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WALUATIOH OF THE FTL SPmING VOR 

s m m y  

This  report  gives an evaluation of a production model of the 
F'PIr2I.A VOR EpiYniUg ante-  developed by the  Faderel Telecommunication 
IBboratories, h c .  Grow13 and flight t e s t s  which  were conducted are  
described. The bearing a;3d polerization  errors  yere  acceptable, 
although the array was found t o  be s o m w b t  sensitive  to  phasing  adjust- 
mmt. The distance rangfl and s t a b i l i t y  of the system were comparable t o  
the  four-loop VOR array. The m e a d  sugge~ted by the  manufacturer f o r  
phasing  the  array my be rnroved upon if means a r e  provide6 for maasure- 
m e m  of bearing  emor  at   the edge of the  counterpoise. In designing  the 
array,  the  manufacturer  considerad  ease of ins ta l la t ion  and maintenance 
by poreonnel with limited  trairLng. Theee objectives  appear t o  have 
Seen adequately mat. 

INTRODUCTION 

in 1954 a t   t h e  Technical  Bvelopment and Evaluation  Center,  Indianapolis, 
The evaluation  tests  described in th is   repor t  were conducted ear ly  

Inclam, and are  supplemental t o   t e s t s  conducted on an e a r l i e r  model of 

made in  the newer production model of the s p M n g  type VOX antenna, (2) 
the  antennal. The t e s t s  were  (1) to  determine w h e t  improvements had been 

antenna, and (3) to   t e s t   t he   f eas ib i l i t y  of making bearing  calibration 
to  compare i t e  parformance with that of n CAA standard  four-loop VaR 

t e s t s  of such an antenna a t   t h e  edge of the  counterpoiseZ. 

The spirmhg  antanna uas tes ted on a circular  counterpoise 35 f e e t  

of galvaaieed  sheet  metal  soldered  along all joints.  Most of the  bearing 
in diameter and 10 feet   h i&.  The counterpoise was made of solid pieces 

manner described in an ear l ier   mport3.  TVO types of monitors were used 
ca l ibra t ion   tes t s  were conducted a t   t h e  edge of the  counterpoise in the 

la making the bearing error  check a t   t h e  edge of the  counterpoise and 
additional meaeureaents of bearing  error8 were nade a t   t he   r ece ive r  
laboratory  located a t  a distance of 3,725 f ee t .  Ista f o r  e r ror  curves 
were also obtained a t   t h e  edge of the  counterpoise and at   the   receiver  
laboratory  simultaneously  vhile  rotating  the  entire  antenna array. 

ra tor iee  CmIliranp An tem,"  CAA !I'D Report No. Ill, Kay 1950. 
ThOlPaa S. Womell,  "Evaluation of Federal Teleccmmunicatione -bo- 

the Vm," CAA TD Report No. 227, January 195% 
Robert B. F l in t  and William L. Wight, "Ground Calibration of 

3 Ibra. 
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from the VOR, agreed  with  other ground t e s t s  mde with a polariscope& 
a t  a Point 770 feet   nor th  of t he  VOR site. Polarization measurements 
mde i n  flight confinned  the ground tests. F l igh t   t es t s  were a180 made 
t o  determine  bearing  error,  distance  range, and  cone  width. Flight tests 
-re a l so  made to  datemine  bearing  error,  distance range, and cone width. 

DESCRIPTION 

Tests of polar izat ion  error  made a t  the ante- laboratory 830 fwt  

!Em Type  FTL-2lA VOR antenna is  a ve r t i ca l  cage  type  array which is 

top of a comtewJ j se  is  shown in Fig. 1. The structure   consis ts  of an 
relatively  easy t o  set up and adjust .  A view of the  antema  Installed OTL 

upTer cage A, anc? a lower  cage B. The l a t t e r  i s  enclosed i n  a removable 
fzb-ber glase oover. The lower  cage contains  inner and ooter  radiating 
cavi t ies ,  which togather form a concentric  radial wave guide system. 
Figures 2, 3, 4, and 13 are  views of the lower  cage B. Tvo ve r t i ca l  dummy 
X--bmd wave guides C ,  extending  the  entire  length of the  upper  and  lower 
?OrtiOIle OP Lke erray and 18 aluminum tubeo D, which comprise the  outer 
psr t lon of the lower cage, a r e   s e t   i n  a c i r c l e  25 1/2  inchae in diameter. 
'2he rectangular wave goidea are disposed  diametrically  oppoeite  each  other. 
Tne imer   por t ion  of the lower  cage coneists of 20 ve r t i ca l  aluminum tubes 
arranged in a c i r c l e  16 inches i n  d iam~ter .  The outer and h e r  p r t i o n a  
of the  lower  cage are  secured by clamping nembers t o  a mounting flange E, 
and t o  an upper  flange F. The over-all  height of the  lover cage is  6 feet .  

