PRELIMINARY EVALUATICN OF
THE COLLINS TVOR

TECHENICAL DEVELOPMENT REFORT NO. 256

FOR LIMITED DISTRIBUTION

by

Thomas S. Wonnell
Robert B, Flint
Arthur E, Frederick

Electronicse Divielon

November 1954

CIVIL AERONAUTICS ADMINISTRATION
TECHNICAL DEVELOPMENT
AND EVALUATION CENTER
s INDIANAPOLIS, INDIANA



PRELIMINARY EVALUATION OF THE COLLINS TVOR
SUMMARY

This report describes the tests conducted and the results obtained
from & preliminary evaluation of the Collins Radio Company TVOR. YThese
tests were conducted at the Colline Radio Comrpany TVOR site at Cedar
Rapids, Iowa. BSpcclal exphasis is placed on bearing accuracy, polariza-
tion effects, anc cone characteristics.

Th2 bzaring accuracy compares favorably with the TDEC TVOR ueing
the four-loop antenna system. The five-mile calibration circle, which
takes the siie into accovnt, showed an over-all error of *1.2°. A 20-
mile calibration circle shoved an error of 21.75°., Ground and flight
test measurements revealed low polarization errors at low angles which
chenged in both phess and =mplitude with azimuth., The cone was sharp and
well defined; however, a dcap null existed at approximately 22° elevation
angie waich caused the course deviation Indicator to show errors
averaging +3° in the null,

INTRODUCTION

The experlence galned in the operation of the Federal Alrways
omnirange aystem pointed ocut the fact thet there were many advantages to
be gained by placing an omnirange facility on an airport., Accordingly,
in 1950 the Technical Development and Fvaluation Center developed the
Terminal VHF Omnirange (TVOR)L.

Several manufacturers are now producing TVOR egqulpments, This is
a preliminary evaluation report of a TVOR facility manufactured by the
Collins Radlo Company, Cedar Replds, Iowa.

DESCRIPTION

The Collins TVOR consists of an antenna, counterpoiee, equipment
shelter, transmitter and associeted equipment, and monitor with external
antenna The antenna is & cylinder bullt of plastic and sheet metal
with an internal rotating dipole. The cylinder has 12 vertical slot
rediators fed in-phase to radiate the carrier signal. The spinning
dipole supplies the rotating figure-of-eight sildebands. The antenma 1s
placed at the center of a 1l2-foot dismeter counterpoise. Extending from
the counterpolse periphery are 32 equally spaced ground plane extension
rods, These rods are adjusted in length to minimize the polarization
error,

1s. R, Anderson, T 5. Wonnell, "The Development and Testing
of the Terminel VHF Omnirenge" CAA Technical Development Report No, 225,
April 1954,
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The equipment shelter comsiste of a corrugated steel cylinder
ten feet in diameter and eight feet high which supports the counterpoise,
The transmitter and associated equipment are mounted on & rack consisting
of two vertical channels which extend from the concrete floor to the
counterpoise. The transmitter, using a 4x1504 radial-beam tetrode, de-
livers 50 watts of rf power. Included on the rack is an sutomatic volce
identification system employing a magnetic drum. The remainder of the
TVCR equipment, with the ezception of the monitor, i1s of conventional
design.

The monitor 1s an adaptation of the Cellins navigatiocon receiver
circuits. The resolver (azimuth selector) 1s replaced by e step-type RC
phage shifter which provides eight courses with 45° separation. An azi-
muth increment dial provides a vernler adjustment of #2.0°. The monitor
alarm circults use Sensitrol relays with fixed resistors in shunt for
Tactory adJjusted sensitivities in accordance with ICAQ standards. The
monltor employs & remote Collins aircraft antenna commected by coaxisl
cable to the detector circuit contained within the monltor proper.

GROUND TESTS

Bearing errors were measured by means of the monitor, and by
rotating the antenna, The monitor design limited azimuth error checks
to elght bearings. A bearing error spread of 1,77° 1s ghown 1n Fig. 1.
An error in repeatability of +0.1° was experienced during rotatlng of
the antenna due to mechanical difficulties in the rotating mechanism,

Previous experience with other spinning dipcle antennes has shown
them to be susceptible to bearing errors caused by cross-coupling between
the carrier end sideband antennas., This cross coupling causes the bear-
ing error curve to be guadrantal in shape because of the introduction of
second harmonic distortion of the 30-cpe variable phase modulation. The
cross coupling effect can be varied by changes in rf phasing. An inten-
tional rf phese shift of +27° was introduced to determine the cross
coupling effect of this antenna. A msximum course shift of 0,35° wae
obgserved, a relatively smll error considering the large change in
phesing See Fig. 1. This test 1s indicative of the improvement wvhich
may be possible by additional adjustments or modifications to reduce
the cross coupling.

