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- EVALUATION OF F,T.L. OMNIRANGE ANTENNA

INTRCDUGTION
L]

Thie report presents the results of the evaluation of an
experimental model of the Federal Telecommunication ILaborstories omni-
range transmitting antenna. For these tests, which were conducted at
the Technical Development and Evaluation Center, the antenna was 1n-
Btalled at the north omnirange site at the west edge of Weir Cook Air-
port, Indianapolis, Indiama.

At this site there 1B & solld circular counterpolse 34 feet
in diameter and situated on a tower 15 feet above ground The radie
frequency power was supplied by & Type TUN transmitter. Ommirange
slgnals emanating from this site are subject to reflections from hangar
buildings and other objects located at the airport. This produces
severe scalloping on several radials about the site.

At the conclusion of these evaluation tests, the Federal
antenna was removed from the counterpolse and a standard 5-locp omni-
range antenna array wes installed in its place, This antenna was
tested for comparative data. The complete evaluation was not repeated,
but ample tests were conducted to provide a direct comparison between
the two antenna systems. The results of the flight tests conducted on
the 5-loop antenna are listed in each case with results obtained in
the same flight tests conducted on the Federel antenna,

DESCRIFTION OF F.T.IL, ANTENNA

The Federal transmitting antemns i1s shown in Figs. 1, 2, and
3. Referring to these figures the lower antenmna section G is a
cylindrieal structure six feet in height end {s comprised of an outer
cage K and an 1mner cage F whose lengths are determined by the posi-
tion of the shorting plates C and D, The shorting plate D in the
imner cage is actunlly the disc-type loop radiator and that of the
outer cage C 1s a solid circular metal plate., The lower antenna sec-
tion is simultaneously excited internally by a short rotating dipole
B and the disc-type loop radiator D, properly phased to produce a
rotating limacon field pattern. The dipole is l/lO wavelength long
and 1s rotated at 1,800 rpm by & 1/12 hp synchronous motor, and is
used to produce the omnirange variable phase signal. It is fed by
means of a capaclty-coupled rotating Jolnt of low characteriatic
impedance and is compensated by a series inductive stub, The lmped-
ance of the dipole is determined by the position of the shorting
Plates of the 1lnner and outer cages The disc-type loop 1s stub-
matched, and 1s used to produce the reference phase signal,

The upper antenna sectlon A 1s a cylindrical etructure of
the same diameter as the lower antenna section. The upper antenrs
sectlon is added to suppress the vertically polarized radiation re-
sulting from the lower antenna sectlion. This upper antenna section
1s 12 feet 1n height.



2

FLIGHT TESTS

Approximately 21 hours of flylng time were devoted to flight
testing the Federal rotating antenmna. These teats conslsted of,

(1) Polarizetion flight checks,

{2) Distance renge checks,

(3) Thecdolite orbits to measure indicated azimuth accuracy, and
(4) Cone measurement flights.

Polarization Flight Checks

In flight testing the Federal antenna three polarization tests
were conducted These tests were made at an approximate distance of 20
miles from the VCR station at an altitude of 1,000 feet above ground in
a Douglas C-47 aircraft using a Collins 51R-1 receaver and a tall-mounted
V-109 antemnna, A description and results of the teste performed follow:

1. 30° wing rock

Headed toward the station, the aircraft was banked x30°. The
nose of the alrplane was held "on the point" during this maneuver The
couree deviation indicator current was recorded and converted to degrees
of course displacement Thise polarization flight check was performed on
eight different radials around the VOR.

