated SCR a i rp lane .  
engine performance data generated by the manufacturer was prov ided i n  the 
form o f  an unpublished data package which inc luded the  performance f o r  a 
standard day p lus  10°C. 
was used f o r  the t a k e o f f  and land ing  analyses as w e l l  as t h e  subsequent 
no ise analyses made du r ing  t h i s  study. 

The engine was scaled t o  meet the  t a k e o f f  
The 

The engine performance f o r  a standard day p l u s  10°C 

DESCRIPTION OF SIMULATION EQUIPMENT 

Studies o f  advanced t a k e o f f  and land ing  procedures f o r  a t y p i c a l  SCR 
t ranspor t  concept were made us ing  the  general-purpose c o c k p i t  o f  t he  Visual  
Mot ion Simulator (VMS) a t  the  Langley Research Center. Th is  ground-based 
six-degree-of-freedom mot ion s imu la to r  had a t ranspor t - t ype  c o c k p i t  which 
was equipped w i t h  convent ional  f l i g h t  and engine- thrust  c o n t r o l s  and w i t h  a 
f l i g h t - i n s t r u m e n t  d i s p l a y  representa t ive  o f  those found i n  c u r r e n t  t r a n s p o r t  
a i rp lanes  (see F ig.  2 ) .  
p i t c h  ra te ,  and f l a p  angle were a l s o  provided. A convent ional  cross- 
po in te r - t ype  f l i g h t  d i r e c t o r  inst rument  was used, and the  command bars 
(cross po in te rs )  were d r i v e n  by t h e  main computer program. 
bar  o f  the AD1 was used f o r  f l i g h t  path c o n t r o l  comnand du r ing  l and ing  

Instruments i n d i c a t i n g  angle o f  a t tack ,  s i d e s l i p ,  

The h o r i z o n t a l  
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approaches, and was a l s o  used as a s i m p l i f i e d  a i rspeed c o n t r o l  command 
d u r i n g  t a k e o f f s .  T h i s  " t a k e o f f "  d i r e c t o r  was programmed w i t h  two o p t i o n s :  
( 1 )  t o  command t h e  p i l o t  t o  c l i m b  a t  an a i rspeed o f  
( 2 )  t o  command t h e  p i l o t  t o  c l i m b  a t  an a i rspeed o f  250 KIAS.  
f o r  b l o c k  diagram o f  t a k e o f f  d i r e c t o r .  

( V 2  + A V ) ;  o r  
See Fig.  3 

The c o n t r o l  f o r c e s  on wheel, column, and rudder  pedals were prov ided 
The system a l l o w s  by a h y d r a u l i c  system coupled w i t h  an analog computer. 

f o r  t h e  usual  v a r i a b l e  f e e l  c h a r a c t e r i s t i c s  o f  s t i f f n e s s  , damping, coulomb 
f r i c t i o n ,  breakout  f o r c e s  , detents ,  and i n e r t i a .  

The v i s u a l  d i s p l a y  o f  an a i r p o r t  scene used was an "out-the-window" 
v i r t u a l  image system o f  t h e  beam s p l i t t e r ,  r e f l e c t i v e  m i r r o r  t y p e  (see 
F ig .  4 ) .  I n  a d d i t i o n  t o  t h e  a i r p o r t  scene presented on the  ou t - the-  
window v i r t u a l  image system, a "head-up" d i s p l a y  was superimposed on t h e  
same system. The head-up p o r t i o n  o f  t h e  d i s p l a y  c o n s i s t e d  o f  ang le  o f  
a t t a c k ,  p i t c h  r a t e ,  and c l i m b  g r a d i e n t  p r e s e n t a t i o n s  t h a t  were used o n l y  
f o r  t h e  t a k e o f f  and c l i m b  maneuvers - t h e  head-up d i s p l a y  was n o t  used 
f o r  l a n d i n g  approaches (see F ig .  5 ) .  

The mot ion  performance c h a r a c t e r i s t i c s  o f  t h e  VMS system possess t i m e  
The washout system used t o  p resent  t h e  l a g s  o f  l e s s  than 50 m i l l i s e c o n d s .  

motion-cue commands t o  t h e  mot ion  base was nonstandard (see Ref. 7) .  

A runway "model" was programmed t h a t  was considered t o  have c e r t a i n  
roughness c h a r a c t e r i s t i c s  and a s lope f rom t h e  c e n t e r  t o  t h e  edge r e p r e s e n t i n g  

was considered i n  t h i s  study. 
- 

a runway crown. On 

The t e s t s  cons 

y a d r y  runway 

TESTS 

s t e d  o f  b o t h  s 
''advanced'' procedures.  A NASA t e s  

AND PROCEDURES 

mulated t a k e o f f s  and l a n d i n g s  u s i n g  
p i l o t  p a r t i c i p a t e d  i n  t h e  s i m u l a t i o n  

program,and h i s  comments d i c t a t e d  t h e  t y p e  o f  p i l o t  i n f o r m a t i o n  d i s p l a y s  
and t h e  degree o f  automat ion t h a t  was developed f o r  per fo rming  t h e  task  o f  
" f l y i n g "  t h e  advanced t a k e o f f  and l a n d i n g  procedures used i n  t h i s  study. 

The p i l o t  i n f o r m a t i o n  d i s p l a y s  ( i n  a d d i t i o n  t o  t h e  normal- type 
d i s p l a y s  used i n  p r e s e n t  day subsonic j e t  t r a n s p o r t s )  c o n s i s t e d  o f  a t a k e o f f  
d i r e c t o r  and a head-up d i s p l a y  - b o t h  p r e v i o u s l y  descr ibed i n  t h i s  paper 
and used o n l y  d u r i n g  t a k e o f f  and c l imb.  The automated f e a t u r e s  c o n s i s t e d  o f  
an a u t o t h r o t t l e  f o r  c o n t r o l l i n g  a i rspeed and an auto-decel  c o n t r o l .  The 
auto-decel  c o n t r o l  was programmed as a p a r t  o f  t h e  a u t o t h r o t t l e  and was used 
o n l y  when t h e  decel  s w i t c h  was a c t i v a t e d  by t h e  p i l o t .  The a u t o t h r o t t l e  
p o r t i o n  o f  t h e  system was sometimes used f o r  b o t h  t a k e o f f s  and land ings ,  
whereas t h e  auto-decel  mode was o n l y  used dur  ng l a n d i n g  approaches (see 
F ig .  6 f o r  b l o c k  diagram o f  a u t o t h r o t t l e ) .  

By o p e r a t i n g  t h e  VSCE engines used i n  t h  
t u r b i n e  i n l e t  temperature,  t h e  maximum t h r u s t  

s s tudy  a t  maximum a l l o w a b l e  
i s  inc reased approx imate ly  

305 



1 
1 
1 

6 percent  over t h a t  f o r  the  "normal" opera t ion  procedure 
-he h igher  values o f  t h r u s t  a l l ow  the  achievement o f  h igher  speeds, increased 
i f t - d r a g  r a t i o ,  b e t t e r  c l imb performance, and permi t ted  l a r g e r  power c u t -  

backs - r e s u l t i n g  i n  lower community noise.  Therefore, the  i n i t i a l  
t h r u s t  used fo r  t akeo f f s  i n  t h i s  study was 116.4 percent  unless otherwise 
noted. 

(Tma, = 100%). 

