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SIMULATION TESTS OF A TACTICAL AIRWAY SYSTEM4 

SUMMARY 

control  procedures  developed  for  an  experlmental tactical airway  system whlch IS to be 
eatablished by the D e p a r h e n t  of  the  Army in the  vlcinity of For t  Huachuca. Arls The  tests 
were conducted on the  dynamic  air  traffic  control  sunulabr  at  the FAA Technlcal  Development 
Center at Indianapolls  By-products of ths program  included  the  development of new pro- 
cedures and dlsplays  for the  control of high-density  alrway  traffic  These  developments  are 
expected to have future  application m the  common  mllltary/clvll a1r navlgation  and  traffrc 
control  system 

Thls  report  descrlbes the testing of a number of route  configurations and alr   traffic 

INTRODUCTION 

Early 1n 1954. the  Department of the Army  requested A1r Navigabon  Development 
Board (ANDB) assistance 1p analymlng the  special  problems  of  tactacal  airllft  operatrons and 
in developing basic  trafflc  control  procedures  for  such  missrons  This  project. which  was 
concerned  only wulth a  single  link  in  a  supply  chain,  was  assigned to the  Technical  Development 
Center  (TDC).  It  was  completed  through  the  use of the  dynamic a1r trafflc  control  simulator. 
and  a final report was issued wrthin SIX weeks  of  the  orlglnal  pro~ect  request 1.2 

decided to establish  an  experimental  tactical alrwaay In the  vicinlty  of  the  Army  Electronic 
Proving Grounds a t   For t  Huachuca, A r b  T h s  airway w a s  to  provlde  a  supply  chain con- 
nectlng one Army  area,  one Corps  area. and three  Dlvlslonal  areas,  arranged  as shown In 
Flg  1 The A m y  placed  a  contract w~th   Me lpa r ,  Inc , to provlde  engineering  services  and 
procure  the  navlgation  and  trafflc  control  equipment  necessary for the  establishment of the 
airway Another contract  was  placed with  the Armour  Research Foundation to cover the 
measurement  and  evaluation of the  performance of the system IP actual  flight  tests  The 
ANDB was requested to provide  assistance in the  development  and prelminary  testing of 
traffic  control  procedures  for the new airway Th~s  task  was  ass igned to TDC under  the 
terms of ANDB P r o ~ e c t  6 7, Simulation. 

Aa a  subsequent  step In developing  all-weather  field  support  procedures,  it  was 

OPERATIONAL REQUIREMENTS 

Due to the highly speciahzed  nature of tactrcal  support  operatlous. air traffic  control 
(ATC)  procedures  developed  for  such  systems  must be tallored  around a unlque combinatlon 
of operatlonal  requirements  Some of these  requirements  are  discussed in the  following 
paragraphs 

Alrcraft  Characterictlcs 

presently  planned  for  tactlcal  support  operations  wlll be helicopters  or  small  amplanes wlth 
low  landing  speeds  Such  amcraft wlll  have  a small  turnlng  radlus and wil l  not require a 

Because of the necesslty for f1ym.g In and  out of small  or vnprovlsed  alrports,  alrcraft 

October 1955 
Weprinted  for  general  dlstributlon  from  a  limited dLstributlon report  dated 

Dynamic Alr Traffic  Control  Simulator,"  Technical Development Report No.  191, October 1953 
'Rlchard  E  Baker,  Arthur L Grant, and Tirey K Vlckers, "Development of a 

Operations, ' Technical  Development  Report No 235. Aprll 1954 
'They K Vickers,  "Development of Traffic  Control  Procedures  for  Tactical  Airllft 
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long stralght-in final approach  These  characterlstics wl l l  tend to  simplify  flight  patterns and 
reduce  the amount of maneuverlng  area  required  around terminal airports 

of the lack of sultable  speclallzed  mstrumentation  However,  improved  hellcopter  flight 
To  date,  little  Instrument  flying  experience  has  been  obtamed w ~ t h  hellcopters  because 

Instruments  are belng  developed. For  the  purposes of this  simulation  study. It was  assumed 
that  hellcopter  Instrument  fllght  was  a  practlcal  reallty It a l so   was   a s swed  that helicopters 
would  be ab le  to execute  Instrument  approaches In a cross-wind  directlon.  tarning into the 
wind only for touchdown 

The alrcraft  characteristlcs  used in the  smulatlon  tests  are shown in  Table I 

TABLE I 

AIRCRAFT CHARACTERISTICS 

Alrcraf t   Cruse  Clunb 
Rate of 

Approach C l m b  or 
Speed 

Turning 
Speed Speed  Descent Rate 

(deg./sec ) 
Type 

b P h )   b P h )  b P h )  UP) 

Flxed- 120 100 100 500 3 
w m g  

wing 
Rotary- 80 60 80 500 3 
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Altitude Limitations 
E u s h n g  policy  agreements  restrlct  the u e  of Army  tactical  support  alrcraft  to the 

lowest  altltude  levels available This  provldes  greater  protection  from  enemy detectLon and 

places  a  Ilmltatlon  on the use of altltude  separatmn  and virtually precludes the  use of vertical 
also  leaves  the  rest of the alrspace  avallable for the other  mlhtary S B ~ V I C ~ S  However, it 

stacklng  procedures for holdlng alrcraft  In fllght  This  reqmres the strict regmentatlon of 
fllght  operatlons,  wlth  trafflc flow carefully  metered to avoid exceeding the capacity of any 
trafflc  lane, and  wlth  route  operatlons  preplamed to make  the  most efficient use of the available 
alrspace 

Separation  Standards 

wll l  be lower  than  those  presently  In  clvll  use  It 1s probable that such  standards wi l l  be 
reduced on a calculated-rlsk  basls  consrstent w l t h  the  urgency of the  m1sslon. 

standard  specifled by Melpar. Inc , for  use wlth  the Melpar  system to  the 500-foot  rninlmum 

dlrective,  radar  separation war frxed at 2 mlles for successive flxed-wmg aircraft on final 
accepted by Army  representatlves  for  the other systems  tested 3 In  the  absence of any specific 

approach. and 1 mlle between all other  aircraft  under  terminal  radar  control  Tlme  separation 
m i m u m s ,  for use without radar ,   were  fxed  a t  4 mrnutes,  as  directed by Melpar  for  their 
system. and 3 mmutes for the  other  systems  tested 

Communicatlons 
A hgh-denslty  tactlcal alrllft is an  Important  target for enemy  attention  Therefore, It 

is  essential  that  the  traffic  control  system be able  to  function  with a minimum amount of rad10 
communlcation to avold enemy  detection,  mterceptlon, o r  Jarnmlng  This  factor 1s especlally 
important  at  the  Dlvlslon  fields,  which would  be closest to enemy  territory It IS probable  that 
many  pretakeoff  clearances would  be forwarded to the  pilots  vla  ground  messenger and many 
takeoff and landing clearances would be issued by hght gun to m i m i s e  the  use of rad10 at  such 
fields  It  also  may be deslrable to use  dlrechonal  antennas  for  ground  transmitters to avoid 
furmshing  Intelligence to the  enemy 