Federal Antenna

Bearing from VOR 0 45 80 135 180 225 270 315
{degrees)

Pclarization *
Error (degrees) $1/4 +1/2 +3/8  *5/8  23/8 11 1/2 1/2  +1/2

(* Note: Severe scalloping makes results at this point questionable)

S-loop qntgqga

Bearing from VOR 0 45 80 135 180 225 270 315
{degrees)
Polarization +3/4 13[4 - - +7/8 - +5/8 -

Error (degrees)

2 Eight ways over 2 ground check point

Recording the course deviation indicator current, the aircraft
was flown on eight different headings ("Daisy'pattern crossing a point
at every 45° heading) over a specific ground check point, The recording
was marked as the airplane crossed the check peint, and the indicated
bearing was compared with the magnetic bearing. The zero reference point
in each case was taken on the headlng to the station.
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Federal Antenna

Check Pt. Total
20 Miles Aircraft Heading Over Check Point(deg) Jesding
From VOR Effect
(degs.) E W N 5 SE SW NE NW (degs)
o -1/z -1 ~3/4 d -1/4 -3/¢ -1/2 -1/4¢  i1/2
45 -1/ +1/2  +1/2 -1 0 0o -1/a -1f2  33/s
90 0 0 0 «1/¢ -1 0 +1  +1/¢ 21
135 -1/4 -1 +1/4 0 +1/4 © -1/¢ © +5/8
180  +l/a  +1/4 0O +1/2 0 +1/4  +1/¢ O +1/4

225 +1 1/4 +11/4 +1 3/ +13/4 +1Y2 +3/4 0 4134 x7/8"
270 0 +3/4  +1/4  +1/¢ +3/4  +1/2  +1f4 +1/4  £3/8
315 -1/4 +1 -1/4 412 0 +3/4  -1/2 +1 +3/4

(* Note: Severe scalloping makes results at this point questiomable)

5-1loop Antenna

¢+ -1/2 0 0 +1/4 +1/2 +1/2 0 +3/4
45 +3/4 +3/4 0 0 +1/2 0 +1/2 -3/4  13/4
180  +3/4 -1 0 -1 o -1/4 -1 +f2  £7/8
270 0 -3/4 -1 +1/4 -1/2 -1/4 -1/4 -3/4  :5/8

3. 3607 Circle

The method employed in measuring polarization error in = 360°
circle wag as follows,

Hearded toward the VOR and starting from a ground check point, a
360° circle was flown at a constant 30° bank, The course deviation indi-
cator current wes recorded during this circle and converted into degrees
of error from the azimuth course belng flown at the beginnlng of the
circle. Simce the aircraft in the 360° circle was changing azimuth with
reapect to the VCR, this deviation was computed in degrees and subtracted
from the course deviatlon indlcated error, resulting in the numerical
value of polarization errocr, following the removal of the receiver error.

This polarizaticn test was conducted at an altitude of 1,000 feet
above ground and at a distance of approximately 20 miles from the VOR.
The results obtailned orn this flight check, made on four different azimuth
bearings from the station, are as follows:



Federal Antenne

S5-loop Antenna

Bearing Polarization Bearing Polarization
From YCR Error . From VOR Error
(dega,) {degs.) (dege.) (degs.)

45 +0.5 45 + 2,06
315 +0,75 180 +.2.0
2790 +1.0 270 + 2.2

Distance Range Flight Check

The distance range of a VOR facllity 1s defined as the distance
In statute miles from a VOR at which the course width in degrees becomes
double the course width measured at ten mlles from the VOR. This test 1s
conducted at an altitude of 1,000 feet above ground.

This flight check was conducted two different times and during
each of these flights the IND commissloned VOR facillity having a counter-
rolse and power input identical to that of the north omnirange was checked
for comperative results., The distance range measured on the IND VOR is in
direct agreement with the distance range meesured on the 5-loop array
entenna ingtalled at the north omnirange site upon completion of the
Federal antenne evaluationm,

The distance range flight checks were conducted on the zZero radial
of the north omirange site, The results obtalned are as follows:

Distance Range
Headed North

Headed South

.
Antenna j (miles) (miles)
Federal 13.0 44,7
Federal 45.4 45.5
5-locp 62.6 60.8

Theodolite Flight Calibration

The thecdolite flight calibration 1s a process wherein a series
of exnct differences between Indicated and magnetic bearings i1s obtalned
through the 360° around a range station. These differences are plotted
ag a calibration or measured error curve. Flights were made in both clock-
wise and counterclockwise directions at a 6-mile radius.

