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T h ~ s  IS a techntcal  lnformatlon  report and does  not 
necessarlly  represent CAA pollcy In all  respects 



A  PRELIMINARY  OPERATIONAL EVALUATION O F  
VOLSCAN MODEL GSN-3 (XD-I)* 

SUMMARY 

Thls  report  descrtbes a prelrmmary  operatxonal  evaluatlon of the GSN-3 (XD-I) 
VOLSCAN equlpment  Thrs  equlpment was deslgned  as  the  tezmmnal-area  schedullng  and 
control  portion of a mllltary  trafflc  control and landlng  system.  The  evaluatlon  was  conducted 
by  the  Clvrl  Aeronautxcs  Admlnistratlon  Technlcal  Development  Center  durmg  May 1957, a t  

Massachusetts  The VOLSCAN equlpment  was  malntalned Jointly by  Navrgatlon  Laboratory 
the USAF Cambridge Research  Center's  Navlgatlon  Laboratory  on  Deer  Island,  Boston, 

personnel  and by the  contractor,  Crosley-AVCO,  representatlves  The  FPS-8  radar  on 
Deer  Island  provlded  the  radar rnput for  the  tests  Franklm Institute personnel.  under  con- 

tes ts ,  data-taklng,  and  data  analysle  Alrcraft for thls  program  were  furmshed by the U. s. 
tract   to the  Technlcal  Development  Center,  assrsted In the  plannlng  and  organlzatlon of the 

A i r  Force and CAA Control  posltxons  were  staffed by air  traffrc  control  speclallsts  from 
CAA operatmg  faclhtles  and  from  the  Technlcal  Development  Center  durlng  the  evaluatron 
tes ts  

tested at Deer  Island 1s not  sulted for apphcatlon  to  the  common  alr  trafflc  control  system In 
the following respects 

The  results of thls  prellmlnary  evaluatlon Indicate that the VOLSCAN equlpment 

1 Maneuvermg  arrspace  requlrements  are  greater  than ~ o s e  avallable In most  hlgh- 

2 The  equlpment  does  not  recognlee  and  Instruct a r c r a f t   t o  avold  hlgh te r ra ln   o r  

3 Controller  workload IS matenally  greater  than  that  requxred  wlth  present-day  manual 

4 The  safety  and  rehabllrty of the air trafflc  control  servlce, when  uslng VOLSCAN. 

5 The  rellablllty of tracklng by means of the  track-while-scan  gates w a s  very  poor. 

denslty  traffrc  areas  In  the Unlted States 

alrspace  reservatlons 

radar  control  procedures for denslties of trafflc of 3 0  to 35 arrlvlng  alrcraft  per  hour 

does  not  appear  as good as  the present  manual  radar  control  system 

Only 56 per  cent of the  alrcraft  targets  lnltlally  acqulred 1n the  tracklng  gates  were  tracked 
through a complete  run to the  dellvery  polnt 

6 The  aualrtv of radar  data  for VOLSCAN operatron IS more  crltlcal  than that requlred 
for  manual  radar  control 

7 The  method of assignment of  the  tracklng  gates to the  radar  target.  by  use Of the light - 
gun, r e q u r e s  excessLve  attentlon 

rnaklng  normal  approaches  and  landmgs  for  many  present-day  alrcraft 

-~ 

8. The  constant  alrspeed  requlred of alrcraft  under VOLSCAN control 1s not sultable for 

More  comprehenslve  evaluatlon  tests of the VOLSCAN equtpment a re  planned  at 
Eglrn A l r  Force  Base  durtng  1958 

INTRODUCTION 

VOLSCAN was  developed  to  satlsfy a U. S. Alr  Force  requlrement  for  rapld  recovery 

to  base at about the  same tlme,  and It 1s desirable to land  these  alrcraft  at hlgh rates 
of a l rc raf t  a t   an alr   base Large  numbers of a l rcraf t  on tactlcal  mlsslons frequently  return 

VOLSCAN 1s the  termlnal-area  schedulzng and control  portron of a proposed  trafflc  control 
and  landlng  system  In thxs system, It 1s proposed  to  place  returnlng  alrcraft  under  control 
of the VOLSCAN schedullng  equlpment  when  they  are 40 mlles o r  more  from  the  alr  base 
The VOLSCAN equlpment  then would dlrect   alrcraft  to arr tve  a t  an  approach  gate a few mlles 
from  the end of the  runway  wlth a spaclng of 30 seconds  between successive alrcraf t  

November 1957 
*Reprinted for  general dlstrlbutlon  from a llmlted  dlstrlbutlon  report  dated 



Force  Cambrldge  Research  Center  (AFCRC) and tested  at  Cllnton County A l r  Force  Base  (AFB) 
In Wllmlngton.  Ohlo,  durlng 1952 As  a result of experlence  gamed  wlth  thls  breadboard 
model,  speclflcations  for  a  prototype  model  were  prepared,  and  a  contract  was  later  awarded 

AN/GSN-3 (XD-I) VOLSCAN The first  of these  three  equlprnents  was  dellvered  to  the A l r  
to the  Crosley  Dlvlslon of AVCO Manufacturlng  Company  to  construct  three  models of the 

Force In  the  fall of 1956 I t  was  glven  englneermg  acceptance  tests  at  Cllnton  County  AFB. 
and  then  was  moved  to  Deer  Island  where It IS  installed In one of the  concrete  bunkers  An 
FPS-8  radar  on  Deer  Island IS used  wlth  thls  lnstallatlon of the VOLSCAN equlpment  Thls 
flrst model of the VOLSCAN was  used  for  the  evaluatlon  tests  descrlbed In thls report 

Center  (TDC)  as  part of an ANDB prolect  Further  evaluatlon  tests  are  being planned for 
Thls  evaluatlon  test of VOLSCAN was  conducted  by  the CAA Technical  Development 

the  second VOLSCAN unlt  whlch wlll be  Installed a t  Eglrn AFB In 1958 The  thlrd  model of 
the XD-1 1s to be dellvered  to  Wright-Patterson  AFB  at Dayton,  Ohlo 

The Navxgatlon Laboratory of the  AFCRC  has  prepared  speclflcattons  for  a VOLSCAN 
model, XD-2, whlch wl l l  Incorporate  greater flex1blllty than 1s posslble  wlth  the XD-1 models 
Although  the b a s x  phllosophy  remalns  unchanged,  several new features  are  lncorporated  In 
the XD-2 These  features  are (1) automatlc  volce Instruction, ( 2 )  a GKA-5 data-hnk 
coupler. (3 )  flexlble  belght  programmmg, (4) Independent  schedulrng for six airports. ( 5 )  auto- 
matic  velocity  correlatlon  between  alrcraft  and  computer,  and  (6)  Increased  accuracy of 
schedulrng  The XD-2 contract  speclflcatlons  call  for  the  production of two units 

ANDB, CAA. and  Industry  could  have  an  early  mdlcatlon of the posstble  apphcatlon of VOLSCAN 
to the  solutlon of termlnal-area  problems  The  test  procedures,  crlterla.  and  plans  were 
designed to apply to the  evaluation of any  automatlc  or  semlautomatlc  approach azd Although 

to  vlsltors, no attempt  was  made  to  restrlct   nsltors  from  the  operatlng  quarters  durmg 
I t  was not the  Intent of the prellmlnary  evaluation to "demonstrate"  the  operation of VOLSCAN 

the  conduct of the  evaluatlon 

A  breadboard  model of  VOLSCAN was  built by the  Navlgatlon  Laboratory of the A l r  

The  prellmmary  evaluatlon of VOLSCAN (XD-1) was  conducted at  Deer  Island so that 

TEST  OBJECTIVES 

The  prellmlnary  operational  evaluatron of VOLSCAN was  conducted to. 