The polarizetion error, shown in Table I, was measured with e
portable polariscopez.

2 Sterling R, Anderson, Wendell A, law, "The Measurement of
VOR Polarization Errors,” CAA Technical Development Report No. 202,
May 1953,
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TARLE T
Ground Measurements of Polarization Errors

Relative Phase

Azimuth Error (Total of Both Fhasera) Dietance

(Degs.) (Degs. ) (Degs. ) (Feet)
83 +0.75 73 1000 +
130 +0.50 Q 1000 +
271 +0,55 =56 1000 +
93 +0.9 14 2640

The variailion with azimuth of the relative phese between the
vertically and horizontally polarized slignals indicates that the effect
of polarlzation error as cbserved in an aelrcreft, will vary with azimuth3,
However, thess measurcments indicate that this antemnna possessee amall
polarizetion errors at low angles,

For comparison purposes, polarlscope measuremente of several VOR
antennas are listed in Table II.

TABLE II
Polariscope Measurements of Polarizaetion Error

Polarization Error 1n

Antenna Type Direction of Meximum Error
(Dege. )
TDEC four-lcop on l2-fcot diameter counterpolse 0.8
Collins TVOR on 12-foot diameter counterpolse 0,9
TDEC four-loop on 35-foot diameter counterpoise +Q,9

TDEC five-loop with Uskon cloth on 35-foot
counterpoise 13,0

The Collins TVOR monitor uses an alrcraft antenna (Collins 37J-3)
mounted eight feet high and 76 feet distant at 180° azimuth. RG-8/U
cabkle comnects the antenna to the tuned circuit snd diode detector
mounted in the monitor unit in the TVOR shelter. No tests were made to
determine possible rf leakage Into the detector circult.

3 Ibid, See Filg. 16
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Tests were made to determine possible course sealloping due to
reradiation from the monitor antenne, A truck with an aircraft receiver
waa located at 135° azimuth and 500 feet distant. The monltor antenpa
vag mounted on a 4 X 4 inch post 8 feet high end moved radially on the
180° azimuth while the course variation at the recelver was being cbserved,
This test was repeated wiih the monitor entenna ten feet high, at 90°
azimuth. The results are liated in Table III.

TABLE IIT
Ground Measurements of Monitor Antenna Scalloping
Recelver Located 500 Feet at 135°

Antenna Antenna
Location Height Distance Scalloping
(Degs ) (Feet) (Feet) Degs.
180 2] 70 +0,28
180 8 as 20,41
a0 10 40 +0,94
a0 10 127 +0,18

The scalloping Increase at 05 feet was apparently due to normal variations
in the rf fileld pattern which caused an increase in signal at the greater
distance,

The CAA Type CAl278 VOR fleld detector causes less than 10,27
scalloping at 200 feet, when 10 feet high; so an attempt was mede to
reduce acalloping by the Collins 37J-3 antenma to that level. The antenna
vas connected to a 52-ohm Termaline wattmeter to simulate the monitor
load and moved outwerd on the 20° radial at @& helght of 10 feet. It vas
necessary to increase the distance to 127 feet as may be seen in Table III,
Iack of time prevented further tests to determine 1f sufficient signal
vas avalleble at that point for satisfactory monltor operation.

FLIGET TESTS

Flight teots were conducted on the Collins TVOR for the purpose
of measuring the verticel plane field pattern, distance range, polarilza-
tion checks, cone measuremsnts and azimuth sccuracy. The results ob-
tained during these tests are compared with the results previously ob-
teined when the same test was conducted on the TVOR developed at the
Technical Development end Evaluation Center, Indianapolis, Indiens.



Verticel Plane Fleld Pattern

The polar plot of the vertical plane field pattern on the Collins
TVOR is shown in Fig. 2. A eimilar plot for the TDEC TVOR ie shown in
Fig. 3.

Distance Range

The distence range of a TVOR is defined as the distance in atatute
miles from the station at which the course width in degrees becomes
double the course width measured at ten milea. This test 1s conducted &t
an altitude of 1000 feet above ground. The distance range of the Collins
TVOR was 70 miles and that of the TDEC TVOR was 56 miles,

The Collins TVOR distance range measurement of 70 mlles is con-
siderably greater than the theoretical or operational distance range ob-
tained on the Federal Airways VOR stations throughout the U.S. This
indicates that unusual VIF propagation conditions existed at the time the
distance range tests were conducted; however, an examination of the verti-
cal plane fleld pattern indicates that the distance range of the Collins
TVOR should be very satlsfectory.