The first theodollte flight calibration was invalid because of a
shift of the theodolite at some time during the flight; however, the error
curve obtained 1ndicated that an error of approximately #1° was to be
expected on this antenns array., The following day the theodolite
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calibration flight was repeated, and the resulting error curve revealed an
error of +2,5° which exceeded considerably the error expected on the basis
of the previcus flight. Iater that same day the ground checks on vertical
polarization error were resumed, and it was dlscovered that the VOR courses
were shifting as much as 3°., The wind velocity at this time was 40 mph
with gusts up to 50 mph from a southwest direction. The error curves ob-
tained by flight calibration at the time the 40 mph wind velocity existed
are shown in Figs. 4 and 5.

In order to investigate the wind effect observed, nylon guy ropes
were attached to the antenna, and three flight calibration circles were
flown. During this fllight the antenha was guyed as follows:

1. 1n a true vertical position (maximum error +2°),
2. with antenna bending to the southeast (maximum error +1.2°),
and
3. with antenna bending to the southwest (maximum error +0.75°).
The resulting error curves are reproduced 1n Fig., o.

The final theodolite flight calibration was made with the antenna
securely guyed in a vertical position., The wind velocity during this
£light was reported at 15 mph from a southwest direction. The resulting
error curves of two counterclockwise and two clockwise cilrcles are shown
in Figs. 7 and B, and revealed a maximum error of +1,1° and *1.7°,
reapectively,

The error curve cbtained on the theodolite flight calibration of
the 5-1loop antenna 1s shown in Fig. 9, and revealed a maxlimum error of
$+2.5° for the clockwise circle and +1.68° for the counterclockwise circle,

Cone Measurements

Twelve radial flights were made acroaes the Federal antenpna, re-
cording the currents of the coumse deviation indicator and TO-FROM indil-
cator of a Collins S1R-1 receiver for the purpose of measuring cone width.

In order to measure the cone of a VOR from a recording of the
course devlation indieator current, a definition of the cone must be
stated so that the beginning and end polnts of the cone may be posltioned
on the recording, The course deviation indicetor 1s considered to be
graduated in 10 equally spaced "dots" across the face of the imsatrument.
When the indicator deviates beyond one dot, and this deviation (as observed
on the recording) 1s due to the normal course disturbances encountered
above a VOR, the cone 1s considered to begin at the point where the indi-
cator exceeds one dot from the center position, In a similar manner, the
cone ends at the one dot deflectlon point as the straight line course in-
dication 1s resumed on the other side of the cone. When measuring a cone
in thle manner, the results are referred to as a course deviation indicator
(CDI) cone measurement.

The second method of cone measurement conslsts of recording the
current of the TO-FROM indicator. The cone 1s considered to begin at the
point where the TO-FROM indicator deviates from the normal TO indication
poslition and this deviation (as observed on the recording) is due to the
normal change from a TO indicatlon to a FROM indication as a result of
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passing over the VOR. The cone ends at the point where the trensition from
TO to FROM is ccmpleted. A cone angle measured using this definition and
method 1s referred to as a TO-FROM cone measurement. In measuring the

cone by the TO-FROM method, the accompsnying course deviation indicator
recording must be available in order to verify the fact that the radial
flown passed directly over the VOR stationm,

It was observed immediately that the angle above ground at which
the cone was entered waes increased over that of & normal S-loop ommirange
antenna. With the narrowing of the cone, the problem of measurement be-
comes more difficult. As the cone 1s approached, the course becomes
sharper, and the slightest deviation of the aircraft from the course
results in a large displacement of the course deviation indicator. With
the pllot completely aware of the existing situatlion and doing his utmost
to stey on course, the last correctlon, before entering the cone prorper,
becomes a matter of chance with the result that approximately 25 percent
of the radials flown were not sultable for cone elevation measurements,
The flag alarm does not show at any time during s pass directly over the
cone,

a

Listed below are the results of the cone measurement fllght tests
on the Federal antenna, together with the measurements recorded on the
5-loop antenna.