1  SubJect  the  equlpment to  a  relatlvely  large volume of traffic  to determine If It meets 

2 Deterrpne rf the  equlpment, or some of Its component  parts,  can  be  Integrated Into 

3 Determlne If the  equlpment  wlll  funchon  under  exlstlng  clvll-mllltary  separatlon 

4 Evaluate  the  controller  workload  necessary  to  operate  the  equlpment 
5  Evaluate  the  equlpment  conflguratlon wlth respect  to  controller  coordmatlon 
6 Determlne  the  communlcatlons requirements, both  mterposltlon and air/ground 
7 Evaluate  the  dutles  and  responslbxhtles of each  posrtlon of operatlon 

9  Evaluate  the  serlollsness of known equlpment  hmltatlons 
8  Deterrnlne the maneuvermg alrspace  requlrementts 

specified capabllltles 

the  common  system 

standards 

These  obJectlves  were  not  all  accompllshed  fully In thm prellmmary  evaluatlon 

TEST  PERSONNEL 

AI= traffic  control  (ATC)  speclahsts  from TDC and the CAA Office of A l r  Trafflc 
Control, Washlngton.  and  personnel of F r a n k l ~ n  Institute Laboratorles  (FIL).  Phlladelphla, 
Pennsylvanla,  parttclpated In the  preparatlon of detalled t e s t  plans  Each of the  four 
domestlc  regtons of CAA supplied two experlenced ATC controllers  for  the  test 

data  obtalned  durlng  the  test  perlod  The VOLSCAN equlpment  was  malntalned  jolntly by 
personnel of the  Navrgatlon  Laboratory  and  the  contractor. Crosley-AVCO 

the  duratlon of the  evaluatlon 
at  Bedford,  Massachusetts  Also,  three  clvll  alrcraft  flown by CAA pllots  partlclpated  for 

FIL  personnel  aselsted  In  the  data  recordmg  and  made  a statistical analysrs of the 

Alr  Force  alrcraft   were provlded  for  the t e s t  by the AFCRC Test  Support  Squadrons 
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F i g  1 Block  Dlagram Showmg Major  Components of the AN/GSN-3  (XD-1) VOLSCAN 

THEORY OF OPERATION 

Several AFCRC reparts and  memoranda  conbln  detalled  descrlptlons of  VOLSCAN 
and  Its  assocrated  equlpment  Flgure 1 IS a block  dlagram  showlng  the  maJor  components of 
the AN/GSN-3 (XD-1) The  sketch  does not show all  of  the  equpments or all of the 
interconnections  between  the  components 

No speclal  alrborne  equlpment 1s necessary,  other  than  a rad10 transmltter and 
recelver  capable of operatlon  on  the authorized prlmary and  secondary  frequencles  The  am- 
craft  can be of any  type  capable of crulse  velocltles  between 70 and 550 knots, however,  each 
alrcraf t  IS requlred  to  malntaln  a  speclflc  lndlcated  alrspeed  correspondlng  to one of the 
c r u s e  veloclty  categories of the VOLSCAN system  These  categories on the XD-1 model  are 
B O ,  100, 120, 160, 200, 240, and 280 miles  per hour  (mph).  and 290. 350, 420, 500, and 550 
h o t s  Ancraft   descent  rates  must conform to one of the following rates of descent 500 
feet  per  mmute (fpm),  1,000 fpm, 2.000 fpm, or 4,000 fpm 

X and Y coordrnates of the  dellvery  polnts  to  whxh  the  alrcraft wlll  he dlrected and the 
headmgs for fmal approach Up to SIX different dellvery  polnts  may be used  Dellvery  may be 
made  to  any  point  whlch 1s at least  4 mlles  from  the  radar  and no fdrther  away  than 25 mlles 
These  dellvery  polnts  usually  are  llmlted  by  the  low-angle  coverage of the  radar,  slnce  an 
adequate  radar  signal  must be available for  each  alrcraft  durlng  the  entlre  portlon of the 
controlled  fllght  Care  must be exerclsed  In  the  selectlon of the  flnal  approach  headlng  to 
Insure  that  the  alrcraft  fllght  path  does  not  pass wvlthm 4 mlles of the  radar,  because  the 
VOLSCAN cannot track or control  fllghts  wlthln  thls  area 

frequency when  wlthln 60 statute  mlles of the radar A controller  at one of two traffic  consoles 
establlshes  communlcatlons,  ldentzfles  the  alrcraft on a  radar  dlsplay,  and  asslgns  a 

1 

Prlor   to  the use of  VOLSCAN at  a glven  lnstallatlon, lt IS necessary to estabhsh  the 

The  pllot of an  approachlng  alrcraft  contacts  the VOLSCAN unlt on the  prlmary rad10 

(VOLSCAN), I '  Operatlonal M e m o  No 4, March 1957 
'Phylls M Barnes,  "Control  Concept  for Alr Trafflc  Control AN/GSN-3 (XD-1) 
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Flg 2 Trafflc  Operator's  Console 

track-whlle-scan  gate (ANTRAC) to  the  radar  target  Each  traffrc  console is provlded  with 
a 16-inch  Plan  Posltion Indicator (PPI)  scope, a communicatlons  panel,  and a tracking  and 

the  selected  radar  target Figure 2 IS B photograph of a traffic  console  After  establishing 
computing  control  panel A llght  gun IS provlded  for  slewlng  the  track-while-scan  gate to 

flight-path  computer  (DATAC)  through  the  control  panels  These  data  consist of the  present 
communlcat1ons.  fllght data are  requested  from  the  plot.  and  these  data  are  entered  into a 

altitude of the  aircraft,  the  deslred  descent  rate,  and  the  cruse  veloclty When all  pertinent 
informatlon  has  been  entered,  the  fllght-path  computer  "start"  button 1s actlvated 

headlngs  from a relay  operator at one of the  relay  desks  The  fllght-path  computer  selects 
The  pllot IS requested  to  change  to  the  secondary rad10 frequency  and  obtams  vector 

the  earlrest  possible  time of arr ival  whlch  does  not  confllct  wlth  alrcraft  already  schcduled 
Altitude  and  rate of descent  are  consldered  in  the selection of the  earllest   possible  arrlval 
tune  The  aircraft   f irst  IS turned  away  from  the  dellvery p o d  untll it reaches a position 
where a dlrect  path  to  the  "turn  circle" w d l  cause  the  alrcraft to ar r lve  on schedule  at  the 
delivery  point  As  shown  In Flg 3, jet   aircraft   are  directed to fly  to a tangent  point on the 
nearest  12-mrle-diameter  turn  clrcle,  and  propeller  ailcraft  are  directed  to a tangent poxnt 
on the  nearest  6-mrle-diameter  turn  clrcle  The  established  final  headlng  serves  as a center 

consoles If the  aircraft skrtmg position Is left of this center  line, It 1s directed to fly  to 
line of the computer's  geometry, and it also delineates the  control  areas fo r  the two traffic 

