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EVALUATION O F  THE TACAN SYSTEM+ 

SUMMARY 

rhls  report  aescrlbes  an  evaluatlon of TACAN (the  mllltary  short-range  navlgatton 
systpm)  conducted by the Technical Development  Center of the  Clvrl  Aeronautlcs  Admlnls- 
tratlon,  Indkanapolls,  Indlana  The  evaluatlon consisted prlmarlly of approxlmately  120  hours 
of fhght  rests in DC-3 type alrcraf t  and various laboratory  tests  Results of the  evaluatlon 
revealed  that 

dlstaccp from the  ground  statlon, TACAN 1s ldentlcal  to  the  present CAA VOR/DME system 
I Insofar  as  mformatlon  supplled  to  the  alrcraft 1s concerned,  that IS. bearmg  and 

Z rACAN 1s subject   to   s l tmg  errors   s lmllar  to  those of the VOR 
3 TACAN 1s not sultable  for  ctvd  use  because of Its complexlty and attendant 

4 Complexlty of thr  equipment  renders TACAN lmpractlcal  for  use In small   a l rcraf t  

5 The  propagatron  characterlstlcs  of  the  frequency  band  occupled by TACAN a r e  :bt 

unrelmbilrty 

for rrnbonr of werght, space,  and  economy 

rellable for that service 

INTRODUCTION 

rACAN (Tactlcal Am  Navlgatron)  orlglnally was developed  for  mllltary  tactlcal  use as 
a sho t-razge navlgataon system  provldmg  contmuous  posltlon  mformatlon Ln t e rms  of polar 
co-ommates relatlve  to flxed or mobrle  bases  The  very-hlgh-frequency  omnirange. 
distance-measurmg equlpment  (VOR/DME)  system now In wldespread  use IS a slmllar 
sf'tem,  provtdmg  lnformatlon In the same  terms,  although  maJor  equlpment  and  frequency 
difference;  emst  between  the two systems I t  has  been  shown  prevlously  that  there 1s no 
practical way  of rendermg  the two systems  cornpatlble 1.2 

Pursuant  to a solutlon to thzs dllemrna,  lmplementatlon of TACAN In the  domestlc 
Unlte 1 States  as a replacement  for VOR/DME has  been  proposed,  to  permlt  mlllhry  alrcraft  
to r.rrploy a slngle  alrborne  equlpnent ior elther  tactlcal o r  nontactlcal  navlgatron  Because 

and  because I t  would  Involve  a major and expensive procurement,  tratnlng,  and  remstallatlon 
s m  h d move would  have a trrmendous  Impact on the  thousands of users  of VOR and/or DME. 

meat  of  Commerce  an  opportunlty  to  evaluate  the TACAN system  Accordmgly.  ground and 
program by the  Clvd A.eronautlcs Adrnlmstratlon.  the  mllltary  servLces  afforded  the  Depart- 

the  Terhnzcal  Development  Center 
ahrbGrne TACAN equlpments  were  made  avaalable to the CAA for  mstallatlon  and  testmg at 

A number of pr lor  evaluations had  been  conducted  coverlng  varlous  aspects of the 
TACAN systrm.  notably. the evaluatlon  performed  by  Melpar.  Inc , under Atr F o r c e   ~ o n t r a c t , ~  

*Report  subrnltted  for  publlcatlon  November 1955 

'Committee on Compattblllty of DME. Flnal  Report,  September 22. 1953, prepared  for 
Secretarles of Defense  and  Commerce 

2The  term "compatible" re fers   to  the use of a slngle  alrborne  equlpment  capable of 
derlvlng  mformatron  from  both TACAN and  VOR/DME  ground  statzoru, 

'"Flnal  Englneerlng  Report on Short  Range Tactlcal OBD Evaluation Program  (TACAN)," 
Volumes I and 11, Melpar,  Inc , Alexandrta,  Vlrglma,  January  16, 1954 



earlier  Navy  evaluahons  at  the  Naval  Air  Test  Center,  Patuxent  Rlver, M a r ~ l a n d , ~  and  a 
VOR/DME-TACAN co-locahon  evaluation  conducted  at the Fome A i r  Development  Center, 
Rome, N e w  York,  by  the  Air  Force W l t h  TDC partlcipatlon  Although  the  reports  on  these 

dlrect  compartsons  between  the  operating  characteristics of TACAN and  the  clvil VOR/DME 
evaluations  contained  a  great deaL of factual  data. It was  not  posslble to draw  from  them  any 

system  Thls  was  parhcularly  true  wlth  respect to the  azlmuth  portlons of the  two systems 

azimuth  accuracy of the  system is generally  llmlted by  srtrng e r r o r s  In the  absence  of  sltlng 
Wlde experience  wlth VOR by  the CAA has  demonstrated that on  a  practical  basis  the 

e r r o r s ,  it has  been  shown  that  equipment,  lncluding  transmltters. receivers, and  antennas, 
may be  readlly  deslgned  whlch  wlll  produce  over-all  system  accuracles of the order  of f l  0. 
Equlpments  provrding  system  errors of  *1 5'  not  only are  available  commercrally.  but  they 
are   current ly   m  use 1n civil  and  mllitary  alrcraft and as   a   par t  of the  Federal  Airways 
ground  sys  tem 

susceptlble to sit lng  errors  Slt lng  error  exlsts when  the  freld a t  the alrborne  antenna 1s the 
resultant of components arrinng  over  multiple  paths Multiple-path transmlsslon  occurs 
because of the  reflectlon of energy  from  objects  such  as  trees,  hangar*,  and wires  In the 
vicinlty of the  ground  statlon A s  the aircraft  moves,  the  lengths of trantmission  paths 
change,  causlng  correspondmg  changes in the  phase  relatlonships  between  the  fields  arrivlng 
at the  recelvlng  antenna  Accordingly,  the  detected  intelligence  fed  to  the  azimuth-determining 

tive  amplitudes  and  phases of the  component  fields  The  resultant  fluctuatlun of the  azlmuth 
clrcults of the  recelver  denotes  mstan'laneous  azlmuth  information  whlch  vanes  wlth  the  rela- 

may be  predicted  with a good degree of accuracy,6  however,  in  practical  cases  where  many 
mdlcator 1s hown  as   sca l lopmg In special  cases  the  amplltude  and  frequency of scalloping 

wave  reflections  are  present. it 1s almost  lmpossiblr to determlne  the  seventy of the 
scalloplng  whlch w l l l  occur 

the  dlrect  and  reflected  energy,  and (2) the  scalloplng  frequency  The  ratio of dlrect  energy 
to  reflected  energy,  which 1s llkely  to  be  encountered  at  any  given  tune,  cannot  be  predlcted 
with  accuracy In a practlcal  case  Among  the  varrables  whch  preclude  an  accurate  compu- 
tation of this   ra t lo   are  the electrlcal   propertles,   geometrical   size  and  shape,  depolarlzahon 

present at all  except perfect   si tes It  1s fundamentally  true that the efilclency of an   ob~ec t  
characterlstics.  and movement of the  mulhtude  of  reflecting objects whch  invar lah ly   a re  

as  a reflector  Increases  as Its dlmenslons  Increase In wavelengths  Thus,   ob~ects  whch 
are  relatlvely  poor  reflectors at VOR frequencies  (112  Mc  to  118  Mc)  may  become  very 
efflclent  reflectors  at TACAN frequencies  (960  Mc  to  1215  Mc) 

It does  not  result  m  operatlonal  Inaccuracy  Scalloping  at  lower  frequencles,  partrcularly 
below  one cycle  per  second  (cps),  cannot  be  damped  out  completely  wlthout  renderrng  the 

Everythng  else  bemg  equal,  the  frequency of scalloping  varies  directly  with  the  radro  fre- 
lnstrumentatlon  sluggish  to  the  point that flymg a stralght  course  becomes  almost  impossible. 

was  to  determine  the  derogatron of azlmuth  accuracy  resultmg  from  reflected  energy 
quency  employed  by  the  system  One of the  prlmary  goals of the  TDC evaluation of TACAN 

recelved  over  Inbrect  paths  between  the  transmltter and  the alrcraf t  

A  study of the TACAN system  lndlcates  that TACAN azlmuth  accuracy  also  should  be 

Fundamentally,  the  severity  of  the  scalloprng  depends upon (1)  the  relatrve  amplitude of 

Scallppmg  at  frequencies  above  a few cycles  per  second  may  be  damped  out  easily.  and 

EQUIPMENT 

Installation 
The  following TACAN equipment  was  made available to TDC 

2 ARN-21, Ser la l  No 52 (alrborne TACAN unlt) 
1 ARN-21, Serral  No 63 (alrborne TACAN unrt) 

Patuxent  Rlver.  Maryland,  October 20, 1953 
41uF1nal Report,  Observation of TACAN,"  Evaluatlon at  Naval A l r  Test   Center.  