Polarizetion Checks

The followlng polarization flight tests were conducted at an
altitude of 1000 feet above ground and at a distance of 20 miles west
of the statilon.

(&) Heading Effects.

While recording the cowrse devietion indicator current, the alr-
craft was flown on eight different headings, crossing a ground check
point et every 45° heading. The course recording was marked each time
the airplane crossed the check point and the indicated bearing was then
compared with the magnetic bearing, The zero reference point in each
cage was taken on the heading to the station.

Total Heading Effect

Collins TVQOR 0, 45°

TDEC TVOR *0,86°

(b) Wing Rock

Headed to the stetion, the aircraft was banked +30°, The nose
of the eirplane was held "on the point" during this maneuver. The

course deviation indicator current vas recordsd, and then converted to
degreea of course displacement,



Polarization Error

Collins TVOR +0.18°
TDEC TVOR 20.5°
(c) 360-Degree Circle

Headed toward the TVOR and sterting from a ground check point,
a 360° circle was flown at & constant 30° tank, The course deviation
indicator current was recorded during thie circle and converted into
degrees of error from the ezimuth course being flown at the beginning of
the clrcle. Since the aircraft in the 360° cirecle was chenging azimuth
with respect to the station, this deviation was computed in degrees and
subtracted from the course devietlon indicated error, resulting in the
numerical value of polarization error, following the removal of the
recelver error.

Totel Polarization Error

Colline TV(QR +0,6°
TDEC TVOR 30,7°

Cone Measurementsa

A series of fllghts mcross the TVOR 1000 feet above ground was
conducted to recowrd the ection of the course deviation indicator in the
so-called cone area above the antenns array., In measuring the cone of
& VOR from a recording of the course deviation indicator a definition of
the cone is stated so that the beglnning and end of the cone may be
positioned on the recording., 'The course deviation indicator sensitivity
full-seele left to full-scale right is 20°, Vhen the indicator deviates
beyond 2° and this deviation is due to the normal course disturbances
encountered above a TVOR, the cone 1s coneldered to begin. In a similar
manner, the cone ends at the 2° deflection point as the straight line
course 1lndication ie resumed on the other side of the cons.

Cone Angle of Elevation

Colline TVCR 60° (Approximately)
TDEC TVOR 75°

The absolute value of the angle of elevation of the Collins TVOR
cone could not be calculated from the recordings. At the time the
flight tests were conducted, the existing weather conditions were five
miles vlaibility end a cloud ceiling of 1600 feet above ground, The
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radial flights over the TVOR for the purpose of measuring the conhe
characteristics were made at an altitude of 1000 feet above ground. On
the radial flights over the cone severe course disturbances averaging
+3° were encountered in the nulls at 22° and 55° which are shown in

the vertical plane patiern, Fig. 2. A sample course recording is shown
in Fig. 4. At 1000 feet above the TVOR, the angular velocity of the air-
craft, as viewed from the ground, was so great (at high angles) that the
course devietion indacator with its associated wiggle filters could not
recover from the null-induced course disturbances in sufficlent time to
permit an accurate cone measurement, Normally such a test would be con-
ducted with the alrcraft at an altituds of 10,000 feet above the TVOR, at
which altitude the recovery time would be adequate,

Tke recordinge of the TO-FROM indicator obtained on the cone check
flight revealed one smooth movement of the indicetor from the TO position
to ths FROM position, providing a precise check as to when the aircraft
1s directly over the TVOR., See Fig. 5. This precise check type of indi-
cation vas obtained each time the alrcraft passed over the TVOR under
theodolite guldance. On several other flights over the TVOR without
theodolite aid, the pilot passed slightly to one side of the station and
the single cross-over of the TO-FRCM indicator was not obtained as shown
in Fig. 6 On raedial passes not directly over the TVOR, the TO-FROM
indicator moves from the TO position toward the FROM poesiltion, paseing
the center position slightly, returns to the TQ position and then crosses
over completely to the FROM position.

Theodolite Flight Calibration

The TVOR azlmuth accuracy was flight checked by the theodolite
calibration method. The actuml calibration consisted of recording the
current of the course deviation indicator in the eirplane as 1t circled
the TVCR at a2 radius of fivs miles. The omnibearing selector was
advanced in 10" steps 1o keemn the course deviation indicator on scale,
and to present (at center scovle) the indicated magnetic bearing from the
statlon. This indiecatsd bea»ing was compared with the magnetic bearing
from the TVOR as measured by a theodolite on the ground at the TVOR.