Fig 3 Final Turn  Circle6 
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F l g  4 Fhght  Path  Computer Output - Relay  Operator  Panels 

the  approprlate  right-hand  turn  clrcle  The  dlameters of the  clrcles  are  designed not 
to  exceed  standard  rate  turns  for  the  dlfferent  alrcraft  speeds 

prlorlty  process 1s actlvated,  the  alrcraft 1s automatically  scheduled  for  dehvery ln the 
tlme  slot  whlch  allows It to fly  a  direct  path ta the  turn  crrcle  even though the  time  slot 

a l rc raf t  1s automatically  dlsplaced  to a later unoccupled  tlme  slot No other  alrcraft 
already  may  be  asslgned  to  another  alrcraft When thls  condltlon  occurs,  the  non-emergency 

schedules  are  affected by thls  process 

panel  serving  each  fllght-path  computer  See  Fig 4 The  panels are  located on desks  whch 
a re  posltioned s o  that 4 operators  can  relay  the  rnstructions  appearlng on the 14 relay  panels 
The  lnstructlons  to be relayed  to  the  pilot  appear  at  the  relay  panel  on  meters,  mdrcators. 

which allows  the  relay  operator  to  remlnd  the  pllot of the  altltude that VOLSCAN expects h m  
and  lamps  These  Include  headmg  mstructlons.  descent  lnstructlons.  and  an  altttude  dlsplay 

to be  flying at  anymoment  There  also 1s a "cockplt  check"  reminder  lamp.  a  lamp  indicator 
to  inform  the  relav  onerator of eau imen t  malfunctlonmp.  and  a l a r n ~  which llehts when the 

Prlorlty  schedullng 1s possible  for  emergency  sltuatrons When the emergency 

The  output of the  fllght-path  computers is dlsplayed on the  relay  panels,  with one 

~~ , .  
pllot  should  be  instructed  to  take  the hnal approach  heading 

~* . _. I 

THE VOLSCAN EQUIPMENT DOES  NOT AUTOMATICALLY PROVIDE  SEPARATION 
BETWEEN  AIRCRAFT IN THE MANEUVERING AREA. The  controller  at  the  trafflc  console, 

polnt If an  unpendlng  confllctlon is noted, he may  actlvate  swltches  whlch  light  the  traffic 
startlng  an  amcraft  into  the  system, IS expected  to  monitor  each  alrcraft  Into  the  delivery 

informatton  lights on the  relay  console  These consist of three  red  lamps  at  the  top of each 
relay  panel In mstrument  fllght  rule  (IFR)  conditions,  these  can  be  used  to  indlcate  to  the 
relay  operator that the a l rc raf t   shodd be  turned left or  right  In  vlsual  fllght  rule  (VFR) 
conditions they  may  be  used  to  Indicate  traffic at 10, 12. or 2 o'clock 

schedule  asslgnments  made  by  the  schedule  unlt  The  monltor  posltlon  has  a  19-inch  PPI 
radar  mdrcator,  a  time-sltuation  panel, a channel-situatron  panel,  and  controls  for  settlng In 
the wmd veloclty  and  dlrectlon  Whenever one of the two traffic  consoles  "starts"  an  aircraft 

vatlon 1s dlsplayed by means of llghts on the  tune-sltuatlon dlsplay  panel  along  wrth  the 
Into  the VOLSCAN system  and  the  schedule  unlt  selects  and reserves  a time  slot,  thls  reser- 

selected cruise velocity of the  scheduled  aircraft  The  monitor  operator  can  reserve  time 
slots  for  alrcraft  takeoffs  or he can  Increase  the  tune  interval  between  successlve  amcraft 
by operating  swltches at the  the-sltuatlon  panel  For  example, If a fast   a i rcraf t  18 following 
a  slow  alrcraft,  the  monitor  operator  should  delay  the  scheduled  arrival of the fast a l rc raf t  

AFCRC  concept, the monitor  shares  the  responslbility  for  coIlislon  preventlon  wlth  the 
by blocking sufficient tune  slots  to  prevent  overtake on the f ina l  approach  course  In  the 

trafflc  console  operators 

A monltor  console,  Fig 5. 1s provlded  to  permit  eupervlrlon  and  modiflcatlon of the 
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F l g  5 Monltor  Console 

TEST CONDITIONS 

The VOLSCAN equlpment  at  Deer  Island  was  located In a concrete  bunker  formerly 
used  for  coastal  defense guns The  layout of operatmg  consoles  and  equlpment  was  dlctated 
somewhat  by  the  space  avallable,  and  was  not necessarily an optlmum  arrangement  for good 
controller  coordlnatlon  between  osltlons  Only seven tracking  gates  (ANTRAC's) and 
fllght-path  computers  (DATAC1sywere  avallable  for  the  evaluatlon  tests  Thus. a maxlmum 
of seven  alrcraft  could be  controlled In the system at one tlme 

Alr/ground  comrnunlcatlons  facllltres  were  llmlted  to two very hlgh  frequency  (VHF) 
and two ultra hlgh  frequency  (UHF)  channels.  wlth  the  rnllltary  alrcraft  using UHF and the 

the  traffic  consoles  The  second UHF channel  was  used  as  the  secondary  frequency  at one 
c l v ~ l  a l rc raf t  VHF One UHF channel  was  asslgned  as  prunary  frequency  for use at  one of 

of the  relay  porltlons  Slmllarly. one VHF channel  was designated as  prlrnary for  the c lvd 
alrcraf t  and  was  used by the  controller  at  the  second  trafflc  console  The  second VHF 
channel  was  used  as a secondary  frequency by the  second  relay  operator 

tests  were  conducted In VFR weather  condltlons  For  the  same  reason,  an  actual  alrport 
To m1nlrnw.e Interference  wlth  other  alrcraft  operatlons In the  Boston area,   a l l  

was not used  except  for  the  last  test when approaches  were  made  to  Logan  Alrport  at  Boston 
In this preliminary  operatzonal  evaluatlon of VOLSCAN, a declsion  was  made  to 

lnvestlgate  three  termlnal-area  modes of operatzon (1) the  smgle-stack  operatlon, ( 2 )  the 
dual-stack  operatlon.  and (3 )  the multiple-flx o r  random-plckup  operatlon  The  conflguration 