Rome  Air  Development  Center,  Rome. New York 
57'TACAN/VOR Co-Locatlon.  Phase I." and "TACAN/VOR Go-Locahon,  Phase 11," 

CAA Technical Development  Report No. 126, September  1950 
6S R Anderson and H F. Keary, "VHF Omnirange Wave Reflectlons  from  Wlres," 
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F l g  1 Typlcal  Alrborne  Antenna  InstallatLon 

3 URN-3, Serial  No 12  (ground TACAN unlt) 
4 URN-3 Simulator  (test  equlpment for ARN-21) 

In  addltlon  to  these  baslc  equlpments, TDC was  supplled  wlth  adequate  spare  parts  by 
the  equlpment  manufacturer  For  the  alrborne  equpments (ARN-21). these  spares  conslsted 
largely of spare  subunlts  The ARN-21 configuration conslsts of a main  base  chassls on whlch 
a r e  mounted a number of subchass~s  A l l  e l e c t r x a l  connectrons are  made  through  multl- 
pin  plugs  on  the  subchassls  and  through  matlng  receptacles on  the  base chassls In  general. 
each  subchassls  contalns  all of the  components  and ClrCUltTy requlred  to  perform one of the 
baslc ARN-21 functmns.  such  as decoding, range tracking, or  ammuth  gatlng 

breadboards  with  all  lnterunlt  cablmg  In  place  Thus, Installation was  slmple  and  flexlble 
Both  ARN-21  equlpments were  supplled  complete wzth lnstrumentatlon and  mounted  on 

A l l  three of the TDC D C - 3  a n c r a f t   a r e  equrpped  wlth  work  benches a t  whlch  both  115-volt, 
400-cps ac  and 28-volt dc are avallable  through a comblnatlon  receptacle  In  addlhon,  all 

w e r e  deslened  for DME service whlch  operates In the  same  frequency  band as TACAN 
ai rc raf r  wt r+  already equ~pped  wlth  antennas  sultablc  for TACAN operatlon  Thrse  antennas 

Seven1  antecna  locatlons  were available on each  aircraft  Early  expcrlrnentatlon  wlth 
~ r a r l 0 ~ 5  locatlons  revealed  that  antennas  undelneath  the aircraft fuselage  are  most  slutable 
Thla  conflrmed e a r h e r  experience wrth  locatlng DME antennas  Both  half-wave  and  quarter- 
wave  antpnnas  were  employed  wlth  no  observed  dlfferenres In performance  The  partlcular 
aircraft  employed for any  speclflc  fllght  test was  determined by expediency and avallablkty, 

partlcular  alrcraft  ln  which  the  lnstallatlon was  made  Flgure 1 1s a photograph  showmg 
and no recognizable differences In  recorded  data  were  observed  as  hemg  related ta the 

a typlcal  antenna  lnstallatlon  beneath  the  fuselage of a DC-3 a l rc raf t  

mat ter ,   At   s l tes  NO5 1 and 3 ,  houslng f o r  the  equlpment  wa5  avallable  At s1te No 2, the 
equlpment  shelter  formerly  employed  at site No 1 was relocated,  and  because no commerclal  
three-phase  power  was  avazlable.  an  englne-drlven  alternator  was  placed In service T h x  
unlt  provlded  more  than  adequate  power,  however,  due to the  mconvenlence of replenishing  the 

other two sltes  the URN-3 remalned In contlnuous  operatlon 
gasollne  supply,  the URN-3 a t  slte No 2 was  operated  durmg  the  workmg  day  only A t  the 

Malntenance  and  Rehablllty 

when  gauged  by electronlc-equipment standards f o r  clvll  avmtlon  Although TACAN 1s pur-  
portedly beyond  the  development  phase  and In productLon,  the  rellabrhty of the  equlpment IS 

system  Consldermg  the  large  numbers of tubes  and  components  requlred and  the  space 
substandard  The  unrellablllty  exhlblted 1s beheved due pr lmarl ly  to the complexity of the 

Ilm1tatlons mnvolved, It 1s reasonable  to  expect a hlgh  rate of fallule  For  example, 1t 1s 

life between  breakdowns  achzevable  wlth VOR receivers  The  fundamental  reason IS the  same 
recognlzed  by CAA that DME lnterrogarors  Drobably  never ulll attam  the  average  operabonal 

the DME Interrogator 1s far  more  complex  than  the VOR receiver Slmllarly,   an ARN-21 

Wlth the exceptlon of 51te No 2 ,  lnstallatlon of the URN-3 was also a relatlvely  slmple 

Substantlally  more  equipment  mamtenance was requlred  for TACAN than 15 acceptable 
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unlt cannot  be  expected  to  possess rehab~hty  characterlst lcs  equal  to  those of a DME mnterro- 

m  addltlon  to  the  ammuth-determmmg  functlon No crltxcism of the  manufacturer's  design 1s 
gator,  because  the  alrborne TACAN unlt  performs  all of the  baslc functions of the  Interrogator 

1s believed  that  the flMl desrgn  represents  an  outstandmg  engineerrng  achlevement 
Intended  Consldermg  the complexity of the  system  and  the  space  and  welght  restrlctlons, It 

Followlng IS a tabulation of fallures  encountered  wlth  the ARN-21 equlpments 

1 Preselector  cavlty  arclng, 2 3ccasions. 

3 Tube  fallure (V-207). AGC clrcult. 
2. Relay  fallure (K-901). 2 occasions 

4. Condenser  fallure (C-204).  vldeo decoder 
5. Delay h e  fallure  (L-202). "Ideo decoder 
6. Reslstor  failure  (R-347),  electronlc  azlmuth  gate. 

fallures  In  fllght  whlch  were self-correcting, precluding  subsequent  dlagnosls  in  the  labora- 
tory. ARN-21 equipment, were in operatlon  for a total of 150 hours,  Including  approumately 
30 hours  of  operation on the  test  bench. 

course of thls  evaluation. 
Fallures  occurred In  the  followmg  components of the URN-3 equipment  durmg  the 

These  specific  faxlures were far  outnumbered  by  cases of mtermlttent  and/or  erratlc 

1 
2 
3. 
4 
5 
6 
7 
a. 

1 10 ' 11. 

9 

12. 
13 

Cavlty  short,  second  doubler. 
Tube V 621). Type 2D21W 
Tube \V:4), Type 8020. 

Tube  (V-103 , Type 6AK5W. 
Cavlty  short. quadrupler. 

Tube (V-IO%], Type 6AK5W. 
Tube  (V-1501).  Type 4X150G. 
Capacltor  (C-127). 

~ e l a y ' ( ~ - 1 3 o i j .  
Tube  (V-1403).  Type  JRC-5763 

In  splte of the  longer  llst of fallures  for  the  ground  equlpment,  the URN-3 generally  was 
much m o r e  rellable  than  were  the ARN-21 unlts  This  statement 1s Justlfled  on  these  grounds: 
(1) thP URN-3 W d S  operated  approxlmately 2000 hours, and (2 )  ARN-21 equlpmenk  consistently 

but  were  caused  by  general  instabihtles 
exhzbited  random and erratlc  perlods of operatlon  whlch  have  not  been  recorded  as  breakdowns 

number of observed  phenomena  whlch  are  worthy of menttlon 
During  the  perlod  the TACAN system  was  undergolng  evaluatlon  at TDC. there  were a 

one of the two alrborne  unlts  had a pulse-repetltlon  frequency  very  near 135 cps  durlng the 
tlme of distance-mdxcator search  Thls  resulted In rhythmrc  swmglng of 8 O  of the  course- 
devlatlon  mdlcator  Malntenance  personnel  replaced  the  modulator  subchassls  wlth a new unlt 
and  the condltxon dld  not  recur 

lntenslty  the dlstance  lndlcator would unlock, search.  then lock on  some slgnal  whlch  always 
2 Ea r ly  In  the  fhght-evaluatzon  program, It was  noted that i n   a r eas  of very low fleld 

indicated 199 mlles,   regardless of dlstance  from  the  ground  statlon.  Malntenance  personnel 
corrected  the  sltuatlon  and  reported  that  the  false  dlstance  Indlcatlon  was  caused  by signals 
f rom a  42-Mc crystal-saver oscillator leaklng  lnto  the  rangzng c l r c u t a  of the  dlstance- 
mdlcatmg  portion of the  airborne  unlt 

slons  when  the  aelmuth  lndlcator  went Into sea rch  and  then  locked  at a completely  erroneous 
bearmg  wlth no flag-alarm  lndlcatlon  In  one  Instance  the  bearlng  was  in  error by 160', and 
on  the  rernalnder of the occasions It was 40' or 80" 1n error On  each of these occasions 
the  aircraft  was m an  area of  low fleld  Intensity  and  moderate to heavy  scalloping. 

4 The  repeatablllty of azlmuth  search  on  orbltal  fllghts  was  unpredlctable  In  many  border 
h e  cases Different alrborne  unlts  and  the  same  unit  on  dlfferent  occaslons  seemed io be 
able t a  tolerate  various  amplltudes of scalloplng  before golng Into search. Durlng one orbltal 

1 A t  the  very  beglnnlng of the  evaluatlon  program, r t  was  discovered  that  the  modulator of 

3 Scattered  throughout  the  fllght  evaluatlon of the TACAN system,  there  were 11 occa- 
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fhght.  the  azimuth  lndxator  went  Into  search SLX dtfferent  tlmes.  the  orblt  was  lmmedlately 

included In the  data  presented  ln  thls  report 
repeated  wlthout a slngle  search  When  an  azlmuth  search  could  not be repeated, It was  not 

Size and  Welght 

consumptlon of the TACAN alrborne  unit  and  the VOR/DME airborne  units  are  listed for 
cornpanson  purposes 

As a matter of general  Inforrnatlon,  the  number of tubes.  welght, size, and  power 

TACAN 
1 Slae, 3/4  air transport  rack  ATR)  (The  wldth of the  unlt IS the  same as a full  ATR, 

2 Total  wetght  less  cables, 72  pounds 
3 Power  consumptlon,  17  watts at 28 volts  dc  and 480 watts at 115 volts ac, 400 cps 

but  the  length 1s less.  hence,  the 3 4 ATR  ratzng ) /I 
VOR/DME 
1 VOR (Colllns  51R-3) 

A Sme, 1/2 ATR 

C Power  consumptlon, 127 watts at 27 volts dc 
B Total  welght  less  cables. 52 pounds 

