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EVALUATION OF THE FTL SPINNING VOR ANTENHA

SUMMARY

Thie report glves an evzluation of a productien medel of the
FTL-21A VOR splaonlag antenns developed by the Federal Telecommunication
Iaboratories, Inc. Ground and flight tests which were conducted are
described, The bearing and polarization errors were scceptable,
although the array wes found to be somewhat semsitive to phasing adjust-
mént., The distance range and stability of the system were comparable to
the four-loop VR array. The methbd suggested by the manufacturer for
phasing the array may be improved upon 1f means are provided for measure-
ment of bearing error at the edge of the counterpcise., 1In designing the
array, the manufacturer considered emse of installation and maintemance
by persomnel with limited training., These cblectives appear to have
been adequately met.

INTRODUCTION

The evaluation tests described in this report were conducted early
in 1954 et the Technical Development and Evaluation Center, Indianapolils,
Indiena, and are supplemental to tests conducted on an earlier medel of
the antennal, The tests were (1) to determine what improvements had been
made in the mewer production model of the spinning type VOR antenma, (2)
to compare 1ts performance with that of = CAA stapdard four-loop VOR
antenna, end (3) to teet the femeibility of making bearing calibration
tests of guch an entenna st the edge of the counterpoisec,

The splnning antonna wes tested on a circular counterpoise 35 feet
in dlameter and 10 feet high. The counterpoise wae made of sclid pleces
of galwvanlzed sheet metal soldered along a2ll Joints. Most of the bearing
calibration teate were conducted at the edge of the counterpoise in the
menner described in an earlier reportd., Two types of monitors were used
in making the bearing error check at the edge of the counterpolse and
additional meesurements of bearing serrors were made at the recelver
lahoratory located at e distonce of 3,725 feet. Tmta for error curves
were aleo obtalned et the edge of the counterpoise and at the receiver
laboratory simultaneously while rotating the entire antenna array.

1 Thomas S, Wonnell, "Evaluation of Federal Teleccmmunications Iabo-
ratories Omnirange Antenus," CAA TD Report No, 111, May 1950,

2 Robert B. Flint apd William L. Wright, "Ground Calltration of
the VCOR," CAA TD Report No. 227, January 1954.

3 Tbid,
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Tests of polarization error made at the antenna laboratory 830 feet
from the VOR, agreed with other ground tests made with & polariscope?
at a point 770 feet north of the VOR site. Polarization mesaurements
made in flight confirmed the ground tests. Flight teste were alsc made
to determine bearing error, distance range, and cone width, Flight tests
were also made to determine bearing error, distence range, and cone width,

DESCRIPTION

The Type FTL~Z21A VOR antenna 1s a vertical cage type array which is
relatively easy to set up and adjust. A view of the antenme instelled on
top of a counterpoise 1s shown in Fig., 1. The structure coneists of an
upper caege A, and a lower cage B. The latter 1s encleosed in 2 removeble
fiber glase cover, The lower cage contains inner and ovier radiating
cavities, wvhich together form 2 concentric redial wave guide system.
Figures 2, 3, 4, and 13 are views of the lower cage B, Two vertical dummy
X-tand wvave guldes C, extending the entire lemgth of the upper and lowver
nortions of Llhe erray and 18 aluminum tubes D, which comprise the ocuter
portlon of the lower cage, are set in a circle 25 1/2 inches in dlameter.
The reciangular wave guldes are disposed diesmetrically opposite each other.
The inmer portlon of the lower cage consists of 20 vertical sluminum tubes
arrang2d in a circle 16 inches in diameter, The outer and inner portlons
of i1he lower cage are secured by clamping members to a mounting flange E,
and to an upper flange F, The over-all height of the lower cage 1s 6 feet.

The carrier antemna disc G, mlong with its matching stubs or
"cluster” H, a etiffening disc I, (rede of insuleting materieal) and a
¢irculer Inductive tuning iris J, are all included in the lower cage
assrembly as it is shipped from the factory. The rotating dipole assembly
K, 1s placed in position frem the bottom after the cage is installed.