mar,ker was simulated a t  the  Boston  Llght  Shlp. and the  dellvery  polnt  was  placed  at a polnt 
of holdmg f x e s  used m the  smgle-  and  dual-stack  operatlons 1s shown In F l g  6 An outer 

three-fourths  mile  east of the  hght  shrp on the east  course of the  Squantum  Range  The 

the  placement of termmal-area  &ds  However,  these  locatlons d1d not  provlde  enough 
smgle- and dual-stack  locatlons  shown In Flg 6 met wlth  the crlterla  presently  observed m 

maneuvering alrspace  for  proper VOLSCAN operatlon  In  the  lnltlal  tests wlth  these  close-ln 
stacks,  a trackmg gate  was  asslgned  as  soon  as  the  alrcraft  was  observed  and  ldentlfled 
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F l g  6 Twm  Geographical Holdmg Fix Arrangement  Used  Flrst  for 
VOLSCAN Tests 

leavmg a holdmg  flx  By  the  tlme  the  alrcraft had been  advlsed to change  to  the  secondary 
frequency,  and by the  time  the  monltor  had  observed  the  scheduled  reservatlon  for  the a n -  
craf t  and modlfied It as  necessary,  the  alrcraft  was  very  close  to  the  turn  clrcle and an 
extenslve  delay  pattern  was  necessary  to  establish  the  desired  Interval  between  alrcraft  at 
the  delivery  pomt On subsequent  days,  the  holdlng  flxes  were  moved  to  points  farther  away 
from the  dellvery  pomt  (Lawrence and South  Weymouth In Fxg 7 )  and the  operatron  was 
Improved  The  conflguratlon  planned  for  the  multlple-flx or  random-p~ckup operation 1s 
shown In F l g  8 In  addltlon to Lawrence  and South Weymouth. the  Bedford  outer  compass 
locator,  the  Frankhn  fan  marker, and the  Boston LF  range  station  were  used  as  feeder  flxes 
For thls  conflguratlon,  the  Logan  outer  marker  was  to be used  as  the  delivery  polnt for 
approaches  to  Runway 4 at  Logan  Alrport 

mllltary  system. dl tests  were  based on the  use of ANC radar  separatlon  standards  These 

by the  users of the  alrspace  (alrcraft  operators).  require a  basxc mln l rnm of 3 mdes  la teral  
standards,whlch  have  been  agreed to by  the  responslble  Government  regulatory  agencles  and 

Since  the  equlpment  was  bemg  tested  for  posslble  appllcatlon  to  the  common  clvll- 

... 

FLg 7 Twm Geographzcal Holding FLY  Arrangement  Used  Subsequently  for 
VOLSCAN Tests 



Flg 8 Example of P e r m e t e r  FIX Layout  for VOLSCAN Tests 

VOLSCAN equipment IS, prmarlly,  a  schedullng  devlce  for placlng  alrcraft  over a dellvery 
separatlon between aircraft  as  observed by radar,  o r  1,000 feet  vertlcal  separatlon The 

paint  at  Intervals. and It does  not  compare  the  posltlons  and  paths of amcraft. o r  detect 
potentla1  colllslons  and  automatically  warn  the  controller of these   s~ tua t~ons   The  two 
controllers  operatlng  the  trafflc  consoles  were  requlred  to  follow  closely  all  alrcraft on the 
PPI radar  dlsplays  to  determlne If the  VOLSCAN-generated  fllght  paths wodd  cause  unsafe 
or  less-than-standard  separatlon  mxnlmums  In IFR operatlons, If an unsafe  sltuatlon 

would be requlred to swltch on the trafflc lzghts to mdlcate mergmg  trafflc  at IO, 1 2 ,  or 
developed, o r  If I t  appeared that a conflactlon mlght  occur, the  trafflc  console controller 

2 o'clock  The  relay  operator observing these  llghts would be  requlred  to  advlse  the  alrcraft 
of thls  trafflc  mformatlon  and  to  Instruct  the  alrcraft In questlon  to  swltch  back  to  primary 
frequency so that the  trafflc  console  controller could  manually  vector  the  axrcraft  out of 
danger  Thls  process 15 consldered to be very  cumbersome, and the  time  lag  lnvolved  could 
result  In crltlcal  sltuatlons  In TDC tests,  conducted  under V F R  condltlons,  the  hghts  were 
used  to  rndlcate  trafflc to the left, straight  ahead, or to  the  rlght 

Slnce,  wlth ANC separatxon  standards.  the  basw  3-mlle  mlnzmm  separatton LS 
requlred  all  the way to touchdown, It 1s necessary to  use  much  more  than  30-second  spacmg 
at  the  dellvery  pomt on the  final  approach  course  for  normal  ancraft  approach  speeds 

separat~ons  at  the  dellvery  pomt  for  the  var~ous  sequences of Slow ( S ) ,  Medlum (M). Fas t  (F), 
and Jet  (J) alrcraft  These  separatlons  were  computed for the  condltlons of (1) zero 

of three  rnlles, (4) no speed  control on the  ghde  slope, and (5) on the bas15 of average 
headwlnd, (2) a  seven-mlle  dellvery  polnt to runway distance, (3)  a  mxnmurn  radar  separatlon 

approach  speeds  and  rates 

fllght  bemg  scheduled  wlth  the  speed of the  precedmg  alrcraft He then would block  sufflclent 
15-second trne  Increments and reschedule  the new fhght, If necessary, by operatlon of the 
swltches on the  tune-sltuatlon  panel  to  provlde  the  requlred  Interval  between  alrcraft  at 
the  dellvery  pomt  for  malntamlng a minumum 3-mlle  separatlon  to  the  runway 

Tables I and I1 were  prepared to assls t  the  monltor  In  estabhshlng  the  mlnlmum 

It  was  the  responslbllity of the  monitor  operator to compare  the  speed of each new 

DATA RECORDING 

Alr/ground  communications on the two VHF channels  and two UHF channels were 

messages Also, a  record of total  llve  tlme on each  channel was made  The vanous control 
recorded on tape durlng  the  test, and an  analysls  was  made of the number  and  length of 

functlons  were  tlmed  wlth 5tOp watches  Photographs  were  made of the  Indxcator on a  frame- 
per-antenna  scan  babls  durlng  the  test perzod  The  fllght  path of each VOLSCAN-controlled 
amcraf t  w a s  recorded on a VG plot  Data  also  were  complled on the  followmg 
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Speed  Class 

TABLE I 

AJXCRAFT  PERFORMANCE  CATEGORIES 

Approx Hold 
and Approach  Intermedlate 

Speeds 
Average 

(mph)  (knots)  (mph)  (knots) 
Speeds  Descent  Rate 

(fpm) 

I20 104 150 130 500 

140 122 190 165 1000 

150 130 220 191 1000 

200  174 280 243  2000 

240  209 333 290 4000 

Average  Rate 
of Turn 

(deg /set 1 
3 

3 

3 

3 

1 1 /2  

pomt (If holdmg  stacks  were  used,  the  tlme of entermg  the  holdmg  stack  also  was  recorded) 
1 The tmne  and altltude  each  alrcraft  left  Its  feeder flx to  be  vectored  to  the  delivery 

arrlve  at  the  delivery  polnt 
2 The tlme  each  alrcraft  was  orlglnally, and also  fmally.  scheduled by VOLSCAN to 