Navigation Alds 
Because of logisbcal  lrmltation; and the  fluld characteristic of military  operatlons, 

navigation  aids  for  tactical  airway  systems  normally wr l l  include  only  portable  types of ground 

minunum  necessary to handle  the  traffic  load  Navigation  aids  near  the  battle zone may have 
facilities which can be se t  up and moved  qulckly  The  number of alds will  be l m l t e d  to the 

missiles.  
to use  dlrectlonal  antennas to avoid enemy  detectlon  and  posslble  destruction by homlng 

of vanous  types of navlgatlon  facilltles  such as low-frequency (LF) homlng faclllhes  versus 
Durmg  the  sunulatlon  tests, It was not possible to evaluate  the  relatlve  effectiveness 

very-hlgh-frequency  (VHF)  omnlranges, and so forth. All tests  were  based on the assumption 
that  a satisfactory navlgatlon  system  existed,  capable of provldmg  course  gudance along 
designated routes and also  capable of mdlcatlng  when  the aircraft  was  over  desrgnated 
Intermediate  check  points 

Terrain 

Although alrport  elevatlons  are  around 3.000 to 4.000 feet,  surroundmg  terraln  extends as hlgh 
as 9,400 feet.  Thls  factor  complicates  termlnal  traffic  control  procedures by necessitating the 
use of long c l m b  and descent  paths. Route flenbllity 1s restricted  further by the presence of 
the  Mencan  border on the  south and a large bombmg  range  In  the  northwest  portlon of the  area 

wherever  posslble, to take  advantage of lower route  altltudee. A l l  airways  are  restrlcted to a 
Because of the  mountaxnous terram, it 1s deslrable to  route the alrways  through  valleys 

wldth of 5 mlles  Eight  anway  conflguratlons  were  tested.  These  are shown in  Flgs 2 to 9, 
inclusive . 

It is expected  that  alrcraft  separatlon  standards  utllized  m  tactlcal  support  operatlons 

During  the simulatlon  tests,  altitude  separatlon  mlnmums  varied  from  the 1,000-foot 

The geographic  area of the  proposed  expermental  alrway  generally 1s mountalnous. 

039-SC-67467, Melpar. Inc.. 3000 Arlington Blvd , Falls  Church, Ya. 
3D~scussion and Proposed  Procedures  for ATCAN Phase 1-A, Contract No DA-36- 
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Fig.  4 Orlglnal TDC Single-Lane System 
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Fig. 5 R e n s e d  TDC Single-Lane  System 

Fig.  6 TDC DME Single-Lane System 
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Flg. 0 Revised TDC Freeway  System 

AIRWAY TRAFFIC FLOW CHARACTERISTICS 

General 

bucket  conveyor  system, ita a r c r a f t   m a y  be thought of as  a aeries of c o n b n e r s  w h c h  pick up 
material  at one locanon,  carry it to another  location,  and return f o r  another  load as soon as 

dlrectlons  simultanemdy. 
possible.  For m h u m  output, the  system  should  permit contimrous trafflc flow in both 

Flxed-Block Systems. 

a r c r a f t  is allowed to occupy  a  given  block of airspace. the capaclty of any  traffic  lane is 
governed by  the  amount of flylng time  required to negotlak the longest  block  in the system. 

succeedlng  alrcraft  can be permitted to enter it. the separation  between successive aircraft 
must be increased  further to allow time  for  necessary  commumcatlons. T h s  principle IS 
Illustrated in Fig .  10. The capacity of a  fixed-block system can be expressed  by 

In field  support  operations, the  function of a   t ac t~ca l  airlift is  similar to a moving 

~ 

For  any fixed-block control  system (such as the Melpar  system), in which only one 

Since It 1s necessary  that a preceding  aircraft report leaving  the  block  before  a 

c =  60 

F t L  

where 

C = lane  capacity In a rc ra f t   pe r  hour 

F = flylng tlme of longest  block, in mlnutes 

L = communicatmns  lag IP mlnutes. 

The  quantity F equals 60D 
7 

where 

D = dx+.tance  1n miles and 

S = average  ground  speed  (mph). 



Fig .  9 Army Freeway System wlth Asaoclated Terrain 



Flg. 10 Space-Tlme  Curve Showing Optlmum  Spaclng of Alrcraft 
in Flxed-Block  System 

The  system  capaclty of a fixed-block  system 1s sensltlve to changes In wmd whrch 
affect  the  average ground speed  Figure  11 shows the  effect of a long  block 1n the operation of 
the  orlginal  Melpar  system.  Alrcraft  were  shrted  through  the  system at an  lnltlal  separatlon 
of about 8 mlnutes, whlch usually  was  sufflclent  to allow precedmg  aircraft to  vacate  each block 
in  turn  before  the  next  alrcraft  reached  the block lunlt When  the frrst  aircraft  reached the 
long  block,  the  addltlonal  flylng tune  reqvlred to get  through thus block preclpltated a cham 
reactlon of aircraft holdmg,  whlch ultimately  Increased  the  spaclng  Interval between all 
aircraft   in the  traffic  lane 

Moving-Block  System. 

of a traffic  lane  can be expressed by 
In a rnovmg-block system  based on the use of tlme  separatlon.  the  maxlmum  capaclty 
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Flg. 11 Space-Tme  Curve Showing Effect of Long Block on 
Flxed-Block  System  Operahons 

where 

C = lane  capaclty  m  alrcraft  per  hour 

H = average headway or separatmn  between  successlye  arrcraft  In  mlnutes. 

varlatlons In fhght  tlmes  between  fixes,  the  actual separation between certaln  sutcesslve alr- 
Capaclty  can be  increased  by  reduclng  the  headway to some  acceptable mInunum.  Because of 

craft  in  the  system always w ~ l l  be less than  the  average  (deslryd)  headway. Such varlatrons 
can be rnlnlmlzed by reduclng the accumulative e r r o r s  ~n the nangation  system.  Methods 
include  the  careful  callbratLon  of  amspeed mndlcators,  the thorough  tralnlng of pilots,  the 
lnstallatmn of an adequate  number  of rad10 nangatlon  faclhtles, and  the use of slmple  control 
procedures which can  mlnlmlze or compensate  for  accumulated  errors. 



10 

operation.  the  results of the sunulahon runs cannot be applied  dlrectly,  since  there 1s no means 
In calculating  the  mlnmum  safe  time  separatlon which can be used  in an actual a rhf t  

of knowing 1n advance  what  the correlahon will be  between the  navlgation errors  accumulated 
in the  simulation runs and the e r r o r s  whlch will occur  in  actual  flight  operations 

recommended  that  point-to-point  flight  tunes  over  varlous  segments of the  system be analyzed 
statlstically to determine the distribution and the  standard  deviation If the histogram of ths 

per  cent of the  variations w l l l  be more than  three  standard  deviations  from  the  mean  Thus, 
distribution follows  a  mimodal  (one-humped)  symrnetrlcal  curve. It 1s likely  that  less  than 2 

as shown 1n Fig.  12, a  standard headway of at  least SIX times the  standard deviation would 
appear  reasonably  safe 

has been  developed  for  adpshng  aircraft  spacings  en  route.  These  maneuvers, which are  
shown in  Flg.  13, functioned very  effectively  during the slmdatlon  program and are  
recommended for use  in  actual  flight  operations 

a ranglng  system  such as distance  measuring  equlpment (DME) o r  TACAN, the  maximum 
capaclty of a traffic  lane  can be expressed by 

In determining  the  proper headway  which  should  be u e d  in  the  actual  system. It 1s 

To  keep  errors  from accumulating in  an  unsafe  direction. a ser les  of fllght  maneuvers 

In moving-block  traffic  control  systems  based  on  distance  separation  derived  from 

c =- S 

H 



TO LOSE 
2 MIN 

Fig. 13 En Route Maneuvers  for  Alrcraft  Spacing  Adjustments 

where 

C = capacity of traffic  lane 1n aircraft per hour 

S = average  ground  speed of amcraft in mph 

H = headway or separation  between  aircraft  in  miles. 