2 DME (Model  DIC) 
A S1z.e. 1/2 ATR 
B Total  welght less cables, 32 pounds 
C Power  consumptlon, 175 watts at 27 volts dc 

The  welghts, sizes, power,  and  number of tubes of the TACAN and VOR/DME alrborne 
unlts  may be compared as follows 

TACAN VOR/DME 

Welght, less  cables 72 pounds 
Sme 

84 pounds 

Power 497 watts 302 watts 
Tubes 76 60 

3/4 ATR  Two 1/2 ATR  unlts 

. 
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VOR/DME total  weight  may be reduced to 76 5  pounds if the  Colllns  Radlo  Company 51R-3 
VOR recelver IS replaced  wlth  the  Collins AN/ARN-19  (XA-1) unit whxh  was  developed  for 
the A l r  Force  on  Contract No. AF-33(038)-6341  This  also  would  reduce  the  total  power 
consumption to 284 5  watts,  an  important  conslderatlon  ln  many  clvrl  and  mdltary  azrcraft 

Thousands of prlvate-flyer  aircraft   are  presently equlpped  wlth  the VOR azimuth  system 
only,  and  a large  percentage of these  probably  never will  be  equipped  wlth  dlstance- 
measuring  equipment  for  reasons of cost, welght. space,  and  power  consumption.  Typlcal 
of the VOR receivers  used  by  thrs  class of a l r c ra f t   a r e  U N t S  havlng  the  following character-  
lst lcs whlch  also  include  air-to-ground  voice-communication  transmltters 

These  considerations  are  related  to  the  use of a  combmed  azimuth-dlstance  system 

1. Weight,  10  to 20 pounds. 

3  Cost,  approximately  $500  to  $900 
2. Power  consumption, 60 to 85 watts  d-c. 

A t  the  present  tlme, M TACAN counterpart of a  private-flyer VOR receiver is avail- 
able  Development of a TACAN “azmuth  only“  recelver  possesslng  characterlstlcs  eqmv- 
alent t o  those  enumerated will  requlre  years of development  and w ~ l l   r e q u r e  the  solution of 
many  very  dlfflcult  englneering  problems 

In  these  comparrsons. it should  be  pointed  out  that  the TACAN equipment  does  not 
provide  any  voice-communication  service.  whereas VOR equrpments  include thls feature 

SPECIAL TESTS AND OBSERVATIONS 

Indlcator Damprng 

was found necessary  to  determine  the  effectlve  degree of mechaNCa1  and  electrical  damplng 

lt 1s recognized that  the  degree of dampmg 1s a factor  which,  within  lrmlts. IS under  control 
lmposed  upon  the  ID-307  lndicator (TACAN equrvalent of the VOR omnibearlng  mdrcator). 

of the  designer or even  the  field  engineer.  however,  the  optimum  amount of damping  must 
take  the  operational  aspect of “flyability“  into  consideration. In the  case of the VOR receiver,  
essentially al l  of the  damping 1s accomplished  by  employing  a  capacity  across  the  terminals 
of the CDI On the  other  hand,  damping of the ID-249A (TACAN  CDI) is accomplished 
largely  through  mechanlcal  means  because Its deflectron is determined  by  the  positlon of the 
servo-driven  shaft  which  drives  the ID-307 indicator.  Only  a  1-microfarad  (mfd)  “wiggle“ 
fllter 1s used for electrlcal  damping  at  the ID-249A termmals  

relationship  between  damping and scalloplng frequency ln  order  to  obtain  equlvalent Infor- 
A number of tes ts  bad been conducted prevxously on VOR recelvers  to determine the 

mation  for  the ARN-21, a  normal  slgnal  from  the TACAN stmulator  was  fed  into  the ARN-21 
termmals  through  a  General  Radlo  Company  crystal  modulator  A  varlable-frequency  audio 
s lgnal  w a s  nqected  into  the  modulator a s  a  modulating  voltage  By  varying  the  audio  frequency 
about  a  center  frequency of 135  cps. any  deslred  scalloping  frequency  could be simulated In 
F l g  2 the  recorded  deflection 1s plotted  as  a  function of scalloplng  frequency  for  a  constant 
sca?lopmg  amplitude  On  the  same  curve 1s a  comparable  curve of a Collins 51R-2 VOR 
recelver  wlth  a  2680-mfd wiggle filter  The  data  for  the two curves were obtained  in  a 
similar  manner  and  reveal  almost  Identical  damplng  characterlstlcs By addltion of capacity 

excessive darnping 15 operatlonally  undeslrable,  inasmuch as the  resultant  lag in deflection 
across  the CDI, greater  dampmg  can be effected  with  elther TACAN or VOR, however. 

of the CDI makes It dlfflcult to fly  straight  courses  wlth  accuracy 

Phaser  Plate  Rotations 

presence  in  the TACAN system of a  characterlstlc  cyckcal  error,  the  magnitude of wluch 
vanes  somewhat with  different ARN-21 unrts.  Consultatlon  with  equipment-manufacturer 
engineers  indicated  that  these  cyclical  errors  were  primarily due to two clrcult  deficlencles, 
one  in  the  ground  equlpment,  and  one  in  the  amborne  equlpment In the ARN-21  unit. the 
output of a  clrcult  operating  as  a  peak-rldmg  detector  exhibits  a  nonllnearity  at  the  time of 
reception of the  reference-pulse  bursts  These  reference  pulses  occur  at  a  rate  substantially 

translates  tbls change  In duty cycle  to  an  n~stantaneous  change In  the amplitude  of  the detected 
hgher  than  the average, causrng a perlodlc  change  in  the  duty cycle. The  peak-riding detector 

envelope.  Consequently,  a  fixed-phase error 1s introduced Into the azimuth-measuring 
circuits Added vectorially  to  the  varlable-phase  signal  as  the  aircraft  azimuth  changes.  the 
resul tant   error  IS cyclical  in  nature. 

In evaluating  fluctuatlons of the course-deviation indicator (CDI)  due to  scalloping, r t  

Prevlous  evaluations  by  other  agencies  and  the  initial  tests  at TDC revealed  the 

I 
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F l g  3 Phaser  Plate  Rotatlon,  Slte No. I, ARN-21 (Serial No. 52)  mY'DY"aU' 
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Increase  in  duty  cycle,  are  agam  responslble  for a cyclical  error.  The  modulator-power 
In  the URN-3  unlt. the  reference-pulse  bursts. wvlth the  attendant  lnstantaneous 

voltage  between successive pulse  palrs of the  reference  bursts.  The  effect 1s amplltude 
supply  has  msdfic1ent  flltermg,  as a result,  there is insufficient  tlme  for  recovery  to f u l l  

modulation of the r-f energy  fed  to  the  antenna,  taking  the  form of a "droop" In the  output 
level  occurring  durlng  the  reference  bursts.  Slnce  azlmuth  accuracy of the TACAN system 
depends  upon a constant r-f current  bemg  dehvered  to  the  antenna,  with  the  only  amplltude 
modulatlon  produced  by  the  parasltzc  elements  In  the  revolvlng  cyhnder of the  antenna, 
agaln a cycl lcal   error  1s Introduced. 

of the URN-3 antenna TlYs plate  controls  the  time of generatlon of the  reference-pulse 
bursts  Normally,  ln a ground ~nstallatlon  the  phaser  plate 15 in a flxed  posltlou 5 0  that  the 
pickup  devlces  are  orlented  at  the  proper  places  for  generatlon of the  reference  bursts  at 0" 
magnetic  and  at 40' Intervals  therefrom  Provlslon IS made  for  rotatlon of the  phaser  plate 

thls control,  the mdlcated north of the  system  may be rotated  through a full 3 6 0 " .  If thls 1s 
5 0  that lt may be orlented automatically in  mob& lnstallations.  By  manual ad~ustment  of 

done,  and If a t  a remote  point  the  azimuth indications of an ARN-21 are  recorded and  plotted 
agarnst  the  angle of rotatlon of the  phaser  plate,  the  cycllcal  errors previously described 
are  apparent 

slmulator  whlch  may be ad~us ted  to  slmulate  any  azimuth When usxng the  slmulator,  the 

dzscrepancles  caused b y  reflectrons  between  the URN-3 unlt  and  the  remote  recelvrng  pomt. 
contrlbutlon of the URN-3 to the  cycllcal error obv~ously 1s ellmmnated, as a r e  any 

Cyclical-error  data  were  obtamed by rotatmg  the  phaser  plate  at  sltes Nos. 1, 2, and  3. 

between two ARN-7.1 unlts The data were ohtamed  at  the  same  site on the  same  day. 
The  error  curves  are  shown In  Flgs 3 ,  4, and 5. respectlvely.  Flgure 5 shows  the  dlfference 

Flgure 6 shows  the  cychcal  error of an ARN-21 anborne  equlpment,  uslng  the URN-3 
slmulator  as a source of azrmuth  slgnal. 

a slgnal source and  only 1 5 "  using  the  s~mulator   as  a source, thls  Indicates  an  appreclable 
contrrbutlon of the URN-3 to  the  total  error  spread  Because of the  posslble  effect of 
reflections  between  the URN-3 slte and the  monltorlng  statlon, r t  15 belleved  that  the  entire 
degree of Improvement 1s not due to ellminatlon of errors  contrlbuted by the URN-3. 

