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SUMMARY 

P i l o t e d  s imulat ion s t u d i e s  of cockpit t r a f f i c  d i s p l a y  concepts r e q u i r e  t h e  
development of r e p r e s e n t a t i v e  t r a f f i c  s cena r ios .  With t h e  except ion of 
s p e c i f i c  a i r c r a f t  i n t e r a c t i o n  issues ,  m o s t  research ques t ions  can be addressed 
us ing  t r a f f i c  s cena r ios  c o n s i s t i n g  of prerecorded a i r c r a f t  movements merged 
t o g e t h e r  t o  form a d e s i r e d  t r a f f i c  pa t t e rn .  Prerecorded t ra f f ic  s c e n a r i o s  
have d i s t i n c t  r e sea rch  advantages, allowing c o n t r o l  of t r a f f i c  encounters with 
r e p e a t a b i l i t y  of s cena r ios  between d i f f e r e n t  tes t  s u b j e c t s .  This  paper 
describes a technique f o r  generation of prerecorded jet t r a n s p o r t  t r a f f i c  
s c e n a r i o s  s u i t a b l e  f o r  use i n  p i l o t e d  s imula t ion  s t u d i e s .  Ind iv idua l  f l i g h t  
profiles f o r  t h e  a i r c r a f t  i n  t h e  scenario are created i n t e r a c t i v e l y  w i t h  a 
comphter program designed s p e c i f i c a l l y  f o r  t h i s  purpose. The p r o f i l e s  are 
then  t ime-correlated and merged i n t o  a complete scenario.  T h i s  technique has  
been used t o  create t r a f f i c  scenarios  f o r  the Denver, Colorado area wi th  
ope ra t ions  cen te red  a t  S tap le ton  I n t e r n a t i o n a l  Airport .  T r a f f i c  s cena r ios  f o r  
o t h e r  areas may also be c r e a t e d  using t h i s  technique, with appropriate 
mod i f i ca t ions  made t o  t h e  navigation f i x  l o c a t i o n s  contained i n  t h e  f l i g h t  
p r o f i l e  generat ion program. 

INTRODUCTION 

For t h e  past s e v e r a l  yea r s ,  NASA Langley Research Center has  been involved i n  
a j o i n t  project w i t h  t h e  Federal  Aviation Administration (FAA) e v a l u a t i n g  t h e  
Cockpit Display of Traff ic  Information (CDTI)  concept. Langley's role i n  t h i s  
project has  been t o  study cockpi t  s y s t e m s  i n t e g r a t i o n  i s s u e s  and p i l o t  roles 
associated with using CDTI i n  t h e  operat ion of je t  t r a n s p o r t  a i r c r a f t .  
Operat ions i n  t e rmina l  areas, where t r a f f i c  congestion is most seve re  and t h e  
p o t e n t i a l  b e n e f i t s  and hazards a s soc ia t ed  with t r a f f i c  d i s p l a y s  are m o s t  
c r i t ical ,  have been t h e  focus of the work a t  Langley. The primary research 
technique u t i l i z e d  for t h i s  e f f o r t  has been p i l o t e d  s imulat ion.  

A c r i t i ca l  element i n  a p i l o t e d  simulation study involving CDTI is t h e  na tu re  
of t h e  air traffic s c e n a r i o  u t i l i z e d  i n  t h e  study. The complexity and realism 
r e q u i r e d  of a t r a f f i c  s cena r io  is a direct func t ion  of t h e  r e sea rch  o b j e c t i v e s  
of a p a r t i c u l a r  study. Part-task experiments, such as those  conducted a t  
Langley involving i n - t r a i l  sel f -spacing w i t h  CDTI  (ref. 1 and 21,  may be 
accomplished with a very minimal a i r  t r a f f i c  c o n t r o l  environment. More 
elaborate experiments, involving full-systems s imula t ion  with the test crew 
sub jec t ed  t o  a f u l l  workload cockpi t  environment, r e q u i r e  a correspondingly 
m o r e  complete t r a f f i c  scenario.  This paper w i l l  describe a t r a f f i c  s c e n a r i o  
gene ra t ion  technique developed f o r  such a ful l -systems experiment. 

TRAFFIC ENVIRONMENT 

The t r a f f i c  environment modeled was an area w i t h i n  approximately a 100 n.mi. 
r a d i u s  of the Denver S tap le ton  I n t e r n a t i o n a l  Airport (see f i g u r e  1 ) .  
Technical ly ,  a l l  t h i s  airspace is the r e s p o n s i b i l i t y  of t h e  Denver A i r  Route 
T r a f f i c  Control Center (ARTCC). A s p e c i f i c  area around t h e  primary airport  is  
re-delegated t o  t h e  Denver Terminal Radar Approach Control (TRACON). The 
ARTCC's and TRACON's airspace i s  f u r t h e r  divided,  h o r i z o n t a l l y  and v e r t i c a l l y ,  
i n t o  c o n t r o l  sectors. Figure 1 i l l u s t r a t e s  t h e  r e s p e c t i v e  boundaries of t h e  
h igh  and l o w  a l t i t u d e  sectors of the  Denver ARTCC. Included i n  t h e  f i g u r e  are 
t h e  l o c a t i o n s  of s e v e r a l  VORTAC ( V e r y  high frequency Omni-Range with an 



associated T A C t i c a l  a i r  navigat ion t r a n s m i t t e r )  s t a t i o n s  which reside i n  or 
near t he  simulated area. Figure 2 is a g raph ica l  r e p r e s e n t a t i o n  of t h e  
h o r i z o n t a l  boundaries of the Denver TRACON a i r s p a c e  when runway 26L is used 
f o r  instrument approaches. The four  metering f i x e s  f o r  Denver are shown i n  
f i g u r e  2 (KIOWA, KEANN, DRAKO, and BYSON). The v e r t i c a l  d e l i n e a t i o n  of t h e  
a i r s p a c e  is  shown i n  f i g u r e  3, with the t h r e s h o l d  of runway 26L as t h e  z e r o  
r e fe rence  i n  the f igu re .  A table g iv ing  a summary of the major airspace 
segments and the s i g n i f i c a n t  even t s  which occur i n  each segment is included i n  
f i g u r e  3. 

A t y p i c a l  sequence of events  f o r  a j e t  t r a n s p o r t  a i rcraf t  inbound t o  l and  a t  
Denver Stapleton Airport  would begin with a i r  t r a f f i c  c o n t r o l  (ATC) i s s u i n g  
i n s t r u c t i o n s  for  i n i t i a l  descent from c r u i s e  a l t i t u d e  when t h e  a i r c r a f t  is 
approximately 80 t o  100 n.mi. from the a i r p o r t .  A s  t h e  a i r c r a f t  nea r s  t he  
lower vertical boundary of t h e  p a r t i c u l a r  ARTCC sector, coordinat ion is 
i n i t i a t e d  f o r  a "handoff," t h a t  is, a t r a n s f e r  of c o n t r o l  r e s p o n s i b i l i t y  t o  
t h e  next c o n t r o l l e r .  When coordinat ion is completed, t h e  p i l o t  is i n s t r u c t e d  
t o  tune  h i s  radio t o  t h e  frequency of the accep t ing  c o n t r o l l e r .  

Once the a i r c r a f t  e n t e r s  t h e  TRACON a i r s p a c e  ( c r o s s i n g  one of the fou r  
metering f i x e s ) ,  it rece ives  vec to r  headings and a l t i t u d e  assignments which 
merge it i n t o  t h e  sequence for t h e  landing runway i n  use. A f i n a l  handoff is 
made f r o m  t h e  TRACON t o  t h e  tower c o n t r o l l e r  before  t h e  a i r c r a f t  crosses t h e  
l a s t  navigation f i x  ( o u t e r  marker) on t h e  publ ished approach procedure. 

Departure procedures are t y p i c a l l y  t h e  reverse .  Before an a i r c r a f t  begins  t o  
t a x i ,  t h e  p i l o t  r eques t s  and r ece ives  a "clearance" which is an approval o f ,  
and/or changes to, t h e  requested rou te  of f l i g h t  and a l t i t u d e .  This  is 
followed by t a x i  i n s t r u c t i o n s  t o  the depa r tu re  runway i n  use,  t akeof f  
c learance,  and a t r a n s f e r  of c o n t r o l  t o  t h e  depa r tu re  radar c o n t r o l l e r .  

The depa r tu re  radar c o n t r o l l e r ,  u sua l ly  located i n  t h e  TRACON, f i r s t  
e s t a b l i s h e s  p o s i t i v e  radar i d e n t i f i c a t i o n  of t h e  a i r c r a f t .  H e  t hen  i s s u e s  
vec to r  headings and a l t i t u d e  assignments u n t i l  t h e  aircraft  is clear of o t h e r  
known t r a f f i c  and the p i l o t  can assume h i s  own navigat ion on course. A s  t h e  
aircraft  nears  t h e  boundary of the TRACON's a i r s p a c e ,  it is handed o f f  to  the 
ad jo in ing  f a c i l i t y .  

C e r t a i n  condi t ions were p r e s t a t e d  for t h i s  p a r t i c u l a r  study. 
cond i t ions  were assumed which would r e q u i r e  to ta l  r e l i a n c e  on t h e  cockp i t  
instruments  fo r  navigat ion and a i rcraf t  con t ro l .  Based i n i t i a l l y  on 
conversat ions w i t h  Denver TRACON personnel ,  runway 26L w a s  designated t h e  
landing runway and runways 35L and 35R f o r  departures .  A l s o ,  a maximum 
t r a f f i c  densi ty  of 35 landings per hour w a s  set. It  w a s  f u r t h e r  assumed t h a t  
a l l  t r a f f i c  i n  t h e  scena r ios  would be je t  t r a n s p o r t  a i r c r a f t .  

Weather 

Af te r  t h e  test scena r ios  had been designated,  t ra f f ic  data w e r e  ob ta ined  from 
the  Denver TRACON for the months of January through March of 1983. These 
r e p r e s e n t a t i v e  da t a  showed t h a t  during t h e  sample pe r iod  instrument  weather 
cond i t ions  were p re sen t  9.9% of t h e  t i m e .  During those periods of instrument  
weather, t h e  runway 26L/35 a r r i v a l / d e p a r t u r e  combination w a s  i n  use 52.6% of 
the t i m e .  Also ,  t h e  mean a r r i v a l  rate on runway 26L during t h e  Instrument 
F l i g h t  Rules (IFR) periods w a s  35.9 a i r c ra f t  per hour, with 89% of t h e  
a i r c r a f t  being je t  t r a n s p o r t  types.  
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CREATION OF TRAFFIC SCENARIO 

The c r e a t i o n  of a complete t raff ic  scenario is a mul t i s t ep ,  i t e r a t i v e  
process.  F i r s t ,  t h e  general  c h a r a c t e r i s t i c s  of t h e  s c e n a r i o  must be 
defined. Next, i n d i v i d u a l  p r o f i l e s  of a i r c r a f t  f l y i n g  t h e  d e s i r e d  approach 
and departure  pa ths  i n  t h e  scena r io  are  c r e a t e d  us ing  t h e  computer program 
described i n  Appendix A. F i n a l l y ,  t h e  i n d i v i d u a l  p r o f i l e s  are time-correlated 
and merged toge the r  i n t o  t h e  complete scenario.  A detailed d e s c r i p t i o n  of 
t h i s  process is given i n  t h e  following s e c t i o n s .  

Def in i t i on  Phase 

The f i r s t  s t e p  i n  c r e a t i n g  a t r a f f i c  s c e n a r i o  is t o  d e f i n e  the gene ra l  
c h a r a c t e r i s t i c s  of t h e  scenario.  The major cons ide ra t ion  i n  t h i s  d e f i n i t i o n  
is t h a t  t h e  scena r io  can be designed t o  provide a specific t r a f f i c  p a t t e r n  f o r  
t h e  t es t  s u b j e c t s  t o  encounter while f l y i n g  t h e  s imula to r  through t h e  
prerecorded scena r io .  The na tu re  of t h i s  t ra f f ic  p a t t e r n  is d i c t a t e d  by the 
re sea rch  o b j e c t i v e s  of the  s tudy which w i l l  be us ing  the scenario.  The 
desired p a t t e r n  must conform t o  the t r a f f i c  environment being simulated,  which 
i n  t h i s  case is present-day Denver under instrument  weather condi t ions.  W i t h  
t h e s e  cons ide ra t ions  i n  mind, the c h a r a c t e r i s t i c s  of t h e  scena r io  can be 
def ined.  

The a r r i v a l  o r  depa r tu re  rou t ing  which t h e  s imula to r  w i l l  be f l y i n g  must be 
chosen. The next step is t o  d e f i n e  the geometry of any s p e c i f i c  encounters  
desired between t h e  s imulator  and any p a r t i c u l a r  t r a f f i c  aircraft. This  may 
be for an i n - t r a i l  fol lowing case, a c r o s s i n g  s i t u a t i o n  or any d e s i r e d  
encounter which could occur i n  t h e  simulated t r a f f i c  environment. The gene ra l  
r o u t i n g  of the encounter a i r c r a f t  must then be def ined from some appropriate 
i n i t i a l  cond i t ions ,  through t h e  encounter cond i t ion  on to  some f i n a l  cond i t ion  
such as landing or l eav ing  t h e  t e r m i n a l  area. F i n a l l y ,  t h e  f l i g h t  p a t h s  of 
t h e  remaining background t r a f f i c  must be de f ined  such t h a t  t h e  dens i ty  and 
sequencing of t r a f f i c  is  c o n s i s t e n t  w i t h  t h e  s imulated environment. The 
number of a i r c r a f t  chosen f o r  background t r a f f i c  must be s u f f i c i e n t  t o  f u l l y  
encompass t h e  s imula to r  within t h e  t r a f f i c  p a t t e r n  without  having extraneous 
t r a f f i c  which would burden t h e  real-time simulat ion.  This  is not  cr i t ical  a t  
t h i s  s t a g e  s i n c e  unnecessary t r a f f i c  w i l l  be e l imina ted  during t h e  merge 
phase. 