I t  w i l l  be noted that the  capaclty of this type of control s y s t e m  also IS sensitive to wind  changes 
which  affect  ground  speed  However,  the  fact  that  the  spacing  reference  in  this  system  can  be 
available  whenever  desired,  instead of at certain  arbitrary points along  the  airway,  permits 
preclse  spacing  adJustrnents  During lnltial simulation tests of this system,  extremely good 
results  were  obtamed using a IO-mile  headway  with compulsory  reporting points spaced 

behlnd  a  preceding  aircraft at one check  point  would  have to maintain  an  average  ground  speed 
every 20 miles  Safety was based on the  fact that a succeeding  aircraft  properly  spaced 

by the  time it reached  the next compulsory  reporting  point. 
50 per  cent  greater than the  preceding  aircraft  tu  order to overtake  the  preceding a r c r a f t  

Fir Spacing Versus Communlcations. 

lane  capaclty. if the  spacing  between  airway fires IS reduced.  However,  there 16 a  practical 
lmlt to t h s  procedure--a lunit w b c h  is lmposed by  the  rapid  buildup of the  communication 

of a  study whch  i l lustrates ths prlnciple  Based on the premise  that  aircraft  headway  can 
load as the  number of compulsory  reporting  points IS increased.  Figure 14 shows  the results 

be reduced  progresslvely  as  fm  spaclngs  are  reduced,  It is seen  that  the  consequent  increaae 
in the  traffic  capaclty of a  single  lane is accompanied by an  exponential  increase in the 
number of aircraft  positLon reporb  reqmred to operate  the  traffic l a n e  at the Increased 
capacity.  Thls  Indicates  that.  from  the  standpoint of communlcatrons  alone. it is more 
efficient to operate  several  traffic  lanes  with  reduced  capacity,  rather  than a single  lane  at 

provlded  in  traffic  lanes  operated at lower  capacity  also  represented  increased  safety  and  a 
high  capacrty, as  llsted 1n Table II. Simulation tests showed that the  additronal  headway 

much  more  relaxed  control  operation 

Theoretically.  navlgatlon e r ro r s  can  be  reduced,  with  a  subsequent  increase  in  traffic- 
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TABLE II 

NUMBER OF TRAFFIC LANES VERSUS COMMUNICATIONS REQUIREMENTS 

Number  Hourly 

Traffic of Each Spaclng, Headway,  Reports Per Hour. Podtion Reports 
of Capaclty Fix Aircraft  Nvmber of Position Total Number oi 

Lanes Lane  Miles MlUUk6 by Each  Aircraft Per Hour 

1 24 10 2.5 

2 12 20 5 

3 E 30 7.5 

4 6 40 10 

12 

6 
4 

3 

288 

144 

96 
72 

Desired capmclty - 7.4 aircraft per hour - 120 mph 
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TRAFFIC CONTROL  FUNCTIONS 

Lsne  Assignment. 
A l l  airway  systems  were  based on the use of independent  traffic  lanes  for  each 

direction of flight and for  each  speed  class of aircraft  Thus,  each  system  conblued  at  least 
four  independent  traffic  lanes.  Wherever  possible,  rotary-wlng  aircraft  were  assigned  lower 
cruising  levels than flxed-wing aircraft  and  westbound aircraft  were  assigned  lower  levels 
than  eastbound  aircraft 

Control  Jurlsdictlon. 
In all systems  tested,  "airway  control"  acquired and released  all  aircraft  at  cruising 

altitude and was  responsible for maintaming  proper  aircraft  separatlon  between  acquisition 
and  release.  Airway  clearance  responsiblllbes included  the  prior  achedullng  or  meterlng of 

merging  routes 
departurea to avold  exceedlng the capaclty of any trafflc lane and to integrate  traffic flow on 

Functronally.  "terminal  control''  was  responsible for 

1. Releasing  departures  in  accordance with slrway  control  restrictions. 
2 .  Mamta1nIng separation  between  each  departure and all other trafflc f r o m  the alrport to 

3.  Providing proper airway  separation  between  successive  departures In each  traffic lme 

4 Providing  separation  between  each  arrival  and all other  traffic  from the airway  release 

the release  point. 

before  release to airways  control. 

point to the airport. 

Metermg. 
Metering, as used in azrlrft  operations, 1s a  way of organizing  and  limiting the flow of 

traffic to avoid  exceeding the capacity of any  airway  traffic  lane. 
In all systems It was  assumed  that,  unless  otherwise  advised,  Forest  Tower  codd 

clear continuous  streams of aircraft  on the  westbound  airway  traffic  lraes  without  prior drray 

provislon of proper  separabon  between successive aircraft  in each  traffic  lane.  Because 
coordmation.  Here the meterlug  function was  performed by the Forest  Tower  through the 

westbound  traffic. 
westbound  traffic  routes  diverged  west of Libby, usually no further  metering was required for 

In all single-lane  systems.  eastbound  traffic  from tbe Divisional d r p o r t s  was metered 
by airway  control to insure  that the combined  output  from  the  three  airports did not exceed 

the  assrgnment of departure twnes. 
the capaclty of any  traffic  lane.  This  metering WM accomplished by a  scheduling  process  and 

towers In the same  manner  as  that  performed by Forest  Tower fo r  w e s t b o d  traffic. 
each  Divisronal  alrport.  metering of the  eastbound  traffic  flow w a s  handled by  the  Divisional 

Integratxon 

different points of origln lnto a  common  trafflc  lane. In all systems  tested, th~s function was 
performed by airways  control.  The  procedure  for  Integrating  departures f r a m  Llbby  was 

was  necessary to hold an eastbound  Llbby  departure on the ground or  under radm control in 
airnllar In all  systems. If eastbound  trafflc  lanes  already  were  operating  at top capacity, it 

the m e d i a t e  vlcinity of the  airport to await a  Libby  arrlval  from the west. When the arrival 

traffic  stream.  Here  radar  was  extremely  llseful IP sllpping  the  departure Into the  recently 
left the  alrway  trafflc  lane to begin approach,  the  departure  was  ready to take  its  place In  the 

vacated  slot,  with  proper  separatlon  from  other  aircraft. In many  cases. the preceding rir- 
craft  in the same  traffic  lane wuas changed  temporarily to Libby  approach  control frequency 
for radar Idenbfication As soon as  the  departure w a s  properly  spaced  behind this arrcraft, 
both aircraft  were  changed  back to the approprlate  airway  control  frequency. 