The outer portion of the upper cage L, consisets of 18 alumimm
tubes and two rectangular dummy wave guldes so arranged thet they appear
to be extensions of the corresponding elements of the outer portions of
the lower cage. The over-all length of these elements is 12 feet and
they are secured toc upper and lower mounting discs M and N, by c¢leumping
members. An inner concentric assembly 16 inchee in diameter made of 10
vertical eluminum tubeg 8 feet lonz is aleo included. The lnner assembly
is secured to the lower mounting disc N, an intermediate disc 0, and a
second diac P, by means of the same type ¢lemping members used in other
portions of the upper and lover cages. Discs 0 end P, in addition to
stiffening the entire upper cage, also serve to detune the radlal wave
gulde eystem formed by the vertical rods and the mounting discs M and N.
Nylon guy ropee for the structure are attached to the intermediate disc P.
An inidite finish hes been applied to all of the aluminum rods used in
both the upper and lover cages.

4 Sterling R. Anderson apd Wendell A, Iav, "The Measurement of 7OR
Polarization Errors,” CAA TD Report No. 202, May, 1953
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The rotating dipole assembly le shown in Figs. 4, 5, ard 6, Figure
5 eshows it in an inverted position with the fiber glass cover Q, still in
place. Sideband energy ie supplled to the dipole through fitting R, and
110-volt €C-cps power for the 1/16 hp, 1800-vpm synchronous motor fed through
fitting S. A 9960-cps tone wheel wheel is mounted on the same shaft as
the dipele., FEnergy from the tone wheel is available at terminsl T. The
rotating 1/10 wavelength dipole U, is shown in Fig, 6. Sidebend energy,
fed at point R, Fig, 5, 18 supplied to the rotating dipile through a
capacity-coupled retating joint of low characteristic impedance., A series
Inductive stub cancels out the capacity of the rotating Joint,

Inasmuch as it was desired to rotate the entire array during part
of the evaluation teats, the assembly wes mounted on a rotatable mechenism,
the top plate ¥V, of which may be seen in Figs. 2 and 4. Filgure 7 showe
the rotating pedestal from inside the transmitter building. To rotate the
antenna array, it wes necessary to ralse the antemna and the mounting plate
by meana of the bar lever W, and to produce the desired angular movement
by turning the hendle X, of the geared rotating mechanism. Clamps were
provided inside the dbuilding to assure good bonding between the array-
mounting plate and the counterpoise. In practice these were not used, as
gravity provided adequate pressure for good bonding. The metching stubs
used on the carrier line are enclosed in the cover Y, which may be seen
in Fig, 7.

The carrier antennsa disc G, in the lowsr cage is supplied with rf
energy through one of the 20 hollow aluminum tubes forming the lnner
portion of the lower cage. The carrisr antenna radiates a circular pat-
tern . The rf phese of the carrier patterxn does not change with szimuth.
The 9960-cps energy from the tone wheel, freguency-modulated at 30-cps
with a deviation of +480 cps, is used to emplitude-modulate the rf energy
supplied to the carrier sntemna and to prowide an FM subcarrier for the
reference phase signal, The spinning dipole, whose rf pattern is &
figure-of-elght, provides the variable phase voltage for the alircraft
recelver. 1In space the flgure-of-eight pettesrn radiated by the spinning
dipcle, combines with the circular pattern rsd lated by the carrier antenpe,
to produce a rotating pattern shaped like a limacon, The rf energy sup-
Plied to the dipole antenns is taken from the carrier output of the
trensmitter and then stripped of 1ts modulation by weans of 2 medulation
€liminator, This method of obtaining rf energy for the rotating antenna
is used in order to reduce the possibllity of random variation in phase
relationshlp between rf patterns of the dipole and the disc anternna,

The inductive tuning irie J, is e cylinder 12 inchee high vhich
serves ap an inductive tuning susceptance with respect to the rotating
dipole, and may be considered as e fixed element. The lower cage assembly
provides radial resopant chambers for the rf energy from the rotating
dipole; and, while re-radiating this energy, reduces its vertical com-
ponent materially, A further reduction in the vertically polarized emergy
radiated by the lower cage ssaembly is effected by the upper cage.
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TESTS AND RESULTS