P r o f i l e  Generation Phase 

Once t h e  general  rou t ings  of t h e  s i m u l a t o r  and t h e  t r a f f i c  aircraft have been 
determined, t he  i n d i v i d u a l  f l i g h t  p r o f i l e s  of each a i r c r a f t  must be 
generated.  A computer program wr i t t en  s p e c i f i c a l l y  for t h i s  purpose is 
desc r ibed  i n  Appendix A. T h i s  program provides  for  computation of t h e  f l i g h t  
p r o f i l e  of a j e t  t r a n s p o r t  a i rc raf t  using i n t e r a c t i v e  or predefined commands, 
which emulate present-day a i r  t r a f f i c  c o n t r o l  techniques.  The program w a s  
designed t o  enable  r a p i d  generat ion of a i r c r a f t  f l i g h t  p r o f i l e s  which are 
realist ic for t h e  simulated environment and, a t  t h e  same t i m e ,  can be 
c o n t r o l l e d  t o  e x h i b i t  the  desired encounter geometry f o r  t h e  subject research 
study. I n  order t o  provide t h i s  f l e x i b i l i t y ,  t h e  program w a s  restricted t o  
modeling t h e  f l i g h t  c h a r a c t e r i s t i c s  of the je t  t r a n s p o r t  a i r c r a f t  without  
s p e c i f y i n g  any a i r  t r a f f i c  c o n t r o l  s t r a t egy .  All t h e  commands necessary t o  
gene ra t e  a complete f l i g h t  p r o f i l e  c o n s i s t e n t  with t h e  chosen t r a f f i c  
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environment were provided. However, the operator of the program must 
determine the proper sequence of commands in order to create a realistic 
profile. Once a profile has been created, a time history of the pertinent 
state variables which define the profile can be saved on a data file for later 
use in the traffic scenario. In addition, a data file of commands used in 
creating the profile is generated. This command data file enables the user to 
recreate the same profile without the need to interactively input all the 
commands again. Fine tuning of the profile can also be accomplished by 
editing the command data file and then rerunning the flight profile program 
with the edited command file. 

The profile generation phase requires an in-depth understanding of the air 
traffic control techniques employed within the simulated traffic 
environment. The first step in creating the profiles is, therefore, to review 
the techniques used by air traffic control for the desired situation. 
Ideally, the assistance of air traffic controllers from the subject facilities 
should be obtained. In addition, the Air Traffic Controller's Handbook and 
the Airman's Information Manual (ref. 3 and 4 )  provide rules and guidelines 
which should be observed. 

Interactive generation of a profile using the computer program described in 
Appendix A is quite straightforward. The user will be prompted for initial 
conditions for the aircraft. Command options will then be provided allowing 
the user to specify new airspeed or Mach, altitude, heading, landing gear 
position, and ILS approach to runway 26L. Once the desired command options 
(one or more) are selected, the user specifies the segment distance for the 
aircraft to fly before new command options may be entered. At any point 
during the generation of a profile, when the command option menu is displayed, 
the user may review the profile by selecting a plotting option which 
graphically depicts the flight profile up to the current conditions. The user 
may then resume generation of the profile, save the profile data, or start 
over. Throughout this process, the commands input by the user are saved on a 
data file to enable rapid reconstruction of the profile without requiring 
interactive inputs. The actual profile data are only saved at user request 
following the completion of the profile generation. These data consist of 
time, altitude, groundspeed, airspeed, ground positions, heading, and bank 
angle. The data are in a format to be read by the scenario merge phase 
computer program discussed in the next section. 

Merge Phase 

Once the flight profiles of the individual aircraft have been created, they 
need to be merged together into a single complete scenario. This is done by 
time-correlating the flight profiles of the traffic aircraft with the profile 
representing the desired flight path of the simulator in order to produce the 
traffic geometry as specified in the scenario definition phase. Ground 
position time histories of the traffic aircraft are compared with that 
representing the simulator in order to determine a time bias for when the 
traffic profile should begin in order to arrive at the desired location at the 
desired time. The traffic profiles are adjusted by the time biases determined 
in this manner, and are then combined to form a time history of all traffic 
based on the scenario time of the baseline profile representing the 
simulator. In practice, it has been found convenient to use the final 
approach fix (outer marker) of the landing runway as the geographical position 

c 

4 



for t ime-co r re l a t ing  the approach t r a f f i c .  T h i s  provides  a common p o i n t  which 
a l l  approach aircraft  cross. The t i m e  when the s imulator  crosses t h e  o u t e r  
marker is defined as t h e  base l ine  scenario t i m e .  The desired t i m e  for each 
approach a i r c r a f t  can be referenced to  t h i s  b a s e l i n e  i n  o r d e r  t o  o b t a i n  t h e  
s c e n a r i o  t i m e  of a r r i v a l  for t h e  a i r c r a f t ,  which provides  t h e  d e s i r e d  approach 
spacing and t r a f f i c  dens i ty  ( landings p e r  hour) .  The t i m e  biases f o r  t h e  
approach a i r c r a f t  are then determined by s u b t r a c t i n g  t h e  a c t u a l  t i m e  t hey  
would cross t h e  marker from t h e  desired scena r io  t i m e  of a r r i v a l  f o r  t h a t  
a i r c r a f t .  Departure and/or c o n f l i c t  t r a f f i c  must be time-correlated based on 
t h e  desired geometry a t  s o m e  a r b i t r a r y  geographical l o c a t i o n  i n  r e l a t i o n  t o  
t h e  r e fe rence  p r o f i l e  of t h e  simulator.  A computer program w a s  developed t o  
gene ra t e  t h e  merged scenario,  given the i n d i v i d u a l  p r o f i l e s  and t i m e  biases. 
A companion program provides  p l o t t i n g  c a p a b i l i t y  t o  view t h e  t r a f f i c  geometry 
of t h e  merged scena r io  a t  any desired t i m e  i n  t he  scenario.  

Sample Scenario 

F igu res  4a through 4d i l l u s t r a t e  a t r a f f i c  s cena r io  created us ing  t h i s  t r a f f i c  
gene ra t ion  technique. The f i g u r e s  r ep resen t  "snapshots" of the  h o r i z o n t a l  
t r a f f i c  s i t u a t i o n  a t  va r ious  t i m e s  i n  t h e  scena r io .  Each f i g u r e  is cen te red  
a t  the th re sho ld  of runway 26L i n  Denver w i t h  magnetic n o r t h  being up and east 
t o  the r i g h t .  The m a p  f e a t u r e s  are the  s a m e  as those described i n  t h e  
I n t e r a c t i v e  P l o t t i n g  s e c t i o n  of Appendix A. The a i rcraf t  r e p r e s e n t i n g  the 
s imula to r  which is  t o  f l y  through the s c e n a r i o  ( r e f e r r e d  t o  as " re fe rence  
a i r c r a f t " )  is dep ic t ed  as a c i r c u l a r  symbol as  i d e n t i f i e d  i n  f i g u r e  4a. The 
t ra f f ic  a i r c r a f t  are dep ic t ed  as squares. The d i r e c t i o n  of t r a v e l  for each 
a i r c r a f t  i n  t h e  s c e n a r i o  is given by s t r a i g h t  l i n e  pa th  predictor vectors 
extending from each a i rc raf t  symbol. The numbers ad jacen t  t o  t h e  p r e d i c t o r  
v e c t o r s  of t h e  t r a f f i c  a i r c r a f t  r e f e r  t o  the a i rcraf t  i d e n t i f i c a t i o n  numbers 
i n  Table I. The i n i t i a l  cond i t ion  of t h e  scena r io  is shown i n  f i g u r e  4a, with 
the  r e fe rence  a i r c r a f t  c ros s ing  the ELBEC i n t e r s e c t i o n  a t  c r u i s e  a l t i t u d e  
en rou te  t o  Denver. Figure 4b shows the t r a f f i c  p a t t e r n  with t h e  r e fe rence  
a i r c r a f t  j u s t  e n t e r i n g  t h e  TRACON airspace,  approximately 30 n.mi. from t h e  
Denver A i r p o r t .  A p o t e n t i a l  c o n f l i c t  s i t u a t i o n  between the r e fe rence  a i r c r a f t  
and a depa r t ing  aircraft  is shown i n  f i g u r e  4c. F i n a l l y ,  f i g u r e  4d shows t h e  
t r a f f i c  s i t u a t i o n  when the  reference a i rcraf t  c ros ses  the o u t e r  marker on 
f i n a l  approach to  the runway. 

Scena r io  Definit ion.-  The sample scenario w a s  developed f o r  use i n  a CDTI 
s imu la t ion  study i n  which t h e  t es t  sub jec t s  i n  t h e  s imulator  would be given 
the t a s k  of performing i n - t r a i l  s e l f - spac ing  on another  a i r c r a f t  from c r u i s e  
a l t i t u d e  a l l  t h e  way t o  landing. The t r a f f i c  environment would be Denver 
under instrument weather condi t ions.  I n  a d d i t i o n  t o  t h e  se l f - spac ing  t a s k ,  
ano the r  requirement f o r  the scena r io  w a s  t h a t  a d i f f e r e n t  a i r c r a f t  should p a s s  
as close t o  the s imulator  as poss ib l e  without causing an a c t u a l  loss of 
r e q u i r e d  I F R  s epa ra t ion  ( 3  n.mi. ho r i zon ta l  or 1000 f t  v e r t i c a l ) .  Th i s  
encounter  should appear t o  the  simulator c r e w  on t h e i r  CDTI d i sp l ay  as a 
p o s s i b l e  c o n f l i c t .  Addi t ional  background t r a f f i c  would be needed to  inc lude  
a l l  possible a i r c ra f t  t h a t  would either be within range of t h e  CDTI d i s p l a y  i n  
t h e  s imula to r  or within t h e  s a m e  ATC sector r ece iv ing  r a d i o  communications on 
t h e  same frequency as t h e  s imulator .  Given t h e s e  requirements,  t h e  a i r c r a f t  
i n  t h e  s c e n a r i o  could be defined. 
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The f l i g h t  p r o f i l e  which t h e  s imulator  would f o l l o w  must allow for an extended 
period of i n - t r a i l  following of another  a i r c r a f t ,  as w e l l  as t h e  oppor tun i ty  
f o r  a close encounter with a t h i r d  a i r c r a f t .  
involve long l i n e s  of a i r c r a f t  c ros s ing  one of f o u r  e n t r y  co rne rpos t s  i n t o  t h e  
t e rmina l  area. T h i s  s i t u a t i o n  is ideal for i n - t r a i l  fol lowing from any 
d i r e c t i o n  i n t o  Denver. The choice f o r  t h e  a c t u a l  r o u t i n g  of t h e  s imula to r  
w a s ,  t he re fo re ,  made t o  coincide w i t h  t h e  best opportuni ty  f o r  an encounter 
with a t h i r d  a i r c r a f t .  A t  Denver, t h i s  s i t u a t i o n  e x i s t s  when a i r c r a f t  
depa r t ing  t h e  terminal  area must pass  underneath t h e  airspace of a i rcraf t  on 
t h e  downwind leg of t h e  approach t o  t h e  landing runway. The m o s t  common 
runway configurat ion a t  Denver is landings on runway 26  and depa r tu re s  on 
runway 3 5 .  Given t h i s  s i t u a t i o n ,  the m o s t  l i k e l y  c o n f l i c t  w i l l  occur between 
approach t r a f f i c  e n t e r i n g  t h e  t e rmina l  area from t h e  southwest corner  (BYSON 
on f i g u r e  2 )  t u rn ing  downwind f o r  runway 26L, and depa r tu re  t r a f f i c  from 
runway 35L t u rn ing  180 degrees l e f t  for a south depa r tu re  ( f i g u r e  4c ) .  
I n i t i a l  condi t ions for t h e  s imulator  were, therefore, chosen on a jet r o u t e  
southwest of Denver which would b r i n g  t h e  a i rcraf t  through t h e  BYSON 
cornerpost  enroute t o  Denver. The a c t u a l  s t a r t i n g  p o i n t  would be t h e  ELBEC 
i n t e r s e c t i o n  (see f i g u r e  4a)  where t h e  s imula to r  would be i n  c r u i s e  j u s t  p r i o r  
t o  i n i t i a t i n g  its descent  i n t o  Denver. These cond i t ions  would also be used 
for  t h e  lead a i rc raf t  which t h e  s imulator  c r e w  would be fol lowing w i t h  t h e i r  
CDTI. The encounter a i rcraf t  would be a southbound depa r tu re  t a k i n g  o f f  from 
runway 35L. 

Typical  ope ra t ions  a t  Denver 

The remainder of t h e  t ra f f ic  i n  t h e  scena r io  w e r e  def ined by ske tch ing  what a 
t y p i c a l  landing p a t t e r n  would look l i k e  with t h e  s imula to r  and l ead  a i r c r a f t  
i n  s e v e r a l  pos i t i ons  along t h e i r  approach. A i r c r a f t  would be brought i n  from 
a l l  approach c o r r i d o r s  and merged i n t o  a s i n g l e  stream landing on runway 
26L. S t a r t i n g  p o s i t i o n s  f o r  a i r c ra f t  approaching Denver from t h e  t h r e e  
cornerposts  other than BYSON w e r e  t h e  holding f i x e s  j u s t  o u t s i d e  of t h e  
cornerpost  waypoints. An a d d i t i o n a l  p r o f i l e  from the  southwest w a s  also 
defined which merged i n t o  the s i m u l a t o r ' s  r o u t e  p r i o r  t o  a r r i v i n g  a t  t h e  
ho ld ing  f i x  fo r  the BYSON approach. I n  a d d i t i o n  t o  t h e  south depa r tu re s ,  an 
east depa r tu re  w a s  a l s o  def ined which would be wi th in  range of t h e  r e fe rence  
a i rcraf t  CDTI but would not be a c o n f l i c t .  