The error curves of the Collins and TDEC TVOR facilities are shown in
Fig, 7,

Qrbit Calibratlon - 20-Mile Radius

A second calibration to measure the azimuth accuracy of the
Collins TVOR was conducted employing the orbit calibration method. This
calibration procedure consisted of recording the TVOR course indication
cn & 20-mile radius circle arcund the TVOR and marking speciflec points
on the recording as the aircraft crosses ldentifieble ground check points.
At the completlon of the flight, 2 date sheet containing the precilse
magnetic bearing of each of the ground check points with respect to the
TVOR, the course recording, and the aeronsutical chart used during the
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orbit callbration were forwarded to the CAA Aeronautical Center,
Oklahoma City, QOklehoma, where thls material was processed on an azimuth
calculator. The measured error curve resulting from the 20-mile orbit
flight test i1s shown in Fig. 8.

Flight Test Obasrvations and Commente

Approximately five hours flight time was required to obtain data
on the operational characteristics of the Collins TVCR. The operation
of ground and arrborne equipments, plus the coordinetion between ground
and alrborne crews were excellent, resulting in a high order of accuracy
in the date obtained on the specific tests conducted. However, the
flight tes*ing of the Collins TVOR cannot be considered a complete opera-
tlomal evaluation of the system., As previously stated, adverse weather
conditions prevented the conduct of more tests for further investigation
of cone characteristics, and additicnal azimuth accuracy cellibrations
which require 12 to 15 miles visibllity for proper theodolite operation,
All of the polarization flight checks were conducted on the 270° radial
of the TVOR. In view of ths ground polarization check reeults, it is
obvious tnat taese tests should be repeated on several more radials
arcund the TVOR.

CONCLUSIONS

The preliminary evaluation of the Colline TVOR was conducted during
two working days; therefore, & complete analysis 1s not possible. On the
bacls of fiight and grcund cbservations it 1s concluded that:

1) A null of suffic-ent depth occurs at 22° and 55° elevation to
causs coui F® digiurbancrs of +3°,

2) A croes coupling zrisied between the carrier end sidebands. Al-
thougn thic condilion 1s no. cerious, 1t was evidenced in the bearing
errc~ of tho statlon as tnu pa2sing between the carrier and sidebands
was changed

3) The antenna of the Collins TVOR performed satilsfactorily on a
counterpolse 12 feet in diameter, however, evaluation of its operational
characteristica was hot performed on counterpolses of larger dlameters
at this time,

4) The accuracy of the bearing information is well within the
minimum recairements,

5) The polarization error measured at low angles is acceptable.
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6) The cone causes multiple ecrossovers of the TO-FROM 1ndicator un-
less the alrcraft passes directly over the station.

7) Sealloping was produced by the monitor antenna due to 1ts present
deslign and location,

8) The preesent deeign of the antenna array rotating mechanism is
not adequete for rapid, sccurate ground calibration of the TVOR,
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FIG 5 TO FROM INDICATOR RECORDING FLIGHT DIAECTLY OVER TVOR

DINECTION OF FLIGHT -——3m- OVER TYOR
FIG § TGO FROM INDICATOR RECORDING FLIGHT ~OT CIRECTLY OVER TVvOR
CAA [LEFMC AL DLVE [ MENT

AN 1 yA UA WON CENTER
N aNA DLIS INDIANA



| | | HEREEEEEEREEEEEEEE
ERROR
SPREAD

24 AVERAGE OF TWO 5-MILE CIRCLES ON GOLLINS TVOR

| @ ———— AVERAGE OF TWO & M(LE CIRCLES ON TOEC 4 LOOP VOR
+2
v | l
&
w

P i -~
8 ) s N N
g o} T \\ el \\ - T [ [
& A 4 R ™ TN
w = 7
o N LA TN
E N
L=}
®_, | [
Q 40 [:1¢] 120 160 200 240 280 320 360
INDIGATED AZIMUTH (DEGREES!
FIG 7 THEODOQLITE FLIGHT CALIBRATION OF COLLINS TYOR COMPARED WilH TDEC FOUR-LOOP VOR

+2 L t
@ TN )
11 3
£, / \_ -
o N / //
o
& - PN -
= / - N/
) 7 B ~
z-2
[- 4
M
@ ERROR SPREAD 3 5°
% a0 80 120 160 200 240 280 320 360

AZIMUTH (DEGREES)

FIG 8 20-MILE-RADIUS CALIBRATION CIRCLE

AA B HNILA  DEVELOPMENT
AND EVALLATION CENTER
O ANAPOLIS INDIANA