A l l  computations were made f o r  a standard day p l u s  10°C. Also, 

Current  Federal 

constant  weights were used f o r  t akeo f f ,  W = 3051.48 ki lonewtons (686000 l b f ) ,  
as w e l l  as  approach and landing,  W = 1744.81 ki lonewtons (392250 l b f )  - 
no weight changes due t o  f u e l  burn were considered. 
Av ia t i on  Regulat ions (FAR'S) were adhered t o  a t  a l l  t imes throughout t h i s  
s imu la t ion  study, w i t h  the  except ion o f  some o f  those presented i n  FAR-36. 
Some o f  the  procedures presented i n  FAR-36, Ref. 1, were n o t  f o l l owed  a t  
a l l  t imes i n  order  t o  determine the  b e n e f i t s  (no ise sav ings)  t h a t  may be 
r e a l i z e d  should these ' ' r u les "  be changed. S p e c i f i c a l l y ,  t h e  r u l e s  l i s t e d  
i n  Ref. 1 t h a t  were n o t  always fo l lowed dur ing  the  present  s tudy were: 

(1  ) A constant  t a k e o f f  con f i gu ra t i on  must be maintained throughout 
the  t a k e o f f  no ise  t e s t ,  except t h a t  t he  l and ing  gear may be 
re t rac ted .  

( 2 )  Takeoff  power o r  t h r u s t  must be used from the  s t a r t  o f  t a k e o f f  
r o l l  t o  a t  l e a s t  an a l t i t u d e  above the runway o f  214 meters 
(700 f t ) .  

(3 )  Upon reaching an a l t i t u d e  o f  214 meters (700 f t ) ,  o r  g rea ter ,  the  
power o r  t h r u s t  may n o t  be reduced below t h a t  needed t o  ma in ta in  
l e v e l  f l i g h t  w i t h  one engine inopera t ive ,  o r  t o  ma in ta in  a f o u r  
percent  c l imb  grad ien t ,  whichever power o r  t h r u s t  i s  greater .  

(4 )  A steady approach speed must be es tab l i shed and maintained over 
the  approach measuring p o i n t .  

(5 )  The approaches must be conducted w i t h  a steady g l i d e  angle o f  
3' 20.5'. 

Noise c h a r a c t e r i s t i c s  o f  the  s imulated SCR concept a t  the  th ree  
measuring s t a t i o n s  prescr ibed i n  Ref. 1 and i n d i c a t e d  i n  F ig .  7 were 
ca l cu la ted  f o r  both t a k e o f f s  and land ing  approaches us ing the  NASA A i r c r a f t  
Noise P red ic t i on  Program (ANOPP) descr ibed i n  Ref. 8. 

Takeoffs were performed us ing  r o t a t i o n  speeds from 172 K I A S  t o  200 KIAS, 
and the  c l imb speeds v a r i e d  from 211 K I A S  t o  250 KIAS. 
takeof fs ,  t h r u s t  reduc t ions  (cut-backs) were made as a f u n c t i o n  o f  d is tance 
from brake re lease and/or a l t i t u d e .  Also, these t h r u s t  reduc t ions  were made 
manually as w e l l  as au tomat ica l l y .  
" f i n a l "  t h r u s t  reduc t ion  was made (always made p r i o r  t o  rezch ing  the  f l y o v e r  
measuring po in t ) ,  the c l imb  g rad ien t  was reduced t o  0.04 (y = 2.3'). 

Dur ing these 

It should be mentioned t h a t  a f t e r  t he  
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Landing approaches were made a t :  ( 1 )  constant speed for various 
constant glideslope angles; and ( 2 )  decelerating speeds for various constant 
glideslope angles. The glideslope angles varied from 3" t o  5", and the 
approach speeds varied from 250 KIAS t o  158 KIAS. 

The results of this study, using the aforementioned evaluation procedures, 
will primarily be presented in the  form of effective perceived noise 
level ( E P N L )  savings as a function of piloting techniques used t o  perform 
takeoffs and landings on the subject SCR transport concept. 
significant results are reviewed i n  the following sections. 

The more 

RESULTS AND DISCUSSION 

The results of  th is  study are discussed i n  terms of the previously 
stated objectives and primarily presented in the form of effective perceived 
noise level ( E P N L )  as the piloting technique varied while performing takeoffs 
and landings on the simulated SCR transport concept. 
discussed pertain t o  j e t  noise only. 

The noise levels 

Takeoff 

Takeoffs were performed using ro t a t ion  speeds ( V R )  from 172 KIAS 
t o  200 KIAS, an angular rotation rate (0) of 3"/second, and " ini t ia l"  
rotation angles of a t t a c k  (aint)  from 4" t o  8" (depending on the desired 
climb speed ( V C ) ) .  The aint as used here i s  the angle of attack t o  which 
the pilot rotates and maintains until V2 i s  achieved. 

Determination of rotation speed.- The procedures used t o  determine the 
minimum and maximum rotation speeds t o  be used in this  simulation study 
were those prescribed i n  FAR-Part 25, (Ref. 9 ) .  I n  general , the range of 
V R ' S  used were selected from the V 1  information.determined on the simulator 
and presented i n  Fig. 8. The Vi concept was developed for civil a i r  
transport certification, and i t s  intent i s  t o  provide the pilot sufficient 
information t o  decide whether t o  refuse or t o  continue the takeoff. If  the 
pilot elects to  refuse the takeoff, the total distance required for the 
maneuver (from brake release, t o  Vi, t o  full s top)  is  called the 
accelerate-stop distance. I f  the pilot elects t o  continue the takeoff, the 
total distance required from brake release, t o  V I ,  t o  an altitude of 
10.7 meters (35 f t )  i s  called the takeoff distance. (As can be seen from 
F i g .  8, the intersection of the two curves (balanced field length) occurs a t  
approximately 172 KIAS.) In addition, Ref. 9 states t h a t  the cri t ical  
engine-inoperative takeoff distance, using a rotation speed of 5 knots less 
t h a n  V R ,  must not  exceed the corresponding cr i t ical  engine-inoperative 
takeoff distance using the established V R .  Therefore, i t  can be seen from 
the "takeoff distance" curve o f  Fig. 8 t h a t  the minimum "established" V R  
should be no less t h a n  approximately 185 KIAS. However, during the present 
simulation program,a minimum V R  = Vi = 172 KIAS was chosen in order t o  get 
the maximum possible variable range for V R  and the corresponding Vc. 
From the "accelerate-stop-di stance" curve, in combination with the 

307 



" t a k e o f f  d is tance"  curve of F ig .  8, the maximum V R  chosen t o  be used i n  t h i s  
s imu la t ion  program was 200 KIAS,  due t o  t i r e  speed l i m i t a t i o n s .  Thus, the  
range o f  r o t a t i o n  speeds used i n  t h i s  study was from 172 K I A S  t o  200 K IAS,  
r e s u l t i n g  i n  l i f t - o f f  speeds from 193 K I A S  t o  215 KIAS,  respec t i ve l y .  
should a l so  be mentioned t h a t  t he  range o f  V R ' S  used does n o t  exceed the 
l i m i t s  d i c t a t e d  by the  Tenta t ive  Ai rwor th iness Standards fo r  Supersonic 
Transports (unpubl i shed)  . 

3"/sec was used f o r  a l l  t akeo f f s  i n  the  present  study. 
se lected from cons ider ing  t a i l - s c r a p e  as w e l l  as p i lo t -passenger  comfort .  
I t  was a l so  noted t h a t  the nominal angular r o t a t i o n  r a t e  used by the  p i l o t s  
when f l y i n g  the Concorde s imulat ion,  Ref. 10, was approximately 2.8"/second. 

It 

Angular r o t a t i o n  ra te . -  An angular r o t a t i o n  r a t e  (6) o f  approximately 
Th is  va lue was 

I n i t i a l  r o t a t i o n  angle of a t tack . -  The i n i t i a l  a se lec ted  f o r  each 
takeof f  var ied  dependins upon the  se lec ted  r o t a t e  sDeed and c l imb sDeed. 
For example, f o r  a se lec ted  VR o f  172 K I A S  and a c l imb speed o f  V2 + 10 K IA$  
the i n i t i a l  ~1 used f o r  the  bes t  performance was determined t o  be approximately 
8", whereas f o r  a se lec ted  VR o f  200 K I A S  and a Vc o f  250 KIAS,the 
i n i t i a l  ~1 used f o r  the  bes t  performance was determined t o  be approximately 
4". 