P r o f i l e  generation.- Having def ined t h e  scena r io ,  t h e  i n d i v i d u a l  p r o f i l e s  of 
t h e  a i r c r a f t  were generated using t h e  program described i n  Appendix A. Seven 
i n d i v i d u a l  p r o f i l e s  w e r e  generated.  One p r o f i l e ,  s t a r t i n g  a t  ELBEC and ending 
a t  touchdown on runway 26L, would be used for both t h e  s imula to r  and l e a d  
aircraft  which t h e  s imula to r  would be following. One p r o f i l e  each w a s  created 
for the  approach p a t t e r n s  a r r i v i n g  f r o m  t h e  other three cornerposts .  These, 
and one from t h e  BACCA i n t e r s e c t i o n  merging a t  SHREW and c r o s s i n g  BYSON, w e r e  
generated t o  represent  t he  remainder of t h e  a r r i v a l  t r a f f i c .  Two p r o f i l e s  
were generated f o r  t h e  south and east  bound depa r tu re s .  A i r  nav iga t ion  e 

charts,  t h e  A i r  T ra f f i c  C o n t r o l l e r s  Handbook, t h e  Airman's Information Manual, 
and discussions w i t h  a i r l i n e  p i l o t s  and a i r  t r a f f i c  c o n t r o l l e r s  f r o m  t h e  
Denver f a c i l i t i e s  w e r e  a l l  u t i l i z e d  t o  i n s u r e  t h a t  rea l i s t ic  a i r speed ,  
a l t i t u d e ,  and heading commands were used i n  gene ra t ing  t h e s e  p r o f i l e s .  

b 

Merged scenario.- The i n d i v i d u a l  profiles of t h e  a i rcraf t  w e r e  time-correlated 
and merged i n t o  t h e  scena r io  i l l u s t r a t e d  i n  f i g u r e s  4a through 4d. Table I 
l ists  t h e  ind iv idua l  a i rc raf t  i n  t h e  s c e n a r i o  w i t h  t h e i r  s t a r t i n g  and ending 
p o s i t i o n s ,  t h e  l o c a t i o n  used f o r  merging t h e  prof i le ,  the desired and a c t u a l  

Y 
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t i m e s  t o  t h i s  l oca t ion ,  and the  time bias needed t o  s h i f t  the  prof i le  t o  t h e  
d e s i r e d  merge t i m e .  For example, a i r c r a f t  number four  is the approach t r a f f i c  
which the  s imula tor  w i l l  be following t o  landing. The p r o f i l e  s t a r t s  a t  EZBEC 
i n t e r s e c t i o n  and ends on runway 26L. T h e  merge l o c a t i o n  chosen is t h e  o u t e r  
marker f o r  runway 26L. The des i red  arrival t i m e  a t  t h i s  l o c a t i o n  is 1230 sec, 
which is 100 sec prior t o  when t h e  s i m u l a t o r  would a r r i v e  i f  it followed t h e  
exac t  p r o f i l e  l i s t e d  as the  reference a i r c r a f t .  Since t h e  a c t u a l  t i m e  t h a t  
a i r c r a f t  four  would a r r i v e  a t  the merge l o c a t i o n  is 1330 sec, a t i m e  b i a s  of 
-100 sec must be app l i ed  to c o r r e c t  th i s  a r r i v a l  t i m e  t o  the d e s i r e d  t i m e .  I n  
o t h e r  words, t h e  profile of a i r c r a f t  four  must be advanced 100 sec i n  order t o  
sequence the a i r c r a f t  i n t o  t h e  t r a f f i c  scenar io .  The d e s i r e d  a r r i v a l  t i m e s  
f o r  t h e  remainder of t h e  approach t r a f f i c  were chosen t o  provide  adequate  
spac ing  between consecut ive a i r c r a f t  and also r e s u l t  i n  t h e  proper number of 
a r r iva l s  per hour a s  s p e c i f i e d  i n  t h e  s c e n a r i o  d e f i n i t i o n .  

REAL-TIME SIMULATION CONSIDERATIONS 

The f i n a l ,  merged t r a f f i c  s cena r io  is u t i l i z e d  i n  t h e  real-time s imula t ion  
program as a s e q u e n t i a l  i npu t  da t a  f i l e  which is read a t  regular t i m e  
i n t e r v a l s  during a s imula t ion  run. The i n p u t  da t a  f i l e  is c r e a t e d  from t h e  
merged t r a f f i c  s cena r io  f i l e ,  with conversions app l i ed  t o  match t h e  s imula t ion  
coord ina te  r e fe rence  and t i m e  i n t e r v a l  a t  which t h e  real t i m e  program w i l l  
r ead  the inpu t  f i l e .  For example, the b a s i c  merged scena r io  data f i l e  is 
referenced  t o  the runway 26L landing t h r e s h o l d  with da t a  a t  t w o  second 
i n t e r v a l s .  The DC-9 s imula t ion  program requ i r ed  naviga t ion  data re ferenced  t o  
the  Denver VORTAC a v a i l a b l e  a t  one second i n t e r v a l s .  
d a t a  f i l e  w a s  c r ea t ed  by i n t e r p o l a t i n g  on t h e  scena r io  data f i l e  t o  provide 
t h e  necessary one-second update r a t e ,  with c o r r e c t i o n s  a p p l i e d  t o  t h e  da t a  t o  
t r a n s f o r m  t h e  coord ina te  r e fe rence  and match t h a t  used i n  t h e  s imula t ion  
program. The r e s u l t i n g  inpu t  d a t a  f i l e  w a s  then  ready t o  be used by t h e  
s imula t ion  program without  requi r ing  conversions or i n t e r p o l a t i o n s  while  t h e  
real-time program w a s  execut ing.  

The s imula t ion  i n p u t  

Two special p rov i s ions  w e r e  incorporated i n  the  DC-9 real-time Simulat ion 
program t o  enhance t h e  f l e x i b i l i t y  of t h e  i npu t  t r a f f i c  data f i l e .  F i r s t ,  a 
t i m e  bias s p e c i f i c a t i o n  f o r  t h e  t r a f f i c  f i l e  w a s  a v a i l a b l e  while  t h e  
s imula t ion  program w a s  i n  a r e s e t  mode. 
t r a f f i c  f i l e  by any des i r ed  time i n t e r v a l  i n  o rde r  t o  a d j u s t  t h e  i n i t i a l  
p o s i t i o n s  of t h e  t r a f f i c .  S t a r t i n g  l o c a t i o n  f o r  t h e  s imula tor  could then be 
chosen t o  be a t  any p o s i t i o n  a long  t h e  des igna ted  approach pa th ,  with t h e  
t r a f f i c  then ad jus t ed  t o  be a t  t h e  proper p o s i t i o n .  
u s e f u l  for r e c r e a t i n g  and demonstrating p a r t i c u l a r  t r a f f i c  s i t u a t i o n s .  I n  
a d d i t i o n ,  t h e  same t r a f f i c  f i l e  could be used f o r  both approach and depa r tu re  
s c e n a r i o s  simply by changing t h e  i n i t i a l  t i m e  bias on t h e  t r a f f i c .  The second 
p rov i s ion  added t o  t h e  s imula t ion  program s p e c i f i e d  a l a r g e  t a b l e  of f l i g h t  
i d e n t i f i e r s  to  be ass igned  t o  t h e  ind iv idua l  a i rcraf t  i n  t h e  scenar io .  
Ind iv idua l  s imula t ion  runs were assigned a p a r t i c u l a r  o f f s e t  value i n  t h i s  
t a b l e  used t o  correlate a f l i g h t  i d e n t i f i e r  w i t h  an a i r c r a f t  i n  t h e  data 
f i l e .  This  allowed the i d e n t i c a l  scenario t o  be used i n  d i f f e r e n t  data runs  
w i t h  d i f f e r e n t  f l i g h t  i d e n t i f i e r s  on the t r a f f i c  without  changes t o  t h e  
t r a f f i c  f i l e  o r  t a b l e s  i n  t he  s imulat ion program. This  f e a t u r e  w a s  m o s t  
u s e f u l  i n  masking a n  i d e n t i c a l  t r a f f i c  s c e n a r i o  by merely changing t h e  cal l  
s i g n s  of t h e  a i r c r a f t  involved. 

This  p rov i s ion  allowed advancing t h e  

This  w a s  e s p e c i a l l y  
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The ATC COmmUniCatiOnS with the aircraft in the traffic scenario were 
simulated by creating scripts for the controller to utilize during the "live" 
simulation runs. For each test condition, a traffic data file, time bias, and 
flight identifier offset were established. A printout of the traffic data 
file was used to determine the ATC communications which each aircraft would 
need to receive during the scenario. The time when the communication takes 
place, radio frequency it would occur on, and nature of the communication were 
then recorded. All communications to all aircraft were combined into one 
time-sequenced script for the controller to use during the simulation run. 
Any conflicts in communications were resolved by minor modifications to the 
individual flight profiles involved. During the actual simulation runs, the 
controller was provided with the running scenario time and radio frequency 
which the simulator cockpit had tuned. The controller would then issue or 
respond to any communication which would occur on the frequency tuned by the 
cockpit simulator. By using variations in his voice, the controller was able 
to mimic the responses of the traffic aircraft and the different A X  sector 
controllers during this series of CDTI experiments. An electronic voice 
modifier or several people reading scripts for the traffic could be used to 
provide more realism in the ATC partyline communications. 
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APPENDIX A 
FLIGHT PROFILE COMPUTER PROGRAM DESCRIPTION 

INTRODUCTION 

This  appendix desc r ibes  t h e  computer program used t o  create the i n d i v i d u a l  
f l i g h t  p r o f i l e s  of the a i r c r a f t  used i n  genera t ing  t h e  t r a f f i c  scenar ios .  The 
program w a s  w r i t t e n  i n  FORTRAN 5 for t h e  CDC CYBER 175 computer system a t  NASA 
Langley Research C e n t e r .  The program c a p a b i l i t i e s ,  i nc lud ing  f l i g h t  pa th  
command inpu t s ,  i n t e r a c t i v e  p l o t t i n g  and data f i l e  genera t ion  are d iscussed  i n  
t h i s  appendix. A t e c h n i c a l  desc r ip t ion  of t h e  equat ions  of motion, 
mathematical models, and c o n t r o l  log ic  used i n  t h e  program is also provided. 

PROGRAM CAPABILITIES 

This  program w a s  w r i t t e n  t o  provide a r ap id  means of c r e a t i n g  r e a l i s t i c  f l i g h t  
p r o f i l e s  of j e t  t r a n s p o r t  a i r c r a f t .  It  provides  a set of command i n p u t s  
a l lowing t h e  u s e r  t o  spec i fy  t h e  c h a r a c t e r i s t i c s  of t h e  p r o f i l e  i n  a step-by- 
s t e p  process .  The u se r  may e n t e r  the command i n p u t s  i n t e r a c t i v e l y  f o r  each 
segment of t h e  prof i le  or from a taped da ta  f i l e .  I n t e r a c t i v e  command i n p u t s  
can be saved on a data f i l e  f o r  r ec rea t ing  t h e  p r o f i l e .  An i n t e r a c t i v e  
p l o t t i n g  c a p a b i l i t y  is  provided f o r  viewing t h e  h o r i z o n t a l  and v e r t i c a l  
trajectory parameters of t h e  p r o f i l e .  When t h e  use r  is s a t i s f i e d  with t h e  
p r o f i l e ,  t h e  t r a j e c t o r y  parameters  can be saved on a t i m e  h i s t o r y  d a t a  f i l e  
for  use i n  t h e  merged t r a f f i c  scena,: * ' O r  

Trajec tory  Commands 

A f l i g h t  p r o f i l e  is c rea t ed  as a series of va r i ab le -d i s t ance  segments, each 
def ined  by a list of trajectory commands. The segments are created i n  
sequence with the  use r  spec i fy ing  the t r a j e c t o r y  commands and d i s t ance  t o  be 
flown dur ing  each success ive  f l i g h t  segment. The a v a i l a b l e  commands are 
a i r speed ,  a l t i t u d e ,  heading, landing gear ,  and ILS for 26L. The c o n t r o l  l o g i c  
of the program w i l l  " f ly"  t h e  a i rp l ane  model i n  such a manner t o  achieve  t h e  
d e s i r e d  t r a j e c t o r y  commands i n  a realistic fashion.  

Airspeed commands are inpu t  as e i t h e r  i n d i c a t e d  a i r speed  or Mach number. 
A l t i t u d e  commands a r e  en te red  as f e e t  above mean sea  l e v e l .  Heading commands 
a r e  e n t e r e d  as naviga t ion  headings or radar vec tors .  Navigation headings w i l l  
be flown as a ground track with a i rp l ane  heading co r rec t ed  f o r  wind. Radar 
v e c t o r s  w i l l  be flown as a i r p l a n e  heading with ground t r a c k  allowed t o  vary  
w i t h  t h e  wind. Landing gear  s e l ec t ion  w i l l  t ogg le  t h e  gear  up or down 
depending on c u r r e n t  s t a t u s .  Se lec t ion  of ILS f o r  26L w i l l  a c t i v a t e  l o g i c  i n  
t h e  program which w i l l  cap ture  and t rack  t h e  l o c a l i z e r  and g l ides lope  for  
landing  on runway 26L i n  Denver. This op t ion  should not  be s e l e c t e d  u n t i l  t h e  
a i r p l a n e  has been pos i t i oned  f o r  ILS i n t e r c e p t .  

T ra j ec to ry  commands may be inpu t  t o  the  program i n t e r a c t i v e l y  or through a 
d a t a  f i le .  A new p r o f i l e  is  t y p i c a l l y  generated us ing  i n t e r a c t i v e  inputs .  
The program w i l l  prompt the user  f o r  a l l  necessary inpu t s  dur ing  t h e  
i n t e r a c t i v e  process .  The s t e p s  involved i n  c r e a t i n g  a p r o f i l e  i n  t h i s  manner 
are given below. 
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1. 

2. 

3. 

4. 

5. 

I n i t i a l  cond i t ions  of t h e  a i r p l a n e  are s p e c i f i e d  by t h e  user .  

S t a t u s  of t h e  a i r p l a n e  is displayed.  U s e r  is prompted f o r  new 
t r a j e c t o r y  commands. 

U s e r  inputs  new t r a j e c t o r y  commands and s p e c i f i e s  a segment d i s t a n c e  
t o  be flown. Only those  t r a j e c t o r y  commands which change f o r  t h e  new 
segment need t o  be entered.  

I f  a segment d i s t a n c e  of ze ro  is en te red ,  t h e  u s e r  w i l l  be given t h e  
opt ions t o  p l o t  the t r a j e c t o r y  data up t o  t h i s  p o i n t  on t h e  sc reen ,  
save the data, cont inue with t h e  profile, s ta r t  a new p r o f i l e  or e x i t  
t h e  program. Continuing t h e  p r o f i l e  r e t u r n s  t h e  program t o  s t e p  2,  
s t a r t i n g  a new prof i le  r e t u r n s  t o  step 1. 

Program f l ies  the a i r p l a n e  model for  t h e  specified segment 
distance. Control  i n p u t s  are modified t o  achieve the t r a j e c t o r y  
commands s p e c i f i e d  i n  step 3. The program then r e t u r n s  t o  step 2. 

The  process ou t l ined  above provides  t h e  use r  with great f l e x i b i l i t y  i n  
gene ra t ing  f l i g h t  profiles.  A t  t h e  conclusion of any segment, t h e  p r o f i l e  
data can  be reviewed g raph ica l ly  t o  i n s u r e  t h a t  eve ry th ing  is proceeding 
properly.  The p r o f i l e  generat ion may then cont inue,  end, or start over a t  t h e  
d i s c r e t i o n  of the user .  T h i s  allows f o r  c o r r e c t i o n  of errors i n  a p r o f i l e  
prior t o  saving t h e  da t a ,  and also permits  c r e a t i o n  of multiple p r o f i l e s  
during one session. 