Federal Antenna

Alircraft Altitude Type Cone Angle
Above Ground Measurement Above Ground
(feet) ) - (degs.)
2,000 TO-FROM 69.2
2,000 TO-FROM 69.9
2,000 Course Deviatlon 71.7
Indicator (CDI)
2,000 TO-FROM 75.7
2,000 CDI 71,86
2,000 CDI 75.2
10,000 TO-FROM 75.2
10,000 CDI 77.3
10,000 TO-FROM 73.5
10,000 CDI 74.5

10,000 TO-FROM 75,2
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5-loop Antenna

Aircraft Altitude Type Cone Angle
Above Ground Measurement Above Ground
(feet) (degs)
2,000 TO-FROM 49,4
2,000 TO-FRCM 49 8
2,000 ChI 49.8
2,000 CDI 51.3
GROUND TESTS

Polarization Error Meesurements

The polarization error of the antenna was measured in accordance
with the latest procedure devised by the Center. The procedure is equi-
valent to tilting a dipole +45° from the horizontal position, but with the
edded asdvantage of heing able to change the radio-frequency phase between
the vertical pilckup as compared to the horizontal pickup. The recelving
test antenna was located at a distance of approximately 1,000 feet and at
zero-degree elevation.

The Federal antenna array was roteted in 20° steps, and the re-
sulting polarization error is ahown in Fig. 10. This also produced azimuth
error data, and the azimuth error curve ls shown in Fig. 11. The same teat
conducted on the 5-loop array produced the polarizetion error shown in
Flg 12, This method of teating polarization removes the effective improve-
ment obtained in flight by the use of Uskon cloth.

Carrler Pattern Measurement

With the loop excited alone, the Federal antenna array was
rotated In 20° steps through 360°, and the relative fleld intensity was
recorded, Filg. 13 is a polar plot of the carrier field pattern.

Flgure-of-elght Pattern

Excilting the dipole elone, the entlre Federal antenna was rotated
in 20° steps through 3860° The dipole remmrlned statiomary with respect to
the antenna array during these measurements, Fig. 14 is a graph of the
relatlve field strength through 360°,

MISCELLANEOUS OBSERVATIONS

The evaluation conducted on the Federal cmmirange antenna ex-
tended over s perlod of six weeks., This amount of time was required
because of bad weather. During the evaluation there were perilods of heavy
snowfall, rain, and severe icing. On three occasiona high winds were re-
corded with velocitiles of SO mph  This provided the opportunity to chserve
the operation of the antenna during adverse weather conditions. The eantenna
wag not sheltered during the evaluatlon., The rotating dipole wme not in
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continuous operation. It was turned on each morning end off at night.

(1)

(3)

(4)

(5)

(6)

(7)

The following observations mre reported:

One morning following an ice storm, the spinning dipole motor was
unable to attailn synchronous speed. Removal of the ice remedied the
situation immediately.

During a heavy rain, the impedance of the reference carrier loop
changed to the extent that a four-to-one standing wave voltage ratio
was measured on the transmlssion line. The normal standing wave
voltage ratio was meseured at 1.1 to 1. ‘The effect of this large in-
creaese Iin standing wave voltage ratic was noticed at the time the
ground polerization measurements weres belng conducted, The normel
receiver course width sensitivity was 16°, This sensitivity wes
checked each time the antenna was rotated 20°, While the entenna was
being rotated on one occasion, & heavy rain began. The next recelver
gensltivity check revealed that the course width had increased from
16° to 90° bringing a halt to the measurements at that time.