Minimum f l y o v e r  no ise  dur ing  t a k e o f f  .- Using s imulated t a k e o f f  procedures 
w i t h  no power cut-backs, the  f l y o v e r  no ise  was ca l cu la ted  t o  be approximately 
118 EPNdB, regard less o f  t he  se lected r o t a t e  speed o r  the  se lec ted  c l imb  
speed,and the  s i d e l i n e  no ise  was ca l cu la ted  t o  be grea ter  than 116 EPNdB 
f o r  a l l  takeof fs .  

The scheme used t o  determine a p i l o t i n g  technique t h a t  would r e s u l t  i n  
acceptable no ise l e v e l s  f o r  bo th  f l y o v e r  and s i d e l i n e  was t o  f i r s t  de f i ne  
the  minimum f l y o v e r  no ise procedure - w i t h  no cons idera t ion  f o r  the  s i d e l i n e  
noise generated. 

Reference 1 s ta tes ,  i n  pa r t ,  t ha t :  (1 )  t a k e o f f  power o r  t h r u s t  must be 
used from the s t a r t  o f  t a k e o f f  r o l l  t o  an a l t i t u d e  o f  a t  l e a s t  214 meters 
(700 f t )  f o r  a i rp lanes  w i t h  more than th ree  engines; (2 )  upon reaching an 
a l t i t u d e  o f  214 meters, the  power o r  t h r u s t  may n o t  be reduced below t h a t  
needed t o  ma in ta in  l e v e l  f l i g h t  w i t h  one engine inopera t ive ,  o r  t o  ma in ta in  
a f o u r  percent c l imb grad ien t ,  whichever power o r  t h r u s t  i s  g rea ter ;  and 
(3 )  a speed o f  a t  l e a s t  V t 10 knots must be maintained throughout t h e  
t a k e o f f  no ise t e s t .  
a l lowable t h r u s t  cutback and t h i s  i s  i n d i c a t e d  i n  F ig .  9. As can be seen, 
f o r  airspeeds grea ter  than approximately 240 K I A S  the four-engine, f o u r  
percent  c l imb grad ien t  c r i t e r i o n  should be used, whereas the  three-engine, 
zero c l imb grad ien t  c r i t e r i o n  should be used f o r  airspeeds below 240 K IAS.  
For the  present study, t he  four-engine, f o u r  percent  c l imb g rad ien t  c r i t e r i o n  
was a r b i t r a r i l y  used f o r  a l l  c l imb speeds considered s ince  i t  was more 
b e n e f i c i a l  a t  the  lower c l imb speeds (Vc < 240 K I A S )  and was almost as 
b e n e f i c i a l  a t  the  h igher  c l imb speeds 
t h r u s t  was reduced t o  71 percent,  a t  the  cutback po in t ,  when the  slowest 
c l imb speed was f lown ( V R  = 172 K I A S  and Vc = V2 + 10 = 211 KIAS) and was 

There f ore, the  f i r s t  task was t o  determine the  amount o f  

(VC > 240 K I A S ) .  Therefore, the n e t  
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reduced t o  58 percent,  a t  t he  cutback po in t ,  when a c l imb  speed o f  250 K I A S  
was f lown. 
an a l t i t u d e  o f  3048 meters (10000 f t )  i s  250 K I A S  due t o  A i r  T r a f f i c  
Control  cons iderat ions.  

( I t  should be noted t h a t  t he  maximum ai rspeed a l lowed below 

The " i d e a l "  cutback a1 t i  tudes were then determined us ing  the  lowest 
VR and Vc i nves t i ga ted  ( V R  = 172 K I A S  and Vc = 211 KIAS), as w e l l  as the 
h ighes t  VR and Vc i nves t i ga ted  ( V R  = 200 K I A S  and V c  = 250 K IAS) ,  
and the r e s u l t s  a re  presented i n  F ig .  10. 
VR = 172 K I A S  and Vc = 211 KIAS the  i d e a l  cutback a l t i t u d e ,  from an 
e f f e c t i v e  perceived no ise  l e v e l  s tandpoint ,  was approximately 400 meters 
(1312 ft), and f o r  VR = 200 K I A S  and Vc = 250 KIAS,  t he  i d e a l  cutback 
a1 ti tude was approximately 290 meters (951 ft). 
t h a t  the f a s t e r  c l imb speed, which al lowed more t h r u s t  cutback, was approx i -  
mately 2 EPNdB l e s s  no isy  than the  slower c l imb speed (107.7 EPNdB compared 
t o  109.6 EPNdB) even though the  cutback a l t i t u d e  was approximately 110 meters 
(361 f t )  lower. 
f o r  the VR = 200 KIAS,  Vc = 250 K I A S  technique was s l i g h t l y  lower than the 
maximum l e v e l  a l lowed (108 EPNdB; Ref. 1 ) .  

I n d i c a t i o n s  a re  t h a t  f o r  

F igure  10 a1 so i nd i ca tes  

It should a l so  be noted t h a t  the  minimum f l y o v e r  EPNL 

These two t a k e o f f  p r o f i l e s  are presented i n  F ig .  11. The p i l o t i n g  
procedures used were t o :  
and 200 KIAS); (b )  a t  VR, 
of 3"/sec t o  an angle o f  a t t a c k  o f  8" and 4", respec t i ve l y ,  and main ta in  
those a 's  u n t i l  V z  was achieved; ( c )  a f t e r  a t t a i n i n g  V2, the  p i l o t  merely 
" f lew"  the  t a k e o f f  d i r e c t o r  commands, which i n  these cases conmanded c l imb  
speeds of V2 + 10 = 211 K I A S  and 250 KIAS,  respec t i ve l y ;  and ( c )  upon 
a t t a i n i n g  the  designated " i dea l  'I cutback a1 t i t u d e s  (400 meters (1312 ft), 
and 290 meters (951 ft), respec t i ve l y )  t h e  c o - p i l o t  reduced the  n e t  t h r u s t  
t o  71 percent  and 58 percent,  respec t ive ly ,  and the  p i l o t  s imultaneously 
reduced the  c l imb g rad ien t  t o  0.04 i n  each instance.  The r e s u l t s  i n d i c a t e  
t h a t  the  a i r p l a n e  was a t  an a l t i t u d e  o f  492 meters (1614 f t )  when i t  f l e w  
over the  no ise  measuring s t a t i o n  (a d is tance o f  6500 meters (21325 f t )  f rom 
brake re lease)  f o r  t he  s lower VR and Vc compared t o  an a l t i t u d e  o f  
420 meters (1378 f t )  f o r  t he  f a s t e r  VR and Vc. The ca l cu la ted  f l y o v e r  
perceived no i  se 1 evel  s (PNL) and e f f e c t i  ve perce ived noi se 1 evel  s (EPNL ) 
are a l so  presented i n  F ig .  11, and i n d i c a t e  t h a t  t h e  maximum ca lcu la ted  
PNL's f o r  the  slower and f a s t e r  t akeo f f s  were 110.8 dB and 109.6 dB, 
respec t ive ly ,  r e s u l t i n g  i n  EPNL's o f  109.6 dB and 107.7 dB, respec t i ve l y .  
Therefore, i t  was concluded t h a t  the  f a s t e r  c l imb speed was more b e n e f i c i a l  
from a noise standpoint,and thus the m a j o r i t y  o f  t he  t a k e o f f s  made and 
discussed throughout the  remainder o f  the  present  s tudy p e r t a i n  t o  r o t a t e  
speeds o f  200 K I A S  and c l imb speeds o f  250 K IAS.  