The i n i t i a l  condi t ions and t r a j e c t o r y  commands inpu t  t o  t h e  program during t h e  
i n t e r a c t i v e  c rea t ion  of a p r o f i l e  are au tomat i ca l ly  w r i t t e n  t o  a user- 
s p e c i f i e d  data f i le .  This data f i l e  may then  be used i n  a f u t u r e  s e s s i o n  t o  
recreate t h e  p r o f i l e  without going through t h e  i n t e r a c t i v e  process. Also 
included i n  t h i s  data f i l e  are t i m e  and p o s i t i o n s  of t h e  a i r p l a n e  a t  each 
segment of the p r o f i l e .  T h i s  f e a t u r e  w a s  added t o  assist i n  c r e a t i n g  radio 
communication s c r i p t s  with a i r  t r a f f i c  c o n t r o l  i n s t r u c t i o n s  f o r  t h e  a i r p l a n e s  
i n  the scenarios .  The t i m e s  on t h e  data f i l e  where t h e  a i r p l a n e  w a s  given new 
a i r speed ,  a l t i t u d e ,  o r  heading commands were c o r r e l a t e d  t o  t h e  s c e n a r i o  t i m e s  
i n  order t o  determine when such i n s t r u c t i o n s  needed t o  be simulated.  

Another f e a t u r e  of t he  command data f i l e s  which proved u s e f u l  w a s  the  a b i l i t y  
t o  make minor adjustments i n  an e x i s t i n g  p r o f i l e .  For example, extending t h e  
downwind l e g  of a given prof i le  could be done by simply e d i t i n g  t h e  command 
i n p u t  f i l e  and inc reas ing  t h e  appropr i a t e  segment d i s t ances .  The p r o f i l e  
could then be regenerated us ing  t h e  modified command i n p u t  f i l e .  This  g r e a t l y  
s impl i f i ed  t h e  process of " f i n e  tuning" a given t r a f f i c  s c e n a r i o  t o  provide a 
s p e c i f i c  t r a f f i c  p a t t e r n .  

I n t e r a c t i v e  P l o t t i n g  

One of the  more u s e f u l  f e a t u r e s  of t h i s  program is the a b i l i t y  t o  o b t a i n  
i n t e r a c t i v e  p l o t s  of the h o r i z o n t a l  and v e r t i c a l  t r a j e c t o r y  parameters of t h e  
f l i g h t  p r o f i l e .  The p l o t t i n g  w a s  accomplished us ing  t h e  PLOT-10 l i b r a r y  
r o u t i n e s  contained i n  t h e  NASA Langley Computer System. 
t e rmina l ,  o r  another t e rmina l  equipped with PLOT-10 emulation sof tware,  is 
requ i r ed  t o  u t i l i z e  t h i s  p l o t t i n g  c a p a b i l i t y .  

A Tek t ron ic s  graphics  

H a r d  copies of t h e  plots could 
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be obtained from t h e  screen or postprocessed us ing  the p lo t  vec to r  f i l e s  
created by the PLOT-10 r o u t i n e s .  

A t  t h e  conclusion of any segment during t h e  c r e a t i o n  of a p r o f i l e ,  t h e  u s e r  
can generate  plots of t h e  t r a j e c t o r y  parameters. Figure A. l  i l l u s t r a t e s  an 
example of t h e  plot of t h e  ho r i zon ta l  t r a j e c t o r y  of a f l i g h t  p r o f i l e .  The 
p lo t  shows t h e  ground t r a c k  of t h e  a i r p l a n e  s t a r t i n g  with the  i n i t i a l  
cond i t ions  and ending a t  t h e  f i n a l  p o s i t i o n  of t h e  p r o f i l e .  Time marks are 
superimposed on t h e  p r o f i l e  a t  user-specif ied i n t e r v a l s  as i n d i c a t e d  on t h e  
p l o t .  These t i m e  marks are used t o  correlate the ground p o s i t i o n  of the 
a i r p l a n e  with t i m e  histories of t h e  o t h e r  t r a j e c t o r y  parameters.  The 
h o r i z o n t a l  map is cen te red  a t  t h e  threshold of runway 26L i n  Denver, magnetic 
no r th  being up, with range r i n g s  a t  10 n.mi. i n t e r v a l s  and symbols i n d i c a t i n g  
important waypoints and i n t e r s e c t i o n s  i n  t h e  Denver area. A l s o  i l l u s t r a t e d  on 
the m a p  is  a dashed l i n e  showing the extended c e n t e r l i n e  f o r  runway 26L. The 
range scale f o r  t h e  plot  is  spec i f i ed  by t h e  u s e r  i n  t e r m s  of n.mi. r a d i u s  
from Denver t o  be displayed. This arrangement is s i m i l a r  t o  t h e  radar d i s p l a y  
used by a i r  t r a f f i c  c o n t r o l l e r s  i n  Denver, and has  been found t o  he most 
u s e f u l  f o r  providing proper heading vec to r s  t o  t h e  s imulated a i r c r a f t  d u r i n g  
t h e  generat ion of t h e  f l i g h t  p r o f i l e s .  

T i m e  h i s t o r y  p l o t s  are a l s o  ava i l ab le  for a l t i t u d e ,  i n d i c a t e d  airspeed, and 
groundspeed of t h e  p r o f i l e .  Figure A.2 i l l u s t r a t e s  t h e  a l t i t u d e  and airspeed 
t i m e  h i s t o r i e s  of t he  p r o f i l e  shown i n  f i g u r e  A . l .  A l t i t u d e  or airspeed a t  
any p o i n t  i n  t h e  p r o f i l e  can be determined by c ross - r e fe renc ing  t h e  t i m e  marks 
on t h e  h o r i z o n t a l  plot  with t h e  corresponding t i m e  on t h e  plots  i n  f i g u r e  A.2. 

D a t a  F i l e  Generation 

The end r e s u l t  of t h i s  program is a data f i l e  con ta in ing  t h e  t r a j e c t o r y  
parameters of a s p e c i f i c  f l i g h t  p r o f i l e .  The parameters saved include t i m e ,  
a l t i t u d e ,  groundspeed, i n d i c a t e d  airspeed, x p o s i t i o n  ( n o r t h )  from runway 26L 
t h re sho ld ,  y p o s i t i o n  (east)  from runway 26L threshold, and magnetic 
heading. The data are saved a t  2 sec i n t e r v a l s  throughout t h e  e n t i r e  
p r o f i l e .  Since a complete approach p r o f i l e  can be up t o  30 minutes i n  l eng th ,  
t h i s  can r ep resen t  a l a r g e  amount of data. 

TECHNICAL DESCRIPTION 

The purpose of t h i s  program is to  generate a t i m e  h i s t o r y  of t h e  state 
v a r i a b l e s  desc r ib ing  t h e  f l i g h t  p r o f i l e  of a j e t  t r a n s p o r t  a i r c r a f t .  This  i s  
accomplished by i n t e g r a t i n g  s impl i f i ed  t r a j e c t o r y  equat ions of motion over 
v a r i o u s  segment l eng ths  a long  t h e  desired p r o f i l e .  The segments are user-  
de f ined  of v a r i a b l e  length,  separated by command i n p u t s  which spec i fy  desired 
characteristics of t h e  p r o f i l e .  These characteristics c o n s i s t  of t h e  
a i r s p e e d ,  a l t i t u d e ,  and heading which t h e  a i rcraf t  is t o  f l y .  Control l o g i c  
wi th in  the  program w i l l  modify the con t ro l  v a r i a b l e s  i n  t h e  equat ions of 
motion i n  o rde r  t o  achieve t h e  spec i f i ed  f l i g h t  condi t ions.  

Equations of Motion 

The t r a j e c t o r y  equat ions desc r ib ing  t h e  motion of a p o i n t  mass over a f l a t  
e a r t h  w e r e  used t o  r ep resen t  t h e  airplane.  These equat ions ignore a l l  
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short-term dynamics of the airplane and reduce the math model to a simple drag 
polar and engine thrust representation. These equations are given below: 

mV = Tcos a - D - Wsin y 

(mVcos y )  Y = (L + Tsin a )  sin 4) 

mVy = (L + Tsin a) cos 4) - mg COS Y 

h = Vsin y 

x = vcos y cos Y 

y = Vcos y sin Y 

The state variables describing the fl-ght prof 

V I  P I  y t  h1 X I  Y 

The control variables are: 

T I  0, a 

where L and D are functions of a . 

le are: 

A. 1 

Mathematical Models 

Aerodynamics.- The use of trajectory equations of motion reduces the 
mathematical description of airplane aerodynamics to simple lift and drag 
relationships. The equations used for these terms are: 

L = C q s  
L 

D = C q s  
D 

where : 

q = dynamic pressure 

s = wing area 

f = flap setting 
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CI = lift coefficient at zero angle of attack 

= slope of lift curve 

= drag coefficient at zero lift 

= slope of drag coefficient versus square of lift coefficient 

a cL 

cDo 

cD 
% 

Lift and drag coefficients are solely a function of angle of attack, flap 
setting, and landing gear position. Angle of attack is a control variable 
used by the control logic. Flap setting was programmed as a function of 
indicated airspeed. Landing gear selection was implemented as a main command 
input, and could be raised or lowered as desired by the operator. 

Engine.- The only engine parameter needed for the equations of motion is 
thrust. Aircraft weight was assumed constant, thus eliminating the need for 
engine fuel flow. Engine dynamics were neglected in this model. Therefore, 
thrust was allowed to instantaneously vary between maximum climb thrust and 
idle thrust. The engine model consisted of tabulated engine thrust for max 
climb and idle power as a function of altitude and Mach number. The data for 
this model were obtained from reference 5 for a JT80-7 turbofan engine 
operating under standard day conditions. Linear interpolation was used to 
obtain the maximum and minimum thrust available at a given altitude and speed. 

Control Logic 

The control variables available in the equations of motion are thrust, angle 
of attack, and bank angle. Vertical control of altitude and airspeed is 
accomplished by varying thrust and angle of attack while horizontal control 
utilizes bank angle. The control logic implemented in this program was 
designed to provide for changes in flight conditions in a manner consistent 
with typical operation of a jet transport. No attempt was made to model pilot 
response or autopilot logic which might be used to actually fly the aircraft 
through the specified flight conditions. 

Vertical logic.- I n  order to capture and maintain specified altitude and 
airspeed conditions, four unique vertical flight phases are considered. These 
phases are level flight, climb, descent, and glideslope tracking. The control 
logic examines the altitude error between actual altitude and desired altitude 
in order to determine which flight phase is in effect. The glideslope 
tracking phase is a unique case which is identified by flags passed from the 
ILS tracking routine. Within each flight phase, thrust is set and a desired 
trim flight path angle and trim angle of attack are determined. The commanded 
angle of attack is then calculated using the following equation: 

C t OT = a + (yo - A3 

13 



where, a =  
C 

a =  t 
- - 

Y O  

- 
'd - 

k =  

commanded angle  of a t t a c k  

t r i m  ang le  of a t t a c k  f o r  desired cond i t ions  

previous f l i g h t  pa th  angle  

d e s i r e d  f l i g h t  pa th  angle  

gain on gamma error ( -1  .S used) 

The d e s i r e d  f l i g h t  
are given below: 

- Leve 1 : 
'd - 

pa th  and t h r u s t  s e t t i n g s  f o r  t h e  d i f f e r e n t  f l i g h t  phases  

0 

T = t h r u s t  r equ i r ed  for t r i m  a t  d e s i r e d  speed and y 

Tmax I f  more than 3 knots  too s l o w ,  T = 

If more than 3 knots  too fas t ,  T = T min 

C l i m b :  T =  Tmax 

yd = t r i m  y a t  T and d e s i r e d  speed max 

If more than  2 knots  too s l o w ,  yd = 0. 

Descent : 
T = T  m i n  

yd = t r i m  y a t  T and desired speed min 

If more than 2 knots  too fast, yd = 0 .  

Glideslope : yd  = -3 degrees 

T = t h r u s t  r equ i r ed  for t r i m  a t  desired speed and y 

TmaX 

Tmin 

I f  more than  3 knots  too s l o w ,  T = 

If  more than 3 knots  too fas t ,  T = 



Horizontal  logic.- Turns are accomplished by adding a bank angle  t o  compensate 
f o r  heading e r r o r s .  The fol lowing equations are used: 

where 

Y = Y c - Y  err 

'max 
- - 5. l Y e r r l ,  l imi ted  t o  25 degrees 

Y = heading error err 

Y = commanded heading 
C 

Y = c u r r e n t  heading 

= max al lowable bank angle  
'IWX 

The a c t u a l  bank angle  is changed a t  a rate of 2 degrees per second whenever a 
heading e r r o r  e x i s t s .  Bank angle  is never permi t ted  t o  exceed t h e  maxiumum 
al lowable as ca l cu la t ed  i n  t h e  above equation. The sign l o g i c  is designed 
such t h a t  t h e  a i r c r a f t  w i l l  a lways turn toward t h e  commanded heading. A s  a 
r e s u l t ,  it is not  possible t o  command t h e  a i r c r a f t  t o  t u r n  more than 180 
degrees in either d i r e c t i o n  w i t h  a s ingle  commanded heading. If t h i s  
s i t u a t i o n  is necessary,  the t u r n  must be commanded as a series of less than  
180 degree heading changes i n  t h e  desired d i r ec t ion .  