The  magnltude of this error may be examlned by manual rotatLon of the  phaser  plate 

An alternate  method of obtaimng  data of this  type IS through  the  use of the URN-3 

It should be noted that  the  total  error  spread 15 approximately 2.5" uslng  the  slte  as 

+I 
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Flg. 4 Phaser  Plate  Rotation,  Slte No. 2. ARN-21 (Serlal No. 52)  wD*m'L'rU 
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Flg. 5 Phaser  Plate  Rotatlon,  Slte No 3 

Dlstanre  Accuracy 

employed  by  clvll DME, no partrcular  effort  was  made  to determine the  dlstance  accuracy 
of the  partlcular TACAN equlpments  under  test  The few spot  checks  whlch  were  made of 
TACAN dlstance  accuracy,  however,  usually  revealed  dlstance  errors  greater  than  those 
normally exhibxted  by clvll DME Interrogators  employmg  the  electromechanlcal  strobe- 
ranging circuitry sirnrlar  to  that  used  In  the ARN-21. E r r o r s  In excess of those  whlch would 
normally be  expected  from  thls  type of ranglng  clrcult  are  belleved  to be  due to  huntlng 

numerous occasions Both  the TACAN system  and  crvll DME a r e  bellevPd  to be Inherently 
and/or  stlcklng of the  distance-track  motor  because  instances of both were observed  on 

capable of dlstance  accuracy  equal  to  that  requlred  operatlonally 

TACAN-DME Interference 

DME ground  faclllty  (transponder).  Thls  transponder  (Type DTB)  was  operatmg on  DME 
channel No.  19 whlch prescrlbes a DME-mterrogatlon  frequency of 986 Mc (frequency  to 
whzch the  transponder  receiver 1s tuned).  The URN-3 was  orlglnally  tuned  to TACAN 
channel No. 27 whlch prescrlbes a transmlttlng  frequency of  988  Mc.  The  band-pass  char- 

transmlsslon,  plus  the  dlfference  between  the  pulse  spacmg of the  rACAN  transrnlsslon  and 
acterlst lcs of the  DTB receiver, coupled  wlth  the  spectrum characteristics of the URN-3 

the  pulse  spacmg  acceptable  to  the DTB, mdlcated  that no Interference  problem  should  exlst. 

the  r‘ecelver  output of standard  Type DID and DIC  DME Interrogators No abnormal  trans- 
Tr.  nsm1sslons from the DTB were  observed  at a pomt  approamately one mlle  dzstant,  uslng 

I i1ons were  observed  from  the DTB, lndlcatlng  that  the TACAN was  not  interrogatmg  the 
transponder.  Furthermore,  the DME mterrogators  successfully  latched  on  the DTB 

.c a later  date, CAA malntenance  personnel  reported  mtermlttent  shutdown of the DTB by the 
bnsponder,  and the assumption was  made  that DTB operatlon  was  unaffected by the URN-3 

Recognlzlng  that  the  dlstance-rneasurmg principle of TACAN 1s ldentrcal  to  that 

At  slte No. 1 ,  the URN-3 umt was located  approxlmately 900 feet  from a commlssloned 

bmlt-ln  monltor A careful  examlnatlon  at  the  site  revealed  that  although  the TACAN trans-  
missions were not trl e r m  the  DTB  the were a earm  a t  the  DTB recelver  out  ut  and 

-I I I I I I I ~ I I I I I I I I I I I I I ~ I ~ ~ I I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I  4 0  8 0  820 160 100 1 4 0  1 8 0  110 ,em 100 

I I U Y L I T D I I  s r r r \ * r  I I ITGREES,  /” R/*m., 

Flg. 6 Error   Curve,  URN-3 Slmulaior  (Serlal No. 52)  as  Slgnal  Source *’” - ‘’ rml 
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were  bemg  counted as nolse  pulses  by  the DTB-AGC circuit  whlch  then  automatically  reduced 
the  recelver  gain  Reductlons m receiver sensltlvlty as hlgh as 30 declbels (db) were 
observed  In  order  to  Insure  that no mutual  Interference would emst,  the URN-3 was  retuned 
to  channel No. 37 whlch  resulted In a transrnlttlng  frequency of 998  Mc, 12 Mc above  the 

operation.  and  channel No. 37 o r  hlgher  chnnels  were  employed  for  the  remamder of the 
recelvmg  frequency of the  DTB. Tests  made at thxs tlme  revealed  no  derogatlon of DTB 

test:. 

973.5 Mc, reply  frequency 1203.5 Mc), was located  approxlrnately  one-half mlle from  the 
Another  DTB  transponder,  operating on DME channel No 64 (Interrogation  frequency 

purposes of monltorlng,  DTB  transponders  are  triggered  Internally  at a random rate of 
laboratory  whlch  was  used  for  malntenance  and  adJUstment of the ARN-21 equlpments  For 

approximately 5 0  pulse  pairs  per  second.  These  transmlsslons  at 1203.5 Mc  caused mntoler- 

wrthm 2 o r  3 Mc of 1203 5 M c .  The  Interference  was  exhlblted  in the form of random  and 
able  Interference wvlth the  ARN-21  when It was  tuned  to  channels havrng recelver  frequencles 

perslstent  latching of the  azlmuth  mdxcator on false  bearlngs 

to  operate  satlsfactorlly wxth common  frequency assignments o r  wlthout a reasonable  guard 
band  asslgned  between  frequencles  employed  by  the two services. 

Coverage 

hne-of-sight,  on  numerous occasions discontinuity of lnformatlon  and  consequent  azlmuth 
and/or  dlstance  search  were  observed  wlthin  theoretlcal  he-of-slght  Thls  occurred  when 

be  due to one o r   more  of the  followmg  causes,  occurrmg  elther  slngly or In  combination 
system-power  outputs and sensltlvltles w e r e  normal  These  dlscontlnultles  are  beheved to 

I t  1s concluded  from  these two observatlons  that DME  and TACAN cannot be expected 

Although  coverage of the TACAN system  In  general  was  shown  to  extend  nearly  to rad10 

alrborne  antenna  durlng  turns) 
1 Reduced  field  strength  resultlng  from  unfavorable  alrcraft  athtude  (shadowmg of the 

2 .  Flight  wlthln  null  zones  in  the  vertlcal  pattern of the URN-3 antenna 
3 Atmospherlc  anomahes 

When considered  on a practlcal  basis,  the  frequency  band of TACAN tends  to  aggravate  these 
condltlons 

Variations In  the  horlzontal  polar  pattern of the  airborne  antenna of 9 db,  and in the 
vertlcal  polar  pattern  between *30' (the vertzcal plane  sector of signlflcance) of 18 db, have 
been established for an  antenna  lnstallatlon  beneath  the  fuselage of a DC-3 alrcraf t  Yet,  
thls  locatlon  has  been  estahllshed as optlmum 7 

operations) 1s carrled  out below elevatlon  angles of 5"  wlth  respect  to  the  ground  farihty 
In  the  case of TACAN, as many as 20 nulls w l l l  be found In thls  fllght  zone, whereas the 
lowest VOR null,whlch  has  inslgnhcant  depth, 1s at  an  elevatlon  angle of approumately 20" 

95"  wlde  compared  wlth a wldth of about 30" produced  by a four-loop VOR antenna 
In  addltlon,  wlth  respect  to  coverage,  the  overhead cone of TACAN IS approximately 

frequent  fluctuatlons of fleld  strength,  even  at  dlstances  well  wlthln  hne-of-slght,  has  been 
The  fact  that propagation In the 1000-Mc reglon 1s charactenzed  by  violent  and 

year 's   duratlon ' I .  'fadeouts' o r  prolonged  periods of attenuation  often ln excess  of 20 db 
reported b) the  Natlnnal  Bureau of Standards m contlnuous  propagation  tests  of  more  than a 

below  the  monthly  median  level  and  lastlng from a minute up  to several   hours"  were  experl-  
enced.  Simultaneous tests were  made  at 1046 Mc, 192 8 Mc, and  100 Mc  The  recordings 
"illustrate the  slgnlflcant  fact  that  these  prolonged  space-wave  fadeouts  are of lmportance 
only at the  hlgher  frequencles I '  The  fadeouts a r e  shown  to  be  dependent  on  meteorologxal 

By far the  greatest  percentage of fhght  (partlcularly In the  case of crvll-alrcraft 

Case 3-12-78,  Radio  and  Radar  Components  Divlslon,  Federal  Telecommunlcatlon 
Laboratories.  Nutley, New Jersey,  September  1953 

711F1nal Technical  Report  on  Phase I1 of Omnl  Dlrectlonal  Alrplane  Antenna Studies," 

'Bradford  R.  Bean,  "Prolonged  Space-Wave  Fadeouts  at 1,046 Mc  Observed In 
Cheyenne  Mountam  Propagation  Program,"  Proceedmgs of the IRE, May 1954 
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condltlons.  and  in  concluslon It 1s recommended  that  "when  plannmg UHF navlgatlonal  systems 

the  transmitter  power  should be Increased  enough  to  Insure  the  degree  of  rellahlllty required." 
Intended to  operate  throughout  the  twenty-four  hours of the  day  In all seasons of the  year . 

coverage  in  the  presence of the  prevlously  itemized  Inherent  handlcaps,  conslderlng  also  that 
The  system  sensltlvlty of TACAN 1s not  adequate  to  msure  rellable  llne-of-sxght 

as a functlon of frequency,  the TACAN system  suffers a 20-db loss  when  compared  wlth a 
system  operatmg at one-tenth of thls  frequency 

dlscussed F r o m  an  operatlonal  polnt of new,  however,  the  effects  are  cansldered  much  less 
same  frequency  band  occupled  by TACAN,  and 15 therfore  subject  to  the  same  deficlencles 

severe  for  the  followmg  reasons. 