(a )  acce le ra te  from brake re lease t o  V R  (172 K I A S  
r o t a t e  the  a i r p l a n e  a t  an angular r o t a t i o n  r a t e  

F igure 12 i n d i c a t e s  t h a t  f o r  c l imb speeds g rea te r  than approximately 
233 KIAS,  l ess  t h r u s t  i s  requ i red  t o  t r i m  on a 0.04 c l imb  g rad ien t  f o r  
6f  = 10" than f o r  6 f  = 20". For example, a t  Vc = 250 KIAS, two percent  
l ess  t h r u s t  i s  requ i red  t o  t r i m  f o r  the  6f = 10" c o n f i g u r a t i o n  
(TN = 56 percent  compared t o  58 percent) .  F igure 13 presents the  f l y o v e r  
EPNL savings due t o  r a i s i n g  the  f l a p s  t o  10" ( a f t e r  Vc > 233 K I A S )  and 
ind i ca tes  t h a t  s ince  the  AdB was less  than one f o r  any cutback a l t i t u d e ,  t he  
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con f igu ra t i on  change would probably no t  be j u s t i f i e d .  ( I t  should be noted 
t h a t  Ref. 1 requ i res  a constant  con f igu ra t i on  throughout the t a k e o f f  no ise  
t e s t  - w i t h  the  except ion o f  land ing  gear r e t r a c t i o n . )  

Dur ing the  generat ion o f  the f l i g h t  p r o f i l e s  necessary t o  c a l c u l a t e  the 
corresponding EPNL's shown i n  Figs.  10 and 13, i t  was found t h a t  the  r a t e  o f  
t h r u s t  cutback and the  r a t e  o f  c l imb grad ien t  change were very  impor tant  
as t o  whether the  c l imb speed was maintained. Therefore, ins tead o f  manually 
reducing the t h r u s t  t o  the  spec i f ied  l e v e l  (depending upon the  Vc and Q) ,  
the a u t o t h r o t t l e  was a c t i v a t e d  a t  var ious a l t i t u d e s  and, again, the  c l imb 
g rad ien t  was reduced t o  0.04. These r e s u l t s  a re  presented i n  F ig .  14 and 
compared t o  the  manual t h r o t t l e  cutbacks. 
use of the a u t o t h r o t t l e  makes f o r  approximately one EPNdB savings f o r  the  
" i d e a l "  cutback a l t i t u d e .  
the manual cutback and a u t o t h r o t t l e  a c t i v a t i o n  a t  an a1 t i t u d e  o f  approximately 
290 meters (951 f t ) .  Note t h a t  al though the same approximate a l t i t u d e  
(417 meters (1368 f t ) )  was achieved a t  the f l y o v e r  measuring s t a t i o n  (6500 
meters from brake re lease) , the ca l cu la ted  values f o r  PNL and EPNL were 
somewhat d i f f e r e n t ,  even though both takeo f f s  were f o r  the  same con f igu ra t i on  
and the same takeof f  procedures were used - w i t h  the  except ion o f  the  method 
used t o  reduce the  t h r u s t  a t  the  designated a l t i t u d e .  
the EPNL's were a t t r i b u t e d  t o  the  d i f f e rences  i n  the  t h r u s t  management. 
Note from the  n e t  t h r u s t  t r a c e  t h a t  f o r  the  manual cutback procedure,the 
c o - p i l o t  g radua l l y  reduced the  t h r u s t  f rom Tma t o  58 percent  w i t h  no 
overshoot. 
an overshoot i n  t h r u s t  r e s u l t e d  
a t  one instance)  and the re fo re  the  EPNL was lower a t  t he  measuring s t a t i o n  
due t o  the  lower values o f  n e t  t h r u s t .  It should be noted t h a t  t he  c l imb 
speed was maintained r e l a t i v e l y  constant a t  approximately 250 K I A S  du r ing  
both f l i g h t s .  

The r e s u l t s  i n d i c a t e  t h a t  the  

F igure  15 presents the f l i g h t  p r o f i l e s  comparing 

The d i f f e rences  i n  

However, when the  t h r u s t  was reduce8 by t h e  a u t o t h r o t t l e ,  
(TN became as low as approximately 44 percent 

Obviously, i t  w i l l  be necessary t o  use the  minimum amount o f  t h r u s t  
dur ing  t a k e o f f  i n  o rder  t o  keep the  s i d e l i n e  noise a t  a minimum. However, 
s u f f i c i e n t  t h r u s t  must be used t o  keep the  t a k e o f f  f l y o v e r  no ise  a t  110 EPNdB 
o r  l ess  i n  o rder  t o  even consider  the p o s s i b i l i t y  o f  us ing  the  present  FAR 
t r a d e o f f  capabi 1 i t i e s .  Therefore, t akeo f f s  were performed f o r  which on ly  
100 percent  o f  the  maximum a v a i l a b l e  t h r u s t  was used. F igure  16 presents 
the  ca l cu la ted  f l y o v e r  EPNL's aga ins t  var ious cutback a l t i t u d e s  f o r  i n i t i a l  
values o f  t h r u s t  o f  100 percent  and 116.4 percent, and as can be seen, the 
minimum f l y o v e r  e f f e c t i v e  perceived noise l e v e l  t h a t  was experienced was 
grea ter  than 111 dB when 100 percent t h r u s t  was used f o r  t akeo f f ,  regard less 
o f  the  cutback a l t i t u d e ,  compared t o  a minimum EPNL o f  l e s s  than 108 dB 
when maximum a v a i l a b l e  t h r u s t  (116.4 percent)  was used f o r  t akeo f f .  

It was the re fo re  concluded t h a t  an i n i t i a l  value o f  t h r u s t  g rea ter  than 
100 percent must be used i n  o rder  t o  achieve a f l y o v e r  EPNL equal t o  o r  
l ess  than 110 dB. 
du r ing  the e a r l y  stages o f  the  takeoff ,  t he  t h r u s t  must be reduced below 
100 percent i n  order  t o  reduce the  s i d e l i n e  no ise  being generated -- the 
s i d e l i n e  noise was g rea te r  than 110 EPNdB even when o n l y  100 percent  t h r u s t  

Furthermore, these r e s u l t s  i n d i c a t e d  t h a t  a t  some p o i n t  
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was used f o r  t akeo f f .  
g rea ter  than 116 EPNdB f o r  the  maximum t h r u s t  t akeo f f . )  

(As mentioned prev ious ly ,  t he  s i d e l i n e  no ise  was 

Summary o f  r e s u l t s  p e r t a i n i n g  t o  minimum f l y o v e r  no ise  dur ing  t a k e o f f  .- 
With no cons idera t ion  given t o  the s i d e l i n e  no ise  beinq generated, var ious 
t a k e o f f  procedures were used i n  an at tempt t o  d e f i n e  the- "bes t "  p i l o t i n g  
procedure t h a t  cou ld  be used i n  order  t o  c rea te  the minimum e f f e c t i v e  
perceived noise l e v e l  a t  the f l y o v e r  no ise measuring s t a t i o n  (6500 meters 
from brake re lease) .  The more s i g n i f i c a n t  r e s u l t s  were as fo l l ows :  

'With no power cutbacks the  f l y o v e r  EPNL was approximately 118 dB, 
regard less o f  t he  r o t a t e  speed and/or c l imb speed. 

'Using the  no ise  abatement takeo f f  procedures p resen t l y  a1 lowed by the  
Federal Av ia t i on  Regulat ions o f  Ref .  1, the maximum al lowed r o t a t i o n  speed 
and c l imb speed (VR = 200 K I A S  and Vc = 250 K I A S )  were the  most b e n e f i c i a l  
f o r  c rea t i ng  the  minimum noise a t  the  designated f l y o v e r  no ise  measuring 
s t a t i o n .  This  t a k e o f f  procedure resu l ted  i n  a f l y o v e r  EPNL o f  107.7 dB, 
which met the  108 EPNdB requirement o f  Ref. 1. 

de f  

(as 

'Minor a d d i t i o n a l  no ise b e n e f i t s  cou ld  be r e a l i z e d  by reducing the  f l a p  
ec t ions  from 20" : to  10" f o r  airspeeds g rea te r  than approximately 233 K IAS.  