Molsture 4id not affect the 1mpedance of the rotating dlpole at any
time

Course shifting was observed during high winds, This shifting con-
sisted of slow, irregular oscillatioms with a period of approximately
five minutes The maximum deviation equelled +1,25°, The average
deviation wms +0.5°. The exact cause of this course shifting was mnot
determined, but tests showed that the dipole motor does not slip
synchronization in high winds

An attempt to duplicate the force exerted on the antenna in high winds
was made by pulling on guy ropes attached to the antenna., Pulling on
these guy ropes in different directions about the antenna with the
force that one man can exert produced course shifts varying between
1.25° and 2°.

With the excitation to the dipcle removed, the 60-cps modulation of
the carrier resulting from coupling between the dipole and the lcop
was measured and found to equal 12 percent., The FTL englneers 1im-
proved thls condition and the 60-cps modulation was then measured at
five percent,

The output of the tone wheel was obgerved to contain approximately
ten percent AM. Furthermore, the tone-wheel output was measured at
0,07 volt ac. Normal tone-wheel output voltage 1s of the order cof
0.5 volt me, The 0.07-volt output is below that required for proper
operation of the course monitor. The Federal englneers reported that
the tone wheel in use had been damaged and some eccentricity in rota-
tion was noticed. In order to reduce the AM of the 9.96-kc eubcarrier
to the ten percent figure, they were furced to increase the spacing
between the pickup and the tone wheel, hence the low output. No
direct error 1s expected from this fault, but second corder errors
might be introduced if the transmitting and receiving equipment are
not properly allgned.
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(8) The radiated field intensity of the Federal VOR antenna is less than
that of a standard 5-loop VOR antenna, Immediately upon completion of
the evaluatlon of the Federal antenna, a standard 5-loop VOR antenna
array was Installed at the same gite. A comparative field intensity
neasurement revealed that the Federal antenna fileld intensity is down
approximately four-to-cne when compared with that of 2 standard 5-loop
VOR antenna array. This was verified by obtaining equal distance
ranges with the 5-loop antenna using 1/16 of the puower as compared to
that used with the Federal anteuna.

(9) The azimuth error recorded on the ground check does not agree with the
results obtalned cn the theodolite calabration flights., It 1a possible
that this 1s due to a permanent off-vertical bearing of the antenna
induced by the high winds encountered during the evaluation, or a
change 1n the bonding of the antemnna base plate with the counterpolse.
These possibilities are substantinted by the results of the thecdolite
calibration error curves obtained when the antenne wae guyed with a
tension tending to pull the antemma from a vertical position. Ome of
these error curves revealed an azimuth error of 0.75° as compared
with +2,0° error recorded on the ground check.

CONCLUSIONS

The Federal omnirange transmitting antenna has one fundamental short-
coming. The radiated field intensity 1s approximately four-to-one down
from the fleld radiated by a standerd 5-loop omnirange antenna, With this
exception, the Federal antemnna is technically the best VOR antenna thus far
evaluated at TDEC.

The polarization error 1s so improved over anything heretofore tested,
that 1llttle advantage 13 to be gained with further improvement beyond this
point.

The azimuth accuracy 1s not as good as it 1s reasonable to expect on a
theoretieal basis for this type of antenna system, yet it has greater ac-
curacy than any antenna yet evaluated,

The antenne in its present form 1s not sultable for operational use.
The modifications required are housing, structural reinforcement, and an
improvement in the power efficiency of the carrier antenna. Following
these modifieations, the antenms should be placed in continuous operatlon
for a perlod of time in order to determine whether these modifications cor-
rect the lnstabllity observed under adverse weather conditions during the
evelustion.

The entlre evalunti-n wae conducted at one frequency, 113.% Mc. It 1s
important that this antenna be tested throughout the omnirange band of
112-118 Mc. It is possible that the antenna characteristics might change
with frequency.

It is believed that the modifications requlred are not difficult pro-
blems and that the development of this new type antenna is & distinct step
forward in omnirange progress.
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