In the  hxed-block  systems and the  freeway systems, westbound  Libby  departures  were 
integrated  in the same  manner In cases  where  there  were 110 westbound  nircraft  from  Forest 
scheduled to land  at  Libby for a  considerable  period, it sometimes  was  necessary for slrways 
control to request  Forest  Tower to leave  a gap at the appropriate  altitude in the steady 
mtream  of Forest  departures to accommodate the westbound  departures  from  Libby. 

westbound  fllght from Forest  to Nogales passed  over the station. This  left a vacancy in the 
Libby,  a  departure  from  Libby to elther J-Bar-M or Kinsley  usually had oaly to wait  until  a 

In the  freeway  systems  whlch  provlded two Independent  eastbound  traffic  lanes  from 

Integration  refers to the  proper  merging or coordination of streams of aircraft  from 

In the TDC smgle-lane  systems  where the  westbound  traffic  streams  diverged  at 
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traffic  stream  northwest of Libby  which was Lmmediately  filled by the Libby departure.  The 
same procedure  could be used  for  departures  from  Llbby to Nogales  Whenever  a  flight  from 
Fores t  to J-Bar-M or  Khsley  passed  over Libby,  thls  left  a  vacancy in the traffic  stream 

necessary to wai t  for ths event to occur  since the  altitude  levels of 6.500 and 7,000 feet, 
west of Libby  which  could be filled by the  Llbby  departure.  Usually,  however, it was  not 

seldom w e d  by  over-flights.  were  almost  always  available  for  departure to Nogales 

airports w a s  performed  through  the  use of a  reservatlon  system. In effect,  thls  system  set up 

the  eastbound  system  (Libby or Miller).  Thus,  the  reservation  system  performed the metering 
a serles of tune reservatlons  for  aircraft in each  traffzc  lane  over  the  last  junction  point in 

functaon for the eastbound  traffic  smultaneously 
The  reservation chart included a scheduling  feature in w h c h  the e s t m a t e d   f l p n g   t m e  

from  each  arport  to the  last  junction  point  was  subtracted in turn  from  each  reservation  time 
to determine  the  tune at w h c h  an a r c r a f t  should  leave  either  airport m order to arrlve  over 
the last ~ u ~ c i a o n  point a t  the reserved  time.  This  system functioned very  well  as a rough 
spachg  means to secure maximum utilieatlon  from the azrway  without  overloading it, to reduce 
controller  workload,  and to enable a r c r a f t  to conserve  fuel by taking  necessary  delays on the 

Fig. 15 w a s  developed.  With  this  computer.  the  spacing  Interval at Libby  could be changed as 
ground  rather than in the ar. To  pronde  addibonal  flexlbrlity,  the  ample  computer shown in 

desired.  and  the  estlmated  flpng  tunes  from  each  arport to Llbby  could  be adpsted to 
compensate  for changing  wind  condihons. 

basis  instead of an  lndivrdual  basis  Because successive arcraf t   f rom the same  airport  all 
were  subJect to the same wind conditions.  relahvely  little variation accrued  in  their  flpng 
times  from  the  airport to the  airway Junction point.  Thus, a variation in the  wind,  which 
might have  had some  effect on their  elapsed t m e   f r o m  the airport  to  the ]unction  point,  had 

In all single-lane  systems,  the  integration of eastbound  traffic  from  the  Divlslonal 

Additional  operational  smoothness  was  obtained by handlmg reservations on a  block 
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very  llttle  effect  on  the  spaclng  between successive alrcraft  on  the  same  route.  For this 
reason, it became desirable to make the advance reservahons In blocks,  based on the  traffic 
demand  from  each  alrport.  dispatching  perhaps  four  alrcraft  from one field  followed by three 
from  another, and so forth. Although t h ~ s  procedure  probably  increased ground  delays  aome- 
what,  It worked  very  smoothly  from the traffic  control  standpomt.  since it mlnLnieed  spacing 
variations between  most of the ancraf t ,  leavlng  only  an  occaslonal  problem in adpstlng  the 

from  another arrport,  at  the pnctlons In the  route system 
spacing of the first   aircraft  m  the  group from  one airport, behind  the last aircraft  in  a  group 

TESTS AND RESULTS 

More than a  week of slmulahon  operations  was devoted to p r e l h i n a r y   t e s t s  before 

new control and communlcations  procedures, t r a f f z c  patterns.  displays.  and  simulatlon 
any  measurement runs were  made.  The  inihal tests were of an exploratory  nature to t r y  out 

tecbnrques. 
The  final  alrway  tests  were  made  under  programmed  variable wind cond~hons with a 

4-hour trafflc  sample havlng  a  demand rate of 48 operations per hour.  Termlnal  tests  were 
made wlth  and  wlthout radar for all  Divisional  alrports  usmg  an BO-mlnute trafflc  sample wi th  

Alrport  traffic patterns  were  tested  with radar  usmg a 60-mmute sample havlng a  demand 
a  demand  rate of 48 operahaus  per  hour. In  connectlon with  the freeway system. the Forest  

rate of 120 operahons  per  hour.  Each  traffic  sample Included  equal  numbers of fixed-  and 
rotary-wumg aircraft.  Results of the tests  are  detalled in the  following sections. and are  
summarized 1n Table Lu 

Amway Tests. 

engineers as  a  fixed-block  system,  requring  lndivldual  pomt-to-prnt  clearances for every 
Melpar  System.  Thls  system,  shown in Flg. 2 ,  orrginally  was  set  up by Melpar 

would  be entalled wth this  clearance  procedure,  the  system w a s  modified by Melpar  en@- 
alrcraft  ~n the system Due to the  extremely  heavy  control  and  communications  workload  that 

neers.  The  modlfled  control  procedures still were  based  on  the  fixed-block principle, in thls 
case,  aircraft  were  permitted to be cleared  lnltlally to destmnation. However,  the  procedures 
also  incorporated  a  schedullng  arrangement.  Each  pllot waa gwen a detalled  schedule to make 
good over  each  check pomt. Separate  procedures  were specified for  use  at  each  check  point 
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if the aircraft  was om tune. if it was  less than 2 minutes  early, if it  was  more than 2 mlnutes 
early,  if It was  less  than 2 minutes  late,  or if It was more than 2 minutes late In addltlon, 
the  flxed-block  operatlon  rule of only one alrcraft per block  was  modifled to permit two  heli- 
copters to fly 1n the same block  provlded  they  were  more than 4 minutes  apart. 