3 The  actual  tlme  each  alrcraft  arnved  at  the  delivery  polnt 
4 How closely  the  alrcraft  was  ahgned on the  flnal  approach  course  at  the  dellvery  pomt 
5 The  number of tunes,  and the  clrcumstances  under whxch. amcraft had less  than  the 

6 Wmd and alr  denslty 
7 Controller  comments and workload 

prescrlbed  3-mlle o r  1,000-foot  altitude  separatlon 

8 Pllots'  comments 
9 Number of tlmes.  and  clrcumstances  under  whlch.  an ANTRAC was not  avallable 

track  because of the 14  1/4-mmute  llmit of the  scheduler 
10 Number of tunes,  and  clrcumsfgnces  under  whlch,  alrcraft  could not he asslgned a 

11  Intercontroller  coordmatlon 

assistant and an  observer w e r e  asslgned  to each  posltlon for data  gathenng and for  coordlnatlon 
The control  personnel were rotated through  each of the  posltlons of operatlon An 

between  posltlons  Slnce transmitter facllltles  were  hmlted,  each  amcraft  was  returned  to 
the  prlmary  frequency  as  soon  as a run  had  been  completed, and the  alrcraft  was  directed 
to  the  startlng  pomt  for  the  next  run  by  the  trafflc  console  operator 

reluctant  to reduce speed  to 240 mph  unless  commltted to a landzng 
Data on  the operatlon of the €3-47 alrcraft   were not tabulated  because  the  pllot  was 

TEST  RESULTS 

Table I11  1s a summary of the  tests  for  each  day  showlng  the  alrcraft  partlclpatlng 
Although  detalled  trafflc  samples had been  prepared for the  test  program, It was 

lmposslble  to follow the  schedule  because of the  lack of knowledge as  to  the  exact  number  and 
types of alrcraft  that would he avallable on a  glven  day,  and  because of the  many  dlfflcultles 
experlenced  wlth  the  trackmg  gates In locklng-on  and  contmuously  tracking  the  alrcraft  radar 
targets Equipment malntenance  problems and adverse  weather  reduced  the  total  tlme 

three o r  four  alrcraft  near  one of the  entry  fixes  where  they were  scheduled In rapld  succes- 
avallable  for  operatlonal  tests At  varlous  tunes  durmg  the tes ts ,  I t  was  posslble  to  rally 

slon  to  create a trafflc  problem The following results  were recorded  durlng  the  test  perlod 
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Total  number of runs  attempted 216 

Total  number of runs  deltvered to the  dellvery polnts 
Total  number of runs on whlch  tracklng  was  Inlttated 207 

P e r  cent of targets  entered which were  dellvered 
116 
56 

Number of runs  by  beacon-equpped  alrcraft 
Number of runs dellvered 

132 
E 1  

Per  cent  dellvered 61 

Number of runs  by  non-beacon-equlpped  alrcraft 
Number of runs  deltvered 

75 
35 

Per  cent  dellvered 47 

Reason  for  Incomplete Run No of Runs 

Gate  stolen by radar  lnterference 66 
Gate stolen by permanent  echo 
Gate stolen by shtp  echo 

6 
5 

Gate stolen by  another  alrcraft  return 
Varlous  malfunctlon of radar equipment 

3 

Loss of communlcatlons 
4 

Avoidance of confllctlon  (controller InLtIated) 
4 

Alrcraft too fa r  off schedule 
1 

Monltor  operator  fltpped wrong swltch 
1 
1 

91 
- 

not  completed  because  the  tracktng  gate left the  target due to  lnterference  from  other  radars 
Approxlmately 70 per cent of the 91 runs whlch were  started,  but not completed,  were 

Flgure 9 shows  photographs of the  radar  lndrcators  wlth  typlcal  condltlons  encountered  The 

provlde  an  adequate  tnput for operatlon of the  tracklng  gates 
Plper Apache presented a marglnal  radar  target  whlch  frequently w a s  not sufflclently  strong to  

Indlcator Wlthout Interference 

Flg 9 Photographs of Radar Indicators Wlth and Wlthout Interference 
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TABLE I1 

MINIMUM SEPARATIONS AT  7-MILE  DELIVERY  POINT 

(Zero Wlnd, 3-Mlle Mlnmum. No Speed  Control) 
(5-MILE DIST.) 

Sequence 
No 1 No 2 

Dlst Sep. 
(stat   mlles) 

Time  Sep  Tlme Sep 
(mmutes)  (1/4-mln  Increments) 

S 

M 

F 

C J  

M J  

NOTES 

M 
s 

F 
CJ 
MJ 

M 
S 

F 
C J  
MJ 

M 
S 

F 
C J  
M J  

M 
S 

F 

M J  
C J  

M 
S 

F 
C J  
M J  

5 9  
4 5  

6 6  
8 7  

11  0 

4 5  
3 3  

5 1  
7 7  

10 0 

4 0  
3 0  

4 5  
6 9  
9 0  
3 0  
3 0  

4 5  
3 0  

7 0  

3 0  
3 0  
3 0  
3 0  
4 5  

2  25 
2 55 
2 70 
2 90 
2 75 

1 67 

2 04 
1 93 

2 63 
2 50 

1 50 
1 75 

2 25 
2 3 0  

1 50 
1 29  
1 20 
1 50 
1 75 

1 50 

1 20 
1 29 

1 no 

1 00 
1 12 

10 
9 

11 
1 2  
11 

7 
n 
a 

11 
10 

6 
7 
7 
9 
9 
6 
5 

6 
5 

7 

6 
5 
5 
4 
5 

1 Theoretlcal maximum sustained  acceptance  rate for the  above 
separatlons  averages 32 per  hour.  or  an  average  Interval of 

and  correspondmg  condltlons,  the sustained acceptance  rate 
113  seconds For a dellvery  polnt-to-runway  dlstance of 5 mlles 

would  be 38  per  hour,  an  average  mterval of about  95  seconds 

2 Headwlnds wlll  decrease the acceptance  rates  clted In 1,  above, by 
a factor of Vw/172.  where  Vw 15 the fmal approach  headwlnd 
component In  mph 

The  Interval  between  the  scheduled  arrlval  tlme  and  the actual arrlval  tlme at the 
dellvery  pomt  was  measured  wlth a stop  watch for  each  completed  run  The  dtstrlbutlon of 
these  Intervals 1s shown  In F t g  10  During  the t e s t  program.  when  large  but  conslstent 
e r r o r s  between  scheduled  and  actual  times  were  experlenced.  the  monltor  operator  attempted 
to, and  usually  was  successful m. reduclng  these  errors on subsequent  aircraft by adpstlng 
the  slngle  average wmd settlng  In  the  computer Some la rge   e r rors  were  due to temporary 
loss  of the  trackmg  gate  on  the fmal turn near  the  dehvery  pomt  Although these measurements 
give some lndicatlon of the  spread of tlmlng  errors  whlch  may be experlenced, I t  1s beheved 
that  the tests were mot of sufficient length to determine a statlsttcally  vahd  tlmmg-error 
dlstrlbutlon 
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TABLE 111 