'Addi t ional  no ise  b e n e f i t s  were gained by a c t i v a t i n g  the  a u t o t h r o t t l e  
opposed t o  manual t h r o t t l e  manipulat ions)  a t  t h e  " i d e a l "  cutback a l t i t u d e .  

The bes t  advanced p i l o t i n g  procedure used du r ing  t h i s  s tudy f o r  
minimum f l y o v e r  noise, d is regard ing  the  side1 i n e  no ise  being generated, 
was as fo l lows:  

w i t h  maximum a v a i l a b l e  t h r u s t  (116.4 percent) ,  acce le ra te  the  
a i r p l a n e  from brake re lease t o  200 KIAS;  

a t  V = 200 K I A S ,  r o t a t e  the  a i r p l a n e  a t  an angular r o t a t i o n  r a t e  
o f  3"/sec t o  an angle o f  a t tack  o f  4". 
a f t e r  1 i f t o f f ;  

Re t rac t  the  land ing  gear 

is def ined as the  
(hL.G, = 10.67 m vf main ta in  a = 4" u n t i l  V 2  i s  achieved; 

a i r c r a f t  v e l o c i t y  a t  the hypothe t ica l  obstac e 
(35 f t ) ) ;  

acce le ra te  the  a i r p l a n e  from V2 t o  a c l imb  speed o f  250 K I A S  
(Vc = 250 K I A S  i s  the  maximum speed a1 lowed below an a1 ti tude 
o f  3048 m (10000 f t ) ) ;  

p r i o r  t o  achiev ing Vc = 250 KIAS,  reduce t h e  f l a p  d e f l e c t i o n s  
f rom 20" t o  10"; and 

a t  an a l t i t u d e  o f  290 m (951 f t ) ,  a c t i v a t e  the  a u t o t h r o t t l e  and 
reduce the  c l imb grad ien t  t o  0.04. 
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This  t a k e o f f  procedure r e s u l t e d  i n  a f l y o v e r  no ise  l e v e l  o f  106.7 EPNdB, 
which i s  1.3 dB less  than the  maximum al lowed EPNdB o f  108 (Ref. 1 ) .  

S i d e l i n e  noise considerat ions du r ing  takeof fs . -  I n  an at tempt  t o  
determine a t a k e o f f  procedure t h a t  would a l l ow  the  use o f  t h e  aforementioned 
noise t r a d e o f f s  between the f l y o v e r  noise,  s i d e l i n e  noise,  and approach 
noise and thus meet the  108 EPNdB requirements o f  Ref. 1, var ious  p i l o t i n g  
procedures were used du r ing  s imulated takeof fs .  
e a r l i e r  t h a t  the  most advantageous procedure f o r  f l y o v e r  no ise was t o  
r o t a t e  as l a t e  as poss ib le  and c l imb as f a s t  as poss ib le ,  the  m a j o r i t y  
o f  the  " s i d e l i n e  noise"  takeo f f s  were made f o r  which VR was 200 KIAS 
and Vc was 250 K IAS.  

Since i t  was determined 

F igure 17 i n d i c a t e s  the  s i d e l i n e  e f f e c t i v e  perce ived no ise  l e v e l s  
ca lcu la ted  f o r  a standard procedure (no FAR r u l e s  were broken) takeo f f .  
Note t h a t  t he  s i d e l i n e  EPNL approaches 108 dB approximately 1800 meters 
(5906 f t )  a f t e r  brake re lease and has exceeded 110 dB p r i o r  t o  l i f t o f f  
( X  = 2496 m (8189 ft)). Therefore, i t  was obvious t h a t  some degree o f  
power cutback would be requ i red  p r i o r  t o  l i f t o f f  i n  o rder  t o  keep the  s i d e l i n e  
noise equal t o  o r  l e s s  than 110 EPNdB, the  maximum l e v e l  t h a t  would a l l ow  the  
use o f  the  p rev ious l y  discussed noise t r a d e o f f  c r i t e r i o n .  

Various p i l o t i n g  techniques were then used i n  an at tempt  t o  determine 
the  optimum t a k e o f f  procedure i n s o f a r  as the  minimum s i d e l i n e  and f l y o v e r  
j e t  no ise were concerned. Power cutbacks were made a t  var ious  d is tances 
from brake re lease as w e l l  as a t  var ious a l t i t u d e s  i n  an at tempt  t o  keep the  
s i d e l i n e  no ise  t o  a minimum. Then - a " f i n a l "  power cutback was made 
(sometimes a u t o t h r o t t l e  was used) and the  c l imb g r a d i e n t  reduced t o  0.04, 
p r i o r  t o  reaching the  f l y o v e r  no ise  measuring s t a t i o n ,  i n  o rder  t o  keep the  
f l y o v e r  EPNL t o  a minimum. The o b j e c t i v e  was t o  keep the  s i d e l i n e  EPNL 
equal t o  o r  l e s s  than 110 dB and a t  the  same t ime keep the  f l y o v e r  EPNL 
equal t o  o r  l ess  than 109 dB. 

A t y p i c a l  t a k e o f f  us ing  "advanced" procedures i s  presented i n  F ig .  18. 
The p i l o t i n g  procedures used were as fo l lows:  

(a)  w i t h  the  f l a p s  s e t  a t  Z O O ,  and us ing maximum a v a i l a b l e  t h r u s t ,  

( b )  a t  V = 200 KIAS,  r o t a t e  a t  a 6 #3"/sec 

acce le ra te  the  a i r p l a n e  from brake re lease t o  V = 200 KIAS;  

t o  an i n i t i a l  angle o f  
a t t a c k  o f  approximately 4". 
V a 2 0 8  KIAS, 

A t  X ss 2225 meters (7300 f t)  and 
reduce the  n e t  t h r u s t  t o  110 percent; 

( c )  a f t e r  l i f t o f f  ( X  ta 2500 meters (8202 ft) and V ta 217 KIAS), 
r a i s e  the  l and ing  gear and acce le ra te  t o  V2 w h i l e  ma in ta in ing  
a w 4"; 

(d )  a t  V2, which was approximately 235 KIAS, reduce the  n e t  t h r u s t  
t o  90 percent  and, by f o l l o w i n g  the  commands o f  t h e  t a k e o f f  
d i r e c t o r ,  acce le ra te  t o  250 K IAS.  P r i o r  t o  a t t a i n i n g  V c  = 
250 KIAS,  r a i s e  the  f l a p s  from 20" t o  10'; and 
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(e )  cont inue the  c l imb-out  a t  Vc = 250 K I A S .  A t  an a l t i t u d e  o f  
approximately 185 meters (607 f t )  , a c t i v a t e  the  a u t o t h r o t t l e  
and reduce the c l imb  grad ien t  t o  0.04. 