It 1s recognlzed  that  the  clvll DME system 1s deslgned for operatlon In parts of the 

1 DME may  and  does  safely  employ  memory  clrcuts effective up to 20 or more  seconds, 
as deslred  Thls  memory IS adequate  to  permlt  contlnulty of dlstance  dormation  under  the 

through  ground  nulls  and  through  the cone  above the  statlon. 
great  rnaJorlty of adverse  condltlons  caused  by  unfavorable  aircraft  attitudes  and  by  flight 

whlch  Increases .n nul1s.m the cone, and  In  unfavorable  alrcraft  attitudes  There are  no 
errors  In  distance  lndlcatlon  equvalent  to  the  characterlstlc  "scalloplng"  errors of the 

wlth  the  ratlo of reflected-  to  direct-path  energy. 
azlmuth-measuring systems,  lncludmg TACAN. The magnitude of these  errors   Increases  

3 An ammuth  system 1s of prlmary  value  to navigation. dlstance  information.  although 

phllosophy. F o r  thls  reason, maximum effort  should be dlrected  toward  implementatlon  and 
a valuable  asset, 1s secondary A l l  present-day  ctvd-aLrcraft  operatlons  are  based  on  thls 

operatlonal  usage of a sound  and  rellable  azlmuth  system. 

2. The  operatlon of DME 1s Independent of the ratlo of reflected-  to  direct-path  energy, 

FLIGHT  TESTS 

The  fhght-test  data  presented were obtained m the  course of approximately 120 hours 
of operatlonal  fllgnt  evaluation of the TACAN system  The TACAN gro,nd statlon  was  tested 

hangars  and  runways  Durmg  the  fllght-test  program,  recordlngs were  made of the course- 
at  three  different  sltes.  FlgJre 7 shows  the  locatlon of the  three  sltes with respect  to 

devlatlon  mdlcator (CDI), dlstance  mdlcator,  and automatic-gam-control (AGC)  voltage of 
the TACAN aLrhorne  unlt. 

voltage  wlth a Mlcrosen  d-c  ampllfler,  the  output of whxch actuated  an  Esterlme-Angus 

glven  fllght test, a recorder  callbratLon w a s  made  prior  to  each  fllght  test  to  check  recorder 
2.5-0-2 5-ma  recorder In order  to  obtaln  rehable  data  from  the  anborne  unlt  durlng a 

deflectxon  and  dlrect  converszon  to  degrees of course  dlsplacement  In  flight-testmg  the 
TACAN system,  several  thousand  feet of recordrngs were  obtamed.  The  presentatlon of 
course  data  requlres a method of data  condensatlon so that  the  results of a large  numb?r of 
fhght  tests  may be presented In a manner whxch 1s clear, concise, and readlly  avallable.  The 
data-condeneatLon  methods  used 1n presentmg  azlmuth  lnformatlon on orbltal  and  radlal 
fhghts follow 

Orbl ta l   Fhghts .  

clrcular flxghts around  the  statlon  were  made  at various rad11 and  altltudes  Thls  type of 
fllght  was  made  to  obtam  data  on  azlmuth  accuracy  and  scallopmg.  One of the  maJor  Items 

the  system.  The  scalloplng  data  obtalned on orbltal   Lghts  were  used  to  determlne  the 
for  lnvestlgatlon  was  determmatlon of the  effect of sltmg  on  the  operatlonal  performance of 

locatlon of obJects m proxlmlty  to  the  ground  statlon  whlch reflect, shadow, or reradiate 
energy  to  produce  course  scallopmg.  Scalloplng  data  In  thls  report  are  presented In graph 
form.  In these  graphlc  presentatlons  the  scallopmg  amphtude 1s plotted  every 10" through 
360" of aznnuth  The  scalloping  amplitude  plotted  at  each  10'  polnt  represents  the  maxlmum 
scalloplng  encountered  at  any  azlmuth  wlthln *5- of the  plotted  polnt.  When  sectors of 
extreme  scallop~ng o r  fleld attenuation were  encountered,  the  azlmuth-mdlcator  "search" 1s 
shown as a shaded  area  throughout  the  sector In  whlch  the search  occurred. It w ~ l l  be 
observed  that  scallopmg  on successive orblts due  to  the same  reflectlng  oblect 1s not  plotted 
at the  same  lndlcated  aelmuth  in  all  Instances  Thls 1s because  the  scalloplng  occurred  very 
near  the  hmlt of +5' .  The  ldentrflcatlon of ObJects  responslble  for  speclflc  recorded 
scalloplng  was  determlned  by  analysls of the  recordlngs and the  polnt-by-polnt  data 

The course-devlatlon-mdlcator recordmg  was  obtamed  by  amphfymg  the CDI mput 

In order  to  obtaln a rapld  samphng of the  courses  radlated  by  the TACAN system. 
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of the  respectlve  5-mile  traverse For example. If  the  maximum  scalloplng  amphtude 
measured  between 5 and 10  miles was +1.1"  (CDI devlatlon)  and  occurred  at 8 5 miles,  the 
1 1" would  be  plotted at  the  10-mlle  point  on  the  graph.  Thls  method w a s  uqed  when the 

and  abrupt devlatlons from  the  near  average  scalloping  amphtude were plotted  polnt-for-pomt 
scallopmg amphtude represented  near  average  scallopmg for  the 5-m&  rection. lrevere 

untll  unlforrn  scalloplng  was  resumed.  Sectors of azunuth  search  are  shown a5 shadpa dreas 
whlch  represent  the  dlstance  traversed  by  the  alrcraft  before  azimuth  iniormatlon w a s  agam 
avallable . 
voltage  An ACC test  polnt  on  the  alrhorne TACAN unlt  provlded a readlly accessible plckoff 

Durlng  all  fllght tests, recordxngs  also  were  made of the  automatlc-gain-control 

point  for  measurement  The  normal  operatmg  range of this  voltage  varipd  from - 3  to -5 

d-c ampllfmr,  full-scale  recorder  dpflection  ovcr  thls ranee w a s  obtaned. The recordings 
volts A 3-volt  buciung  voltage  was  Inserted  In  the  clrcwt,  and .wth the  atd of  a Mlcrosen 

provlded  valuable mforrndtxon for use In the data an?lysls,  however. p r c s - ~ t a t l o ~  of these 
data 1s llmlted t n  the  radsal-fhght  graphs On radlal  f l l gn t s ,  ab a uwfArri: hange I n  AGC 

The  maumum  scallopmg  amphtude  recorded  dunng  each 5 mlles 1s plotted at the  end 
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voltage  wlth  dlstance  from  the  ground  statmn  was  recorded,  the  voltage  at  each  5-mlle  point 
1s plotted Al l  Irregular and  abrupt  voltage  changes  were  plotted  polnt-by-polnt 

to  determlne  the  comcldence of distance-lndlcator search and  azlmuth-lndlcator  search  The 
Recordings of the  dlstance  lndxator were made on  a number of fhghts  Thls  was done 

presentatlon of dlstance  lnformatlon  on  radlal-fllght  graphs 1s lmuted to an  mdlcatlon of 
normal  operatlon or lndlcator  search. 

the  operatlon of elther  the  ground o r  the  alrborne  equlpment  was  questlonable,  the  fllght  was 

temporary duty at TDC throughout the evaluatlon  perzod,  were  requested  to  servlce  the 
immediately suspended and the TACAN malntenance  personnel. who were  asslgned on 

equlpment  before  further  fllght  testmg  was  resumed 

Throughout  the flxght evaluatlon of the TACAN system, lf at any  tlme It appeared  that 

Slte No.  1, Antenna 15  Feet  

VOR slte, on the  west slde of Welr Cook Munlclpal  Alrport,  Indlanapolls,  Indlana  Thls  slte 
is clear of all  large  obstructlons  for a radms of 1300 feet.  Figure 8 1s a plan  dlagram of the 

photograph of the  slte  taken  from  the  antenna  tower 1s shown  in F l g  9 After  completlon of 
area,  showing locations and vertlcal  angles  for  the  trees and bulldmgs  A  panoramlc 

the TACAV mstallatlon  and a prellmlnary  ground  check of equipment  operatlon,  the  fhght 
evaluatlon of the  statlon  was  begun  The  Arst  fllght  checks  were  exploratory  to  determlne 
geqeral  operatzonal  characterlstlcs  and  to  compare  four  airborne  antennas In order  to  obtam 
optlmum  performance 

The  flrst series of fllght  tests  conslsted of orblts  about  the  statlon  at  radu of 6. 12, 20, 
and 24 mlles,   at  various altztudes  Ammuth-accuracy  caltbrat~ons  were  conducted on the 

standard CAA theodolite-callbratlon method m whlch  the  system  error 1s determlned  by 
6- and  20-mlle-radxus  fllghts  The  6-mlle-radlus  callbratlon  was  conducted  by  uslng  the 

comparing the  lndlcated  aelmuth with the  actual  rnagnetx  azlmuth of the  a l rcraf t   as  

was  conducted by  a standard CAA method In whlch  speclflc  ground-check  points.  over  whlch 
determlned by  a theodollte  operator  at  the  ground  statlon.  The  20-mlle-radlus  cahbratlon 

the  alrcraft 15 flown durlng  the  orbltal  fllght,  are  marked  on  the  azlmuth  recordzng. A t  the 
conclusion of the  fhght,  the  recordmg is Inserted Into  an azimuth  calculator  (an  Instrument 
for  reproducing the  orbltal-fllght  track)  for  the  determmatlon of correct  magnetlc  azimuths 

beanng-error  spreads  measured  on  the  6-m~le-radlus  callbratmu  were 4.8" and 3 8'. The 
Flgure 10  shows  curves of the  bearlng  errors  observrd  on  these two callbratlon  fllghts  The 

error spread  measured on the  20-mlle-rad~us  callbratlon was 3 5 " .  