The carrier  antenna  disc G ,  along  with i t s  matching stubs  or 
"cluster" H, a e t s f e n i w  disc I, (=de of Fnsuleting material) and a 
circular  inductive  tuning iris J, are  a l l  included Fn the  lover cage 
asRembly as it is shipped from L?e factory. The rotating  dipole assembly 
K, is placed in posit ion from the bottom after the cage is installed. 

The outer portion of the  upper  cage L, consista of lB aluminmu 
tubes and two rectangular d m  wave guides so arranged that they  appear 
t o  be exteasion6 of the  corresponding  elements of the  outer  portion6 of 
the  lo*rer cage.. The o v s ~ a l l  length of these  elements is  12  feet and 
they are secured t o  upper and lower mounting discs M and N, by Clamping 
members. An innor concentric assembly  16  inches i n  diameter -de of 10 
ver t i ca l  aluminum tubes 8 f e e t  long i s  a l so  Included. The inner assembly 
is secured t o   t h e  lower  mounting disc ET, an  intermediate  disc 0, and a 
second disc P, by meam of the same type clamping members used in  other 
portions of the upper and  lover cages.  Discs 0 and P, in addi t ion   to  
s t i f fen ing   the   an tbe  upper cam,  also  serve  to  detune the radial 
guide  syetem formed by the  vertical   rods and the mounting discs M and N. 
Nylon guy ropes  for  the  structure are attached  to  the  intermediate  disc p. 
An inidite finish has been  applied t o  all of the aluminum a s  wed in  
both the upper and lower  cages. 
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5 show it in an inverted  posit ion  with  the  f iber glass cover 8,  s t i l l  in 
place.  Sideband  energy i s  supplied to   the  dipole  through f i t t i n g  R, and 
11O-volt 6Gcps power for   tho 1/16 hp, 1800-rpm synchronoue motor f e d   t b u g h  

the  dipole.  Enerey from the  tone wheel is awilable a t  terminal T. The 

fed a t  point R, Fig, 5 ,  1s supplied  to  the  rotating  diptile  through a 
rotat ing 1/10 wavelength dipole U, is E h O M  i n  Fig. 6. Sideband energy, 

capci ty-coupled  rotat ing  joint  of low character is t ic  Impedance. A series 
inductive stub cancels  out  the  capacity of the  rotat-  joint. 

The mta t lng   d ipole  assembly ~ E I  ahovn in Figs. 4, 5 ,  and 6. Figure 

f i t t i n g  s. A 9960-Cps tone wheel &eel is mounted on the Barn Ehaft 8 s  

Inasmuch as it was des i red   to   ro ta te   the   en t i re   a r ray  during prt 
Of the   evaluat ion  tes ts ,   the  aosembly m e  mounted on a rotatable mechanism, 
the  top  plate  V, of which may be  seen i n  Figs. 2 and 4. Figure 1 chow 
the  rotating  pedestal  from inside the  tranemitter  building. To rotate   the 
antenna  array, it y&s necessary t o  raise the  antenna and the mounting p l a t e  
by meam of the  bar  lever W, and to  produce the desired  angular mvament 
by turning  the  handle X, of the geared  rotating mechaniem. Clamps were 

lmrunting p la te  and the counterpoise. In practice  these were not used, 80  

provided i m i d e  the building to assure good bonding  between the  array- 

wed On the   car r ie r  line are  enclosed in the  cover P, which may be seen 
gravity  provided  adequate PreSSUre f o r  good bonding. The matching stubs 

i n  Fig. 7. 