The  mam  advantage of the  flxed-block  system--its  simple go/no-go control 

was  determined  that  the  scheduling  arrangement  added  nothing to safety  or to system  capacity. 
procedures--was  completely  nullified by these  complicated  additions.  After a few runs. it 

Instead. It greatly  increased  pllot and controller  workload  and  actually  reduced  the  capacity of 
the  system  when wlnd condltlons  changed so that  all  alrcraft  were running ahead of schedule. 
In  the  latter case, pllots  following the origmal  schedule would  have to lose  tune,  thus  reducing 
the  capacity of the traffic  lane.  Repeated modifications to the schedule to compensate  for 
holding in flight. o r   for  changed wind conditions.  made  the  original  schedule  useless  for  control 
purposes.  Operations  were  unproved  and  greatly simplified when  the  scheduling  concept 
was abandoned  and  the system  was  operated  strictly aa a fixed-block  system 

1n length, respectively.  Tests  showed  that these long blocks  reduced the capaclty of the system 
except  for the  blocks  from  Llbby to Robert to William to Fred, which were 14, 14. and  15 miles 

just   as though all fixes  were  spaced  at  the  maximum  length.  Thls  prlnclple,  described  pre- 
viously in thls report, 1s shown in Fig. 11. Maxlmvm output  from  any  flxed-dng  traffic  lane 
1n th~s  layout  was  about s1x alrcraft per hour  due tn the flying tlme required to negotiate  the 
long blocks In the  system  The  chain  reactions  set off by  holding in flight  also  tended to lower 

to proceed on course  mmedlately when the  block  ahead  was  cleared by the  precedmg air- 
system  capaclty  because  an  alrcraft  established m a holdlng pattern  seldom waa in a posltion 

would  be  holding smultaneously  at  drfferent points In the  traffic  lane. 
craft. These  small  delays  accumulated in an  alarming fashion. At  tunes,  7 or  8 aircraft  

fixed-wing alrcraft  per hour per lane when the  facility  arrangement  was  revised  as shown in 
Fig. 3 This  revislon  reduced  the  marimurn  system  block  length to about 11 mlles Using 
direct  alr-ground  communlcatlons. It was  found that the maXlmum operating  efficlency of the 
fixed-block  system  was  attamed  when  aircraft  were  scheduled  initially to enter the system at 
an intcrval of (F t 1) minute  where F is the estunated  flyhg  time  for  the  longest  block in the 
system,  and  the  addltxonal  minute i 6  provided to enable  each  pilot to report  leaving  a  block 
before  the  following  aircraft  reaches the  block  boundary. 

amount of control  intervention.  However,  any  reduction of the initial  spacrng  interval below 
this  pant  simply  precipitated  chain holding reactions  which  mcreased  controller  workload 
and  lowered  system  capaclty. 

block, procedures.  Sir-mlnute initial separation  was  used  between  successive  aircraft  in 
each  trafflc  lane.  The  almost uruform spacing of fixes  along  the  route  slmphfied  estimating 
procedures  Tests  Indicated that the  system  could  handle  very  close to the theoretical  mar- 
bum of ten  fired-wing o r  ten rotary-wing  aircraft  per  traffic  lane  This  represented an 

using  fixed-block  procedures. 
appreciable  increase in hellcopter traffic flow over  the 6-per-hour rate  previously  attained 

previously  designed  configuration of navlgatlon  facilities  closely  resemblmg  the  original 
TDC Single-Lane  System.  This  system,  which 1s shown in Flg. 4, was based on a 

Melpar  system. Wlthout  changing  any  facilities. two routes  were  changed  with  the  Idea of 
keeplng  all  routes  as  short  and  independent of each  other as possible. 

Melpar  systems  and  also  provided  a  route  altitude  1,000  feet  lower  than that previously 
available  The  route  from  Libby  to  Kinaley  was  shortened  about 10 miles by adopting  the 
rouhng  used 1n the  revlsed  Melpar  system. 

Tests  Indicated  that  the f i x  at  Harold  was too close to Mlller tC be of arty value in the 

improved If an mtermedrate  check  point  were  Installed on the  long  Ray-to-Llbby  route 
control of trafflc,  and  also  that  the  integration of eastbound  merging  traffic at Libby  could be 

segment 

the improvements whlch  the  prevlous tests showed  to  be neceasary.  This  system first was 
tested  using 8 mmntes'headway  between  fixed-wmg alrcraft  and 10 minutes'headway  between 

position  reports  usually  were  required  from  each  alrcraft. 110 control  actlon  was  taken d e S S  
rotary-wing  aircraft.  Because of this  relatlvely  large  amount of spacing, ody four  airnay 

the  actual  separahon  became  less than 6  minutes.  The  cornmumcations  and  control  workload 
remained  qulte low 1n these testa. 

In the orlglnal  Melpar  system  arrangement.  block  lengths  varied  from  6 to 11  miles, 

Revised  Melpar  System.  The  Melpar  system  capaclty  was  Increased to about 8.5 

Under  these  conditions,  the  fixed-block  system  worked  very  smoothly  with  a minimum 

Later,  the  revlsed  Melpar  system was tested u i n g  movmg-block,  instead of fixed- 

The new route  from  Llbby to Nogales  was  about 12 mlles  shorter  than that used xn the 

Revlsed TDC Single-Lane  System This system.  which Is shown in Fig 5 .  incorporated 
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mlnutes' headway  between  rotary-wing  alrcraft.  Control  action was  mandatory  whenever  the 
separatlon  between  fixed-wing  aircraft  became  less  than 4 minutes  or  the  separation betureen 

and  the smaller  aircraft  separation  required  an  appreclably  higher  degree of controller shll 
rotary-wlng  aircraft  became  less  than 5 mlnutes  It  was  found that the  hlgher  system  capacity 

than  when  the 8- o r  10-minute  separation  was  used  The  5-mlnute  average  departure  and 

mentation of speeds and rates of climb o r  descent,  partlcularly  under  conditions  where  radar 
arrival  intervals at terminal  alrports  also would reqmre  strict  pilot  dlsciphne In the  regi- 

survelllance  was  not  available.  Under  condltions of  low average  separatlon,  the  resolutlon 
e r r o r  of the  clocks  assumed  importance.  since  slightly  unsynchronlzed  clocks or  mlsreading 

unnecessary.  Uslng the block-reservahon  procedure  descrlbed  prevlously,  tests  were  made 
of the  clocks s o m e b e s  caused  the  controller to take  action that later  was found  to  have  been 

assuming that  condltions  existed  which  reqrured  the  rnamtenance of radio  silence ln  the 
vlclnity of the Dlvlslonal  airports In these  tests, fixed-wlng arrcraft  were  scheduled wl th  

of the  Dlvisional  airports.  each  pilot  was  Sven a t m e  to leave  the  alrport  ram0  fix at crulsing 
8 minutes' headway,  rotary-wmg  aircraft, 10 mlnutes' headway. P r l o r  to takeoff from  elther 

altitude, M position reports  were  issued mbl the  alrcraft  was over Harold o r  Yoke, 10 mlles 
from  Libby  Occaslonally,  aircraft  showed up at  these  fixes wl th  separatlons  as low as 1 
minute,  indicatmg  that it would be desirable to Increase  the  lnitlal headway  somewhat to allow 
for  these  variabons. 

system  was  tested in whlch a single DME ground  tr-ponder  replaced  all f a n  markers  in the 
TDC DME Syatem.  Although  not  consldered  seriously  for  Army  use  at this tune,  a 

TDC single-lane  system.  These tests were  made  because of thelr value in determining  the 
ar-der lved dicltance  mnformahon in handling  hlgh-denslty  arrway  traffic  operatlons.  Because 
all main  routes  extended  essentially  in a radial  directron  from  Libby, it was  assumed  that  the 
DME interrogator was  located on the  Llbby  alrport. 