F igure 18 i nd i ca tes  t h a t  the s i d e l i n e  EPNL exceeds 108 dB a t  X a 2 7 0 0  meters 
(8858 f t )  from brake re lease and t h a t  t he  maximum s i d e l i n e  EPNL was 109.8 dB, 
occur r ing  a t  X R3350 meters (10991 f t ) .  Note t h a t  an a l t i t u d e  o f  254 
meters (833 f t )  was a t t a i n e d  a t  the  f l y o v e r  no ise measuring s t a t i o n  and t h a t  
the ca l cu la ted  f l y o v e r  EPNL was 108.1 dB. 
t h a t  the a u t o t h r o t t l e  caused the  n e t  t h r u s t  t o  overshoot the  al lowed l e v e l  
o f  56 percent.  (TN a c t u a l l y  became as low as 38 percent  a t  one p o i n t  and 
was less  than 56 percent  f o r  approximately 5 seconds, which corresponded 
t o  the t ime j u s t  p r i o r  t o ,  and immediately a f t e r ,  f l y i n g  over the  f l y o v e r  
no ise measuring s t a t i o n . )  It i s  be l ieved t h a t  a l though t h i s  la rge ,  temporary, 
t h r u s t  reduc t i on  exceeded the  l i m i t  a l lowed (F ig .  12), f l i g h t  sa fe ty  would 
n o t  be jeopard ized i n  tha t ,  f o r  example, should an engine f a i l  dur ing  
the t ime the  a u t o t h r o t t l e  had d r i v e n  the  t h r u s t  t o  t h i s  "unacceptably" 
low value, the a u t o t h r o t t l e  would very q u i c k l y  command s u f f i c i e n t  t h r u s t  
01) the remaining th ree  ( 3 )  engines t o  ma in ta in  an a i rspeed o f  250 KIAS. 
It i s  the re fo re  concluded t h a t  t h i s  p i l o t i n g  procedure i s  a r e a l i s t i c  and 
safe t a k e o f f  procedure i f  a u t o t h r o t t l e  i s  used, and t h a t  by u t i l i z i n g  the  
aforementioned t r a d e o f f  c r i t e r i o n ,  the  t raded no ise  can be kept  below 
108 EPNdB a t  the designated measuring s ta t i ons ,  again assuming t h a t  the  
approach noise i s  no more than 105 EPNdB. 

It should a l s o  be mentioned 

E f f e c t s  of modi fy ing the  VSCE engine f o r  maximum coannular acoust ic  
b e n e f i t . -  As mentioned prev ious ly ,  the no ise  l e v e l s  discussed i n  t h i s  paper 
are those due t o  j e t  no ise only .  
sh ie ld ing  on the s i d e l i n e  no ise  l e v e l s  have n o t  been inc luded i n  the  no ise  
calculations,and,therefore,the s i d e l i n e  no ise  l e v e l s  discussed p rev ious l y  
f o r  t akeo f f s  would have been somewhat lower i f  the  engine-sh ie l  d ing  e f f e c t s  
were included. I t  was a l so  determined du r ing  the  s imu la t i on  program t h a t  
very l a r g e  cutbacks i n  t h r u s t  were poss ib le  i n  order  t o  reduce the  f l y o v e r  
no ise dur ing  t a k e o f f .  I t  was r e a l i z e d  a t  t h a t  t ime t h a t  t he  des ign o f  t he  
s imulated VSCE engine was such t h a t  the  coannular nozz le acous t ic  b e n e f i t  
was l o s t  f o r  t h r u s t  s e t t i n g s  below approximately 60 percent.  
general, the  f l y o v e r  j e t - n o i s e  l e v e l s  discussed p rev ious l y  would be somewhat 
lower i f  the  coannular b e n e f i t  cou ld  be mainta ined f o r  t h r u s t  s e t t i n g s  
lower than 60 percent.  

The engine designers were the re fo re  asked t o  i n v e s t i g a t e  the  impact of 
r e t a i n i n g  the coannular nozz le acous t ic  b e n e f i t  a t  cutback t h r u s t  s e t t i n g s  
approaching 40 percent  o f  maximum t h r u s t .  These data were supp l ied  f o r  use 
i n  the present s imu la t i on  study w i t h  the warning t h a t  design changes t o  the  
"cur ren t "  VSCE engine migh t  be requi red,  w i t h  p o t e n t i a l  impact on weight and 
performance. Nevertheless , these "modif ied" engine data were used t o  repeat  
some o f  the  advanced procedure takeoffs,and the r e s u l t s  i n d i c a t e d  t h a t  
al though the  engine m o d i f i c a t i o n  d i d  n o t  improve the  s i d e l i n e  EPNL, the  
f l y o v e r  EPNL was reduced approximately 2 dB. 
procedure i nd i ca ted  i n  F ig .  18, b u t  us ing the  mod i f ied  VSCE engine, reduced 
the f l y o v e r  j e t  no ise from 108.1 EPNdB t o  106.0 EPNdB.) 

For example, the  e f f e c t s  o f  engine 

Therefore, i n  

(Repeating the  takeof f  
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Landing Approaches 

Reference 1 s t a t e s  t h a t  a constant airspeed and configuration must be 
maintained on a constant glide angle of 3" k0.5" throughout the landing 
approach noise t e s t .  However, for  the purposes of t h i s  study, a l l  of these 
were varied in an attempt t o  determine the noise benefits t h a t  could be 
realized should these ' 'rules" be changed. During the present simulation 
study, landing approaches were made a t  constant speed fo r  various constant 
glideslope angles, as well a s  for  decelerating speeds for  various constant 
gl ideslope angles. (Segmented approaches were not performed. ) The glideslope 
angles varied from 3" t o  5", and the approach speeds varied from 250 KIAS 
to 158 KIAS during the decelerating approaches. 

Reference 1 (FAR-36) 1 anding approach t e s t  procedure. - The approach 
noise calculated usinq a constant airspeed of 158 KIAS, a constant confiqura- 
t i o n ,  and a constant glide angle of 3"' was 101.5 EPNdB. 
approach noise was well below the allowed 108 EPNdB, and i n  fac t  was 
suff ic ient ly  low t o  allow the use of the tradeoff rules previously discussed. 

Note t h a t  th i s -  

Constant speed fo r  various constant glide angles.- Landing approaches 
were made usinq a constant confisuration and a constant airspeed o f  158 KIAS 
for  various constant glideslopes: 
discussed above, glide angles of 4" and 5" were used, and the result ing 
calculated effect ive perceived noise levels were 96.8 EPNdB and 92.3 EPNdB, 
respecti vel y . 

In addition t o  the standard 3" glideslope 

Decelerating speeds for  various constant glide angles.- During the 
decelerating approaches, an i n i t i a l  airspeed of 250 KIAS was used and the 
final airspeed used was 158 KIAS. ( I t  should be noted that  speed brakes 
were sometimes used during the decelerating approaches. ) 
indicated t h a t  only minor noise reduction benefits were gained by flying 
decelerating approaches. For example, the approach noise for  a glideslope 
of 4" and a constant airspeed of 158 KIAS was 96.8 EPNdB; whereas for  the 
same glideslope (4") and decelerating from an i n i t i a l  airspeed of 250 KIAS 
to V = 158 KIAS, the calculated approach noise was 95.4 EPNdB, a reduction 
of only 1 .4  EPNdB. 

The resu l t s  

Summary of resul ts  pertaining to  landing approach noise te;ts.- I t  was 
determined t h a t  the calculated landing approach effect ive perceived noise - . .  
level for  the simulated SCR t r anspor t  concept, using present-day FAR-36 
t e s t  procedures, was 101.5 EPNdB, which was well below the allowed 108 EPNdB. 
I t  was also found t h a t  substantial noise reduction benefits could be gained 
by increasing the glide angle and flying a constant airspeed, b u t  that  only 
minor additional noise reduction benefits were realized by flying decelerating 
approaches. 
approach produced minor noise benefits insofar as the noise a t  the approach 
noise measuring s ta t ion of Ref. 1 (2000 meters short of the runway threshold, 
Fig. 7 )  , decelerating approaches should be very beneficial for! reducing the 
approach noise contours ( footpr in ts ) .  
resul ts  that  these ttlow'I noise levels underscore the need for  examining 

I t  should be noted,however,, t h a t  although the decelerating 

I t  i s  also concluded from these 
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other  no ise sources such as engine fan  noise,  turbomachinery no ise,  and 
a i r f rame noise. 