SUMMARY OF TESTS 

Wmd Alrcraft  
Attempted 
N o  Runs 

Completed 
N o  Runs Date  Conflguratlon 

May 1957 

21 Twln  Stack 

22 Twin  Stack 

22  Twin  Stack 

24 Tw1n Stack 

24  Twln  Stack 

28  Twm  Stack 

28 Perlrnetrr FIX 

NE  at 25k A€  796, A F  085 
X 70p. X 182 

NE at 23k A€  443, X 70p 

NE at 2511 AF 796, AF 085 
AF 443,  A€  514 

X 70p. X 182 

W a t  40k AF 085. A F  443 
AF 514. AF 828 
A F  812.  X 70p 

x 182 

WNW at 35k A F  085. A F  443 
A F  514, A F  828 

A€ 327. X 70v 
AF 812. A€ 796 

x 182- 

W a t  17k AF 796. AF 085 
X 70p. X 182 
x 7  

WSW at 24k A F  812, A F  514 
AF 085. X 182 

25 13 

12 7 

56  27 

30 17 

44 23 

32 

17 

Total 216 

Alrcraft  Partlclpatlng III Test  Program  and  Crmse  Speeds  Used  In  Tests 

A F  796  C-131 -------- 
A F  085 
A F  443 

c-47 _ _ _ _ _ _ _ -  
A F  828  BCFT -------- c-54 _ _ _ _ _ _ _ -  
AF 514 B-47 -------- 
A F  812 C-131 -------- 
A F  327 B-25 _ _ _ _ _ _ _ _  

x 182 
X 70p Plper  

x 7  Twm 

DC -3 _______-  
Apache ______--  
BCFT ____---- 

Z O O  mph 
160 mph 
160 rnph 
120 mph 
290  knots 
200 mph 
200 mph 
160 mph 

120 mph 

120 mph 

21 

8 

- 
116 
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Fig 10 Data on 116 VOLSCAN Fllghts Showlng Devlatlons  In  Seconds  from 
Scheduled Tune  Over  Dellvery  Gate 

Of the 116 completed runs. 45 were  observed  to be 1,000  feet or more  to the right or 
left of the  dellvery  polnt Flgure 11  shows  the error dlatrlbutlon  These data  were  obtamed 
from  the VG plots  made  durlng  the  run  These  data  also are based on a relatlvely  small 

tests 
sample and may not  be  indlcatlve of results whlch  mlght  be  obtaloed  from  more  comprehensive 

Flg  11  Data  on 116 VOLSCAN Fllghts Showlng  Dxstance  to  Rlght 
o r  Left of Dellvery  Polnt 
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followmg  results 
A few hours of the  ground/alr  communlcations  recordlngs  were  analyzed  wlth  the 

Prlmary  Frequency  (used by trafflc  operator) 

Average  number of messages  per  alrcraft 
Controller 3 
PllOt 3 

Average  communicatlon  tune  per  alrcraft 
Controller 20 seconds 
Pilot 6 seconds 

Commmlcatlons  lnvolvlng  lnitlal run assignments  were not  lncluded In the  above  data 

Secondary  Frequency  (used by relay  operator,  almost  all  ground-to-am) 

Average  communications  tlme  per  alrcraft  (minutes) 
Average  number of messages  per  aircraft  29 

Average  number of heading  changes  per  alrcraft 25 
2 

Flgures 12, 13, 14, and 15 a re  VG plots of some  typlcal runs In Fig 12, Run 42 

started wlth a ratlo of tlme  scheduled  to  tlme  dmect, R =!S = 1 65, and thus r equred  a 

conslderable  delay  Its  stretched  path IS apparent  in  the pqot Flgure 13 shows a normal 
run (No 51). a run  whlch was started  but  stopped due to the loss of the  trackmg  gate (No 52). 
a run whlch  was  completed but had  to  be  reslewed  twice (No 53). and a comple td  run wlth 
an  Irregularly  shaped  path  (reslewed  once) (No 54) 

t 

F l g  12 Plots of Alrcraft   Tracks  from VG Radar Indicator 
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RUN 

Flg 14 Plots of Alrcraft Tracks from VG Radar Indicator 
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F l g  15 Plots of Alrcraft  Tracks  from V C  Radar Indicator 

The  workload of the  controllers  at  the  trafflc  consoles  was  very  hlgh  After 
estabhshlng  radlo  communlcatlons  and  ldentlfylng  the  aircraft on the  radar  mdlcator,  the 
controller  selected  the  deslred  video  (normal  radar,  MTI, or beacon)  on a vacant  tracklng 
gate (ANTRAC) panel,  depressed a "slew"  swltch  wlth  one  hand,  and  wlth  the  other hand almed 
the  hght gun at  the  radar  target  To  acqulre a target,  I t  1s necessary  to accomplish the above 
whlle  the radar  antenna  scans  through  the  target If radar  returns  are  poor, or other  targets 

lnltlate  trackmg A "gate  wldener"  button  may  be  depressed  to  expand  the size of the  tracklng 
a re  wlthxn the  gate  area, It may be necessary  to  repeat  thls operation more  than  once  to 

gate  to  asslst  In  acqulrmg  the  target Knowledge of a successful or unsuccessful  acqulsltlon 
of the  target by the  tracklng  gate 1s not known untll the next  scan of the antenna 

Inserted  thls  mformatlon  into  the  trackmg  channel by turnlng a swltch  to s e t  In airspeed and 
After  obtalnlng  cruislng  speed and rate of descent  deslred  by  the  pllot,  the  controller 

by pushlng a button  for  rate of descent 

sultable  posltlon  for  starting a run,  the  "start"  button on the  tracking  channel  was  actlvated 
After  accompllshlng  the  flrst two steps  and  observmg  that  the  alrcraft  was  In a 

Thls  caused  the  lnforrnatlon to be Inserted Into the  flight-track  computlng  unlt and the  alrcraft 
schedulmg  unlt, and slmultaneously.  caused  an  alert  lamp  to  llght on the  assoclated  tracklng 
channel  panel on the relay  desk  The  trafflc  console  controller  then would ask the  pllot to 
change  to  the  relay  operator on the  secondary  frequency 

rnonttormg  the  movement of each  alrcraft  and Insuring that  the  asslgned  tracklng  gate  stayed 
on the  proper  radar  target If the  deslred  target  approached a clutter  area or other  targets. 
the  controller would select  other  vldeo  for  the  gate  to  work  on, or  swvltch the  gate  onto  the 
"coast"  mode  from  the  "automatlc  tracklng  mode  untll  the  target  had  passed  through  the 

be  used  to ass ls t  In re-acquxrlng  the  target  In  many  cases it was necessary  to  "reslew" 
clutter  area If the  tracklng  gate  falled  to  follow  the  target,  the  "gate  wtdener"  button  could 

the gate  onto  the  target 
In  addltlon  to  the  above,  the  controllers  at  the two traffic  consoles  were  responslble 

for  provtdmg  separatlon  between  all  aircraft  under  control If It appeared a confllctlon  was 