between  alrcraft with compulsory  reporting polnts at LO-m1le increments  from  the DME 
station. A control  procedure h o w n  as cham  control  was  used In these  tests,  based on the 

provided by traffic  control,  each  pilot  was  told to maintain  the  appropriate  separation  behind 
air-to-an  relay of position reports to following  alrcraft. After the initial separation  was 

a speclfic  aircraft,  the  pilot of the  preceding  aircraft  was  told to relay all positlon  reports to 
the  designated  following  aircraft. On receipt of such a  report,  the  pilot of the  following alr-  
craft  checked  his o w n  DME reading  and  adluted h s  spacing as necessary.  Airways  control 
In this case monitored the air-to-an  posltion  reports  to  keep  track of the varlous  alrcraft 
m the system. 

operations  and that the  use of distance  irdormatlon  by  the  pilots  produced  precise and con- 
consistent separation  intervals. 

facilities as were  used in the Melpar  system,  a  dual  airway  system was  establlshed  which 
doubled  the  number of traffic  lanes  and  provlded  one-way arway  operatlon  over  most of the 
system. This system, lmown as the TDC freeway  system, 1s shown  In F l g  7. 

Revlsed TDC Freeway  System.  To  secure  addltlonal  traffic  capaclty, the freeway 
system  was  revlsed by movmg  the  eastbound  alrway  northward, as shown In FIg .  8. This 
enabled  the  use of a  lower  altitude  for  eastbound  traffic  from  Nogales to Forest  Two 

trafflc  from  each  Divlsional  amport  back to Forest  This  elmmated  the mntegrabon problem 
altitudes, one for fired-wing and one for  rotary-wing  alrcraft,  were  avallable  for  eastbound 

completely,  except  for  occaslonal  departures  from  Llbby  However,  the  Increased  number  of 
avallable  trafflc  lanes  smpllfled th~s problem In most  case9 

control  operatiom, as each  Dlvisional  airport  normally  could  dlspatch  steady  streams of a r -  
craft  wrthout prior  coordinatlon  wtth  airways  control 

Army  Freeway  System Although  the revised  freeway  system  operated  satlsfactorlly, 
the  addrtional  mlleage  necessary to route  the  eastbound  alrway  around  the  high  terrain  was 
consldered  obJectlonable.  It  was found that by raxsing all crrusmg altitudes of the  orlglnal 
TDC freeway  system 500 feet, it would be  posslble to use  the  shorter  routes of the  orlginal 

back to Forest.  The  improved airport routings  developed  vnth  the  revlsed  freeway  system 
system  and st111 provide  each  Divislonal  axport  wlth two Independent  eastbound  trafflc  lanes 

the  Army  freeway  system,  shown in Fig.  9 
then  were  lncorporated with the orlgmal TDC freeway  routings to produce  a  layout lmown as 

could  accommodate  amammum  capaclty of 75 alrcraft  (30 westbound and 45 eastbound) per 

Later, this system  was  tested  uslng 5 minutes' headway  between  fixed-wing and 7 

Thls  system,  which is shown ln F l g  6 .  was  tested using a mlnimum  spacing of 10 mlles 

Tests  Indicated  that  the  cham-control  procedure  was  qrute  practical  for  such 

TDC Freeway  System. By rearrangement of approximately  the  same number of radio 

The  provision of independent  routes  from  each  Dlvislon  back  to  Forest  sunpllfled 

Usmg  a rather  conservahve headway of 8 mlnutes in each  traffic  lane, this system 
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hour. If the  demand  rate  were low, the  addltional  capaclty  furnished by this  system be 
utillzed  Instead to provide  additional  separation  between successive aircraft ,  thu producing 
a very safe and relaxed  control  operation. 

Terminal  Tests. 
Traffic  Patterns. 

The most uuportant  conalderatlon in the safe and  efficient  control of termha1  traffic 
was the establishment of Independent  tracks  for  flxed-wlng  and  rotary-wing  arrivals  and 

fo r  altitude  change,  free of lntersections  or pornts of confliction mth any  other traffic lane. 
departures.  It w a s  necessary  that  each  track be a6 sunple as poaaible. w ~ t h  adequate  length 

Hlgh terrain and prohlblted  areas  sometimes  prevented the establishment of ideal 
arrangements by cramping  the  maneuvering  area Into a relahvely  small  sector of the azimuth 
clrcle  around the airport.  These  factors,  plus the relatlvely  large  d~fferences  between cmsing 
altitudes and airport  elevatrons,  made the establlsbment of suitable  &dependent  approach and 
departure  tracks  as  drfflcdt an this system  as  probably would be encormtered  in  any  operating 
theater.  More  cramped  arrangements  generally  produced  bigher  restrictions and  higher  con- 
troller  workloads,  wrth  less  margin  for  error by either  controllers  or  pilots. 

md  21E, is not  recommended at any  airport if arrlvals ar- uaing more than two route  altitudes 
Operation of the freeway syatern without  radar, as shmvn in  Flgs. 16E. 18E. 19E. ZOE. 

.,OD. 0 
/ /  
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fixed-wing o r  rotary-wing aircraft  into the s a m e  final approach  course. 
inbound.  Without radar It would  be extremely difficult to Integrate two or   more   s t reams of 

Forest  Airport. 
Traffic  patterns  are ahown in Flg .  16. No tests  were conducted at this airport wlthout 

radar.  However,  based  on  results of other  airport tests  wlth similar  patterns, t h ~ s  system 

approaches  or 24 arrlvals  per hour, equally dxvlded between  fixed-wing  and  rotary-wlng 
still would  be  workable without radar,  provlded that the traffzc demand dxd not  exceed 24 

aircraft .  

well  with  radar. Patterns for  the  freeway  system,  shown zn Flg .  16F, also  worked  very  well 
with  radar. When tested  with  a  demand  rate of the m-um capacity of the  ten  traffic lanes 
at 5 -mmnute headway  (120  operations  per  hour), it was  necessary to have at   least   three  radar 
controllers to handle  the  workload;  one  for  flxed-wing arrivals,  one for  rotary-wing  arrivals, 
and  one for  all  departures, wlth a separate voice  channel  for  each.  Before  operations  ever 

helicopters  at some point 1 o r  2 miles  northwest of the  present  airport. 
reached that level, it would be  desirable to estabhsh  an  additional  landing  field  for all 

Patterns  for the  single-lane  systems,  shown in Flgs .  16B and 16D, functioned very 

Llbby  Airport. 
The traffic  patterm shown in Figs. 17 and  18 functioned satlsfactorily  under 

terraln,   there is relatively  lzttle  margin  for  error m the  departure  procedures It 1s anbci- 
relatively light traffic  loads,  however,  because of the  airway  configuration  and the  surrounding 

pated that, without radar,  flight operahons would have  to be severely  restrlcted to preclude 
traffic  conflictions due to aircraft  converging  on  the  airport  from  more than one  fixed-wmg 
arrival  lane and more than one rotary-wmg  arrlval  lane  sunultaneously.  Therefore, the use 
of rada7 IS strongly  recommended  for  all  flight  operatzons at th is  airport. 