PROGRAM LISTING 

The fol lowing pages conta in  t h e  program l i s t i n g  f o r  t h e  f l i g h t  p r o f i l e  
genera t ion  computer program. Although it is  w r i t t e n  i n  CDC FORTRAN 5, it can 
be eas i ly  modified f o r  use on o the r  computers which support  FORTRAN 77 
compilers.  The p l o t t i n g  rou t ine  u t i l i z e s  Tekt ronics  Plot-10 subrout ines  which 
must be l inked  with the program i n  order t o  u t i l i z e  t h e  p l o t t i n g  c a p a b i l i t y .  
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PROGRAM FLTPROS~INPUT,OUTPUT,TAPElO,TAPEll,TAPEl2,TAPEl3, 
X TAPE1I,TAPE15,TAPE16,TAPEl7,TAPEl8,TAPEl9,TAPE2O,TAPE21, 
* T A P E 2 2 , T A P E 2 3 , T A P E 2 4 , T A P E 2 6 , T A P E 2 7 , T A P E 2 8 , T A P E 2 9 )  

C 
c X * X X X X X X X X X X X X X * * * * X X X X X * * X X X X X * X X X X X * X X X X x X * * * * X *  

C 
C PROGRAM FLTPROS ; DATE 08-10-83 

C 
C F T N 5  VERSION 
C 
C ACCEPTS INPUT INTERACTIVELY OR V I A  DATA F I L E  

C 
C I N T E R A C T I V E  : CREAT€S F I L E  OF USER INPUTS 
c FOR USE AS DATA F I L E  I N  
C SUBSEGNJENT SESS I ON. 
C 
C DATA F I L E  : READS USER-SPECIFIED F I L E .  
C H R I T E S  NEW COMMAND F I L E  ON SEPARATE TAPF.  
C 
C TAPE10 THRU TAPE19 ARE A V A l L A B l  E 
C 
C OUTPUT F L I G H T  PROFILE DATA CAN BE SAVED ON 

C TAPE20 THRU TAPE29. 
C 
C A MAXIMUM OF 5 PROFILES CAN BE CREATED AND 

C SAVED DURING ONE SESSION. 
C 
c x r ~ t t ~ ~ ~ ~ ~ x x ~ x ~ ~ x ~ ~ ~ ~ n x ~ ~ * x x ~ ~ * x x x ~ x x x x x x x n ~ ~ x  

C 
C GENERATES APPROACH AND DEPARTURk F L I G H T  
C P R O F I L E S  FOR A DC 9 CLASS AIRCRAFT.  

C 
C INCORPORATES LINEAR WIND MODE1 
C 
C 
C 
C WHERE: VWO:=RUNWAY WIND 

VW=VWO-+( t i p - 5 3 3 0 .  ) * . 00 17 

c PSIW=WIND D I R E C T I O N  
C 
C ARE USER INPUTS 
c 
c X X * X X X 1 ~ X * * X r * X X * X * * ~ X * X x X X * ~ X X ~ * * X X * X X X r ~ ~ * X X X x * x  

C 
COMMON/TB/TBCLA(8) , T B C L A O ( U )  , T B C L S ( 8 )  , T B C D 0 ( 8 )  , T B C D C L ( 8 ) ,  

~TBCDS(8),TBCDG(8),T8FLAP~8),XS~lOOO~,YS~lOOO~, 
* T I M E ( 1 0 0 O ) , V S A V ( 1 0 0 0 )  HPSAV~lOOO~,PSlSAV(lOOO~, 
X V C S A V ( 1 0 0 0 )  

DIMENSION E N H P ( 1 O ) , E N X M N ( 5 ) , T T 8 L ~ l O , 5 , 2 ) , F L A P L ~ 8 ~ ,  
k F L A P H ( 8 )  

r. 
1. 

C ** DC-9 DATA X ' x  

DATA T 8 F L A P / 0 . , 1 . , 5 . , 1 5 . , 2 5 . , 5 0 . , 5 0 . . 5 0 . /  
DATA F L A P L / 1 9 0 . , 1 6 5 . , 1 6 5 . , 1 4 5 . , 1 3 5 . , 1 0 0 . , 1 0 0 . , 1 0 0 . /  
DATA F L A P H / 5 0 0 . . 2 0 0 . . 1 8 0 . , 1 7 5 . . 1 4 5 . , 1 3 5 . , 1 3 5 . , 1 3 6 . /  
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D A r A  TBCLA/.O96,.1,.113,.126,.136,.12,.12,.12/ 
DATA T B C L A 0 / . 0 4 , . 0 6 , . 1 9 , . 3 8 , . 5 , 1 . 3 2 , 1 . 3 2 , 1 . 3 2 /  
DATA T B C L S / 0 . , 0 . , 0 . , ~ . , 0 . , 0 . . 0 . , 0 . /  
DATA TBCD0/ .021  .0305,.0343,.045,.0638,.141..141,.141/ 
DATA TBCDCL/.0484,.045,.0423,.0416,.0409,.0395,.0395,.0395/ 
DATA TBCDG/.0232,.0232,.0219,.0194,.0168,.0105,.0105,.0105/ 
DATA T S C D S / O . , 0 . , O . , 0 . , O . , O . , O . , O . /  
DATA ENHP/0.,10000.,20000.,30000.,0.,0. ,O.,O.,O.,O./ 
DATA E N X M N / O . 0 , . 2 , . 4 , . 6 , . 8 /  
DATA ( ( ( T T B L ( I , J , K ) , K = 1 , 2 ) , J = 1 , 5 ) . 1 = 1 , 4 ) /  
~25200.,17~~~.,22400.,600.,20500. . -ZOO.  , 1 9 8 0 0 . , - 5 0 0 . .  
* 19600. , -1 4 0 0 .  , 
*19800.,1000.,17300.,500.,16000.,-100.,15700.,-300., 
* 16(:J00. -900. 
*14500. 8 0 0 . , 1 2 9 0 0 .  3@0.,12200.,0. ,12100.,-400.,  
* 1 2 4 0 0 .  .-600., 
~9~00.,500.,9100.,500..8800. , 2 0 0 . , 8 8 5 0 . , 0 . ,  
*9300.,-200./ 
s= 1000. 

C 
C 
c 
C * X X * * x * X  I N I T I A L I Z E  VARIABLES * X * * * * * * X  

C 
1 ISPOIL=O 

I TRACEzO 
PHI=O. 
I LS=O 
I LOC=0 
I r;L I DE=O 
T I M E ( l ) = O .  

CAMTOL = .00'1 

H P I D L E  = 15000. 
A G A I N  = -1 .5  

ROCALT = -3000. 

C * X * X X X X X  I N I T I A L  CONDIT IONS X * X x X X X X * *  

C 
P R I N T  2 0 0  

200 F O R M A T ( / / l X , ' F L I G H T  PROFILE PROCRAM---DC9', 
" / , l X , ' I N T E R A C T I V E  = 0,  TAPED 7: 1 ' )  

READ * ,  IMODC: 
c 

I F  I IMODE .EO. 1 THEN 
C 

C C < < <  OEAD INPUT DATA FROM TAPE 2 > ) ) ) > ) ) ) )  

P R I N T  601 
601 FORMAT ( l X , ' l N P U T  TAPE NUMBER (10 THRU 1 9 ) ' )  

READ *., I T A P E  
P R I N T  603 

602 F O R M A T ( l X , '  OUTPUT TAPE (CANNOT BE SAME AS I N P U I ) ' )  
READ x ,  I TAPEW 
REWIND I I APEW 
REWIND I T A P E  
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L 

HEAD ( I T A P E . 6 0 0 )  T I T L E  
600 FORMAT ( A 1 0  ) 

READ ( I T A P E , * )  X , Y 
READ ( I T A P E , * )  WT, HP, VC, P S l M  
READ ( 1 T A P E . x )  INAV 
READ ( I T A P E , * )  VWO, PSIW 
READ ( I T A P E , x )  FLAP 
READ ( I T A P E , * )  IGEAR 
READ ( I T A P E , * )  I T R I M  

I F  ( I T R I M  .EO. 1 ) THEN 
READ ( I T A P E , x )  ROC 
I T H R  = 3. 

READ ( ITAPE,  * )  I THR 
ELSE 

END I F 
ELSE 

C < < < < r  INPUT DATA INTERACTIVELY ) ) ) > ) > > >  

C 
P R I N T  7 0 3  

2 0 3  FORMAT ( I X . ' T A P E  NUMBER FOR COMMAND DATA OUTPUT' 
x / , '  10 THRU 19 A V A I L A B L E ' )  

READ * ,  ITAPEVY 
HEW I ND I TAPEW 

ITAPE=ITAPEW 
C 

2 0  1 

2 0 2  

100 

C 

1 2 0  

1 2  1 

1 7  
10 1 

1 0 2  

1 0 3  

C 

18 

P R I N T  2 0 1  
FORMAT ( l X , ' l N P U T  T I T L E  ( 1 0  CHARS M A X ) ' )  
READ (*,600) T I T L E  
P R I N T  202  
FORMAT ( l X , ' l N P U T  X (NORTH) ,  Y ( E A S T ) ' )  
READ * , X , Y  
P R I N T  100 

FORMAT(IX,'WT,ALT,KCAS,HEADING') 
HEAD * ,WT,HP,VC,PSIM 

P R I N T  120 
F O R M A T ( l X . ' l = N A V  HEADING, O=VECTOR') 
READ * ,  INAV 
PRINT 121 
FORMAT( lX , 'WINDt  S P E E D , D I R E C T I O N ' )  
READ *,VWO,PSIW 
P R I N T  101 
F O R M A T ( l X , ' F L A P  S E T T I N G ' )  
READ * ,FLAP 
P R I N T  1 0 2  
FORMAT( 1 X .  'GEAR, 
READ * , lGEAR 
P R I N T  1 0 3  
F O R M A T ( l X , ' T R I M  CONDITION,  O=THRUST, l=ROC')  
READ * , I T R I M  
I F  ( I T R I M  .EO. 1 )  THEN 

0- -UP,  l = D N '  ) 

P R I N T  104 



104  F O R M A T ( l X , ' C L I M E  RATE ( F P M ) ' )  
READ X,ROC 
I THR=2 

c 
ELSE 

C 
P R I N T  IO5 

105 FORMAT( lX , 'THRUST (O=IDLE,  l = C L I M B ) ' )  
READ x , l T H H  

C 
END I F  

C 
ENI) I F 

C 
C ( < <  WRITE COMMANDS ON OUTPUT F I L E  ) ) )  

c 
' WRITE ( I T A P E W . 6 0 0 )  T I T L E  

WRITE ( I T A P E W , " )  X ,  Y ,  ' X-NORTH, Y--EAST' 
WRITE ( I T A P E W , * )  WT,HP,VC,PSIM, '  WT,ALT,KCAS,HEADING' 
WRITE ( 1 T A P E W . x )  INAV,  ' INAV' 
WRITE (ITAPEVU,") VWO,  P S I W , '  N l N D  SPEED, DIR' 
WRITE ( I T A P E W , " )  F L A P , '  FLAP S E T T I N G '  
WRITE ( I T A P E W , * )  IGEAR, '  GEAR POS ( 0  = D N . 1  = U P ) '  
WRITE ( I T A P E W , * )  I T R I M , '  I T R I M  ( 5, = THRUST, 1 = R O C ) '  
I F  ( I T R I M  .EO. 1 ) THgN 

WRITE ( ITAPEIN, * )  ROC,'  CLIME RATE ( F P M ) '  

WRITE ( ITAPEPI , * )  ITHR,' THRUST ( 0 = I D L E ,  1 = C L I M B ) '  
ELSE 

END I F  
C 
C(C< I N I T I A L I Z E  VARIABLES EASED ON INPUTS ) > >  
C 

C 

15 
16 

C 

X = X * 6 0 7 6 .  
Y = Y * 6076.  
I F  ( INAV .EO.  1 . O R .  VWO .EO. 0 .  ) P S I  = P S l M  
PSIGC = P S I  
VCOM = VC 
HPCOM = HP 
PSICOM := PSlM 

DO 15 I = 8 , l . - - 1  
I F  ( FLAP .EO.  T B F L A P ( 1 ) )  GO TO 16 
CONT I NIlE  

I F L A P  = I 
CALL  FLAPS ( F L A P L , F L A P H , V C , I F L A P )  

T H E T A ~ ~ 1 - . 0 @ @ @ @ ~ 8 7 * H P ~  
DEL=THETA**5.256 
X M N ~ 5 ~ ~ ~ ~ ~ ~ 1 . + . 2 ~ ~ V C / 6 ~ 1 . 5 ~ ~ ~ 2 ~ * * ~ . 5 - 1 . ~ / D E L + 1 . ~ ~ * . ~ 8 6 - 1 , ~  

XMN=.4QRT XMN) 
OS=1481.*DEL*XMN*XMN*S 
V T = 2 9 . 0 4 x S Q R T ( 5 1 8 . 7 * T H E T A ) x X M N  

CALL WlND(HP,VWO,VT,VG,PS l ,PS lLV ,PS lM,  I N A V )  
P R I N T  SO,VT,VG,PSIM,PSI  

I F ( V W O . E Q . O . ) V G = V T  
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90 F O H M A T ( l X , ' V T - ' , F 1 0 . 2 , '  VG=',F10.2,',PSI~',FlO.2,' P S I = ' ,  
X F 1 0 . 2 )  
IF(INAV.EO.l)PSICOM=PSlM 
C A L L  ENG(HP,XMN,ENHP,ENXMN,TTBL,TMAX,TMIN) 
I F ( I THR. EO. 0 )  T=TMI N 
I F ( I T H R . E O . l ) T = T M A X  

C 
C ** I N I T I A L  AERO TERMS ** 
C 

CLAO=TBCLAO(IFLAP) 
CLA=TBCLA( IFLAP)  
CDO=TBCDO(IFLAP) 
IF(IGEAR.EO.l)CDO=CDO+TBCDG(IFLAP) 
CDCL=TBCDCL(IFLAP) 

C 
C ** I N I T I A L  T R I M  ** 
C 

IF~ITRIM.EO.1)GAMMA-ASI" ( R O C / ( V T * 1 0 1 . 2 8 )  ) )  

C A L L  TRIM(ITRIM,T,WT,OS,CLAO,CLA,CD0,CDCL,GAh&lA,ALPHA, 

ROC=VT*SIN(GAMMA)*lOl.Yt3 
GAMMA=GAMMA*57.3*VT/VG 

X P H I )  

C 
C 
C ** I N I T I A L I Z E  M A I N  LOOP ** 
C 

I CNT=2 
XS(2 )=X /6076 .  
YS(2 )=Y /6076 .  
VSAV t '7 ) -VG 
VCSAV ( 2 ) =VC 

HPSAV ( 2 )=HP 
P S I  SAV ( 2  )=PSI  M 
T I ME ( 2 ) =O . 
RANGE = 0. 

C 
CX*RXX*xxrW M A I N  L o o p  * * X X X X * X X X * *  

C 
2 CFLAP=TBFLAP( IFLAP)  

l r  ( IMODE .EO. 1 ) THEN 
C 

Ccccccc READ T IME HEADER W I T H  DUMMY ARGUMENT > > ) > ) >  
C 

READ ( I T A P E . 6 0 0 )  DUMM 
READ ( I T A P E , 6 0 0 )  DUMM 
READ ( I T A P E , 6 0 0 )  DUMM 

END I F  
C 
C < < < C C C  W R I T E  TIME HEADER > > > > > ) >  
C 

W R I T E  (I lAPEYU,*x) ' * 

W R I T E  ( I T A P E W , * )  ' *** T I M E  = ' , T I M E ( I C N T ) ,  ' * * * I  

* , '  RANGE = ' ,RANGE 
WRITE (ITAPEYU,*) ' NOFITH =: ' ,  X S ( 1 C N T ) .  ' EAST = ' ,  YS(1CNT)  
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C: 

C 

C 

C 

C 
C 

c 

C 

C 

C 

C 

C 

c 
C-.-- 

C 

C 
C 
C 

c 

C 
C 

CALL COMMAND~HP,VC,PSIM,HPCOM,VCOM,PSICOM,SDIST,IGt~AH, 
* C F L A P , I T R A C E , I L S , I N A V , V T , V ~ O , P S I W , P S I G C , I ~ D E , I T A P E , I T A P E W )  

I F ( S D I S T . E O . O . ) G O  TO 5 
DCHECK=O. 