obtalnlng  IntormatLon  relatlng to the  effect of sltlng on TACAN azlmuth  mdlcatlon.  The  course 
The 6-, 12-, and  24-mlle-rad1us  orbltal  fllghts w e r e  conducted  wlth  malor  emphasls  on 

scalloping amplltudes  recorded  on t h s  series of fhght   tes ts   are  shown  In Flgs 11, 12, and 13 

from  the  statlon  between  azlmuths 284' and  317".  The  effect of thls wooded area 1s revealed 
by the  recorded  scallopmg  centered on an  azlmuth of 2 9 0 " ,  shown  m Flgs 11,  12,  and  13, and 
llsted In  Tab:e I 

The TACAN ground-statlon  eqmpment  was  fmst  Installed  at  the  south  experlmental 

The  maJor obstruction at  the  slte shown  In F l g  8 was a  wooded area  located 1500 feet  

TABLE I 

RECORDED  SCALLOPING DUE  TO  WOODED AREA 

Radlus  Alrcraft 

(miles) 
Altitude 

(feet) 

1 2  
6 

24 
24 

1400 
2800 

3100 
1500 

Over-all  Scallopmg 
Amplltude 
(degrees) 

4 0  
3 5  
3 3  
2 9  

A second wooded area  wlth  a  pronounced  operatlonal  effect on the TACAN system  at  site No 1 
was  located 2000 feet f rom the  statlon  between  aeunuths 142' and  157" T h x  wooded area  
produced  scallopmg  centered  on  an  azlmuth of 150' for  the  fllghts  at 6 mlles radlus  at 800 
feet  altltude, 12 mlles  radlus  at 1600 feet  altltude,  and 24 mlles  radlus  at 1500  and at 3100 
feet  altrtude  The maximum scallopmg  spread  recorded  was  3"  on the 24-m1le-radlus  orblt, 
however,  the  azlmuth  mdlcator  went Into search on both  the 6- and  24-m&-rad1us  orblts 
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Flg 8 TACAN Sltlng  Plot, Slre No. 1 

An alrcraft  hangar IS sltuated on the south  slde of the  alrport 2300 feet   from  the 
statlon  between  azlmuths  107"  and 113'. Thls  hangar  produced  course disturbances a t  two 
wldely  dlfferent  azlmuths A shadow  effect  caused  course  scallopmg  at  100"  azlmuth at  6 
mlles  radlus  and  altltudes of 800 ,  1000,  and  1400  feet,  12  rnlles  radlus  and 1600 feet  altltude, 
and 24 mlles  radlus  at  1500  and 3100 feet  altltude,  wlth a rnaxlmum  scallopmg  spread of 4" 

maxlmum  course-scallopng  spread of 5.5" and  azlmuth-mdxator  search at 250" azlrnuth 
on  the 24-rnlle radlus at 1500 feet  altltude  Reflected  energy  from  the  hangar  caused a 

' dlsturbance 1s a good example of the  complex  nature of the TACAN sltmg  effect  Thls 1s a 
a s  shown on the  curve  for 24 mrles  radlus  at 3100 feet  altltude  Thls  partzcular course 



F t g .  9 Panoramic Photograph, SLte No. I 
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Fig 12  rACAN  Scalloplng  Graph,  Slte N o  1. Antenna 15 Fee t  Hlgh 

mm ., 

be  due  to  reflected  rnergy  from  the  hangar Thls dlsturbance wab apparent on only 1 of 8 
case m whlch a course disturbance was  detected  and Its cause was determmed  accurately to 

orblts at various altitudes and radn, lndvatlng  that  the  reflected  energy was  contained m a 
narrow  beam 

thoroughly the  deterloratlng  cifect of thxs one partlcular  obJect  on  the  oppratlonal  perform- 
ance of the TACAN system In a fhght-test  program  totallng  120  hours and covermg  three 
t ransmlt ter  sltes, however, I t  was not posslb!e to  lnvestlgate the complete  effect of all 
sources of course dlstkrbance  Therefore, up011 posltlve  Identlflcatlon of the  source of  a 
course  dxturoance  from  the resulting amphtude and frequency of scal loplng,  the  fhght  testlng 
proceedpd to the  next phase 

100"  ;elmnth a s  shown  In Flgs 11. 12, and  13  The source of thls  dlsturbance  was  deter- 
Moderate  courjc  dlsturbanceb wele  recorded on t h e  orbltal  fllghts  between 8 0 "  and 

mmed  to  he  reflected  energy  from a 4 by 4 by 6-foot cham-lmk  fence  around  the  power 
transformer at <be TACAN site  This  transformer  cage  was  located 235 feet f r o m  the 

1s llsted In Table I1 Thls cage also  caused  severe  scalloping of 8" spread   a t  an azlmuth of 
statlon at an a=.muth  angle  of 274" The recorded  scalloplng due to  the  transformer cage 

at  lZ-mlle  radlus at LBO0 feet  altitude, 
280" as shown on the  curves fo r  flights at 6-mlle  radlus at 1400 feet  altltade,  and 3 4" spread 

T o  lnvestlgate  further  the  effect of small  ohJects In close proxlmlty  to the TACAN 
statlon, a reflective screen  constructed of l/L-lnch  hardware  cloth, 9 f e r t  hlgh  and 16 feet  

A fllght-test  program of many  hoJrs  rould have been  conducted  to  lnvestlgate 
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Flg  13 TACAN Scalloplng  Graph,  Slte No 1, Antenna  15 F e e t  Hlgh 



17 

TABLE I1 

RECORDED  SCALLOPING DUE TO TRANSFORMER CAGE 

Radlus  Alrcraft 

(miles) 
Altltude 

(feet) 

6 
6 

1 2  
6 

1000 
800 

1400 
1600 

Over-all  Scalloplng 
Amplltude 
(degrees) 

1 0  
1 8  
1 3  
1.3 

long, was Installed vertically ln  front of the  transformer  cage and  onentted so as to   dlrect  
the  reflected  energy  toward  the  40"  amrnuth  wlth  respect  to  the  ground  statlon.  This  resulted 
m an   a rea  of scalloplng  shown 1n the  graphs  for  fhghts a t  12 m d e s  radlus at 2800 feet  
altltude,  wLth a maxlmum  scalloplng  spread of 2 6 " .  Samples  of  the  recordlngs  obtalned  at 
40' azlmuzh  wlth  and  wlthout  the  transformer  screen  are  shown ~n Flg.  14 

four-loop VOR antenna IS Installed  on a standard  35-foot-diameter  counterpolse 10 feet  above 
ground  On  the  fllght  at 6 mllcs  radlus at 1000 feet  altltude,  scalloplng  wlth a mammum 

to  the VOR statlon  Thls VOR statlon was reafflrmed as a source  of  held  dlsturbance Ln 
spread of 3 8" w a s  recorded  between  aelrnuth5 320' and 20 ' .  Thls  scallopmg  was  attributed 

later t e s t s  when  the TACAN antenna w a s  ralsed  to 30 feet  
A s e n e b  of fllght tests was conducted  for  the  purpose of recordmg  radlal-course 

scallopng,  moderate  scallopmg,  and  heavy  scalloping as revealed  by  the  data  obtalned  on  the 
scallopmg.  The  radlais  selected  for  lnvestlgatlon  were  chosen to sample  the  areas of no 

orbltal  fhghts  Flgure  15  shows  the  scallopmg  amphtudes  recorded at 1500 feet  altitude 
durlng  fhght  tests of one radlal of s m a l l  scalloplng,  three of moderate  scalloplng,  and two 
of severe  scalloplng.  These  data  were  obtamed  at distances up to  approxlmately 30 mlles  
The  144"  radlal  exbbited  the  most  severe  course  scallopmg.  +4-,  and  azlmuth-lndlcator 
search  caused by the  wooded area  previously descrlbed  in  the  sectlon  concerning  orbltal-fllght 
tests 

above  ground on the  90"  and 270' radlals  to  obtaln  data  on  course  characterlstlcs  and 

arnplltude of *2' and severa l   a reas  of azlrnuth-lndlcator  search In the  nulls of the  vertlcal 
coverage  Data  obtained  durlng  these  fhghts,  plotted  ln  Flg. 16,  show a maxlmum  scalloping 

plane  pattern of the  ground  antenna 

The TDC VQR statlon IS located 1350 feet  north of TACAN slte No. 1 At thxs s l te  a 

Two fhght  tests were conducted at hlgher  altltudes  rangmg  from 10,000 to  12,000 feet  

Slte No 1,  Antenna  30  Feet 
Ai  the  conclusion of the  f irst  series of fhght  tests.  the TACAN antenna was ralsed  from 

15  feet  to 30  feet above  ground  Fllght  tests  conducted  on  this  mstallatlon  were  confmed  to 
orbltal  and  radlal  fllghts to  determzne  posslble  reductron In s l t m g  effects.  The  orbltal  fllght 
data are presented In F l g  17. These  data do  not  show  any  substantla1 reduction m sltmg 

t ransformel  cage was  worse  than  that  obtamed  when  the  antenna  was  15  feet above  ground, 
effects 0vt.r  those  noted  when  the  antenna  was  15  feet  hlgh  The  observed  effect of the 

as may  be  seen  on  the  curve  for  lZ-rn~le-rad~us  fhghts  at  1300 feet  altltude  The  maxxmum 
scallopmg  spread  recorded was 6". which was  accompanled  by  azxmuth-lndlcator  search. 

of arcs  between  70"  and  120"  aslmuth, 1 2  mlles from  the  statlon  These  arcs  were flown at 
The  effect of this  speclflc reflective ohJect was fur ther  investigated by  flylng a se r l e s  

altitudes of 1000. 1300, 1600,  1900, 2200, and 2500 feet  above  ground.  The  most  severe 
scalloplng  was  recorded at the 1300-  and  2200-foot altltudes  as  shown In F l g  18, wlth a 
manmum spread of 2 6 - .  

a sector 12"  wtde,  centered  on  4"  aelmuth on the  12-mlle-radlus  orblt  at 1300 feet  altltude 
A scalloplng  spread of 3 3"  was  observed  at  180"  on  the  24-mlle-radlus  orblt  at 1000 feet 
altltude,  thls  was  belleved  to  be  caused  by  reflectlon  from  the VOR. 