The tests reported here vere conducted on one frequency namely
112.3 Mc. Ground tests of bearing error were made using different methods
of measwrement. In Fig. 8, curve A shows the bearing errors observed at
the counterpolee edge, using s standerd CAA VCR moniteor., Curw¥e B on
Fig. 8 was obtained at the seme iime as curve A, but using a newly
developed TYOR monltor. Curve ¢ was cbtained in flight =t a S-mile
radius. The data for curves A, B, and C in Fig. 9 were obtained simul-
teneously, Curves A and B were obtained at the counterpolise edge In con-
Junction with a standard meonitor and a recently developed TVOR monitor
respectively. Curve C was obtalned at the recelver laboratory while
rotating the antenna and using a Collims S51R-2 receiver.

Proper phase relation between the sidebands and carrler was checked
by temporarily lnesrting & 90° length of RG-8/U transmission line in seriee
with the sideband feed line and then adjusting the length of the rf phaser
ec that a minimum variable phase reading was obtained at the VOR monitor.
The edded 90° length of line was then removed and the station was assumel
to be properly phesed. Occasionally, phasing was rechecked after the 9G°
line was removed by adjusting the phaser for maximum indication ecn the
monitor, Although extremely close egreement in phaser posltion was
obtained by the two methods, the former was preferred because the indica-
tion was considerably sharper.

The optimum positicn of the phaser, as determlned with the monitor
Pick-up unit locamted on the edge of the counterpoise, was compared with
that determined by use of the pick-up unit located 175 feet from the
antenna along the seme radial, A discrepancy of as much as 20° was noted
between the two readings. It wes subseguently deteymined that neither
of these positions resulted in the minimum groes error spread. The
method finally used for determining proper pheser setting was to obtaln
& bearing error curve for each of mseversl positions of the phaser, and
uee that setting which gave the lemst total bearing error spread. A
typlcal family of curves obtained in this mammer is given in Fig. 10. It
1s believed that cross-coupling be tween the carrier and sideband antennie
is responsible for the above varia-tion. It should be noted that the low
bearing error spread of 1.3° obtained in curve C could not be reproduced.
AdJjueting the shorts in the four s lote of the disc antenna by small
emounts 414 not effect any noticeable improvement, It was later found
that elightly closer agreement in phager position, as determined at the
two distances from the station, wme cbtained when the sideband line was
carefully matched at point R, Fig:. 5,

Curve A of Fig. 11 shows “the variation in indicated optimum phaser
position with change in azimuth, Theee data were cbtained by moving the
pick-up unit around the countermoise 4in 20° steps, snd rephasing for each
Position of the pick-up, In or@er to make the readings ss accurete as
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possible, a 90° length of line was firet inperted in the sideband antenma
Teed, and the thaser was adjusted for minimun indicetion on the monitor.
A total varlatien of neerly 7° in phaper popition was indicated by thila
test. Curve B of Fig. 11 showe the pheser poaition when the 30~cpe
fllters in the monltor were eswitched out of the circuit.

Some variation In epace modulatiocn percentage with azimuth wes
noted at the counterpoise edge. As will be observed in Fig. 12, the
epace modulatlcn varled between the limits of 28.7 end 31 per cent. 4B
in the case of the tests made for variation in pheser position with change
in azimuth, these readinges were cbtained by moving the rf pick-up to fixed
points 20° apart on the periphery of the counterpolse and reading the
modulation percentage on the station monitor.

POLARIZATTION TESTS

A polarization error of +1,91° was measured when the entenna system
wes first set up. This value wme a little higher than expected and in
addition proved to be somewhat variable, A poorly clamped rod in the
lower cage aseembly was dlscovered; so the entire antenna was taken down
and all clamping members were tightened as well as possible with the aid
of wrenches, Before the upper cage wes restored, but with all other
adjustments properly made, the meesured polarization error was 210,35°.
When the top cage wae again instslled, the error waes reduced to #1.9° end
appeared to be stable. Adding a screen of hardware cloth to the middle
section of the upper cage, lowered the polarizetion error to #1,1°. This
was reduced to +0.05° by placing hardwere cloth screenms arcund the top and
bottom sections of the upper cage.