4 ISAVE=O 
3 CALL ENG(HP,XMN,ENHP,ENXMN,TTBL,TMAX,TMIN) 

I F  ( I L S  .EO.  1 )  THEN 

CALL  ILS26L(VT,VG,X,Y,HP,HPCOM,PS1,PSIW,PSICOM,ILOC, 
* IGL IDE.VW0)  

END I F  

I F  (VCOM . L T .  1 . )  THEN 

VCCOM = 

XMNTRM=VCOM 
$ 1 4 8 1 . ~ S O R T ~ ~ D E L ~ ~ ~ V C O M ~ * 2 / 5 . + 1 . ~ ~ * 3 . 5 - 1 . ~ + 1 . ~ * * . 2 8 6 - 1 . ~  

ELSE 

V CCOM=VCOM 
XMNTRM = 

$ SQRT(5*((((1.+.2~(VCCOM/661.5)xh2)*x3.6-l.~/DEL+l.~*~.286-1.~~ 

END I F  

DH HP - HPCOM 
DV = VC - VCCOM 
CLAO = T B C L A O ( I F L A P )  
CLA = T B C L A ( I F L A P )  
CDO = T B C D O ( I F L A P )  
I F  ( I G E A R  .EO. 1 )  CDO = CDO + TBCDG( IFLAP)  
CDCL = T B C D C L ( I F L A P )  

.- M A I N  CONTROL LOGIC 

I F  ( I L S  .EO. 1 .AND. I G L I D E  .EO. 1 ) THEN 

ON GLIDESLOPE 

I T R I M  = 1 
DGAM = --3./57.3 * VG/VT 
CALL  TRIM(l ,T,WT,OSTRIM,CLAO,CLA,CLA,CCJO,CDCL,DGAM,DALP,PHl)  

I F  (DV . L T .  - 3 ,  ) TZTMAX 
I F  (DV .GT. 3 .  ) T=TMIN 

ELSE I F  ( DH .GT.  50. ) THEN 

DESCEN r 
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C 

C 

C 
C 
C 

c: 
C 
C 

C 

C 
C 
C 

c 
C 
c 

c 
C 
C 

C 

C 
C 
C 

c 

C 

I T R I M  = (1) 

T = T M l N  
IF ( HP .GT. H P I D L E  .AND. ROC . L T .  ROCALT ) THEN 

I T R I M  = 1 

DGAM = ASlN ( ROCALT / ( V T  * 1 0 1 . 2 8 )  ) 

ELSE I F  ( DV .QE. 2 .  THEN 

LEVEL O F F  I F  TOO FAST 

I T R I M  = 1 
DGAM = 0. 

END DESCENT 

END I F  

ELSE IF ( DH . L T .  -50. ) THEN 

C L I M B  

T = TMAX 
I T R I M  = 0 
IF ( DV . L T .  -2. ) THEN 

LEVEL O F F  I F  TOO SLOYY 

DGAM = 0 .  
I T R I M  = 1 

END CL IME 

END I F  

ELSE 

LEVEI. 

I T R I M  = 1 

CALL T R I M ~ I , T , W T , O S T R I M , C L A O , C L A , C D O , C D C L , D G A M , ~ A L P , P H I ~  
I F  ( D V  . L T .  - 3 .  j T = TMAX 
IF ( D V  . G T .  3. ) T = T M l N  

DGAM = -DH * ,001 

END I F  

I -  
C. 

C -- F I ND T R I M  ALPHA AND GAMMA -- 

P H I  = P H 1 / 5 7 . 3  
7 7  XCL = (~TxCOS(DGAM)/CUs(P~il))/OSTRIM 



4 

. 

DALP = (XCL-CLAO)/CCA 
I F ( I T R I M  .EO.  1)GO TO 7 6  
XCD = CDO + CDCL*XCL*XCL 
XDG = XCD*QSTRlM 
DGAM1 = ASIN((T*COS(DALP/57.3)-XDD)/NT) 
I F (  ABS(DGAM-DGAM1) . L T .  GAMTOL ) GO TO 7 6  
DGAM = DGAM1 
GO TO 7 7  

7 6  DGAM = DGAMX57.3 
P H I  = P H I x 5 7 . 3  

C 
C MODIFY ALPHA BASED ON GAMMA ERROR 
C 

ALPHA = DALP + AGAIN*(GAMMA-DGAM) 
c 

I F ( A L P H A  . G T .  1 2 . ) A L P H A = l % .  
I F ( A L P H A  . L T .  O.)ALPHA=O. 
I F  ( INAV .NE.  1 ) GO TO 8 5  
CALL WIND(HP,VWO,VT,VGDUM,PSIGC,PSIW,PSICOM,l~ 

CALL A E R O ( I F L A P , I G E A R , I S P O I L , A L P H A , C L , C D )  
x L=cL "OS 
D=CD*OS 
CALL SOLVE~WT,ALPHA,GAMMA,PSI,~HI,T,XL,D,X,Y,HP,DR,ROC, 

CALL ATMOS(HP,VT,VC,XMN,QS,DEL) 
CALL ~ I N O ( H P , V W O , V T , V G , P S I , P S I W , P S I M , I N A V )  
QS=QSXS 

CALL FLAPS(FLAPL,FLAPH,VC,IFLAP) 
I T ( I F L A P . E Q . O ) G O  TO 32 
ISAVE=ISAVE+l  
DCHECK=DCHECK+DH 
RANGE = RANGE t DR 
I F ( I S A V E . L T . 1 O ) G O  TO 3 
I C N T = t C N T t l  
TIME(ICNT)=TIME(ICNT-1)+2. 
I F ( I T R A C E . N E . 1 ) C O  TO 8 7  
P R I N T  9 1 , T I M E ( I C N T )  
P R I N T  9 1 , V C , H P , A L P H A , T  
P R I N T  S l , P S I , P H I , R O C  

91 FOAMAT(lX,'TRACE',4F8.2) 
8 7  CONTINUI-: 

85 CALL B A N K ( P S I M , P S I C O M , P H I )  

'VG, VT,  PS I M )  

X S ( I C N T ) = X / 6 0 7 6 .  
Y S ( l C N T ) = Y / 6 0 7 6 .  
VSAV( ICNT)=VG 
VCSAV( ICNT)=VC 
HPSAV( ICNT)=HP 
P S I S A V ( I C N T ) = P S i M  
I F ( D C H E C K . L T . S D I S T ) G O  TO 4 
GO TO i7 

5 CONTINUF 
c 

PRINT 3 0 1  
READ x ,  IPLOTF 
I F  ( I P L O T F  .EO. 1 ) CALL PLOT ( I C N T )  
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C 
P R I N T  300 
READ *, I S A V  

I F  ( I S A V  .EO. 1 )  THEN 

C 
C < < < < < < < < <  SAVE FL IGHT P R O F I L E  DATA ) ) ) > > > > ) ) > >  

C 
IOUT = ITAPE + 10 
WRITE ( I O U T . 6 0 0 )  T I T L E  
DO 2 5  I = 2 , l C N r  
WRITE ( I O U T , X )  T I M E ( I ) ,  H P S A V ( I ) ,  V S A V ( I ) ,  P S I S A V ( I ) ,  

x X S ( I ) ,  Y S C I ) ,  V C S A V ( I )  
2 5  CONT I N I I E  

P R I N T  401,  I O l J f  
END I F 

C 
P R I N T  400 

READ *,  ICONT 
I F  ( ICONT .Ea.  1 ) GO TO 2 

3 0 0  F O R M A l ( l X , ' S A V E  D A r A  ( O = N O , l = Y E S ) ' )  
3 0 1  F O R M A T ( I X , ' P L O T  DATA ( I = Y E S ) ' )  
4 0 0  FORMAT( IX , 'CONTINUE ! l = Y E S ) ' )  
401 FORMAT(1X 'DATA SAVED ON T A P E ' , 1 2 )  

32  P R I N T  3 1  
3 1  FORMAT(1X ' F L A P  E R R O R ' )  

3 0  P R I N T  5 0 0  
500 FORMAT(lX, 'NEVY CASE ( l = Y E S ) ' )  

READ * ,  INEW 
I F ( I N E W . E O . 1 ) G O  TO 1 

ENU 
SUBROUTINE TRIM(ITRIM,T,WT,US,CLAO,CLA,CDO,CDCL, 

*GAM, ALPHA, PH I ) 

C 
C ~ X X X X X X X ~ X X X X X * X X X X X ~ * ~ X * ~ X * * X X X X * * * * * * X  

C 
C T H I S  ROUTINE CALCULATES T R I M  ANGLE O f  ATTACK 
C FOR : 

C 
C ITRIM = 0 , F I X E D  THRUST, VARIABLE GAMMA 
C 
C I T R I M  = 1 , F I X E D  GAMMA, VARIABLE THRUST 
C 
C X X X X X X X X X X X X X X X * X * X * X ~ ~ ~ * * ~ ~ ~ k X ~ ~ k x * X ~ x ~ x * X X X * X *  

C 
ACAL =O . 

c 
I F  ( I T R I M  .EO. 1 )  THEN 

T l N l T  = 1 0 0 0 .  

ELSE 
T l N l T  = T 

C 
END I F  

C 
11 A I N  I T=ACAI. 
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, 

70 X L = N T - T I N I T * A I N I T / 5 7 . 3  
c L =x L /os 
CL=CL/COS(PH1/57.3)  
ACAL=(CL-CLAO)/CLA 
ATEST=ABS(AINIT-ACAL)  
I F ( A T E S T . G T . 0 . 0 5 ) G O  TO 11 
CD=CDO+CDCLXCLXCL 
D=CDxOS 
I F ( I T R I M . E O . O ) G O  TO 30 
TC=D+WTXGAM 
T E S T = A B S ( T I N I T - T C ) / T I N l T  
I F ( T E S T . L T . 0 . 0 0 S ) G O  TO 2 1  
T I NI  T=TC 

GO TO 11 
2 1  T=TC 

GO TO 40 
30 GAM=(T-D)/WT 
40  ALPHA=ACAI. 

RETURN 
END 
SUBROUTINE COMMAND(HP,VC,PSI ,HPCOM,VCCOM,HCOM,SDlSl , IGEAR, 

* C F L A P , I T R A C E , I L S . I N A V , V T , V W O , P S I W , P S I G C , I ~ D E , I T A P E , I T A P E W )  
C 
c * * * * * X * * X * * * X * X * * * * X * * * x x ~ * * X X X * ~ x * % * * *  

c 
C T H I S  ROUTINE ACCEPTS INPUT TO ALTER THE 
C FOLLOWING COMMAND PARAMETERS: 
C 

C HPCOM (DESIRED A L T I T U D E )  
C VCCOM (DESIRED AIRSPEED)  
c HCOM ( DES I RED HEAD I NG) 
C TRACE (DEBUG TRACE P R I N T  OUT) 
C I I S ( ILS MODE SELECT)  
C IGEAR ( L A N D I N G  GEAR SELECT)  
C 
c * X X X h X X ~ * ~ X X X X * X X X X X ~ x * x x x * x * x x * ~ x x ~ x x x x ~ * * x x x x *  

C 
D I M E N S I O N  I C O M ( 6 )  
P R I N T  l O , H P . V C , P S I  

P R I N T  2 0 0 , C F L A P  
10 F O R M A T ~ / , 1 X , ' A L T ~ ' , F 8 . 0 , / , 1 X , ' K C A S ~ ' , F 7 . 0 , / , 1 X , ' P S l ~ ' , F 8 . 1 ~  

200 F O R M A T ( I X , ' , F L A P S  ' , F 3 . 0 )  
11 CONTINI IE 

C 
I F  ( IMODE .EO. 0 ) 

* P R I N T  3 0  

*lX,'4=TRACE.5=ILS26L,6=GEARf) 
20 F O R M A T ( / , I X , ' N E W  COMMAND',/,lX,'I=KCAS,Z=ALT,3=PSI',/, 

C 
c 

I F  ( IMODE .EO.  1 ) THEN 

E L S E  
READ ( I T A P E , * )  NC 

READ * ,NC 
END I F 
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WRITE ( ITAPEW,* )  N C , '  NEW COMMAND' 

I F  (NC .EO. 6) THEN 
C 

100 
C 

101 
C 

C 

8 1  

C 

7 1  

C 

21 

300 

C 

C 

C 

I F  ( I G E A R  .EO.  0) THEN 
I GEAR=l 
P R I N T  1 0 0  

FORMAT( lX , 'GEAR DOWN') 

E l  Sf 

I GEAR=O 
P R I N T  101 
FORMAT( lX , 'GEAR U P ' )  

END I F  

ELSE I F  (NC .EQ. 5 )  THEN 
I F  ( IMODE .EO. 0 ) THEN 

P R I N T  8 1  
f O R M A T ( l X , ' I L S  O P T I O N  ( l = Y E S , O = N O ) ' )  
READ * ,  I L S  

ELSE 
READ ( I T A P E , * )  I L S  

END1 F 
WRITE (1TAPEW.k)  I L S , '  I L S  MODE SELECT, 1 = ON'  

ELSE I F  (NC .EO. 4 )  THEN 
I F  IMODE .EO. 0 1 THEN 

P R I N T  7 1  
F O R M A T ( l X , ' T R A C E  OPTION ( l = Y E S ) ' )  
READ * ,  I TRAC:k 

END I F 

ELSE I F  (NC .EO.  3 )  THEN 
I F  ( IMODE .EO. 1 ) THEN 

READ ( I T A P E , * )  HCOM 
READ ( I T A P E , * )  INAV 

ELSE 
P R I N T  2 1  
FORMAT( lX , 'NEW H E A D I N G ' )  
READ *,HCOM 
P R I N T  3 0 0  
F O R M A T ( l X , ' l = N A V  HEADING, O=VECTOR') 
READ *, INAV 