J-Bar-M  Alrport. 
Al l  traffic  patterns  shown  in  Fig. 19 functzoned very  well  in  simulation tests up to 

48  operations per hour 
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Flg .  18 Traffic Patterns - Libby  Alrport - Elevation 4,665 Feet  

Kinsley  Alrport. 

tests up to 48 operations  per  hour. 
Traffic  patterns  for  all systems, as shown ~n F i g  20 ,  functioned very well m simulation 

Nogales  Airport. 
Because of the  severe  restnctiopta  imposed  by  the  Mexcan  border on the s o u t h  and 

were  the least  satisfactory of those  tested. These  patterns, shown in  Fig. 21, were developed 
the h g h  terrarn  north,  northeast.  and  east of the airport, the traffic  patterns  for thrs airport 

after It waa determined that hlgh terrain on the final  approach  course would not allow s t r agh t -  
in  approaches  for fixed-wing alrcraft .  As a  result,  procedures  for such approaches  incor- 
porated  a  straight-in  descent  from the  north-northwest, down to v lsua l  contact. wrth  a circling 
approach to get  lined  up  with  the  runway. T h s  appearcd to be  the  best  alternative to a 
scheduling  procedure w h c h  would requre  that   departures and arrlvals be  handled  at  different 
times on a nonsunultaneou  basis  Such a procedure would reduce  the  airport  traffic  capauty 
to a very low value. 

Alrway  Traffic  Control  Displays. 

high  degree of skill  required to vlsuallze  aircraft  posltlons,  made  the  standard ATC flight 
The  Inherently  large  amount of hookkeeping requred  for  each  aircraft,  as  well a9 the 
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Fig 19 Traffic  Patterns - I-Bar-M  Alrport - Elevation 2,860 Feet  

progress  board  unsuitable  for use in tactical alrllft operatlons  The  extremely hlgh traffic 
densltles  encountered in the  early  slmulation  tests  also  made  the  recently  developed 
"shrunp boat" panoramic  presentation  Inadequate  due  to  the  very  congested and  disorderly 
appearance of the board  under  such  traffic  conditions 

whlch would be   smple  to scan,  interpret, and rnamntam, a display  whch  could not be over- 
loaded in any type of trafflc  condltlon  These  requrernents  were  slmpllfied  somewhat  by the 
fact  that the alr routes  were  relatively  sunple I ~ A  configuration,  that  one-way  trafflc  lanes 
could be u e d ,  and  that  alrcraft could be segregated  by  speed  class in each  trafflc  lane  Under 
these  conditions,  the main traffic  problems were the prevenhon of overtaking ~n the same 
traffic lane,  and  the  proper  separation of converging  traffic at alrway  lntersections  These 
system  characterishcs  led  to  the  development of a control  dlsplay  which  was  stratifled by 
altitude  levels to provlde  easy scanning of the  relahve positions of a r c r a f t  In each  traffic 

from  a  plctorlal to a schemahc  dlagram.  Horizontal  tracks  were  used  to  indlcate  the  varlous 
level.  To  save  display  space in thls mulbple  dlsplay,  the  airway  conflguration  was  changed 

a l w a y s ,  as shown in Fig 22A. Alrcraft positions were shown  by  the  use of speclal 
"shrlmp  boat"  target  markers which were moved  along  the tracks. 

The  requirement  was  for an orderly  method  of  dlsplaylng  trafflc  data in a manner 
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Fig. 20 TraHlc  Patterns - Kinsley  Alrport - Elevation 3.000 Feet 

The  longrtudlnal  dimensions of the  schematic  dlsplry  were  determked by mahng  each 
route  segment long enough to accommodate  enough  shrimp  boat  target  markers for the 
largest  number of aircraft which would ever  be  cleared into that particular segment of the 
traffic  lane  simultaneously. T h s  conslderation,  whlch  prevented  overloading,  also  kept  the 
display  close t0 true  scale  longitudinally.  The  schematxc  concept sacrificed true  lateral  
scale f o r  the more  valuable  dunension of altitude. 

could be held LP place by gravity. It was  later  recommended that this angle be lncreaeed to 
35'. The  sloping arrangement  was  well  adapted  for  military use  slnce  airway  traftic  control 

use of a  large  horlzontal  dlsplay 
operatlons would be conducted  from motor vans where  space  limitations  would  preclude the 

developed,  as  shown in Fig 2ZB Thls  board  was  designed  for  fast  modificatron to accommo- 
date  zhanges of axmay route  structure in a  fluld  mllitary  situatlon  The  base of thls display 
was  a  prece  of  perforated  hardboard,  with  1/2-inch  spacing  between perforations 

the  countersunk  attachment  holes  Flathead  machlne  screws  were  used  for  attachlng  the 
track  segments to the  perforated  board  Labels  were  made of masking tape and striplng  made 
of colored tape  for  fast.  easy  modiflcatlon of the dxsplay It was  lntereskng to note 

The  schematic  control  board  was  incllned 30" from the vertlcnl so that target  markers 

A s  a  further  refinement  of the schematic display,  the  modular  control  board was 

The  horlsontal  tracks  were  made in various  lengths, wlth a  6-~nch  spacing  between 
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that the achemahc  concept  led In one mstance to a  baslc  sunpliflcatmn of the  route  structure. 
While  determlrung  the  best  way of displapng the TDC freeway  system  schematically, It 
suddenly  was  discovered how to modify  the  amway  configuration  Itself to secure  a  more 
simple  routlng  whxh also Increased  the  trafflc  capacrty of the system. 

data  were  posted as shown In Flg 23. Boards  could  be  operated by elther one o r  two con- 
Operatlon of the  schematic  dlsplay  proved to be sunple  and  sahsfactory  Target 

trollers.  o r  the worlcload  could be subdivlded  by  alhtude  sectoring, with different  altltudes 
controlled from dlfferent b a r d s .  Coordination  between  controllers  was  reduced  to  a  bare 
mlnimum. 

handhng  high-density  airway  control  operations on specially  designated  express  alruays  It 
is true that ths drsplay  works  best  on  regimented  speed-controlled  routes that are  relatlvely 
uncornpllcated by intersecbons.  However,  the  results of thrs  slmulatron  program  lndlcated 
that prereqwsltes to high  airspace  utilization on any  route w ~ l l  be the use of controlled  speeds 
and specially designated  lunited-access  trafflc  lanes  for  express operations. 

It is believed that the schematic  display  can be applied to the  common  system  for 



2 4  

B  Modular  Dlsplay for TDC Freeway  System a *OC 

yl -  ~,. .. . 