Iater, before installing en upper cage, which was modified as shown
in Fig, 13 and supplied by the manufacturer, the hardware cloth wes
removed and the polarization error was meagured at +1.75°. Waen the new
cage, with 1ts three additional shorting diecs wes installed, the polari-
zatlon error was reduced to x0,92°,

MISCELIANEQUS TESTS

A comparison of the bearing errors cbserved with the tone wheel
attached to the eame drive shaft as the spinning antenns; and, the errors
observed when the tone wheel of a stenderd CAA type gonicmeter was used
to supply the 9960-cpa FM energy for the subecarrier, is given in Fig. 14.
Although the position of the phaser was not changed during these teets,
1t vas not set at the compromise poeitior which gave minlmum error
spread, but Inetead was set at the point which indiceted correct phasing
between the sildevand and carrier when the pick-up unit was located 175
feet from the antemmna,
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Flgure 15 shows e compariscn of the error curves cbtained vhen
checking the variable phese only, Curve A was obtalmed when the plate
supply of the carrier modulator unit wes turned off, thus removing the
9.96 kc FM slgpnal from the rf energy radiated by the antenns system.

Curve B shows the errors obteined when the system was opereting normelly.
During thils test, the data for both curves at any one azimuth were obtalned
without moving the pick-up unit,

Flgure 16 1s the last station error curve cbtained at the counter-
polse edge after the eystem bad heen operating undisturbed for ten days,
During thils period, thes station error curve varied between 2,1° and 2.6°
spread. The standard CAA monitor with 30-cpa filters was used while making
this serles of tests,

FLIGET TESTS

The flight tests conducted on the FTL-2]1A VOR antenns consisted of
polarization checks, distance ranmge checks, theodolite orbits and cone
measursmentas, For comparison purposes the flight test data obtained on
the CAA four-loop VOR antenna with polarizer are listed with the FTL-21A
antemna data.

Polarization Flight Checks

In flight testing the VOR antenna three polerization teats were con-
ducted. These tests were made at a distance of epproximately 20 miles
from the VCR station at an altitude of 1,000 feet above ground in a
Douglae C-47 alrcraft using s Colline S51R-Z2 recelver and a taill-mounted
¥-109 receiving antenna., A description and results of the tests performed
follow:

1. 30-degree wing rock

Headed toward the station, the aircraft wms banked +30°., The
noee of the airplane was held "on the point"” during thls maneuver. The
course deviation indicator current was recorded and converted to degrees
of course dieplacement.

FTL-214A +0,4°
CAA four-loop +0,5°
2, Eight ways over ground check point
Pccording the course devlatlon indicetor current, the alreraft

was flown on eight different headings (croseing a point at evory 45°
heading) over e epecifie ground check point. The recording was marked
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a8 the alrplane crossed the check point apd the Indicated bearing was
compared with the magretic bearing., The zero referance point in each
case was taken on the heading to the stationm.

FTT-214 +0,6°
CAA Four-ILoop +0,6"
3. Circle Test

The method employed in measuring the error in the circle test
wvas as follows:

Feaded toward the VOR aznd starting from e ground check point, a
circle was flown st a constant 3N° bank, The course devietion indicator
current was recorded during this circle and converted into degreas of
error from the azimuth course which was belng flown at the beginning of
the circle. Since the alrcraft in the circular flight wae changing
azimuth with respect to the VOR, this deviation was computed in degrees
and subtracted from the course deviation indicated error, resulting in
the numerical value of polarization error, following the removal of the
recelver error.