END I F 
WRITE ( I T A P E W , x )  HCOM, ' NEW HEADING'  
WRITE ( I T A P E W , * )  I N A V ,  ' 0 = VECTOR, 1 = NAV'  

I F  ( I N A V  .EO. 1 )  THEN 
PSIGC=HCOM 
CALL WIND(HP,VWO,VT.VGDUM,PSIGC,PSiW,HCOM,I) 

END I F  

ELSE I F  (NC .EO. 1 )  THEN 



I F  ( IMODE .EO. 1 
READ ( I T A P E , * )  

P R I N T  22 
2 2  FORMAT( l X ,  'NEW 

ELSE 

READ x,VCCOM 
END I F  
WRITE (1TAPEW.X)  

C 

1 THEN 
VCCOM 

AIRSPEED OR MACH' ) 

VCCOM,' NEW SPEED' 

ELSE IF (NC .EO. 2 )  THEN 
I F  ( IMODE .EO. 1 ) THEN 

READ ( I T A P E , x )  HPCOM 
E L 5 E  

P R I N T  23 
2 3  F O R M A T ( l X , ' N E N  A L T I T U D E ' )  

READ *,HPCOM 
END I F 
WRITE (1TAPEYV.x) HPCOM,' NEW A L T I T U D E '  

C 
ELSE I F  (NC .EO. 0 )  THEN 

I F  ( IMODE .EO. 1 ) THEN 
READ ( I T A P E , * )  S D I S T  

P R I N T  51 
ELSE 

5 1  FORMAT(/, 'SEGMENT DISTANCE' )  
READ *,SDISI 

END I F  
VivRiTE ( i T A P E W , * )  S D I S T , '  SEGMENT DISTANCE'  
RETURN 

C 
END I F  

C 
b W  IU  1 1  

C 
END 
SUBROUTINE ATMOS(HP,VT,VC,XMN,O,DEL) 
T H E T A = ( 1 . - . 0 0 0 0 0 6 8 7 * H P )  
S I G-=THETA**4 .?5 f i  
D E L = T H E T A x * 5 . 2 5 6  
RHO=. 0 0 2 3 7  7XS I (; 

O=:.S*RHO*( ( V T * 1 . 6 8 8 ) * * 2 )  
X M N = S O R T ( 0 / ( 1 4 8 l . * D E L ) )  
OC=Ox(XMNxXMN/4.+1.)  
VC~1481.~S0RT~~l.+OC/2116.)XX.286-1.~~~.28~-1.~ 
RETURN 
END 

SUBROUTINE ENC(HP,XMN,ENHP,ENXMN,TTBL,TMAX,TMAX,TMIN) 
c 
c X X x X ~ R X X X X X x X X X X X X X X ~ x x * X ~ ~ * x * * ~ ~ * * ~  

c 
C T H I S  ROUTINE CALCULATES I 

C 
C TMAX (MAXIMUM C L I M E  THRUST) 
C 
C ' IMIN ( I D L E  THRUST) 
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C 
C 
C FOR GIVEN ALTITUDE AND MACH NUMBER 
C 
c xxxxxxxx*xxxxxxxxxx*xxxxxxXxxxxxxxxxx  

C 

10 

1 1  

2 0  

2 1  

C 

DIMENSION ENHP(8),ENXMN(8),TTBL(lO,5,2) 
I HP=2 
IF(HP.LE.ENHP(lHP))CO TO 1 1  
IHP=IHP+l 
IF(IHP.GT.3)GO TO 11 
GO TO 10 
1 XMN=2 
IF(XMN.LE.ENXMN(IXMN,)GO TO 21 
IXMN=IXMNtl 
IF(IXMN.GT.4)GO TO 21 
GO TO 20 
SLXMN=(XMN-ENXMN(IXMN-l))/(ENXMN(IX~)-ENXMN(IXMN-l)) 
S L H P = ( H P - E N H P ( I H P - 1 ) , / o - E N H P ( l H P ~ - E N H P ~ l H P - l ~ ~  
T M A X l ~ S L X M N ~ ~ T T 6 L ~ I H P - l , I X M N , 1 ~ - T T B L ~ I H P - 1 , 1 X M N - I . 1 ) ~  
T M I N 1 ~ S L X M N ~ ~ T T 6 L ~ I H P - l , l X M N , 2 ~ - T T ~ L ~ l H P - l , l X ~ - l , 2 ~ ~  
T M A X 2 = S L X M N ~ ( T T B L ~ I H P , l X M N , l ~ - T T 6 L ~ l l ~ P , l X M N - l , l ~ )  
TMIN2=SLXMN~(TTBL(IHP,lXMN,2)-TTBL(IHP,IXMN-l,2~) 
TMAXl=TMAX1+TTEL(IHP-l,IXMN-l,1) 
TMIN1=TMIN1+TTRL(IHP-l,IXMN-l,2) 
TMAX2=TMAX2+TTBL(IHP,IXMN-l,1) 
TMIN2=TMIN2+TTBL(IHP,IXMN-l,2) 
TMAX=TMAXltSLHP*(TMAX2-TMAXl) 
TMIN~TMIN1tSLHP~(TMIN2-TMlNl) 
RETURN 
END 
SUBROUTINE BANK(PSI ,PSICOM,PHI) 

C THIS ROUTINE COMPUTES A BANK ANGLE 
C TO CORRECT HEADING ERROR. 
C 
C PSI = CURRENT HEADING OR COARSE 
c 
C PSICOM = DESIRED HEADING OR COARSE 

C PHI INCREMENTED 1 DEG PER ITERATION 
C 
C PHIMAX LIMITS BANK BASED ON PSIERR 
C 
c x x x x x x x x X x X x x x x x x x x x x ~ x x x x x x x x x x x ~ x x  

C 
OPHI=l. 
PSCOMT=PS I COM 
P S I  T=PS I 
I F ( P S I . G T . 1 8 0 . ) P S I T ~ P S I T - 3 6 0 .  
IF(PSCOMT.GT.180.)PSCOMT=PSCOMT-360. 
PSIERR=PSCOMT-PSIT 
IF(ABS(PSIERR) .LT. . 1  )GO TO 15 



PHIMAX = 5.*ABS(PSIERR) 
IF ( PHIMAX .GT. 25. ) PHIMAX = 25. 
IF(PSIERR.LT.O.)GO TO 1 1  
IF(PSIERR.GT.l80.)GO TO 10 
GO TO 20 

1 1  IF(PSIERR.LT.-18O.)GO TO 20 
GO TO 10 

15 PSI=PSICOM 
PHI=O. 
GO TO 30 

10 Pti I =PH I-DPH I 
IF(PH1 .LT.-PHIMAX)PHl=--PHlMAX 
GO TO 30 

20 PHI=PHI+DPHI 
IF(PHI.GT.PHIMAX)PHI=PHIMAX 

39 RETURN 
END 
SUBROUTINE AERO(IFLAP,IGEAR,ISPOIL,ALPHA,CL,CD) 

c X X X X X x ~ X X X x X x X X X X X X X x x x x x X x x ~ ~ x x x x x x x ~ x x x x x ~ x  

C 
C THIS ROUTINE COMPUTE5 CL AND CD FOR 
C SPECIFIED FLAP, GEAR AND SPOILER 
C CONFIGURATION. 
C 
C IFLAP = INDEX CORRESPONDING TO FLAP 
C SETTING IN TBFLAP ARRAY. 
C 
C I G E A R  = 0 (GEAR UP). 1 (GEAR ON) 
C 
C ISPOIL = 0 (SPOILEHS RETRACTED), 1 (EXTENDED) 
C 
t X X ~ I * X X X X X X ~ X X X X X x X X x ~ x ~ ~ ~ - ~ ~ * ~ ~ ~ n x ~ ~ n n * x x x ~ * *  

C 
C O ~ ~ N / T B / f B C L A ( B ) , T B ~ L A ~ ~ ~ ) , T e C L ~ ~ ~ ) , T B C D ~ ~ 8 ) , T B C ~ ~ L ( 8 ) .  
*TBCDS(B),TBCDG(8),TBFLAP(8),XS(lO~~~,Y~~lOOO~, 
~ T I M E ~ 1 0 0 0 ~ , V S A V ~ 1 0 O O ~ , t ~ P S A V ~ l O ~ ~ ~ , P S l S A V ~ l O O O ~ ,  
*VCSAV(IOOO) 
CL=TBCLAO(IFLAPJ+ALPtiA*TBCLA(IFLAP) 
CD=TBC@O(IFLAP)+TBCDCL(iFLAP)~CL~CL 
IF(IGEAR.EO.l)CD=CO+TECDG(IFLAP) 
IF(ISPOIL.EO.O)GO TO 20 
CL=CLtTBCLS(IFLAP) 
CD=CD+TBCDS(IFLAP) 

20 RETURN 
END 
SUBROUTINE FLAPS(FLAPL,FLAPH,VC,IFLAP) 

C 
c * * * + x ~ x x * x x x x x ~ x x x x I ~ ~ x x x ~ x ~ ~ x ~ x x ~ ~ ~ ~ X  

r 
C THIS ROUTINE DETERMINES PROPER FLAP 
C SETTING BASED ON NOMINAL AIRSPEED 
C SCHEDULE. 
C 
c x x x x x x x x x x x x x x x x x x x x ~ x x x x x x x ~ x ~ x x x ~ ~ x x  
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C 
DIMENSION F L A P L ( 8 ) , F L A P H ( 8 )  

10 VL=FLAPL ( I FLAP 1 
I F ( V C . G T . V L ) G O  TO 11 
I F L A P = I F L A P + l  
I F ( I F L A P . G T . 8 ) G O  TO 20  
GO TO 10 

11 VH=FLAPH( IFLAP)  
I F ( V C . L T . V H ) G O  TO 12 
I F L A P Z I  FLAP-1 
I F ( I F L A P . G E . 1 ) G O  TO 11 

2 0  IFLAP=O 
12 RETllHN 

END 
SUBROUTINE S O L V E ( W T , A L P H A , G A M M A , P S t , P H I , ~ , X L ,  

~D,X,Y,HP,DR,ROC,VG,VT,PSIM) 
C 
c x * x x x ~ r ~ * x x x x x n X x X * x ~ ~ x ~ * x x x x x x * x x * *  
C 
C T H I S  ROUTINE SOLVES THE TRAJECTORY 
C EOUATIONS OF MOTION. 
C 
c xxxxxxxxxxxxxxn*xxxxxxxxx~xxxxxxxxxx 

90 FORMAT( IX, 'SOLVE ' , 4 F 1 0 . 3 )  

DT=. 2 
A=ALPHA/57.3 
G=GAMMA/S 7 , 3  

PH=Pt11/57.3 
XM=WT/32.2 
V T = V T x 1 . 6 8 8  
VG=VG* 1 .688  

PS=PS I / 5 7 . 3  

C CALCULATE "DOT" TERMS 
C 

VDOT=( TXCOS( A )-D--WT*S I N ( G )  ) /XM 
PSDOT=(XL+T*SIN(A))*SIN(PH)/(XM*VG*COS(G)) 

XDOT=VG*COS(G)XCOS(PS) 
YDOT=VG*COS(G)*SIN(PS) 
HDOT=VG*S I N  ( G  ) 

G D O T : ( X L + T * S l N ( A ) ) x C U S o / ( X M * V G ) - 3 2 . 2 x C O S ( G ) / V G  

C 

C INTEGRATE 
C 

VT=(VT+VDOT*DT)/1.688 
VG=(VG+VDOT*DT)/1.688 
PSIM=PSIM+PSGOTxDT*S7.3 
P S I  =(PS+PSDOT*DT ) X 5 7 . 3  
GAMMA=(G+GDOTxDT)*57.3 
DX=XDOTxDT 
DY=YDOT*DT 
DR=SORT(DXxDX+DY*DY)/6076.  
X=X+DX 
Y-Y+DY 



HP=HP+HDOT*DT 
C 
C CORRECT HEADING 

IF(PSI.GT.360.)PSI=PSI-360. 
I F ( P S I . L T . 0 .  ) P S I = P S I + 3 6 0 .  
I F ( P S l M . G T . 3 6 0 . ) P S l W P S I M - 3 6 0 .  
IF(PSIM,LT.O.)PSIM=PSI~36~. 

91 FORMAT(lX,'SOLVE2',4F10.3) 
ROC=HDOTx60. 
RETURN 
END 
SUBROUTINE P L O T ( I C N T )  

c 
C T H I S  ROUTINE USES PLOT10  FOR INTERACTIVE 
C PLOTTING OF : 

C 

C GROUND TRACK (XLOC)  

C T I M E  H I S T O R I E S  

C 

C A17  I TUDE ( H P )  
C SPEED ( V )  
C GROUNDSPEED ( V G )  

C KCAS ( V C )  
C 
c x x x x x x x x x x x x x x x x x x x x x x x * x x x x x * x ~ ~ x * x x x x x x  

C 
C O M M O N / T B / T B C L A ( 8 ) , T B C L A O ( 8 ) , T B C I . S ( 8 ) . T B C D O ( 8 ) , T B C D C L ( 8 ) ,  

~T6CDS(8),TBCDG(B),TBFLAP(8),XS(lOOO~,YS~lOOO~, 
~TIME(1000),VSAV(100O),HPSAV~lOOO~,PSlSAV~lOOO~, 
X V C S A V ( 1 0 0 0 )  

D IMENSION X ( 2 0 0 )  , Y ( 2 0 0 )  
1 P R I N T  IO0 

100 F O R M A T ( l X , ' X  VARIABLE',/.1X,'l=XLOC,P=TIME') 
READ x ,  I X  
I F ( I X . E O . 1 ) G O  T 9  1 1  

P R I N T  1 0 1  
1 0 1  FORMAT(1X. ' Y  VARIABLE',/,lX,'l=V,2=ALTt) 

READ * ,  I Y  

CALL B l N l T r  
CALL  S L I M X ( 3 0 0 . 9 0 0 )  
CALL  XFRM(3)  
CALL  XMFRM(3) 
C A L L  YFRM(3)  
C A L L  YMFRM(3) 
I F ( I X . C T . 1 ) G O  TO 10 
X S ( l ) = I C N T - l  
Y S ( l ) = I C N T - l  

CALL  Z L I N E ( 0 )  
P R I N T  103 

1 1  CALL  I N I T T ( l P 0 )  

1 0 3  FORMAT( lX , 'RANGE SCALE ( N M ) ' )  
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1 0 4  