Throughout  the  balance of the run, the  traffrc  console  controller  was  responsrble  for 
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about  to  occur In the  vector  area,  the  controller  actlvated  the  trafflc  confllct  switches whlch 
llghted  lamps on the  assoclated  panel  at  the  relay  operator  posltlon If It appeared  necessary, 
the  controller  then would ask  the  relay  operator  to  change  the  alrcraft  back  to  the  prlmary 
frequency  for additzonal manual  vectorlng 

o r  radar  Interference.  presented a very hlgh  workload For  traffic  densltles of 30 to 35 
arrlvals  per  hour, It appeared  thls  workload would be much  hlgher  than  that  requlred rn 

also  must be  much  better  than 1s requlred  for  manu1  vectorlng 
normal  manual  radar-vectormg  procedures  from  close-In  stacks  The  quallty of radar  data 

controller and the  pllot of the  alrcraft. whlle  the latter 1s on the  secondary  frequency 

trafflc  sltuatlons  Thls  problem  was compounded  by poor communlcatlons  faclfitles  for 
recelvlng  headlng  mstructlons  from  the  relay  operator,  could  result In serlously  unsafe 

coordlnatlon  between  the VOLSCAN posltlons of operatlon  To  talk on the  mtercommunlcatlon 
clrcult, I t  was  necessary  to  actuate a sprmg-loaded  toggle  swltch on the  lower  part of the 

another  posltlon  and  throughout  the  conversatron  for both talkmg  and  llstenlng 
console  about 12 Inches  above  the  floor  Thls  swltch  had  to  be  held down manually  to  slgnal 

Under  the test  condltlons  usmg ANC separation standards,  the VOLSCAN schedulmg 
umt  and  the  tlme-sltuatlon  dlsplay on the  monltor  console  could not accommodate  more  than 
5 to 7 alrcraft  at a tlme  Alrcraft  can be scheduled  for  only  14  1/4  minutes  ahead  Normally. 
durlng  the  test  perlod a steady flow of a l rcraf t  could  not  be  produced  Varlous  factors  con- 
trlbuted  to th~s lncludlng  unrehable  operatlon of the  tracking  gates,  the  limlted  number of 

A/G communlcatlons,  lnadequate plot  briefmg.  and  the  use of geographlcal  polnts  for  feeder 
alrcraft  avallable. a llmlted  number of tracklng  channels,  hmlted  and,  in  some  cases,  unrehable 

flxes  rather  than  radlo  navlgatlonal  facllltles 

Accomphsblng  all of the above dutles  for  several  alrcraft,  under  condltlons of clutter 

It  was  felt  that  lack of lmmedlate A/G communlcatlons  between  the  traffic  console 

CONTROLLER COMMENTS 

a dally  record of the  posltlons  they  had worked,  the  amount  of  time  they  had  worked  each 
In the  brleflngs  whxh  preceded the  flight  test,  the  controllers  were  requested  to  keep 

posltlon, and any  comments  pertalnrng  to a partlcular  posltion of operatlon  It  was  suggested 
that  they  make  notes of speclfic  trafflc  sltuatlons  wherein  the  equipment  handled  the  Job  well, 
o r  was  hmrted In ablllty to handle  them At the  end of the  test  program,  each  controller 

ments and note  any  features of VOLSCAN whlch  rnlght  have  appllcatlon  to  present  or  future 
fllled  out a lengthy  questlonnalre, and was  asked to recommend  equlpment  changes or Improve- 

a1r trafflc  control  systems  The  followmg  statements summarize the  comments  made  by  the 
controller  personnel 

equlpment  They  stated  that  the  workload  requlred  for  contlnuous  monltorlng of the  tracking 
1 The  controller  personnel  commented upon the  need  for  rellable  track-while-scan 

gates,  to  msure  rellable  tracklng of the  proper  target. and In reslewing and coasting  the 
gates  through  clutter and past  other  targets  represented a maJor  workload  at  the  control 

coded  beacon  replles,  data  links, or posslble  addltlon of altitude  data  derived by radar to 
posltlons  Suggestlons  for  improved  rellabtllty of trackmg-gate  operatlon  Included  use of 

dlscrlrnlnate  between  targets that overlap  The  Initla1  asslgnment of trackang  gates  to  radar 
targets  was considered too dlfflcult  and  demanded  too  much  attentlon  Suggested  Improvements 
Included a plnpolnt of light on the  scope  to  lndlcate  to  the  controller  where  the  llght gun was 
polntmg, or  some  means of making  the  gate  vlslble  during  the slewwlng process 

catlons  wlth  the  alrcraft. and the lack of mtercommunlcatlons  between  operating  posltions 
All  felt  much  could  have  been  done  to  improve  the VOLSCAN evaluatlon  by  some  work on 
communicatlons 

for  a VOLSCAN operatlon was excessive and  too  large  for  most  clvll  alrports 
3 All of the controllers  lndlcated  that  they  felt that the  maneuverlng  airspace  requlrement 

4 Several suggestions were  made  for  rearrangement of the  operatmg  controls and 
reposltxoning of the  Indicators  These  Included  the  lowerang of the Indicator to an easler 
viewmg  angle. a change In the wind settmg  controls  such  as  havlng  the "0" settmg  lndl- 

critical  controls  to  avold  acctdental  or  unlntentlonal  operatlon 
catlng  north  rather  than  the  fmal  approach  headmg, and a relocation of the  Important or 

5 A l l  controllers  lndlcated  that  they  felt It was  tmperatlve  that  one of the  posltxons  have 

to  take  over  manually  and  overrlde  the  computer  lmmedlately when  unsafe  trafflc  sltuatlons 
lnformatlon  on  the  complete  trafflc  plcture  wlth the capablllty and necessary  communlcatlons 

develop or  to  take  over  manually In the  event of an  equlpment  fallure No one man had al l  of 

the  pllot by radlo 
the  pertlnent  lnformatlon  for  controlllng  the  trafflc or the  capabhty of unmediate  access  to 

2 Several of the  controllers  commented on the  lack  of  provlslon  for  adequate communx- 



had merlt  Several  controllers  lndlcated  an  lmmedlate  applicatlon of automatlc  volce  for 
routme  runway  mformatlon  and  wlnd and weather  lnformatlon 

6 Most of the  controllers  mdlcated  that  they  felt  that  the  Idea of automatic  volce  relay 

PILOT  COhlMENTS 

The  pllots of the  alrcraft  partlclpatlng In the  tests  were  asked  to  comment on the 
VOLSCAN runs  Thelr  comments  lndlcated  the  followmg 