The ca r r i e r  antenna disc G, in the lower  cage i s  supplied  with rf 

Portion O f  the lower cage. The c a r r i e r   a n t e m  radiates a c k c f i r  pat- 
energy  through one of the 20 hollow aluminum tubes  forming the inner 

tern "he rf phase of t he   ca r r i e r   pa t t e rn  doe8 not Change with aZimuth. 
The 9 9 6 0 - c ~ ~  energy from the  tone wheel, frequency-modrilatad a t  fc-cps 
with a deviation of 1480 cpe, is used t o  amlitude-modulate the  rf epBr$y 
s u s l i e d   t o   t h e   c a r r i e r   a n t e m  and to  progide an FM subcarrier  for  the 

f i W - O f - e i g h t ,  provides the  variable pbase voltage for   the  a b C r 8 f t  
m % m m ~ e  phase signal. The spinning dimole, whose rf pat tern is a 

receiver. In apace the  f igure-of-eight  pattmn  radiated by the  spinning 
dipole, combines with  the circular pat tern radiated by the c a r r i e r  ante-, 
t o  produce a r o t a t b g  pattern shaped like a  limacon. The rf energy SUP 
p l i ed   t o  the dipole  antenna is taken from the  carr ier   output  of the 
transmitter  and  then  stripped of its modulation by meam of a modulation 
eliminator. This method of obtaining rf e n e r g  for the  rotating  antenna 
is Used in order   to  reduce  the  possibility of random -r ia t ion in PhWe 
relationship betueen rf patterns of the dipole and the   d iec  antenna. 

sorves as an inductive tuning susceptance with  respect  to the rotat ing 
The inductive  tuning iris J, 18 a cylinder 12  inches  high which 

dipole, and may be considered as  a f i x e d  element. The lower  cage  aesembly 
provides  radial  resonant chambors fo r  the rf energy f romthe   ro t a t ing  
dipole; and, while re-radiating this energy, reduces i t s  v e r t i c a l  C o r r  
p n e n t  materially. A further reduction in the  vertically  polarized energy 
radiated by the lower cage aeeembly is effected by the upper cage. 
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TESTS AND RESULTS 
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possible, a 90" length of l i n e  =E f i r e t  imer tod  in the  sideband antenna 

A t o t a l   va r i a t ion  of n e a r u  7 "  is phaeer posit ion vas indicated  by this 
feed,  and  the  phaeer m a  adjusted  for  minimum indication on the  mnitor.  

test. Curve B of Fig. 11 sh~ws the phaser posit ion when the  3bCpS 
filters in the  monitor were switched  out of the  c i rcui t .  

noted a t  the  counterpoise edge. As vi11 be observed in Fig. 12,  the 
epace  modulation wr ied   bo twen  the  limits of 28.7 and 31 per cent. As 

in azimuth,  these  readings were obtained  by moving the rf pick-up t o   f i r e d  
in the  case of the tests made fo r  var ia t ion in phaser  position  vith Change 

mdulation  percentage on the   s ta t ion  monitor. 
points 20" apart on the  perjphsry of the  counterpoise and reading the 

Some variat ion in space  modulation  percentage  wlth  azimuth was 

POLARIZATION TESTS 

was f i rs t  so t  ~ p .  This  value WBB a l i t t l e  higher  than  expected and in 
addition proved t o  be somewhat variable. A poorly clamped rod i n   t ha  
lower  cage assembly -0 diocovered; so the entFre  antenna was taken dovn 
and a l l  clamping members were tightened as well as  possible with the aid 
of wrenches. Before  the upper  cage uas restored,  but vith a l l  other 
adjustments  properly =de, the measured polar izat ion  error  Was +_10.35". 
When the  top cage was again  installad,   the  error was reduced t o  f1.9" and 
appeared t o  be  stable. Adding a screen of hardvare c lo th   t o   t he  middle 
section of the  cpper  cage,  lovered  the  polarization  error  to +_1.1". T h i n  
vas reduced t o  fO.35O by placing hardwrre cloth  screens  around  the  top and 
bottom  sections of the upper  cage. 

A polarization  emor of f1.91" was measured when the  antema Bystem 

in  Fig. 13 and supplied  by  the  manufacturer,  the hardware c lo th  was 
removed and the polar izat ion  error  me measured a t  +_1.75'. Wnen the new 
cage, vith i ts  three additional  shorting  diecs u ~ s  in8taUed,  the  pOhri- 
zat ion  error  vas reduced t o  f0.92". 

Later, before  install ing an upper cage, which was modFfied as shorn 

MISCELtANEOUS TESTS 

attached t o   t h e  same drive  shaft  as  the  spinning  antenna;  and,  the  errors 
observed when the  tone wheel of a standard C M  type goniometer was used 
to  supply  the 9960-cps FM energy  for  the  subcarrier, is  given in Fig. 14. 
Although the posit ion of the  phaser wa0 not changed during  these  tests, 
it was not set a t  the  compromise posi t ion whlch gave minimum er ror  

between tho sideband and ca r r i e r  when the pick-up unit -0 located 175 
spread, but instead v a s  s e t   a t   t h e   p o i n t  which indicated correct  phashg 

f e e t  from the  antenna. 