6 0  

C 
C 
C 

READ *,SCALE 
X LOW=-SCALE 
XHIGHZSCALE 
Y L oyY=-SC A L E 
Y H  I GH=SCALE 
P R I N T  1 0 4  
F O R M A T ( l X , ' T I M E  INTERVAL FOR T I C  MARKS') 
READ * , l T l C  
I T I C= I T I C/2 
CALL DLIMX(XLOW,XHIGH)  
CALL DLIMY(YLOW,YHIGH)  
CALL CHECK(YS,XS) 
CALL DSPLAY (YS, XS)  
I T = l  
1 T T = I  T I C  
DO 60 I=2,1CNT 
I T T = l  TT+1 
I F ( I T T . L T . I T I C ) G O  TO 60 
I T = l  T + l  
X ( I T ) = X S ( I )  
Y ( I T ) = Y S ( I )  
I T T = 0  
CONT I NUE 
X (  1 ) = I  
Y ( l ) = I T - l  
CALL Z L I N E ( - l )  
CALL SYMCL(8 )  
CALL CHECK( Y ,  X ) 
CALL C P L O T ( Y , X )  

** VOR S I T E S  X *  

C DEN, IOC,  GUC 
C 

X(  1 ) = 3 .  
Y ( l ) = 3 .  
X ( 2 ) = - 1 . 7 9  
Y (2 ) = 2 . 4 0  
X ( 3 ) = 2 7 . 6 9  
Y ( 3 ) =- 1 3 .5 9 
X (4 )= -82 .10  
Y (4 )==-99 .13  
CALL SYMBL ( 1 ) 
CALL C I i E C K ( X , Y )  
CALL CPLOT(X,  Y )  

C 
C ** WAYPOINTS * A  

C 
C ENROUTE: 
C 
C ELBEC, ACREE, SHREW, BENAM, SMITY,  RAMAH 
C 

X (  1 )=15 .  
Y ( 1 ) = 1 5 .  
X ( 2 ) = - 6 1 . 2 4  
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Y ( 2 ) = - 7 8 . 9 9  
X ( 3 ) = - 4 2 . 5 4  
Y ( 3 ) = - 6 0 . 9 3  
X ( 4 ) = - 3 0 . 6 2  
Y ( 4 ) = - 4 2 . 3 4  
X ( 5 ) = - 3 6 . 7 4  
Y ( 5 ) = 3 4 . 4 7  
X ( 6 ) = 3 9 . 9 7  
Y ( 6 ) = 4 2 . 9 7  
X ( 7 ) = 4 5 . 9 1  
Y ( 7 ) = - 2 6 . 6 8  

C 
C TERMINAL:  
C 
C BYSON, DRAKO, KEANN, TROZE, J A S I N ,  FLOTS, WIFES 
C ALTUR, W A T K l  
C 

r _  
C 
C 

5 2  

X ( 8 ) = - 2 1 . 4 3  
Y ( 8 ) = - 2 8 . 0 9  
X ( 9 ) = - 2 5 . 7 4  
Y ( 9 ) = 2 4 . 7 4  
X ( l O ) Z 2 2 . 5 4  
Y ( 1 0 ) = 2 6 . 0 4  
X ( l l ) = - 9 . 7 1  
Y ( 1 1 )=--9.99 
X ( 1 2 ) = - 1 2 . 7 4  
Y ( 1 2 ) = 1 2 . 6 4  
X ( 1 3 ) = 1 0 . 2 6  
Y ( 1 3 ) = 1 4 . 1 0  
X ( 1 4 ) = 1 3 . 1 4  
Y ( 14 ) =-5.70 
;1(15)=5.3!5 
Y ( 1 5 ) = 1 . 1 6  
X(  1 6 ) = 1 3 . 4 7  
Y ( 1 6 ) = 3 . 1 6  
CALL S Y M B L ( 3 )  
CALL C H E C K ( X , Y )  
CALL C P L O T ( X , Y )  
CALL Z L I N E ( 1 )  
CALL S Y M B L ( 0 )  

* x  RANGE RINGS ** 

I f ( . S C A L E  . G T .  4 0 . )  GO TO 5 3  
X ( 1 ) = 1 8 0 .  
Y ( 1 ) = 1 8 0 .  
R=O . 
DO 5 0  1==1,.7 
R=R+ 10. 
TH=O, 
DO 5 2  J=2 ,  ' I8 1 

TH=TH+.0349 
X ( J ) = R * C O S ( T H )  

CONT I NUE 
Y ( .J ) =RX S I N ( T H ) 
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CAL. L CHECK ( x , Y ) 
CALL C P L O T ( X , Y )  

50 CONTINUE 
53 CONTINUE 

c 
C A *  EXTENDED CENTER-LINE ** 
C 

X ( 1 ) = 7 .  
Y ( 1 )=2. 
X ( 2 ) = 0 .  
Y ( 2 ) =o . 
X (  3 ) = 1 9 . 5  
Y ( 3 ) = 4 . 5  
CALL CHECK(X,Y)  
CALL  CPLOT(X ,Y)  
CALL  M O V A B S ( 3 5 0 . 7 0 0 )  
CALL  TSEND 
I T IC=2*  I T I C  
P R I N T  1 0 5 , I T I C  

GO TO 900 

I F ( I Y . G T . 1 ) G O  TO 20 
P R I N T  2 5 0  

105 F O R M A T ( I X , ' T I M E  I N T E R V A L = ' , I 5 , '  SEC') 

10 T I M E (  1 ) = I C N T - l  

250 FOAMAT(lX,'I=CNDSPEED,O=CAS') 
READ 9.. I S P  
P R I N T  2 5 1  

2 5 1  FORMAl( IX . 'YMIN,YMAX."  
READ *,YMIN,YMAX 
CALL D L I M Y ( Y M I N , Y M A X )  
I F ( I S P . E O . 1 ) G O  TO 17 
V C S A V ( I ) = I C N T - l  
CALL CHECK(TIME,VCSAV)  
CALL DSPLAY(T IME,VCSAV)  

GO TO 900 
1 2  VSAV( 1 )= ICNT- - l  

CALL CHECK(T IME,VSAV)  
CALL  DSPLAY(T IME,VSAV)  
GO TO 900 

2 0  HPSAV( 1 )= ICNT- - l  
P R I N T  252  

252 F O R M A T ( l X , ' Y M I N , Y M A X . ' )  
READ *,YMIN.YMAX 
CALL DL IMY(YMIN,YMAX)  
CALL CHECK(T IME,HPSAV)  
CALL DSPLAY(T IME,HPSAV)  

900 CONT I NIIE 
C A L L  MOVARS(O.700)  
CALL TSENO 
P R I N T  '102 

READ *, I C  

I F (  IC .EO.1 )GO TO 1 
RETURN 
END 

1 0 2  FORMA1 ( I X ,  'NEW PLOT ( l = Y E S )  ' ) 
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SUBROUTINE ILS26L~VT,VG,X,Y,HP,HPCOM,PSl,PSlW,PSlCOM,ILOC, 
*lGLIDE.VWO,PSIM) 

c 
c * * * X ~ X X * * * X X X * X ~ x x * * * * x x * x x x x x * ~ x x x ~ x ~ * * x  

C THIS ROUTINE HANDLES ILS APPROACH TO 
C RUNWAY 26L AT DENVER. 
C 
C COMMANDEO HEADING (PSICOM) MODIFIED 
C TO CAPTURE RUNWAY EXTENDED CENTERLINE. 
C 
C COMMANDED ALTITUDE (HPCOM) MODIFIED 
C TO F L Y  GLIDESLOPE. 
C 
c XxxYxXxnXxxxxxnnxxXXxxxnxxxxxxxXxxx~xx%x 

C 
PSI RNY=257, 
XTHRS=O. 
Y THRS=O . 
DXTHRS=ABS(DXTliRS) 
DYLOC=ABS(DXTHRS*.231+YTHRS-X/6076.)  
IF(ILOC.EQ.l)GO TO 10 

D X T HRS-X T HRS- Y /'6 9 7 6 . 

DELPSI=ABS(PSI-PSIRNY) 
IF(DELPSI.GT.180.)DELPSI=DELPSi-l80. 
PSIDOT=57.3~32.2*TAN(Z5./57.3)/(VT~l.688) 
TIME=DELPSI/(PSIDOT~3600.) 
DYTURN=SIN(DELPSl/114.6)~VT*TlME 

C PR I NT 1 10, D Y TURN, DY LOC 

IF(DYLOC.GT.DYTURN)GO TO 20 
I LOC=1 

10 CONTINUE 
IF ( VWO .NE. 0. ) GO TO 1 1  
PSICOM = PSIRNY 
GO TO 12 

119 FORMAT(lX,'DYTURN=',FlO.4 ' DYLOC=',F10.4) 

1 1  CALL WIND(HP,VW0,VT.VG,PSI~NY,PSIW,PSICOM,l) 
12 IF (DVLOC . G T .  . 0 1 7 )  GO T O  20 

PSI = PSIRNY 
I F  ( VW0 .EO. 0 .  ) PSlM = PSI 

C 
C n* GL IDESLOPE CHECK *X 

C 
20 X T C J = A B S ( D X T H R S ) + ~ ~ ~ ~ . / ~ ~ ~ ~ .  

H P G S L P = 5 3 3 0 . + . 0 5 2 3 * X T D * 6 0 7 6 .  
DHC;HPCSLC-HP 
IF(ABS(DHP).LT.50.)GO TO 3 0  
1 GL I DE=O 
I F ( DtlP. LT. ( 3 .  )HPC@M=HPGSLP 
GCJ TO 4 0  

30 IGLIDE-1 
HPCOM=HP 

4 0  I F ( l i p .  LE. 5330. ) t{PCOM--5330. 
R E I  I IHN 
END 



SUBROUTINE WIND(HP,VWO,VT,VG,PSl,PSlW,PSlM, I N A V )  
C 
c ~ ~ x n ~ ~ ~ ~ x x ~ x x x x ~ ~ ~ ~ ~ ~ ~ ~ x ~ ~ x ~ x ~ x x ~ x x x x x ~ x X x ~ ~ ~ ~  

C 
C T H I S  ROUTINE CORRECTS GROUNDSPEED AND HEADING 
C FOR WIND EFFECTS. 
C 
C P S I  = GROUND COURSE 
C P S l M  = MAGNETIC HEADING 
C 
C INAV = 0 S I G N I F I E S  HEADING MODE : 

C 
C GROUND COURSE COMPUTED BASED ON REFERENCE 
C MAG HEADING. 
C 
C INAV -.- 1 S I G N I F I E S  N A V I G A T I O N  MODE : 

C 
C MAGNETIC HEADING COMPUTED EASED ON REFERENCE 
C GROUND COURSE. 
C 
c * x * x x x * x x x * x x x x x * * * x ~ ~ ~ x x ~ ~ x * ~ x x * x x x x x x X * ~ x * * *  

C 

10 

2 0  

30 

40 

IF (VWO.EO.O. )GO TO 40 
VW=VWO+( HP--5330. ) * .OO 12 
P s i w v = P s i w - i a o .  

I F ( P S I W V . L T . O . ) P S I W V = P S I W V + 3 6 0 .  
I F ( I N A V . E O . I ) G O  TO 20  
D P S l W = ( P S l W V - P S l M ) / 5 7 . 3  
D P S I = A T A N ( V W ~ S I N ( D P S I W ) / ( V T S V W * C O S ( D P S I W ~ ~ ~  
PSI=PSIM+DPS1*57.3 
GO TO 3 0  
DP5l=ASlN~VW~SlN((PSl~V-PSl)/57.3)/VT) 
PSIM-=PSI- -DPSI*57.  3 
DPSI W-;(PSIWV- PS I M ) / 5 7 . 3  
V G ~ V T ~ C O S ( D P S I ) t V W * C O S ( D P S I W - D P S I )  
RETUHN 
VG VT 
PS I =PS I M 
RETURN 
END 

--€:OR-- 
--EOI/TOP-- 
? ?  
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40 

r - - - - 1  

- - - - - -  SEQUENCING FOR 
I 
I 

I FINAL APPROACH 

RUN WAY 26 L 



3 
x 10 

I 1  

I I I I I I I I I I 
100 

I 

West 

Airspace 
seQlrent 

I 

I 1  

I 1 1  

I v* 

V 

0 100 
East 

Range, n. mi. 

A1 t 1 tude ; 
T y p l c r l  d ls tance from a l r p o r t ;  
Responsible c o n t r o l l e r  (s ) 

Above 24 000 f t ;  
Greater than 80 n.mi .; 
HI@ a l t l t u d e  enroute 

20 000 t o  24 000 ft; 
Greater than 35 n.mi .; 
Low a l t i t u d e  enroute 

Surface t o  20 000 f t ;  
10 t o  35 n.mi.; 
Approach and departure sectors  

7 OOO t o  10 000 f t ;  
5 t o  20 n.mi . east;  
F i n a l  approach contro l  

Surface t o  6 500 ft; 
0 t o  5 n.mi.; 
Local c o n t r o l  

*Note: Runway 26L a r r i v a l  con f i gu ra t i on  

S i g n i f i c a n t  
events 

Enroute cruise.  
descent clearance 

Prof i l e  descent * 
enroute c l imb  
clearance 

Vectored t o  f i n a l  
approach zone or 
departure course 

Vectored t o  ILS 

Landing/Takeoff 
clearance 

F i g u r e  3.- V e r t i c a l  v iew  o f  s i m u l a t e d  a i r s p a c e .  
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c 

0 

Time 0 sec CY Reference aircraft 
d Traffic aircraft 

-100 

-50 0 50 100 - 100 
East. n.ai. 

a )  Initial conditions, reference aircraft at 
ELBEC intersection. 

-30 -20 -10 0 10 20 30 

East. n.ni. 

C )  Conflict situation betwen reference aircraft and 
southbound departure traf f i c .  

30 -10 0 10 K) -30 -20 

East, nmi .  

b) Reference aircraft insidc BVfoN cormrpost. 

0 10 20 30 -30 -20 -10 

East. n.ni. 

d )  Reference aircraft CroSSlnp Outer urker for 
runway 26L. 

F i g u r e  4. -  H o r i z o n t a l  t r a f f i c  s i t u a t i o n  a t  v a r i o u s  t i m e s  d u r i n g  
t h e  sample scenar io .  
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A 
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A 

-.  

0 KIOWA P BYSON A 
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( a )  100 n. m i .  range. 

- 30 - 20 - 10 0 10 20 30 

East ,  n. m i .  

(b) 30 n. mi .  range. 

Figure A1.- Horizontal ground track o f  sample profile.  
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I I I I I I I I I I I I I I I 1 
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Time, sec 

( b )  Airspeed p r o f  i 1 e .  
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Time, SeC 
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Figure A 2 . -  Time histories of sample profile. 
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