Noi se Tradeoffs 

The Federal A v i a t i o n  Regulat ions Noise Standards, Ref. 1 , d i c t a t e  a 
maximum no ise  l i m i t  of 108 EPNdB a t  the  approach, s i d e l i n e ,  and f l y o v e r  
no ise measuring s ta t i ons .  
s ta t i ons .  ) However, Ref. 1 a1 lows t radeof fs  between the  approach, s ide1 ine,  
and f l y o v e r  no ise l e v e l s  i f :  (1)  the sum o f  the  exceedance i s  n o t  g rea ter  
than 3 EPNdB; (2 )  no exceedance i s  g rea ter  than 2 EPNdB; and (3 )  t h e  
exceedances are  completely o f f s e t  by reduct ions a t  o the r  requ i red  measuring 
po in ts .  Therefore, these noise t r a d e o f f  r u l e s  were app l i ed  t o  the  noise 
l e v e l s  ca l cu la ted  du r ing  the  p rev ious l y  discussed t a k e o f f s  and landings 
performed us ing  var ious  p i l o t i n g  procedures. 

(See Fig.  7 f o r  l o c a t i o n  o f  no ise  measuring 

Takeoff  and land ing  us ing  standard procedures.- The term "standard 
procedure," as used i n  t h i s  paper, app l ies  t o  the  p i l o t i n g  procedure used 
t h a t  abides by a l l  present-day Federal A i r  Regulations, and i n  p a r t i c u l a r ,  
the noise standards c e r t i f i c a t i o n  regu la t i ons  o f  Ref. 1. The minimum 
f lyover  no ise obtained, us ing  standard procedure, was 107.7 EPNdB (F ig.  11),  
and the  s i d e l i n e  noi:se produced was 114.8 EPNdB (F ig .  17).  
s ince the  approach no ise  was 101.5 EPNdB, the  t raded no ise  was 112.8 EPNdB. 
It should be mentioned t h a t  t h i s  t raded noise could be reduced by us ing  l e s s  
i n i t i a l  t h r u s t  f o r  t akeo f f ,  thereby reducing the  s i d e l i n e  no ise  t o  some 
ex ten t  and a l l ow ing  the  f l y o v e r  no ise  t o  become grea ter .  For example, i f  
100 percent  of t h r u s t  (as opposed t o  116.4 percent)  was used f o r  t akeo f f ,  
the  f l y o v e r  no ise  would increase t o  111.7 EPNdB, and t h e  s i d e l i n e  noise 
would decrease t o  112.3 EPNdB, producing a t raded no ise  l e v e l  o f  110.5 EPNdB. 
However, t he  t raded no ise  fo r  e i t h e r  procedure was we l l  above the  al lowed 
108 EPNdB. 

Therefore, 

Advanced procedure used f o r  t akeo f f . -  The term ''advanced procedure," 
as used w i t h i n  t h i s  paper, app l i es  t o  the  p i l o t i n g  procedure used t h a t  d i d  
n o t  abide by the  recommended FAR-36 no ise  t e s t  procedures f o r  a i r p l a n e  
c e r t i f i c a t i o n  (Ref. 1 ) .  Advanced p i l o t i n g  procedures were developed i n  an 
at tempt t o  decrease the  s i d e l i n e  noise generated du r ing  t a k e o f f .  These 
procedures were discussed p rev ious l y  and presented i n  F ig .  18. 
no ise  l eve l s ,  us ing  these procedures, were ca l cu la ted  t o  be 108.1 EPNdB 
f o r  f l y o v e r  and 109.8 EPNdB f o r  s ide l i ne ,  r e s u l t i n g  i n  a t raded no ise  
l e v e l  o f  107.8 EPNdB. 
t raded no ise  l e v e l  was reduced by 5 EPNdB. 
t raded noise l e v e l  (107.8 EPNdB) meets the  noise l i m i t  requirements o f  
108 EPNdB, Ref. 1. 

The t a k e o f f  

Therefore,  by us ing  these advanced procedures, the  
It should a l s o  be noted t h a t  t h i s  

Advanced procedure and mod i f ied  VSCE engine used f o r  t akeo f f . -  As 
discussed prev ious ly ,  t h e  s imulated VSCE engine was mod i f ied  i n  o rder  t o  
r e t a i n  the  coannular nozz le acous t ic  b e n e f i t  a t  much lower  t h r u s t  s e t t i n g s  
than the  bas ic  engine design. Also, the use o f  t h i s  mod i f ied  engine reduced 
the  f l y o v e r  no ise  from 108.1 EPNdB t o  106.0 EPNdB when t h e  same procedures 
were used f o r  t a k e o f f .  (The mod i f ied  engine d i d  n o t  a f f e c t  t he  s i d e l i n e  

31 5 



noise generated. ) 
use with the modified engine in an attempt to  fur ther  reduce the sideline 
noise level (allowing the flyover noise t o  increase above 106.0 EPNdB) 
and thus reduce the traded noise level below 107.8 EPNdB. 
procedure used i s  presented i n  F ig .  19 and was as follows: 

Therefore, a new takeoff procedure was developed for  

The piloting 

( a )  with the flaps se t  a t  Z O O ,  and using maximum available thrust, 

( b )  a t  V = 200 KIAS, 

accelerate the airplane from brake release to  V = 200 KIAS; 

attack of approximately 4"; 
rotate  a t  a 6 e 3"/sec to  an i n i t i a l  angle o f  

( c )  a f t e r  l i f t o f f  ( X  k: 2496 meters (8188 f t )  and V fil 218 KIAS), 
ra ise  the landing gear and accelerate t o  V2 while maintaining 
a = 4"; 

( d )  a t  V2, which was approximately 235 KIAS, reduce the net thrust 
t o  75 percent and ,  by following the commands of the takeoff 
director,  accelerate t o  250 KIAS. Prior to  a t ta ining Vc = 
250 KIAS, ra ise  the flaps from 20" t o  10"; and 

( e )  continue the climb-out a t  Vc = 250 KIAS. A t  an a l t i tude  of 
approximately 152 meters (500 f t )  , act ivate  the autothrot t le  
and reduce the climb gradient to  0.04. 

Figure 19 indicates t h a t  the flyover noise was 106.8 EPNdB and the maximum 
sideline noise was 108.2 EPNdB, occurring a t  X ta 2743 meters (9000 f t )  ; 
thus the traded noise would be 106.2 EPNdB. 
noted here i s  t h a t  the maximum sideline noise occurred prior t o  reaching 
the end of the runway. 

An interest ing p o i n t  t o  be 

I t  i s  concluded from these resul ts  t h a t  by u s i n g  advanced takeoff 
procedures, the simulated SCR transport concept, w i t h  the modified VSCE 
engines, readily meets the noise cer t i f ica t ion  standards of Ref. 1 .  

The histogram presented i n  F i g .  20 summarizes the traded noise levels 
calculated for the various conditions and t e s t  procedures flown d u r i n g  the 
present study. I t  can be seen that  by using "advanced" takeoff procedures, 
the traded noise level for  the subject SCR transport concept can be reduced 
by approximately 4.5 EPNdB. 

Impact of Advanced Procedures on Flight Safety 
As Determined by Recovery From Crit ical  Engine Failure 

The advanced takeoff procedures developed for  the subject SCR transport 
involved violating some of the current FAA noise cer t i f ica t ion  t e s t  conditions, 
Ref. 1 ,  i n  order t o  meet the required noise levels.  
were required t o  meet the required noise levels during landing approach.) The 
three rule violations were as follows: 

(No rule violations 
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( 1 )  Reference 1 required t h a t  takeoff power or thrust  be used from the 
s t a r t  of takeoff roll t o  a t  l ea s t  an a l t i tude  of 214 meters 
(700 f t )  for airplanes w i t h  more than three turbojet  engines. 

[During the present SCR simulation program, thrust reductions 
were required a t  a l t i tudes below 214 meters i n  order to  meet 
the takeoff side1 ine noise requirement.] 