A comparison of the  bearing  errors obeerved with  the  tone wheel 



- 6  

Figure I5 showe a camprison of the error c w e s  obtained vhen 
checking the  var iable  phase only. C u r v e  A was obtained when the   p la te  
supply of the   car r ie r  modulator un i t  was t u n e d  off, thus removing the 
9.96  kc FM signal from the  rP energy  radiated by the  antenna eystem. 
Curve B shows the   e r rors   ob te ind  when the  system was operating  normlly. 
During th i s   t e s t ,   t he   &ta   fo r   bo th   cmes  a t  any one azimuth were obtained 
without moving the  pick-up unit. 

poise edge a f t e r   t 5 e  system had heen operating  undisturbed  for  ten days. 
During this  period,  th$  station  error curve varied between 2.1" and 2.6" 

th ia   se r ies  of tests. 
spread. The standard CAA monitor  with 30-cps f i l t e r e  was used  while making 

Figure  16 is the last  s t a t ion   e r ro r  curve  obtained a t  the ctlunter- 

FLIGHT TESTS 

The f l i g h t   t e s t e  conducted on the FTL2I.A VOR antenna COn8iEted O f  
polarization checks,  distance  raage  checks,  theodolite  orbits and cone 
rceaswaments. For  comparison  purposes the flight test  data  obtained on 

antenna  data. 
the CAA four-loop VOR antenna  with  polarizer  are  listed  with  the FTIrZlA 

Polarization  Flight Checks 

ducted. These t e s t s  were made a t  a distance of approxFmately 20 miles 
from the VOR s ta t ion  a t  en a l t i t ude  of 1,000 f e e t  above ground i n  a 
Douglas C-47 a i r c r a f t  using a Collins 5l.R-2 receiver and a tail-mounted 
Y-109 receiving  antema. A description and resu l t s  of the tests performed 
follow: 

In  flight test ing  the VOR antenna  three  polarization teats were COD- 

1. 30-degree wing rock 

Headed toward the  statlon, the aircraft was banked f30". The 
nose of the  airplane was held "on the  point" durhg thin  mneuver. The 
course  deviation  indicator  current vas recorded and converted t o  degrees 
of course  displacement. 

FTIr 2 l A  50.4' 

CAR four-loop f0.5" 

2. Eight ways over ground oheck point 

vas flown on eight different  headings  (erossing a point a t  evory 45" 
heading) over a speclfic ground check point. The recording vBs marked 

Fecording  the  course  deviation  Indicator  current,  the  aircraft 
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as the  airplane  crossed  the check p o h t  and the  indicated  bearing -8 

compred  with  the  mgnetic bear-. The zero referance  point in  each 
case vas tak8n on the heading t o  the stat ion.  

FTL- 21A f0. 6" 

CAA FoW-LOO~ fO. 6" 

3. Circle  Test 

m e  method  employed in measuring the  error  in the Circle   tes t  
was as follows: 

Headed toward the VOR aad  s tar t ing from  a ground check point, a 
c i r c l e  vas flown a t  a constant 30" bank. The courae  deviation  indicator 
Current Me recorded d v i n g   t h i e   c i r c l e  and converted  into degreaa of 
e r ror  from the azimuth  course which waa being flown a t   t h e  beginning of 
the  c i rc le .  Since the  aircraft  in the  circular fli&t cbanging 
azimuth with  respect  to  the VOR, this  deviation was computed in  degrees 
end subtracted from the  course  deviation  indicated  error,  resulting i n  
the numerical value of polarization error, following  the removal of the 
receiver  error. 

F m  2lA f0.9" 

C M  Four-Loop +O. 5 

Distance Range F l i g h t  Check 

The distance range of a VOR f a c i l i t y  l e  defined ae the  distance in  
statUte miles from a Vm a t  which the  courae width i n  degrees become6 
double the  course  vidth msasured at  ten  miles from the TOR. This t e a t  
is conducted at an a l t i t ude  of 1,000 f ee t  above ground. The distance 

omnirange s i t e .  
range flight checks vere conducted on the  zero  radial of the TDFC north 

Distance Range 

.I_ Headea  North 
Antenna 

FTIr 2l.A 6 0 . 3  62.0 

CA4 Fcur-Loop 61.0 62.3 

Headed South 
(Miles) (Miles) 