144"  radlal,  which 1s the  azlmuth of a heavily  wooded  area,  and  the  324"  radial.  The 144' 

data ohtuned  on  these  fllghts  are  shown m Flgs. 19 through 22 and show the  lmprovement Of 
radlal  was  flown  at  altltudes of 1000, 2000,  4000, 8000, and 12,000 feet  above  ground  The 

dlstance  range  wlth  Increase  In  altltude 

The  effect of the  north VOR statlon  agaln w a s  exhibited by azlmuth-indicator search   in  

The  radlal  fllghts  conducted  on  thls  lnstallatlon  conslsted of a se r ies  of fhghts  on  the 
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Fig. 14 Sample Orblt  Recordings 
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F l g  16 Radial Scalloping Graph, Sltp No. 1. Antenna 15 Feet  Hlgh 
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F g. 17  TACAN Scalloping  Graph,  Site No. 1,  Antenna 30  Feet  Hlgh 

Slte No. 2, Antenna 30 Feet  

and a hangar  In  order to evaluate  the  effect of these  obstructlons  more  readily  Flgure 23 
Slte N o  2 w a s  selected to brlng  the TACAN ground  statmn c loscr  t o  a grove of t rees  

1s a plan  diagram of the  slte  and  surroundmg  ohstructlons A panoramrc vlew of the  slte 1s 
shown In F l g  24 The  fllght  tests  were  conducted  wlth  malor  emphasls  on  obtaming 
scallopng  and  coverage  Informatzon  The flrst s e r l e s  of flrght t e s t s  consisted of o r b h  about 
the  statxon at  rad11 of 6, 12, and 24 mlles, at varlous altitudes  The  course-scalloping 
amplltudes  recorded on thls  series of fhght  tests  are  presented In F l g s  25, 26 ,  and 27 These 
graphs show tha t   t rees  dnd other  reflectlng  surfaces  cause a mlnlrnim  amount of scalloping 
and lndlcator  search  on  the  6-m&-radlus  clrcle  because of the  hlgh  fleld  strength  The I Z -  
and  24-m~le-radlus  clrcles  show  the  increased  effect of 5lgMl  scattering and  attenuatlon 

amphtude  In  areas of severe  srallopmg  actually  could not be measured  The  azlmuth  clrcults 
caused  by  the  trees  and  centered on appTOxlmately  140" azimuth The  true  value of scalloplng 

of the  alrborne  unlt  were  unable to track  durlng  perlods of rapld  and extreme course 
excursions, resulting In aslrnuth-mdlcator  search It wab further  observed  that  dlfferent 

tolerance  to  scallopmg  before gomg  mto search  
alrborne  umts, or  the same unlt  under  dlfferent  condrtlons,  exhlblted  varylng  degrees of 

elevatlon  angle of 1 4 " .  The  scallopmg due to  thls   ob~ect  was very  pronounced  at  and  near 
A DME antenna  was  located 600 feet from the TACAN statlon  at 3 3 "  azimuth at an 

t h s  angle of elevatlon,  as  shown 1n Flgs 25, 26, and 27. for  fllghts at 6 mlles  radius at 750 
feet altltude, 12 mlles  radlus  at 1500 feet  altltude,  and 24 mlles  radlus  at 3000 feet altltude 
The  curve f o r  6-mlle-radlus  clrcles at 750 feet altltude  shows  that  the  scallopmg w a s  s o  
severe  that  the  azlmuth  lndlcator  went  Into  search. 

N 
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Flg.  18 TACAN Scallopmg 

Antenna 30 Fee t  
Graph,  Slte No  1, 

Hlgh, 90' Area 

. . . . -_ . . 

The  hangar  located  on  the  south  side of the  alrport and  1470 feet  from  the  statlon  was 
centered *t an  aelrnuth of 63" a t  a maxlmum elevation angle of 1 .a' Thls obJect  produced 
operatlonal  effects  at two ammuths Shadowlng effects  are  shown on  the  graphs fo r  the  12- 
mlle-radlus  clrcles  at 500- and  1000-foot altltudes  and  on  the  24-mlle-radlus  clrcles  at 

Into  search  at  the  lower  altltudes  and  displayed a maxlmurn scallopmg  spread of 3 7' at the 
1000- and  2000-foot altltudes  See  Flgs 26 and 27. At  both rad11 the  alrborne equipment wen1 

hlgher  altltudes Reflection effects  were  observed  at  6-m~le  radlus  at 500 feet altitude, 12- 
mile  radius  at 1000 feet altxtude,  and  24-mlle  radlus  at 2000 feet  altztude, as shown  In F lgs  
25 ,  2 6 ,  and 2 7 .  Thls  effect  resulted m azlmuth  search  and  maxlmum  scalloplng  spread of 
4.3' between 280"  and 290' azlmuth. 

The  main  obstructzon  near site No. 2 was a grove of trees  centered  at   an  azlmuth of 

the  operational use of the TACAN system IS clearly shown  In the  curves for the 6 - ,  12-, and 
140' and  located 640 feet  from  the  statlon  at  the  nearest polnt  The  effect of these  trees on 

24-mlle-radms  fllghts.  The  6-mlle-radlus  plots, F l g  25, show the  scallopmg  effect of these 
t r ees  wlth  one a rea  of search  at  147" a t  500 feet  alhtude,  and  an  Improvement m performance 
at  the  higher  altltudes  On  the 12-  and  24-mlle-radms  orblts,  large  areas of Indtcator  search 
were  observed m whxh  no  azlrnuth  mformatlon  was  derlved  from  the  system  Improvement 
was  obtamed at mcreased  altltudes 
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Fig 20  TACAN Radlal Data, Slte No. 1, Antenna 30 F P P Z  Hlgh 

recorded A number of radlals w e = *  flown at   an altztude of 1000 feet  aanve ground m sectors  
On the  second series of fllghts. radial-course  scallopmg and dl5tance lange were 

where  scallopmg had been  recorded  previously  on  the  orblral I l rghL dnd uhrre the  scallopmg 
was  caused  by  reflected signals f rom the Pangar The  radlals flown were 2&7", 290', and 
293O azlmuth  Flgure 2 8  shows  plots of the  course-scallopmg  anphtude  recorded on the 
radlal  fllghts It also  mdlcates  dlstances at whlch  Interruptions  to  azlmuth  and  dlstanre 
lnformatlon  occurred  These  plots show that  the mosf ~ e v e z e  course  dlcturbances  occurred 
m the flrst 1 5  rnlles f r o m  the  statlon. 1ndlcatlr.g that  the  reflected  energy from the hangar 
causes course dlsturhances  at  angles of elevation above 0 6' 

the  hangar  Flgure 29 shows  the  extreme  attenuatlon of the  fleld  due to  the  hangar on the 

rnlles  on  the  60" r a d d  whlch clears  the  hangar by 1' 
65"  and 6 8 -  radlals  where a dlstance  range of 18 rnlles-was ohtalned, m contrast  to 43 5 

and 125" azlrnurh.  The  plots In F lg  30 show the effective breakdown of the  system-ue t o  the 
The  effect of the grove of t r ees  was lnvestlgated  by  flylng  the radlals 150". 140". 135",  

presence of the  trees whlch effectlvely  llmlted  the  range of the  system  to  distances of 9 5 to 

TACAN operatlon  under  optlmum conddltlons lor a ground  antenna  helght of 3 C  feet  T5e 
15 rnlles  The  fhght  data  obtalned  on  the 80" and 3 3 0 "  radlals Thown LE F.y 31 portray 

maxlrnum  scalloplng  observed  on  these  radlals w a s  il 3 -  

Other  radlals  were flown at 60', 65". and ba" aannuth 111 th t  shadow area produced  by 
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statron  Plots of the  data  ohtamed  on  the 129" radlal  durmg  the  fhghts outbound  and  Inbound 
to  the  statlon are  shown In Flg 32 The  effect  of the grove of trees  agam  resulted Ln a 
rnaxlmum of f5' course scalloplng  and a very  llrnlted servxce range  Flgurr 3 3  shows  graphs 
of the  data  obtamed  on the 330' radlal  and again  portrays TACAN operatlon  Lnder  optmum 
conditions The  effect of a null In the vertlcal plane-radlatlon  pattern of the TACAN ground- 
statlon  antenna  may  be  seen by the  Increase In scalloplng of maxlmunl amplLlude  of 1 4  5' 
and aernuth  search  encountered  at  approxlrnately 75 rnlles from the  statlon 

The  next 7erxes ot rad la l  fhghts w a s  conducted at an  altltude of 12,000 feet above  the 