Fig.  2 2  Schernatlc Control Boards 
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F l g  23 Details of Target  Marker  for  Schematlc  Display 

Use of Radar. 
Alrway  Control 

Complete  alrway  radar  coverage  often  has  been  advanced  as  the  solution to alrway 
traffic  congestion.  However,  this  slmulatlon  proJect  provided an opportunity to observe  air- 
way  traffic  loadings  much  higher  than  ever  encountered  ~n  previous tests The  constant 
merging and separation of targets  at  the  various  altltude  levels  produced  a  very  confuslng 
plan  position  indlcator (PPI) dlsplay  It  was  found  that  the  volume of traffic  already had 

much  less  advantageous,  for  airway  trafflc control 
passed  the  polnt  where  prlmary  radar, wvth manual  target  tracklug, would even  be  usable, 

Some  improvement  was  encountered when radar  beacons  were  smulated on all 
alrcraft and a  separate  beacon code was  assigned to aircraft  at  each  altitude  level.  Then  the 
controller could  swltch  from  code to code  and inspect the traffic  sltuatlon 1n each  trafflc  lane 
separately.  Thls  procedure  was of some value  in  monltorlng  alrcraft  separation  at ]unction 
polnts  where  streams of alrcraft  from  different  alrports  merged lnto a c m m o n  lane. 

destinatlons, and speeds, It was desirable to abandon  the  Idea of continuous individual 
Tests  indlcated  that,  for  the  control of large  masse3 of traffic wlth  common origms. 

attention for each  aircraft  m  the  system and to adopt  the  concept of blanket  procedures  for 
larger blocks of alrcraft  Through  the  use of Independent, lunited-access  express  routes 

wlthout  radar. 
and  a  reglmented  traffx  flow,  large  volumes of airway  traffic could  be  handled safely 

Terminal  Control 
To  reduce  the  amount of shll, workload,  and  fatigue  entailed In handling termlnal 

control  operatlons,  Independent  traffic  lanes  were  establlshed  at  each  alrport to handle 
fixed-  and  rotary-wmg  approaches  and  departures.  Thus,  each  airport  had  at  least  four 
independent  lanes to handle  these  operatlons. 

well without radar as It dld  when radar  was used. The fact  that  traffic flow was carefully 
furnlshed  (at the rates of flow simulated 1n these tests)  a  system  which functroned almost =s 

metered IP each  airway  traffic  lane dld  much  to  keep  terminal  approach  operations  orderly 
even when radar was  not used, since t h ~ s  degree of trafflc  regimentatlon  suppressed any 
tendency  for  arrivals to enter  the  termmal  area IP bunches  Whlle  the  use of radar was  not 
considered  necessary  for  operatlons  at  Dlvlslonal  flelds,  a  comparrson of  the radar and 
nonradar  tests showed that  radar  furnlshed  these  advantages 

At the  Divisional airports, the use of these Independent approach and departure  routes 

1. By  permithug  dlrect,  Instead of teardrop,  approaches,  the  use of radar  saved  about 
5 mlnutes of flpng  t lme  for  each fixed-wlng instrument  approach  at  J-Bar-M  and  Klnsley 
alrports. 

2 .  To protect  against  the  posslblhty of a  collls~on  resultlug  from  a  mlssed  approach, 
departures  were  restrlcted  when  arrlvals  were  on  flnal  approach. Wlthout radar,  takeoffs 
were  stopped  when  an  arrival  reported Inbound on the  final  approach  course Wlth radar. 
takeoffs  could  be  permltted  safely up to the time the arrlval w a s  2 miles  from  the end Of the 

schedullng  of  departures, and  thus  improved  the  utllleatlon of the eastbound aimay  t raff lc  
runway.  In thls  case,  the use of radar  reduced  departure  delays, permitted more  accurate 

lanes. 
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Because the traffic  demand  at  Forest  (Army)  normally was hlgher  than  at  any  other 
airport In the system, it was  deslrable  that  radar be used  at  that  polnt  for  all  traffic 
operations. 

of the  airway  configuration  made  the  use of radar  extremely  desirable,  particularly  for  the 
Integration of departures  in  the  approprlate  traffic  lanes  during conditions when  the airway 
w a s  being  used at high utihzation  rates. 

Although  the traffic  load at Libby  (Corps)  was  not  expected to be  very high,  the nature 

CONCLUSIONS 

1. The  original  Melpar  system,  operated  on  a  fixed-block  basis, IS simple and safe. 
However, it has a very low capacity, which can be unproved  somewhat by revising  the 
configuration of navigation  facllities, as shown in  Fig. 4 of this  report. 

and  Proposed  Procedures," page 11 (revised), is incompatlble  with  fixed-block  control  pro- 
2  The  use of detailed  pllot  schedules, as specifled  in  the  Melpar  manual,  "Discussion 

cedurea  and  detrimental  to  the  operation of the  system  The provision for  unacknowledged 
position  reports,  as  speclfied  on page 12 (revised) of t h ~ s  manual, is impractical due tc the 
possibility of nonreceipt of the posltion  report, an occurrence whlch  quickly  precipitates a 
chain-holding reaction and hlts the flow of traffic 1n the  system 

precislon In  point-to-point navagatlon, the  capacity of the  revised  Melpar  system  can be 
3 Assuming  that  the  navigation  system  permits  the  attainment of a  fair  degree of 

Increased  further  through  the  use of movmg-block,  Instead of fixed-block,  procedures.  The 
dlsadvantage of this  change is that, wlth the Increased  capaclty,  there would be less  than one 
flx  per  aircraft In each  trafflc  lane.  Thls would entail  a  decrease In safety  under  the  rare 

However,  because of the  nature of milltary  operations, It would appear  that t h ~ s  factor could 
event  that  traffic  had  to be brought to a  complete  halt and all aircraft  had  to  hold 1n flight. 

block  system  is  Inherently  vulnerable to failure of commumcatlons or ground  navlgation  aids. 
be accepted  as  a  calculated risk of the  moving-block system. On the  other  hand,  any  fixed- 

Assuming  that  all  fixes  are  equally  spaced,  the  loss of one Intermediate  flx wi l l  double the 
maximum  block flymg tune and reduce  the  capaclty of the  airway by 50 per  cent  as long as 
strict  block  ruled  remain  in  force.  It  does  not  appear  reasonable  for a military  system to 
adopt  a  method of traffic  control which depends  on  the  perfect  operatlon of every component. 

airway  layout of the revised TDC smgle-lane  system  appears  preferable to the  revised 
Melpar  system due to  the  consequent  saving  in  route  mileage.  the  provlslon of a lower  mini- 
mum altltude  between  Libby  and  Nogales, and a  reductlon  m  alrway  trafflc  congestlon  between 
Libby  and  Mlller. 

5. If all smgle-lane  systems have too low a capacity  for  the  intended  purpose, It wll l  

wlth  present  navlgation  facllltles. If the  addltlonal  capaclty IS necessary,  the  Army  freeway 
be preferable to go Into  a  dual-amway  layout rather  than to decrease  aircraft  separatlons 

system  offers  a  dual-lane  configuration  which could  be establlshed  wlth  the  same  number of 
navigatlon  alds  used In the  revised  Melpar  system 

6 .  Tests  lndlcated  that  the  entire  alrway  system  can be controlled  from  a  single  agency 
In  the  mcinity of Corps In case  this  airway  control  agency  became inoperative. Its  function 
could  be  taken  over  from  any  other  location  whlch  had 

4. If it is decided to utilize  movlng-block,  instead of fixed-block.  control  procedures,  the 

a Complete  informahon  on  the  current  trafflc  sltuatlon 
b.  Adequate means  for communicatzng  with  the amcraft and ground  agencies  concerned 

Because of radio-coverage hmltatlons.  normally  it would be desirable  for  thls 
agency to be located  near  the  center of the  system  rather  than  at one end of the 
airway. 

~ 