1  The  headlng  changes  issued  were  too  small  Thls  caused an excessive n m b e r  of 
contacts  wlth  each  alrcraft  and  requlred  that  the  pllots  hsten  very  carefully  In  order  to  plck 
out  the  instructlons  Intended  for then  partlcular  fllght  This  was  found  to be especially 
dlfflcult  when one relay  operator  was  provrding  mstructlons  to more  than two aircraft  The 
pilots  Indicated that at  tunes  they  were  somewhat  confused by Instructions  requlrlng  them 
to  make  a  turn of a  certaln magnitude In one  dlrechon, and before  they  had  reached the 
deslred  heading,  recezvmg  lnstructlons  to  execute  turns In the  opposlte  dlrectlon 

a  landlng  at  their  stated  rate of descent 
2 Some of the  pllots  stated  that  they  were  too hxgh at  the  dellvery  point  to  have  effected 

3  Several of the  partlclpatzng  pllots  and  several of the  observer  pllots  commented  on 
the  unreahstlc requirement for  constant  speed  from  the  tlme  they flrst start  to  recelve 

was  programmed  for  each  approach  Thls  meant  that  a  C-131. for example.  arrlved at the 
VOLSCAN lnstructlons untll they  arrlve  at  the  dellvery  polnt A slngle  lndlcated  airspeed 

delivery  pomt  cruislng 200 mph  Slnce  approaches  were  not bezng made  to  an  amport, no 
check  was  posslble  to  determine  whether  or  not  a  reduction m speed  could  have  been  made 
to  complete a landing 

An  alrhne  pilot  observer  stated  that It would  be Impossible  to  slow down a DC-6 or 
DC-7 alrcraft  sufflclently  In  the  space  from  the  dellvery  polnt to the  touchdown  polnt  to 
effect a landlng  Several  pllots  commented  that  an  Intermediate  speed  between  the  crulse 
speed  and  the  approach  speed  was  needed  m  order  to  prepare the alrcraft  for  the  landmg 

lnstructlons Two of  the  pllots  stated  that  they  thought  the  automatic  volce  should  be  morutored 
on the  ground by a  controller so that  the  pllot could ask  for  a  repeat 1n the  event  he  missed 
an  lnstructlon or dld  not  understand It 

4 None of the  pllots  expressed  an  ob~ection  to  the  Idea of using  automatlc  volce 

CONCLUSIONS 

equlpment  at  Deer  Island  were  lunlted  and  were  not  conducted  under  optlmum environmental 
Although  the  prellmlnary  operatlonal  evaluatlon  tests of the VOLSCAN  GSN-3 (XD-I) 

test  condltlons. I t  IS concluded  that thls equlpment 1s not  suited  for  appllcatlon  to  the  common 
clvll/mllltary  alr  trafflc  control  system  In  the followmg respects 

1 Maneuvermg  alrspace  requirements  are  greater  than  those available In most  hlgh- 
denstty  trafflc  areas  in  the  Umted  States 

2 The  equlpment  does  not  recognlze  or  mstruct  alrcraft  to avold  hlgh terraln  or  airspace 
reservatlons 

3  Controller  workload 1s matenally  greater  than  that  requlred wlth present-day  manual 
radar  control  procedures  for  densltles of trafflc of 30 to 35 arnvtng  a l rcraf t   per  hour 

4 The  safety  and  rellabdlty of the  am  trafflc  control  servlce,  when  uslng VOLSCAN, 
does  not  appear  as good as  the  present  manual  radar  control  system 

5 The  rehablhty of trackmg by means of the  track-while-scan  gates  was  very  poor 
Only  56 per cent of the  alrcraft  targets  lnltlally  acqulred  ln  the  tracklng  gates  were  tracked 
through  a  complete  run  to  the  delivery  pomt 

for manual  radar  control 
6 The  quahty of radar  data  for VOLSCAN operatxon 1s more  crltlcal  than  that  requned 

gun. requlres  excessive  attentlon 
7 The  method of assignment of the  trackmg  gates  to  the  radar  target, by use of the  hght 

making  normal  approaches  and  landmgs  for  many  present-day  alrcraft 
8 The  constant  airspeed  requmed of alrcraft  under VOLSCAN control 1s not  sultable  for 



19 

problems, It should  be  remembered  that  the  clvll  need 1s not for assistance In aaturatlng  the 
flnal  approach  dellvery  gate  wlth  alrcraft  spaced 30 seconds  apart. but rather  for  asslrtance 
1n provldlng  safe and orderly  posltlonlng of alrcraft  throughout  the  maneuverlng  area  to 
touchdown Due conslderatlon  must be glven  to alrcraft  of varlous  speed  and  performance 
characterist lcs.  runway  and  field  condltlons.  runway  reservatlon  demands  for  departlng 
alrcraf t .   a l rcraf t  In emergency,  and,  to  some  extent,  varylng  weather  condltlons  Safety IS 
a prlme  conslderatlon In any  traffrc  control  system,  whether  manual.  semlautomatlc,  or  fully 
automatic  The  ablhty  to  adhere  to  safety regulations, recogmze  confllctlon and danger 
situations, and qulckly  lnltlate  correctlve or preventatlve  action  must be Inherent m any 
system  recelvlng  conslderatlon  for  clvll  use 

In  conslderlng VOLSCAN o r  any  other  devlce  almed  at  the  solutlon of termmal  area 

RECOMMENDATIONS 

It IS recommended  that  addltlonal  operatlonal  evaluation of VOLSCAN he  conducted as  
planned  at  Eghn AFB The following envlronmental  condltlons  should be met If posslble 

1 All 14 tracbng  channels  should be available on the VOLSCAN equipment 
2 Suffwient  alrcraft  should be available  for  sustalned  hlgh-denslty  traffic  tests 
3 Sufficient  alr/ground  communlcatlons  channels  should  be  provlded to slmulate  present- 

4 Improved  controller  coordinatlon  lnterphone  clrcults  should  be  provlded 
5 Tests  should be made  uslng  actval  alrports  wlth  typlcal  navlgatlon a d s  for feeder  flxes 

6 At  least   part  of the  tests  should be  made  wlth successive arrcraft  completmg  landings 

day  and  proposed  communrcations  capabllltles 

and for  flM1 approach  and  landlng 

on the alrport  runway, and taxllng  back  for  handlmg as departures  from  the  alrport 

provlde  for 
In  additlon  to  the  above. it would be desirable  to  modlfy  the VOLSCAN equpment  to 

2 Automatic vectnrlng  or control  to  resolve  any  potentlal  traffic  confllctions 
1 Automatlc detection of posslble  trafflc conflictions in  the  maneuverlng  area 

3 Automatlc compubtlon of the  proper  tlmlng  Interval  at  the  delivery  polnt  for successive 
a l rc raf t  of different types  and  approach  speeds to Insure  mlnmum  separation on the  final 
approach to the  runway 

4 An alrcraft   sneed  nroeram to nermlt  normal slowdown from  crulsme.  to  mtermedlate. . . ,  
to  final  approach 

Y .  

5 U s e  wlth  close-in  feeder  stacks  or  flxes  spaced 8 to 15 miles  from  the  fmal  approach 
course 

-. 
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