Theodolite  Flight  Calibration 

o f  exact  differences betweeu indicated  and  mgnetic  bearing  are  obtained 
throug'out the 360"  around a range  station. These differences  are 
plot ted as a measured error   cnve.   Fl ights  were uade in a comterclock- 
wlse direct ion a t  a 6-mils radius. The measured error  curves o f  the 
FTL2I.A and CAA four-loop antennrrs a r e  shown in Fig. 17. The numerical 
error  spreads are as follows: 

The theodol i te   f l ight   cal ibrat ion is a process wherein a series 

FTIr 2lA ?l.lO0 

CAA FOur-Loop fO. 95' 

- Cone Yeasurements - 
Radlsl fLl&ts were made across  the VOF, recording  the  currents 

5lR-2 reccivar f o r  the  pwpose of measuring cone width, 
of th= cou-se deviation :ndicst,or an.: the  TO-FI1OH indicator of a Collina 

In order t o  measure t h s  width of the  cone  from a recording of the 
course  deviation  indicator  current, a deflni t ion o f  the cone must be 
s ta ted  so that the  beginning  and end pcinte o f  the cone may be positioned 

ment cal ibratod  to  a given  recorder  deviation  equal t o  a given number o f  
on the  recordhg. With the VOR receiver and associated  recording equip- 

degrees of VOR course  displacement, e f l i gh t   t r ack   d i r ec t ly  over  the VOR 
is  flown. When the  course  deviation  indicator  deviates more than 2 O ,  and 
th is   devia t ion  (as ObseNed on the  recording) is due to the  normal Course 

this   point .  In a s h i l a r  manner the cone ends a t  the 2" deflection 
disturbances encountered  above a VOR, the cone is considered to  begin a t  

poi& a6 the strajght l i n e  course  in2ication i s  resumed  on the  other  side 
of the cone. When measuring a cone ln t h i s  manner, the results a r e  
re fer red   to   as  a course  deviation  bdicator (mI) cone  measurement. 

flight is made directly  over  tha VOR while  recording  the TO-FROM indica- 
tion. The TO-FFIOM cone angle above ground is the angle between ground 
and the   f i r e t   po in t  where the  TO-FROM indication becomes  ambiguous. See 
Figs. 20 and 21. 

In this   report   the  TO-FROM cone angle is defined as follows: a 

Listed below are  the  average results of the cone measurements on 

1-ecorded on the CAA four-loop  antenna 
the FTL2I.A antenna  together with the  average of numerous measurements 
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FTL- 21A 

m e  
Meaeurement 

M-FROM 

CDI 

CAA FOUR-LOOP 

TO-FROM 90,o 

CDI 75.0 

F i r n e e  18. 19. 20. and 21 are  rmroductiona of recordinns.  obtained 

C a b -  : T ~ r r e n t a  on the FTLZlA and the CAA four-loop  antennas. From these duricg fli-ght tea i s ,  df b& comse devGtion indicator and TO-@RdM indi- 

rscor*L'.lgs, !t vi11 be  noted  that  the CAh four-loop TO-FAOM indication pro- 

FL'L-~JA nas two periods of the where the TO-FROM indicator  provides 
vidsu E. yreclse check when th?   a i rc raf t  i s  directly  over the VOR, while  the 

erroncow irformation. 

CONCT3SIONS 

1. The bearing  error of the  FTb2lA  spinning  antenna is nominally 
within $0.85' when phmed for n;lnimum mror .  

2. The cone angle above ground i s  68.2' as measured by the CDI 
method and 83.8" a8 measured by the T3-FAOM method. 

3. The e t ab i l i t y  of the   ap tem is satisfactory.  

4. Polarization  error is acceptable when addi t ioml   d i scs  are 
i n s t a l l e d  in the upper  cage. 

5. The system is r e l a t ive ly   ea sy   t o  in8-U. 

6. The nylon guy ropes vi11 require periodic tightening becaue  of 
atretchlng. 

7. Diatortlon of the  antenna  structure due t o  high Winds Can 
produce some comae inatabi l i ty .  
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i s  d i f f i c u l t   t o  determine unless means a re  provided t o  make bearing  error 
8. The adjustment of the phaser which gives minimum statim error  

measurements a t  the edge of the counterpoiee. 

mountlng flanges  ana  discs in both  the upper and lover  cages do not pro- 
9. The clamping members used t o  secure  the  vertical   tubes  to  the 

v ide   re l iab le   e lec t r ica l  bonding. 

10. The distance  range of the system f a  satisfactory.  
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