FTI~-21A +0,9°
CAA Four-Loop +0.5°

Distance Range Flight Check

The distance range of a VOR facility is defined as the distance in
stetute mlles from a VOR at which the couras width in degrees hecomes
double the course width msasured at ten miles from the VOR. This test
1s conducted at an altitude of 1,000 feet sbove ground, The distance
range flight checks were conducted on the zero radial of the TDEC north
omnirange slte,

Distance Range

T Headed North Headed South
Antenna (Miles) (Miles)
FT1~-214 60,3 62,0

CA4 Four-Loop £1.0 62,3



Theodolits Flight Calibration

The theodolite flight callbration 18 a process wherein a seriles
of exnct differences between Indicated and magnetlc bearing are obtained
throughout the 360° around a renge station. These differences are
plotted as a measured error curve, Flights were pade 1n a counterclock-
wige direction et a 6-mile radius, The measured error curves of the
FTL-21A and CAA four-loop antennas are shown in Fig, 17. The numericel
error spreads are as followa:

FT1-214 +1,10°
CAA Four-Loop +0,.95°

Cons Measurements

Radlal flighta were made across the VOR, recording the currents
of the cow-se deviation ipdicetor ani the TO-FROM Indicator of a Collins
5IR-Z receiver for the purpose of measuring cone width,

In order to measure the width of the cone from a recording of the
course deviatlon Indicetor current, a deflnition of the cone must be
stated so that the beginning and end points of the cone mey be positioned
on the recording, With the VOR receiver and sssoclated recording equip-
ment callbratzd to a glven recorder deviation equel to a given number of
degrees of VOR course dlsplacement, a flight track dlrectly over the VOR
is flown, When the course deviation indicator deviates more than 2°, and
thie deviation {as observed on the recording) is due to the normal course
disturbances encountered above a VOR, the cone i1s consldered to hegin at
thie peint. In a similar manner the cone eands at the 2° deflection
polnt as the stralght line course indication is resumed on the other side
of the cone. When measuring a cone In thils manner, the results are
referred to as a course deviation indicator (CDI) cone measurement.

In thie report the TO-FRCOM cone angle 1s8 deflned as follows: e
flight 18 made directly over the VOR while recording the TQ-FROM indica-
tion., The TO-FRQM cone angle above ground is the angle hetween ground
and the first polnt where the TO-FROM indication becomes ambigucue. See
Figs. 20 and 21,

Listed below are the average results of the cone messurements on
the FTI-Z21A antenna together with the average of numerous measurements
recorded on the CAA four-loop antenna



FTL-21A
Type Cone Angle Above
Meesurement Ground (Degrees)
TO-FROM 83.8
DI €a,2
CAA FOUR-100P
TO-FROM 90,0
CDI 75.0

Figures 18, 19, 20, and 21 are reproductions of recordings, obtained
durirg £light tests, of both course deviation indicator and TO-FROM indi-
cato~ ¢vrrents on the FTL-21a and the CAA four-loop antemnnas. From these

recori‘ags, 1% will be noted that the CAA four-loop TC-FROM 1ndication pro-
vides & nrecise check when ths aircraft 1s directly over the VOR, while the
FIL-2.A nas two periods of time where the TO-FROM indicator provides
erroncous Informetion.

CONCTISIONS

l. The bearing errnr of the FTl-2]A spinning entenna is nominally
within #0.85° when phased for minimum srror.

2., The cone angle above ground is 6B8.2° as mezsured by the CDI
method and B83,8° as measured by the TJ-FROM method,

3., The stabllity of the system 18 satisfactory.

4, Polarlzetlon error ls accepteble when additionel diecs are
instalied in the upper ceges.

5, The system is reletively easy to install.

6. The nylon guy ropee will require pericdic tightening because of
stretching.

7. Distortion of the antemnna structure due to high winds can
produce some course instabllity.
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8. The ad)ustment of the phaser which gives minimm station error
is difficult to determine unless means are provided to make bearing error
measurementa at the edge of the counterpoise,

9, The clamping members used to secure the vertical tubes to the
mounting flanges and discs in both the upper and lower cages do not pro-
vlide relimble electrical bonding.

10, The distance range of the system is satisfactory.
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