Slte No 3 ,  Antenna 95 Feet  
The TACAN ground  equlornent was Installed In the TDC Radar  Laboratory,  and  the 

antenna  and  woodentower p;e;musly used  at site No 1 were  placed on the  top o f  an ASR-1 
radar  t o w e r  Thls  placed  the  center of the  antenna 95 feet above ground A photograph of 
this mstallatlon 15 shown In F i g  34 Flgure 3 5  1s a panoramlc v l e w  taken  from  the tower 

repeated  at  the No 3 slte The  data  obtamed  are  presented ~n Flgs 36 and 3 7  These 
The 12-  and 24-mlle-radlus circles whlch w e r e  flown around the No 2 slte  were 

flgures show reduced  slting  effect as a resul t  of the  Increase In antenna  helght  The 
scalloplng  between  100"  and  130"  ammuth  on  the  12-rnlle-radlus c ~ r c l e  at 2000 feet  altltude, 
and  on  the  24-rnlle-radlus  clrcles at 4000- and 8000-foot altitudes. 15 attrtbuted to an 
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F l g  22 TACAN Radial  Data, Slte No 1 .  AntPnna 30 Feet  Hzgh 

ASH-2 radar  tower 60 feet  hlgh  located 1000 feet dlstaqt at an  azlmuth of 110"  Thls  tower 
caused a maxlmlm  spread of scallopmg of 3 "  

course  scalloprng and dlsrance rangr  The  1000-foot-altxtude  radrals w e r e  flown a t  184". 
2 7 0 ' ,  and 327"  azimuth The data  obtalned  on  these  fhghts are presentrd In Plgs 38, 39, 
and 40, and show distance  ranges  varylng  from 40 to 57 rnlles wzth  a rnax~rnl~m course 
scallopmg of + I  7". The 330" radxal  was flown at an  altztude of 12,000 feet  above  ground. 
The data  obtalned  on thls fllght are  presented In F l g  4!, and show a dlstance  range of 141 
mlles wlth a maximum course  scallopmg of + I  2" 

the  evaluatlon at sl te No 3, Type RG-17/U transmissLon  lme was  used  between  the  trans- 
mltter  and  the  antenna  The  transmtssxon  hne  was  then  changed t u  d Stvroflex cable  The 
new cable  reduced  the transmission-llne power loss approxlmately 4.5 db Thls was 
evldenced  by  Increased  distance  ranges  avcraglng  from 4 2  mlles  to  54  miles,  at 1000 feet 
above ground Also, subsequent to  the  evaluatlon of the TACAN system  at   sl te No 3 ,  a new 
modhed  t ransrn l t te r  was mstalled A theodohte  fllght  callbratlon  conducted  on  the  statlon, 
uslng  the new transmltter,  provlded  data  for  the error curves  shown  ln  Flg. 42 u l t h  errors 
of + I  25- and*1 0" 

Cornpanson of the  data  obtalned wlth the TACAN antenna 30 and 95 feet above  ground 
reveals increased dlstance range and  reduced  sltlng  effect when the  antenna ='as 95 feet  hlgh 

Vertlcal  Plane  Radlatlon  Patterns 
Flgures 43 through 48 show relatlve  vertlcal  plane  fleld-strength  patterns of the 

TACAN antenna  when i t  was mounted 15, 3rl, and 95 feet  hlgh In Flgs  43, 45, and 47. the 
patterns  are  plotted In rectangular  co-ordmates  for a clearer  presentatlon of rnmlmums and 
rnaxmnums at the lower  angles, Flgs 44, 46, and 48  show  the  patterns In polar  co-ordmaten 

Radlal  fllghts were rondurted at altitudes of 1000 fept and 12,000 feet t o  determlne 

Durmg t h e  evalultlon of the TACAN system  at   sl tes Nos 1 and 2 8  and durmg a par t  of 





Flg 24 Panoramlc Photograph, Slte No. 2 
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Fig 25 TACAN Scalloplng  Graph,  Slte No 2, Antenna 30 Feet  High 

the  perlod of tlme  during  whlch  incorrect  azlmuth  lnformatlon 1s received. The cone 1s 

normal  course  dlsturbances above  the statLon The cone 1s left  at  the 2- deflectLon  pornt 
considered entered when the CDI deviates  more  than 2" and  when thls  devlatlon 1s due to 

a s  the  stralght-llne-course  lndicatron 1s resumed  after  passmg  the  statlon 

at  altrtudes  above 8000 feet when  the  antenna  was  mounted 95 feet  high. 
15 feet  hrgh. 97' measured  at  8000 feet  altrtude  when the antenna  was 30 feet   hgh,  and 95.2" 

1000 feet  Thrs  was due to the  long  tlme  requrred  for  the  alrborne  equlpment to search 
Approxlmately  18  seconds  are  requrred  for one complete  search of azimuth. When flying 
through  the  cone,  the  course  changes 180'. Thls  reqrures one-half revolutlon of the  aelrnuth 
mdlcator, or a  mmunum  tlme of 9 seconds for passage  through  the  cone. If the  amplatude 

however,  the  azimuth mdlcator must  make a  complete revolutlon  requrlng an  additlonal 
modulatlon  contaming azrmuth rnformation (15 and 135  cps)  has not returned  wlthln 9 seconds, 

18 seconds  It  follows,  therefore,  that  the  perlod  durlng  whlch  azrmuth  information 1s 
unavarlable  in  the cone occurs ~n odd multiples of 9 seconds 9, 27, 45, 63 seconds,  and so 
forth. 

The  wldth of the  cone  was 156" measured at 1600 feet  altltude  when  the  antenna  was 

One  cone  measurement when the  antema  was 95 feet hlgh  was 161.6" at  an  altltude of 
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Flg 26 TACAN Scalloping Graph,  Slte No 2. Antenna 30 Fee t  Hlgh 

CONCLUSIONS 

A s  a result of the  evaluatxon of the TACAN system, It 1s concluded  that 

1 The TACAN eqmpment  has  not  demonstrated  suffrclent  relrablllty  for clvll use 
2 TACAN 1s subJect  to  sltlng  errors  comparable  to  those of the VOR, although of a 

somewhat different nature 

is the VOR 
3 The  azlmuth  portlon of TACAN 1s much  more susceptible to  shadowmg  effects tharr 

lndmator  went Into search  In  the  lowest  null of the  vertlcal  olane-radlatlon  eatterns  at  an 
4 When the TACAN antenna  was  sltuated 15 and 30 feet  above ground,  the  alrborne 

~~~~ ~~ 

altltude of 12,000 feet  
5 When the TACAN antenna  was  placed  at a helaht of 95 feet above  Eround at  a poor  alte, 

I - 
srtmg  errors  were  practlcally  ellminated. 

6 The  dlstance  accuracy of the TACAN system 1s comparable  to  that of the clvll DME. 

I feet  above  ground  and a modlfled  transmltter  was  used.  The  best  theodohte  VOR-system 
7 The  best theodolite fhght  callbratLon  revealed  an  error of *l.O'  when  the  antenna  was 

lxbratlon  obtalned a t  TDC was $ 0  6" usmg a four-loop VOR antenna 
8 The  operatlonal  characterlstlc of azlmuth-lndlcator  search  caused by course 

allopmg  leads to  dlsconttlnulty of ammuth  lnformatlon  and  loss of confldence In the  system 
the  pllot 

r the VOR. 
9 The TACAN cone of sllence  subtended  an  angle of approxlmately 95' compared  to 30" 
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10. The  distance-lndlcator  coverage of TACAN IS comparable to that of DME: 
11. The  azimuth  coverage of TACAN IS less  than  that of VOR for  equal  antenna 

12. TACAN and DME cannot  operate  satlsfactorlly on common  frequencles,  and 

13 One of the  greatest limitations of the TACAN alrborne  equlpment 1s that rn mice 

elevations 

adequate  guard  bands  between  the  two s e r n c e s   a r e   r e q u l r e d  

communications a r e  provlded  for  alr-traffic  control  and  weather  broadcasts. 
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Flg.  28 TACAN Radlal  Data,  Slte No. 2, Antenna 30 Feet Hlgh 
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Fig.  29 TACAN Radlal  Data, Slte No. 2, Antenna 30  Feet Hlgh 
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Flg. 30 TACAN Radlal  Data,  Slte  No 2, Antenna 30 Fee t  Hlgh 

Fig. 31 TACAN  Radlal  Data,  Slte  No. 2, Antenna 30  Feet  Hlgh 
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Flg 3 2  TACAN Radlal  Data, Slte N o  2, Antenna 3 0  Feet Hlgh 
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F l g  33 TACAN RAdlal Data,  Slte No. 2, Antenna 30 Feet Hlgh 
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Flg  3 4  TACAN  Antenna  Installatlon, Slte No. 3 



FLg 35 Panoramlc Photograph. Site No. 3 
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Fig. 36 TACAN Scalloplug  Graph,  Slte No. 3, Antenna 95 Feet  Hxgh 

Flg 37 TACAN  Scalloplug  Graph,  Slte No. 3. Antenna 95  Feet  Hlgh 
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Flg  3 8  TACAN R a d d  Data, Site No. 3, Antenna 95 Feet Hlgh 
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F I ~  39 TACAN Radlal Data. Slte No 3, Antenna 95  Feet Hlgh 
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Flg 40 TACAN R a d d  Data. Slte No 3 ,  Antenna 95 Feet Hlgh 
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F lg  41 TACAN Radtal  Data. Site No 3, Antenna 95 Feet  Hlgh 

Flg. 42 TACAN Theodollte  Fllght Calrbratlon, Slte N o  3 ,  Antenna 9 5  Feet  Hlgh 
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Flg 44 Vertlcal Plane Pattern, TACAN  Antenna 15 Feet  Hkgh 
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Fig 45 Vertrcal  Plene  Pattern, TACAN  Antenna 30 Feet  High (0.-8.  Plot) 

RLLaTIVE f lELD STRENGTH 
Zi%E& 

F l g .  46 Vertlcal  Plane  Pattern, TACAN  Antenna 30 Feet  H q h  
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F q  4 8  Vertlcal  Plane  Pattern, TACAN  Antenna 95 Feet  Hlgh 