( 2 )  Reference 1 states tha t  upon reaching an a l t i t ude  of 214 meters 
(700 f t ) ,  the power o r  thrust may n o t  be reduced below t h a t  
needed to  maintain level f l i gh t  w i t h  one engine inoperative, or 
t o  maintain a four percent climb gradient, whichever power or 
thrust  i s  greater.  

[Dur ing  the SCR simulation program, i t  was determined t h a t  larger 
temporary thrust reductions reduced the flyover noise a t  the 
flyover noise measuring station - and the climb speed could 
s t i l l  be maintained.] 

( 3 )  Reference 1 s t a t e s  that  a constant takeoff configuration must 
be maintained throughout the takeoff noise t e s t ,  except that  the 
landing gear may be retracted. 

[ I t  was determined d u r i n g  the SCR simulation program that  
additional noise reduction could be achieved by raising the f laps  
from 20" t o  10" for  climb speeds greater than 233 KIAS.] 

O f  these three ( 3 )  rule  violations,  the number (1) rule l i s t ed  above i s  
of primary importance. T h a t  i s ,  only minor noise reduction benefits 
were realized by violating the rules l i s t ed  above as numbers ( 2 )  and ( 3 ) .  

Obviously, i t  must be shown t h a t  violating these current FAA rules 
does n o t  jeopardize f l i g h t  safety. 
procedure takeoffs were repeatedly performed,and an outboard engine 
was failed a t  various locations d u r i n g  the takeoff. 
tha t  the most c r i t i c a l  stage o f  the takeoff was immediately a f t e r  l i f t o f f .  
Therefore, one location included dur ing  the engine-failure takeoffs was 
the point immediately following the thrust  cutback made upon a t t a i n i n g  V2 
(a l t i tude  of 10.67 meters (35 f t ) ) , and  this time history is  presented i n  
F i g .  21. After the number 4 engine (outboard engine on r ight  wing)  was 
fa i led ,  the p i l o t  advanced the thrust on the remaining three engines, 
attempted t o  maintain wings-level and heading, and continued to  accelerate 
t o  a VC of 250 KIAS. As indicated in F i g .  21, the wings were kept 
w i t h i n  21" of  being level and the heading was maintained w i t h i n  approximately 
2". 

To demonstrate this, the advanced- 

The t e s t  p i lo t  f e l t  

The p i lo t  commmented tha t  the aforementioned advanced takeoff procedures 
posed no safety problems. He stated t h a t ,  due t o  the excess thrust  available 
on the simulated airplane, a f t e r  attaining approximately 230 KIAS, instead 
of declaring an engine-failure an emergency s i tuat ion,  the p i lo t  could safely 
choose to  continue t o  follow the noise abatement procedure. 
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CONCLUDING REMARKS 

The subject piloted s imula t ion  study was conducted using the AST-105-1 
Supersonic Crui se Research (SCR) transport concept t o  determine: 
( a )  advanced takeoff and landing procedures for  which the Federal Aviation 
Regulations (FAR) noise level requirements could be met; ( b )  i f  a p i lo t  
w i t h  average s k i l l s  could perform the task of flying the suggested profiles 
without compromising f l i g h t  safety; ( c )  the degree of automation required; and 
( d )  the p i lo t  information displays required. 
summarize the resul ts  of t h i s  study which support the following major 
conclusions. 

T h i s  paper has attempted to  

Utilizing the current Federal Aviation Regulations t e s t  procedures 
for  a i r c ra f t  noise cer t i f ica t ion  produced the followin resul ts :  ( a )  the 
landing approach effect ive perceived noise level ( E P N L  B was 101.5 dB; 
( b )  the flyover EPNL was 107.7 dB; and ( c )  the s idel ine EPNL was 114.8 dB. 

Advanced takeoff procedures were devel oped tha t  involved violating three 
of the current FAR noise t e s t  conditions. These were: 
a t  a l t i tudes below 214 meters (700 f t ) ;  (b)  thrust cutbacks below those 
presently allowed; and ( c )  configuration change, other t h a n  raising the 
landing gear. 
three exceptions, the calculated effect ive perceived noise levels for  
flyover and sideline were 108.1 dB and 109.8 dB, respectively. 

( a )  thrust cutbacks 

Utilizing the current FAR noise t e s t  conditions, w i t h  these 

The basic variable stream control engine (VSCE)  used i n  this study 
was modified in order t o  retain the coannular nozzle acoustic benefit a t  
thrust  levels below 50 percent. 
advanced takeoff procedure was also modified i n  an attempt t o  reduce the 
takeoff noise levels below the presently allowed 108 EPNdB. 
"up-dated'' takeoff procedure and modified engine, the flyover noise was 
calculated to be 106.8 EPNdB and  the s idel ine noise was 108.2 EPNdB. 

With th i s  engine modification, the 

W i t h  this 

Utilizing the current FAR noise tradeoff rules ,  i t  was determined 
that  the traded noise level was 110.5 EPNdB, when u s i n g  current FAR noise 
cer t i f icat ion t e s t  conditions, compared to  a traded noise level of 106.2 
EPNdB when advanced takeoff procedures were used - a traded noise reduction 
of approximately 4.5 EPNdB. 

evaluated during this study d i d  not compromise f l i g h t  safety. 
I t  was determined t h a t  the advanced takeoff procedures developed and 

I t  is concluded t h a t  the subject SCR transport concept, w i t h  the 
augmented variable stream control engines modified to  maintain i t s  coannular 
nozzle acoustic benefit a t  thrust  set t ings below 50 percent, cbn meet the 
current FAA noise standards i f  the current noise cer t i f ica t ion  t e s t  
conditions are modified i n  such a manner to  allow maximum performance 
ut i l izat ion of the a i r c ra f t  - as long as i t  does not jeopardize f l i g h t  
safety. 
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I t  i s  fur ther  concluded tha t  the automation o f  some o f  the a i r c r a f t  
functions reduced the pi l o t  workload when performing the advanced procedure 
takeoffs,  and tha t  very simple pi lot ing displays seemed t o  be adequate 
f o r  the task. 
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(a) Visual Motion Simulator (VMS). 

(b) Instrument panel. 

Figure 2.- VMS and instrument d i sp lay .  
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F igure  3 . -  Block diagram of takeoff  d i r e c t o r .  

(a) Head-up d i s p l a y  superimposed on a i r p o r t  scene. 

F igu re  4 . -  V i e w  of a i r p o r t  scene  as seen  by p i l o t .  
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(b) Approach scene.  

(c) Landing scene.  

F igure  4,-  Concluded. 
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Figure 5.- Sketch of head-up display. 

Figure 6.- Block diagram of autothrottle. 
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*NOTE: SIDELINE NOISE IS  MEASURED WHERE NOISE LEVEL AFTER LIFTOFF I S  GREATEST 

Figure 7.- Noise measurement locations for takeoff and landing. 
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Figure 8.- Indication of three-engine balanced field length. 
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Figure 9.- Net thrust and airspeed used in establishment of allowable thrust 
cutback. 
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Figure 10.- Flyover effective perceived noise level as function of thrust 
cutback altitude for two takeoff conditions. 
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Figure 11.- Takeoff profiles and flyover noise generated for minimum and 
maximum simulated rotate and climb speeds. 
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Figure 12.-  Effect of airspeed on net thrust required for two 
trailing edge flap deflections. 
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Figure 13.- Flyover effective perceived noise level as a function of cutback 
for two trailing edge flap schedules. 
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Figure 14.- Flyover effective perceived noise level as a function of cutback 
altitude for manual and automatic throttle operation. 
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Figure 16.- Effect of cutback altitude on flyover effective perceived 
noise level for two initial thrust settings. 
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Figure 21.- Indication of bank angle and heading excursion following failure 

of number 4 engine while performing an advanced procedure takeoff. 
(Advanced procedure takeoff shown in fig. 18.) 
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